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EXECUTIVE SUMMARY OF THE ASSESSMENT 
OF LUNG CANCER SCREENING FOR RISK GROUPS 

Introduction 

Lung cancer is a malignant growth of cells in the lung or bronchial system. Some 95% of lung 
malignancies can be classified as non–small-cell carcinoma (79%) or small-cell carcinoma (16%). 
Rarely occurring tumours such as carcinoid tumours account for the remaining 5% of primary lung 
cancers. Lung cancer is the fourth most frequently diagnosed cancer in the EU, affecting more than 
312,000 people annually. Smoking is by far the most important cause of lung cancer, accounting 
for 90% of cases among men and 80% among women. Further risk factors that increase lung 
cancer risk are family history, idiopathic pulmonary fibrosis, chronic obstructive pulmonary disease 
(COPD) and exposure to agents such as asbestos, chromium, arsenic, radon gas, coal tar and air 
pollutants. Therefore, the target population in this assessment is adult individuals without lung 
cancer (confirmed or suspected) at elevated risk of lung cancer, that is, persons with a history of 
smoking or current smokers and individuals with other potential risk factors: occupational or envi-
ronmental toxins (e.g., radon, asbestos or fine particles), COPD, idiopathic pulmonary fibrosis or a 
family history of lung cancer. Lung cancer screening programmes for the detection and treatment 
of lung cancer at an early stage may have a major impact on the high mortality rate of this disease. 
Different imaging technologies can be used for lung cancer screening, including chest X-ray and 
(low-dose) computed tomography (LDCT or CT). Breath and blood biomarkers can also be used 
to screen for lung cancer. While biomarkers are still at an early stage of development, screening 
with LDCT is increasingly offered in routine clinical practice. There is currently no agreed policy 
for lung cancer screening in Europe. Because several large randomised controlled trials (RCTs) 
on LDCT screening have been completed in recent years, a systematic assessment of the differ-
ent options and organisational variants for lung cancer screening is timely. 

 

Objectives and scope 

The aim of this EUnetHTA assessment is to provide a reliable synthesis and analysis of the avail-
able evidence on lung cancer screening in risk groups (individuals with a history of smoking or 
current smokers, those with occupational or environmental exposure to radon, asbestos or fine 
particles, patients with COPD or idiopathic pulmonary fibrosis, and individuals with a family history 
of lung cancer). For this purpose four research questions were defined: 

• Research question 1: What is the benefit/harm of screening for lung cancer using LDCT 
compared to no (or no systematic) screening in individuals at elevated risk of lung cancer? 
As there is reason to assume comparability of no screening and screening using chest X-ray, 
screening for lung cancer using chest X-ray will also be taken into account as a compara-
tor, if reasonable. 

• Research question 2: What is the benefit/harm of screening for lung cancer using bio-
markers in addition to LDCT compared to screening using LDCT alone for individuals at el-
evated risk of lung cancer? 

• Research question 3: What is the benefit/harm of organisational variants of systematic 
screening for lung cancer using LDCT (e.g., screening at different intervals, with/without in-
vitation) for individuals at elevated risk of lung cancer? 

• Research question 4: What is the best strategy to inform individuals in the target group 
about a lung cancer screening programme to optimise informed choices regarding partici-
pation? 
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Table 0.1: Scope of the assessment: PICO 1 

Description Project scope 

Population Adults (age ≥18 years) without lung cancer (confirmed or suspected)  
(ICD-10 code C34) at elevated risk of lung cancer: 
• Population 1: Persons with a history of smoking or current smokers 
• Population 2: Persons with other potential risk factors: occupational or 

environmental toxins (e.g., radon, asbestos or fine particle exposure), 
COPD (ICD-10 code J44), idiopathic pulmonary fibrosis  
(ICD-10 code J84.1) or a family history of lung cancer (ICD-10 code C34) 

Intervention Systematic screening for lung cancer using low-dose computed tomography 

Comparison No (systematic) screening (usual care) 
In a sensitivity analysis, screening for lung cancer using chest X-ray was also 
taken into account as an additional comparator for mortality and consequences 
resulting from overdiagnoses as outcomes. 
Rationale: Results from the PLCO study [1] give reason to assume 
comparability of no screening and screening using chest X-ray at least  
in terms of their effect on lung cancer specific mortality. 

Outcomes • Mortality (overall mortality, lung cancer mortality) 
• Morbidity 
• Health-related quality of life 
• Harms resulting from screening itself (e.g., consequences from radiation 

exposure) or from subsequent diagnostic interventions (e.g., invasive 
biopsy) including overdiagnoses,1 and consequences resulting from false 
screening results (false positive and false negative) 

• (Serious) adverse events 

Study design Randomised controlled trials 

 

Table 0.2: Scope of the assessment: PICO 2 

Description Project scope 

Population See PICO 1 

Intervention Screening for lung cancer using biomarkers in addition to low-dose  
computed tomography (LDCT): 
• Biomarkers can be used as a test for selection of individuals undergoing 

screening 
• Biomarkers can be used as a test for characterisation of undetermined 

nodules found during CT-based screening 

Comparison Screening for lung cancer using LDCT alone 
Rationale: LDCT alone is the recommended screening intervention according 
to current guidelines 

Outcomes See PICO 1 

Study design See PICO 1 

 

                                                      
1 Defined as the number of diagnoses (true positive findings) that would not have become clinically relevant during  

a person’s lifetime. 
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Table 0.3: Scope of the assessment: PICO 3 

Description Project scope 

Population See PICO 1 

Intervention Annual systematic screening for lung cancer using low-dose computed 
tomography (LDCT) as recommended in guidelines 

Comparison Systematic screening for lung cancer using LDCT with differences in  
the screening interval (shorter or longer) or type of systematic screening 
(organisational variants, e.g. with invitation) 

Outcomes See PICO 1 

Study design See PICO 1 

 

Table 0.4: Scope of the assessment: PICO 4 

Description Project scope 

Population See PICO 1  

Intervention Specific information strategy for lung cancer screening  
(e.g., content, mode of distribution) 

Comparison A specific information strategy for lung cancer screening different from  
the one used in the intervention group (e.g., different content, different mode  
of distribution) 
No specific information strategy for lung cancer screening 

Outcomes • Screening participation rate 
• Participant satisfaction 
• Participant empowerment 
• Increased knowledge 
• Informed decision-making 

Study design Randomised controlled trials; nonrandomised controlled trials;  
prospective observational studies; qualitative studies 

 

Methods 

The target population for the rapid relative effectiveness assessment was composed of adults 
(age ≥ 18 years) at elevated risk of lung cancer but without lung cancer at the time of the screen-
ing (confirmed or suspected). Research question 1 investigated systematic screening for lung can-
cer using LDCT. No (or no systematic) screening was considered as the comparator. Within a 
sensitivity analysis, screening for lung cancer using chest X-ray was taken into account as an ad-
ditional comparator for mortality and consequences resulting from overdiagnoses as outcomes. 
Research question 2 investigated screening for lung cancer using biomarkers in addition to LDCT 
compared to lung cancer screening using LDCT alone. 

The following patient-relevant outcomes were considered for the assessment: 

• Mortality (overall mortality, lung cancer mortality); 

• Morbidity; 

• Health-related quality of life (HRQoL); 
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• Harms resulting from screening itself (e.g., consequences from radiation exposure) or from 
subsequent diagnostic interventions (e.g., invasive biopsy), including overdiagnoses,2 and 
consequences resulting from false screening results (false positive and false negative); and 

• (Serious) adverse events. 

Only randomised controlled trials (RCTs) were included in the benefit assessment. There was no 
restriction with regard to study duration. 

For research question 1, the results of the German national benefit–harm assessment report on 
screening for lung cancer using LDCT in people with a history of smoking or current smokers con-
ducted by one of the co-authors (IQWiG; report number S19-02) [1] were used. For the IQWiG re-
port, a systematic literature search for relevant high-quality systematic reviews (SRs) was con-
ducted using the bibliographic databases MEDLINE, Cochrane Database for Systematic Reviews 
and Health Technology Assessment Database. The search was restricted to the last 6 years be-
fore 2019. The aim was to select one or more high-quality and up-to-date SRs from which primary 
studies were identified and then selected according to the specific inclusion criteria of the report. 

In addition, for the time period not covered by an up-to-date relevant SR of high quality [2], system-
atic literature searches for RCTs were conducted in the following databases: MEDLINE, Embase 
and Cochrane Central Register of Controlled Trials. 

The following sources of information and search techniques were also considered: study registries, 
reference lists, documents made available from consultation procedures and author inquiries. 

For the present EUnetHTA rapid relative effectiveness assessment, the inclusion criteria for re-
search question 1 were extended to other risk factors for lung cancer (occupational or environmen-
tal exposure to harmful substances, COPD, idiopathic pulmonary fibrosis and family history of lung 
cancer). Therefore, the list of studies excluded from the IQWiG report was rescreened to identify 
studies on these risk factors. In addition, all studies already included for research question 1 were 
checked regarding the proportion of people reporting other exposures, and results for these sub-
groups were extracted, if possible. 

For research question 2, systematic literature searches for RCTs or SRs were conducted in the 
following databases: MEDLINE, Embase, Cochrane Central Register of Controlled Trials and Coch-
rane Database of Systematic Reviews. 

In addition, the following sources of information and search techniques were considered: study 
registries and reference lists. 

For research question 3, no separate literature searches were performed, but all studies included 
for research questions 1 and 2 were used to perform subgroup analysis for different screening mo-
dalities, if possible. 

For research question 4, systematic literature searches in the bibliographic databases MEDLINE, 
Embase and Cochrane Central Register of Controlled Trials and Cochrane Database for System-
atic Reviews were performed. 

In addition to the electronic search, bibliographic references for the original articles and reviews 
included were checked. 

                                                      
2 Defined as the number of diagnoses (true positive findings) that would not have become clinically relevant during  

a person’s lifetime. 
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Selection of relevant primary studies was performed by two persons independently of each other. 
Discrepancies were resolved by discussion between the two. The data extraction was carried out 
in standardised tables. A risk of bias (RoB) assessment of the RCTs included was performed ac-
cording to the Cochrane RoB tool, while the assessment for nonrandomised studies on interven-
tions was carried out according to the Risk Of Bias In Non-randomized Studies – of Interventions 
(ROBINS-I) tool. RoB was evaluated at the study and outcome levels and classified as low or high. 
To rate the quality of the overall evidence available for a given outcome, the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE) approach was applied. The quali-
ty of evidence was evaluated at the outcome level (possible levels: high, moderate, low or very low). 
The results from the individual studies were described according to outcomes. 

In addition to comparing the results from the individual studies, meta-analyses and sensitivity 
analyses were carried out and effect modifiers were examined, provided that the methodological 
requirements were met. 

Finally, the benefits and harms of lung cancer screening using LDCT were assessed across out-
comes, resulting in a summary statement. 

 

Results 

Research question 1 

Information retrieval 

Information retrieval identified nine randomised trials (184 documents) as relevant for the research 
question. All nine studies investigated current or former smokers, and one study, the UK Lung Can-
cer Screening Trial (UKLS) [3-12], also included individuals with other risk factors. 

Two ongoing studies and one planned study were identified. In addition, one completed study with-
out reported results was identified and four studies with unclear status. The last search was per-
formed on 12th June 2020. 

 
Characteristics of the studies included in the assessment 

One study, the UKLS [3-12], is a feasibility study that basically fulfils the inclusion criteria of the 
report, but no results that could be used for the benefit assessment were reported. A more de-
tailed presentation of the UKLS is therefore not given in what follows. 

The remaining eight studies (number of randomised subjects: 90,836) differed with regard to the 
screening strategies applied. In six studies the subjects were assigned to either screening with 
LDCT or no screening. In the Danish Lung Cancer Screening Trial (DLCST) [13-28], Italian Lung 
Cancer Screening (ITALUNG) [29-39], Lung Tumor Screening and Intervention Trial (LUSI) [40-44], 
Multicentric Italian Lung Detection (MILD) [45-52] and NEderlands Leuvens Longkanker Screenings 
ONderzoek (NELSON) trial [53-92], participants in the control group were not offered any imaging 
procedures at baseline or during follow-up unless lung cancer was suspected. In the Detection and 
Screening of Early Lung Cancer with Novel Imaging Technology and Molecular Essays (DANTE) 
study [93-97], a baseline examination using chest X-ray was performed. Since this examination was 
performed in both the intervention group and the control group and no further screening was per-
formed in the control group during the course of the study, the study was also classified as a study 
comparing LDCT versus no screening. By contrast, the Lung Screening Study [LSS] [98-101] and 
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National Lung Screening Trial (NLST) [102-176] compared LDCT screening and screening using 
chest X-ray. Both studies are US-American RCTs. 

In the study groups without screening, the endpoint-specific data were all collected via registers. 
In addition, depending on the study, postal or telephone inquiries and clinical examinations were 
also used. All studies were conducted within Europe (Italy, Denmark, Germany, Netherlands and 
Belgium). 

The number of participants in six studies ranged from 3,000 to 4,000, while the NELSON and NLST 
studies had approximately 16,000 and 53,500 participants, respectively. The duration of the screen-
ing phase ranged from 1 to 6 years and the follow-up period planned ranged from 5 to 10 years 
(in LSS, no information was available on the follow-up duration). With the exception of the MILD 
and NELSON studies, the screening interval was 1 year throughout all screening rounds. The MILD 
study was the only three-arm study, in which participants in the intervention group were screened 
either annually or every 2 years (biennially). At the beginning of the study, participants were ran-
domised to annual or biennial screening. Randomisation to an additional control group started later, 
resulting in different group sizes. In the NELSON study, the screening interval after each screen-
ing round was extended from 1 year to 2 years and then to 2.5 years. 

The studies included men and women who smoked at baseline (at least 20 or 30 pack-years) or 
stopped smoking less than 10 years previously (15 years in NLST). Exceptions are the DANTE 
study, which only examined men, and the NELSON study. In the latter, only men were initially re-
cruited, with women recruited only in the further course of the study. The authors justified this on 
the basis of the lower proportion of women with long-term exposure to cigarette consumption in 
the Dutch population and an associated increase in effort to recruit the desired number of cases. 
The percentage of women in the NELSON study is therefore only approximately 16%, while in the 
other studies it is at least 31%. The age set for participants in the studies ranged from ≥ 49 years 
to 75 years; MILD was the only study not to set an upper age limit. 

The screening participation rate (adherence to screening) ranged from 81% to 96% among the 
intervention groups. Of the studies using no screening as the comparator, three reported contam-
ination of between 1% and 7%, although it is unclear how valid this information is. A study with 
chest X-ray screening as the comparator reported contamination of 4%. For the other four studies, 
no information on contamination was available. 

 
Overview of outcomes relevant for the assessment 

Data on patient-relevant outcomes could be extracted from eight studies. All studies reported eval-
uable data for the mortality (overall mortality and lung cancer mortality) and overdiagnosis endpoints. 
Chest X-ray screening is not considered an adequate comparator for investigating the effect of 
LDCT screening with regard to the consequences of false screening results, HRQoL and adverse 
events compared to no screening. Therefore, for consequences of false screening results, HRQoL 
and adverse events as endpoints, only the six studies comparing LDCT screening to no screening 
were considered. All six studies reported evaluable data on the consequences of false screening 
results. For adverse events, evaluable data from the DANTE study were available. For the HRQoL 
endpoint, either no data or no evaluable data were available in the studies. 
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RoB assessment and quality of the evidence 

The RoB was rated as low for four studies (DLCST, ITALUNG, LUSI and NELSON) at the study 
level and as high for the remaining four studies. For the studies with high RoB at the study level, it 
was unclear whether the allocation concealment was adequate (DANTE, MILD and NLST). For 
LSS it was unclear whether reporting was independent of the results (e.g., lack of information on the 
planned endpoints). In the MILD study, significant differences in baseline characteristics (age, sex, 
smoking status and pack-years) between the intervention and control groups also led to high RoB. 

The RoB for the outcomes overall mortality and lung cancer mortality, consequences of false screen-
ing results and overdiagnosis was rated as low in the DLCST, ITALUNG and NELSON studies. 
Although the LUSI study showed low RoB at the study level, high RoB was found for all outcomes, 
partly because of discrepancies between publications regarding the results. The RoB for the out-
come adverse events was rated as high for DANTE, which is the only study that reported results 
for adverse events. 

For all the studies for which RoB at the study level was already classified as high (DANTE, MILD, 
NLST and LSS), there is therefore high RoB at the outcome level, so no further outcome-specific 
assessment was performed for these studies. 

Depending on the outcome assessed, the quality of the evidence ranged from low to high. 

 
Results on clinical effectiveness and safety 

Mortality 

For overall mortality, data from three studies with low RoB (DLCST, ITALUNG and NELSON) and 
three studies with high RoB (DANTE, MILD and LUSI) were available for comparison against no 
screening. The data for the longest observation period, which ranged from 8 to 11 years since 
randomisation, were used for all studies. 

Since the studies considered did not have sufficiently comparable study designs (e.g., with regard 
to screening intervals, selection criteria for study participants and evaluation of the findings) to 
allow a meta-analysis based on a fixed-effects model, meta-analyses with a random-effects model 
were used. The three studies with low RoB showed no statistically significant difference between 
the groups (incidence rate ratio [IRR] 0.93, 95% confidence interval [CI] 0.69–1.26; p = 0.434). 
The combined analysis of studies with low and high RoB (data for 33,703 individuals) also showed 
no statistically significant effect in favour of screening (IRR 0.95, 95% CI 0.88–1.03; p = 0.164). 

For the comparison of LDCT screening versus chest X-ray screening, data on overall mortality 
were available from two studies (LSS and NLST) with high RoB. The sensitivity analysis for these 
two studies using the data for the longest observation period does not contradict the results for 
the comparison of LDCT screening versus no screening (IRR 0.97, 95% CI 0.92–1.02; p = 0.168; 
N = 90,473). 

Subgroup analyses 

No subgroup analyses were performed for the characteristics strength of exposure to tobacco 
(e.g., tobacco consumption, smoker status) and screening strategy (e.g., number of screening 
rounds) because the studies could not be assigned to appropriate categories or there were no 
significant differences between the studies with regard to the characteristic. There were also no 
usable subgroup analyses conducted for individual study populations. 
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However, in the six studies included for comparison of LDCT screening to no screening (DANTE, 
DLCST, ITALUNG, MILD, LUSI and NELSON) and the two studies comparing LDCT screening to 
chest X-ray screening (LSS and NLST), the age of the devices used in the studies (including use 
of LDCT devices with < 16 slices vs exclusive use of LDCT devices with ≥ 16 slices) and the size 
of the screening centre (small vs large centres: < 3000 vs ≥ 3000 study participants recruited) as 
potential effect modifiers were investigated. 

Furthermore, available data from four studies (DANTE, LUSI, NELSON and NLST) were used to 
investigate the sex of participants as a potential effect modifier. 

In addition, within the three-arm MILD study, the length of the screening interval was investigated 
as an effect modifier, as screening was performed either annually or every 2 years (biennial) in 
the two intervention groups. 

The test for interaction did not show statistical significance in any of the subgroup analyses for the 
studies comparing LDCT screening against no screening. In addition, a sensitivity analysis con-
sidering the studies comparing LDCT screening against chest X-ray screening did not contradict 
these results. 

Therefore, there was no effect modification for overall mortality due to CT device age, centre size, 
the sex of the participants or screening interval length. 

For lung cancer mortality, data were available from three studies with low RoB (DLCST, ITALUNG 
and NELSON) and three studies with high RoB (DANTE, MILD and LUSI) for comparison to no 
screening. For all studies, the data for the longest observation period were used, which ranged 
from 8 to 11 years since randomisation. 

The three studies with low RoB showed no statistically significant difference between the groups 
(IRR 0.80, 95% CI 0.60–1.06; p = 0.076). The combined analysis of studies with low and high RoB 
(data for 33,703 participants) showed a statistically significant effect in favour of LDCT screening 
(IRR 0.81, 95% CI 0.72–0.91; p = 0.004).For comparison of LDCT screening to chest X-ray screen-
ing, data from two studies (LSS and NLST) with high RoB were available for lung cancer mortality. 
The sensitivity analysis does not contradict the results for comparison of LDCT screening to no 
screening (IRR 0.89, 95% CI 0.82–0.96; p = 0.010; N = 90,473). 

Subgroup analyses 

No subgroup analyses were performed for the subgroup characteristics strength of exposure to 
tobacco (e.g., tobacco consumption, smoker status) and screening strategy (e.g. number of screen-
ing rounds) because the studies could not be assigned to appropriate categories or there were no 
significant differences between the studies with regard to the characteristic. There were also no 
usable subgroup analyses conducted within individual study populations. 

However, in the six studies comparing LDCT screening to no screening (DANTE, DLCST, ITA-
LUNG, MILD, LUSI and NELSON) and the two studies comparing LDCT screening to chest X-ray 
screening, the age of the CT devices used in the studies (including use of LDCT devices with < 16 
slices vs exclusive use of LDCT devices with ≥ 16 slices) and the size of the screening centre (small 
vs large centres: < 3000 vs ≥ 3000 study participants recruited) were investigated as potential ef-
fect modifiers for lung cancer mortality. 
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The subgroup analysis for studies comparing LDCT screening to no screening showed no effect 
modification. Even when the studies comparing LDCT screening to chest X-ray screening were 
added, no effect modification was found. 

For lung cancer mortality it was also possible to investigate the following additional potential effect 
modifiers on the basis of available subgroup analyses or appropriately stratified evaluations of sev-
eral studies: the presence of COPD at baseline (DLSCT), sex (DANTE, LUSI, NELSON and NLST), 
age of participants (NELSON) and screening interval length (MILD: annual or biennial screening). 

The test for interaction did not show statistical significance in any of the subgroup analyses. When 
possible, a sensitivity analysis including studies comparing LDCT screening to chest X-ray screen-
ing was carried out. This did not contradict the results. There was no effect modification for lung 
cancer mortality with regard to CT device age, centre size, presence of COPD at study initiation, 
sex and age of the participants or screening interval length. 

Conclusion on the benefit regarding mortality 

The quality of the evidence ranked from high to moderate across the two suboutcomes. For over-
all mortality the quality of the evidence was rated as high, since the majority of the studies provid-
ed high-quality evidence. To that extent, screening for lung cancer with LDCT results in little or no 
difference in overall mortality when compared with no screening. The results of the meta-analy-
ses, however, point in the direction of a reduction in overall mortality. For lung cancer mortality, 
the quality of the evidence was downgraded by one level to moderate because the evaluation of 
the studies with low RoB alone showed no statistically significant difference between the groups. 
Thus, screening for lung cancer with LDCT probably reduces lung cancer mortality when com-
pared with no screening. 

The estimate for the absolute effect is a reduction by 5 deaths per 1,000 persons (95% CI –3 to 12) 
for overall mortality and by 5 deaths per 1,000 persons (95% CI 3–8) for lung cancer mortality with-
in approximately 10 years. Thus, the absolute effects and the corresponding CIs are of a similar 
order of magnitude for overall and lung cancer mortality. 

Taking this further consideration into account, the quality of the evidence for mortality as a critical 
outcome can be assessed as low in summary. This rating of low comprises results showing a re-
duction in lung cancer mortality in contrast to nonsignificant results for overall mortality. In conclu-
sion, screening for lung cancer with LDCT may reduce mortality when compared with no screening. 

Adverse events 

For adverse events, data were available from only one study (DANTE; high RoB) for comparison 
against no screening. DANTE reported data for the occurrence of adverse events after surgery and 
for the occurrence of adverse events of a severity level ≥ 3 after surgery. The results were pre-
sented for the longest observation period since randomisation (maximum 8 years). The evaluation 
showed a statistically significant difference in the incidence of adverse events after surgery for sus-
picious findings to the disadvantage of LDCT screening (odds ratio [OR] 3.48, 95% CI 1.41–8.62; 
p = 0.004). Further restriction to adverse events of severity ≥ 3 also showed a statistically signifi-
cant difference between the two study groups to the disadvantage of LDCT screening (OR 4.25, 
95% CI 0.92–19.69; p = 0.046). 
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Conclusion on harm regarding adverse events 

The quality of the evidence for adverse events as an important outcome was rated as low. For 
DANTE, the quality of the evidence was downgraded by two levels because of the high RoB and 
serious imprecision, as the results are based on one relatively small study, leading to a large CI. 
In conclusion, screening for lung cancer with LDCT may increase adverse events when compared 
with no screening. 

Consequences of false-negative screening results 

Data on consequences of false negative screening results were not reported in the studies. 

Consequences of false-positive screening results 

For consequences of false-positive screening results, data for purely diagnostic interventional clari-
fication were used as well as data on surgical therapeutic interventions if the treatment and diag-
nosis of lung tissue of unclear distinction could not be clearly separated. Complications associated 
with these procedures in persons for whom benign findings were subsequently found were also 
considered for this outcome. The observation period chosen was that at which the screening phase 
in the respective study was completed. 

For consequences of false-positive screening results, data from three studies with low RoB (DLCST, 
ITALUNG and NELSON) and three studies with high RoB (DANTE, MILD and LUSI) were available. 

The need for invasive diagnostic workup was recorded in the studies only for the intervention 
groups. The DANTE study is an exception. Although all studies compared LDCT screening to no 
screening, in the DANTE study all participants underwent chest X-ray screening and 3-day spu-
tum cytology at baseline regardless of group allocation. It therefore remains unclear whether the 
group difference is due solely to LDCT screening. 

The presentation of invasive diagnostic procedures differed in the studies and in some studies 
included joint presentation of operations and biopsies, while in other studies the procedures were 
reported individually. For some studies, several operationalisations are available that show that this 
has a strong impact on the number of events. Therefore, no summary overall estimate was given 
for this endpoint, but rather a range (minimum–maximum) of effect estimates from the individual 
studies. 

Between 0.1% and 1.5% of the study participants invited to screening received an invasive diag-
nostic workup that was only made necessary by a false-positive result from the screening. Sur-
gery on individuals with benign findings was performed in 0.1%–1.3% of the participants invited 
for screening. Overall, between 0.1% and 1.5% of the study participants experienced a conse-
quence of false-positive findings. 

Complications in individuals with final benign findings who underwent surgery were reported for 
two studies (DLCST and NELSON). In the DLCST study, minor complications occurred in two out 
of seven patients with benign findings who underwent surgery, so 0.1% of all participants invited 
for screening suffered a minor complication after surgery for benign findings. In the NELSON study, 
complications were not reported for all patients with benign findings who underwent surgery, but 
only for those who underwent either thoracotomy or video-assisted thoracoscopic surgery (VATS). 
A total of three serious complications and 20 minor complications occurred in these patients with 
benign findings who underwent surgery. Thus, 0.04% and 0.3% of all participants invited to the 
screening experienced serious and minor complications, respectively. 
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Conclusion on harm regarding consequences of false-positive screening results 

Screening for lung cancer with LDCT leads to harm due to consequences of false-positive screen-
ing results when compared with no screening. The conclusion is based on high-quality evidence. 
The quality of the evidence for this important outcome was rated as high because the majority of 
the studies provided high-quality evidence. 

Overdiagnosis 

For overdiagnosis, data from three studies with low RoB (DLCST, ITALUNG and NELSON) and 
three studies with high RoB (DANTE, LUSI, MILD) were available for comparison against no screen-
ing. For comparison of LDCT screening to chest X-ray screening, data on overdiagnosis were avail-
able from two studies (LSS and NLST) with high RoB. 

In this report, a summary overall estimate of overdiagnosis is not given. For overdiagnosis of indi-
viduals who received a lung cancer diagnosis during the screening phase, the proportions between 
the studies varied so much that an overall estimate could not be interpreted meaningfully. Concrete 
reasons for the heterogeneity of the results, such as individual aspects of the screening strategy 
and characteristics of the study population, could not be identified. The heterogeneity was less clear 
for the proportion of overdiagnoses in relation to participants invited to screening and it was gen-
erally possible to give an overall estimate for the studies for comparison against no screening. How-
ever, the associated CI is as wide as the range for individual point estimators in the studies. Thus, 
the pooled estimator with 95% CI has no additional information. In order to present the results 
transparently and uniformly, the proportion of overdiagnoses is given for both reference values as 
a range (minimum–maximum) of the point estimates of the individual studies. 

From all eight studies included, the risk of overdiagnosis could be determined in relation to all 
participants invited to screening. 

Among the six studies comparing LDCT screening to no screening, ITALUNG is the only study 
with fewer lung cancer cases diagnosed in the intervention group than in the control group in the 
overall follow-up. Thus, no overdiagnosis could be detected in this study. No overdiagnosis was 
found in the biennial screening of the MILD study either. The risk of overdiagnosis was highest in 
the DANTE and DLCST studies, at 2.2% and 2.1%, respectively. For LUSI, NELSON and the an-
nual screening in the MILD study, the risk of overdiagnosis calculated for study participants is 0.9%, 
0.6% and 1.4%, respectively. In the two studies comparing LDCT screening to chest X-ray screen-
ing, an overdiagnosis risk of 1.2% and 0.1% was calculated for LSS and NLST. 

Data that could be used to calculate the risk of overdiagnosis in the presence of a lung cancer 
diagnosis were available from five studies, including four studies comparing LDCT screening to no 
screening (DLCST, ITALUNG, LUSI and NELSON). The result for the DLCST study was particu-
larly striking, as an overdiagnosis risk of 63.2% was calculated (using the total number of lung 
cancer diagnoses in the intervention group as the denominator). For the LUSI and NELSON stud-
ies the overdiagnosis risk is 28.6% and 16.2%, respectively. In the ITALUNG study no overdiag-
nosis could be detected. An overdiagnosis risk of 2.8% was calculated for the NLST study in the 
comparison against chest X-ray screening. 
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Subgroup analyses 

For the DANTE and NELSON studies, only data for men were available. For the LUSI study, data 
were available separately for women and men. These data do not suggest that there is an effect 
modification by sex. The NLST study comparing LDCT screening to chest X-ray screening also re-
ported separate data by sex, which again indicate no effect modification. 

For the MILD study, data were available for annual and biennial screening. Numerical differences 
in the rate of overdiagnosis between the two screening groups are probably random. This is sug-
gested by the fact that the 95% CI for the two estimators overlap and contain the point estimates 
of the other group. Therefore, this result also suggests no effect modification by screening interval 
on overdiagnosis. 

Conclusion on harm regarding overdiagnosis 

Diagnosis of lung cancer requires histological or cytological confirmation. It can be assumed that 
almost all cases with a lung cancer diagnosis were also treated. Every diagnostic procedure and 
treatment/therapy carries the risk of side effects and complications. 

The quality of the evidence for overdiagnosis as an important outcome can be assessed as high 
in summary. In conclusion, screening for lung cancer with LDCT leads to harm compared to no 
screening in terms of overdiagnosis, that is, from the resulting invasive diagnostic procedures and 
treatment including associated complications and side effects. 

Health-related quality of life 

Data on HRQoL were not reported in the studies or were not usable for the benefit assessment. 

 

Research question 2 

Information retrieval 

Information retrieval identified no randomised trials that were relevant for research question 2. 

In addition, no ongoing randomised trials and no completed studies without reported results were 
identified. The last search was performed on 7th July 2020. 

 
Results on clinical effectiveness and safety 

No results available. 

 
Conclusion 

In the absence of eligible RCTs, no conclusion can be drawn with regard to the benefit or harm of 
the use of biomarkers in addition to LDCT in screening for lung cancer in at-risk groups when com-
pared to lung cancer screening using LDCT alone. 
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Research question 3 

Information retrieval 

Results from the eight RCTs used for research question 1 were also used to answer this research 
question. 

 
Results on clinical effectiveness and safety 

For research question 1, subgroup analyses were carried out with regard to participant and organ-
isational characteristics. The conclusions from these analyses regarding clinical effectiveness and 
safety are presented above. 

Beyond these analyses, no further subgroup analyses could be performed for different screening 
strategies because the studies could not be assigned to appropriate categories or there were no 
significant differences between the studies with regard to a particular characteristic. 

However, one of the RCTs, MILD, was a three-arm study in which participants in the intervention 
groups were screened either annually or every 2 years (biennially). According to the 10-year data 
for the MILD study, biennial when compared to annual LDCT screening results in similar overall 
mortality (hazard ratio [HR] 0.80, 95% CI 0.57–1.12; p = 0.191) and similar lung cancer mortality 
(HR 1.10, 95% CI 0.59–2.05; p = 0.760). 

The quality of the evidence on biennial versus annual LDCT screening was rated as very low be-
cause these two screening intervals have only been directly compared so far in a single study that 
has high RoB and lacks the necessary statistical precision. 

 
Conclusion 

The available evidence is not sufficient to answer the research question on whether one specific 
strategy in lung cancer screening is favourable compared to other screening strategies. 

 

Research question 4 

Information retrieval 

Information retrieval identified 15 studies — five randomised trials (10 documents) [177-186], three 
controlled observational studies (3 documents) [187-189] and seven uncontrolled pre–post-inter-
vention (PPI) studies (10 documents) [190-199] — as relevant for the research question on the 
effectiveness of different strategies to inform individuals in the target group about lung cancer 
screening. The last search was performed on 24th July 2020. 

 
Characteristics of the studies included in the assessment 

Two RCTs and one nonrandomised comparative study compared different information or invita-
tion materials/strategies for lung cancer screening in general, and the remaining 12 studies as-
sessed the effect of different shared decision-making strategies or tools for individuals invited for 
lung cancer screening. 
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Interventions assessed in the studies were rather heterogeneous and included sending of infor-
mation leaflets or brochures on lung cancer screening, educational programmes informing about 
the benefit and harm of lung cancer screening, telephone counselling and the use of different types 
of decision aids. Twelve studies were conducted in the USA, two in the UK and one in Japan. 
Participants in the majority of the studies were men and women eligible for lung cancer screening, 
that is, current or former smokers aged 45–55 years and older. The percentage of women in the 
studies ranged from 40% to 65%. The mean age of participants in the studies was 59–65 years. 

 
Overview of outcomes relevant for the assessment 

All but four studies reported data on participants’ change in knowledge about lung cancer screen-
ing. Participant empowerment was evaluated in nine studies, all focusing on the decisional conflict 
experienced by the participants, while five studies also investigated whether the participants were 
prepared to make a decision about lung cancer screening (informed decision-making). Participants’ 
satisfaction with the information was evaluated in three studies. The participation rate was defined 
as an outcome in eight of the studies. 

 
RoB assessment and quality of the evidence 

RoB at the study level was rated as low for two RCTs and as high for three. The main reasons for 
high RoB were unclear randomisation sequence generation and missing information regarding ad-
equate allocation concealment. 

RoB at the outcome level was rated as low for two RCTs. For the other three RCTs in which RoB at 
the study level was already classified as high, there was consequently high RoB at the outcome level. 

Depending on the outcome assessed, the quality of the evidence ranged from very low to moderate. 

 

Results on clinical effectiveness and safety 

Increased knowledge 

Data on the change in knowledge about lung cancer screening were available from two RCTs with low 
RoB, two RCTs with high RoB, four other studies with low RoB and four other studies with high RoB. 

When compared to standard information material on cancer screening, the use of decision aids or in-
formation films in the shared decision-making process before lung cancer screening increased knowl-
edge about the benefits and risks of lung cancer screening among screening-eligible individuals. 

No difference in knowledge was reported for different screening invitation strategies (targeted vs 
standard invitation material) for lung cancer screening. 

Informed decision-making 

Data on informed decision-making was available from one RCT with low RoB, one RCT with high RoB, 
one single-arm study with low RoB, and one single-arm and one comparative study with high RoB. 

One RCT and one observational study, both comparing the use of decision aids in the information 
process for lung cancer screening compared to standard information materials for cancer screen-
ing, reported significantly better rates of shared decision-making scores for the decision aid group. 
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No difference in shared decision-making scores was reported in one RCT comparing different de-
cision-making strategies/tools (option grid vs decision aid). In addition, two single-arm studies re-
ported that the majority of participants felt well informed about lung cancer screening after the 
intervention. 

Participant empowerment 

Data on participant empowerment was available from two RCTs with low RoB, two RCTs with high 
RoB, three single-arm studies with low RoB, and one single-arm and one comparative study with 
high RoB. 

In comparisons of the use of decision aids or information films in the information process for lung 
cancer screening to written standard information materials for lung cancer screening, there was 
significantly less decisional regret regarding screening participation in the decision aid/information 
film groups. In addition, all single-arm studies investigating the use of decision aids reported low 
scores on the Decisional Conflict Scale after the intervention. In comparisons of different decision-
making strategies/tools, the use of option grids resulted in less decisional regret when compared 
to the use of decision aids. 

No difference in participant empowerment was reported for different screening invitation strategies 
(targeted vs standard invitation material) for lung cancer screening. 

Participant satisfaction 

Data on participant satisfaction were available from one RCT with low RoB and two comparative 
studies with high RoB. 

Different screening invitation strategies (targeted vs standard invitation material), different screen-
ing information materials (decision aid vs standard information material) or different information 
delivery modes (in-person vs telephone) did not result in any difference in the satisfaction of par-
ticipants with their decision regarding screening or their satisfaction with the information process. 

Screening participation rate 

Data on the screening participation rate were available from two RCTs with low RoB, two RCTs 
with high RoB, one single-arm study with low RoB and three comparative studies with high RoB. 

In all controlled studies (RCTs and non-RCTs), no differences in lung cancer screening participa-
tion rates were reported between study groups for different invitation or information strategies. In 
addition, one single-arm study showed no change in intention to undergo screening after the in-
formation intervention compared to before the intervention. 

Conclusion 

Overall, the current evidence is not sufficient to assess the effectiveness of a particular informa-
tion or invitation strategy for lung cancer screening. The use of decision aids in the lung cancer 
screening process probably has a beneficial effect on participants’ knowledge about the benefit 
and harm of lung cancer screening and therefore probably increases decisional certainty on wheth-
er to participate in a screening programme or not. 

The following table gives an overview of the main results for all research questions. 
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Summary of findings – Research question 1 

Table 0.5: Summary-of-findings table for lung cancer screening in individuals with a history of smoking or current smokers  
without suspected lung cancer 

Outcome 
Anticipated absolute effects (95% CI) a Relative  

effect  
(95% CI) 

Number of 
participants 
(studies) 

Quality Comments Risk without 
screening b 

Risk with  
LDCT screening c 

Mortality 

Overall mortality 8–11 years after randomisation: 
5 (–3 to 12) less 

IRR 0.95 (0.88–1.03); 
p = 0.164 

I: 17,234 
C: 16,469 
(6 studies) 

High 
++++ 

Screening for lung cancer with LDCT results in little  
or no difference in overall mortality compared with  
no screening. 

101 per 1,000 96 per 1000 

Lung cancer 
mortality 

8–11 years after randomisation: 
5 (3–8) less 

IRR 0.81 (0.72–0.91); 
p = 0.004 

I: 17,234 
C: 16,469 
(6 studies) 

Moderate d 

+++0 
Screening for lung cancer with LDCT probably reduces 
lung cancer mortality compared with no screening. 
Without LDCT screening, 28 out of 1000 people probably 
die of lung cancer. With LDCT screening,  
23 out of 1,000 people probably die of lung cancer.  
LDCT screening probably saves ~5 out of 1000 people 
from dying of lung cancer within ~10 years. e 

28 per 1,000 23 per 1000 

Morbidity 

Overdiagnosis – 0 f (0–1.1) to 22  
(1–42) g per 1,000 h 

Range (minimum–
maximum) of point 
estimates for the risk 
of overdiagnosis of 
the individual studies 
in relation to persons 
invited for screening: 
0%–2.2% 

I: 15,917 
C: 15,189 
(6 studies) 

High 
++++ 

Screening for lung cancer with LDCT is liable to lead to 
harm compared to no screening owing to the higher 
risk of overdiagnosis, i.e. from the resulting invasive 
clarification diagnostics and treatment including 
associated complications and side effects.  
In the studies included, screening detects lung cancer 
in 0–22 out of 1000 screening participants that would 
not have caused any symptoms for the rest of the 
person's life.  
The risk of overdiagnosis calculated from the individual 
studies in relation to persons diagnosed with lung cancer 
during the screening phase is between 0% and 63%. 

Consequences 
of false-negative 
screening results 

– – – – – Not reported in the studies. 
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Outcome 
Anticipated absolute effects (95% CI) a Relative  

effect  
(95% CI) 

Number of 
participants 
(studies) 

Quality Comments Risk without 
screening b 

Risk with  
LDCT screening c 

Consequences 
of false-positive 
screening results 

1–15 per 1000 See Table 4.15 I: 17,234 
C: – 
(6 studies) 

High 
++++ 

Screening for lung cancer with LDCT might lead to harm 
due to consequences of false-positive screening results. 
In the studies included, 1–15 persons per 1000 
receive an invasive diagnostic test or an operation with 
subsequent benign findings. i 

– – 

AEs after 
surgery for 
suspicious 
findings j 

Maximum 8 years: 
12 (2–37) more 

OR 3.48 (1.41–8.62); 
p = 0.004 

I: 1264 
C: 1186 
(1 study) 

Low k 

++00 
Screening for lung cancer with LDCT may increase  
AEs compared with no screening.  
Without LDCT screening, 5 of every 1000 persons may 
suffer an AE after surgery, 2 of them an AE of severity ≥ 3.  
With LDCT screening, 17 of 1000 persons may have  
an AE after surgery, 8 of them an AE of severity ≥ 3. 

5 per 1,000 17 per 1,000 

AEs after 
surgery of 
severity ≥ 3 j 

Maximum 8 years: 
6 (0–36) more 

OR 4.25 (0.92–
19.69); p = 0.046 

I: 1264 
C: 1186 
(1 study) 

Low 
++00 

LDCT screening may lead to an additional AE after 
surgery in 12 persons, 6 of them an EA of severity ≥ 3. 

2 per 1,000 8 per 1,000 

Health-related quality of life 

HRQoL – – – – – Not reported in the studies or not usable  
for the assessment. 

Abbreviations: C=control group; CI=confidence interval; HRQoL=health-related quality of life; I=intervention group; IRR=incidence rate ratio; LDCT=low-dose computed tomography;  
OR=odds ratio; AE=adverse event.a To calculate the absolute effects, the IRR from the meta-analysis was applied to the median risk in the control group (baseline risk). 
b Median risk of the control group per 1000 persons. 
c Median risk of the intervention group per 1000 invited screening participants. 
d Downgraded by one level because the evaluation of the studies with a low risk of bias alone showed no statistically significant difference between the groups. 
e Mean value of the observation time since randomisation. 
f Based on the results of the ITALUNG study. Fewer lung cancer cases were diagnosed in the intervention group than in the control group. Thus, no overdiagnosis is detectable. 
g Based on the results of the DANTE study. 
h Using the total number of lung cancer diagnoses in the intervention group as the denominator. 
i Among all participants invited to the screening, 0.1%–0.3% (0.04%) suffered a (severe) complication after surgery for benign findings. 
j Results of the DANTE study, the only study to report usable data on this outcome. 
k Downgraded by 2 levels because of high risk of bias at the study level and a wide CI. 
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Research question 2 

No relevant studies available. 

Research question 3 

Table 0.6: Summary-of-findings table for biennial compared to annual LDCT lung cancer screening in individuals with a history of smoking  
or current smokers without suspected lung cancer 

Outcome 
Anticipated absolute effects a (95% CI) Relative  

effect  
(95% CI) 

Number of 
participants  
(studies) 

Quality Comments Risk with biennial 
screening 

Risk with annual 
screening 

Mortality 

Overall mortality 10 years after randomisation: 
13 (–8 to 28) less 

HR 0.80 (0.57–1.12); 
p = 0.191 

I: 1,186 
C: 1,190 
(1 study) 

Very low b 
+000 

The evidence is very uncertain about the effect  
of biennial compared to annual LDCT screening  
on overall mortality. 

51 per 1000 64 per 1000 

Lung cancer 
mortality 

10 years after randomisation: 
2 (–7 to 17) more 

HR 1.10 (0.59–2.05); 
p = 0.760 

I: 1,186 
C: 1,190 
(1 study) 

Very low b 
+000 

The evidence is very uncertain about the effect of 
biennial compared to annual LDCT screening on lung 
cancer mortality. 

18 per 1000 16 per 1000  

All other 
outcomes 

– – – – For this intervention, the results for other outcomes 
were considered irrelevant, as mortality results had 
very low quality. In addition, results for other outcomes 
were seriously imprecise. 

Abbreviations: C=control group; CI=confidence interval; FR = hazard ratio; I=intervention group; LDCT=low-dose computed tomography. 
a To calculate the absolute effects, the HR was applied to the risk in the control group with annual screening. 
b Downgraded by 3 levels because of (i) a high risk of bias at the study level, (ii) serious imprecision because independent replication by a second study is lacking and (iii) serious statistical 
imprecision. 
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Research question 4 

Table 0.7: Summary-of-findings table for different screening information strategies for individuals with a history of smoking  
or current smokers without suspected lung cancer 

Outcome Anticipated absolute 
effect (95% CI) 

N (%) unless otherwise 
stated 

Number of 
participants (studies) 

Quality Comments 

Information leaflets for screening awareness 

Increased knowledge – – – – For this intervention, no studies that looked  
at this outcome were found. 

Informed decision-making – – – – For this intervention, no studies that looked  
at this outcome were found. 

Participant empowerment – – – – For this intervention, no studies that looked  
at this outcome were found. 

Participant satisfaction – – – – For this intervention, no studies that looked  
at this outcome were found. 

Screening  
participation rate 

– 93 (38.8) vs 92 (37.7), 
p = n.r. 

I: 240 
C: 244 
(1 non-RCT) 

Very low 
+000 

We are uncertain whether information leaflets 
improve the screening participation rate. 

Targeted screening invitation 

Increased knowledge – 5.7 (2.3) vs 5.5 (2.3) a, 
p = ns 

I: 388 
C: 415 
(1 RCT) 

Low 
++00 

Targeted screening invitations may result in little  
to no difference in participant knowledge regarding 
lung cancer screening compared to standard 
invitation materials. 

Informed decision-making – – – – For this intervention, no studies were found that 
looked at this outcome. 

Participant empowerment – ≥ 83.2% vs ≥ 76.2% b, 
p = ns 

I: 388 
C: 415 
(1 RCT) 

Low 
++00 

Targeted screening invitations may result in little to 
no difference in participant empowerment regarding 
the decision on lung cancer screening participation 
compared to standard invitation materials. 

Participant satisfaction – ≥ 98.7% vs ≥ 97.3% c, 
p = n.r. 

I: 388 
C: 415 
(1 RCT) 

Low 
++00 

Targeted screening invitations may result in little to 
no difference in participant satisfaction compared 
to standard invitation materials. 
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Outcome Anticipated absolute 
effect (95% CI) 

N (%) unless otherwise 
stated 

Number of 
participants (studies) 

Quality Comments 

Screening  
participation rate 

– OR 1.47 (0.91–2.40), 
p = 0.177 

I: 416 
C: 429 
(1 RCT) 

Low 
++00 

Targeted screening invitations may result in little  
to no difference in the screening participation rate 
compared to standard invitation materials. 

Telephone counselling for screening invitation 

Increased knowledge – – – – For this intervention, no studies that looked at this 
outcome were found. 

Informed decision-making – – – – For this intervention, no studies that looked at this 
outcome were found. 

Participant empowerment – – – – For this intervention, no studies that looked at this 
outcome were found. 

Participant satisfaction – – – – For this intervention, no studies that looked at this 
outcome were found. 

Screening  
participation rate 

– OR 1.10 (0.70–1.72), 
p = 0.98 

I: 213 
C: 218 
(1 non-RCT) 

Very low 
+000 

We are uncertain whether telephone counselling  
in addition to an information brochure improves the 
screening participation rate compared to an 
information brochure alone. 

Decision aids for screening information 

Increased knowledge – Significant difference in 
favour of decision aid 
(see Table 4.29) 

I: 265 
C: 284 
(1 RCT, 1 non-RCT) 

Moderate 
+++0 

The use of decision aids probably increases 
knowledge about lung cancer screening compared 
to standard information materials.  

Informed decision-making – Significant difference in 
favour of decision aid 
(see Table 4.31) 

I: 257 
C: 275 
(1 RCT, 1 non-RCT) 

Moderate 
+++0 

The use of decision aids probably increases 
informed decision-making compared to standard 
information materials. 

Participant empowerment – −14.9 (−20.1 to −9.7) d, 
p < 0.001 

I: 234 
C: 233 
(1 RCT) 

Moderate 
+++0 

The use of decision aids probably increases 
participant empowerment regarding the decision 
on lung cancer screening participation compared 
to standard information materials.  

Participant satisfaction – 4.8 (0.8) vs 4.7 (0.6) e, 
p < 0.001 

I: 30 
C: 51 
(1 RCT) 

Very low 
+000 

We are uncertain whether the use of decision aids 
improves participant satisfaction compared to 
standard information materials.  
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Outcome Anticipated absolute 
effect (95% CI) 

N (%) unless otherwise 
stated 

Number of 
participants (studies) 

Quality Comments 

Screening  
participation rate 

– OR 0.70 (0.47–1.03) f, 
p = 0.07 

I: 237 
C: 238 
(1 RCT) 

Moderate 
+++0 

The use of decision aids probably leads to little or 
no difference in the screening participation rate 
compared to standard information materials. 

Option grid versus online decision aid for screening information 

Increased knowledge – 64.7% vs 62.4% g,  
p = 0.43 

I: 128 
C: 109 
(1 RCT) 

Low 
++00 

The use of an option grid may result in little to no 
difference in participant knowledge regarding lung 
cancer screening compared to an online decision aid. 

Informed decision-making – 97.4 vs 98.6 h, 
p = 0.60 

I: 128 
C: 109 
(1 RCT) 

Low 
++00 

The use of an option grid may result in little to no 
difference in informed decision making compared 
to an online decision aid. 

Participant empowerment – 6.0 vs 10.2 i, 
p = 0.0198 

I: 128 
C: 109 
(1 RCT) 

Low 
++00 

The use of an option grid may improve participant 
empowerment regarding the decision on lung 
cancer screening participation compared to an 
online decision aid. 

Participant satisfaction – – – – For this intervention, no studies that looked at this 
outcome were found. 

Screening  
participation rate 

– – – – For this intervention, no studies that looked at this 
outcome were found. 

Screening information film 

Increased knowledge – MD 0.62 (0.17–1.08) j, 
p = 0.007 

I: 120 
C: 109 
(1 RCT) 

Low 
++00 

The use of an information film in addition to a booklet 
may improve participant knowledge regarding lung 
cancer screening compared to an information 
booklet alone. 

Informed decision-making – – – – For this intervention, no studies that looked at this 
outcome were found. 

Participant empowerment – 8.5 (1.25) vs 8.24 (1.49) 
k, 
p = 0.007 l 

I: 120 
C: 109 
(1 RCT) 

Low 
++00 

The use of an information film in addition to a booklet 
may improve participant empowerment regarding 
the decision on lung cancer screening participation 
compared to an information booklet alone. 

Participant satisfaction – – – -- For this intervention, no studies that looked at this 
outcome were found. 
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Outcome Anticipated absolute 
effect (95% CI) 

N (%) unless otherwise 
stated 

Number of 
participants (studies) 

Quality Comments 

Screening  
participation rate 

-- 76.7% vs 78.9% m, 
p = 0.66 

I: 120 
C: 109 
(1 RCT) 

Low 
++00 

An information film in addition to a booklet may 
result in little to no difference in the screening 
participation rate compared to an information 
booklet alone. 

Delivery mode for SDM counselling 

Increased knowledge – – – – For this intervention, no studies were found  
that looked at this outcome. 

Informed decision-making – – – – For this intervention, no studies that looked  
at this outcome were found. 

Participant empowerment – 11.3 (3.4) vs 12.1 (3.4) k, 
p = n.r. 

I: 69 
C: 68 
(1 non-RCT) 

Very low 
+000 

We are uncertain whether in-person SDM 
counselling improves participant empowerment 
compared to telephone counselling. 

Participant satisfaction – 26.7 (2.8) vs 24.6 (5.6) n, 
p = n.r. 

I: 69 
C: 68 
(1 non-RCT) 

Very low 
+000 

We are uncertain whether in-person SDM 
counselling improves participant satisfaction 
compared to telephone counselling. 

Screening  
participation rate 

– 88.4% vs 88.2% o, 
p = n.r. 

I: 69 
C: 68 
(1 non-RCT) 

Very low 
+000 

We are uncertain whether in-person SDM making 
counselling improves the screening participation 
rate compared to telephone counselling. 

Abbreviations: C=control group; CI=confidence interval; I=intervention group; LDCT=low-dose computed tomography; MD=mean difference; n.r.=not reported; ns=not significant;  
OR=odds ratio; RCT=randomised controlled trial; SD=standard deviation; SDM=shared decision-making.
a Knowledge score; mean (SD). 
b Percentage of participants with low decisional conflict. 
c Percentage of participants satisfied with their decision. 
d Decisional Conflict Scale; MD (95% CI). 
e Satisfaction score; mean (SD). 
f Scheduled for screening within 1 year. 
g Percentage of participants with correct answers. 
h Mean CollaboRATE SDM score. 

i Mean score for the Decisional Conflict Scale. 
j Objective knowledge score; MD (95% CI). 
k Decisional Conflict Scale; mean (SD). 
l Multivariable analysis using multiple linear regression (which assumes that residuals, not the raw scores, are normally distributed)  
adjusted for baseline scores, age, educational level, ethnicity, Index of Multiple Deprivation score and smoking duration. 
m Percentage of participants with LDCT completion. 
n Decisional satisfaction score; mean (SD). 
o Percentage of participants with LDCT completion. 
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Discussion 

Every screening strategy causes harm through false screening results and overdiagnosis. Screen-
ing is only justified if the harm is more than outweighed by the benefit. When weighing up the bene-
fits and harms, it must also be taken into account that the results are weighted differently for the 
various outcomes. 

 

Benefit 

The studies have shown that LDCT screening probably reduces the risk of lung cancer death in 
(formerly) heavy smokers. LDCT screening prevents approximately 5 out of 1000 individuals (95% 
CI 3–8) from dying of lung cancer within approximately 10 years. On the basis of the study results, 
however, it cannot be statistically proven that overall mortality is also improved by screening. It is 
conceivable that, owing to competing causes of death, in particular other tobacco-related diseases 
such as other cancers and cardiovascular diseases, some of the screening participants saved from 
lung cancer death might die at a comparable time and thus the life span of these individuals might 
not be significantly extended. 

The recently published NELSON study in particular highlighted this problem [54] Despite a statis-
tically significant reduction in lung cancer mortality (IRR 0.76, 95% CI 0.61–0.94), no detectable 
change in overall mortality was found in the main analysis (IRR 1.01, 95% CI 0.92–1.11). Instead, 
the study found that other causes of death tended to occur more frequently. Critics have thus ar-
gued that LDCT screening might only lead to “an exchange of death from lung cancer for death 
from another cause” [200], without conveying an overall mortality benefit [201]. However, the figures 
quoted by the authors for the NELSON study refer to men alone, whereas in the meta-analysis in 
this report, a numerical reduction in overall mortality among women was quite visible (Figure 4.4). 
In this report, the NELSON study was included with data for both men and women (16% of the 
study population). 

Overall, the results for overall mortality do not contradict the results for lung cancer mortality. Thus, 
the two estimators of the respective meta-analyses point in the same direction. Moreover, the ab-
solute effect estimate and its corresponding CI for overall mortality are similar to the effect for lung 
cancer mortality: The estimate for the absolute effect is 5 per 1,000 persons (95% CI –3 to 12) for 
overall mortality and 5 per 1,000 persons (95% CI 3–8) for lung cancer mortality within approxi-
mately 10 years. It is therefore considered likely that the effect of LDCT screening on lung cancer 
mortality is also reflected in overall survival. In conclusion, screening for lung cancer with LDCT 
may reduce mortality compared when with no screening. 

 

Harm 

Results for adverse events after surgery indicate harm in itself. However, very few data were avail-
able on adverse events (all forms of treatment) for the intervention and comparison groups, so the 
actual harm based on these data is unclear (see Section 5.7). However, it can be assumed that 
the effect of screening on the rate of adverse events is essentially represented by the overdiagno-
sis. Harms resulting from radiation exposure are specifically described in Section 5.9. 

No data were available on consequences of false-negative screening results. In the case of false-
negative screening results, individuals falsely believe that they have no lung cancer. The most sig-
nificant consequence would be to ignore symptoms, which could delay diagnosis and subsequent 
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treatment. However, should this result in an increase in mortality, this would be reflected in the 
lung cancer mortality outcome. Overall, the influence of the lack of specific data on consequences 
of false-negative screening results on the balancing of benefit and harm is estimated to be small. 
In the case of false-positive screening results, individuals suffer harm through the reporting of a 
worrying finding, through the subsequent diagnostic workup and through the complications asso-
ciated with this. According to the results of this assessment, 1–15 of every 1,000 participants invit-
ed for lung cancer screening will receive an invasive diagnostic workup or lung resection with sub-
sequent benign findings. The most common complication of lung biopsy is pneumothorax [202]. 
The risk of developing pneumothorax varies, depending on the biopsy procedure and the location 
of the pulmonary nodule. Some of these individuals will require thoracic drainage. 

It is conceivable that removal of a benign pulmonary nodule could also provide information about 
other diagnoses and prevent future complications (e.g., retention pneumonia). For example, the 
NELSON study documented incidental findings in the screening group [72]. A systematic investi-
gation of incidental findings on LDCT screening was not performed for the present assessment, 
as information on such events and their consequences is only available for the screening groups. 
It therefore remains unclear whether these findings benefit or harm individuals. Although the NLST 
study considered random findings in both groups, chest X-ray screening is again not an adequate 
comparator for investigating the effect compared to no screening. For example, Loomans-Kropp 
et al. [168] investigated whether random findings can lead to an increase in the incidence and over-
diagnosis of thyroid carcinoma. In the authors’ view, the data could indicate this. After a median 
observation period of 6.6 years and 6.5 years in the intervention and control groups, respectively, 
35 thyroid carcinomas were diagnosed in the LDCT screening group (n = 26 457) and 25 in the 
chest X-ray screening group (n = 26 238). In total, seven of the 60 individuals with thyroid cancer 
died, six of them from the LDCT screening group, with malignant neoplasia of the thyroid gland 
being the cause of death in only three. Other causes of death were other diagnoses of cancer and 
heart disease. 

The risk of overdiagnosis related to those with a lung cancer diagnosis during the screening phase 
varied greatly between studies, ranging from 0% (no overdiagnosis in the ITALUNG study) to 63% 
(in the DLCST study). The studies showed that an estimated 0–22 out of every 1,000 individuals 
invited for lung cancer screening were diagnosed with lung cancer that would not have caused 
symptoms for the rest of their lives. 

No usable data were available for the HRQoL outcome. It can be assumed that the reporting of a 
suspicious finding for screening participants impairs their HRQoL. Since this effect is likely to be 
only short-term in the case of false-positive results, only the screening participants with true-posi-
tive results can be expected to be significantly impaired. The effect of screening on HRQoL is there-
fore likely to be partly reflected by the effect on the overdiagnosis outcome. 

 

Other risk groups 

In addition to tobacco smoking, which is considered the main risk factor for lung cancer, many 
other factors increase the risk of developing lung cancer. For this rapid effectiveness assessment, 
only RCTs that reported results on screening for lung cancer in current or former smokers could 
be identified. There is currently no direct evidence from RCTs of lung cancer screening in individ-
uals with risk factors for lung cancer other than tobacco smoking. It is not possible to transfer the 
results to individuals with other risk factors for lung cancer because of (possible) differences in lung 
cancer risk, disease course, the diagnostic accuracy of screening or diagnostic tests, and treat-
ment effectiveness. 
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Biomarkers 

The use of biomarkers is expected to improve the accuracy of screening for lung cancer and to 
reduce false-positive results and associated unnecessary further diagnostic procedures. Studies 
using data from the LDCT arms of lung cancer screening RCTs showed the potential for higher 
specificity and positive predictive value of multimodal screening using biomarkers and LDCT when 
compared to LDCT alone. Nevertheless, no comparative studies investigating such a multimodal 
lung cancer screening strategy with LDCT and additional biomarkers compared to a strategy us-
ing LDCT alone is currently available. 

 

Screening strategies 

In terms of organisational variations in screening with and without invitation, approaches in the stud-
ies could not be assigned to any clear categories. In some studies (e.g., NELSON and LUSI) a 
sample was identified from population registries and questionnaires on smoking history were sent 
out. The recruitment in other studies (e.g., MILD and DLCST) was based on public announcements 
or campaigns to attract candidates to screening. As a third option, potentially eligible individuals 
were identified and invited by general practitioners (e.g., ITALUNG). Different recruitment strate-
gies were also combined in some trials. However, with regard to screening intervals, the RCTs 
included were largely comparable and used mostly annual screening. Nevertheless, one of the 
RCTs, MILD, was a three-arm study in which participants in the intervention groups were screened 
either annually or biennially. According to the 10-year data from that study, biennial as compared 
to annual LDCT screening results in similar overall mortality and similar lung cancer mortality. Tak-
ing into account the very low quality of the available evidence, the evidence is very uncertain about 
the effect of biennial compared to annual LDCT screening on mortality. However, questions con-
cerning the implementation of screening are being examined in a recently launched European study 
(4-IN THE LUNG RUN) [203]. 

 

Information strategies 

Screening for lung cancer differs from other cancer screenings in that the target group cannot be 
clearly defined by age or sex, but includes individuals with different risk factors. One challenge is 
therefore to identify and invite suitable candidates for screening. Another important aspect of screen-
ing programmes is to inform potential participants about the potential benefits and harms of the test. 
The current evidence for general information or invitations to screening for lung cancer is general-
ly weak and does not allow a clear statement regarding a suitable strategy. Within a lung cancer 
screening programme, the use of decision aids for shared decision-making might be beneficial, since 
this increases participants’ knowledge regarding benefits and harms and reduces their decisional 
conflict. However, shared decision-making requires appropriate training of physicians, the provision 
of suitable evidence-based tools such as decision aids, and time and personnel resources. 

 

Concluding summary 

High-quality evidence shows that screening for lung cancer with LDCT in (former) heavy smokers 
results in little or no differences in overall mortality when compared with no screening. For lung can-
cer mortality, moderate-quality evidence shows that screening for lung cancer with LDCT probably 
reduces lung cancer mortality when compared with no screening. Since the absolute effects and 
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corresponding CIs are of a similar order of magnitude for overall and lung cancer mortality, the as-
sumption that screening also has a positive effect on overall mortality seems justified. Taking to-
gether the considerations for the two suboutcomes for mortality, we can conclude that screening 
for lung cancer with LDCT may have a mortality benefit. 

However, screening for lung cancer with LDCT may increase adverse events and lead to harm 
due to the consequences of false-positive screening results. In addition, it leads to harm in terms 
of overdiagnosis. The consequences of false-negative screening results were not reported in the 
studies. Their influence on the balancing of benefit and harm is estimated to be small. Data from 
only one study were available for the adverse events outcome and no usable data were available 
for the HRQoL outcome. However, the effect of screening on the rate of adverse events and on 
HRQoL is likely to be partly covered by the effect on the overdiagnosis outcome. 

LDCT screening probably saves approximately 5 out of 1,000 individuals (95% CI 3–8) from dying 
of lung cancer within approximately 10 years and may potentially extend the life of some of these 
screening participants compared to no screening. The benefit in terms of mortality is mainly op-
posed by the harm resulting from false-positive screening results and overdiagnosis. False-posi-
tive screening results lead to invasive procedures that would not have been performed without the 
screening in at least 1 in 1,000, but at most 15 in 1,000 individuals. These procedures can cause 
complications such as the occurrence of pneumothorax. Overdiagnosis is considered as harm be-
cause of the unnecessary subsequent diagnostic procedures and therapy, including the resulting 
complications. The risk of overdiagnosis in the individual studies is between 0 and 22 per 1,000 
individuals invited for screening. The risk of overdiagnosis in the presence of screening-detected 
lung cancer is between 0% and 63% in the individual studies. This underlines how important it is for 
a positive benefit-to-harm ratio to keep the risk of overdiagnosis low in optimal screening strategies. 

For risk groups other than (former) heavy smokers, no studies investigating lung cancer screening 
using LDCT compared to no screening could be identified. It is not possible to transfer the poten-
tial benefit of screening for lung cancer by LDCT in (former) heavy smokers to individuals with other 
risk factors for lung cancer because of (possible) differences in lung cancer risk, disease course, 
the diagnostic accuracy of screening or diagnostic tests, and treatment effectiveness. 

For the use of biomarkers as an adjunct to LDCT in lung cancer screening, no evidence from 
RCTs is currently available. 

No conclusion can be drawn on how best to reach individuals eligible for screening, because the 
studies currently available used different recruitment strategies without obvious differences in ef-
fectiveness between the strategies. With regard to screening interval, the overall evidence is insuf-
ficient to use a screening interval other than 1 year. 

Current evidence is insufficient to conclude whether there is an appropriate information strategy to 
reach the target groups for lung cancer screening. Moderate-quality evidence shows that the use 
of decision aids before LDCT for participants eligible for lung cancer screening probably increases 
their knowledge about the benefits and harms of lung cancer screening and probably reduces their 
decisional conflict for or against screening participation.  
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1 BACKGROUND 

1.1 Overview of the disease, health condition and target population 

HTA CORE MODEL DOMAIN: CUR3  

 

1.1.1 Description of the health condition: lung cancer 

Lung cancer is a malignant growth of cells in the lung or bronchial system [2]. Some 95% of lung 
malignancies can be classified as non–small-cell carcinoma (79%) or small-cell carcinoma (16%). 
Rarely occurring tumours such as carcinoid tumours account for the remaining 5% of primary lung 
cancers. Non–small-cell carcinomas are further classified as adenocarcinoma, large-cell carcino-
ma, squamous cell carcinoma or undifferentiated carcinoma. Individual tumours can have charac-
teristics of several of these subgroups. Of the above, adenocarcinoma is the most common sub-
type [204]. The occurrence of small-cell lung cancer (SCLC) has decreased [205]. 

According to the tumour node metastasis (TNM) staging system developed by the International 
Association for the Study of Lung Cancer, four disease stages (stage I, II, III and IV) can be de-
termined, for which the primary tumour characteristics (T) and the presence or absence of region-
al lymph node involvement (N) and distant metastases (M) are taken into account [206]. Determi-
nation of the stage of a lung cancer is based on a combination of these factors. 

• Stage I lung cancer is a small tumour that has not spread to any lymph nodes. There is no 
bronchoscopic evidence of invasion in the main bronchus. Depending on tumour size, stage I 
is divided into substages. In principle, a stage I tumour is ≤ 3 cm in greatest dimension. 

• Stage II tumours, which are also divided into substages, are > 3 cm and ≤ 5 cm in size or 
have one of the following features: the main bronchus is involved without involvement of the 
carina, the tumour invades the visceral pleura, or the tumour is associated with atelectasis 
or obstructive pneumonitis either involving part of or the entire lung. 

• Stage III tumours are > 5 cm but not > 7 cm in size or have already directly affected one or 
more of the following: the parietal pleura, phrenic nerve, parietal pericardium or chest wall, 
or there are associated separate tumour nodules in the same lobe as the primary tumour. 

• Stage IV tumours are > 7 cm in size and affect one or more of the following: the mediasti-
num, diaphragm, heart, great vessels, trachea, vertebral body, recurrent laryngeal nerve, 
oesophagus or carina, or there are separate tumour nodules in an ipsilateral lobe to the 
primary tumour [207-209]. 

The symptoms of lung cancer are rather nonspecific and usually appear when the disease has 
already spread to other parts of the body. The following symptoms and clinical signs are charac-
teristic for lung cancer: cough (8%–75%), weight loss (0%–68%), shortness of breath (3%–60%), 
chest pain (20%–49%), haemoptysis (6%–35%), bone pain (6%–25%), fever (0%–20%) and a feel-
ing of weakness (0%–10%). Approximately one-third of the symptoms are caused by the primary 
tumour. In a further one-third of cases, systemic symptoms such as anorexia, weight loss or weak-
ness (asthenia) occur; in another one-third of cases, specific symptoms are present for a defined 
metastasis site. The most common symptom of primary lung carcinoma is cough, followed by dys-
pnoea, chest pain and haemoptysis or expectoration of bloody sputum. Other manifestations such 

                                                      
3 This section addresses the following elements in the CUR domain of the HTA core model: A0002, A0003, A0004, A0005, 

A0007 and A0023. 
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as vena cava-superior syndrome, dysphagia and stridor are rather rare [210]. At the time of diag-
nosis, patients rarely have only one symptom of lung cancer, and the positive predictive value is 
higher when two or more symptoms occur [211]. 

Lung cancer can be triggered by certain diseases such as human immunodeficiency virus infection, 
idiopathic pulmonary fibrosis, COPD and tuberculosis, or may be associated with a family history 
of lung cancer [211]. 

Prevalence 

Lung cancer is the fourth most frequently diagnosed cancer in the EU, affecting more than 312,000 
individuals. Only breast, colorectal and prostate cancers have higher incidence rates. Europe, along 
with North America, has the world’s highest age-standardised rate of lung cancer incidence. With 
an age-standardised rate of 51.6 per 100,000, which is 20 points higher than the EU average, 
Hungary is the country with the highest incidence of lung cancer. The probability of developing 
lung cancer is approximately 11 times higher for smokers than for nonsmokers. Moreover, lung 
cancer is the second and third most common cancer diagnosis among men and women, respec-
tively. Approximately 213,663 men and 98,982 women in Europe develop lung cancer annually. 
The data show that more men worldwide develop lung cancer, but the incidence among women is 
rising. The highest smoking rates among women were found in Austria, Bulgaria and Greece, but 
the risk of lung cancer is still higher among women in northern countries. This is probably because 
of the 20-year lag in the correlation between smoking prevalence and lung cancer incidence. Den-
mark and the Netherlands currently have the highest incidence rates among women (4 in every 
100 women will develop lung cancer), followed by the UK, Ireland and Norway (3 in 100). Hungary, 
Poland, Romania, Croatia and Latvia have the highest incidence of lung cancer among men [212]. 

 

1.1.2 Risk factors for lung cancer 

1.1.2.1 Tobacco smoking 

Smoking is by far the most important cause of lung cancer, accounting for 90% of cases among 
men and 80% among women [213, 214]. It is estimated that individuals who smoke are 11 times 
more likely to develop lung cancer compared to those who have never smoked (pooled relative 
risk ratio 10.92, 95% CI 8.28–14.40). The risk is similar for men (ninefold higher) and women (12-
fold higher). The risk increases with smoking duration and the number of cigarettes smoked. A 
pooled analysis of 13 studies reporting pack-years found that cigarette consumption of < 20 pack-
years resulted in a significant threefold increase in the risk of developing lung cancer; the increase 
in risk was sevenfold for 20–40 pack-years, 11-fold for 40–60 pack-years and 12-fold for > 60 pack-
years [215]. At 15–20 years after stopping smoking, the risk of lung cancer was reduced by 90% 
in comparison to people who continue to smoke. The number of life years added by stopping to-
bacco smoking was higher for cessation at a younger age: cessation in the 30s added 10 years to 
life, while cessation at approximately 60 years of age added only 4 years [216]. 

Passive smoking, also known as second-hand smoke or environmental tobacco smoke, is also 
associated with a higher risk of lung cancer. People who are exposed to passive smoke during 
adulthood are 1.41 times more likely to develop lung cancer compared to never-smokers unex-
posed to passive smoke (relative risk ratio 1.41, 95% CI 1.21–1.65) [217]. Passive smoke is classed 
as cancer-causing by the World Health Organization and there are no safe levels of exposure (cat-
egorised as a Class A carcinogen by the International Agency for Research on Cancer) [218]. 
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According to the World Health Organization, all forms of tobacco use are harmful, including e-ciga-
rettes, heat-not-burn products and smokeless tobacco. However, no long-term studies have yet 
investigated the impact of these types of product across an individual’s lifetime [219]. 

Prevalence 

Tobacco consumption in the EU countries is registered in the Eurostat databases, in which cur-
rent smokers are defined as individuals who smoke manufactured or hand-rolled cigarettes daily 
or occasionally. Daily smoking includes two levels of consumption: < 20 cigarettes per day and > 20 
cigarettes per day [220]. According to the 2014 data set, among the 28 EU member states for which 
data were available, the proportion of daily smokers was 19.2% (men: 23.0%; women: 15.6%). In 
2014, 5.9% of the population aged > 15 years consumed at least 20 cigarettes per day and ap-
proximately 12.6 % consumed < 20 per day. Among men, the proportion of heavy smokers in the 
adult population was ≤ 10.7% in most countries, while it exceeded one-fifth in Cyprus and Greece. 
Among women, this proportion did not exceed 10.0 % in any member state, with proportions of 
≤ 1.2% in Romania, Sweden, Lithuania and Finland, and ≥ 6.5 % in Bulgaria, Croatia and Austria, 
with a peak of 9.4% in Greece [220]. 

The prevalence of occasional smokers in the 28 EU member states reached 4.7% in 2014. Hun-
gary was the country with the lowest level (1.6%) and Ireland had the highest percentage of indi-
viduals who smoke less than daily (7.4%). By sex, the percentage of occasional smokers was 
similar, at 5.5% (range 1.8%–8.4%) for males and 4.0% (range 1.5%–6.8%) for females. In addi-
tion, the distribution of rates by country was similar, apart from the proportion of female occasional 
smokers, which was the highest in Czechia. The proportion of occasional smokers decreased step-
wise in by age group, varying from 7.8% for those aged 15–24 years to 2.2% for the group aged 
65–74 years [220]. 

Data on smoking rates including other tobacco products such as cigars, cigarillos and pipes were 
reported in the 2017 Eurobarometer database. According to this report, the proportion of individu-
als currently smoking cigarettes, cigars, cigarillos or a pipe daily or occasionally among the 28 EU 
member states was 26% (men: 30%; women: 22%). Among those who smoke, approximately 70% 
used boxed cigarettes at least once daily, while 23% consumed hand-rolled cigarettes daily. Con-
sumptions of cigars, cigarillos or a pipe on a daily basis each accounted for 1% of the smokers. 
Among occasional smokers, the proportion of cigar or cigarillo smokers was 8% and of pipe smok-
ers was 4% [221]. 

According to the 2017 Eurobarometer database, the proportion of former smokers among the 28 
EU member states was approximately 20%. In addition, 31% of former smokers stopped smoking 
more than 20 years previously, similar proportions stopped 11–20 years or ≤ 5 years previously 
(26%) and 16% gave up the habit between 6 and 10 years previously [221]. 

Table 1.1, Table 1.2 and Table 1.3 show tobacco smoking prevalence by country, sex, age, level 
of cigarette consumption (> 20 vs < 20 pack-years), former or current smoker and years of smok-
ing cessation in the case of ex-smokers (> 20 vs < 20 years since quitting). 
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Table 1.1: Prevalence of current smokers in the 28 EU member states  
(percentage of the population) 

 

<45 years of age a >45 years of age <45 years of age a >45 years of age 

Daily Occasional Daily Occasional Daily Occasional Daily Occasional 

C
ou

nt
ry

 BE b 23.4 6.4 36.9 6.1 17.8 4.5 28.8 4.2 

BG 41.1 8.0 56.3 11.5 29.8 9.6 26.9 6.9 

CZ 29.5 8.9 46.9 12.3 16.2 9.4 29.1 8.8 

DK 12.3 11.2 32.7 10.4 11.1 11.1 25.4 6.5 

DE 20.1 10.4 28.4 7.5 16.2 7.8 27.2 5.6 

EE 23.9 6.1 61.4 5.2 18.2 4.8 25.9 6.2 

IE 16.5 12.2 26 8 15.6 9.3 22.9 7 

EL 38.5 7.3 55.4 8.8 26.0 6.3 34.4 7.8 

SP 31.8 3.6 44.1 2.8 23.9 3.2 28.8 1.7 

FR 32.2 9.3 34.6 8.4 27.8 7.6 25.9 6.4 

HR 32.4 3.6 46.9 4.9 24.8 5.5 33.1 6.1 

IT 26.2 8.9 35.5 7.8 14.8 6.0 25.1 5 

CY 41.0 4.2 59.7 4.3 15.8 3.7 15.6 4.0 

LV 39.4 8.7 61.7 5.9 18.5 6.8 23.7 4.2 

LT 33.1 8.0 61.5 8.6 13.4 4.0 11.1 4.5 

LU 18.1 8.2 24.3 9.4 14.5 7.9 19.7 3.5 

HU 36.5 2.4 49.1 2.1 23.3 2.6 34.5 1.2 

MT 23.8 5.8 40.8 4.1 19.3 5.2 24.8 3.7 

NL 23.1 10.0 34.1 9.2 16.5 7.9 31.2 6.2 

AT 31.0 9.1 35.3 7.5 25.4 6.7 31.3 6.7 

PL 27.3 4.7 54.1 4.8 15.3 3.8 34.5 4.4 

PT 28.3 5.9 35.7 4.9 15.9 4.0 13 1.8 

RO 35.0 9.2 51.1 10.4 11.7 6.1 9.9 4.8 

SI 23.2 8.4 31.4 6.5 19.3 7.4 24.3 5.6 

SK 32.9 8.4 47.7 11.3 18.8 8.2 22.3 6.2 

FI 14.1 12.1 26.7 8.5 13.0 9.5 18.3 5.8 

SE 6.1 11.4 17.5 7.9 7.4 7.9 23.1 6.8 

UK 17.7 4.8 24.1 4.4 15.6 3.7 23.3 2.9 

Source: European Commission. Eurostat. Smoking of tobacco products by sex, age and country of birth. 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_ehis_sk1b&lang=en 

Abbreviations: BE=Belgium; BG=Bulgaria; CZ=Czechia; DK=Denmark; DE=Germany; EE=Estonia; IE=Ireland; 
EL=Greece; SP=Spain; FR=France; HR=Croatia; IT=Italy; CY=Cyprus; LV=Latvia; LT=Lithuania; LU=Luxembourg; 
HU=Hungary; MT=Malta; NL=Netherlands; AT=Austria; PL=Poland; PT=Portugal; RO=Romania; SI=Slovenia; 
SK=Slovakia; FI=Finland; SE=Sweden; UK=United Kingdom. 
a This range includes the population aged from 15 to 44 years. 
b According to the database, these data have low reliability. 

 
  

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_ehis_sk1b&lang=en
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Table 1.2: Prevalence of the level of consumption of current smokers  
in the 28 EU Member states (percentage of the population) 

 

Male Female 
<45 years of age a >45 years of age <45 years of age a >45 years of age 

<20 
cigarettes/ 

day 

>20 
cigarettes/ 

day 

<20 
cigarettes/ 

day 

>20 
cigarettes/ 

day 

<20 
cigarettes/ 

day 

>20 
cigarettes/ 

day 

<20 
cigarettes/ 

day 

>20 
cigarettes/ 

day 

C
ou

nt
ry

 BE b 14.1 7.8 22.7 16.8 11.8 4.0 20.1 14.3 

BG 18.9 21.4 30.2 33.9 19.7 9.0 18.9 9.7 

CZ 19.4 10.3 38.1 21.3 14.3 1.9 28.7 6.1 

DK 8.3 4.0 19.3 14 7.9 2.6 25.9 6.7 

DE 13.3 6.5 19.2 15.5 12.3 3.2 21.2 6.8 

EE 19.7 11.7 28.6 13.5 15.6 1.8 24.4 5.5 

IE 9.6 4.0 10.9 9.8 11.6 2.4 19.8 9.2 

EL 15.8 23.0 23.5 44.8 15.3 10.4 22 19.1 

SP 21.4 8.5 29.7 20.3 17.6 4.7 18.6 9.2 

FR 23.0 7.8 22.8 10.8 21.7 2.7 22.2 6.3 

HR 15.0 16.5 20.6 34.5 17.4 7.3 25.6 13.5 

IT 17.8 8.1 25 19.6 11.9 2.7 24.2 7.5 

CY 21.8 19.6 26 48.4 12.5 4.8 12 9.4 

LV 23.6 15.6 46.1 28.2 16.2 2.0 23 5.6 

LT 20.4 12.8 45.6 28.5 11.9 1.5 11.5 1.3 

LU 11.1 6.3 15.9 14.5 10.4 2.6 14.1 8.1 

HU 26.9 9.6 41.5 22.1 20.0 3.0 35.2 5.7 

MT 14.3 9.1 19 27.9 13.3 5.3 17.7 11.7 

NL 16.7 5.1 26.1 11 14.0 2.2 29.2 9.4 

AT 19.4 12.9 21.1 21.9 19.8 7.9 26.1 11.3 

PL 13.4 13.0 30 37.6 10.7 4.0 27.1 13.4 

PT 17.0 9.7 20 19.8 12.3 3.2 10.7 4.8 

RO 25.0 10.0 47.7 15.2 10.1 1.6 9.3 2.1 

SI 13.6 9.3 17.3 22.2 15.3 3.3 20.7 7.5 

SK 24.2 8.3 41.9 6.8 16.2 2.2 23.4 2.6 

FI 13.2 0 27.6 0 12.3 0 22.1 0 

SE 6.7 0.9 15.7 4.2 6.9 0.8 27.6 3.2 

UK 13.1 4.3 17.4 9.8 12.3 2.4 21.8 7.5 

Source: European Commission. Eurostat. Smoking of tobacco products by sex, age and country of birth. 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_ehis_sk1b&lang=en 

Abbreviations: BE=Belgium; BG=Bulgaria; CZ=Czechia; DK=Denmark; DE=Germany; EE=Estonia; IE=Ireland; 
EL=Greece; SP=Spain; FR=France; HR=Croatia; IT=Italy; CY=Cyprus; LV=Latvia; LT=Lithuania; LU=Luxembourg; 
HU=Hungary; MT=Malta; NL=Netherlands; AT=Austria; PL=Poland; PT=Portugal; RO=Romania; SI=Slovenia; 
SK=Slovakia; FI=Finland; SE=Sweden; UK=United Kingdom. 
a This range includes the population aged from 15 to 44 years. 
b According to the database, these data have low reliability. 

 

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_ehis_sk1b&lang=en
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Table 1.3: Prevalence of former smokers in the 28 EU Member states  
(percentage of the population) 

 

Male Female <45 years of age a >45 years of age 

<20  
years of  
quitting 

>20 
years of 
quitting 

<20 
years of 
quitting 

>20 
years of 
quitting 

<20 
years of 
quitting 

>20 
years of 
quitting 

<20 
years of 
quitting 

>20 
years of 
quitting 

C
ou

nt
ry

 (n
um

be
r o

f f
or

m
er

 s
m

ok
er

s)
 BE (245) 64 34 73 27 100 0 53.1 46.9 

BG (129) 97 23 95 5 100 0 48.1 51.9 

CZ (197) 76 24 74 26 99 1 94.4 5.6 

DK (329) 69 31 64 36 98.2 1.8 68.7 31.3 

DE (318) 63 37 68 32 99.7 0.3 65.4 34.6 

EE (243) 66 34 70 30 98.8 1.2 68.8 31.2 

IE (185) 64 36 75 25 99.5 0.5 69.2 30.8 

EL (193) 77 23 84 16 99.5 0.5 79.8 20.2 

SP (228) 74 26 76 24 100 0 74.6 25.4 

FR (216) 57 43 73 27 99.5 0.5 64.4 35.6 

HR (162) 70 30 78 22 100 0 72.8 27.2 

IT (139) 82 18 80 20 100 0 81.3 18.7 

CY (87) 64 36 77 23 100 0 66.7 33.3 

LV (228) 74 26 68 32 99.6 0.4 71.9 28.1 

LT (180) 80 20 71 29 99.5 0.5 97.2 22.8 

LU (113) 63 37 70 30 100 0 66.4 33.6 

HU (153) 68 32 74 26 100 0 69.9 30.1 

MT (95) 61 39 74 26 100 0 67.4 32.6 

NL (322) 57 43 53 47 99.7 0.3 55 45 

AT (187) 78 22 77 23 99.5 0.5 78.1 21.9 

PL (177) 71 29 76 24 100 0 72.9 27.1 

PT (149) 59 41 77 23 99.3 0.7 63.8 36.2 

RO (162) 68 32 87 13 100 0 72.4 27.6 

SI (199) 57 43 74 26 99.0 1.0 64.3 35.7 

SK (169) 86 14 72 28 99.4 0.6 81.1 18.9 

FI (294) 59 41 67 33 99.3 0.7 63.6 36.4 

SE (409) 64 36 56 44 99.8 0.2 60.2 39.8 

UK (300) 69 31 70 30 100 0 69.7 30.3 

Source: European Commission. Eurostat. Smoking of tobacco products by sex, age and country of birth. 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_ehis_sk1b&lang=en 

Abbreviations: BE=Belgium; BG=Bulgaria; CZ=Czechia; DK=Denmark; DE=Germany; EE=Estonia; IE=Ireland; 
EL=Greece; SP=Spain; FR=France; HR=Croatia; IT=Italy; CY=Cyprus; LV=Latvia; LT=Lithuania; LU=Luxembourg; 
HU=Hungary; MT=Malta; NL=Netherlands; AT=Austria; PL=Poland; PT=Portugal; RO=Romania; SI=Slovenia; 
SK=Slovakia; FI=Finland; SE=Sweden; UK=United Kingdom. 
a This range includes the population aged from 15 to 44 years. 

 

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_ehis_sk1b&lang=en
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1.1.2.2 Chronic obstructive pulmonary disease 

COPD and lung cancer are caused by cigarette smoking but there is increasing evidence that 
COPD is an independent risk factor for lung carcinoma, particularly for squamous cell carcinoma, 
and lung cancer is more likely to occur in smokers with airflow obstruction than those with normal 
lung function. A recent meta-analysis involving 12,442 lung cancer cases with median follow-up of 
5 years concluded that a history of COPD conferred a relative risk of 2.06 (95% CI 1.50–2.85) for 
the development of lung cancer [222]. Stratification by COPD severity yielded risk of 1.46 for mild, 
2.05 for moderate and 2.44 for severe COPD. There were similar risk estimations for never- and 
ever-smokers. The risk was significantly higher for squamous cell cancer than for adenocarcino-
ma and for small cell cancer of the lung (p < 0.05). 

Prevalence 

The precise prevalence of COPD in Europe is unknown. The Global Burden of Disease Study 2017 
[223], a comprehensive study based on the literature, survey data, surveillance data, inpatient ad-
mission records, outpatient visit records and health insurance, estimates that COPD prevalence 
ranges from 5.17% to 11.03% among the EU 28 member states [224]. The lowest prevalence 
rates were in Italy (5.17%), Finland (5.41%) and France and Cyprus (5.46%), while the highest 
was in Hungary (11.02%), followed by Bulgaria (10.39%) and Austria (9.69%). 

Estimates from several population-based studies identified in a 2012 SR that assessed all spiro-
metry-defined COPD varied from 2.1% to 26.1% [225]. The countries with the highest prevalence 
rates were Austria, Denmark, Poland and Sweden, but estimates differed widely between geograph-
ical areas. The reasons for these variations include sex, age, survey methods, diagnostic criteria, 
analytical approaches and age distribution. The international population-based Burden of Obstruc-
tive Lung Disease (BOLD) study aimed to use standardised survey methods and a spirometric cri-
terion for COPD to allow direct comparison between study populations. The overall prevalence of 
spirometry-defined COPD (forced expiratory volume in 1 second [FEV1]/forced vital capacity [FVC] 
< 0.7; FEV1 < 80% of predicted value) calculated using data from nine countries was approximate-
ly 10% (range 3.9%–18.1%). A recent meta-analysis that included all population-based studies 
published between 2014 and 2015 that used the Global Initiative for Chronic Obstructive Lung Dis-
ease definition (FEV1/FVC < 0.7) estimated that the overall prevalence of COPD in these Europe-
an countries (22 studies; 11 countries) was 13.29% (11.22%–15.31%) and 18.03% among males 
(15.66%–20.39%) and 11.06% among females (9.23%–12.89%) [226]. By stage, the COPD preva-
lence was 7.74% (5.79%–9.64%) for stage I, 8.14% (6.95%–9.33%) for stage II and 1.89% (1.40%–
2.37%) for stage III/IV. Prevalence increased with age and was more than twice as high among 
individuals who smoked in comparison to nonsmokers. The results of the main COPD studies are 
reported in Table 1.4. 

Table 1.4: Prevalence (%) of COPD in Europe 

Country 
GBDS (2017) [224] SR of population-based studies [225] BOLD 

study [227] Prevalence Limits Study period Prevalence range 

Austria 9.69 8.44–11.10 2005–2009 16.6–26.1 15.8 

Belgium 8.67 7.64–9.80    

Bulgaria 10.39 9.00–11.96    

Croatia 9.41 8.13–10.71    

Cyprus 5.46 4.48–6.20 2012 4.9  
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Country 
GBDS (2017) [224] SR of population-based studies [225] BOLD 

study [227] Prevalence Limits Study period Prevalence range 

Czechia 9.26 7.99–10.57    

Denmark 6.75 5.80–7.67 2003–2009 11.9–25.4  

Finland 5.41 4.71–6.19 1991–2004 5.2–9.4  

France 5.46 4.72–6.19 2007 7.5  

Germany 8.98 7.70–10.29 1994–2009 9.3–18.4 8.9 

Greece 7.49 6.56–8.56 2001–2008 5.6–18.4  

Hungary 11.02 9.53–12.61    

Ireland 6.69 5.86–7.65    

Italy 5.17 4.42–5.89 1990 15.1  

Latvia 6.41 5.60–7.35    

Lithuania 6.49 5.67–7.39    

Luxemburg 6.55 5.72–7.46    

Malta 6.02 5.29–6.88    

Netherlands 6.50 5.72–7.37 2003–2008 3.9–18.7 18.1 

Norway 6.28 5.58–7.02 1990–2005 4.6–18.8 12.5 

Poland 8.67 5.72-7.46 2000–2009 6.0–22.1 13.7 

Portugal 5.73 5.00–6.52 1995–2008 5.3–14.2 11.5 

Romania 8.62 7.54–9.93    

Slovakia 6.94 6.00–8.01    

Slovenia 8.20 7.09–9.44 2005 10.3  

Spain 6.37 5.63–7.17 1997–2012 7.3–10.2 3.9–11.0 

Sweden 7.66 6.88–8.53 1991–2009 2.1–20.1 9.3 

United Kingdom 8.68 7.74–9.66 1993–2009 9.0–25 16 

Abbreviations: GBDS=Global Burden of Disease Study; SR=systematic review;  
BOLD=Burden of Obstructive Lung Disease. 

 

1.1.2.3 Idiopathic pulmonary fibrosis 

Idiopathic pulmonary fibrosis is a rare, chronic, progressive form of fibrosing interstitial pneumonia 
of unknown cause that occurs primarily in older adults. It has been reported that the condition is 
associated with a higher risk of lung cancer. However, few studies have explored the specific risk 
associated with this disease. The prevalence of lung cancer among patients suffering from this con-
dition ranges from 2.7% to 48% [228]. 

Prevalence 

It is estimated that idiopathic pulmonary fibrosis affects approximately 80,000–111,000 people in 
Europe [229]. The real prevalence is difficult to establish because of the use of different case 
definitions, diagnostic criteria and study populations. In the literature, the prevalence ranges from 
1.25–3.4 per 100,000 in Belgium and Greece [230, 231] to 35.5–39 per 100,000 in the UK, but spe-
cific comparisons between data sets are not possible. Table 1.5 summarises the literature data on 
prevalence. 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 48 

Table 1.5: Prevalence of idiopathic pulmonary fibrosis in Europe 

Country Study 
period 

Information source Prevalence per 100,000 
(95% CI) 

Belgium [230, 231]] 1992–1996 Population-based ILD registry 1.25 

Czechia [230, 231] 1981–1996 Retrospective observational study 12.1 

Finland [230, 231]] 1997–1998 Pulmonary clinics and hospital 
databases 

16–18 (2000 ATS/ERS 
criteria) 

France [232] 2011–2012 national survey to pulmonologists 8.7 

Greece [230, 231] 2004 Survey to pulmonologists 3.38 (2000 ATS/ERS criteria) 

Italy (Lazio) [233] 2005–2009 Regional hospital discharge, 
population and cause of death 
databases 

31.6 

Italy (Lombardy) [234] 2005–2010 Health Care Administrative 
database 

35.5 (general definition) 
22.4 (broad definition) 
12.6 (narrow case definition) 

Norway 1984–1988 Hospital records 23.4 (14.9–33.0) 

United Kingdom [235] 2000–2012 Clinical Practice Research 
Datalink GOLD primary database 

19.94 (18.48–21.47) in 2010 
38.82 (37.04–40.66) in 2012 

Abbreviations: CI=confidence interval; ATS=American Thoracic Society; ERS=European Respiratory Society. 

 

1.1.2.4 Family history of lung cancer 

Even after adjusting for age, sex and smoking habits, several studies indicate an elevated risk of 
lung cancer for first-degree relatives of individuals with lung cancer. A family history of lung cancer 
has also been associated with a higher risk of the disease [214]. This risk is higher for individuals 
with several affected family members and for those who were diagnosed with cancer at a young 
age. If family members have classic cancer susceptibility syndromes (such as retinoblastoma and 
Li–Fraumeni syndrome), there is a significantly higher risk of lung cancer if the person also smokes 
tobacco [236]. 

A meta-analysis that included 24 case–control studies showed that individuals with a family histo-
ry of lung cancer are two- to threefold more susceptible to lung cancer development than those 
without such a history. Subjects with a first-degree relative with lung cancer have a 1.51-fold higher 
risk of lung cancer after adjustment for smoking and other potential confounders (95% CI 1.39–
1.63); this association is strongest for those whose siblings have been affected by lung cancer 
(OR 1.82, 95% CI 1.62–2.05) [237]. Moreover, genome-wide association studies independently 
revealed that the chromosomal region 15q24–25.1 is associated with a higher risk of nicotine de-
pendence and lung cancer development [238]. 

Prevalence 

Studies on the prevalence of a family history of lung cancer in European countries are not availa-
ble. However, a population-based telephone survey from the USA reported data on the risk of lung 
cancer due to family history. According to this study, 6.4% (95% CI 4.9%–8.3%) of respondents re-
ported a family history of lung cancer among first-degree relatives, 18.3% (95% CI 15.7%–21.2%) 
among second-degree relatives and 22.9% (95% CI 20.4%–25.7%) among first- and second-de-
gree relatives. Subgroup analyses of the prevalence of a family history of lung cancer were per-
formed for different confounders including race, ethnicity, sex, income or education level and per-
sonal history of any cancer, but differences between the subgroups were not statistically significant. 
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There was an inverse correlation between increasing age and reported prevalence of a family his-
tory of lung cancer among second-degree relatives (p = 0.006) but not first-degree relatives [239]. 

 
1.1.2.5 Environmental or occupational exposures to harmful substances 

Radon is a natural radioactive gas produced by the decay of radium (226Ra) and uranium (238U) 
that emanates from rocks and soils in amounts that depend on the geological characteristics of 
the ground. Radon was classified as a human Group I carcinogen by the International Agency for 
Research on Cancer in 1988. The US Environmental Protection Agency recognised indoor expo-
sure to radon as the second leading risk factor for lung cancer after smoking, and the first risk fac-
tor for nonsmokers. 

It is estimated that between 3% and 14% of all lung cancers are linked to radon, depending on the 
average radon concentration in individual countries and the methods used for estimating radon 
levels [240, 241]. The results of a pooled analysis of 13 European studies (9 countries; 7148 cas-
es and 14,208 controls) showed a linear dose–response relationship and the estimated adjusted 
excess relative risk of lung cancer was 0.16 (95% CI 0.05–0.31) for a 100-Bq/m3 increase in the 
time-weighted average radon concentration observed. For lifelong nonsmokers, the risk of lung 
cancer at corrected radon concentrations of 100 and 400Bq/m3 was estimated to be 1.2 and 1.6, 
respectively, relative to the risk for lifelong nonsmokers exposed to 0 Bq/m3. The combined excess 
relative risk for radon and smoking status was estimated to be 25.8, 29.9 and 42.3 at radon con-
centrations of 0, 100 and 400 Bq/m3, respectively, for smokers of 15–24 cigarettes per day, rela-
tive to lifelong nonsmokers at 0 Bq/m3 [242, 243]. 

There is no evidence for a possible threshold concentration below which radon exposure presents 
no risk. Even low concentrations can result in a small increase in the risk of lung cancer. The ma-
jority of radon-induced lung cancers are assumed to be caused by low and moderate radon con-
centrations, because in general few people are exposed to high indoor concentrations [241]. 

In the general population, most radon exposure occurs indoors in small buildings such as houses. 
According to studies on indoor radon concentrations, the worldwide average is approximately 39 
Bq/m3, while levels in Europe range between 21 Bq/m3 and > 110 Bq/m3 (Table 1.6). 

Table 1.6: Average indoor concentration of radon at the EU level 

Country 
Radon concentration (Bq/m3) 

Arithmetic mean Geometric mean Geometric standard deviation 

Luxembourg 110 70 2 

Sweden 108 56 - 

Spain 90 46 2.9 

Ireland 89 57 2.4 

Norway 89 40 - 

Slovakia 87 - - 

Italy 70 52 2.1 

Portugal 62 45 2.2 

Poland 49 31 2.3 

Netherlands 23 18 1.6 

United Kingdom 20 14 3.2 

Worldwide average 39 – – 
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The World Health Organization data set, which is based on surveys carried out by the Joint Re-
search Centre of the European Commission to map radon concentrations, shows that the estimated 
percentage of dwellings with annual mean levels of radon > 200 Bq/m3 ranges from 0.5% to 18%, 
while the percentage of dwellings with levels > 400 Bq/m3 ranges from 0.0001% to 3.6%. Data are 
only available for 11 EU countries (https://gateway.euro.who.int/) and are presented in Table 1.7. 

Table 1.7: Percentage of dwellings with high radon dose levels 

Country Dwellings with ≥200 Bq/m3 (%) Dwellings with ≥ 400 Bq/m3 (%) 

Austria 12 4 

Belgium 2.2 0.5 

Czechia 18 3 

Finland 12.3 3.6 

France 8.5 2 

Germany 3.5 1 

Hungary 5.9 0.8 

Netherlands 0.3 0.0001 

Poland 2 0.4 

Spain 6 2 

United Kingdom 0.5 0.1 

 

1.1.2.6 Occupational exposures 

Occupational exposures also play a role as risk factors for lung cancer. It has been estimated that 
at a European level, 7%–15% of lung cancer deaths among men and 2%–9% among women in 
2000 were attributable to occupational exposures to carcinogens. A 2008 literature review found 
that the population-attributable proportion of lung cancers associated with occupational exposure 
varied from 3% to 40% [244]. 

According to the estimates of the Global Burden of Disease Study 2016, 86% (300,000) of the 
global occupation-attributable deaths due to carcinogens were related to lung cancer; asbestos 
was the main workplace carcinogen, accounting for 60.5% (181,450) of the total deaths due to 
lung cancers [245]. It is estimated that asbestos exposure is linked to lung cancer in 20%–25% of 
workers heavily exposed to asbestos [214]. Asbestos is the generic commercial designation for a 
group of naturally occurring mineral silicate fibres of the serpentine and amphibole series [246]. 
An EU directive mandated that all member states ban asbestos from 2005. 

Other occupational exposures associated with a burden of cancer mortality are silica (16%), second-
hand smoke (14.7%), diesel engine exhaust fumes (5%), nickel (2.7%) and arsenic (2.69%) [245] 

The estimated occupational-attributable percentages of deaths due to carcinogens for all cancer 
types by risk factor for Europe according to the Global Burden of Disease Study 2016 are shown 
in Table 1.8 [245]. 

 

https://gateway.euro.who.int/
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Table 1.8: Occupational-attributable percentage of deaths due to carcinogens  
for all cancer types by risk factor 

 Number Asbestos Silica SHS DEE Nickel Arsenic 

Western Europe 92,443 88.1% 5.5% 6.9% 0.7% 0.8% 1% 

Eastern Europe 10,462 62.6% 15.5% 15.7% 1.9% 2.1% 2.2% 

Central Europe 10,478 59.7% 17.4% 17.3% 1.9% 2.6% 3.0% 

Global 348,741 62.7% 13.8% 14.1% 5.0% 2.3% 2.3% 

Abbreviations: DEE=diesel engine exhaust; SHS=second-hand smoke. 

 

1.1.3 Target population in this assessment 

According to current clinical guidelines, individuals at high risk of lung cancer should be screened; 
those at medium or low risk should not be screened [210, 236, 247, 248]. 

Therefore, the target population in this assessment is adults aged ≥ 18 years without lung cancer 
at the time of screening (confirmed or suspected) and at elevated risk of lung cancer: individuals 
with a history of smoking or current smokers and those with other potential risk factors, including 
occupational or environmental exposures (e.g., radon, asbestos or fine particles), COPD, idiopathic 
pulmonary fibrosis or a family history of lung cancer. 

 

1.2 Current clinical practice 

HTA CORE MODEL DOMAIN: CUR4 

 

1.2.1 Diagnosis 

The following examination programme can be regarded as the basic diagnosis schedule  
for lung cancer [210, 211]: 

• Anamnesis, clinical examination; 

• Laboratory tests; 

• Chest X-ray; 

• Spiral CT of the thorax  
(including the upper abdominal area up to and including the adrenal glands); 

• Bronchoscopy; and 

• Abdominal sonography. 

Initial suspicion of lung carcinoma is confirmed on the basis of corresponding symptoms (clinical 
examination) and a conspicuous finding on an X-ray of the thoracic organs. In addition, the medi-
cal history, concomitant diseases and the family history must be taken into account, as well as 
smoking habit and occupational exposure to pollutants (e.g., asbestos, arsenic compounds, chro-
mium and nickel). The physical examination mainly includes an assessment of the thoracic organs 

                                                      
4 This section addresses the following assessment elements of the CUR domain of the HTA core model A0024, A0025. 
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and lymph nodes. Basic laboratory tests include a differential blood count, electrolytes, liver and 
kidney parameters, and coagulation values. Owing to limited specificity and sensitivity, routine de-
termination of tumour markers such as carcinoembryonic antigen, neuron-specific enolase and 
cytokeratin fragment 21–1 is not recommended for diagnosis of primary or recurrent lung cancer 
[210]. The diagnostic test most widely used for lung cancer is fibre-optic bronchoscopy. This also 
involves an assessment of the regional lymph nodes using endobronchial and/or endoscopic ul-
trasonography. In the majority of cases this will be adequate to make a diagnosis of non–small-cell 
lung cancer (NSCLC), even though the amount of material obtained is often insufficient to classify 
the tumour in more detail [249]. 

According to current guidelines, clinical pathways for further diagnosis of suspected lung cancer 
include contrast-enhanced chest CT to support the diagnosis and contribute to determining the 
stage. Positron emission tomography (PET)-CT is recommended for patients potentially eligible for 
curative treatment. Depending on the localisation and spread of the lung cancer, further examina-
tions, many of them invasive and including endoscopy and biopsy, are recommended [210, 236, 
250]. 

 

1.2.2 Treatment 

Guideline recommendations on therapy depend on the type of lung cancer and the stage of devel-
opment. Primarily, an individual should stop smoking as soon as a lung cancer diagnosis is sus-
pected. When assessing whether surgery is necessary, a global risk score such as the Thoraco-
score should be considered for individuals with NSCLC to estimate their mortality risk [251]. In early 
tumour stages of NSCLC, surgery is the most important treatment. If the cancer is more advanced, 
radiotherapy and chemotherapy are common modalities [210, 249, 250]. 

Surgical resection is the cornerstone in the first two stages of treatment for potentially resectable 
lung cancer if a patient is willing to accept the procedural risks [249]. For patients with NSCLC 
who are well enough and for whom curative treatment is appropriate, lobectomy is recommended 
[249, 250]. More extensive operations (bronchoangioplastic surgery, bilobectomy and pneumonec-
tomy) should only be offered if necessary to obtain clear margins. For patients who refuse lobecto-
my or for whom contraindications exist, radical radiotherapy using stereotactic ablative radiothera-
py (SABR) and sublobar resection are suitable options [250]. Moreover, for stage I cancer, SABR 
is the nonsurgical treatment of choice and is associated with low toxicity in patients suffering from 
COPD and elderly patients [249]. Chemoradiotherapy should be considered for individuals with 
stage II or III NSCLC who are unsuitable for or refuse surgery [250]. Adjuvant chemotherapy is ben-
eficial for patients with tumour stage II or III and may also be included for patients with resected 
disease at stage IB and if the primary tumour is larger than 4 cm [249]. Under defined conditions, 
postoperative chemotherapy can also be considered [250]. Patients with stage III disease should 
receive a combination of radiotherapy and chemotherapy if their general condition and tumour 
spread allow this. Chemotherapy simultaneous to radiotherapy improves quality of life when com-
pared to radiotherapy alone [210]. 

The central therapeutic measure for individuals with SCLC is combination chemotherapy. Depend-
ing on the stage, this is supplemented by local treatments such as radiotherapy. In the absence of 
remote metastasis and irradiatable tumour spread, primary tumour irradiation increases the rate of 
cure. At an early stage, surgical intervention is a treatment option [210, 250]. In all stages, prophy-
lactic cranial irradiation also lowers the intracerebral recurrence rate for responsive patients and 
prolongs survival. Surgical or radiotherapeutic measures alone are not suitable for long-term con-
trol of the disease [210]. 
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1.3 Features of the intervention 

HTA CORE MODEL DOMAIN: TEC5  

 

1.3.1 Lung cancer screening 

Lung cancer screening is a programme for the detection and treatment of lung cancer at an early 
stage and has a major impact on the high mortality rate of lung cancer. A good lung cancer screen-
ing test is sensitive, specific, acceptable to individuals and providers, and cost-effective [204]. 

 
1.3.1.1 Claimed benefit of lung cancer screening 

The claimed benefits of lung cancer screening over no screening are as follows: 

• Lower lung cancer mortality or an improvement in other oncological outcomes  
According to a US national health survey, more than 12,000 premature lung cancer deaths 
per year may be prevented by lung cancer screening in the USA. Patients with the earliest 
stage (IA) of lung cancer may have a 5-year survival rate of approximately 75% with surgery. 
However, this rate decreases rapidly with increasing stage [252]. 

• Quality-of-life benefits from screening and early detection of cancer  
The claimed benefits of lung cancer screening in terms of quality of life are a reduction in 
disease-related morbidity, a decrease in treatment-related morbidity, changes in lifestyle that 
affect health (e.g., smoking cessation) and a reduction in anxiety and mental stress [204]. 

• Detection of disease, other than lung cancer, that requires treatment  
Other clinical conditions may be identified in a lung cancer screen that are unrelated to lung 
cancer and require follow-up (e.g., COPD, coronary artery calcification and other cancers). 
It is likely that treatment of these other diseases will reduce the overall burden of disease 
[204]. 

 

1.3.2 Guidelines on lung cancer screening 

Since the publication of results from the NLST [253], several international scientific societies have 
published guidelines recommending annual LDCT for screening in asymptomatic, high-risk indi-
viduals. The US Preventive Services Task Force (USPSTF) has issued a grade B recommenda-
tion for lung cancer screening with annual LDCT for patients at high risk [254] and the Centers for 
Medicare and Medicaid Services and private insurers now cover the screening cost under certain 
conditions [255]. Major American, European and Asian health organisations also endorse LDCT 
screening, including the American Cancer Society, the American College of Chest Physicians, the 
American Society of Clinical Oncology, the American Lung Association, the American Thoracic 
Society (ATS), the National Comprehensive Cancer Network (NCCN), the Canadian Task Force 
on Preventive Health Care, Cancer Care Ontario, the European Society of Radiology (ESR), the 
European Respiratory Society (ERS), the European Society of Thoracic Surgeons and the Euro-
pean Society for Medical Oncology, among others [236, 247, 256-265]. 

                                                      
5 This section addresses the following assessment elements of the TEC domain of the HTA core model: B0001, A0020, 

B0002, B0003, B0004, B0008, B0009, B0013, A0024, A0025. 
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Recommendations regarding individuals eligible for screening adopted by major health organisa-
tions have mainly followed the NLST criteria regarding age, smoking history and time since quitting, 
as follows: current and former smokers aged 55–80 years, smoking history of at least 30 pack-
years and a maximum time since quitting of 15 years for former smokers. However, some have 
also included individuals with lower or higher lung cancer risks, such as the ATS, NCCN, Arbeits-
gemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften/Deutsche Krebsgesell-
schaft and the Canadian Association of Radiologists, which also recommended screening individ-
uals aged 50 years with a smoking history of ≥ 20 pack-years if they have a cumulative 5-year 
cancer incidence risk of ≥ 1.5% or an additional risk factor for lung cancer. 

In Europe, lung cancer screening is yet to be implemented at the population level. To the best of 
our knowledge, no European national funding body has supported implementation of lung cancer 
screening. While the white paper published by the European Society of Radiology and the Euro-
pean Respiratory Society (ERS) recommends screening within comprehensive, quality-assured pro-
grammes, within a clinical trial or in routine clinical practice at certified multidisciplinary medical 
centres [263], there is considerable variability in the recommendations issued by national authori-
ties and scientific societies. Germany, Spain and the Nordic countries have issued recommenda-
tions in favour of LDCT screening, but France does not support it [210, 248, 265-268]. 

Existing guidelines agree that patients undergoing screening should have access to high-quality, 
high-volume centres similar to those enrolling patients in the NLST; screening is not considered 
appropriate for individuals with substantial comorbidity, such as severe emphysema or cardiovas-
cular disease that would preclude an attempt at curative therapy or limit life expectancy. Lung can-
cer screening does not replace smoking cessation, and screening programmes should provide 
support for smoking cessation and prevention of relapse. Guidelines encourage providers to en-
sure that patients are making informed decisions. 

An overview of the current international guidelines on lung cancer screenings is presented  
in Appendix 6. 

 

1.3.3 Screening technologies 

1.3.3.1 Selection of screening participants 

Current guidelines recommend lung cancer screening for individuals at high risk of lung cancer. 
According to the NCCN there are two groups that qualify as having high risk: 

1) Individuals aged 55–74 years who currently smoke tobacco or stopped smoking within the 
previous 15 years and have a smoking history of ≥ 30 pack-years. 

2) Individuals aged 50 years who currently smoke tobacco or stopped smoking within the pre-
vious 15 years and have a smoking history of ≥ 20 pack-years and have an additional risk 
factor for lung cancer (i.e., family history of lung cancer, personal history of cancer or lung 
disease, or exposure to occupational or environmental toxins). 

The selection of individuals eligible for lung cancer screening can be based on these concise in-
clusion criteria. As an alternative, several risk prediction models have been developed to calculate 
the individual risk for lung cancer [269, 270]. These calculations take into account the individual’s 
age and detailed smoking history, the presence of pulmonary disease (e.g., COPD), a family or 
personal history of cancer, body mass index and background socioeconomic indicators. In addi-
tion to correct selection strategies, several biomarkers are currently under development that might 
refine the screening selection criteria independent of age and tobacco exposure [271]. 
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1.3.3.2 Imaging technologies 

Imaging technologies are used for lung cancer screening. The use of ionising radiation for diag-
nostic purposes is only indicated if the health benefit outweighs the radiation risk [210]. Chest X-
ray was initially proposed for lung cancer screening, but after negative trial results [272] it is no 
longer recommended. Currently LDCT is the only technology recommended in guidelines for lung 
cancer screening. Further technologies such as biomarkers are under evaluation, but are beyond 
the scope of this assessment because they are not yet mature. 

• Chest X-ray 

A thoracic overview image in two planes is the initial radiological procedure most frequently 
used for the thoracic area and is often performed before or when lung cancer is suspected. 
A thoracic overview is recommended as an initial radiological procedure in the clarification 
of lung cancer. In the case of positive and negative findings and discrepancy in the clinic, 
further diagnostic tests should be carried out [210]. 

• Computed tomography 

CT should be carried out as a contrast-enhanced examination of the thorax and upper ab-
domen (adrenal glands and liver). Since CT provides exact information about the location of 
lesions, it should always be performed before invasive measures, in particular before bron-
choscopy or mediastinoscopy. In patients with suspected lung carcinoma and with a fore-
seeable therapy option, a CT examination of the thoracic organs should be performed, since 
the potential benefit outweighs the relatively low risk of radiation-induced damage [210]. 

 
1.3.3.3 Biomarkers 

Lung cancer biomarkers can also be used for early detection of the disease. A biomarker is a bio-
logical characteristic that can be measured and evaluated [271]. The diagnostic performance of 
EarlyCDT-Lung (an antibody-based biomarker screening panel), a microRNA (miRNA) signature 
classifier (a plasma-based 24 miRNA risk score) and miR test (a serum-based 13-miRNA signa-
ture) and their influence on mortality was evaluated but there was insufficient evidence to justify 
implementation in clinical practice [265]. Although the existing candidates and methods have enor-
mous potential, no single molecular biomarker for lung cancer is currently used in routine medical 
practice. Much improvement is still needed and studies should be promoted for promising bio-
markers (molecular and image-based) and technologies to facilitate selection of the most appropri-
ate combinations [271]. Thus, biomarkers for lung cancer are still at an early stage of development. 

 

1.3.4 Setting and requirements 

Lung cancer screening is offered in cancer centres, academic medical centres and outpatient radi-
ology clinics, for example [236, 273]. Certain quality parameters required for lung cancer screen-
ing include minimum equipment standards, a standard screening protocol and suitable personnel 
such as radiologists and technologists who have received training in image acquisition and inter-
pretation [273]. In addition, continuous monitoring of false-negative biopsy rates is recommenda-
ble. 

There should be a medical director or medical advocate for the screening programme who takes 
overall control of the safety of patients participating in the programme. Moreover, an assessor 
should manage the procedure and a radiologist should be responsible for LDCT in individual cas-
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es. The responsible clinician manages transfers to a rapid-access pulmonary clinic [251, 274]. The 
multidisciplinary team responsible for diagnostic evaluation should consist of a medical oncologist, 
a radio-oncologist, a pathologist, a radiologist, a thoracic surgeon and a pulmonologist [211]. 

Lung cancer screening is best carried out in a certified lung cancer centre. For example, screening 
in Germany is carried out in a lung cancer centre certified by the German Hospital Association [275]. 

Lung cancer screening options are outlined above. The equipment required for lung cancer screen-
ing depends on which technology is used. For example, LDCT uses sophisticated X-ray equip-
ment and less ionising radiation in comparison to normal CT while maintaining good diagnostic 
quality. LDCT can be performed with single-slice spiral CT, but the use of multidetector row CT 
scanners is currently preferred [276]. The minimum requirement is a 16-slice CT device with mul-
tiple detectors (fixed or mobile) capable of providing low-dose protocols. Volumetric software is 
used to assess pulmonary nodules [251]. 
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2 OBJECTIVES AND SCOPE 

The aim of this EUnetHTA assessment is to provide a reliable synthesis of the available evidence 
on lung cancer screening in risk groups (individuals with a history of smoking or current smokers, 
those with occupational or environmental exposure to radon, asbestos or fine particles, patients 
with COPD or idiopathic pulmonary fibrosis, and individuals with a family history of lung cancer). 
For this purpose, four research questions were defined: 

• Research question 1: What is the benefit/harm of screening for lung cancer using LDCT 
compared to no (or no systematic) screening in individuals at elevated risk of lung cancer? 
As there is reason to assume comparability of no screening and screening using chest X-
ray, screening for lung cancer using chest X-ray will also be taken into account as a com-
parator, if reasonable. 

• Research question 2: What is the benefit/harm of screening for lung cancer using bio-
markers in addition to LDCT compared to screening using LDCT alone in individuals at ele-
vated risk of lung cancer? 

• Research question 3: What is the benefit/harm of organisational variations of systematic 
screening for lung cancer using LDCT (e.g., screening using different intervals, with/without 
invitation) for individuals at elevated risk of lung cancer? 

• Research question 4: What is the best strategy to inform individuals in the target group 
about a lung cancer screening programme to optimise an informed choice regarding partici-
pation? 

The target patient populations and relevant comparators (based on the requirements of the EU-
netHTA partners) for assessment of the effectiveness (EFF) and safety (SAF) domains are defined 
in the project scope below. 

Table 2.1: Scope of the assessment: PICO 1 

Description Project scope 

Population Adults (age ≥ 18 years) without lung cancer (confirmed or suspected)  
(ICD-10 code C34) at elevated risk of lung cancer. 
• Population 1: Persons with a history of smoking or current smokers 
• Population 2: Persons with other potential risk factors:  

occupational or environmental toxins (e.g., radon, asbestos or fine particle exposure), 
COPD (ICD-10 code J44), idiopathic pulmonary fibrosis (ICD-10 code J84.1) or  
a family history of lung cancer (ICD-10 code C34) 

Intervention Systematic screening for lung cancer using low-dose computed tomography 

Comparison No (systematic) screening (usual care). 
In a sensitivity analysis, screening for lung cancer using chest X-ray was also taken  
into account as an additional comparator for mortality and consequences resulting from 
overdiagnoses as outcomes. 
Rationale: Results from the PLCO study [1] give reason to assume comparability of no 
screening and screening using chest X-ray, at least in terms of their effect on lung 
cancer specific mortality. 

Outcomes • Mortality (overall mortality, lung cancer mortality) 
• Morbidity 
• Health-related quality of life 
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Description Project scope 

Outcomes 
(continuation) 

• Harms resulting from screening itself (e.g., consequences from radiation exposure) 
or from subsequent diagnostic interventions (e.g., invasive biopsy) including 
overdiagnoses,6 consequences resulting from false screening results (false 
positive and false negative) 

• (Serious) adverse events 

Study design Randomised controlled trials 

 

Table 2.2: Scope of the assessment: PICO 2 

Description Project scope 

Population See PICO 1 (Table 2.1) 

Intervention Screening for lung cancer using biomarkers in addition to low-dose computed 
tomography (LDCT) 
• Biomarkers can be used as a test for selection of individuals undergoing screening 
• Biomarkers can be used as a test for characterisation of undetermined nodules 

found during the CT-based screening. 

Comparison Screening for lung cancer using LDCT alone 
Rationale: LDCT alone is the recommended screening intervention according to current 
guidelines. 

Outcomes See PICO 1 (Table 2.1) 

Study design See PICO 1 (Table 2.1) 

 

Table 2.3: Scope of the assessment: PICO 3 

Description Project scope 

Population See PICO 1 (Table 2.1) 

Intervention Annual systematic screening for lung cancer using LDCT as recommended in guidelines 

Comparison Systematic screening for lung cancer using LDCT different in screening interval (shorter 
or longer) or type of systematic screening (organisational variants, e.g. with invitation) 

Outcomes See PICO 1 (Table 2.1) 

Study design See PICO 1 (Table 2.1) 

 

  

                                                      
6 Defined as the number of diagnoses (true-positive findings) that would not have become clinically relevant during  

a person’s lifetime. 
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Table 2.4: Scope of the assessment: PICO 4 

Description Project scope 

Population See PICO 1 (Table 2.1) 

Intervention Specific information strategy for lung cancer screening  
(e.g., content, mode of distribution) 

Comparison A specific information strategy for lung cancer screening different from the one used  
in the intervention group (e.g., different content, different mode of distribution) 
No specific information strategy for lung cancer screening 

Outcomes • Screening participation rate 
• Participant satisfaction 
• Participant empowerment 
• Increased knowledge 
• Informed decision-making 

Study design Randomised controlled trials; nonrandomised controlled trials;  
prospective observational studies; qualitative studies 
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3 METHODS 

The assessment methods and processes adhere to the EUnetHTA Methodological Guidelines and 
EUnetHTA standard operating procedures. 

 

3.1 Clinical effectiveness and safety 

3.1.1 Information retrieval 

For research question 1, the results from the German national benefit–harm assessment report 
on screening for lung cancer using LDCT in individuals with a history of smoking or current smok-
ers conducted by one of the co-authors (IQWiG; report number S19-02 [1]) were used. 

 
3.1.1.1 Information retrieval in the IQWiG report 

A systematic literature search for relevant SRs was conducted in the bibliographic databases MED-
LINE, Cochrane Database for Systematic Reviews and the Health Technology Assessment Data-
base. The search was restricted to the last 6 years before 2019. The aim was to select one or more 
high-quality and up-to-date SRs from which primary studies were identified and then selected ac-
cording to the specific inclusion criteria of the report. 

In addition, for time periods not covered by a chosen up-to-date and high-quality relevant SR [2], 
systematic literature searches for RCTs were conducted in the following databases:  

• MEDLINE 

• Embase 

• Cochrane Central Register of Controlled Trials 

Furthermore, a search for ongoing or unpublished studies was carried out  
in the following study registries: 

• ClinicalTrials.gov 

• WHO International Clinical Trials Registry Platform 

In addition, references from the SRs on lung cancer screening were checked and documents made 
available from consultation procedures were considered. Authors of potentially relevant studies 
were also contacted (via e-mail, if the e-mail address was available in the publication). Queries 
were only sent out if the questions were likely to have a direct impact on the conclusion of the 
assessment. The contents of the requests can be found in Appendix 9. 

 
3.1.1.2 Additional information retrieval for the EUnetHTA rapid assessment report 

The inclusion criteria for research question 1 were extended to other risk factors for lung cancer 
(occupational or environmental exposure to harmful substances, COPD, idiopathic pulmonary fibro-
sis and a family history of lung cancer). Therefore, the list of studies excluded from the IQWiG re-
port was rescreened to identify studies on these risk factors. In addition, all studies already includ-
ed for research question 1 were checked regarding the proportion of individuals reporting other 
exposures and results for these subgroups were extracted, if possible. 
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For research question 2, a systematic literature search was performed for biomarkers  
in lung cancer screening in the following bibliographic databases: 

• MEDLINE 

• Embase 

• Cochrane Central Register of Controlled Trials 

• Cochrane Database for Systematic Reviews 

Furthermore, a search was performed for ongoing or unpublished studies  
in the following clinical trial registries: 

• ClinicalTrials.gov 

• WHO International Clinical Trials Registry Platform 

For research question 3, no separate information retrieval was carried out, but all studies already 
included for research question 1 and research question 2 were used for evaluations regarding dif-
ferent screening strategies. 

For research question 4, we performed independent systematic literature searches in the biblio-
graphic databases MEDLINE, Embase, Cochrane Central Register of Controlled Trials and Coch-
rane Database for Systematic Reviews. 

In addition to the electronic search, we checked reference lists from the primary studies and reviews 
included. 

The search strategies for bibliographic databases (research questions 1, 2 and 4) and study regis-
tries (research questions 1 and 2) are displayed in Appendix 1. 

 

3.1.2 Selection of relevant studies and documents 

3.1.2.1 Selection of SRs (focused) 

The studies and documents identified in bibliographic databases were reviewed and assessed with 
regard to their relevance by one reviewer. A second reviewer checked the whole selection process. 

 
3.1.2.2 Selection of relevant studies and documents 

Bibliographic databases: In a two-step procedure, the titles and abstracts of the references were 
first screened against the inclusion and exclusion criteria, followed by screening of the full texts of 
potentially relevant publications identified in the first step. 

Study registries: In a one-step procedure, registry entries were screened against the inclusion and 
exclusion criteria. 

Selection of studies retrieved from the searches in bibliographic databases and study registries 
was performed by two reviewers independently of each other. Discrepancies were resolved via 
discussion. 
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3.1.2.3 Inclusion criteria 

The inclusion criteria are detailed in PICO questions 1–4 summarised in Table 2.1 to Table 2.4. 

The exclusion criteria were as follows: 

• Languages other than English or German as per the IQWiG report for questions 1–3. 

• Languages other than English, German or Spanish for question 4. 

• Publications of clinical trials not meeting the Consolidated Standards of Reporting Trials 
(CONSORT) criteria [277]. 

• For research questions 1–3, study designs other than RCTs were excluded. 

 
3.1.2.4 Data management 

• Endnote X9 was used for citation management. 

• Study selection was performed using the IQWiG internal web-based trial selection database 
(webTSDB). 

 

3.1.3 Data extraction 

All necessary information for the assessment was extracted from documents for the studies  
included into standardised tables. The data extracted included: 

• Characteristics of the studies 

• Characteristics of the interventions 

• Study inclusion and exclusion criteria 

• Baseline characteristics of the study population 

• Outcomes reported 

For research question 1, information from the corresponding tables in the IQWiG report was used. 
If discrepancies arose in the comparison of information from different documents for a study (but 
also from multiple data on an aspect within a document itself) that could have a considerable in-
fluence on the interpretation of the results, this is identified in the relevant place in the results section 
of the report. 

Results for patient-relevant endpoints reported in the studies are described in a comparative manner 
in the report. 

If possible, the data analyses and syntheses described in Section 3.1.5 were performed in addition 
to comparisons of results from the individual studies. A final summary assessment of the informa-
tion was carried out in any case. 

Data for outcomes were generally not included in the benefit assessment if they were based on 
< 70% of the participants to be included in the evaluation, that is, if the proportion of participants 
who are not included in the evaluation was > 30%. 

Furthermore, the results were not included in the benefit assessment if the difference in the pro-
portion of not-considered participants between the study groups was > 15 percentage points. 
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3.1.3.1 Determination of the risk of overdiagnosis 

The risk of overdiagnosis was calculated using two different approaches. 

Individuals diagnosed with lung cancer during the screening phase: The proportion of over-
diagnoses was calculated as the number of participants with a lung cancer diagnosis from random-
isation to the end of the observation period for both the intervention and control groups and the 
number of participants diagnosed with lung cancer at the end of the screening phase in the inter-
vention group. This value represents the frequency of overdiagnoses as a proportion of the total 
number of lung cancer diagnoses in the intervention group during the screening phase. 

Individuals invited to screening: The number of lung cancer diagnoses was compared between 
the intervention group and the control group from randomisation to the end of the observation peri-
od. The difference was used to estimate the number of additional lung cancer diagnoses resulting 
from screening. The additional lung cancer diagnoses (at the end of the observation period) were 
related to the number of invited participants. 

In principle, diagnoses made via screening may be overdiagnoses. When quantifying the propor-
tion of overdiagnoses and determining the standard errors, mathematical estimation can lead to 
negative values. Such estimates were set to 0. 

 

3.1.4 Quality rating and RoB assessment 

Assessment of the study and outcomes validity and the level of evidence followed the criteria de-
scribed in the two EUnetHTA guidelines on the internal validity of RCTs and nonrandomised studies 
on interventions. As recommended in these guidelines, RoB was assessed for the RCTs included 
according to the Cochrane RoB tool [278] at study and outcome levels. RoB for nonrandomised 
studies on interventions was assessed according to the ROBINS-I tool [279]. 

Two independent assessors judged the RoB (low risk or high risk) on the basis of the information 
retrieved from the selected documents. 

The RoB for the results from each study included was described separately for each patient-relevant 
outcome. For this purpose, the following domains across (A) outcomes and (B) outcome-specific 
domains were systematically extracted: 

RCTs 

A: RoB for results at the study level 

• Generation of the randomisation sequence 

• Concealment of the allocation to groups 

• Blinding of participants and personnel 

• Selective outcome reporting 

• Other sources of bias 

B: RoB of results at the outcome level 

• Blinding of the outcome assessors 

• Implementation of the intention-to-treat principle 
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• Selective reporting 

• Other potential sources of bias 

Other studies 

A: RoB for results at the study level 

• Bias due to confounding 

• Bias in the selection of participants for the study 

• Bias in the classification of interventions 

• Bias due to deviations from intended interventions  

B: RoB for results at the outcome level 

• Bias due to missing data 

• Bias in the measurement of outcomes 

• Bias in the selection of the results reported 

The RoB was then categorised as low or high. If the results had low RoB at the study level, an RoB 
assessment at the outcome level was performed. If the results had high RoB at the study level, the 
outcome-specific RoB of the results was not assessed because the high RoB at study level was 
directly transferred to the outcome-specific RoB for the results. Classifying RoB as high does not 
lead to exclusion of the corresponding study or outcome data. Rather, the RoB classification in-
forms the discussion on heterogeneous study results. 

To rate the quality of the overall evidence available for a given outcome, the GRADE approach was 
applied [280]. In general, the certainty of evidence was evaluated at the outcome level (possible 
levels: high, moderate, low and very low), as detailed in the section on Certainty of the evidence. 

 

3.1.5 Data analyses and synthesis 

The information on study design, study methods, populations, endpoints and study results in the 
documents included was evaluated. The results of this evaluation are presented and were used to 
identify relevant analyses and were considered for the conclusions of the assessment report. 

One current SR was used [2] that met our inclusion criteria and guarantees high quality for infor-
mation retrieval. The quality of information retrieval was checked using point 3 of the AMSTAR 
checklist [281]. 

 
3.1.5.1 Meta-analyses 

When studies were comparable with regard to the research question and relevant characteristics 
and no significant heterogeneity was observed, the individual study results were summarised quan-
titatively by means of meta-analyses. 

The estimated effects and CIs from the studies were summarised using forest plots. The study pool 
was then examined for the presence of heterogeneity using statistical tests [282]. If the heteroge-
neity test yielded a statistically nonsignificant result (p ≥ 0.05), it was assumed that estimating a 
common (pooled) effect usually made sense, as long as no reasons (clinical/design) existed against 
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applying this approach. The meta-analyses were conducted on the basis of the random-effects 
model according to the Knapp and Hartung method; estimation of heterogeneity was conducted ac-
cording to the Paule–Mandel method [283]. Results are presented as the pooled effect together with 
the 95% CI. Because heterogeneity cannot be reliably estimated when only a few studies are avail-
able, fixed-effect models were used in the event of four or fewer studies, as long as no other rea-
sons existed against applying this approach; for instance, the studies had to be sufficiently similar. 

Since the studies considered for research question 1 did not have sufficiently comparable study de-
signs to be able to use a fixed-effect model for a meta-analysis, it was assumed that a model with 
random effects is appropriate in the meta-analyses. We first checked whether the CI for the Knapp 
and Hartung estimate was narrower than the estimate using the DerSimonian–Laird method. If this 
was the case, the Knapp and Hartung estimate with variance correction was further considered. 
Furthermore, we checked whether the 95% CI for the Knapp and Hartung estimate (possibly with 
a variance correction) was completely included in the union of the 95% CIs for the individual stud-
ies. If this was the case, the Knapp and Hartung estimate was used to derive a benefit statement 
if the result was statistically significant. If the Knapp and Hartung estimate (possibly with a variance 
correction) is not shown or provided a statistically nonsignificant result, we checked whether the 
DerSimonian–Laird estimate delivered a significant result. If this was the case, a benefit statement 
was made about rectification of the effects in the meta-analysis studies. If the DerSimonian–Laird 
estimate was not statistically significant, consideration of the rectification was omitted and it was 
concluded that there is no evidence of an effect. 

If the heterogeneity test yielded a statistically significant result (p < 0.05), the prediction interval 
was shown only if at least five studies were covered. A qualitative summary was provided if four 
or fewer studies were covered. In both cases, we also examined which factors might be the cause 
this heterogeneity. This includes methodological factors (see Section 3.1.5.2) and clinical factors, 
so-called effect modifiers (see Section 3.1.5.3). If unexplained heterogeneity was present, the quali-
ty of the evidence was lowered, depending on the magnitude of the heterogeneity according to the 
GRADE approach. 

Meta-analyses were calculated using SAS, version 9.4. 

For research question 4 no meta-analyses were planned or performed. 

 
3.1.5.2 Sensitivity analyses 

To evaluate the robustness of the results, an assessment may include sensitivity analyses with re-
gard to methodological factors. These factors arise from decisions made within the framework for 
the retrieval and assessment of information, for example, the specification of cut-offs for the time 
points for data collection or the choice of effect measures. The sensitivity analysis should in par-
ticular consider the classification of the RoB for study results. The result of the sensitivity analysis 
can affect assessment of the certainty of the results. 

The assessment focuses on the comparison of LDCT screening versus no screening. In addition, 
for the mortality (overall mortality and lung cancer mortality) and consequences of overdiagnosis 
outcomes, studies with screening by chest X-ray as a comparative intervention were also consid-
ered. A meta-analytical summary of both comparative interventions in comparison to LDCT screen-
ing was carried out as a sensitivity analysis to check whether these studies can provide additional 
information on the question addressed in the report. For other outcomes, such a sensitivity analy-
sis was considered to be not useful. 
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3.1.5.3 Subgroup characteristics and other effect modifiers 

The results were examined with regard to potential effect modifiers, that is, clinical factors influ-
encing the effects. The aim was to uncover possible differences in effects between person groups 
and screening characteristics. Statistical significance based on a homogeneity or interaction test is 
a prerequisite for the detection of different effects. If potential effect modifiers are identified, then 
the conclusions inferred from the effects observed in the whole study group can possibly be for-
mulated more precisely. Subgroup analyses were only performed if each subgroup comprised at 
least 10 persons and, in the case of binary data, at least 10 events had occurred in one of the sub-
groups. In particular, the following possible effect modifiers were considered for investigation: 

• Sex 

• Age 

• Strength of exposure to tobacco or occupational toxins 

• Screening strategy (e.g., screening interval) 

If further possible effect modifiers arose from the available information, these were also included if 
reasonable and corresponding conclusions on the effects observed were adapted, if applicable. 

 
3.1.5.4 Certainty of the evidence 

To rate the quality of the evidence, the GRADE method was applied [280]. 

 

3.1.6 Patient involvement 

Patient involvement was planned and patient organisations for COPD from Germany and Ireland 
were contacted to provide input on the draft research questions. However, it was not possible to 
arrange participation. 

 

3.1.7 External expert involvement 

To guarantee quality assurance throughout the whole assessment process, external experts in the 
field of epidemiology, oncology, radiology and screening programmes were involved by reviewing 
the project plan and the assessment draft. 

No manufacturers were included in the preparation of this rapid relative effectiveness assessment. 
This is because the technology under assessment is the screening process itself. Therefore, the 
focus was not on the evaluation of a single diagnostic or therapeutic product or technology. 
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3.2 Division of work within the project 

IAMEV (author) 

• Develop the first draft of the project plan. 

• Develop the first draft for the TEC/CUR domains of the assessment. 

• Perform literature searches for research question 4 and study selection  
for research questions 1 (other risk factors), 2 and 4. 

• Carry out the assessment for research question 1 on other risk factors (study selection, data 
extraction, analysis, synthesis and interpretation of findings). Quality-check the steps of the 
assessment for research question 1 on current and previous smokers. 

• Carry out the assessment for research question 3 for LDCT versus no (systematic) screen-
ing for individuals with other risk factors and support the production of data for all domains 
and quality-check the steps for this process for the remaining research question 3. 

• Carry out the assessments for research question 2 and 4 (data extraction, analysis, synthesis 
and interpretation of findings). 

• Send draft versions to dedicated reviewers and external experts for comments, compile 
feedback from reviewers and experts, and incorporate relevant changes to the draft. 

• Prepare the final assessment, including an executive summary. 

IQWiG (co-author) 

• Review the project plan draft. 

• Perform a literature search for research questions 1 and 2; provide lists of excluded  
references for research question 1 (other risk factors). 

• Carry out the assessment for research question 1 on current and previous smokers (study 
selection, data extraction, analysis, synthesis and interpretation of findings). Quality-check 
the steps of the assessment for research question 1 on other risk factors. 

• Carry out the assessment for research question 3 for LDCT versus no (systematic) screen-
ing for current and previous smokers and support the production of data for all domains and 
quality-check the steps of this process for the remaining research question 3. 

• Collaborate on writing of the discussion and conclusions in direct connection  
with research question 1 and research question 3, and endorse these sections. 

• Review drafts of the assessment, including the executive summary, in connection  
with research question 1 and research question 3. 

Avalia-t; ACIS (co-author) 

• Review the draft project plant. 

• Collect data on the European epidemiology of risk factors 

• Perform a literature search on international guidelines regarding lung cancer screening. 

• Support the production of data for all domains and quality-check the steps of this process for 
research question 2 and 4 (data extraction, analysis, synthesis, and interpretation of findings). 

• Check, provide input and endorse the content for all domains. Collaborate on writing of the 
discussion and conclusions. 

• Approve/endorse conclusions drawn and all draft versions and the final assessment,  
including the executive summary. 
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RER and UMIT (dedicated reviewers) 

• Guarantee quality assurance by thoroughly reviewing the project plan and  
the assessment drafts. 

• Review the methods, results, and conclusions based on the original studies included. 

• Provide constructive comments in all the project phases. 

UTA (observer) 

• Review the draft project plan, propose amendments where necessary  
and provide written feedback. 

• Review the assessments, propose amendments where necessary  
and provide written feedback. 

 

3.3 Deviations from the project plan 

Information retrieval for research questions 1 and 2 

For research question 1, no references from the studies included were reviewed, but documents 
from the consultation process for IQWiG report S19-02 were taken into account. 

For research question 2, the list of studies excluded from the IQWiG report were not re-screened, 
but separate systematic literature searches in bibliographic databases and study registries were 
performed. 

Inclusion criteria for research question 4 

SRs were not included, but were used as sources for potentially relevant studies. 

Outcomes for research question 1: 

The outcomes “Stage distribution of lung cancer” and “Consequences resulting  
from unclear findings” were not assessed. 
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4 RESULTS: CLINICAL EFFECTIVENESS AND SAFETY 

4.1 Research question 1 

4.1.1 Information retrieval 

Focused search for SRs 

Of the 11 SRs included (Appendix 2), one (Snowsill 2018 [2]) was evaluated as up-to-date and of 
high quality and was included for the purpose of identifying primary studies. 

The assessment of the quality of information retrieval for this SR is presented in Appendix 3. From 
this SR, 12 primary studies could be extracted and were reviewed to determine the extent to which 
they meet the inclusion criteria of report S19-02 (see Section 2). The Lung Search study did not 
meet the inclusion criteria for the intervention [284]. Two studies (Depiscan 2007 [285] and Garg 
2002 [286]) had no reported results or relevant publications of results (see Section 4.1.2). 

Study selection 

Figure 4.1 shows the results for information retrieval adopted from IQWiG report S19-02. In addi-
tion, the references excluded in report S19-02 with E1 (population) were rescreened with regard 
to further risk factors. References for the documents that were excluded after checking the full text 
are presented in Appendix 4 with the reasons for exclusion. 

 

Figure 4.1: Flow chart of information retrieval for clinical effectiveness and safety 
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Information retrieval identified nine randomised trials (184 documents) as relevant for research 
question. Two ongoing studies and one planned study were also identified. In addition, one com-
pleted study without reported results was identified and four studies with unclear status. The last 
search was performed on 12th June 2020. 

 

4.1.2 Studies included in the assessment 

The studies listed in Table 4.1 were included in the assessment. 

Table 4.1: Study pool: list of relevant studies used for the assessment 

Study Documents available Study registry entries Result report from study registries 

DANTE Yes [93-97] Yes [287] No 

DLCST Yes [13-28] Yes [288] No 

ITALUNG Yes [29-39] Yes [289] No 

LSS Yes [98-101] Yes [290] No 

LUSI Yes [40-44] Yes [291] No 

MILD Yes [45-52] Yes [292] No 

NELSON Yes [53-92] Yes [293] No 

NLST Yes [102-176] Yes [294] Yes [295] 

UKLS a Yes [3-12] Yes [296] No 

a This is a feasibility study in which morbidity and mortality data are to be collected over a follow-up period of 10 years. 
This study was not used for clinical effectiveness assessment because no usable results have been reported so far.  
The following tables therefore do not provide a more detailed presentation of the UKLS trial. 

 

Table 4.2 lists all planned, ongoing, withdrawn and completed studies without results  
on the intervention. 

Table 4.2: List of planned, ongoing, withdrawn and completed studies without results on 
lung cancer screening in individuals with a history of smoking or current smokers without 
suspected lung cancer 

Study Document type, register ID  
(if applicable) 

Status (estimated 
completion date) 

Study 
type 

Number of 
patients 

CHANCES Study register, ChiCTR1900025257 [297] Planned (12/2028) RCT 115,200 

Depiscan 2007 Publication [285] Unclear RCT 1000/year 

Garg 2002 Publication [286] Unclear RCT 400 

JECS Study register, JPRN-UMIN000005909 [298] a Ongoing (03/2034) RCT 27,000 

LUCAS Study register, ISRCTN58557945 [299] Completed RCT 2000 b 

NCT00006087 Study register, NCT00006087 [300] Unclear c RCT 1000 

NCT02898441 Study register, NCT02898441 [301] Unclear c (12/2018) RCT 6000 

Yorkshire Lung 
Screening Trial 

Study register, ISRCTN42704678 [302] Ongoing (07/2024) RCT 6892 

Abbreviations: n.r.=not reported; RCT=randomised controlled trial. 
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a Further information on the study type in reference [303]. 
b Information from reference [304]. 
c The classification “unclear” is based on the following: (1) the study is marked as ongoing according to the register entry, 
but the planned end of the study was already in the past at the time of the search; (2) the study was suspended according 
to the register entry and may be continued; or (3) the status of the study is marked as “unknown” in the register. 

 

4.1.3 Description of the evidence used 

Table 4.3, Table 4.4 and Table 4.5 describe the studies used for the assessment. 

One study, UKLS [3-12], is a feasibility study that basically fulfils the inclusion criteria of the report, 
but no results that could be used for the benefit assessment were reported. A more detailed pre-
sentation of the UKLS trial is therefore not given in what follows. 

The remaining eight studies (number of randomised subjects: 90,836) differed with regard to the 
screening strategies applied. In six studies the subjects were assigned to either screening by LDCT 
or no screening. In DLCST [13-28], ITALUNG [29-39], LUSI [40-44], MILD [45-52] and NELSON 
[53-92], participants in the control group were not offered any imaging procedures at baseline or 
during follow-up unless lung cancer was suspected. In the DANTE study [93-97], a baseline ex-
amination using chest X-ray was performed. Since this examination was performed in both the 
intervention group and the control group and no further screening was performed in the control 
group during the course of the study, the study was also classified as a study comparing LDCT 
versus no screening. By contrast, the LSS [98-101] and NLST [102-176] studies represent a com-
parison between LDCT screening and screening using chest X-ray. Both studies are US-American 
RCTs. 

In the study groups without screening, the endpoint-specific data were all collected via registers. 
In addition, depending on the study, postal or telephone inquiries and clinical examinations were 
also used. All studies were conducted within Europe (Italy, Denmark, Germany, Netherlands and 
Belgium). 

The number of participants in six of the studies ranged from 3,000 to 4,000 participants, while the 
NELSON and NLST studies included approximately 16,000 and 53,500 participants, respectively. 
The duration of the screening phase ranged from 1 to 6 years, and the planned follow-up period 
ranged from 5 to 10 years (in LSS, no information was available on the follow-up duration). With 
the exception of the MILD and NELSON studies, the screening interval was 1 year throughout all 
screening rounds. MILD was the only three-arm study in which participants in the intervention group 
were screened either annually or every 2 years (biennially). At the beginning of the study, partici-
pants were randomised to annual or biennial screening. Randomisation to an additional control 
group started later, resulting in different group sizes. In the NELSON study, the screening interval 
after each screening round was extended from 1 year to 2 years and then to 2.5 years. 
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Table 4.3: Characteristics of the studies included 

Study 
name  

Study 
type 

Number of 
individuals 
randomised 

Intervention Comparator Location and 
recruitment 
period 

Duration of 
screening-phase/ 
planned duration  
of follow-up (since 
randomisation) 

Primary endpoint and 
patient-relevant secondary 
endpoints a 

LDCT screening versus no screening 

DANTE RCT, 
multi-
centre 

2811 
• I: 1403 b 
• C: 1408 b 

• Annual LDCT screening 
• Chest-X-ray and sputum 

cytology at baseline 

• No screening 
• Annual medical 

examination 
• Chest X-ray and sputum 

cytology at baseline 

Italy,  
March 2001 to 
February 2006 

4 years/≥ 7 years Primary: lung cancer 
mortality; overall mortality 
Secondary: incidence of lung 
cancer, resection rate 

DLCST RCT, 
single-
centre 

4104 
• I: 2052 
• C: 2052 

• Annual LDCT screening 
• Annual pulmonary 

function test 

• No screening 
• Annual pulmonary 

function test 

Denmark,  
October 2004  
to March 2006 

4 years/10 years Primary: lung cancer mortality 
Secondary: overall mortality, 
incidence of lung cancer, 
false-positive screening results, 
health-related quality of life 

ITALUNG RCT, 
multi-
centre 

3206 
• I: 1613 
• C: 1593 

• Annual LDCT screening 
• Invitation to smoking 

prevention programme 

• No screening 
• Invitation to smoking 

prevention programme 

Italy,  
2004 to 2006 

3 years/10 years  Primary: lung cancer mortality 
Secondary: overall mortality, 
overdiagnoses 

LUSI RCT, 
single-
centre 

4052 
• I: 2029 
• C: 2023 

• Annual LDCT screening 
• Invitation to smoking 

cessation counselling 

• No screening 
• Invitation to smoking 

cessation counselling 

Germany, 
October 2007  
to April 2011 

4 years/9 years  Primary: lung cancer mortality 
Secondary: undefined 

MILD RCT, 
single-
centre c 

4099 d 

• I: 2376 
Annual: 1190  
Biannual: 1186 

• C: 1723 

• LDCT screening with 
two study arms: 

• Annual and 
• Biannual screening 
• Pulmonary function test 

at baseline 
• Invitation to smoking 

prevention programme  

• No screening 
• Pulmonary function test 

at baseline  
• Invitation to smoking 

prevention programme 

Italy,  
September 2005 
to January 2011 

6.2 years e/ 
10 years f 

Primary: lung cancer 
mortality, overall mortality 
Secondary: incidence of lung 
cancer, procedures for benign 
lung disease 
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Study 
name  

Study 
type 

Number of 
individuals 
randomised 

Intervention Comparator Location and 
recruitment 
period 

Duration of 
screening-phase/ 
planned duration  
of follow-up (since 
randomisation) 

Primary endpoint and 
patient-relevant secondary 
endpoints a 

NELSON RCT, 
multi-
centre 

15 792 
• I: 7900 
• C: 7892 

• LDCT screening at 
intervals of 1, 2 and  
2.5 years 

• Pulmonary function test 
at baseline 

• Invitation to smoking 
cessation counselling 

• No screening 
• Pulmonary function test 

at baseline in a sample  
• Invitation tom smoking 

cessation counselling 

The 
Netherlands 
and Belgium,  

2003 (1st wave) 
and 2005  
(2nd wave) 

5.5 years/ 
10 years 

Primary: lung cancer mortality 
Secondary: health-related 
quality of life 

LDCT versus chest X-ray 

LSS RCT, 
multi-
centre 

3318 
• I: 1660 
• C: 1658 

• Annual LDCT screening • Annual chest X-ray 
screening  

USA,  
September 2000 
to November 
2000 

1 year/ 
n.r. 

Primary: Feasibility of 
conducting a lung cancer 
study with regard to 
recruitment, implementation 
of interventions and 
contamination, prevalence of 
abnormal findings, extent of 
diagnostic follow-up 
subsequent to abnormal 
screening findings 

NLST RCT, 
multi-
centre 

53 454 
• I: 26 722 
• C: 26 732 

• Annual LDCT screening • Annual chest X-ray 
screening 

USA,  
September 2002 
to April 2004 

2 years/ 
at least 5 years 

Primary: lung cancer mortality 
Secondary: overall mortality, 
incidence of lung cancer 

Abbreviations: C=control group; I=intervention group; LDCT=low-dose computed tomography; n.r.=not reported; RCT=randomised controlled trial. 
a Primary endpoints contain information without consideration of its relevance for this assessment. Secondary endpoints contain exclusively information on the relevant available outcomes for this 
assessment. 
b Numbers differ from those in the result tables. After randomisation, some of the subjects of the I and C groups were excluded for registration errors, the absence of consent or ineligibility. 

c: Originally designed as a multicentre study but carried out as a single-centre study owing to financial and organisational restrictions. 
d Originally planned to enrol 10,000 subjects. 
e The study was originally designed with a screening-phase of 10 years. 
f Actual duration of follow-up; the planned duration of follow-up is unclear. 
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Table 4.4: Characterisation of the intervention: part 1 

Study Method of recruitment Follow-up 

LDCT screening versus no screening 

DANTE Recruitment of volunteers via medical 
doctors, large-scale mailings, advertising 
papers and local media. 
Acquisition of smoking habits, 
occupational history, past medical history 
and present condition via questionnaire.  

For 4 additional years, annual follow-up was  
a clinical examination for the intervention and 
control groups; follow-up was by telephone 
interviews thereafter. 
Linkage with local health registries for acquisition 
of mortality data after active follow-up and 
verification using medical records. 

DLCST Recruitment of volunteers via 
advertisement in free newspapers. 
Acquisitions of smoking habits via 
questionnaire. 

Annual collection of data for the intervention 
and control groups by questionnaire regarding 
health, lifestyle, smoking habits and 
psychosocial consequences of screening. 
Mortality information was obtained annually 
from the Danish Civil Registration System. In 
the case of death, cause-of-death information 
was extracted from the Danish Causes of Death 
Registry. In addition to the registry inquiries, the 
medical history of the deceased was obtained, if 
possible, from general practitioners, hospital 
medical records and autopsy reports. 
For lung cancer data, annual inquiries to the 
Danish Lung Cancer Registry were made. 
Active participants and dropouts were followed 
up for 10 years (since randomisation) or until 
death. 
At 5 years after the latest CT scan in the 
intervention group, inquiries were made to the 
Danish Lung Cancer Registry, the Danish 
Cancer Registry, the Danish Causes of Death 
Registry, and the Danish Pathology Registry. 

ITALUNG Recruitment of volunteers via cooperating 
family doctors. 
Acquisition of smoking habits via 
questionnaire. 

After 4 years, each enrolled subject or his/her 
general practitioner was interviewed via 
telephone. 
In addition, data collection for incidence of lung 
cancer and mortality was done by linkage to the 
local cancer registry. 

LUSI Sample identified through population 
registries. 
Acquisition of smoking habits via  
a questionnaire sent by mail. 

After five annual screening examinations in the 
intervention group, follow-up of the intervention 
and control groups for a further 5 years via 
annual questionnaire sent by mail. 
In addition, repeated linkage of the cancer 
registry to the local population registers was 
made. 

MILD Recruitment via advertisement and articles 
in the media and on television. Eligibility 
check by questionnaire via telephone,  
fax, e-mail or Internet. 
In both groups, retrieval of information  
on smoking habits, personal and family 
medical history and smoking cessation 
efforts. 

Active telephone follow-up and record linkage 
with the cancer registry of Lombardy. 
For deceased participants, death certificates 
were obtained from Istituto Nazionale  
di Statistica. 

NELSON Sample identified through population 
registries. 
Acquisition of smoking habits via  
a questionnaire sent via mail. 

Follow-up data after 5, 7, 10 and 11 years were 
obtained via national registries.  
In addition, linkage to a population-based 
database was made to obtain data regarding, 
inter alia, date of death and cause of death for 
participants from Belgium. 
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Study Method of recruitment Follow-up 

LDCT screening versus chest X-ray screening 

LSS Recruitment of volunteers via large-scale 
mailings, media adverts and posters and 
medical doctors’ recommendations. 
Acquisition of smoking habits not 
reported. 

Study participants completed a study update 
form at the 2nd screening to identify any cases of 
lung cancer identified after negative or missing 
1st screening results (baseline screening). 
After a negative screening result in the  
2nd screening round, subjects did not receive 
any further follow-up. 
In 2007, linkage of all participant records with 
mortality registry (National Death Index) until 2005. 

NLST Recruitment via targeted mailings, adver-
tisements on radio, television and the inter-
net, targeted address of local groups and 
associations via information channels of the 
National Cancer Institutes and the American 
Cancer Society, institutional websites, 
targeted recruitment of minority groups. 

Vital status of participants was obtained  
via annual (LSS) or half-yearly (ACRIN) 
questionnaires to 31st December 2009. 
Vital status of participants lost to follow-up was 
obtained by matching with mortality registries. 
Cases of death were compared with data from 
death certificates. 

Abbreviations: ACRIN=American College of Radiology Imaging Network; C=control group; I=intervention group; 
CT=computed tomography; LDCT=low-dose CT 

 

Table 4.5: Characterisation of the intervention: part 2 

Study Screening strategy as reported 

LDCT screening versus no screening 

DANTE Intervention: 
Information on performance/implementation of screening: 
Screening strategy: 
• Number of screening rounds: 5 
• Screening interval: 1 year 
• Additional chest X-ray examination by radiologists blinded to CT results and 3-day 

sputum cytology at baseline 
CT technology: 
• Single-slice and (since 2003) multislice CT scanner 

CT parameters: 
• Slice thickness: 5 mm (reconstruction interval: 3 mm); in the case of follow-up 

examinations for abnormalities suggestive of malignancy, high-resolution CT 
(reconstruction interval: 1 mm) 

• Dosage: n.r. 
Imaging evaluation/interpretation: 
• Independent reading of images by two radiologists. In cases of disagreement, 

consensus reading was obtained with the local coordinator. 

Definitions and consequences: 
Negative screening result: 
• Pulmonary nodule < 5 mm in diameter, pleural plaques, diffuse emphysema, bullae, 

widespread ground-glass opacities, bronchiectasis, pulmonary fibrosis or other minor 
abnormalities 
o Diagnostic follow-up: continuation of regular screening 

Suspicious screening result: 
• Abnormalities of the heart, aorta or mediastinal structures, not suggestive of lung 

malignancy but requiring further evaluation, were documented. 
• Pulmonary nodule < 10 mm in diameter with smooth surface  
• Diagnostic follow-up: LDCT at 3, 6 and then 12 months 

Positive screening result: 
• Noncalcified pulmonary nodules ≥ 10 mm in diameter, or smaller but showing 

speculated margins 
• Non-nodular lesions such as a hilar mass, focal ground-glass opacities, major atelectasis, 

endobronchial lesions, mediastinal adenopathy, pleural effusion or pleural masses 
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Study Screening strategy as reported 

 Diagnostic workup of positive screening results by high-resolution CT: 
• Pulmonary nodule ≥ 6 mm but ≤ 10 mm in diameter: oral antibiotics and repeat high-

resolution CT after 6–8 weeks; if no regression, follow the lesion or perform invasive 
procedures to obtain a tissue diagnosis (bronchoscopy, fine-needle aspiration biopsy or 
VATS) 

• Pulmonary nodule > 10 mm but ≤ 20 mm in diameter: oral antibiotics and repeat high-
resolution CT after 6–8 weeks; if no regression; PET scan for solid lesions or follow the 
lesion or perform invasive procedures to obtain a tissue diagnosis (bronchoscopy, fine-
needle aspiration biopsy, VATS or thoracotomy) 

• Pulmonary nodule > 20 mm in diameter: discretional oral antibiotics and high-resolution 
CT or standard contrast-enhanced CT and PET scan; if PET scan positive, tissue 
diagnosis by bronchoscopy, percutaneous fine-needle aspiration biopsy, VATS or 
thoracotomy; if PET scan negative, close follow-up and biopsy in cases of lesion 
progression 

 Confirmation of diagnosis: 
• The workup protocol was not rigid but only served as a guide for clinicians, and could be 

adjusted on the basis of personal preferences, experience and availability of facilities. 

 Comparator: 
• Chest X-ray examination and 3-day sputum cytology at baseline 
• Afterwards, annual invitation for medical telephone interviews and follow-up clinical 

examination for 4 years 
Diagnostic follow-up: 
• Chest X-ray in addition to medical interview in cases of abnormality or difficulties  

in breathing 

DLCST Intervention: 
Information on performance/implementation of screening: 
Screening strategy: 
• Number of screening rounds: 5 
• Screening interval: 1 year 

CT technology: 
• Multislice CT scanner: 16-slice scanner 

CT parameters: 
• Slice thickness: 1,5 mm 
• Estimated effective dose of approximately 1 mSva 

Imaging evaluation/interpretation: 
• Independent reading of images by two certified radiologists. In cases of disagreement, 

consensus was obtained. Weekly conferences on diagnostic findings between a 
radiologist, pulmonologist and surgeon. 

Definition and consequences: 
• All pulmonary nodules were classified into four categories according to location,  

size and shape. 
• At incidence screenings, nodules were characterised as new or pre-existing, as solid, 

nonsolid, or part-solid. Evaluation of size was based on linear measurement of the 
maximal diameter and computer-based volume calculations.  

• Growth was defined as an increase in volume of at least 25%. VDT was used to 
measure the growth rate and was considered a supplement in decision-making. 

• VDT < 400 days: rapid growth; increased suspicion of malignancy 
• VDT > 400 days: slow growth, decreased suspicion of malignancy 

Negative screening result: 
Category 1 
• Pulmonary nodule with benign characteristics ≤ 15 mm in diameter 
• Calcified pulmonary nodules ≤ 20 mm in diameter 
• Diagnostic follow-up: documentation, continuation of the planned screening 

Category 2 
• No pulmonary nodule 
• Pulmonary nodule < 5 mm in diameter 
• Diagnostic follow-up: documentation, continuation of the planned screening 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 77 

Study Screening strategy as reported 

 Positive screening result: 
Category 3 
• Pulmonary nodule 5–15 mm in diameter not classified as benign, confirmed by repeat 

LDCT after 3 months 
Category 4 
• Pulmonary nodule > 15 mm in diameter  

Category 5 
• Rapidly growing pulmonary nodules (> 25% increase in volume):  

Diagnostic workup of positive screening results: 
• Referral of participants for diagnostic evaluation was decided at weekly follow-up con-

ferences between a pulmonologist and the radiologists. Indeterminate nodules were 
often evaluated using FDG-PET-CT. CT with contrast was performed before invasive 
procedures. Depending on the results of these initial procedures, an individual diagnostic 
plan was made involving a variety of invasive procedures such as bronchoscopy, trans-
thoracic needle-aspiration biopsy, endoscopic ultrasound, endobronchial ultrasound 
and/or mediastinoscopy or VATS. 

Confirmation of diagnosis: 
• FDG-PET, VATS and other procedures had to be performed for staging of the disease. 

Final staging was determined according to the cytology/histology of the cancers and 
the recommendations of the International Association for the Study of Lung Cancer 
seventh edition. 

Comparator: 
• No screening 
• In cases of clinical suspicion of lung cancer, the Danish national guidelines for lung 

cancer management were followed. 

ITALUNG Intervention: 
Information on performance/implementation of screening: 
Screening strategy 
• Number of screening rounds: 4 
• Screening interval: 1 year 

CT technology: 
• Single-slice and multislice CT scanner 

CT parameters: 
• Slice thickness: ≤ 3 mm 
• Mean annual effective dose:  

o Multislice CT: 0.83 mSv/participant 
o Single-slice CT: 1.46 mSv/participant (3 mm collimation) or 1.78 mSv/participant 

(10 mm collimation) 
• Mean effective dose across all screening rounds: 

o CT scans and clarifying diagnostics: 6.2–6.8 mSv/participant 
o CT-guided fine-needle aspiration biopsy, per scan: 0.9 mSv for multislice CT; 

2.1 mSv for single-slice CT 
Imaging evaluation/interpretation: 
• Independent reading of images by two radiologists 

 Definitions and consequences: 
Negative screening result: 
• No pulmonary nodule/no focal abnormalities 
• Solid, noncalcified pulmonary nodule < 5 mm in diameter 
• Pure, nonsolid pulmonary nodule < 10 mm in diameter 
• Diagnostic follow-up: continuation of planned screening 

Suspicious screening result: 
• New pulmonary nodule ≤ 3 mm: diagnostic follow-up LDCT after 6 months  
• New pulmonary nodule between 3 and 5 mm: diagnostic follow-up LDCT after 3 months  

Positive screening result: 
• Solid, noncalcified pulmonary nodule ≥ 5 mm in diameter 
• Nonsolid pulmonary nodule ≥ 10 mm in diameter 
• Part-solid pulmonary nodule 
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Study Screening strategy as reported 

Diagnostic workup of positive screening results at baseline screening: 
• Solid, noncalcified pulmonary nodule ≥ 8 mm in diameter and nonsolid, noncalcified 

pulmonary nodule > 10 mm in diameter, persistent after antibiotic therapy: FDG-PET,  
in some cases for large lesions, CT-guided fine-needle aspiration biopsy or fibre optic 
bronchoscopy 
o PET-positive pulmonary nodule: fine-needle aspiration biopsy; negative or 

intermediate finding: follow-up LDCT after 3 months  
o PET-negative pulmonary nodule: follow-up LDCT after 3 months; negative finding: 

continuation of planned screening 
• Solid or part-solid noncalcified pulmonary nodule between 5 and 7 mm in diameter: 

LDCT after 3 months 
o In cases of significant growth: FDG-PET or CT-guided fine-needle aspiration biopsy 

for peripheral pulmonary nodule or fibre optic bronchoscopy for nonperipheral 
pulmonary nodule 

• Focal abnormalities consistent with inflammatory disease: antibiotic therapy and  
follow-up LDCT after 1 month 
o Complete resolution of the abnormality: continuation of planned screening 
o Partial or no resolution of the abnormality: antibiotic therapy and follow-up LDCT 

after 2 months 

Diagnostic workup of positive screening results at incidence screening rounds: 
• Pulmonary nodule ≥ 5 mm in diameter or in cases of multiple focal solid or nonsolid 

abnormalities, consistent with inflammatory disease: antibiotic therapy and follow-up 
LDCT after 1 month 
o Complete resolution of the abnormality: continuation of planned screening 
o Partial or no resolution of the abnormality: antibiotic therapy and follow-up LDCT 

after 2 months 
• Solid, noncalcified pulmonary nodule ≥ 8 mm in diameter, persistent after antibiotic 

therapy: FDG-PET; in cases with larger lesions, direct CT-guided fine-needle aspiration 
biopsy or fibre optic bronchoscopy 
o PET-positive pulmonary nodule: fine-needle aspiration biopsy; negative or 

intermediate finding: follow-up LDCT after 3 months  
o PET-negative pulmonary nodule: follow-up LDCT after 3 months; negative finding: 

continuation of planned screening 
• New or growing nonsolid or part-solid noncalcified pulmonary nodule ≥ 8 mm in 

diameter, persistent after antibiotic therapy: CT-guided fine-needle aspiration biopsy 

 Confirmation of diagnosis: 
• Management of positive screening results according to a shared protocol basically 

similar to that of the I-ELCAP study. 
• All surgically removed lesions were evaluated according to WHO criteria [305]. Staging 

of screen-detected lung cancer was based on the pathology report when available, or 
on contrast-enhanced CT or FDG-PET findings in cases not amenable to surgical 
resection. 

 Comparator: 
No screening 

LUSI Intervention: 
Information on performance/implementation of screening: 
Screening strategy: 
• Number of screening rounds: 5 
• Screening interval: 1 year 

CT technology: 
• Multislice CT scanner: initially 16-slice scanner, since 2010 128-slice scanner 

CT parameters: 
• Slice thickness: 1 mm, reconstruction interval: 0.8 and 0.7 mm 
• Estimated effective dose: 1.6–2 mSv per scan maximally 

Imaging evaluation/interpretation: 
• Multislice CT data were evaluated by specially trained radiologists. 
• Initial nodule evaluation was done using 2D image representation and subsequent 

evaluation with 3D representation using CAD (MEDIAN) with volumetric software. 
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Study Screening strategy as reported 

 Definitions and consequences: 
Negative screening result (baseline screening/primary screening): 
• No pulmonary nodule: continuation of planned screening  
• Pulmonary nodule < 5 mm in diameter: continuation of planned screening 

Suspicious screening result (baseline screening/primary screening): 
• Largest observed pulmonary nodule between 5 and 7 mm in diameter:  

LDCT after 6 months 
• Largest observed pulmonary nodule between 8 and 10 mm in diameter:  

LDCT after 3 months 
• Largest observed pulmonary nodule > 10 mm in diameter: immediate recall 

Negative screening result (repeat LDCT): 
• Disappearance of pulmonary nodule: continuation of planned screening 
• VDT > 600 days: continuation of planned screening 

Suspicious screening result (repeat LDCT): 
• Pulmonary nodule with VDT between 400 and 600 days: LDCT after 3 or 6 months 

according to nodule diameter (< 7.5 mm in diameter; 7.5–10 mm in diameter) 
• Pulmonary nodule with VDT < 400 days or > 10 mm in diameter: immediate recall 

(recommendation of individual assessment by an office-based pulmonologist, which 
could involve X-ray examination, full-dose CT, PET, bronchoscopy, VATS, biopsy, 
antibiotic treatment) 

Diagnostic workup and confirmation of diagnosis: 
• Clinical workup for malignancies followed respective guidelines and was not affected 

by the trialists. 

 Comparator: 
• No screening 
• Collection of data for incidence of lung cancer by annual inquiries and information from 

office-based physicians, as well as record linkages to the local population registers and 
cancer registries. 

MILD Intervention: 
Information on performance/implementation of screening: 
• Randomised allocation to two LDCT screening groups: annual or biennial 

Screening strategy: 
• Number of screening rounds: 7 for participants with annual screening,  

4 for those with biennial screening 
• Screening interval: 1 year or 2 years 

 CT technology: 
• Multislice CT scanner: 16-slice scanner 

CT parameters: 
• Slice thickness: 1 mm 
• Dosage: n.r. 

Imaging evaluation/interpretation: 
• Independent reading of images by two radiologists, of whom one took a software-

automated volume measurement. In the event of disagreement, a third radiologist  
was consulted. 

Definitions and consequences: 
Negative screening result: 
• Solid pulmonary nodule with a volume < 60 mm³ (≤ 4.8 mm in diameter) 
• Pulmonary nodule with benign characterisation 
• Diagnostic follow-up: continuation of planned screening 

Indeterminate screening result: 
• Pulmonary nodule with a volume between 60 and 250 mm3  

(between 5 and 8 mm in diameter) 
• Diagnostic follow-up: repeat LDCT after 3 months 

o Positive screening result in cases of noncalcified pulmonary nodule,  
otherwise annual screening (in both screening interval groups) 

Positive screening result: 
• Pulmonary nodule with a volume > 250 mm³  
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Study Screening strategy as reported 

• Follow-up: PET or contrast-enhanced CT, in cases of positive FDG uptake,  
biopsy or lung surgery 
o Threshold indicative of malignant growth: volumetric growth of ≥ 25% 
o Nodules showing no volumetric growth: continuation of planned screening  

Confirmation of diagnosis: 
• Final staging of disease was according to the histology (pTNM) and the recommendations 

in the seventh edition of the International Association for the Study of Lung Cancer. 

 Comparator: 
No screening 

NELSON Intervention: 
Information on performance/implementation of screening: 
Screening strategy: 
• Number of screening rounds: 4 rounds over 5.5 years 
• Screening interval: 1 year, 2 years and 2.5 years 

CT technology:  
• Multislice CT scanner 
• Initially 16-slice, later 64-slice scanner 

CT parameters: 
• Slice thickness: 1 mm 
• Estimated effective dose: < 0.4 mSv up to < 1.6 mSv (depending on body weight) 

Imaging evaluation/interpretation: 
• Independent reading of images by two radiologists in the first two screening rounds.  

In cases of discrepancy, a third experienced radiologist made the final decision. 
• Images from the last two screening rounds were read by a single radiologist with  

6 years of experience in thoracic imaging. 
• Images were read using semi-automated software. 

Definitions and consequences: 
New pulmonary nodules evaluated according to size and characteristics. For pulmonary 
nodules that were present previously, the growth rate is calculated via comparison of CT scans: 
• Negative screening result: change of volume < 25% 
• Calculation of VDT in cases with an increase in volume of ≥ 25% 

Categories of new pulmonary nodules: 
NODCAT 1: 
• Benign pulmonary nodule (with fat/benign calcifications) or other benign abnormalities 

NODCAT 2:  
• Pulmonary nodule smaller than NODCAT 3, not belonging to NODCAT 1 

NODCAT 3:  
• Solid pulmonary nodule: volume ≥ 50 mm3 and ≤ 500 mm3 
• Solid pleural-based pulmonary nodule: minimal diameter ≥ 5 mm and ≤ 10 mm 
• Partial solid pulmonary nodule 

o With solid component: volume ≥ 50 mm3 and ≤ 500 mm3 
o With nonsolid component: mean diameter ≥ 8 mm 

• Nonsolid pulmonary nodule: mean diameter ≥ 8 mm 
NODCAT 4: 
• Solid pulmonary nodule: volume > 500 mm³ 
• Solid pleural-based pulmonary nodule: minimal diameter > 10 mm 
• Partial solid pulmonary nodule with solid component: volume > 500 mm³ 

Categories of existing pulmonary nodules: 
• GROWCAT A: VDT > 600 days 
• GROWCAT B: VDT ≤ 400 days and ≤ 600 days 
• GROWCAT C: VDT < 400 days, or new solid component in nonsolid lesion 

 Definitions baseline screening/primary screening 
Negative screening result: 
• NODCAT 1 and NODCAT 2 
• GROWCAT A and GROWCAT B (result of LDCT follow-up after 3–4 months for 

indeterminate result) 
• Diagnostic follow-up: continuation of planned screening 
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Study Screening strategy as reported 

Indeterminate screening result: 
• NODCAT 3 
• Diagnostic follow-up: LDCT follow-up after 3–4 months 

Positive screening result: 
• NODCAT 4 
• GROWCAT C (result of LDCT follow-up after 3–4 months for indeterminate result) 
• Diagnostic follow-up: Referral to pulmonologist for workup and diagnosis: If lung cancer 

was diagnosed, the participant was treated and left the screening trial; otherwise 
(benign result) the regular next-round CT was scheduled. 

Definitions subsequent screening rounds: 
Negative screening result: 
• NODCAT 1, GROWCAT A 
• Diagnostic follow-up: continuation of planned screening 

Indeterminate screening result: 
• NODCAT 2, NODCAT 3, GROWCAT B 
• Diagnostic follow-up: LDCT follow-up after 1 year (NODCAT 2 and GROWCAT B)  

or after 6–8 weeks (NODCAT 3) 
Positive screening result: 
• NODCAT 4, GROWCAT C 
• Diagnostic follow-up: referral to pulmonologist for workup and diagnosis: If lung cancer 

was diagnosed, the participant was treated and left the screening trial; otherwise 
(benign result) the regular next-round CT was scheduled. 

 Confirmation of diagnosis: 
Workup, staging and treatment were standardised across all screening sites to national or 
international guidelines. Diagnostic workup included physical examination, bronchoscopy, 
FDG-PET scan and contrast-enhanced standard-dose CT of the chest and upper abdomen. 
Participants with a positive nonsurgical diagnostic workup were referred for surgery for 
histological workup of the pulmonary nodule. All cases of suspected lung cancer were 
discussed in a multidisciplinary tumour board. 

 Comparator: 
No screening 

LDCT screening versus chest X-ray screening 

LSS Intervention: 
Information on performance/implementation of screening: 
Screening strategy: 
• Number of screening rounds: 5 
• Screening interval: 1 year 
• Additional chest X-ray examination by radiologists blinded to CT results  

and 3-day sputum cytology at baseline 
CT technology: 
• Single-slice and (since 2003) multi-slice CT scanner 

CT parameters: 
• Slice thickness: 5 mm (reconstruction interval: 3 mm); for follow-up examinations for 

abnormalities suggestive of malignancy, high-resolution CT (reconstruction interval: 1 mm) 
• Dosage: n.r. 

Imaging evaluation/interpretation: 
• Independent reading of images by two radiologists. In cases of disagreement, 

consensus reading was obtained with the local coordinator. 

Definitions and consequences: 
Negative screening result: 
• Pulmonary nodule < 5 mm in diameter, pleural plaques, diffuse emphysema, bullae, 

widespread ground-glass opacities, bronchiectasis, pulmonary fibrosis or other minor 
abnormalities 
• Diagnostic follow-up: continuation of regular screening 

Suspicious screening result: 
• Abnormalities of the heart, aorta or mediastinal structures, not suggestive of lung 

malignancy but requiring further evaluation, were documented. 
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Study Screening strategy as reported 

• Pulmonary nodule < 10 mm in diameter with smooth surface 
• Diagnostic follow-up: LDCT at 3, 6 and then 12 months 

Positive screening result: 
• Noncalcified pulmonary nodules ≥ 10 mm in diameter, or smaller but showing 

speculated margins 
• Non-nodular lesions such as a hilar mass, focal ground-glass opacities, major atelectasis, 

endobronchial lesions, mediastinal adenopathy, pleural effusion or pleural masses 

 Diagnostic workup of positive screening results by high-resolution CT: 
• Pulmonary nodule ≥ 6 mm but ≤ 10 mm in diameter: oral antibiotics and repeat high-

resolution CT after 6–8 weeks; if no regression, follow the lesion or perform invasive pro-
cedures to obtain a tissue diagnosis (bronchoscopy, fine-needle aspiration biopsy or VATS) 

• Pulmonary nodule > 10 mm but ≤ 20 mm in diameter: oral antibiotics and repeat high-
resolution CT after 6–8 weeks; if no regression, PET scan for solid lesions or follow the 
lesion or perform invasive procedures to obtain a tissue diagnosis (bronchoscopy,  
fine-needle aspiration biopsy, VATS or thoracotomy) 

• Pulmonary nodule > 20 mm in diameter: discretional oral antibiotics and high-resolution CT 
or standard contrast-enhanced CT and PET scan; if PET scan positive, tissue diagnosis 
by bronchoscopy, percutaneous fine-needle aspiration biopsy, VATS or thoracotomy;  
if PET scan negative, close follow-up and biopsy in cases of lesion progression 

 Confirmation of diagnosis: 
The workup protocol was not rigid but only served as a guide for clinicians, and could be 
adjusted on the basis of personal preferences, experience and availability of facilities 

 Comparator: 
• Chest X-ray examination and 3-day sputum cytology at baseline 
• Afterwards, annual invitation for medical telephone interviews and follow-up  

clinical examination for 4 years 
Diagnostic follow-up: 
• Chest X-ray in addition to medical interview in cases of abnormality or  

difficulties in breathing 

 Intervention: 
Information on performance/implementation of screening: 
Screening strategy: 
• Number of screening rounds: 5 
• Screening interval: 1 year 

CT technology: 
• Multislice CT scanner: 16-slice scanner 

CT parameters: 
• Slice thickness: 1,5 mm 
• Estimated effective dose of around 1 mSva 

Imaging evaluation/interpretation: 
• Independent reading of images by two certified radiologists. In cases of disagreement, 

consensus was obtained. Weekly conferences on diagnostic findings between  
a radiologist, pulmonologist and surgeon. 

Definition and consequences: 
• All pulmonary nodules were classified into four categories according to location,  

size and shape. 
• At incidence screenings, nodules were characterised as new or pre-existing, as solid, 

nonsolid, or part-solid. Evaluation of size was based on linear measurement of the 
maximal diameter and computer-based volume calculations. 

• Growth was defined as an increase in volume of at least 25%. VDT was used to 
measure the growth rate and was considered a supplement in decision-making. 

• VDT < 400 days: rapid growth; increased suspicion of malignancy 
• VDT > 400 days: slow growth, decreased suspicion of malignancy 

Negative screening result: 
Category 1 
• Pulmonary nodule with benign characteristics ≤ 15 mm in diameter 
• Calcified pulmonary nodules ≤ 20 mm in diameter 
• Diagnostic follow-up: documentation, continuation of the planned screening 
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Study Screening strategy as reported 

Category 2 
• No pulmonary nodule 
• Pulmonary nodule < 5 mm in diameter 
• Diagnostic follow-up: documentation, continuation of the planned screening 

NLST Positive screening result: 
Category 3 
• Pulmonary nodule 5–15 mm in diameter not classified as benign,  

confirmed by repeat LDCT scan after 3 months 
Category 4 
• Pulmonary nodule > 15 mm in diameter  

Category 5 
• Rapidly growing pulmonary nodules (> 25% increase in volume): 

Diagnostic workup for positive screening results: 
• Referral of participants for diagnostic evaluation was decided at weekly follow-up 

conferences between a pulmonologist and the radiologists. Indeterminate nodules were 
often evaluated using FDG-PET-CT. CT with contrast was performed before invasive 
procedures. Depending on the results of these initial procedures an individual diagnostic 
plan was made involving a variety of invasive procedures such as bronchoscopy, 
transthoracic needle-aspiration biopsy, endoscopic ultrasound, endobronchial 
ultrasound and/or mediastinoscopy or VATS. 

Confirmation of diagnosis: 
• FDG-PET, VATS and other procedures had to be performed for staging of the disease. 

Final staging was according to the cytology/histology of the cancers and the recommen-
dations of the International Association for the Study of Lung Cancer seventh edition. 

 Comparator: 
• No screening 
• In cases of clinical suspicion of lung cancer, the Danish national guidelines for lung 

cancer management were followed. 

 Intervention: 
Information on performance/implementation of screening: 
Screening strategy 
• Number of screening rounds: 4 
• Screening interval: 1 year 

CT technology: 
• Single-slice and multi-slice CT-scanner 

CT parameters: 
• Slice thickness: ≤ 3 mm 
• Mean annual effective dose:  

o Multi-slice CT: 0.83 mSv/participant 
o Single-slice CT: 1.46 mSv/participant (3 mm collimation) or 1.78 mSv/participant 

(10 mm collimation) 
• Mean effective dose across all screening rounds: 

o CT scans and clarifying diagnostics: 6.2–6.8 mSv/participant 
o CT-guided fine-needle aspiration biopsy, per scan: 0.9 mSv for multislice CT; 

2.1 mSv for single-slice CT 
Imaging evaluation/interpretation: 
• Independent reading of images by two radiologists 

Abbreviations: ACRIN=American College of Radiology Imaging Network; CAD=computer-aided detection; CT=computed 
tomography; FDG=fluorodeoxyglucose; GROWCAT=nodule category based on volume doubling time (growth); I-ELCAP= 
International Early Lung Cancer Action Program; NODCAT=nodule category based on volume; n.r.=not reported; PET=positron 
emission tomography LDCT=low-dose CT; VATS=video-assisted thoracoscopic surgery; VDT=volume doubling time. 
a Information is derived from CT parameters given in the publication. 
b Information is based on 2002 European guidelines on quality criteria for computed tomography, EUR 16262 EN. 
c Information is based on 2007 recommendations of the International Commission on Radiological Protection 
(http://www.icrp.org/publication.asp?id=ICRP%20Publication%20103). 

 

Table 4.6 and Table 4.7 show the characteristics of the patients in the studies included in the 
review. 

http://www.icrp.org/publication.asp?id=ICRP%20Publication%20103
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The studies included men and women who smoked at baseline (at least 20 or 30 pack-years) or 
stopped smoking less than 10 years ago (15 years in the NLST). Exceptions are the DANTE study, 
which only examined men, and the NELSON study. In the latter, only men were recruited initially, 
with women recruited only later in the course of the study. The authors justify this with a lower pro-
portion of women with long-term exposure to cigarette consumption in the Dutch population and 
an associated increased effort to recruit the desired number of cases. The percentage of women 
in the NELSON study is therefore only approximately 16%, while in the other studies it is at least 
31%. The age of participants in the studies was set in a range from ≥ 49 years to 75 years, whereby 
the MILD study was the only study not to set an upper age limit. 

Table 4.6: Inclusion and exclusion criteria 

Study Essential inclusion criteria Essential exclusion criteria 

LDCT screening versus no screening 

DANTE • Age: 60–74 years 
• Male sex 
• Smokers 
• Former smokers (quit < 10 years 

before recruitment) 
• ≥ 20 pack-years 

• Severe comorbidity with life expectancy 
≤ 5 years 

• Severe heart failure 
• Chronic respiratory insufficiency 
• O2 saturation levels < 94% at rest 
• Uncontrolled hypertension 
• Severe vascular disease in active smokers 
• Uncompensated diabetes 
• Other severe metabolic disturbances 
• Renal disease 
• Inability to comply with the follow-up protocol 
• Dementia, schizophrenia or other severe 

psychiatric conditions 
• Drug or alcohol addiction 
• Conditions carrying severe disability 
• Previous malignancy (except nonmelanoma 

skin cancer) 
• Cancer of any organ site, if treated < 10 years 

before accrual 
• Early squamous cancer of the larynx/oral 

cavity, < 5 years 

DLCST • Age: 50–70 years 
• Male and female sex 
• Smokers 
• Former smokers (quit < 10 years 

before recruitment and after the age 
of 50 years) 

• ≥ 20 pack-years 

• Not able to climb two flights of stairs (36 
steps) without pausing 

• Body weight > 130 kg 
• Symptoms of lung cancer 
• FEV1 ≥ 30% of predicted normal at baseline 
• Previous treatment of lung cancer, breast 

cancer, malignant melanoma or 
hypernephroma 

• History of any other cancer within 5 years or 
tuberculosis within 2 years or any serious 
illness that would shorten life expectancy to < 
10 years 

• Chest CT within the last year before 
recruitment 

ITALUNG • Age: 55–69 years 
• Male and female sex 
• Smokers 
• Former smokers (quit < 10 years 

before recruitment) 
• ≥ 20 pack-years within the last 10 

years 

• History of previous cancer other than 
nonmelanoma skin cancer 

• General condition precluding thoracic surgery 
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Study Essential inclusion criteria Essential exclusion criteria 

LUSI • Age: 50–69 years 
• Male and female sex 
• Smokers 
• former smokers (quit < 10 years 

before recruitment)  
• > 15 cigarettes per day for ≥ 25 years or 

> 10 cigarettes per day for ≥ 30 years 

• Cancer diagnosis ≤ 5 years ago 
• Medical circumstances preventing surgical 

treatment in the case of a lung cancer diagnosis 
• Serious illness shortening life expectancy to 

< 10 years 

MILD • Age: ≥ 49 years 
• Male and female sex 
• Smokers 
• Former smokers (quit < 10 years 

before recruitment) 
• ≥ 20 pack-years 

• Cancer diagnosis ≤ 5 years ago 

NELSON • Age:50–75 years (1928–1952) 
• Initially only male sex, with female 

sex later too 
• Smokers 
• Former smokers (quit < 10 years 

before recruitment) 
• > 15 cigarettes per day for ≥ 25 years 

or > 10 cigarettes per day for 
≥ 30 years 

• Moderate or bad self-reported health 
• Unable to climb two flights of stairs 
• Body weight ≥ 140 kg 
• Enough cardiopulmonary reserve to undergo 

surgery 
• Current or past renal cancer, melanoma or 

breast cancer 
• Lung cancer diagnosed < 5 years ago 
• Lung cancer diagnosed ≥ 5 years ago but still 

under treatment 
• Chest CT < 1 year before filling in the first 

study questionnaire 

LDCT screening versus chest X-ray screening 

LSS • Age: 55–74 years 
• Male and female sex 
• Smokers 
• Former smokers (quit < 10 years 

before recruitment) 
• ≥ 30 pack-years 

• Thoracic or lung CT ≤ 2 years ago 
• History of lung cancer 
• Current treatment for other cancer (except 

nonmelanoma skin cancer) 
• Removal of a portion of a lung or an entire lung 
• Participation in another cancer screening trial 

(including the PLCO cancer trial) or a primary 
cancer prevention trial other than a smoking 
cessation study 

NLST • Age: 55–74 years 
• Male and female sex 
• Smokers 
• Former smokers (quit < 15 years 

before recruitment) 
• ≥ 30 pack-years  
• Ability to lie on the back with arms 

raised over the head 

• Metallic implants or devices in the chest or 
back, such as pacemakers 

• Treatment for or evidence of any cancer other 
than nonmelanoma skin cancer or carcinoma 
in situ (with the exception of transitional-cell 
carcinoma in situ or bladder carcinoma in situ) 
≤ 5 years ago 

• History of lung cancer 
• History of removal of any portion of the lung, 

excluding needle biopsy 
• Requirement for home oxygen 

supplementation 
• Participation in another cancer screening trial 
• Participation in a cancer prevention study, 

other than a smoking cessation study 
• Unexplained weight loss of  

> 6.8 kg ≤ 12 months ago 
• Recent haemoptysis 
• Pneumonia or acute respiratory infection 

treated with antibiotics ≤ 12 weeks ago 
• Chest CT examination ≤ 18 months ago 

Abbreviations: CT=computed tomography; FEV1=forced expiratory volume in 1 second; LDCT=low-dose CT. 
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Table 4.7: Baseline characteristics of the study population 

Study group N Mean age, years (SD) F/M sex 
(%) 

Active 
smokers 

(%) 

Median cigarette 
consumption, 

pack-years (IQR) 

LDCT screening versus no screening 

DANTE 

Intervention 1264 64.6 (5.0 a) 0/100 56.5 45.0 (28.5) 

Comparator 1186 64.6 (4.1 a) 0/100 57.4 45.0 (32.5) 

DLCST 

Intervention 2052 57.9 (4.8) 44a/56 75.3 36.4 (13.4) b 

Comparator 2052 57.8 (4.8) 45a/55 76.9 35.9 (13.4) b 

ITALUNG 

Intervention 1613 60.9 (n.r.) 36/64 66 40 (n.r.) 

Comparator 1593 60.7 (n.r.) 35/65 64 38 (n.r.) 

LUSI 

Intervention 2029 55 c (n.r.) 35.1a/64.8a 62.1a n.r. 

Comparator 2023 55 c (n.r.) 35.4a/64.6a 61.7a n.r. 

MILD 

Intervention 
(annual) 

1190 57 c (n.r.) 31.6/68.4 68.9 39 (n.r.) 

Intervention 
(biennial) 

1186 58 c (n.r.) 31.5/68.5 68.3 39 (n.r.) 

Comparator 1723 57 c (n.r.) 36.7/63.3 89.7 38 (n.r.) 

NELSON 

Intervention 7900 58.0 (8.0) d 16.7/83.3 56.0 38 (19.8) 

Comparator 7892 58.0 (8.0) d 16.2/83.8 55.1 38 (19.8) 

LDCT screening versus chest X-ray screening 

LSS  N (%)   N (%) 

Intervention 1660 Aged 55–59: 616 (37.1) 
Aged 60–64: 514 (31.0) 
Aged 65–69: 337 (20.3) 
Aged 70–74: 193 (11.6) 

41.9/58.1 57.9 < 40 pack-years: 300 (18.1) 
44–55 e pack-years: 553 (33.3) 
55–75 pack-years: 377 (22.7) 
> 75 pack-years: 430 (25.9) 

Comparator 1658 Aged 55–59: 624 (37.6) 
Aged 60–64: 500 (30.2) 
Aged 65–69: 348 (21.0) 
Aged 70–74: 186 (11.2) 

41.0/59.0 57.1 < 40 pack-years: 289 (17.4) 
44–55 e pack-years: 559 (33.7) 
55–75 pack-years: 384 (23.3) 
> 75 pack-years: 426 (25.7) 

NLST 

Intervention 26,723f 

61.4 (5.0) 
41.0/59.0 48.2 48.0 (27.0) 

Comparator 26,733f,g 41.0/59.0 48.3 48.0 (27.3) 

Abbreviations: F=female; IQR=interquartile range; LDCT=low-dose computed tomography; M=male;  
N=number of individuals randomised (or included); n.r.=not reported; SD=standard deviation. 
a Own calculation. 
b Mean (SD). 
c Median. 
d Median (IQR). 

e It remained unclear to which group individuals with consumption of 55 pack-years were assigned. 
f Including one duplicate, therefore there is a deviation from Table 4.3 and Table 4.5 and  
the tables of results. 
g Two further individuals were not included in the evaluation without giving reasons,  
therefore there is a deviation from the tables of results. 
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Table 4.8 shows the characterisation of the participant flow within the studies. 

The participation rate in screening (adherence to screening) was between 81% and 96% in the 
respective intervention groups. Of the studies using no screening as the comparator, three report-
ed contamination between 1% and 7%, although it is unclear how valid this information is. A study 
with chest X-ray screening as the comparator reported contamination of 4%. For the other four stud-
ies, no information on contamination was available. 
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Table 4.8: Characterisation of the participant flow within the studies included 

Study N included N (%) adherence  
to screening 

N (%) contamination N (%) recall rate a  
for screened participants 

N (%) invasive clarifying 
diagnostics for participants 

LDCT screening versus no screening    

DANTE Screening round 1–5 
I: 1264 b 
C: 1186 b 

Participation  
in all 5 screening rounds 
I: 1184 (93.7) 

n.r. Screening round 1–5 
I: 355 c (30.0) d 
C: n.r. 

Screening round 1–5 
I: 144 e (11.4) 
C: 64 e (5.4) 

DLCST Screening round 1 
I: 2052 

Screening round 1 
I: 2047 (99.8) 

n.r. Screening round 1 
I: 155 f (7.6) 

n.r. 

 Screening round 2 
I: n.r. 

Screening round 2 
I: 1976 (96.3) g 

Screening round 2 
I: 20 f (1.0) 

 Screening round 3 
I: n.r. 

Screening round 3 
I: 1944 (94.7) g 

Screening round 3 
I: 24 f (1.2) 

 Screening round 4 
I: n.r. 

Screening round 4 
I: 1982 (96.6) g 

Screening round 4 
I: 18 f (0.9) 

 Screening round 5 
I: n.r. 

Screening round 5 
I: 1851 (90.2) g 

Screening round 5 
I: 24 f (1.3) 

  Average participation  
in screening rounds 1–5 
I: 1960 d (95.5) g 

Screening rounds 1–5 
C: 152 (7.4 h) 

Screening rounds 1–5 
I: n.r. 

Screening rounds 1–5 
n.r. 

ITALUNG Screening round 1 
I: 1613 

Screening round 1 
I: 1406 (87.1) 

n.r. Screening round 1 
I: 426 i (30.3) 

n.r. 

 Screening round 2 
I: 1593 

Screening round 2 
I: 1356 (85.1) 

Screening round 2 
I: n.r. 

 Screening round 3 
I: 1589 

Screening round 3 
I: 1308 (82.3) 

Screening round 3 
I: n.r. 

 Screening round 4 
I: 1581 

Screening round 4 
I: 1263 (79.8) 

Screening round 4 
I: n.r. 

  Average participation  
in screening rounds 1–4 
I: 1302 (81) 

n.r. Screening round 1–4 
I: 741 j (52.7)  
Screening round 2–4 
I: n.r. i (15.7) 

Screening round 1–4 
CT-guided FNAB 
I: 34 (2.4) d 

C: n.r. 
Optical FBS 
I: 30 (2.1) 
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Study N included N (%) adherence  
to screening 

N (%) contamination N (%) recall rate a  
for screened participants 

N (%) invasive clarifying 
diagnostics for participants 

C: n.r. 
Resections 
I: 38 (2.7) 
C: n.r. 

LUSI Screening round 1 
I: 2029 
C: 2023 

Screening round 1 
I: 2028 (99.9) 

n.r. Screening round 1 
I: immediately k: 53 (2.6) d 
I: after 3 or 6 months j: 398 (19.6) d 
I: total: 451 (22.2) 

Screening round 1 
I: 52 (2.6) d 

C: n.r. 

 Screening round 2 
I: 2000 

Screening round 2 
I: 1892 (94.6) 

Screening round 2 
I: immediately k: 36 (1.9) d 
I: after 3 and 6 months j: 52 (2.7) d 
I: total: 88 (4.7) 

Screening round 2 
I: 31 (1.6) d 

C: n.r. 

 Screening round 3 
I: 1978 

Screening round 3 
I: 1849 (93.5) 

Screening round 3 
I: immediately k: 25 (1.4) d 
I: after 3 and 6 months j: 49 (2.7) d 
I: total: 74 (4.0) 

Screening round 3 
I: 23 (1.2) d 

C: n.r. 

 Screening round 4 
I: 1954 

Screening round 4 
I: 1826 (93.4) 

Screening round 4 
I: immediately k: 33 (1.8) d 
I: after 3 and 6 months j: 71 (3.8) d 

I: total: 104 l (5.7) 

Screening round 4 
I: 26 (1.3 d) 
C: n.r. 

 Screening round 5 
I: 1925 

Screening round 5 
I: 1810 (94.0) 

n.r.  Screening round 5 
I: immediately k: 26 (1.5) d 
I: after 3 and 6 months j: 63 (4.0)d 
I: total: 89 (5.7) 

Screening round 5 
I: 26 (1.4) d 

C: n.r. 

  Participation in all 5 
screening rounds 
I: 1706 (84.0) 

Screening rounds 1–5 
I: 12 m (0.6) 
C: 98 m (4.8) 

Screening rounds 1–5 
I: immediately k: 174l 

Screening rounds 1–5 
n.r. 

MILD annual screening 

Screening round 1 
I: 1190 

Screening round 1 
I: 1152 (96.8) 

n.r. Screening round 1 
I: 171 d,n (14.8) 

n.r. 

Screening round 2 
I: 1141 

Screening round 2 
I: 1111 (97.4) 

Screening round 2 
I: 36 n (3.2) 

Screening round 3 
I: 1106 

Screening round 3 
I: 1086 (98.2) 

Screening round 3 
I: 56 n (5.2) 
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Study N included N (%) adherence  
to screening 

N (%) contamination N (%) recall rate a  
for screened participants 

N (%) invasive clarifying 
diagnostics for participants 

Screening round 4 
I: 1078 

Screening round 4 
I: 1045 (96.9) 

Screening round 4 
I: 29 n (2.8) 

Screening round 5 
I: 1041 

Screening round 5 
I: 1004 (96.5) 

Screening round 5 
I: 25 n (2.5) 

Screening round 6 
I: 1001 

Screening round 6 
I: 795 (79.4) 

Screening round 6 
I: 7 n (0.9) 

Screening round 7 
I: 793  

Screening round 7 
I: 428 (54.0) 

Screening round 7 
I: 15 n (3.5)  

 Participation  
in ≥ 1 screening round 
I: 1052 (88.4) 

Screening rounds 1–7 
C: 21 o (1.2) 

Screening round 1–7 
n.r. 

Screening rounds 1–7 
biopsies  
I: 5 p (0.4) d 

C: n.r. 

biennial screening 

Screening round 1 
I: 1186 

Screening round 1 
I: 1151 (97.0) 

n.r. Screening round 1 
I: 158 (13.7) 

n.r. 

Screening round 2 
I: 1138 

Screening round 2 
I: 1086 (95.4) 

Screening round 2 
I: 51 (4.7) 

Screening round 3 
I: 1070 

Screening round 3 
I: 983 (91.9) 

Screening round 3 
I: 31 (3.2) 

Screening round 4 
I: 972 

Screening round 4 
I: 751 (77.3) 

Screening round 4 
I: 34 (4.5) 

 Participation  
in ≥ 1 screening round 
I: 1151 (97.0) 

n.r. Screening round 1–4 
n.r. 

Screening round 1–4 
biopsies  
I: 8 (0.7) d 

C: n.r. 

 annual and biennial screening total 

 all screening rounds 
I: 2376 
C: 1723 

Average participation  
in all screening rounds 
I: 2303 d (96.9) 

n.r. all screening rounds 
n.r. 

10 years of follow-up:  
resections  
I: total 67 q (2.9) d 

  annual: 43 (4.1) d 
  biennial: 24 (2.1) d 
C: 17 q (1.0) d 
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Study N included N (%) adherence  
to screening 

N (%) contamination N (%) recall rate a  
for screened participants 

N (%) invasive clarifying 
diagnostics for participants 

NELSON Screening round 1 
I: 7915 

Screening round 1 
I: 7557 (95.5) 

n.r. Screening round 1 
I: 1571 c (20.8) d 

n.r. 

 Screening round 2 
I: 7482 

Screening round 2 
I: 7295 (97.5) d 

Screening round 2 
I: 570 c,d (7.8) d 

 Screening round 3 
I: 7221 

Screening round 3 
I: 6922 (95.9) d 

Screening round 3 
I: 560 c,d (8.1) d 

 Screening round 4 
I: 6735 

Screening round 4 
I: 5279 (78.4) d 

Screening round 4 
I: n.r. 

LDCT screening versus chest X-ray screening 

LSS Screening round 1 
I: 1660 
C: 1658 

Screening round 1 
I: 1586 (96) 
C: 1550 (93) 

n.r. Screening round 1 
I: 309 (19.5) 
C: 140 (9.0) 

Screening round 1 
bronchoscopy 
I: 29 (1.8) 
C: 8 (0.5) 
Lung biopsy/resection 
I: 46 (2.9) 
C:12 (0.8) 
Invasive procedures r 
I: 53 (3.3) 
C: 15 (1.0) 

 Screening round 2 
I: 1629 
C: 1648 

Screening round 2 
I: 1398 (85.8) 
C: 1317 (79.9) 

Screening round 2 
I: 332 s (23.7) 
C: 101 (7.7) 

Screening round 2 
bronchoscopy 
I: 14 (1.0) 
C: 8 (0.6) 
Lung biopsy/resection 
I: 18 (1.3) 
C:10 (0.8) 

  Screening rounds 1 + 2 
I: 1374 (82.8) d 

C: 1287 (77.6) d 

n.r. Screening rounds 1 + 2 
n.r. 

Screening rounds 1 + 2 
n.r. 

NLST Screening round 1 
I: 26,722 
C: 26,732 

Screening round 1 
I: 26,309 (98.5) 
C: 26,035 (97.4) 

n.r. Screening round 1 
I: 6369 c (24.2) 
V: 2176 c (8.4) 

n.r. 

 Screening round 2 
I: 26,285 
C: 26,410 

Screening round 2 
I: 24,715 (94.0) 
C: 24,098 (91.2) 

n.r. Screening round 2 
I: 3866 c (15.6) 
V: 1078 c (4.5) 

n.r. 
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Study N included N (%) adherence  
to screening 

N (%) contamination N (%) recall rate a  
for screened participants 

N (%) invasive clarifying 
diagnostics for participants 

 Screening round 3 
I: 25,942 
C: 26,110 

Screening round 3 
I: 24,102 (92.9) 
C: 23,346 (89.4) 

Screening round 3 
I: 2522 c (10.5) 
V: 957 c (4.1) 

  Average participation  
in screening rounds 1–3 
I: n.r. (95) 
C: n.r. (93) 

Screening rounds 1–3 
I: n.r. 
C: n.r. (4.3) 

Screening rounds 1–3 
I: 8073 t (30.7) u 

C: 3510 t (13.1) u 

Screening rounds 1–3 
I: 1106 (4.1) v 

C: 392 (1.5) v 

Abbreviations: C=control group; CT=computed tomography; FBS=fibrobronchoscopy; FDG=fluorodeoxyglucose; FNAB=fine-needle aspiration biopsy; I=intervention group; LDCT=low dose CT; 
N included=number of participants randomised minus those who have since dropped out because of a lung cancer diagnosis or death; n.r.=not reported; PET=positron emission tomography; 
VATS=video-assisted thoracoscopic surgery. 
a Number of participants who were called in again because of a suspicious finding. This includes additional LDCT scans as well as further diagnostic procedures. 
b Number of participants who underwent the baseline examination. 
c Number of participants who have undergone any further clarifying diagnostic tests, including imaging procedures. 
d Own calculation. 
e Number of participants who have undergone bronchoscopy, percutaneous biopsy, VATS, mediastinoscopy or thoracotomy. 
f Number of participants who have undergone additional imaging procedures. 
g The percentages refer to randomised participants. Therefore, the calculation also includes those who have since dropped out because of a lung cancer diagnosis or death. 
h Percentage refers to 2052 participants in the comparison group at the time of baseline screening. 
i Number of participants who tested positive and underwent further examination. Additional LDCT, FDG-PET scans and CT-guided fine-needle biopsies are mentioned. 
j Number of participants who have participated in at least one additional LDCT examination. 
k Information refers to direct referral to a lung specialist and associated further examinations such as bronchoscopy, VATS, thoracotomy, PET scans and antibiotic therapy. 
l Discrepancy between publications; figures refer to the most recent publication. 
m Number of participants with radiological imaging procedures of the lungs, mostly by X-ray. The procedure was performed without specific indication and outside the study protocol. 
n Number of participants who underwent an additional LDCT examination after 3 months and/or an immediate clarifying diagnostic test after a positive LDCT result. 
o The exact time frame for the data is not given. 
p Number of participants who have undergone biopsies using transthoracic fine-needle puncture, fibrobronchoscopy and transbronchial fine-needle puncture. 
q Sum of lung resection for benign findings and minor lung resection for malignant findings. 
r Procedures include biopsy/resection, bronchoscopy, thoracotomy, thoracoscopy, mediastinotomy and mediastinoscopy. 
s Number of participants who have undergone imaging procedures including pulmonary function tests, cytological procedures, surgical procedures or clinical examinations  
and comparisons with previous images. 
t Number of participants who have undergone clarifying diagnostic tests including additional imaging procedures, biopsies, surgical procedures, pulmonary function tests,  
echocardiography or sputum cytology. 
u Percentage in relation to participants screened at baseline. 
v Number of participants who have undergone different types of biopsy and surgical procedures, such as mediastinoscopy, thoracotomy, lung resection, bronchoscopy or thoracocentesis. 
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4.1.4 Outcomes included 

Data on patient-relevant outcomes could be extracted from eight studies. Table 4.9 provides an 
overview of the available evaluable data on patient-relevant outcomes from these studies. All stud-
ies reported evaluable data on the mortality endpoint (overall mortality and lung cancer mortality) 
and overdiagnosis. Chest X-ray screening is not considered an adequate comparator to investigate 
the effect of LDCT screening with regard to the consequences of false screening results, HRQoL 
or adverse events compared to no screening. Therefore, for the consequences of false screening 
results, HRQoL and adverse events as endpoints, only the six studies comparing LDCT screening 
versus no screening were considered. All six studies reported evaluable data on the consequences 
of false screening results. For adverse events, evaluable data from the DANTE study were avail-
able. For the HRQoL endpoint, either no data or no evaluable data were available in the studies. 

Table 4.9: Matrix of outcomes in the studies included in the assessment 

Study 

Outcomes 

Mortality Morbidity HRQoL 
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LDCT screening versus no screening 

DANTE ● ● ● ● – 

DLCST ● – ● ● – 

ITALUNG ● – ● ● – 

LUSI ● – ● ● – 

MILD ● – ● ● – 

NELSON ● – ● ● – 

LDCT screening versus chest X-ray screening 

LSS ● x x ● x 

NLST ● x x ● x 

Abbreviations: LDCT=low-dose computed tomography; HRQoL=health-related quality of life. 

●: Data were reported and were evaluable. 

–: No data were reported or the data were not evaluable for the benefit assessment. 

x: For this endpoint, chest X-ray screening is not an adequate comparator to investigate the effect  
of LDCT screening compared to no screening. 

 

4.1.5 RoB assessment and quality of the evidence 

4.1.5.1 Study level 

Table 4.10 describes RoB at the study level, which was rated as low for four studies (DLCST, 
ITALUNG LUSI and NELSON) and high for the remaining four studies. For the studies with high 
RoB at the study level, it was unclear whether the randomisation sequence was adequately gen-
erated (MILD and NLST) or whether the allocation concealment was adequate (DANTE, MILD 
and NLST). For the LSS study it was unclear whether reporting was independent of the results 
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(e.g., lack of information on the planned endpoints). For MILD, significant differences in baseline 
characteristics (age, sex, smoking status and pack-years) between the intervention and control 
groups also led to high RoB. 

Table 4.10: Risk of bias in randomised studies at the study level 

Study 
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LDCT screening versus no screening 

DANTE Yes Unclear No No Yes Yes High 

DLCST Yes Yes No No Yes Yes Low 

ITALUNG Yes Yes No No Yes Yes Low 

LUSI Yes Yes No No Yes Yes Low 

MILD Unclear Unclear No No Yes No a High 

NELSON Yes Yes No No Yes Yes Low 

LDCT screening versus chest X-ray screening 

LSS Yes Yes No No Unclear b Yes High 

NLST Unclear Unclear No No Yes No c High 

Abbreviations: LDCT=low-dose computed tomography. 
a Significant differences in baseline characteristics (age, sex, smoking status and pack-years)  
between the intervention and control groups. Inclusion of a control group only after the start of the study. 
b No information on the planned endpoints and analyses, and no sample size estimation. 
c For several endpoints there were discrepancies at the same evaluation time. 

 

4.1.5.2 Outcome level 

The RoB for the outcomes overall mortality and lung cancer mortality, consequences of false 
screening results and overdiagnosis was rated as low in the DLCST, ITALUNG and NELSON 
studies. Although the LUSI study shows low RoB at the study level, high RoB was found for all 
outcomes, partly because of discrepancies between publications regarding the results. The RoB 
for the adverse events outcome was rated as high for the DANTE study, which is the only study 
reporting results on adverse events. 

For all studies for which RoB at the study level was already classified as high (DANTE, MILD, 
NLST and LSS), there is therefore high RoB at the outcome level, so no further outcome-specific 
RoB assessment was performed for these studies. 

An overview is given in Tables A7–A11 in Appendix 7. 

 
4.1.5.3 Quality of the evidence 

The assessment of the outcome-specific quality of the evidence is presented in Tables A12–A17 
in Appendix 8. 
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4.1.6 External validity 

Since the majority of the studies used for the present report were conducted in European coun-
tries, the external validity of the evidence was considered to be high. Moreover, it can be ex-
pected that future screening programmes will be based on how screening was implemented in 
these studies. Therefore, no downgrading because of indirectness was required in the GRADE 
assessment of LDCT screening in (former) heavy smokers. No relevant studies were identified for 
risk groups for lung cancer other than smokers. 

A summary characterising the applicability of studies can be found in Table 4.11. 

Table 4.11: Summary table characterising the applicability of the body of studies 

Domain Description of the applicability of the evidence 

Population Possible differences between the underlying evidence and the potential implementation 
of LDCT screening in Europe include the following aspects: 
Age and sex: Although the inclusion criteria of the studies varied with regard to the lower 
(e.g., 50, 55 or 60 years) and upper (e.g., 70 or 75 years) age threshold, there is no reason 
to assume grossly different effects of screening within these age groups. Nevertheless, 
results cannot be extrapolated to younger or older age groups because baseline cancer 
risk and residual life expectancy have a strong influence on the risk/benefit ratio of 
screening measures. Sex also appears to be associated with slightly different effects. 
However, the test for interaction did not show statistical significance in any of the subgroup 
analyses with regard to the sex or age of participants as a potential effect modifier. 
Finally, the studies recruited both women and men, so the results (or subgroup results) 
allow for high applicability to European populations, even if the distribution of risk factors 
may change over the forthcoming years. 
Smoking: Valid estimation of the baseline risk of developing lung cancer is essential 
when designing a screening programme. However, it is certainly possible to transfer the 
screening strategy used in one of the existing trials to a nationwide screening programme. 
Thus, applicability is not a problem in this regard. 

Intervention Possible differences between the evidence and current real-world settings in Europe 
include the following aspects: 
CT technology: The CT scanners used in the current studies mostly represent the best 
available imaging technology. As such equipment is current standard in all European 
countries (at least in specialised centres), the trial results are transferable, but it still will 
be essential to restrict screening to adequately equipped centres. 
Image analysis: Automated image analysis systems were used in the more recent 
studies. Because recall rates can be reduced by using computerised volumetry [306], 
applicability may be negatively affected when implementing a screening programme that 
fails to include quality control measures for image analysis or false-positive recall rates. 
Screening intervals: A screening interval of 1 year has evolved as the standard and 
was well accepted in the trials. Applicability could only be compromised if the majority  
of eligible screening participants show a much lower attendance rate. 
Duration of screening: In the studies included, the duration of the screening phase  
was between 1 and 6 years, whereas future screening participants might attend annual 
screening over ~20 years. However, the effects are also considered to be transferable  
to long-term screening. The same holds true for the overall risk/benefit ratio of LDCT 
screening in (former) heavy smokers. 

Comparators In the majority of the studies, the comparator was no screening. Data from studies which 
compared LDCT and chest X-ray screening were considered partly transferable – at least 
for some outcomes, because previous studies had found no apparent effect of chest X-ray 
screening. In 4 studies, the contamination rate was recorded and found to be in the range 
between 1 and 7%. Such self-paid (or “grey”) screening is already taking place in most 
European countries. If a considerable proportion of the population would already get self-
paid CT screening today, the effect observed in the studies would not be transferable to 
a routine setting any longer. However, as this appears unlikely, the results of the included 
studies seem transferable to the European context. 
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Domain Description of the applicability of the evidence 

Outcomes No issue regarding applicability was identified, because lung cancer mortality was the key 
outcome in the present report and the underlying studies and is also a highly relevant 
outcome in the view of most potential screening participants. 
Even though considerable disadvantages are apparent for other outcomes (mainly over-
diagnosis) and in some cases no usable data were available for other important outcomes 
(e.g., HRQoL), the applicability of the results seems not to be relevantly impaired. 

Setting All studies comparing LDCT screening with no screening were conducted in densely 
populated Western European countries (Italy, Denmark, Germany, Netherlands and 
Belgium). Furthermore, these countries have relatively well-organised and well-financed 
health care systems. Implementing a lung cancer screening programme in a remotely 
located population or a health care system with little resources could pose greater 
challenges, but the present results are nevertheless considered transferable to all 
European countries. 

Abbreviations: CT=computed tomography; HRQoL=health-related quality of life; LDCT=low-dose CT. 

 

4.1.7 Results on clinical effectiveness and safety 

HTA CORE MODEL DOMAIN: EFF & SAF7 

Table 4.12, Table 4.13, Table 4.14, Table 4.15, Table 4.16 and Table 4.17 summarise the results 
of the comparison of LDCT screening with no screening in risk groups. 

 
4.1.7.1 Mortality 

Overall mortality 

For overall mortality, data from three studies with low RoB (DLCST, ITALUNG and NELSON) and 
three studies with high RoB (DANTE, MILD and LUSI) were available for comparison against no 
screening. The data for the longest observation period were used for all studies. This was between 
8 and 11 years since randomisation. 

Since the studies considered did not have sufficiently comparable study designs (e.g., with regard 
to screening intervals, selection criteria for study participants and evaluation of the findings) to be 
able to base a meta-analysis on a fixed-effect model, meta-analyses with a random-effects model 
were used. The three studies with low RoB showed no statistically significant difference between 
the groups (IRR 0.93, 95% CI 0.69–1.26; p = 0.434). The combined analysis of studies with low 
and high RoB also showed no statistically significant effect in favour of screening (IRR 0.95, 95% 
CI 0.88–1.03; p = 0.164). 

For the comparison of LDCT screening to chest X-ray screening, data from two studies (LSS and 
NLST) with high RoB were available for overall mortality. The sensitivity analysis considering these 
two studies with data for the longest observation period does not contradict the results for the com-
parison of LDCT screening versus no screening (IRR 0.97, 95% CI 0.92–1.02; p = 0.168). 

The results are presented in Table 4.12, while Figure 4.2 and Figure 4.3 show forest plots. 

 

                                                      
7 This section addresses the following elements in the EFF and SAF domains of the HTA core model: D0001, D0005, 

D0012, D0013, C0008, C0002, C0005, C0006. 
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Table 4.12: Results for overall mortality 

Study 
Observation 
time since 
randomisation 

Intervention Comparator Intervention vs comparator 

N 
Persons 

with event PYs 
Events  

per  
1000 PYs a 

N 
Persons 

with event PYs 
Events  

per  
1000 PYs a 

IRR (95% CI) p value 
n % n % 

LDCT screening versus no screening 

DANTE 8.35 years 
(median) 

1264 180 14.24 10,875 16.6 b 1186 176 14.84 10,104 17.4 b 0.95 c (0.77–1.17) n.r. 

DLCST 10 years 2052 165 8.0 b 19,439 8.4 b 2052 163 7.9 b 19,547 8.3 b 1.02 c (0.82–1.27) 0.867 

ITALUNG 11.3 years 
(median) 

1613 203 12.6 b 17,587 11.5 b 1593 246 15.4 b 17,051 14.4 b 0.80 (0.66–0.96) 0.018 

LUSI ≥ 7 years; 
average 8.8 years  

2029 148 7.3 b n.r. n.r. 2023 150 7.4 b n.r. n.r. 0.99 d (0.79–1.25) 0.95 

MILD               

Annual 
10 years 

1190 76 6.4 b 11,521 6.6 b 
1723 106 6.2 16,210 6.5 b 

n.r. e n.r. e n.r. 

Biennial 1186 61 5.1 b 11,562 5.3 b n.r. e n.r. e n.r. 

NELSON 10 years  7900 959 12.1 b 75,099 b 12.77 b 7892 974 12.3 b 74,785b 13.02 b n.r. e n.r. e n.r. 

LDCT screening versus chest X-ray screening 

LSS 5.2 years 
(median) 

1660 139 8.4 b 8339 16.7 1658 116 7.0 b 8384 13.8 1.20 (0.94–1.54) n.r. 

NLST 12.3 years 
(median) 

26,722 5253 19.7 b n.r. n.r. 26,730 5366 20.1 b n.r. n.r. 0.97 (0.94–1.01) n.r. 

Abbreviations: CI=confidence interval; IRR=incidence rate ratio; LDCT=low-dose computed tomography; n=number of participants with event; N=number of participants analysed;  
n.r.=not reported; PYs=person-years. 
a To calculate the absolute effects, the IRR from the meta-analysis was applied to the median risk in the control group (baseline risk). 
b Own calculation. 
c Hazard ratio from the Cox proportional hazards model. 
d Hazard ratio from the Cox proportional hazards model adjusted for age. 
e This figure was not reported in the documents, but could be calculated for use in the meta-analysis. 
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Figure 4.2: Forest plot for overall mortality, LDCT screening versus no screening,  
effect measure: incidence rate ratio 

 

 

Figure 4.3: Forest plot for overall mortality, sensitivity analysis: addition of the studies that 
compared LDCT screening to chest X-ray screening, effect measure: incidence rate ratio 

Conclusion on the quality of the evidence and on overall mortality 

Screening for lung cancer with LDCT results in little or no difference in overall mortality compared 
with no screening. The conclusion is based on high-quality evidence. The quality of the evidence 
was rated as high, since the majority of the studies provided high-quality evidence. 
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Subgroup analyses 

No subgroup analyses were performed for the subgroup characteristics of strength of exposure to 
tobacco (e.g., tobacco consumption, smoker status) or screening strategy (e.g., number of screen-
ing rounds) because the studies could not be assigned to appropriate categories or there were no 
significant differences between the studies with regard to the characteristic. There were also no 
usable subgroup analyses conducted within individual study populations. 

However, in the six studies included for comparison of LDCT screening to no screening (DANTE, 
DLCST, ITALUNG, MILD, LUSI and NELSON) and the two studies comparing LDCT screening to 
chest X-ray screening (LSS and NLST), the age of the devices used in the studies (including use 
of LDCT devices with < 16 slices vs exclusive use of LDCT devices with ≥ 16 slices) and the size 
of the screening centre as potential effect modifiers were investigated. 

The size of the screening centre was approximated by relating the number of study participants 
recruited to the number of centres. The size of the participating centres was classified as small for 
an average number of < 3,000 participants per centre, or as large for ≥ 3,000 participants. If there 
was a switch from old to new devices during the course of the study, the classification was based 
on the devices that were mainly used in the study. The division of the studies into subgroups ac-
cording to the age of the CT equipment and the size of the screening centre were identical. Stud-
ies using older CT equipment were conducted in small centres, while studies using newer CT equip-
ment were conducted in large centres. 

Furthermore, data available from four studies (DANTE, LUSI, NELSON and NLST) were used to 
investigate the sex of participants as a potential effect modifier. 

In addition, within the three-arm MILD study, the length of the screening interval was investigated 
as an effect modifier, as screening was performed either annually or every 2 years in the two inter-
vention groups. 

The test for interaction did not show statistical significance in any of the subgroup analyses for the 
studies with no screening as the comparator. In a sensitivity analysis, consideration of the studies 
with chest X-ray screening as the comparator did not contradict these results. 

For CT device age (p = 0.115), centre size (p = 0.115), sex of the participants (p = 0.05003) or the 
length of the screening interval (p = 0.389), no statistically significant interaction could be shown. 
A forest plot of the results is presented in Figure 4.4. 

 

Figure 4.4: Forest plot for overall mortality, subgroup analysis by sex (meta-analysis  
to compare LDCT screening versus no screening), effect measure: odds ratio 
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Lung cancer mortality 

For lung cancer mortality, data from three studies with low RoB (DLCST, ITALUNG, NELSON) and 
three studies with high RoB (DANTE, MILD, LUSI) were available for comparison against no screen-
ing. For all studies, the data for the longest observation period were used. This was between 8 and 
11 years since randomisation. 

Since the studies considered did not have sufficiently comparable study designs (e.g., with regard 
to screening intervals, selection criteria for the study participants and evaluation of the findings) to 
be able to base a meta-analysis on a fixed-effect model, meta-analyses with a random-effects mod-
el were used. The three studies with low RoB showed no statistically significant difference between 
the groups (IRR 0.80, 95% CI 0.60–1.06; p = 0.076). The combined analysis of studies with low 
and high RoB showed a statistically significant effect in favour of LDCT screening (IRR 0.81, 95% 
CI 0.72–0.91; p = 0.004). 

For the comparison of LDCT screening to chest X-ray screening, data from two studies (LSS and 
NLST) with high RoB were available for lung cancer mortality. The data from the two studies for 
the longest observation period (5 and 12 years since randomisation) were considered in a sensi-
tivity analysis, which does not contradict the results for the comparison of LDCT screening to no 
screening (IRR 0.89, 95% CI 0.82–0.96; p = 0.010). 

The results are presented in Table 4.13, while Figure 4.5 and Figure 4.6 show forest plots. 

Conclusion on the quality of the evidence and on lung cancer mortality 

Screening for lung cancer with LDCT probably reduces lung cancer mortality compared with no 
screening. The conclusion is based on moderate-quality evidence. The quality of the evidence was 
downgraded by one level because the evaluation of the studies with low RoB alone showed no 
statistically significant difference between the groups. 
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Table 4.13: Results for lung cancer mortality 

Study 
Observation time 
since 
randomisation 

Intervention Comparator Intervention vs comparator 

N 
Persons  

with event PYs 
Events  

per  
1000 PYs a 

N 
Persons  

with event PYs 
Events 

per  
1000 PY a 

IRR (95% CI) p value 
n % n % 

LDCT screening versus no screening 

DANTE 8.35 years (median) 1264 59 4.66 10,875 5.4 b 1186 55 4.64 10,104 5.4 b 0.99 c (0.69–1.43) n.r. 

DLCST ≥ 9 years 2052 39 1.9 b 19,439 2.0 2052 38 1.9 b 19,547 1.9 1.03 c (0.66–1.6) 0.888 

ITALUNG 11.3 years (median) 1613 58 3.6 b 17,587 3.3 b 1593 74 4.6 b 17,051 4.3 b 0.76 (0.54–1.07) 0.12 

LUSI ≥ 7 years;  
average 8.8 years 

2029 29 1.4 b n.r. n.r. 2023 40 2.0 b n.r. n.r. 0.74 d (0.46–1.19) 0.21 

MILD               

Annual 
10 years 

1190 19 e 1.6 b 11,521 1.6 b 
1723 40 2.3 16,210 2.5 b 

n.r. g n.r. g n.r. 

Biennial 1186 21 f 1.8 b 11,562 1.8 b n.r. g n.r. g n.r. 

NELSON 11 years 7900 205 b 2.6 b 81,967 b 2.50 b 7892 263 b 3.3 81,633 b 3.22 b n.r. g n.r. g n.r. 

LDCT screening versus chest X-ray screening 

LSS 5.2 years (median) 1660 32 1.9 b 8339 3.8 1658 26 1.6 b 8384 3.1 1.24 (0.74–2.08) n.r. 

NLST 12.3 years (median) 26,722 1147 4.3 b n.r. n.r. 26,730 1236 4.6 b n.r. n.r. 0.92 (0.85–1.00) 0.05 

Abbreviations: CI=confidence interval; IRR=incidence rate ratio; LDCT=low-dose computed tomography; n=number of persons with event; N=number of individuals analysed;  
n.r.=not reported; PYs=person-years. 
a To calculate the absolute effects, the IRR from the meta-analysis was applied to the median risk in the control group (baseline risk). 
b Own calculation. 
c Hazard ratio from the Cox proportional hazards model. 
d Hazard ratio from the Cox proportional hazards model adjusted for age. 
e For one person the cause of death was missing. 
f For two people the cause of death was missing. 
g This figure was not reported in the documents, but could be calculated for use in the meta-analysis. 
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Figure 4.5: Forest plot for lung cancer mortality, LDCT screening versus no screening, 
effect measure: incidence rate ratio 

 

 

Figure 4.6: Forest plot for lung cancer mortality, sensitivity analysis: addition of the studies 
comparing LDCT screening to chest X-ray screening, effect measure: incidence rate ratio 
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Subgroup analyses 

No subgroup analyses were performed for the subgroup characteristics of strength of exposure to 
tobacco (e.g., tobacco consumption, smoker status) or screening strategy (e.g., number of screen-
ing rounds) because the studies could not be assigned to appropriate categories or there were no 
significant differences between the studies with regard to the characteristic. There were also no 
usable subgroup analyses conducted within individual study populations. 

However, in the six studies comparing LDCT screening to no screening (DANTE, DLCST, ITA-
LUNG, MILD, LUSI and NELSON) and the two studies comparing LDCT screening to chest X-ray 
screening, the age of the CT devices used in the studies and the size of the screening centre 
(small centres < 3,000 and large centres ≥ 3,000 participants recruited) were investigated as po-
tential effect modifiers for lung cancer mortality. 

Multislice CT devices with ≥ 16 slices and more were classified as new and all other CT devices 
with fewer slices as old. If there was a switch from old to new devices during the course of the 
study, classification was based on the devices that were mainly used in the study. The division of 
the studies into subgroups according to CT equipment age and screening centre size were identi-
cal. Studies using older CT equipment were conducted in small centres, while studies using newer 
CT equipment were conducted in large centres. The subgroup analysis for the studies for compar-
ison against no screening showed no effect modification. Even when adding the studies for compar-
ison against chest X-ray screening, no effect modification was found. 

For lung cancer mortality it was also possible to investigate the following additional potential effect 
modifiers on the basis of subgroup analyses available or appropriately stratified evaluations of sev-
eral studies: the presence of COPD at baseline (DLSCT), sex (DANTE, LUSI, NELSON and NLST), 
age of the participants (NELSON) and length of the screening interval (MILD: annual or biennial 
screening). 

The test for interaction did not show statistical significance in any of the subgroup analyses. When 
possible, a sensitivity analysis including the studies comparing LDCT screening to chest X-ray 
screening was carried out. This did not contradict the results. There was no effect modification for 
lung cancer mortality with regard to CT device age, centre size, the presence of COPD at study 
initiation, sex or age of the participants or length of the screening interval. 

A forest plot for subgroup analysis by sex is presented in Figure 4.7. 

 

Figure 4.7: Forest plot for lung cancer mortality, subgroup analysis by sex (meta-analysis 
to compare LDCT screening versus no screening), effect measure: incidence rate ratio 
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Conclusion on the quality of the evidence and on the benefit statement regarding mortality 

The quality of the evidence ranked from high to moderate across the two suboutcomes. For overall 
mortality, the quality of the evidence was rated as high, since the majority of the studies provided 
high-quality evidence. To that extent, screening for lung cancer with LDCT results in little or no dif-
ference in overall mortality compared with no screening. The results of the meta-analyses, however, 
point in the direction of a reduction in overall mortality. For lung cancer mortality, the quality of the 
evidence was downgraded by one level to moderate because the evaluation of the studies with 
low RoB alone showed no statistically significant difference between the groups. Thus, screening 
for lung cancer with LDCT probably reduces lung cancer mortality compared with no screening. 

The estimate for the absolute effect is 5 fewer deaths per 1,000 persons (95% CI –3 to 12) for over-
all mortality and 5 fewer deaths per 1,000 persons (95% CI 3–8) for lung cancer mortality within 
approximately 10 years. Thus, the absolute effects and their corresponding CIs are of a similar 
order of magnitude. However, it should be taken into account that the CI for overall mortality in-
cludes no effect point, which means LCDT may be associated to 3 more deaths to 12 fewer deaths 
when compared to no screening. 

Taking this further consideration into account, the quality of the evidence for the critical outcome 
of mortality can be assessed as low in summary. This rating of low comprises results for reduced 
lung cancer mortality in contrast to nonsignificant results for overall mortality. In conclusion, screen-
ing for lung cancer with LDCT may reduce mortality compared with no screening. 

 
4.1.7.2 Morbidity 

Adverse events 

Adverse events may occur not only in the intervention group but also in the comparison group 
without screening and are therefore distinct from the following outcomes reported in Section “Harms 
resulting from screening”. A complete survey of this outcome involves a great deal of effort, since 
systematic recording of events is also required for the non-screened comparison group. 

For adverse events, data from only one study (DANTE) with high RoB were available for compari-
son against no screening. DANTE reported data on the occurrence of adverse events after sur-
gery and of adverse events of severity level ≥ 3 after surgery. The results were presented for the 
longest observation period since randomisation (maximum 8 years). The evaluation showed a sta-
tistically significant difference in the incidence of adverse events after surgery for suspicious find-
ings to the disadvantage of LDCT screening (OR 3.48, 95% CI 1.41–8.62; p = 0.004). Further re-
striction to adverse events of severity ≥ 3 also showed a statistically significant difference between 
the two study groups to the disadvantage of LDCT screening (OR 4.25, 95% CI 0.92–19.69; p = 
0.046). 

Conclusion on the quality of the evidence and on benefit statement regarding adverse events 

The quality of the evidence for the important outcome of adverse events was rated as low. In 
DANTE, the quality of the evidence was downgraded by two levels owing to the high RoB and 
serious imprecision as the results are based on one relatively small study, leading to a large CI. In 
conclusion, screening for lung cancer with LDCT may increase adverse events when compared 
with no screening. 

The results are presented in Table 4.14. 
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Table 4.14: Results for adverse events 

Study Observation time 

Intervention Comparator Intervention vs comparator 

Participants Surgery Cases a with AE Participants Surgery Cases a with AE 

OR (95% CI) p value 
N n n 

Per participant 
included 

% 
N n n 

Per participant 
included  

% 

LDCT screening versus no screening 

DANTE 

AE after 
surgery for 
suspicious 
findings 

End of observation 
time, maximum 
observation time  
8 years 

1264 77 22 1.7 b 1186 31 6 0.5 b 3.48 b (1.41–8.62) c 0.004 d 

AE of severity 
≥ 3 e after 
surgery for 
suspicious 
findings 

End of observation 
time, maximum 
observation time  
8 years 

1264 77 9 0.7 b 1186 31 2 0.2 b 4.25 b (0.92–19.69) c 0.046 f 

Abbreviations: AE=adverse event; CI=confidence interval; LDCT=low-dose computed tomography; n=number of persons with event; N=number of persons analysed; OR=odds ratio. 
a It was assumed that the number of reported cases with AEs corresponds to the number of persons with AEs. 
b Own calculation. 
c Own calculation (asymptotic). 
d Own calculation (unconditional exact test, CSZ method according to [307]). 
e Not specified further. 
f Own calculation (unconditional exact test, CSZ method according to [307]). Discrepancy between p value (exact) and CI (asymptotic) due to different calculation methods. 
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4.1.7.3 Harms resulting from screening 

Consequences of false-negative screening results 

Data on consequences of false-negative screening results were not reported in the studies. 

Consequences of false-positive screening results 

For the consequences of false-positive screening results as an outcome, data were used for screen-
ing participants who had a positive screening result and for whom the suspicion of lung cancer 
was not confirmed in the subsequent invasive diagnostic investigation. In this context, invasive 
diagnostic procedures are understood to be procedures used to obtain histological or cytological 
confirmation. For the consequences of false-positive screening results, data for both purely diag-
nostic interventional clarifications and data for surgical therapeutic interventions were used if the 
treatment and diagnosis of lung tissue of unclear distinction could not be clearly separated. This is 
the case when both can be performed via a single procedure, such as VATS. The complications 
associated with these procedures in individuals for whom benign findings were subsequently ob-
served were also considered under this outcome. The observation period chosen was the time at 
which the screening phase in the respective studies was completed. 

For the consequences of false-positive screening results, data from three studies with low RoB 
(DLCST, ITALUNG and NELSON) and three studies with high RoB (DANTE, MILD and LUSI) 
were available. 

The need for invasive diagnostic workup was recorded in the studies only for the intervention 
groups. The DANTE study is an exception. Although all studies compare LDCT screening against 
no screening, in the DANTE study all study participants underwent chest X-ray screening and 3-day 
sputum cytology regardless of group allocation at baseline. It therefore remains unclear whether 
the group difference is due solely to LDCT screening. 

The presentation of invasive diagnostic procedures was different in the studies: some studies in-
cluded joint presentation of operations and biopsies, whereas other studies reported the procedures 
individually. For some studies, several operationalisations are available that show that this has a 
strong impact on the number of events. Therefore, no summary overall estimate is given for this 
endpoint, but rather a range (minimum–maximum) of effect estimates from the individual studies. 

Between 0.1% and 1.5% of the participants invited to screening in the studies received an inva-
sive diagnostic workup that was only made necessary by a false-positive result in the screening. 
Surgery on individuals with benign findings was performed in 0.1%–1.3% of the participants invit-
ed for screening. Overall, between 0.1% and 1.5% of the participants in the studies experienced a 
consequence of false-positive findings. 

Complications in individuals undergoing surgery with final benign findings were reported for two 
studies (DLCST and NELSON). In the DLCST study, minor complications occurred in two out of 
seven patients undergoing surgery with benign findings, so 0.1% of all participants invited for 
screening suffered a minor complication after surgery for benign findings. In the NELSON study, 
complications were not reported for all patients undergoing surgery with benign findings, but only 
for those who underwent either thoracotomy or VATS. A total of three serious complications and 
20 minor complications occurred among these individuals undergoing surgery with benign findings. 
Thus, 0.04% and 0.3% of all participants invited to the screening experienced serious or minor 
complications. 
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Conclusion on the quality of the evidence and on the benefit statement regarding  
the consequences of false-positive screening results 

Screening for lung cancer with LDCT leads to harm due to consequences of false-positive screen-
ing results when compared with no screening. The conclusion is based on high-quality evidence. 
The quality of the evidence for this important outcome was rated as high, since the majority of the 
studies provided high-quality evidence. 

The results are presented in Table 4.15. 

Table 4.15: Results for consequences of false-positive screening results 

Study Observation time N 
Persons with events 

n % 

Results for LDCT screening group 

DANTE a 

Surgery b with benign findings During the entire screening phase I: 1264 
C: 1186 

I: 17 
C:5 

I: 1.3 

C: 0.4 

DLCST 

Surgery c with benign findings ~1 year after the last screening 2052 7 0.3 d 

Minor complications after surgery 
with benign findings 

~1 year after the last screening 2052 2 e 0.1 d 

ITALUNG 

Negative optical FBS During the entire screening phase 
(4 screening rounds, T0–T3) 

1613 16 f 1.0 d 

Resection with benign lung 
pathology 

During the entire screening phase 
(4 screening rounds, T0–T3) 

1613 4 0.2 d 

LUSI 

Biopsies for benign findings Screening round 1 2029 30 1.5 

Screening round 2 2000 19 1.0 d 

Screening round 3 1978 12 0.6 d 

Screening round 4 1954 16 0.8 d 

Screening round 5 1925 13 0.7 d 

MILD 

Invasive diagnostic procedure g 
for benign findings 

7.3 years median Annual screening: after 7 rounds 

1190 1 0.1 d 

Biennial screening: after 4 rounds 

1186 3 0.3 d 

Lung resections with benign 
histology 

10 years Annual screening 

1190 0 0 

Biennial screening 

1186 3 0.3 d 

NELSON 

Invasive diagnostic procedures i 
following one or more false-positive 
screening results 

after 3 screening rounds h 7915 67 0.8 d 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 108 

Study Observation time N 
Persons with events 

n % 

Serious j complications in patients 
undergoing surgery k with benign 
findings April 2004 to  

December 2008 h 

7915 3 0 d,l 

Minor m complications in patients 
undergoing surgery k with benign 
findings 

7915 20 0.3 d 

Abbreviations: C=comparator; FBS=fibrobronchoscopy; I=intervention; LDCT=low-dose computed tomography; 
N=number of persons invited to the screening; VATS=video-assisted thoracoscopy. 
a In both study arms, chest X-ray and 3-day sputum cytology were performed at baseline.  
This study alone reported data for the intervention and control groups for this endpoint. 
b Mediastinoscopies, VATS wedge resections, open wedge resections and VATS biopsies. 
c VATS. 
d Own calculation. 
e One person with an air leak for more than 7 days and one person with atrial fibrillation. 
f In six other cases, lung cancer was diagnosed in a later examination. 
g Transthoracic fine-needle puncture, FBS and transbronchial fine-needle puncture. 
h The screening phase was not yet complete at the time these values were collected, but was largely completed. 
i 61 operations (mediastinoscopy, sternotomy, VATS, thoracotomy) and six transthoracic biopsies. 
j Serious complications included: bleeding requiring reoperation, empyema, pneumonia, myocardial infarction, renal failure, 
postoperative stroke, critical arrhythmia and pulmonary embolism, respiratory arrest and postoperative heart failure with 
pulmonary oedema, chylothorax, haemothorax and gastrointestinal complications requiring surgical re-intervention, and 
laparotomy. 
k Complications have only been reported for benign cases that have undergone VATS or thoracotomy.  
Complications are not known for all cases undergoing surgery with benign findings. 
l 0.04 rounded to 0. 
m Non–life-threatening complications. 

Overdiagnosis 

All eight studies were RCTs for which observation of the participants in both groups usually contin-
ued for approximately 5 years after the screening phase. The studies recorded a high participation 
rate (adherence to screening) and low contamination. Overall, all studies were found to be suitable 
for calculating the risk of overdiagnosis of lung cancer. This issue is addressed in the conclusion 
on the quality of the evidence (see below). 

For overdiagnosis, data from three studies with low RoB (DLCST, ITALUNG and NELSON) and 
three studies with high RoB (DANTE, LUSI and MILD) were available for comparison against no 
screening. For the comparison of LDCT screening to chest X-ray screening, data from two studies 
(LSS and NLST) with high RoB were available. 

In this report, a summary overall estimate of overdiagnosis is not given. For the overdiagnosis re-
lated to individuals with a lung cancer diagnosis during the screening phase, the proportions be-
tween the studies varied so much that an overall estimate could not be interpreted meaningfully. 
Concrete reasons for the heterogeneity of the results, such as individual aspects of the screening 
strategy and characteristics of the study population, could not be identified. The heterogeneity was 
less clear for the proportion of overdiagnoses in relation to individuals invited to screening and it 
was generally possible to give an overall estimate for the studies for comparison against no screen-
ing. However, the associated CIs are as wide as the range of individual point estimators in the stud-
ies. Thus, the pooled estimator with CI has no additional information. In order to present the results 
transparently and uniformly, the proportion of overdiagnoses is given for both reference values as 
a range (minimum–maximum) of the point estimates of the individual studies. 
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Overdiagnosis related to individuals invited for screening 

From all eight studies included, the overdiagnosis risk could be determined in relation to all partic-
ipants invited to screening. 

Among the six studies comparing LDCT screening to no screening, ITALUNG is the only one with 
fewer lung cancer cases diagnosed during overall follow-up in the intervention group than in the 
control group. Thus, no overdiagnosis could be detected in this study. No overdiagnosis was found 
in the biennial screening group in the MILD study either. In the DANTE and DLCST studies, the 
risk of overdiagnosis was highest at 2.2% and 2.1%, respectively. For the LUSI and NELSON 
studies and the annual screening group in the MILD study, the risk of overdiagnosis calculated for 
study participants is 0.9%, 0.6% and 1.4%, respectively. For the LSS and NLST studies comparing 
LDCT screening to chest X-ray screening, an overdiagnosis risk of 1.2% and 0.1%, respectively, 
was calculated. 

Overdiagnosis in relation to individuals diagnosed with lung cancer during the screening phase 

Data that could be used to calculate the overdiagnosis risk in the presence of a lung cancer diag-
nosis were available from five studies, including four with no screening as the comparator (DLCST, 
ITALUNG, LUSI and NELSON). The result from the DLCST study is particularly striking, as an over-
diagnosis risk of 63.2% was calculated (using the total number of lung cancer diagnoses in the 
intervention group as the denominator). For the LUSI and NELSON studies, the overdiagnosis risk 
is 28.6% and 16.2%, respectively. For the ITALUNG study, no overdiagnosis could be detected. 
An overdiagnosis risk of 2.8% was calculated for the NLST study for comparison against chest X-
ray screening. 

Subgroup analyses 

As meta-analyses were not performed for overdiagnosis, no interaction tests were calculated. 
Therefore, results for the subgroups are presented in tabular form and assessed qualitatively. 

For the DANTE and NELSON studies, only data for men were available. For the LUSI study, data 
were available separately for women and men. These data do not suggest that there is an effect 
modification by sex. The NLST study for comparison against chest X-ray screening also reported 
separate data by sex that speak against such an effect modification. 

For the MILD study, data were available for annual and biennial screening. For the screening 
intervals, the numerical differences in the proportion of overdiagnosis between the two screening 
groups are probably random. This is suggested by the fact that the 95% CI for the two estimators 
overlap and contain the point estimates of the other group. Therefore, this result also speaks against 
an effect modification by the screening interval on overdiagnosis. 

Conclusion on the quality of the evidence and on the benefit statement regarding overdiagnosis 

The risks of overdiagnosis can be derived with high-quality evidence from adequate RCTs if at least 
the following criteria are met [308]: 

1. The intervention group is offered a screening strategy (early detection measure and,  
if necessary, treatment) over a certain fixed period of time (screening phase, period 1). 

2. This screening strategy is not offered in the parallel control group (period 1). 

3. Both groups are followed up after period 1 without further early detection measures  
for a sufficient duration (period 2). 
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All the studies meet the first criterion. For the studies comparing LDCT screening to chest X-ray 
screening, it was assumed that chest X-ray screening is comparable to no screening. Consequent-
ly, all the studies also meet the second criterion. However, a low participation rate (adherence to 
screening) in the intervention group and a high level of contamination in the control group may 
distort the results to the extent that the risk of overdiagnosis is underestimated [309]. Of the stud-
ies, four reported contamination of between 1% and 7%. It remains open how valid this informa-
tion is. For the other four studies, no information on contamination is available. The participation 
rates (adherence to screening) vary between 96% and 81% (Table 4.8). 

In order to adequately estimate the risk of overdiagnosis, sufficient follow-up after the screening 
phase is necessary. The minimum time for period 2 should correspond to the lead time, but should 
be significantly longer if possible, otherwise the risk of overdiagnosis is overestimated. The lead 
time is the length of time by which a diagnosis is brought forward by screening. The lead time can-
not be observed and can only be estimated [309]. On the basis of modelling, Patz et al. [120] esti-
mated the preclinical phase or lead time for NSCLC as an average of 3.6 years. The authors ex-
cluded the often slow-growing bronchioloalveolar carcinoma, which is an adenocarcinoma (and has 
been replaced by the term lepidic adenocarcinoma [310]). This cancer requires a much longer peri-
od of further observation, as its preclinical phase was estimated as 32.1 years [120]. In contrast to 
NSCLCs, SCLCs, which account for approximately 15% of all lung cancers, are rapidly progressive 
[311]. 

The data from the DLCST study refer to a 5-year observation period after completion of the screen-
ing phase. In the DANTE, MILD and NELSON studies, data were reported for a slightly shorter 
follow-up period than in the DLCST study. For the NLST and ITALUNG studies, the follow-up peri-
od after completion of the screening phase was significantly longer. At an average of 3.8 years, 
the follow-up period for the LUSI study was the shortest. For the LSS study, no post-screening 
follow-up data were available. Overall, with the exception of the LSS study, the duration of period 
2 is considered sufficient for all other studies, so that criterion 3 is also considered fulfilled. 

At the same time, the heterogeneity addressed above was also taken into account when rating the 
quality of the evidence for the overdiagnosis outcome. 

Diagnosis of lung cancer requires histological or cytological diagnostic confirmation. It can be as-
sumed that almost all lung cancer diagnoses were also treated. Every diagnostic procedure and 
treatment/therapy carries the risk of side effects and complications. 

Taking all these considerations into account, the quality of the evidence for the important outcome 
of overdiagnosis can be assessed as high in summary. In conclusion, screening for lung cancer 
with LDCT leads to harm compared to no screening in the sense of overdiagnosis, that is, from 
the resulting invasive clarification diagnostics and treatment, including the associated complications 
and side effects. 

The results are presented in Table 4.16 and Table 4.17. 
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Table 4.16: Results for overdiagnosis 

Study 
Observation  
time since 
randomisation 

Intervention Comparator Risk of overdiagnosis, % a,b (95% CI) a,b 

Ns 

Persons with 
event 

PYs 
Events 

per 
1000 
PYs 

Nc 

Persons 
with event 

PYs 
Events 

per 1000 
PYs 

In relation to 
persons invited 

to screening 
(S2/Ns – C2/Nc) 

In relation to persons 
diagnosed with lung 

cancer during the 
screening phase 

(S2 − C2)/S1 
S1 S2 C2 

LDCT screening versus no screening  

DANTE 8.35 years (median) 1264 n.r. 104 n.r. n.r. 1186 72 n.r. n.r. 2.2 (0.1–4.2) n.r. 

DLCST  ≥ 9 years 2052 68 96 19,439 4.9 a 2052 53 19,547 2.7 a 2.1 (1.0–3.2) 63.2 (29.0–137.8) 

ITALUNG 11.3 years (median) 1613 42 91 16,870 5.4 a 1593 100 17,306 5.8 a 0 c (0–1.1) 0 c 

LUSI ≥ 7 years;  
average 8.8 years 

2029 63 85 n.r. n.r. 2023 67 n.r. n.r. 0.9 (0–2.0) 28.6 (6.0–135.9) 

MILD             

Annual 
10 years 

1190 n.r. 58 11,285 a 5.1 a 
1723 60 16,102 3.7 a 1.4 (0–3.1) n.r. 

Biennial 1186 n.r. 40 11,429 a 3.5 a 0 c (0–1.5) n.r. 

NELSON 
(only males) 

10 years 6583 247 344 n.r. 5.58 6612 304 n.r. 4.9 0.6 (0–1.4) 16.2 (4.2–61.8) 

LDCT screening versus chest X-ray screening 

LSS 1 year 1660 n.r. 40 n.r. n.r. 1658 20 n.r. n.r. 1.2 (0.3–2.1) n.r. 

NLST 11.3 years (median) 26 722 720 1701 n.r. 6.38 26,730 1681 n.r. 6.3 0.1 (0–0.5) 2.8 (0.0–742.1) 

Abbreviations: C2=number of participants diagnosed with lung cancer in the control group at the end of the observation time; CI=confidence interval; LDCT=low-dose computed tomography;  
n.r.=not reported; NC=number of persons in the control group; Ns=number of persons in the screening group; PYs=person-years; S1=number of participants diagnosed with lung cancer in the 
screening group at the end of the screening phase; S2=number of participants diagnosed with lung cancer in the screening group at the end of the observation time. 
a Own calculation. 
b Negative estimators were set to 0. 
c Fewer lung cancer cases were diagnosed in the intervention group than in the control group. Thus, no overdiagnoses can be detected. 
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Table 4.17: Results for overdiagnosis separated by sex 

Study 
Observation 
time since 
randomisation 

Intervention Comparator Risk of overdiagnosis 

Ns 

Persons 
with events PYs 

Events 
per 1000 

PYs 
Nc 

Persons 
with event PYs 

Events 
per 1000 

PYs 

In relation to 
persons invited 

to screening 
(S2/Ns – C2/Nc) 

In relation to persons 
diagnosed with lung cancer 
during the screening phase 

(S2 – C2)/S1 

S1 S2 C2 % a,b (95% CI) a,b % a (95% CI) a 

LDCT screening versus no screening  

LUSI  

Women ≥ 7 years; 
average 8.8 years 

714 20 26 n.r. n.r. 716 21 n.r. n.r. 0.7 (0–2.6) 25.0 (1.2–540.9) 

Men 1315 43 59 n.r. n.r. 1307 46 n.r. n.r. 1.0 ([0–2.5) 30.2 (5.0–184.2) 

LDCT screening versus chest X-ray screening 

NLST 

Women 6.5 years 
(median) 

10,953 n.r. 434 n.r. 63.8 a 10,969 395 n.r. 58.0 a 0.4 (0–0.9) n.r. 

Men 15,769 n.r. 655 n.r. 67.8 a 15,761 574 n.r. 59.4 a 0.5 (0.1–0.9) n.r. 

Abbreviations: C2=number of participants diagnosed with lung cancer in the control group at the end of the observation time; CI=confidence interval; LDCT=low-dose computed tomography;  
n.r.=not reported; NC=number of persons in the control group; Ns=number of persons in the screening group; S1=number of participants diagnosed with lung cancer in the screening group at the  
end of the screening phase; S2=number of participants diagnosed with lung cancer in the screening group at the end of the observation time. 
a Own calculation. 
b Negative estimators were set to 0. 
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4.1.7.4 Health-related quality of life 

Data on HRQoL were not reported in the studies or were not usable for the benefit assessment. 

 

4.1.8 Subgroup analyses 

For the overall mortality outcome, the age of the CT equipment (8 studies), the size of the screening 
centre (8 studies), the sex of the participants (4 studies) and the length of screening interval (1 study) 
were examined as potential effect modifiers. For the lung cancer mortality outcome, the age of the 
CT equipment (8 studies), the size of the screening centre (8 studies), the presence of COPD at 
baseline (1 study), the sex (4 studies) and age of the participants (1 study) and the length of screen-
ing interval (1 study) were investigated as potential effect modifiers. 

The size of the screening centre was approximated by relating the number of study participants 
recruited to the number of centres. The size of the participating centres was classified as small for 
an average number of < 3,000 participants per centre, or as large for ≥ 3,000 participants. The divi-
sion of the studies into subgroups according to the age of the CT equipment and the size of the 
screening centre was ultimately identical. Studies using older CT equipment were conducted in 
small centres, while studies using newer CT equipment were conducted in large centres. 

There was no statistically significant interaction for any of the subgroup characteristics mentioned. 
As the interaction p value for overall mortality was close to the significance threshold for the sub-
group analysis by sex if only the studies with no screening as the comparator were considered, all 
results for this subgroup analysis are presented in the sections on overall mortality and lung cancer 
mortality. 

For the overdiagnosis outcome, two studies exclusively reported results for men, while two other 
studies provided data separated by sex. In addition, the MILD study provided separate data for 
annual and biennial screening intervals. As meta-analyses were not performed for overdiagnosis, 
no interaction tests were calculated. Therefore, the results for the subgroups are presented in tabu-
lar form and assessed qualitatively. These results did not indicate an interaction. 

No subgroup analyses were performed for the outcomes of adverse events and consequences of 
false-positive screening results, as no (usable) data were available. For false-positive screening 
results, the MILD study provided separate data for annual and biennial screening intervals. Of the 
three lung resections for benign histology, all interventions were performed in the biennial screen-
ing group. As the total number of these interventions was very low, this result is not very reliable 
and is not interpreted as an interaction. 

No subgroup analyses were performed for the subgroup characteristics of strength of exposure to 
tobacco (e.g., tobacco consumption, smoker status) and screening strategy (e.g., number of screen-
ing rounds) because the studies could not be assigned to appropriate categories or there were no 
significant differences between the studies with regard to the characteristic. There were also no 
usable subgroup analyses conducted within individual studies. 
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4.1.9 Summary 

4.1.9.1 Balancing of benefits and harms 

Every screening causes harm through false screening results and overdiagnosis. Screening is only 
justified if the harm is more than outweighed by the benefit. When weighing up the benefits and 
harms, it must also be taken into account that the results are weighted differently for the various 
outcomes. 

Benefit 

The studies have shown that LDCT screening probably reduces the risk of lung cancer death in 
(formerly) heavy smokers. LDCT screening prevents approximately 5 out of 1,000 people (95% CI 
3–8) from dying of lung cancer within approximately 10 years. On the basis of the study results, 
however, it cannot be statistically proven that overall mortality is also improved by screening. It is 
conceivable that owing to competing causes of death, in particular other tobacco-related diseases 
such as other cancers and cardiovascular diseases, some of the screening participants saved from 
lung cancer death may die at a comparable time and thus the life span of these individuals may 
not be significantly extended. 

The recently published NELSON study in particular highlighted this problem [54]. Despite a statis-
tically significant reduction in lung cancer mortality (IRR 0.76, 95% CI 0.61–0.94), no detectable 
change in overall mortality was found in the main analysis (IRR 1.01, 95% CI 0.92–1.11). Instead, 
it was found that other causes of death tended to occur more frequently. Critics have thus argued 
that LDCT screening might only lead to “an exchange of death from lung cancer for death from 
another cause” [200], without conveying an overall benefit in mortality [201]. However, the figures 
quoted by the authors for the NELSON study refer to men alone, whereas in the meta-analysis for 
this report, a numerical reduction in overall mortality among women was quite visible (Figure 4.4). 
In this report, the NELSON study was included with data for both men and women (16% of the 
study population). 

In addition, the results for overall mortality taken together do not contradict the results for lung can-
cer mortality. Thus, the two estimators for the respective meta-analyses point in the same direc-
tion. Moreover, the absolute effect estimate and its corresponding confidence interval for overall 
mortality are similar to the effect for lung cancer mortality. The estimate for the absolute effect is 5 
per 1000 persons (95% CI –3 to 12) for overall mortality and 5 per 1000 persons (95% CI 3–8) for 
lung cancer mortality within approximately 10 years. It is therefore considered likely that the effect 
of LDCT screening on lung cancer mortality is also reflected in overall survival. In conclusion, 
screening for lung cancer with LDCT may reduce mortality compared with no screening. 

Harm 

Results for adverse events after surgery indicate harm in itself. However, very few data were availa-
ble on adverse events (all forms of treatment) for the intervention and comparison groups, so the 
actual harm based on these data is unclear (see Section 5.7). However, it can be assumed that 
the effect of screening on the rate of adverse events is essentially represented by the overdiagno-
sis outcome. Harms resulting from radiation exposure are specifically described in Section 5.9. 

No data were available on the consequences of false-negative screening results. In the case of 
false-negative screening results, individuals falsely believe that they have no lung cancer. The most 
significant consequence would be to ignore symptoms, which could delay diagnosis and subse-
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quent treatment. However, should this result in an increase in mortality, this would be reflected in 
the lung cancer mortality outcome. Overall, the influence of the lack of specific data on conse-
quences of false-negative screening results on the balancing of benefit and harm is estimated to 
be small. In the case of false-positive screening results, individuals suffer harm through the report-
ing of a worrying finding, the subsequent diagnostic workup and the complications associated with 
this. According to the results of this assessment, 1–15 out of every 1,000 participants invited for 
lung cancer screening will receive an invasive diagnostic workup or a resection with subsequent 
benign findings. The most common complication of lung biopsy is pneumothorax [202]. The risk of 
developing pneumothorax varies depending on the biopsy procedure and the location of the pul-
monary nodule. Some of these individuals will require thoracic drainage. 

It is conceivable that removal of a benign pulmonary nodule can also provide information about 
other diagnoses and prevent future complications (e.g., retention pneumonia). For example, the 
NELSON study documented incidental findings in the screening group [72]. A systematic investi-
gation of incidental findings on LDCT screening was not performed for the present assessment, 
as information on such events and their consequences is only available for the screening groups. 
It therefore remains unclear whether these findings benefit or harm individuals. Although the NLST 
study considered random findings in both groups, chest X-ray screening is not an adequate com-
parator to investigate the effect compared to no screening. For example, Loomans-Kropp et al. 
[168] investigated whether random findings can lead to an increase in the incidence and overdi-
agnosis of thyroid carcinoma. In the authors’ view, the data could indicate this. After a median ob-
servation period of 6.6 years and 6.5 years in the intervention and control groups, respectively, 35 
thyroid carcinomas were diagnosed in the LDCT screening group (n = 26,457) and 25 in the chest 
X-ray screening group (n = 26,238). In total, seven of the 60 people with thyroid cancer died, six of 
them in the LDCT screening group, with malignant neoplasia of the thyroid gland being the cause 
of death in only three people. Other causes of death were other diagnoses of cancer or heart di-
sease. 

The risk of overdiagnosis related to those with a lung cancer diagnosis during the screening phase 
varied greatly between studies, ranging from 0% (no overdiagnosis in the ITALUNG study) to 63% 
(in the DLCST study). The studies showed that an estimated 0–22 out of every 1000 people invited 
for lung cancer screening were diagnosed with lung cancer that would not have caused symptoms 
for the rest of their lives. 

No usable data were available for the HRQoL outcome. It can be assumed that the reporting of a 
suspicious finding for screening participants impairs their HRQoL. Since this effect is likely to be 
only short-term in the case of false-positive results, only the screening participants with true-posi-
tive results can be expected to be significantly impaired. The effect of screening on HRQoL is there-
fore likely to be partly reflected by the overdiagnosis outcome. 

 
4.1.9.2 Other risk factors 

No RCT data were found on LDCT screening in individuals with other risk factors, such as expo-
sure to radon, asbestos or fine particles, COPD or idiopathic pulmonary fibrosis or a family history 
of lung cancer. However, one of the RCTs, UKLS [3-12], was not restricted to smokers and in-
cluded patients with a higher risk of lung cancer according to the Liverpool Lung Project risk pre-
diction model, but no results that could be used for the benefit assessment were reported. For two 
reasons, it is not possible to transfer (or extrapolate) the results for screening in (former) smokers 
to individuals with other risk factors. First, it is quite possible that LDCT is less accurate in examin-
ing lungs that are affected by specific risk factors, such as asbestos exposure. Second, tumour type 
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or growth could differ between different risk factors, thus affecting the effectiveness of screening, 
diagnostic or therapeutic interventions for lung cancer. In addition, smoking as a risk factor is much 
easier to elicit and to quantify than other risk factors. In summary, no reliable evidence is available 
to support LDCT screening in individuals with other risk factors. 

 
4.1.9.3 Conclusion 

High-quality evidence shows that screening for lung cancer with LDCT results in little or no differ-
ence in overall mortality when compared with no screening. For lung cancer mortality, moderate-
quality evidence shows that screening for lung cancer with LDCT probably reduces lung cancer 
mortality when compared with no screening. Since the respective absolute effects and their corre-
sponding CIs are of a similar order of magnitude, the assumption that screening also has a posi-
tive effect on overall mortality seems justified. Taking together the considerations for the two sub-
outcomes for mortality, we can conclude that screening for lung cancer with LDCT may have a 
mortality benefit. 

However, screening for lung cancer with LDCT may increase adverse events and lead to harm due 
to the consequences of false-positive screening results. In addition, it leads to harm in terms of 
overdiagnosis. Consequences of false-negative screening results were not reported in the stud-
ies. Their influence on the balancing of benefit and harm is estimated to be small. Only data from 
one study were available for the adverse events outcome and no usable data were available for the 
HRQoL outcome. However, the effect of screening on the rate of adverse events and on HRQoL 
is likely to be partly covered by the effect on overdiagnosis. 

LDCT screening probably saves approximately 5 out of 1,000 people (95% CI 3–8) from dying of 
lung cancer within approximately 10 years and may potentially extend the life of some of these 
screening participants when compared to no screening. The benefit in terms of mortality is mainly 
opposed by the harm resulting from false-positive screening results and overdiagnosis. Owing to 
false-positive screening results, invasive procedures occur in at least 1 in 1,000 persons, but at 
most in 15 in 1,000 persons, that would not have been performed without the screening. These 
procedures can cause complications such as the occurrence of pneumothorax. Overdiagnosis is 
considered as harm because of the unnecessary subsequent diagnostic tests and therapy, includ-
ing the resulting complications. The risk of overdiagnosis in the individual studies is between 0 and 
22 per 1,000 persons invited for screening. The risk of overdiagnosis in the presence of a lung 
cancer diagnosis is between 0% and 63% in the individual studies. This underlines how important 
it is for a positive benefit-to-harm ratio to keep the risk of overdiagnosis low with optimal screening 
strategies. 
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4.2 Research question 2 

4.2.1 Information retrieval 

Figure 4.8 shows the results for information retrieval from the main and additional information 
sources according to the predefined inclusion criteria. References for the documents that were 
excluded after checking the full text are presented in Appendix 4 with the reasons for exclusion. 

 

 

Figure 4.8: Flow chart of information retrieval for clinical effectiveness and safety  
in research question 2 

Information retrieval identified no RCTs (0 documents) as relevant for the research question about 
the benefit and harm of screening for lung cancer using biomarkers in addition to LDCT compared 
to screening using LDCT alone in individuals at elevated risk of lung cancer (research question 2). 
In addition, no ongoing, planned, withdrawn or completed RCTs for this comparison were identified. 
The last search in bibliographic databases was performed on 2nd July 2020. The search in study 
registries was performed on 7th July 2020. 

 

4.2.2 Summary 

In the absence of eligible RCTs, no conclusion is possible whether the use of biomarkers in addi-
tion to LDCT within the process of screening for lung cancer in risk groups would result in an addi-
tional benefit or less harm compared to lung cancer screening using LDCT alone. 
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4.3 Research question 3 

4.3.1 Information retrieval 

For research question 3 no separate literature search was carried out. RCTs included for research 
questions 1 and 2 were used to perform subgroup analyses by different screening modalities if rele-
vant information was available. 

Information retrieval for research question 1 identified nine randomised trials (184 documents), of 
which eight RCTs (175 documents) were potentially relevant for research question 3. UKLS [3-12] 
was a feasibility study with no usable results for clinical effectiveness assessment reported and there-
fore it was not relevant for research question 3. The literature search for research question 2 result-
ed in no relevant RCTs and therefore no additional potentially relevant studies for research ques-
tion 3 could be identified. For further detail see information retrieval Sections 4.1.1. and 4.2.1. 

 

4.3.2 Studies included in the assessment and RoB assessment 

For details on the study characteristics and RoB assessment, see Sections 4.1.3 and 4.1.5. 

 

4.3.3 Results on clinical effectiveness and safety 

For research question 1, subgroup analyses were carried out with regard to participant and organ-
isational characteristics. The conclusions from these analyses regarding clinical effectiveness and 
safety are presented above (Section 4.1.7). 

Beyond these analyses, no further subgroup analyses could be performed for different screening 
strategies (e.g., number of screening rounds or organisational differences) because the studies 
could not be assigned to appropriate categories or there were no significant differences between 
the studies with regard to the characteristics. 

However, regarding the screening interval, one of the RCTs, MILD, was a three-arm study in which 
participants in the intervention groups were screened either annually or every 2 years (biennially). 
For these two screening groups, results after 10 years of follow-up are available for overall mortal-
ity and lung cancer mortality [47]. 

According to the 10-year data from MILD, biennial as compared to annual LDCT screening results 
in similar overall mortality (HR 0.80, 95% CI 0.57–1.12; p = 0.191) and similar lung cancer mortality 
(HR 1.10, 95% CI 0.59–2.05; p= 0.760). 

However, the quality of the evidence on biennial versus annual LDCT screening was rated as very 
low because these two screening intervals have so far only been directly compared in a single study 
(i.e., lack of independent replication). In addition, the study has high RoB and lacks the necessary 
statistical precision. The assessment of the outcome-specific quality of the evidence is presented 
in Table A18 in Appendix 6. 

 

4.3.4 Summary 

In terms of organisational variations in screening, the studies comparing lung cancer screening us-
ing LDCT to no screening were either largely comparable (inclusion criteria with regard to smoking 
status) or there was no statistically significant interaction (screening interval, screening centre size, 
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age of the CT equipment, sex or age of the participants) or they could not be assigned to appropri-
ate categories (such as screening invitation processes or investigation strategy). From the single 
study that directly compared biennial versus annual LDCT screening, only results of very low quali-
ty were available. 

Therefore, the available evidence is not sufficient to answer the research question of whether one 
specific strategy in lung cancer screening is favourable compared to other screening strategies. 

 

4.4 Research question 4 

4.4.1 Information retrieval 

Figure 4.9 shows the results for information retrieval from the main and additional information 
sources according to the predefined inclusion criteria. References for the documents that were ex-
cluded after checking the full texts are presented in Appendix 4 with the reasons for exclusion. 

 

Figure 4.9: Flow chart of information retrieval for clinical effectiveness (research question 4) 
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Information retrieval identified 15 studies (23 articles) as relevant for the research question about 
the effectiveness of different strategies to inform individuals in the target group about lung cancer 
screening. In terms of design, the studies included could be categorised as follows: five randomised 
trials (10 documents) [177-186], three controlled observational studies (3 documents) [187-189] and 
seven uncon-trolled pre–post-intervention (PPI) studies (10 documents) [190-199]. The last search 
was performed on 24th July 2020. 

 

4.4.2 Studies included in the assessment 

The studies listed in Table 4.18 were included in the assessment. 

Table 4.18: Study pool: list of relevant studies used for the assessment 

Study Documents  
available 

Study  
registry entries 

Result report from 
study registries 

Lung cancer screening information/invitation interventions 

Quaife 2020 Yes [177, 178] Yes [185, 186] No 

Sharma 2018 Yes [181] No – 

Yoshida 2012 Yes [189] No – 

Shared decision making in lung cancer screening 

Hoffman 2018 Yes [190, 191] Yes [198] No 

Lau 2015 Yes [192] No – 

Lowenstein 2020 Yes [187] No – 

Mazzone 2017 Yes [193] No – 

Reuland 2018 Yes [194] Yes [199] No 

Ruparel 2019 Yes [179] Yes [185, 186] No 

Sakoda 2019 Yes [195] No – 

Sferra 2020 Yes [180] No – 

Studts 2020 Yes [196] No – 

Tanner 2019 Yes [188] No – 

Volk 2014 Yes [197] No – 

Volk 2020  Yes [182, 183] Yes Yes [184] 

 

4.4.3 Description of the evidence used 

Table 4.19, Table 4.20 and Table 4.21 describe the studies used for the assessment. 

Two RCTs and one nonrandomised comparative study compared different information or invitation 
materials/strategies for lung cancer screening The remaining 12 studies (three RCTs, two observa-
tional studies and seven uncontrolled PPI studies) assessed the effect of different shared decision-
making strategies or tools for individuals eligible for lung cancer screening. 
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4.4.3.1 Lung cancer screening information/invitation interventions 

There are two RCTs on the topic of different invitation strategies for lung cancer screening. The 
first RCT (2012 participants) evaluated the effect of a targeted, stepped and low-burden invitation 
strategy compared to standard invitations used in the National Health Service (NHS) cancer screen-
ing programmes in the UK regarding screening attendance and informed decision-making outcomes 
[177, 178]. In the second RCT, 1,000 participants received a brochure and were contacted by tele-
phone for in-depth messaging regarding lung cancer, or they just received the brochure on lung 
cancer screening without further contact. This trial was conducted in the USA [181]. One observa-
tional study [189] evaluated whether the distribution of an information leaflet on lung cancer screen-
ing compared to no intervention affects the screening rate among different age groups in an urban 
area in Japan. 

 
4.4.3.2 Information strategies/tools for informed decisions  

in lung cancer screening 

The remaining 12 studies (three RCTs, two observational studies and seven uncontrolled PPI stud-
ies) included 2069 participants and evaluated the effects of different information strategies on in-
formed decisions to participate in lung cancer screening. All studies were conducted in the USA. 
The use of different types of decision aid (e.g., video-based, web-based) was investigated in RCTs 
by Volk 2020 [182, 183] and Sferra 2020 [180], while one observational study [187] used standard 
information material for lung cancer screening and counselling using option grids as comparators. 
Decision aids were also investigated in five single-arm studies (Hoffman 2018 [190, 191], Lau 2015 
[192], Mazzone 2017 [193], Reuland 2018 [194] and Volk 2014 [197]). Two other studies exam-
ined educational materials [196] or educational classes [195] for screening participants. One RCT 
investigated the benefit of an information film in addition to a booklet in comparison to an informa-
tion booklet alone [179]. The remaining observational study compared in-person shared decision-
making counselling to telephone counselling [188]. 
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Table 4.19: Characteristics of the studies included 

Study Study location 
and period 

Study  
type 

Intervention 
(N) 

Comparator(s) 
(N) 

Patient 
population 

Primary and patient-relevant 
secondary endpoints a 

Funding 

LCS information/invitation interventions 

Quaife 
2020 

UK, 
2014–2019 

RCT Targeted 
screening 
invitation 
strategy 
(N = 1006) 

Standard 
invitation 
material for UK 
screening 
programmes  
(N = 1006) 

Current smokers 
during 2010 or  
in subsequent 
years,  
aged 60–75 years 

Primary: 
• Attendance for the Lung Health 

Check appointment  
Secondary: 
• Demographics of invited persons 
• Smoking data 
• Lung cancer risk 
• Psychological burden of screening 
• Screening eligibility 
• Uptake of CT scans and 

willingness to be screened 
• Informed decision-making outcomes 

(decisional conflict, decisional 
satisfaction, knowledge of LCS) 

• University College, 
London 

• University College 
London Hospitals 

• Homerton University 
Hospital NHS 
Foundation Trust 

Sharma 
2018 

USA, n.r. RCT In-depth 
telephone 
counselling 
+ brochure 
(N = 500) 

Brochure alone  
(N = 500) 

Current smokers, 
aged 55–79 years 

Primary: n.r. 
Secondary: n.r 
Other outcomes: 
• Speaking to a physician about LCS 
• Speaking to an insurance company 

about LCS 

• Cancer Prevention  
and Research Institute 
of Texas 

• M.D. Anderson Cancer 
Center  

Yoshida 
2012 

Japan, n.r. Observational Information 
leaflet  
on LCS  
(N = 214) 

No leaflet  
(N = 174) 

Men and women 
aged 40–59 years 
eligible for LCS 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• LCS rates 

n.r. 
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Study Study location 
and period 

Study  
type 

Intervention 
(N) 

Comparator(s) 
(N) 

Patient 
population 

Primary and patient-relevant 
secondary endpoints a 

Funding 

Information strategies/tools for informed decision in LCS 

Hoffman 
2018 

USA, 2016 Single-arm 
PPI 

Video-based 
decision aid 
(N = 31) 

– Smokers or former 
smokers (within 15 
years of quitting), 
aged 55–80 years, 
who were eligible 
for LCS 

Primary: 
• Informed decisions regarding LCS  
Secondary: 
• None 

• M.D. Anderson Cancer 
Center 

• Patient-Centered 
Outcomes Research 
Institute 

Lau 2015  USA, 2014 Single-arm 
PPI 

Web-based 
patient 
decision aid 
(N = 60) 

– Smokers or 
former smokers, 
aged 45–80 years 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Decisional conflict 
• Knowledge regarding LCS 
• Screening acceptability 

• University of Michigan 
Comprehensive Cancer 
Center 

Lowenstein 
2020 

USA, 
2016–2017 

Observational Interactive 
decision aid 
+ decision 
coaching  
(N = 30) 

No decision aid 
or coaching  
(N = 51) 

Adults who 
participated in 
LCS (control) or 
who presented for 
LCS (intervention)  

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Informed decisions regarding LCS  
• Knowledge regarding LCS 
• Participant satisfaction with visit 

• M.D. Anderson Cancer 
Center 

• Duncan Family Institute 
for Cancer Prevention 
and Risk Assessment 

• National Cancer Institute 

Mazzone 
2017 

USA, 
2015–2016 

Single-arm 
PPI 

SDM 
counselling 
visit, which 
includes an 
online 
decision aid 
(N = 155) 

– Adults eligible for 
LCS 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Knowledge regarding LCS 

n.r. 

Reuland 
2018 

USA, 
2015–2016 

Single-arm 
PPI 

Patient 
decision aid 
(N = 62) 

– Smokers or 
former smokers 
aged 55–80 years 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Knowledge regarding LCS 
• Screening preferences 
• Screening participation 
• Decision aid acceptability 

• UNC Lineberger 
Comprehensive Cancer 
Center 
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Study Study location 
and period 

Study  
type 

Intervention 
(N) 

Comparator(s) 
(N) 

Patient 
population 

Primary and patient-relevant 
secondary endpoints a 

Funding 

Ruparel 
2019  

UK, 
2016–2017 

Nested RCT 
within the 
Lung Screen 
Uptake Trial 
(Quaife 2020) 

LCS 
information 
film + 
booklet  
(N = 126) 

LCS information 
booklet alone  
(N = 120) 

Smokers or 
former smokers 
(within 5 years  
of quitting),  
aged 60–75 years, 
identified for a 
lung health check 

Primary:  
• Knowledge regarding LCS 

(postintervention 10-point objective 
knowledge score) 

Secondary: 
• Knowledge regarding LCS  

(5-point subjective investigator-
designed knowledge score) 

• Decisional conflict scale (DCS) 
• LDCT completion 
• Feedback on the information 

materials 

• University College, 
London 

• University College 
London Hospitals 

• Homerton University 
Hospital NHS 
Foundation Trust 

Sakoda 
2019  

USA, 
2017–2018 

Single-arm 
PPI 

Patient 
education 
class for 
SDM  
(N = 269) 

– Smokers or 
former smokers, 
aged 55–80 years 
eligible for LCS 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Knowledge regarding LCS 
• Informed decisions regarding LCS  

• National Cancer 
Institute 

Sferra 
2020  

USA, 
2015–2017 

RCT Directed 
SDM  
discussion 
utilising 
option grids 
(N = 128) 

Online decision 
aid 
(N = 109) 

Smokers or 
former smokers 
(within 15 years  
of quitting),  
aged 55–80 years, 
who were eligible 
for LCS with LDCT 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Informed decisions regarding LCS  
• Decisional conflict  
• Knowledge regarding LCS 

• Temple University Fox 
Chase Cancer Center/ 
HC Regional Compre-
hensive Cancer Health 
Disparity Partnership 

• National Cancer 
Institute 

Studts 
2020  

USA, n.r. Single-arm 
PPI 

Values 
clarification/ 
preference 
elicitation 
exercise  
and brief 
educational 
intervention 
(N = 210) 

– Smokers or 
former smokers, 
aged 45 years or 
older 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Decisional conflict 

• National Institutes  
of Health 

• Behavioral and 
Community-Based 
Research Shared 
Resource Facility of the 
University of Kentucky 
Markey Cancer Center 
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Study Study location 
and period 

Study  
type 

Intervention 
(N) 

Comparator(s) 
(N) 

Patient 
population 

Primary and patient-relevant 
secondary endpoints a 

Funding 

Tanner 
2019  

USA, 
2015–2016 

Prospective  
observational 
study 

In-person 
SDM visit 
(N = 80) 

Telephone  
SDM visit 
(N = 70) 

Adults eligible  
for LCS based  
on their age and 
tobacco pack-year 
history 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Screening participation rate 
• Decisional conflict 
• Decisional satisfaction 

• Veterans Affairs Health 
Services 

• American Cancer 
Society 

Volk 2014  USA, 
2011–2012 

Single-arm 
PPI 

Video-based 
decision aid 
(N = 52) 

– Current or former  
smokers aged 
45–75 years from 
a cancer centre 
tobacco treatment 
programme 

Primary: n.r. 
Secondary: n.r. 
Other outcomes: 
• Knowledge regarding LCS 
• Decisional conflict 
• Decision aid acceptability 

n.r. 

Volk 2020  USA, 
2015–2017 

RCT Video-based 
decision aid 
(N = 259) 

Standard 
educational 
material  
(N = 257) 

Smokers or former 
smokers (within 15 
years of quitting), 
aged 55–77 years 
recruited from 
state-based 
tobacco cessation 
helplines 

Primary: 
• Informed decisions regarding LCS 
• Decisional conflict 
Secondary: 
• Knowledge regarding LCS  

• M.D. Anderson Cancer 
Center 

• Patient-Centered 
Outcomes Research 
Institute 

Abbreviations: CT=computed tomography; LCS=lung cancer screening; LDCT=low-dose computed tomography; N=number of patients randomised (included); n.r.=not reported;  
PPI=pre–post-intervention; RCT=randomised controlled trial; SDM=shared decision-making. 
a Primary endpoints contain information without consideration of its relevance for this assessment. Secondary endpoints contain exclusively information on the relevant available outcomes  
for this assessment. 
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Table 4.20: Inclusion and exclusion criteria 

Study Inclusion criteria Exclusion criteria 

Lung cancer screening information/invitation interventions 

Quaife 
2020  

• Men and women aged 60–75 years 
• Recorded by their GP practice as smokers 

since April 2010 (within 7 years of invitation) 

• Active lung cancer diagnosis  
or metastases 

• On the palliative care register 
• Had undergone recent CT  

of the thorax (<12 months) 
• Lacked capacity 
• Insufficient English  
• Comorbidity contraindicating 

screening or treatment 

Sharma 
2018  

• Men and women aged 55–79 years 
• Current smokers 
• Former smokers  

(quit smoking within the past 15 years) 
• Participants residing in New York state,  

but outside of Erie and Niagara counties 
• Smoking history of at least 30 pack-years 
• Agreed to be recontacted for a 4-month  

follow-up survey 
• Able to communicate in English 

n.r. 

Yoshida 
2012  

• Men and women aged 40–59 years n.r. 

Information strategies/tools for informed decisions in lung cancer screening 

Hoffman 
2018  

• Men and women aged 55–80 years 
• Current smoker or quit smoking within  

the past 15 years 
• Able to communicate in English 

• History of lung cancer 

Lau 2015  • Men and women aged 45–80 years 
• Current or former smoker  

• History of lung cancer 
• Chest CT scan with in previous year  

Lowenstein 
2020  

• Adults who already participated in lung cancer 
screening or presented in clinic for lung cancer 
screening 

n.r. 

Mazzone 
2017  

• Eligible for lung cancer screening based  
on their age and smoking history 

n.r. 

Reuland 
2018  

• Men and women aged 55–80 years 
• Current smoker or quit smoking within  

the past 15 years 

• History of lung cancer 
• Treatment for other cancer with 

chemotherapy or radiation within  
18 months 

Ruparel 
2019  

• Individuals aged 60–75 years 
• Recorded as a current smoker in 2010  

or subsequent years 

• Active diagnosis of lung cancer  
or metastases 

• CT of the thorax within the past year 
• Inability to consent to the study 
• Palliative care register 
• GP alert to comorbidity that 

contraindicates screening or 
treatment for lung cancer 

Sakoda 
2019  

• Men and women aged 55–80 years 
• Current or former smoker 

n.r. 
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Study Inclusion criteria Exclusion criteria 

Sferra 
2020  

• Men and women aged 55–80 years 
• Actively smoking or quit smoking within  

the past 15 years 
• Smoking history of at least 30 pack-years 
• Reliable communication by mail and telephone 
• Reading level at least 6th grade according to 

Rapid Estimate of Adult Literacy in Medicine 
criteria 

• Able to communicate in English 
• Not cognitively impaired. 

• Symptoms suggestive of lung 
cancer, such as haemoptysis or 
unexplained weight loss 

• Previous lung cancer 
• Previous cancer of any origin  

with active treatment within the  
past 5 years 

• Any comorbidity or condition 
precluding them from lung cancer 
treatment 

Studts 
2020  

• Men and women 45 years or older 
• Smoking history ≥ 20 pack-year 
• Able to communicate in English 

• History of lung cancer 

Tanner 
2019  

• Eligible for lung cancer screening based  
on their age and tobacco pack-year history 
according to the US Preventive Service Task 
Force 2014 recommendations 

n.r. 

Volk  
2014  

• Men and women aged 45–75 years 
• Current or former smoker from a tobacco 

treatment programme 
• Able to communicate in English 

• History of lung cancer 

Volk  
2020  

• Men and women aged 55–77 years 
• Current smoker or quit smoking within  

the past 15 years. 
• Smoking history ≥ 30 pack-year 
• Able to communicate in English 

• History of lung cancer 

Abbreviations: CT=computed tomography; GP=general practitioner; n.r.=not reported. 
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Table 4.21: Characterisation of the interventions 

Study 
reference 

Intervention Comparator Additional intervention  
in all groups 

LCS information/invitation interventions 

Quaife 
2020  

Targeted, stepped and low-burden invitation strategy: participants 
received an “M.O.T. For Your Lungs” leaflet, designed to target 
psychological barriers to attendance (fear, fatalism, and stigma), to be 
low-burden (sufficient for deciding to attend and consider the screening 
offer), and stepped (full information given at the appointment using the 
control group’s booklet or available before via a website, phone, or 
post). An M.O.T. is an annual roadworthy test for vehicles and was a lay 
concept perceived to be analogous to a medical check-up and preferred 
by patient and public involvement groups. 

Participants received an information 
booklet mimicking the fact booklets of  
UK NHS cancer screening programmes. 

All participants received the same 
postal invitation letters from their 
primary care practice: preinvitation 
letter, invitation letter with scheduled 
appointment, and reminder reinvitation 
letter with a second scheduled 
appointment (sent to nonresponders 
>4 wk after missed appointment). 
The invitation letters were identical 
with two exceptions: 
1) Letters for the intervention group 
referred to “ever smokers” whereas 
letters for the control group referred 
to “current and former smokers”. 
2) Letters for the intervention group 
included a bullet-point summary of 
the Lung Health Check, including an 
LDCT scan offer, on the reverse side. 

Sharma 
2018  

Participants received the same brochure as in the control group along 
with coach-delivered in-depth messaging regarding LCS over the 
telephone. This additional messaging included awareness education 
about LCS, and expanded information on the perceived benefits, 
perceived barriers/cost, along with advice to speak with their doctor 
(cue to action). 

Participants received a brochure on LCS 
that provided information on the benefits 
associated with screening, information about 
insurance coverage, some of the perceived 
risks from screening, and advice to talk with 
their doctor via a tear-off feature in the 
brochure (cue to action). The control group 
also received a brief message to check for 
the brochure in the mail. 

– 

Yoshida 
2012  

A leaflet titled “Do you know lung cancer screening” from the National 
Cancer Center on LCS. The leaflet consisted of 5 parts: questions and 
answers on lung cancer, a flowchart of LCS, tobacco and lung cancer, 
sites of occurrence of lung cancer, and LCS. The leaflet pointed out the 
necessity of LCS, importance of early detection and early treatment, 
and high mortality rate of lung cancer with data. 

No leaflet Questionnaire of 10 multiple-choice 
questions on their cancer screening 
record, knowledge and interest in 
cancer, occupation, and smoking and 
alcohol drinking habit. 
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Study 
reference 

Intervention Comparator Additional intervention  
in all groups 

Information strategies/tools for informed decision in LCS 

Hoffman 
2018  

Video-based patient decision aid about LCS (Lung Cancer Screening: 
Is it right for me?) of 9.5 minutes; content based on US Preventive 
Services Task Force 2014 recommendation for LCS and the CMS 
eligibility criteria for LCS. Includes information about: eligibility for LCS 
and a calculation of tobacco pack-year smoking history, lung cancer 
epidemiology and importance of quitting smoking, a video of a patient in 
a CT scanner, an icon arrays graphically depicting the magnitude of 
mortality reduction, false-positive results and harms from invasive 
diagnostic procedures, and radiation exposure depicted within the 
context of other sources of radiation (e.g., a screening mammogram). 

– – 

Lau 2015  Online decision aid (www.shouldiscreen.com) that includes a web-
based calculator consisting of 12 questions to calculate the risks of lung 
cancer. The results indicate how much a person stands to benefit from 
getting screened and help the person better determine whether their 
potential benefit from screening outweighs the harms. The participants 
navigated through the website on their own. 

– – 

Lowenstein 
2020  

Interactive decision aid based on the content of a video-based 
decision aid (Lung Cancer Screening: Is it right for me?) and a second 
video-based decision aid on LCS. The adapted decision aid included 
descriptions of the LCS process and of potential benefits and harms of 
LCS. Participants’ values were assessed using a series of interactive 
questions about benefits and harms related to LCS. Finally, the 
application provided a list of tailored discussion topics on the basis of 
the responses. The decision coaching module was based on the 
Ottawa Decision Support Framework and addressed CMS-required 
elements for SDM. A series of 6 interactive pages guided clinicians 
through the decision coaching procedures. 

Usual LCS procedure in USA. – 

Mazzone 
2017  

SDM counselling visit: 6-minute narrative video slideshow  
describing the benefits and harms of LCS, and use of a decision aid 
(www.shouldiscreen.com) to individualise the discussion of benefits and 
risks. Participants had an opportunity to ask questions throughout the visit. 

– – 

Reuland 
2018  

Self-developed video-based decision aid based on CMS standards 
and requirements (length 6 minutes). Written text was read aloud, and 
technical terms and concepts were explained using narration, graphics  

– – 

http://www.shouldiscreen.com/
http://www.shouldiscreen.com/
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Study 
reference 

Intervention Comparator Additional intervention  
in all groups 

Reuland 
2018  
(continuation) 

and animations. Content included the rationale for screening, eligibility 
criteria, description of the LDCT procedure and a dynamic icon array 
(pictogram) sequentially depicting estimates for the benefits and harms 
of screening among 1000 individuals screened annually for 3 years. 

  

Ruparel 
2019  

LCS information film (5.5 minutes long) in addition to the information 
booklet used in the control group; 10 minutes to watch the film and/or 
read the booklet in the presence of a healthcare professional.  
It addresses lung cancer, the benefits and harms of LCS (including 
indeterminate pulmonary nodules and false positives, overdiagnosis 
and radiation damage), the LDCT procedure, and possible results  
after the scan. 

Information booklet (10 pages) on lung 
health check, designed to be clear and com-
prehensible for individuals with a reading age 
of 11–13 years: It addresses lung cancer, the 
benefits and harms of LCS (including indeter-
minate pulmonary nodules and false positives, 
overdiagnosis, and radiation damage), the 
LDCT procedure, and possible results after 
the scan; 10 minutes to read the booklet in 
the presence of a healthcare professional. 

Participants in both groups were 
subsequently informed of an elevated 
lung cancer risk (if applicable) 
compared with the general population 
and thus eligibility for LDCT. If the 
participant was happy to proceed, 
written consent to undergo LDCT was 
taken by the healthcare professional. 

Sakoda 
2019  

Patient education class on LCS before face-to-face SDM visit with 
primary care physician. The class provides the opportunity for patients to 
decide whether LCS is right for them. Key aspects, including the eligibility 
criteria and potential benefits and harms, are presented. A risk assess-
ment is illustrated for a hypothetical patient during class and then later 
personalised and discussed at the SDM visit if a patient chooses to con-
tinue with screening. The importance of smoking abstinence is stressed 
to encourage current smokers to quit. Patient education materials and  
a decision worksheet handout, all developed by our Regional Health 
Education department, are provided to support the learning process. 
The class was taught by a clinical specialist (80% pulmonologists) 

– – 

Sferra 
2020  

Directed SDM discussion utilising Option Grids (www.optiongrid.org), a 
brief information sheet to guide a physician–patient encounter in which 
patients and providers can select/compare LCS options and made a 
decision. 

Online decision aid 
(www.shouldiscreen.com) that includes  
a web-based calculator consisting of 12 
questions to calculate the individual risk of 
lung cancer. The results indicate how much 
a person stands to benefit from getting 
screened and help the person better 
determine whether their potential benefit 
from screening outweighs the harms.  
The physician navigated the participants 
through the website. 

LCS programme that incorporates an 
SDM visit, LDCT scan and discussion 
of results in a single-day visit. 
Participants of both groups had an 
opportunity for further discussion with 
a physician before deciding if they 
would pursue screening. 

http://www.shouldiscreen.com/
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Study 
reference 

Intervention Comparator Additional intervention  
in all groups 

Studts 
2020  

Full-profile conjoint value analysis instrument with 22 cards/vignettes 
and a brief educational narrative on LCS. The conjoint exercise 
consisted of 5 attributes: expected mortality reduction (benefit), false 
positive rate (harm), cost, provider recommendation, and access. After 
each scenario, a 9-point Likert-type ratings scale anchored by ‘‘would 
definitely not get screened’’ and ‘‘would definitely get screened’’ was 
used to assess importance scores. All participants received the same 
scenarios, although the order of scenario presentation and of attributes 
varied. In addition to the conjoint valuation survey, a brief educational 
narrative was provided that described the LCS decision, introduced the 
conjoint procedure and defined a false-positive screening result. The 
brief educational narrative included 410 words written at the 7.5 grade 
level according to the Flesch-Kinkaid grade level formula. 

– – 

Tanner 
2019  

Recruitment using waiting room advertisements with return cards  
and/or telephone contact. In-person SDM visits were conducted by  
a pulmonologist or a nurse practitioner at random as part of usual care. 
The visit took an average of 15 minutes. Participants received a paper 
decision aid covering the harms and benefits of LCS. The visit started 
with explanatory counselling about the benefits and potential harms of 
LCS using the decision aid. The participants received a personalised 
risk assessment for developing lung cancer over the next 6 years  
using the PLCO modified 2012 calculator. 

Recruitment using postcard mailers and 
telephone contact. Telephone SDM visits 
were conducted by a nurse practitioner as 
part of usual care in the LCS programme. 
The visit took an average of 15 minutes. 
Participants received a paper decision aid 
covering the harms and benefits of LCS in 
the mail 1 week before the telephone SDM 
visit. The visit started with explanatory 
counselling about the benefits and potential 
harms of LCS using the decision aid. 
Participants received a personalised risk 
assessment for developing lung cancer 
over the next 6 years using the PLCO 
modified 2012 calculator. 

– 

Volk  
2014  

Video-based patient decision aid on LCS (Lung Cancer Screening:  
Is it right for me?) of 6 minutes; content written at the 8th-grade reading 
level. Features include an on-screen narrator, information about lung 
cancer and its risk factors, footage of a patient undergoing a scan, 
animations communicating the magnitude of harms and benefits of 
LDCT screening, and an implicit values clarification component that 
depicts trade-offs between potential harms and benefits. Uses animated 
pictographs to depict the likelihood of benefit from LDCT screening and 
the false-positive rate associated with testing. 

– – 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 132 

Study 
reference 

Intervention Comparator Additional intervention  
in all groups 

Volk  
2020  

Video-based patient decision aid on LCS (Lung Cancer Screening:  
Is it right for me?) of 9.5 minutes; content based on US Preventive 
Services Task Force 2014 recommendation for LCS and the CMS 
eligibility criteria for LCS. It included information about:  
1) eligibility for LCS and a calculation of tobacco pack-year  
smoking history, 
2) Lung cancer epidemiology and risk factors 
3) Video of a patient in a CT scanner 
4) Icon arrays to graphically depict the magnitude of mortality reductions, 
false-positive results and harms from invasive diagnostic procedures 
5) Radiation exposure depicted within the context of other sources  
of radiation (e.g., a screening mammogram) 

Smoking cessation was emphasised throughout the decision aid. 

Standard educational material for LCS 
(2-page brochure) including information on: 
1) Eligibility for screening 
2) Harms and benefits of screening 
3) What to expect when undergoing  
an LDCT scan 
4) Costs of screening  
5) How to interpret LDCT results 
6) Importance of smoking cessation 
7) Where to find more information about 
lung cancer and screening 
Benefits and harms were described, but  
no probabilities of outcomes were included. 
Patient values related to the positive and 
negative features of LCS were not 
addressed. 

– 

Abbreviations: CMS=Centers for Medicare & Medicaid Services; CT=computed tomography; LCS=lung cancer screening; LDCT=low-dose CT; NHS=National Health Service;  
PLCO=Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; SDM=shared decision-making. 
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4.4.3.3 Lung cancer screening information/invitation interventions 

The two RCTs included current or former smokers who had quit smoking within the previous 15 
years. In the Sharma 2018 study, the participants had to have a smoking history of at least 30-pack-
years, while in the second RCT (Quaife 2020) no pack-years were defined. The ratio between men 
and women was balanced in these trials. The mean age of the participants was 62 and 66 years, 
respectively. One Japanese study (Yoshida 2012) focussed on younger persons potentially eligible 
for lung cancer screening (40–49 years) because the study aim was to improve cancer screening 
rates at an earlier phase of life. The percentage of women in this study was approximately 59%. 

 
4.4.3.4 Information strategies/tools for informed decisions  

in lung cancer screening 

All of the studies included man and women eligible for lung cancer screening, defined as current or 
former smokers aged ≥ 45 years or ≥ 55 years. In four studies, former smokers were included only 
if they had stopped smoking within the last 15 years (Hoffman 2018, Reuland 2018, Sferra 2020 and 
Volk 2020). A smoking history of at least 20 or 30 pack-years was an inclusion criterion in three stud-
ies (Sferra 2020, Volk 2020 and Studts 2020). The percentage of women in the studies ranged from 
40% to 65%. The mean age of the participants in the studies ranged from 59 years to 65 years. 

Table 4.22 shows the characteristics of the participants in the studies included. 

Table 4.22: Baseline characteristics of the study population 

Study and characteristics Intervention Comparator 

Lung cancer screening information/invitation interventions 

Quaife 2020  N = 1006 a N = 1006 a 

Age [years], mean (SD) 66.1 (4.3) 65.9 (4.3) 

Sex [F], % 44.7 47.8 

Ethnicity, % 
Asian 
Black 
Mixed 
White 
Other 
Not stated 

 
2.3  
9.4  
1.4  
79.6  
3.1  
4.2 

 
1.9  
9.7  
2.0  
79.8  
2.8  
3.8 

Smoking status, % 
Current smoker 
Quit smoking 
Never smoked tobacco 
Refused/not stated 
Missing 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, median 
Years smoked, median 

 
76.2  
23.0  
0.8  
0 
0 

n.r. 
n.r. 
n.r. 

 
72.8  
26.4  
0.5  
0.2  
0.1 
n.r. 
n.r. 
n.r. 

Study discontinuation, n (%) 0 0 

Sharma 2018  N = 500 a N = 500 a 

Age [years], mean (SD) 62.0 (6.3) 61.0 (5.6) 

Sex [F], % 54.2 53.2 

Ethnicity, % 
White 
African American 
Other/not reported 

 
67.6 
12.0 
20.4 

 
68.8 
12.2 
19.0 
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Study and characteristics Intervention Comparator 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median (SD) 
Number of pack-years, median (SD)  
Years smoked, median (SD) 

 
n.r. 
n.r. 

20.0 (8.4) 
45 (20.1) 
40 (9.0) 

 
n.r. 
n.r. 

20.0 (9.4) 
45 (21.4) 
40 (8.4) 

Study discontinuation, n (%) 172 (55.6) 284 (56.8) 

Yoshida 2012 N = 214 a N = 174 a 

Age, % 
40–44 years 
45–49 years 
50–54 years 
55–59 years 
Unknown 

 
15.4 
22.9 
31.3 
28.0 
2.3 

 
18.3 
28.7 
26.4 
24.1 
2.3 

Sex [F], % 56.5 62.0 

Ethnicity, % n.r. n.r. 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, median  
Years smoked, median 

 
17 
n.r. 
n.r. 
n.r. 
n.r. 

 
16 
n.r. 
n.r. 
n.r. 
n.r. 

Alcohol drinking, % 44 42 

Study discontinuation, n (%) 0 0 

Information strategies/tools for informed decision in lung cancer screening 

Hoffman 2018  N = 31 a – 

Age [years], mean (SD) b 61.5 (4.67) – 

Sex [F], % b 50.0 – 

Ethnicity, % b 
White 
Non-white 

 
63.3 
36.7 

– 

Smoking status, % b 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, mean (range) 
Years smoked, median 

 
67 
33 
n.r. 

30.4 (4.6–90) 
n.r. 

 
– 

Study discontinuation, n (%) 1 (3.2) – 

Lau 2015  N = 60 a – 

Age [years], mean (SD) 60.6 (7.3) – 

Sex [F], % 50.0 – 

Ethnicity, % 
White 
African American 

 
88 
12 

 
– 

Smoking status, % 
Current smoker 
Quit smoking >15 years ago 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, mean (SD) 
Years smoked, median 

 
27 
50 
n.r. 

24.08 (23.85) 
n.r. 

 
– 

Study discontinuation, n (%) 0 – 
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Study and characteristics Intervention Comparator 

Lowenstein 2020  N = 30 a N = 51 a 

Age [years], mean (SD) n.r. n.r. 

Sex [F], % n.r. n.r. 

Ethnicity, % n.r. n.r. 

Smoking status, % n.r. n.r. 

Study discontinuation, n (%) 0 0 

Mazzone 2017  N = 155 a – 

Age [years], mean (range) 64.4 (55–77) – 

Sex [F], % 33.9 – 

Ethnicity, % n.r. – 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, mean (range) 
Years smoked, median 

 
45.2 
n.r. 
n.r. 

53.0 (30–112) 
n.r. 

 
– 

Study discontinuation, n (%) 42 (27) – 

Reuland 2018  N = 62 a – 

Age [years], mean (SD) c 63 (n.r.) – 

Sex [F], % c 48 – 

Ethnicity, % c 
White 
African American 
Other 

 
58 
30 
12 

– 

Smoking status, % c 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, mean (SD) 
Years smoked, median 

 
46 
n.r. 
n.r. 

52 (n.r.) 
n.r. 

 
– 

Study discontinuation, n (%) 12 (19.3) – 

Ruparel 2019  N = 126 a N = 120 a 

Age, % d 
60–63 years 
64–67 years 
68–71 years 
72–76 years 

 
33.33  
27.50 
27.50 
11.67 

 
40.37 
29.36 
18.35 
11.93 

Sex [F], % d 54.17 49.54 

Ethnicity, % d 
White 
Black/ African/Caribbean 
Asian 
Other 

 
81.67 
10.83 
2.50 
5.00 

 
84.40 
7.34 
3.67 
4.59 

Smoking status, % d 
Current smoker 
Quit smoking 
Average cigarette smoking (cig/day), median (IQR) 
Number of pack-years, median(IQR) 
Years smoked, median (IQR) 

 
n.r. 
n.r. 

16 (10–20) 
38 (21–50) 
47 (43–52) 

 
n.r. 
n.r. 

15 (10–20) 
35 (21–51) 
46 (42–51) 

Study discontinuation, n (%) 6 (4.8) 11 (9.2) 
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Study and characteristics Intervention Comparator 

Sakoda 2019  N = 269 a – 

Age [years], median (IQR) 64.0 (60–69) – 

Sex [f], % 40.2 – 

Ethnicity, % 
White 
African American 
Hispanic 
Asian 
Other 

 
82.9 
2.3 
6.2 
7.8 
0.8 

– 

Smoking status, % 
Current smoker 
Quit smoking 
Not smoking 
Average cigarette smoking (cig/day), median (IQR) 
Number of pack-years, mean  
Years smoked, % 

<30 
30–39 
40–49 
≥50 

 
50.9 
n.r. 
49.1 

40.0 (37–50) 
n.r. 

 
3.0 

26.4 
45.0 
25.6 

 
– 

Study discontinuation, n (%) 0 – 

Sferra 2020  N = 128 a N = 109 a 

Age [years], mean (SD) 64 (n.r.) 64 (n.r.) 

Sex [F], % 55.5 46.8 

Ethnicity, % 
African American 
Caucasian 
Hispanic 
Asian/Pacific Islander 
Unknown 

 
55.5 
35.9 
6.3 
1.6 
0.8 

 
68.8 
21.1 
8.3 
0.9 
0.9 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, median  
Years smoked, median 

 
n.r. 
n.r. 
n.r. 
42 
n.r. 

 
n.r. 
n.r. 
n.r. 
44 
n.r. 

Study discontinuation, n (%) n.r. e n.r. e 

Studts 2020  N = 210 a – 

Age [years], mean (SD) 61.69 (8.46) – 

Sex [F], % 52 – 

Ethnicity, % 
White 
African American 
Hispanic 

 
46 
24 
28 

 
– 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, mean (SD) 
Years smoked, median 

 
n.r. 
n.r. 
n.r. 

39.95 (20.10) 
n.r. 

 
– 

Study discontinuation, n (%) 1 (0.5)  

Tanner 2019  N = 80 a N = 70 a 

Age [years], mean (SD) f 64.1 (6.0) 65.2 (6.2) 

Sex [F], % f 52.2 5.9 
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Study and characteristics Intervention Comparator 

Ethnicity, % f 
African American 
Caucasian 
Hispanic 
American Indian  
Other 
Smoking status, % f 

 
28.5 
64.2 
5.1 
0 

1.5 
n.r. 

 
27.9 
63.2 
5.9 
2.9 
0 

n.r. 

Family history of lung cancer (%) f 23.2 26.5 

Individual lung cancer risk, mean (SD) f 5.2 (4.2) 5.2 (3.9) 

Study discontinuation, n (%) 11 (13.8) 2 (2.9) 

Volk 2014  N = 52 a – 

Age [years], mean (range) 58.5 (45–75) – 

Sex [F], % 65.4 – 

Ethnicity, % 
White 
African American 
Hispanic 

 
74.8 
19.2 

6 

 
– 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cigarettes/day), median 
Number of pack-years, mean (SD) 
Years smoked, mean (SD) 

 
44.2 
55.8 
n.r. 

30.0 (n.r.) 
34.8 (n.r.) 

 
– 

Study discontinuation, n (%) 0 – 

Volk 2020  N = 259 a N = 257 a 

Age, % 
≥ 65 years 
< 65 years 

 
26.6 
73.4 

 
30.0 
70.0 

Sex [F], % 60.6 63.4 

Ethnicity, % 
White 
Black/African 
Native Hawaiian or other Pacific Islander 
Asian 
Hispanic or Latino 
Other 

 
71.4 
23.9 

0 
0 

2.7 
0.8 

 
68.9 
29.6 
0.4 
0 

0.4 
0 

Smoking status, % 
Current smoker 
Quit smoking 
Average cigarette smoking (cig/day), median (IQR) 
Number of pack-years, median (IQR) 
Years smoked, median (IQR) 

 
n.r. 
n.r. 

20.0 (20.0–30.0) 
47.0 (40.0–63.0) 
42.0 (40.0–49.0) 

 
n.r. 
n.r. 

20.0 (20.0–30.0) 
49.0 (40.0–63.8) 
44.0 (40.0–50.0) 

Study discontinuation, n (%) 41 (15.8) 32 (12.5) 

Abbreviations: F=female; IQR=interquartile range; n=number of patients in the category;  
N=number of patients randomised/included; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Number of randomised patients. Values that are based on other patient numbers are marked in the corresponding line  
if the deviation is relevant. 
b N = 30. 
c N = 50. 
d Intervention: N = 120; comparator: N = 109. 
e No separate information for the study groups; 209 of 237 participants in both groups (88.2%) completed the CollaboRATE 
questionnaire, 179 of 237 participants in both groups (75.5%) completed the Decision Regret questionnaire, and 87 of 237 
participants in both groups (36.7%) completed the follow-up knowledge questionnaire. 
f Intervention: N = 69; comparator: N = 68. 
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4.4.4 Outcomes included 

Table 4.23 shows for which of the outcomes to be included in the assessment data were available 
in the studies included. All but four studies reported data on participants’ change in knowledge 
about lung cancer screening. Participant empowerment was evaluated in nine studies, all focusing 
on the decisional conflict of the participants, while five studies also investigated whether the parti-
cipants were prepared to make a decision about lung cancer screening (informed decision-mak-
ing). Participants’ satisfaction with the information was evaluated in three studies, and the partici-
pation rate was defined as an outcome in eight of the studies. 

Table 4.23: Matrix of outcomes in the included studies to be assessed 

Study (design) 

Outcomes 
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Lung cancer screening information/invitation interventions 

Quaife 2020 (RCT)  Y N Y Y Y 

Sharma 2018 (RCT)  N N N N Y 

Yoshida 2012 (non-RCT)  N N N N Y 

Information strategies/tools for informed decision in lung cancer screening 

Hoffman 2018 (single arm)  Y Y Y N Y 

Lau 2015 (single arm)  Y N Y N N 

Lowenstein 2020 (non-RCT)  Y Y N Y N 

Mazzone 2017 (single arm) Y N N N N 

Reuland 2018 (single arm)  Y N N N Y 

Ruparel 2019 (RCT)  Y N Y N Y 

Sakoda 2019 (single arm)  Y Y N N N 

Sferra 2020 (RCT)  Y Y Y N N 

Studts 2020 (single arm)  N N Y N N 

Tanner 2019 (non-RCT)  N N Y Y Y 

Volk 2014 (single arm)  Y N Y N N 

Volk 2020 (RCT)  Y Y Y N Y 

Abbreviations: N=no; RCT=randomised controlled trial; Y=yes. 

 

4.4.5 RoB assessment 

Table 4.24, Table 4.25 and Table 4.26 describe RoB at the study level and for the relevant out-
comes. The RoB at the study level was rated as low for two RCTs (Quaife 2020 and Volk 2020) 
and as high for three RCTs (Sharma 2018, Ruparel 2019 and Sferra 2020). In these trials, it was 
unclear whether the randomisation sequence was adequately generated and/or whether the allo-
cation concealment was adequate. In the Sharma 2018 study it was also unclear whether reporting 
was independent of the results (e.g., lack of information on the planned endpoints). The RoB for in-
creased knowledge, participant empowerment, informed decision-making, participant satisfaction 
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and the screening participation rate was rated low in the Quaife 2020 and Volk 2020 RCTs. For 
the other three RCTs in which the RoB at the study level was already classified as high, there is 
therefore high RoB at the outcome level. 

The RoB for the observational studies and single-arm PPI studies was rated low for four studies 
(Hoffman 2018, Lau 2015, Studts 2020 and Volk 2014) at the outcome level for all of the out-
comes reported (increased knowledge, informed decision-making, participant empowerment and 
the screening participation rate). The RoB for the remaining six studies (Lowenstein 2020, Maz-
zone 2017, Reuland 2018, Sakoda 2019, Tanner 2019 and Yoshida 2012) was rated high at the 
outcome level for all of the outcomes reported. The main reasons for the high RoB were missing 
data, selective outcome reporting or bias in the selection of the study participants. Owing to the 
nature of the interventions, the participants and those delivering the treatment were not blinded in 
all the RCTs and the other studies. 

Table 4.24: Risk of bias in randomised studies at the study level 
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Lung cancer screening information/invitation interventions 

Quaife 2020 Y Y N b Y Y Y L 

Sharma 2018  U a U a N b U a U a Y H 

Information strategies/tools for informed decisions in lung cancer screening 

Ruparel 2019 Y U a N b N b Y Y H 

Sferra 2020  Y U a N b N b Y Y H 

Volk 2020 Y Y N b N b Y Y L 

Abbreviations: H=high risk; L=low risk; N=no; U=unclear; Y=yes. 
a No information available. 
b Owing to the nature of the intervention, blinding was not possible. 
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Table 4.25: Risk of bias in randomised studies for relevant outcomes 

Study 
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Lung cancer screening information/invitation interventions 

Increased knowledge 

Quaife 2020  L U a Y Y Y L 

Participant empowerment 

Quaife 2020  L U a Y Y Y L 

Participant satisfaction 

Quaife 2020  L U a Y Y Y L 

Screening participation rate 

Quaife 2020  L U a Y Y Y L 

Sharma 2018  H U b U b U b N c H 

Information strategies/tools for informed decisions in lung cancer screening 

Increased knowledge 

Ruparel 2019 L U b U b Y Y H 

Sferra 2020  L U b N c Y N d H 

Volk 2020  L Y Y Y Y L 

Informed decision-making 

Sferra 2020  L U b U b Y N d H 

Volk 2020  L Y Y Y Y L 

Participant empowerment  

Ruparel 2019 L U b U b Y Y H 

Sferra 2020  L U b N c Y N d H 

Volk 2020 L Y Y Y Y L 

Screening participation rate 

Ruparel 2019 L U b U b Y Y H 

Volk 2020  L Y Y Y Y L 

Abbreviations: H=high risk; L=low risk; N=no; U=unclear; Y=yes. 
a The researcher carrying out the analyses will be blinded to group allocation. Unblinding will occur after the primary data 
analysis is complete and has been checked and verified by a second researcher. Blinding of secondary analysis is unclear. 
b No information available. 
c Participants may respond to certain questions in a manner that they believe researchers would want (social desirability bias). 
d No information on number of participants analysed in each study group; only 36.8% of the participants  
in both study groups completed the questionnaire. 
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Table 4.26: Risk of bias in nonrandomised/observational studies  
for relevant outcomes (ROBINS-I) 
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Lung cancer screening information/invitation interventions 

Screening participation rate 

Yoshida 2012  NI L L L M S a M S 

Information strategies/tools for informed decision in lung cancer screening 

Increased knowledge 

Hoffman 2018  NI L L L L S a L L 

Lau 2015  NI L L L L S a L L 

Lowenstein 2020  NI C b L L L S a L H 

Mazzone 2017  NI M L L M S a L H 

Reuland 2018  NI L L L M S a L H 

Sakoda 2019  NI L L L M c S a L H 

Volk 2014  NI L L L L S a L L 

Informed decision-making 

Hoffman 2018  NI L L L L S a L L 

Lowenstein 2020  NI C b L L L S a L H 

Sakoda 2019  NI L L L M c S a S e H 

Participant empowerment 

Tanner 2019  NI S d L L M S a L H 

Hoffman 2018  NI L L L L S a L L 

Lau 2015  NI L L L L S a L L 

Studts 2020  NI L L L L S a L L 

Volk 2014  NI L L L L S a L L 

Participant satisfaction 

Tanner 2019  NI S d L L M S a L H 

Lowenstein 2020  NI C b L L L S a L H 

Screening participation rate 

Tanner 2019  NI S d L L M S a L H 

Hoffman 2018  NI L L L L S a L L 

Reuland 2018  NI L L L M S a L H 

Abbreviations: C=critical risk; H=high risk; L=low risk; M=moderate risk; NI=no information; S=serious risk. 
a Owing to the nature of the intervention, the participants and personnel were not blinded. 
a No information about characteristics of study participants; no information about matching of participants in intervention 
and control group 
c Only 72.9% of the participants completed the 1-month follow-up questionnaire. 
d Different recruitment strategies between the two study groups. 
e Incomplete reporting of the results. 
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4.4.5.1 Quality of the evidence 

The assessment of the outcome-specific quality of the evidence is presented in Tables A19 to A26 
in Appendix 8. 

 

4.4.6 External validity 

The majority of the studies on invitation strategies or information materials for lung cancer screen-
ing were all conducted in the USA or Europe and included participants eligible for lung cancer 
screening according to current criteria. Only one study was conducted in Asia (Japan) (Yoshida 
2012). In addition, the materials used in the interventions contain information on the benefits and 
harms of lung cancer screening according to the current guidelines. It can therefore be assumed 
that these or similar materials can also be used in clinical practice. Therefore, no downgrading due 
to indirectness was required in the GRADE assessment of invitation strategies or information ma-
terials for lung cancer screening. A summary characterising the applicability of studies can be found 
in Table 4.27. 

Table 4.27: Summary table characterising the applicability of the body of studies 

Domain Description of the applicability of the evidence 

Population Regarding upper and lower age limits and lung cancer risk factors, the majority of the 
studies on information strategies or shared decision-making included individuals meeting 
the lung cancer screening criteria from current international guidelines. In addition, the 
populations in the studies consisted equally of men and women and included different 
ethnicities. There were no restrictions in the studies regarding the educational level or 
socioeconomic status of the study participants. All study populations were heterogeneous 
in this respect and included people with low to high household incomes and education 
levels ranging from less than high school to academic graduation. Therefore, the results 
allow for high applicability to European populations. 

Intervention As far as known, the contents of all information materials or decision support tools used in 
lung cancer screening are based on the evidence currently available from guidelines and 
studies. In addition, written texts used layman's language or films or graphics were used. 
Furthermore, the vast majority of the studies originate from the European or Anglo-American 
area, so that cultural aspects can be neglected with regard to the information material. 
Hence, the results of the studies seem to be transferable to the European context. 

Comparators In the majority of the studies, no comparator was used. In comparative studies, the 
comparator was non-use of specific information material, or use of information materials 
routinely used for cancer screening in the USA or the UK. Hence, the results from the 
studies seem to be transferable to the European context. 

Outcomes Changes in knowledge and decision conflict were the key outcomes in most of the studies. 
Therefore, no issue regarding applicability was identified. 

Setting All but one of the studies investigating information strategies or shared decision-making 
were conducted in the USA or Europe. These countries have relatively well-organised 
and well-financed health care systems. Therefore, the present results are considered  
to be transferable to all European countries. 

 

4.4.7 Results on clinical effectiveness and safety 

HTA CORE MODEL DOMAIN: EFF & SAF8 

                                                      
8 This section addresses the following elements in the EFF and SAF domains of the HTA core model: D0017, D0020, 

H0202, H0203. 
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4.4.7.1 Increased knowledge 

For increased knowledge about lung cancer screening as an outcome, data from 11 studies were 
available. 

In one RCT (Qualife 2020) comparing a targeted invitation strategy for lung cancer screening to 
the use of standard information material, no statistically significant difference in the objective knowl-
edge score at study end was observed between the two study groups. 

Two studies – including one RCT (Volk 2020) – comparing the use of decision aids in the infor-
mation process for lung cancer screening compared to standard information materials for cancer 
screening reported significantly higher knowledge scores and a significantly higher percentage of 
correct answers on knowledge questionnaires in the decision aid groups. In addition, in five single-
arm PPI studies, the knowledge of the participants significantly increased after use of the decision 
aid. One RCT (Sferra 2020) comparing different decision-making strategies (shared decision-mak-
ing counselling using an option grid versus a web-based decision aid) showed no significant diffe-
rences in lung cancer screening knowledge between the groups after the intervention. 

Beside the use of decision aids, integration of a standardised education class in the lung cancer-
screening programme, which was evaluated in one single-arm study, also significantly enhanced 
knowledge about the benefits and harms of lung cancer screening among participants eligible for 
screening. 

One further RCT (Ruparel 2019), comparing an information film in addition to an information book-
let on lung cancer screening to the use of the information booklet alone, reported significantly in-
creased objective and subjective knowledge scores after the intervention for participants who re-
ceived the film and the booklet. 

Table 4.28, Table 4.29 and Table 4.30 summarise the results for the studies included. 

Conclusion on the quality of the evidence on knowledge about lung cancer screening 

A targeted invitation strategy for lung cancer screening may result in little or no differences re-
garding knowledge about lung cancer screening compared to the use of standard information ma-
terials. The conclusion is based on low-quality evidence. The quality of the evidence was down-
graded by 2 levels because of imprecision, as the results are based on one small RCT. 

The use of decision aids in the lung cancer screening process probably increases the knowledge 
of the participants about lung cancer screening when compared to standard information materials. 
The conclusion is based on moderate-quality evidence. The quality of the evidence was downgrad-
ed by 1 level because of imprecision, as the results are based on two studies with a low number 
of participants. There may be little to no difference in participants´ knowledge between the two dif-
ferent types of decision aids. This conclusion is based on low-quality evidence. The quality of the 
evidence was downgraded by 2 levels because of high RoB and imprecision, as the results are 
based on one relatively small RCT. 

The use of information films in the screening process may increase knowledge about lung cancer 
screening among participants. We are uncertain whether incorporation of education classes im-
proves participant knowledge about lung cancer screening. These conclusions are based on evi-
dence of low to very low quality due to high RoB and imprecision, as the results are based on single 
studies with low numbers of participants. 
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Table 4.28: Screening information/invitation interventions: results for knowledge regarding screening 

Study (design) Instrument used 
Intervention Comparator Intervention vs comparator 

N Values at 
study start 

Values at study 
end, mean (SD) 

N Values at 
study start 

Values at study 
end, mean (SD) 

MD (95% CI);  
p value 

Targeted invitation vs standard invitation material 

Quaife 2020 
(RCT) 

Objective knowledge score 
(maximum 9 points) a 

388 n.r. 5.7 (2.3) 415 n.r. 5.5 (2.3) Not significant 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Higher score represents better results. 

 
Table 4.29: Information strategies/tools for informed decisions in lung cancer screening: results for knowledge regarding screening 
(RCTs/controlled studies) 

Study 
(design) Operationalisation 

Intervention Comparator Intervention  
vs comparator 

N Values at 
study start 

Values at  
study end 

N Values at 
study start 

Values at  
study end 

MD (95% CI);  
p value 

Decision aid vs no decision aid 

Lowenstein 
2020 (non-RCT)  

5-item knowledge 
questionnaire 

30 n.r. 74.7% (19.6) a 51 n.r. 51.0% (20.5) a p < 0.01 

Volk 2020 
(RCT) 

9 items from LCS-12 
knowledge measure 

235 
224 
218 

n.r. 57.5% (54.7–60.3) b,c 
44.4% (41.9–47.0) b,d 
49.9% (47.5–52.3) b,e 

233 
228 
225 

n.r. 40.1% (37.942.3) b,c 
35.9% (33.7–38.1) b,d 
40.0% (37.6–42.4) b,e 

17.4% (13.9–21.0) b,c 
8.5% (5.1–11.9) b,d 
9.9% (6.5–13.3) b,e 

p < 0.001 

Option grid vs web-based decision aid 

Sferra 2020 
(RCT) 

Knowledge retention 
questionnaire (14 questions) 

n.r. f n.r. 64.7% (n.r.) a n.r. f n.r. 62.4% (n.r.) a n.r.; p = 0.43 
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Study 
(design) Operationalisation 

Intervention Comparator Intervention  
vs comparator 

N Values at 
study start 

Values at  
study end 

N Values at 
study start 

Values at  
study end 

MD (95% CI);  
p value 

Information film + booklet vs booklet alone 

Ruparel 2019 
(RCT)  

10-point objective 
knowledge score g 

120 5 h 8 h 
Δ = 2.16 (1.8) i;  

p < 0.001 

109 5 h 7 h 
Δ = 1.84 (1.9) i;  

p < 0.001 

0.62 (0.17–1.08);  
p = 0.007 

5-point subjective 
knowledge score g 

120 4 h 5 h 
Δ = 0.92 (1.0) i;  

p < 0.001 

109 4 h 5 h 
Δ = 0.55 (1.1) i;  

p < 0.001 

0.32 (0.05–0.58);  
p = 0.02 

Abbreviations: C=confidence interval; MD=mean difference; N=number of participants analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Percentage correct response: mean (SD). 
b Percentage correct response: mean (95% CI). 
c 1-week follow-up. 
d 3-month follow-up. 
e 6-month follow-up. 
f No information on the number of participants analysed in each study group (87 participants in both study groups completed the questionnaire; 36.8%). 
g Higher score represents better results. 
h Median. 
i Mean (SD). 
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Table 4.30: Information strategies/tools for informed decisions in lung cancer screening: results for knowledge regarding screening  
(uncontrolled PPI studies) 

Study Operationalisation 
Intervention Pre vs post intervention 

N Values at study 
start, mean (SD) 

Values at treatment end,  
mean (SD) 

MD (95% CI); p value 

Decision aid 

Hoffman 2018 LCS-12 knowledge measure 
(0–10) a 

30 5.67 (n.r.) 9.6 (n.r.) 3.9 (2.9–5.0); p < 0.001 

30 47.3% b 80.3%b n.r. 

Lau 2015  Knowledge questionnaire 
(maximum 14 points) a 

60 7.52 (1.89) 10.93 (2.19) p < 0.001 

Mazzone 2017 Knowledge questionnaire 
Knowledge – Age range 
Knowledge – Smoking 
Knowledge – Benefit 
Knowledge – Harm 

155/122/113 c  
8.8% b 
13.6% b 
4.8% b 
35.0% b 

Post intervention 
59.2% b 
40.8% b 
8.0% b 
87.0% b 

1-mo follow-up 
21.4% b 
35.5% b 
3.2% b 
70.0% b 

n.r. 

Reuland 2018 Knowledge questionnaire  
(0–9 points) a 

50 2.6 5.5 2.8 (1.3–3.6); p < 0.001 

Volk 2014  11-item LSC knowledge  
questionnaire 

52 25.5% (20.7) b 74.8% (20.2) b n.r. 

Education class 

Sakoda 2019 Knowledge questionnaire a 
Overall 
Knowledge – Smoking 
Knowledge – Benefit 
Knowledge – Harm 

269 n.r. n.r.  
1.08 (2.26) d; p < 0.0001 
0.17 (0.42) d; p < 0.0001 
0.31 (1.33) d; p = 0.0001 
0.59 (1.31) d; p < 0.0001 

Abbreviations: CI=confidence interval; LCS=lung cancer screening; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Higher score represents better results. 
b Percentage of participants with correct answers. 
c Number of participants analysed: pre-intervention/post-intervention/1-month follow-up. 
d Standard deviation 
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4.4.7.2 Informed decision-making 

For informed decision-making as an outcome, data from five studies investigating the effect of dif-
ferent information materials for individuals eligible for lung cancer screening were available. Two 
studies used the CollaboRATE shared decision-making score to evaluate whether the participants 
experienced perfect shared decision-making [312]. Two other studies used the Prepared for Deci-
sion Making scale and one study the Decision Making Capacity scale to evaluate whether the par-
ticipants had all the information needed to make a screening decision. 

One RCT (Volk 2020) and one observational study (Lowenstein 2020), both comparing the use of 
decision aids in the information process for lung cancer screening to standard information materi-
als for cancer screening, reported significantly better shared-decision making scores for the decision 
aid group. In the Lowenstein 2020 study, the mean CollaboRATE score (max. 15 points) after im-
plementation of a decision aid was 13.4 ± 1.9 points, compared to 11.7 ± 3.5 points before imple-
mentation (p = 0.01). In the Volk 2020 study, the mean score on the Prepared for Decision Mak-
ing Scale was 79.4 (77.1–81.7) in the decision aid group, compared to 69.4 (66.4–72.4) in the 
standard materials group (mean difference 10.0, 95% CI 6.3–13.8; p < 0.001). A score ≥ 75 points 
indicates that participants are well prepared to make decisions. Using this cut point, 67.4% of the 
decision aid group were well prepared to make a screening decision, compared to 48.2% in the 
standard materials group. 

One RCT (Sferra 2020) comparing different decision-making strategies (shared decision-making 
counselling using an option grid versus a web-based decision aid) showed no significant differences 
in CollaboRATE shared-decision making scores between the two interventions (97.4 vs 98.6 points). 

In two single-arm studies, informed decision-making was only reported after the intervention. In 
both studies, approximately 80% of the participants felt clear about the risks and benefits of lung 
cancer screening. 

Table 4.31 and Table 4.32 summarise the results for the studies included. 

Conclusion on the quality of the evidence on informed decision-making 

The use of decision aids in the lung cancer screening process probably strengthens informed de-
cision-making among participants when compared to standard information materials. The conclu-
sion is based on moderate-quality evidence. The quality of the evidence was downgraded by 1 level 
because of imprecision, as the results are based on two studies with a low number of participants. 
There may be little to no difference in informed decision-making between the two different types of 
decision aids. This conclusion is based on low-quality evidence. The quality of the evidence was 
downgraded by 2 levels because of high RoB and imprecision, as the results are based on one 
relatively small RCT. 

We are uncertain whether the incorporation of education classes in the screening process strength-
ens informed decision-making among participants. This conclusion is based on evidence of very 
low quality due to very high RoB and imprecision, as the results are based on one study with a low 
number of participants. 
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Table 4.31: Information strategies/tools for informed decisions in lung cancer screening: results for informed decision-making  
(RCTs/controlled studies) 

Study  
(study) 

Instrument used 
(scale range) 

Intervention Comparator Intervention  
vs comparator 

N Values at  
study start 

Values at study 
end, mean (SD) 

N Values at 
study start 

Values at study 
end, mean (SD) 

MD (95% CI);  
p value 

Decision aid versus no decision aid 

Lowenstein 2020 
(non-RCT)  

CollaboRATE SDM score (3–15) a 30 n.r. 13.4 (1.9) 51 n.r. 11.7 (3.5) p = 0.01 

Volk 2020 (RCT) Preparation for Decision Making 
Scale (0–100) a 

227 n.r. 79.4 (77.1–81.7) b 224 n.r. 69.4 (66.4–72.4) b 10.0 (6.3–13.8);  
p < 0.001 

Option grid vs web-based decision aid 

Sferra 2020 (RCT) CollaboRATE SDM score (0–100) a n.r. c n.r. 97.4 n.r. a n.r. 98.6 p = 0.60 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation; SDM=shared decision-making. 
a Higher score represents better results. 
b Mean score (95% CI). 
c No information on the number of participants analysed in each study group (87 participants in both study groups completed the questionnaire; 36.8%). 

 
Table 4.32: Information strategies/tools for informed decisions in lung cancer screening: results for informed decision-making  
(uncontrolled PPI studies) 

Study Instrument used (scale range) 
Intervention Pre vs post intervention 

N Values at study start Values at study end, mean (SD) MD (95% CI); p value 

Decision aid 

Hoffman 2018  Preparation for Decision Making Scale (0–100) a 30 n.r. 81.7 (21.3) n.r. 

Education class 

Sakoda 2019  Decision-Making Capacity (0–100) a 269 n.r. 78 b n.r. 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Higher score represents better results. 
b Percentage of participants having all the information needed. 
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4.4.7.3 Participant empowerment 

For the participant empowerment outcome, data from one RCT (Quaife 2020) investigating the ef-
fect of different invitation strategies for lung cancer screening and eight studies investigation differ-
ent information materials for individuals eligible for lung cancer screening were available. All stud-
ies used different versions of decisional conflict scales to evaluate the uncertainty of participants in 
choosing lung cancer screening. 

In one RCT (Qualife 2020), comparing a targeted invitation strategy for lung cancer screening to 
the use of standard information material, no significant difference in Decisional Conflict Scale scores 
at the end of the study was reported between the two study groups. 

One RCT (Volk 2020) comparing the use of decision aids in the information process for lung cancer 
screening to standard cancer screening information materials reported significantly lower scores 
for the Decisional Conflict Scale, indicating less decisional regret in the decision aid group than in 
the standard material group (informed subscale: 27.1 [95% CI 23.8–30.4] vs 42.1 [95% CI 38.1–
46.0]; values clarity subscale: 17.6 [95% CI 14.2–21.0] vs 31.7 [95% CI 27–4-35.9]). For the in-
formed subscale, 50.0% (117 of 234) of the participants in the decision aid group compared with 
28.3% (66 of 233) of the participants in the standard education material group had low decisional 
conflict (OR 2.56, 95% CI 1.72–3.79; p < 0.001.) For the value clarity subscale, the corresponding 
proportions were 68.0% (159 of 234) and 47.4% (110 of 232) (OR 2.37, 95% CI 1.6–3.51; p < 0.001). 
In addition all single-arm studies investigating the use of decision aids reported low scores on the 
Decisional Conflict Scale after the intervention. One RCT (Sferra 2020) comparing different deci-
sion-making strategies (shared decision-making counselling using an option grid versus a web-
based decision aid) showed significantly less regret regarding their decision to pursue screening 
among participants in group using option grids in direct shared-decision-making counselling com-
pared to those using a web-based decision aid. 

Besides decision aids, the use of educational material together with a value analysis instrument, 
evaluated in one single-arm study, also significantly lowered decisional regret about screening 
among participants eligible for screening. 

One further RCT (Ruparel 2019), comparing an information film plus an information booklet on lung 
cancer screening to use of the information booklet alone, reported significantly higher decision cer-
tainty for the group receiving the film + booklet than in the booklet alone group. One observational 
study comparing in-person and telephone shared decision-making counselling reported low deci-
sional conflicts in both study groups, with no between-group difference. 

Table 4.33, Table 4.34 and Table 4.35 summarise the results for the studies. 

Conclusion on the quality of the evidence on participant empowerment 

A targeted invitation strategy for lung cancer screening may result in little to no differences regard-
ing participant empowerment compared to the use of standard information materials. The conclu-
sion is based on low quality of evidence. The quality of the evidence was downgraded by 2 levels 
because of imprecision, as the results are based on one small RCT. 

The use of decision aids in the lung cancer screening process probably leads to greater partici-
pant empowerment when compared to standard information material. The conclusion is based on 
moderate-quality evidence. The quality of the evidence was downgraded by 1 level owing to im-
precision, as the results are based on one RCT with a low number of participants. The use of an 
option grid compared to a web-based decision aid may improve participant empowerment regard-
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ing decisions on participation in lung cancer screening. This conclusion is based on low-quality evi-
dence. The quality of the evidence was downgraded by 2 levels because of high RoB and impre-
cision, as the results are based on a single RCT. In addition, the use of information films within 
the screening process may increase participant empowerment. This conclusion is based on low-
quality evidence due to high RoB and imprecision, as the results are based on one RCT with a 
low number of participants. We are uncertain whether the delivery mode (telephone or in-person) 
for the shared decision-making counselling influences the magnitude of the improvement in partic-
ipant empowerment. This conclusion is based on evidence of very low quality. The quality of the 
evidence was downgraded by 3 levels because of high RoB and imprecision, as the results are 
based on a single study with a low number of participants. 
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Table 4.33: Screening information/invitation interventions: results for participant empowerment (RCTs) 

Study ‘ 
(design) 

Instrument used 
(scale range) 

Intervention Comparator Intervention vs. comparator 
N Values at 

study start 
Values at study end  
(% positive answers) 

N Values at 
study start 

Values at study end  
(% positive answers) 

MD (95% CI); 
p value 

Targeted invitation vs standard invitation material 

Quaife 2020 
(RCT) 

Low-literacy Decisional 
Conflict Scale (0–100) 

388 n.r. ≥ 83.2 415 n.r. ≥ 76.2 Not significant 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 

 
Table 4.34: Information strategies/tools for informed decisions in lung cancer screening: results for participant empowerment  
(RCTs/controlled studies) 

Study 
(design) Instrument used (scale range) 

Intervention Comparator Intervention vs comparator 

N Values at study 
start, mean (SD) 

Values at study 
end, mean (SD) 

N Values at study 
start, mean (SD) 

Values at study 
end, mean (SD) 

MD (95% CI); p value 

Decision aid vs no decision aid 

Volk 2020 
(RCT) 

Decisional Conflict Scale (0–100) b 
Informed subscale 
Values Clarity subscale 

 
234 
234 

n.r.  
27.1 (23.8–30.4) d 
17.6 (14.2–21.0) d 

 
233 
232 

n.r.  
42.1 (38.1–46.0) d 
31.7 (27.4–35.9) d 

 
−14.9 (−20.1 to −9.7); p < 0.001 

−14.1 (−19.5 to −8.7); p < 0.001 

Option grid vs web-based decision aid 

Sferra 2020 
(RCT) 

Ottawa Decision Regret Scale 
(5–25) b 

n.r. c n.r. 6.0 (n.r.) n.r. c n.r. 10.2 (n.r.) p = 0.0198 

Information film + booklet vs booklet alone 

Ruparel 
2019 (RCT)  

Low-literacy Decisional Conflict 
Scale (maximum 9) a 

120 n.r. 8.5 (1.25) 109 n.r. 8.24 (1.49) p = 0.007 e 

In-person SDM vs telephone SDM 

Tanner 2019 
(non-RCT) 

Ottawa Decision Support 
Framework (maximum 20) b 

69 n.r. 11.3 (3.4) 68 n.r. 12.1 (3.4) n.r. 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation; SDM=shared decision-making. 
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a Higher score represents better results. 
b Lower score represents better results. 
c No information on number of participants analysed in each study group (87 participants in both study groups completed the questionnaire; 36.8%). 
d Mean score (95% CI). 
e Multivariable analysis using multiple linear regression (which assumes that residuals, not the raw scores, are normally distributed) adjusted for baseline scores, age, educational level,  
ethnicity, Index of Multiple Deprivation score and smoking duration. 

 
Table 4.35: Information strategies/tools for informed decisions in lung cancer screening: results for participant empowerment  
(uncontrolled PPI studies) 

Study Instrument used (scale range) 
Intervention Pre vs post intervention 

N Values at study start, mean (SD) Values at study end, mean (SD) MD (95% CI); p value 

Decision aid 

Hoffman 
2018 

Decisional Conflict Scale (0–100) a 
Informed subscale 
Values Clarity subscale 

30 n.r.  
8.7 (1.6) 

3.9 (10.4) 

n.r. 

Lau 2015 Decisional Conflict Scale (0–100) a 
Overall 
Informed subscale 
Values Clarity subscale 
Uncertainty subscale 
Support subscale 

60  
46.33 (29.69) 
62.22 (39.28) 
48.33 (41.65) 
55.0 (40.07) 

23.33 (21.74) 

 
15.08 (25.78) 
16.94 (30.91) 
16.25 (34.08) 
18.33 (34.71) 
10.28 (21.50) 

n.r. 

Volk 2014 Decisional Conflict Scale (0–100) a 
Values Clarity subscale 

52 n.r.  
7.84 (23.18) 

n.r. 

Education intervention 

Studts 2020 Low-literacy Decisional Conflict Scale (0–100) a 
Overall 
Informed subscale 
Values Clarity subscale 
Uncertainty subscale 
Support subscale 

209  
47.61 (27.24) 
52.21 (30.54) 
49.04 (35.08) 
53.23 (37.72) 
35.45 (28.80) 

 
18.31 (22.15) 
16.89 (24.49) 
17.22 (28.31) 
25.48 (33.79) 
16.67 (23.23) 

 
29.30; p < 0.0001 
35.32; p < 0.0001 
31.82; p < 0.0001 
27.75; p < 0.0001 
18.78; p < 0.0001 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Higher score represents better results. 
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4.4.7.4 Participant satisfaction 

For the participant satisfaction outcome, data from one RCT investigating the effect of different 
invitation strategies for lung cancer screening and two observational studies investigating different 
information materials for individuals eligible for lung cancer screening were available. Two studies 
evaluated the satisfaction of the participants with their decision regarding lung cancer screening, 
and one study evaluated participants’ satisfaction with the shared decision-making visit. 

In one RCT (Quaife 2020) comparing a targeted invitation strategy for lung cancer screening to the 
use of standard information material, nearly all participants in both study groups (98%–99%) were 
satisfied with their decision regarding screening participation, with no significant difference between 
the groups. 

One observational study comparing in-person and telephone shared decision-making counselling 
reported no differences in participants´ satisfaction with the visit between the study groups. 

Table 4.36 and Table 4.37 summarise the results for the studies included. 

Conclusion on the quality of the evidence on participant satisfaction 

A targeted invitation strategy for lung cancer screening may result in little to no differences regard-
ing satisfaction of the participants with their decision regarding screening participation compared 
to the use of standard information material. The conclusion is based on low quality of evidence. 
The quality of the evidence was downgraded by 2 levels because of imprecision, as the results are 
based on one small RCT. 

We are uncertain whether the use of decision aids in a lung cancer screening programme improves 
the satisfaction of the participants with their decision regarding screening participation when com-
pared to standard information materials. The conclusion is based on evidence of very low quality. 
The quality of the evidence was downgraded by 3 levels owing to very high RoB and imprecision, 
as the results are based on one observational study with a very low number of participants. We are 
also uncertain whether the delivery mode for shared decision-making counselling (in-person or tele-
phone) influences participant satisfaction. This conclusion is based on evidence of very low quality. 
The quality of the evidence was downgraded by 3 levels owing to very high RoB and imprecision, 
as the results are based on one observational study with a very low number of participants. 

Overall, evidence regarding participant satisfaction is very weak for all the interventions investi-
gated (information/invitation strategies, use of decision aids or delivery mode for shared decision 
making counselling). 
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Table 4.36: Screening information/invitation interventions: results for participant satisfaction (RCTs) 

Study  
(design) 

Instrument used  
(scale range) 

Intervention Comparator Intervention  
vs comparator 

N Values at 
study start 

Values at study end 
(% positive answers) 

N Values at 
study start 

Values at study end 
(% positive answers) 

MD (95% CI)  
(p value) 

Targeted invitation vs standard invitation material 

Quaife 2020 (RCT)  Decisional satisfaction (0–100) a 388 n.r. ≥ 98.7 415 n.r. ≥ 97.3 Not significant 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation. 
a Higher score represents better results. 

 
Table 4.37: Information strategies/tools for informed decisions in lung cancer screening: results for participant satisfaction (controlled studies) 

Study  
(design) 

Instrument used  
(scale range) 

Intervention Comparator Intervention  
vs comparator 

N Values at 
study start 

Values at study end, 
mean (SD) 

N Values at 
study start 

Values at study end, 
mean (SD) 

MD (95% CI)  
(p value) 

Decision aid vs no decision aid 

Lowenstein 2020 
(non-RCT)  

Satisfaction with visit score (1–5) a 30 – 4.8 (0.8) 51 – 4.7 (0.6) p = 0.61 

In-person SDM vs telephone SDM 

Tanner 2019  
(non-RCT)  

Decisional satisfaction score 
(maximum 30) a 

69 – 26.7 (2.8) 68 – 24.6 (5.6) n.r. 

Abbreviations: CI=confidence interval; MD=mean difference; N=number of patients analysed; n.r.=not reported; RCT=randomised controlled trial; SD=standard deviation;  
SDM=shared decision-making. 
a Higher score represents better results. 
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4.4.7.5 Screening participation rate 

For the outcome screening participation rate, data from one observational study investigating the 
effect of an information leaflet for lung cancer screening, two RCTs investigating different invitation 
strategies for lung cancer screening and five studies investigation different information materials for 
people eligible for lung cancer screening were available. 

In all the controlled studies (RCTs: Quaife 2020, Ruparel 2019, Sharma 2018 and Volk 2020; ob-
servational studies: Tanner 2019 and Yoshida 2012), no differences in the participation rates for 
lung cancer screening were reported between the study groups with different invitation or informa-
tion strategies. A single-arm PPI study also showed no change in the intention to undergo screen-
ing after the use of decision aids compared to pre-intervention. 

Table 4.38, Table 4.39 and Table 4.40 summarise the results for the studies included. 

Conclusion on the quality of the evidence on the screening participation rate 

A targeted invitation strategy for lung cancer screening may have little to no influence on the lung 
cancer screening participation rate when compared to the use of standard information materials. 
The conclusion is based on low-quality evidence. The quality of the evidence was downgraded by 
two levels because of imprecision as the results are based on one small RCT. We are uncertain 
whether distribution of an information leaflet on lung cancer screening influences the participation 
rate in lung cancer screening. The conclusion is based on evidence of very low quality. The quality 
of the evidence was rated as very low because of the indirectness of the study results (study con-
ducted in Japan) and imprecision, as the results are based on one small observational study with 
high RoB. We are also uncertain as to whether a telephone consultation in addition to an informa-
tion brochure as part of the screening invitation strategy increases the screening participation rate 
when compared to a brochure alone. The conclusion is based on evidence of very low quality. The 
quality of the evidence was downgraded by three levels because of high RoB and imprecision, as 
the results are based on one small RCT. 

The use of decision aids in the lung cancer screening process probably has no influence on the 
participation rate. The conclusion is based on moderate-quality evidence. The quality of the evi-
dence was downgraded by one level because of imprecision, as the results are based on one RCT 
with a low number of participants. We are uncertain whether the delivery mode for shared decision-
making counselling (in-person or telephone) influences the participation rate. This conclusion is 
based on evidence of very low quality. The quality of the evidence was downgraded by three levels 
because of very high RoB and imprecision, as the results are based on one observational study 
with a very low number of participants. 

The use of information films in addition to an information booklet in the screening process may 
result in little to no difference in the participation rate in lung cancer screening when compared to 
use of an information booklet alone. This conclusion is based on low-quality evidence due to high 
RoB and imprecision, as the results are based on an RCT with a low number of participants. 
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Table 4.38: Screening information/invitation interventions: results for the screening participation rate (RCTs/controlled studies) 

Study  
(study design) Operationalisation 

Intervention Comparator Intervention vs comparator 

N n (%) N n (%) Odds ratio (95% CI) 

Targeted invitation vs standard invitation material 

Quaife 2020 (RCT) Uptake of LDCT scan 416 a 386 (92.8) 429 a 384 (89.7) 1.47 (0.91–2.40); p = 0.177 b 

Telephone counselling + brochure vs brochure alone 

Sharma 2018 
(RCT) 

Decision to speak to physician 
about getting LDCT scan 

213 n.r. 218 n.r. 1.10 (0.70–1.72); p = n.r. 

Information leaflet vs no leaflet 

Yoshida 2012  
(non-RCT) 

Undergone lung cancer 
screening in 2011 

240 Screened: 93 (38.8) 
Plan to be screened: 27 (11.3) 

244 Screened: 92 (37.7) 
Plan to be screened: 28 (11.5) 

n.r. 

Abbreviations: CI=confidence interval; LDCT=low-dose computed tomography; N=number of patients analysed; n=number of patients with at least one event; n.r.=not reported;  
RCT=randomised controlled trial. 
a Participants eligible for LDCT screening. 
b Unadjusted odds ratio. 
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Table 4.39: Information strategies/tools for informed decision-making in lung cancer screening: results for the screening participation rate 
(RCTs/controlled studies) 

Study  
(study design) Operationalisation 

Intervention Comparator Intervention vs comparator 

N n (%) N n (%) Odds ratio (95% CI) 

Decision aid vs no decision aid 

Volk 2020 (RCT) Lung cancer screening (6-month follow-up) 67 57 (85.1) 85 68 (80.0) 1.27 (0.52–3.11); p = 0.60 

Scheduled CT for lung cancer screening (6-month follow-up) 237 70 (29.5) 238 89 (37.4) 0.70 (0.47–1.03); p = 0.07 

Intent to be screened within 1 year (1-week assessment) 233 165 (70.8) 232 151 (65.1) 1.25 (0.83–1.89); p = 0.29 

Information film + booklet vs booklet alone 

Ruparel 2019 (RCT) LDCT completion rate 120 n.r. (76.7) 109 n.r. (78.9) p = 0.66 

In-person SDM vs telephone SDM 

Tanner 2019 (non-RCT) LDCT participation rate 69 61 (88.4) 68 60 (88.2) p = 0.98 

Abbreviations: CI=confidence interval CT=computed tomography; LDCT=low-dose CT; N=number of patients analysed; n=number of patients with at least one event; n.r.=not reported; 
RCT=randomised controlled trial; SDM=shared decision-making. 

 
Table 4.40: Information strategies/tools for informed decision-making in lung cancer screening: results for the screening participation rate 
(uncontrolled PPI studies) 

Study  
reference Operationalisation 

Intervention Pre vs post intervention 
Start of study End of treatment Odds ratio (95% CI) 

N n (%) N n (%) 

Decision aid 

Hoffman 2018 Intent to be screened within 1 year (1-week assessment) 30 n.r. 30 19 (63.3) n.r. 

Reuland 2018 Intent to be screened 50 27 (54) 50 25 (50) 0.73 (0.54–0.98); p = 0.03 

Abbreviations: CI=confidence interval; N=number of patients analysed; n=number of patients with at least one event; n.r.=not reported. 
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4.4.8 Subgroup analyses 

No subgroup analyses were planned or performed for this research question. 

 

4.4.9 Summary 

Only a few RCTs or observational studies are available that evaluated the effectiveness of different 
information or invitation strategies to raise awareness for lung cancer screening programmes and 
to strengthen the decision made by men and women eligible for screening for or against screen-
ing participation. Between the different invitation strategies for lung cancer screening there was no 
clear difference in the increase in knowledge about lung cancer screening among the participants 
or in participant satisfaction. Overall, the current evidence is not sufficient to assess the effective-
ness of a particular information strategy for lung cancer screening. 

However, there are some RCTs and observational studies that investigated the effect of shared 
decision-making counselling and the use of decision aids as part of the lung cancer screening pro-
cess. Compared to standard information materials, the use of decision aids resulted in an increase 
in knowledge among participants about lung cancer screening and higher decisional certainty re-
garding screening participation. The type of decision aid or mode of delivery for shared decision-
making counselling seems to have no significant effect on the outcomes, but the current evidence 
is limited. 
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5 DISCUSSION 

5.1 This report in comparison to other SRs and guidelines 

The focused information retrieval process identified the SR by Snowsill et al. [2] from 2018 that 
was evaluated as up-to-date and of high quality. The results are only partly consistent with the find-
ings of this report. Deviations can be attributed, among other things, to the inclusion of more re-
cent publications with longer observation periods (e.g., NELSON) compared to the studies already 
known from Snowsill et al. and to methodological differences. For example, Snowsill et al. found it 
likely that chest X-ray screening is the standard of care for early detection of lung cancer. Conse-
quently, the results of the NLST study were incorporated into the main analyses of that SR. In con-
trast to Snowsill et al., in the present report we did not consider screening via X-rays to be equiva-
lent to the usual standard care. Accordingly, the studies with chest X-ray screening as a control 
intervention were not included in the main analysis, but rather in a sensitivity analysis. 

No statistically significant effect could be shown by Snowsill 2018 et al. with regard to overall mor-
tality and lung cancer mortality. Data were pooled from four studies that reported an observation 
period of at least 5 years (DANTE, DLCST, MILD and NLST). The results from subgroup analyses 
for studies exclusively comparing LDCT screening versus no screening also showed no statistically 
significant effects. For HRQoL and the psychosocial consequences of screening, the authors con-
cluded on the basis of four studies (NELSON, NLST, DLCST and UKLS) that the results were not 
very meaningful because of a lack of statistical significance (NELSON and NLST) or questionable 
clinical relevance (DLCST and UKLS). Where there were statistically significant differences, these 
occurred in favour of lung cancer screening rather than no screening at all. For the present report, 
we did not consider the data for this outcome to be usable for various reasons (Section 4.1.9). 
With regard to overdiagnosis, Snowsill et al. point to limited data availability and cite the results 
from the NLST study, which reported an overdiagnosis rate of 18.5% (95% CI 5.4–30.6) among 
individuals with a lung cancer diagnosis after an observation period of 6.5 years. In the present 
report, data from five studies (DLCST, ITALUNG, LUSI, NELSON and NLST) on estimation of the 
overdiagnosis risk per positive finding for an observation period of at least 8.5 years show a strong-
ly divergent proportion of 0%–63%, which can probably be attributed to study-specific differences, 
such as the use of different CT devices (Section 4.1.7). With respect to adverse events, Snowsill 
et al. reported data from two studies with results for both the intervention group and the control 
group (DANTE and NLST). According to the authors of the SR, the higher proportion of significant 
complications in the intervention group was remarkable. In the present report, on the basis of the 
DANTE study, an effect to the disadvantage of screening was also shown for adverse events. The 
data on adverse events from the NLST study have not been taken into account for the present re-
port as it is doubted that chest X-ray screening is an adequate comparator to investigate the effect 
of LDCT screening compared to no screening for the occurrence of adverse events. Snowsill et al. 
concluded that LDCT screening has a positive effect — with considerable uncertainties — regard-
ing the reduction in mortality. They also considered harm due to overdiagnosis. 

In 2014, the USPSTF issued a recommendation for national lung cancer screening using LDCT 
[313]. The previous recommendation was based on level B evidence, that is, the USPSTF con-
cluded with moderate certainty that annual LDCT screening provides a substantial benefit to ac-
tive or former smokers (minimum 30 pack-years, maximum 15 years of smoking cessation) aged 
55–80 years. Taking into account more recent study data, the assessment was updated and a draft 
statement of recommendations was published for comment in July 2020 [314]. To assess LDCT 
screening with respect to mortality, the authors identified results from a total of seven RCTs (NLST, 
DANTE, DLCST, ITALUNG, LSS, LUSI and NELSON) for the current report. The study quality of 
MILD was rated as poor by the authors, which is why this study was not included in the USPSTF 
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assessment. All other RCTs were identical to those in the present EUnetHTA report. In contrast to 
the present report, no meta-analyses were conducted on the grounds that there was considerable 
clinical and methodological heterogeneity. The fact that the studies included differ in design was 
taken into account in the present assessment by conducting meta-analyses on the basis of a ran-
dom-effects model. Studies that compared LDCT with chest X-ray screening were only used for 
sensitivity analyses. The USPSTF authors base their conclusions primarily on mortality data from 
the two largest studies, NLST and NELSON. They concluded that LDCT screening of high-risk 
individual “can reduce lung cancer mortality and may reduce all-cause mortality”. The USPSTF re-
port and the present benefit assessment agree that there were no usable data on HRQoL. How-
ever, the authors reported results on the psychosocial consequences of screening in a separate 
chapter. For this evaluation, not only RCTs but also cohort studies and study results without data 
for the control group were used. Prospective cohort studies or case–control studies were also con-
sidered suitable for assessing the harm caused by screening due to radiation exposure, overdiag-
nosis or false-positive findings. Estimations of radiation-induced cancer are based on results from 
modelling studies. Information on overdiagnosis was taken from the studies, so no uniform calcu-
lation method was used. The authors report a range for overdiagnosis from 0% to 67% in relation to 
individuals diagnosed with lung cancer during the screening phase. For the consequences of false-
positive screening results, the USPSTF assessment reported the proportion of screened partici-
pants who underwent a needle biopsy for false-positive findings (0.09%–0.56%), the proportion of 
complications resulting from this (0.03%–0.07%) and the proportion of surgical procedures for false 
positives (0.5 to 1.3%). (In the case of surgical resections the proportion is 0.1%–0.5%). These re-
sults are within the range of values in the present assessment. The USPSTF estimated the poten-
tial benefits of a screening programme on the basis of a modelling study in which the best benefit-
to-harm ratio was weighed using varying inclusion criteria [315]. Annual risk-factor–based screen-
ing strategies with a minimum criterion of 20 pack-years from the age of 50 or 55 years until the 
age of 80 years were shown to be most effective and resulted in more lung cancer deaths pre-
vented and more life years gained with limited additional harm compared to the strategy recom-
mended in 2013. The USPSTF has adapted its screening recommendation accordingly [316]. 

The 2020 white paper by the ESR and ERS [263] describes the current evidence on LDCT screen-
ing, including the screening activities of individual European countries, based on a narrative, non-
systematic literature review. The authors emphasise the importance of the participants, especially 
as partners in the decision-making process in screening. Furthermore, the authors discuss current 
standards regarding risk prediction models, smoking cessation programmes, diagnostic algorithms, 
LDCT examinations (maximum effective dose, computer-assisted and other supportive procedures), 
avoidance of overdiagnosis and harm, and how to deal with additional non-lung cancer–specific 
findings and biomarker tests. Finally, the authors outline an action plan for the introduction of or-
ganised LDCT screening at European, national and local levels, in which lung specialists and ra-
diologists play key roles. Risk prevention models should serve not only to determine the duration 
and intensity of screening but also to efficiently identify screening participants. Organised treatment 
pathways for early diagnosis are recommended to reduce mortality. At European level, for exam-
ple, a European Council recommendation or guideline on population-based screening programmes 
in all EU countries is being sought, including the definition of minimum standards by a core ERS 
and ESR team. At national level, in addition to the establishment of a national expert group involv-
ing patient representatives, standard operating procedures and quality assurance measurements 
including benefit/harm analyses are recommended. At local level, a multidisciplinary group of ex-
perts (including patient representatives) should also be set up and appointed, and local infrastruc-
ture and pathways should be defined. Quality assurance registers are to be set up at all levels and 
pooled at European level. 
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5.2 Publication bias 

For this assessment, the results from eight studies involving more than 90,000 participants could 
be used. However, the results from three other studies were missing. For two studies (Depiscan 
2007 [285] and Garg 2002 [286]), publication was incomplete. In these cases, only baseline results 
could be identified. Both studies are characterised by a low number of cases at 400 [286] and 1,000 
[285] participants. Another study without published results is a completed so-called pilot study with 
2000 participants to investigate the feasibility, compliance and costs of a large RCT [304]. How-
ever, the information available does not indicate a publication bias. 

 

5.3 Consistency of the mortality effect of screening 

The overall benefit of LDCT screening critically hinges on proof of a mortality benefit. Because 
only a small proportion of deaths in a screening trial are caused by the cancer for which screening 
is carried out, the statistical power of a screening trial for detection of a difference in all-cause 
mortality is very low [317, 318]. Cancer-specific mortality, by contrast, allows easier detection of a 
screening effect but may also introduce bias through uncertainties in determining the exact cause 
of death [317, 319]. The controversy between researchers who prefer all-cause mortality as the 
primary decisional criterion and those who also accept cancer-specific mortality is unresolved [320-
322]. In the present report, therefore, a balanced approach based on both endpoints was chosen. 
The fact that the effect on overall mortality was not significant is well reflected in the summary con-
mclusion for the mortality outcome. Still, it is justified to assume that a mortality benefit exists, be-
cause overall mortality also showed a (nonsignificant) reduction of similar magnitude to the effect 
on cancer-specific mortality. In summary, the certainty of a mortality benefit is neither moderate nor 
very low, but low. 

When examining the mortality effects in the primary studies, these considerations are even more 
important, because some studies failed to show this similarity in mortality endpoints. In the NEL-
SON study [54], a cause-of-death statistic was reported for the male participants. There were 6 
percentage points fewer lung cancer deaths in the screening group than in the control group (160 
[18.4%] versus 210 [24.4%]). In addition, more people died in the screening group than in the con-
trol group (868 [13.2%] versus 860 [13.0%]), with cancer mortality (excluding lung cancer) in the 
screening group 3 percentage points higher than in the comparison group (318 [36.6%] versus 289 
[33.6%]). It is not clear from the publication [54] how these data fit together. To explain these re-
sults, further analyses and information are required, such as a time-to-event analysis. It can cur-
rently only be speculated whether the higher proportion of fatal cancers in the intervention group 
is the result of a systematic error (e.g., misclassification of unknown causes) or, for example, com-
peting risks. 

On the contrary, ITALUNG data raise the question of whether LDCT screening might improve mor-
tality beyond the direct effect on lung cancer mortality. In ITALUNG, after a median follow-up peri-
od of 11.3 years, a statistically significant difference was found in favour of screening with regard 
to overall mortality, but not lung cancer mortality. In addition, cardiovascular diseases were a sig-
nificantly less frequent cause of death in the screened group. The authors speculated that passing 
on information about the presence of coronary artery calcification to the family doctor in charge 
could be a “teachable moment” for those affected to become aware of their own risk and to lead a 
healthier lifestyle. However, the authors suggested that allocation to the screening group may have 
also led to a healthier lifestyle, which could also explain the reduction in cardiovascular mortality in 
the screening group [39]. 
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5.4 Non-usable data on HRQoL 

Data on HRQoL were reported in four studies comparing LDCT screening to no screening. These 
data were not used for various reasons. 

Although the NELSON study reported extensive data on HRQoL, their incompleteness critically 
undermines their validity. Data were mainly only reported for the intervention group; when data 
were also collected in the control group, the completeness of follow-up grossly differed between 
the groups. As between-group differences of > 15% in follow-up lead to substantial RoB [323], 
these results were not acceptable for the present report. 

The data on psychosocial consequences of lung cancer screening reported in the DLCST study 
are not usable for the benefit assessment as the questionnaire used in the study was designed to 
assess psychosocial consequences of false-positive findings. In the present publication, however, 
it was only examined how participants assess their assignment to the intervention or comparison 
group. These data were not collected with an appropriately validated instrument and do not answer 
the question posed in this report. 

In the UKLS study, as in DLCST, the influence of assignment to the intervention or control group 
was examined on the one hand, and the influence of the screening result in the intervention group 
on psychosocial stress on the other hand. Neither of these is relevant for the benefit assessment. 

The data on HRQoL from the NLST study were not considered for this report because it is doubt-
ful that X-ray chest screening is an adequate comparator to investigate the corresponding effect of 
LDCT screening compared to no screening. 

 

5.5 Non-consideration of diagnostic workup, treatment  
and stage-shifting as outcomes 

The type and number of interventions that follow as a direct result of screening were not consid-
ered as an outcome. The differing frequency and intensity of diagnostic and therapeutic interven-
tions in the two study groups cannot be interpreted in terms of benefit and harm to the participants. 
The aim of lung cancer screening is an earlier diagnosis. The associated earlier treatment leads 
to a change in treatment due to the stage shift. The group differences or unequal treatment are 
therefore a direct consequence of an intentional earlier diagnosis of lung cancer. As the correspond-
ing data are mostly missing for the control group, numerous assumptions regarding the frequency 
and intensity of the intervention in the control group would be necessary, so the possibility of inter-
preting these data is questionable. Furthermore, it is difficult to differentiate between purely diag-
nostic and purely therapeutic procedures in the study results. It is believed that detection of lung 
cancer at an earlier stage improves the survival rate. This assumption is supported by correspond-
ing results for mortality. The stage shift in itself is therefore not a patient-relevant outcome. The 
benefit of the different interventions (i.e., the screening) must ultimately be reflected in the mortali-
ty outcome. Harm can be depicted in the form of overdiagnosis (due to subsequent diagnostics 
and therapy and the resulting complications) and adverse events resulting from diagnostic workup 
and therapy in a comparison of the groups. The consequences of false-positive findings are an 
exception. Here, invasive follow-up interventions for the clarification of ultimately benign findings 
were considered as an outcome, since they are dispensable, potentially complication-prone inter-
ventions that are likely to occur only to a small extent in the group without screening. Other stud-
ies have concluded that 14%–34% of all invasive procedures result in benign findings and there-
fore these procedures would not have been necessary without screening [306]. 
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5.6 Definition of false-positive screening results 

For the assessment of harm, the consequences of false-positive screening results were consid-
ered. Only findings that were suspicious in the screening CT and for which the suspicion of lung 
cancer was not confirmed by subsequent invasive diagnostic investigation (e.g., biopsy) were con-
sidered. This is the clarification of a positive finding with the aim of histological or cytological con-
firmation of the diagnosis within the scope of (1) bronchoscopic or endobronchial biopsies, (2) trans-
thoracic biopsies (e.g., ultrasound- or CT-guided punctures) or (3) surgical procedures (thoraco-
scopy, thoracotomy, mediastinoscopy or VATS). Thus, the findings for screening participants who, 
after an initial abnormal CT finding, were examined solely via imaging diagnostics such as another 
CT scan after a few months do not fall under this definition. 

 

5.7 Adverse events as a result of treatment 

For the assessment, usable data on adverse events were only available for one of the six studies 
using no screening as the comparator, namely the DANTE study. The aim of screening is to de-
tect lung cancer as early as possible so that it is still operable. Owing to the higher rate of surger-
ies in the intervention group, the risk of suffering an adverse event as a result of surgery also in-
creases. The corresponding results from the DANTE study are therefore plausible. However, the 
study did not carry out a complete survey of all adverse events, and only reported the adverse 
events that occurred after surgery for a suspicious finding. Thus, adverse events resulting from 
other forms of treatment such as chemotherapy are not covered. Moreover, the occurrence of ad-
verse events in the screening group and in the control group is not directly comparable. Thus, it is 
likely that if the time of diagnosis is brought forward in the screening group, adverse events will 
occur significantly earlier than in the control group as a result of earlier treatment. Owing to the 
different forms of treatment for different stages of cancer, it can also be expected that the adverse 
events in the intervention and control group differed in their severity. However, the studies do not 
provide sufficient data to be able to make a statement in this regard. The data presented therefore 
provide only a very small section of the dynamics of time, type and severity of adverse events that 
can occur when comparing screened and non-screened groups. Moreover, such results are only 
available from one of six studies. Owing to the data availability, the results on adverse events are 
therefore of little significance when weighing up the benefits and harms of screening. 

 

5.8 Range for estimating overdiagnosis 

The risk of overdiagnosis for individuals who were diagnosed with lung cancer during the screen-
ing phase showed a wide range (from 0% to 63%) among trials. While no overdiagnosis was found 
in the ITALUNG study, DLCST showed the highest values. The inclusion and exclusion criteria for 
both studies as well as the study designs are largely consistent. Both studies were started in 2004, 
but the ITALUNG study also used older CT equipment (single-slice scanners), while the DLCST 
study only used multislice CT devices(16-slice scanners). In the LUSI and NELSON studies, in 
which the risk of overdiagnosis was 29% and 16%, respectively, newer CT equipment was also 
used. In the NLST study (with chest X-ray screening as the comparator) the risk of overdiagnosis 
was relatively low at 2.8%. In this study, as in ITALUNG, mainly older CT equipment was used. 

The screening strategies in the ITALUNG and DLCST studies are comparable with regard to the 
cut-off for the diameter of a pulmonary nodule so that it is classified as a positive finding when it 
first occurs (≥ 5 mm in diameter). In contrast to the ITALUNG study, in the DLCST study a com-
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puter-based volume calculation is carried out, so that in a follow-up CT the increase in volume for 
a pulmonary nodule can be determined and an evaluation of the malignancy can be made based 
on the change in volume. In the LUSI and NELSON studies, such a computer-based evaluation 
was also used to classify a pulmonary nodule. One possible explanation would be that the use of 
modern CT equipment and computer-based determination of the growth rate of a pulmonary nod-
ule can lead to more true-positive findings and thus to more overdiagnosis. 

The risk of overdiagnosis in relation to all participants invited to the screening showed a range of 0 
to 2.2% between trials. These figures do not show any interrelationship between the risk of over-
diagnosis and screening strategies. 

 

5.9 Harm from radiation exposure 

As exposure to the ionising radiation of CT scanning increases the risk of developing other cancers, 
it is important to estimate the cumulative radiation exposure associated with LDCT screening for 
lung cancer. According to Rampinelli et al. [324], the median cumulative radiation exposure from 
annual LDCT screening over 10 years is approximately 9 mSv for men and 13 mSv for women. 
By combining these exposure data with standard risk models, the lifetime attributable risk of major 
cancers can be estimated to be in the range from 0.3 to 0.8 major cancers per 1,000 participants 
[324]. Compared to men, women have a clearly higher risk, first because CT scanning requires ap-
proximately 40% higher radiation dosages in females than in males [325] and second because 
women are more radiosensitive than men. Although the radiation risks associated with CT screen-
ing are non-negligible and highly variable, there is general consensus that these risks are accepta-
ble [324] because more cancer deaths are avoided than caused by CT screening in a high-risk 
population. 

 

5.10 Consideration of studies on LDCT screening  
versus chest X-ray screening for the overdiagnosis outcome 

Under the assumption that chest X-ray screening is transferable to a control group without screen-
ing for detection of lung cancer, the LSS and NLST studies were also considered suitable for es-
timating overdiagnosis due to LDCT screening. Patz et al. [120] were able to show on the basis of 
a model that the proportion of overdiagnoses in LDCT screening was higher in comparison to no 
screening than in comparison to chest X-ray screening. Thus, in the LSS and NLST studies the 
proportion of overdiagnoses for LDCT screening could be underestimated, but the values for the 
proportion of overdiagnoses in relation to individuals invited to screening, at 1.2% and 0.1% for the 
LSS and NLST studies, respectively, are in the range of values for studies with no screening as 
the comparator (0%–2.2%). 

 

5.11 Participants with risk factors for lung cancer  
other than tobacco smoking 

In addition to tobacco smoking, which is considered the main risk factor for lung cancer and is re-
sponsible for 80%–90% of lung cancers, further factors increase the risk of lung cancer. Accord-
ing to current guidelines, these include a personal history of cancer or lung disease, family history 
of lung cancer, radon exposure and occupational exposure to carcinogens [210, 236, 247]. 
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Current guidelines recommend regular screening for lung cancer primarily for active smokers or ex-
smokers with high tobacco consumption. Screening is recommended for smokers and ex-smokers 
with lower tobacco consumption if an additional risk factor for lung cancer is also present. For non-
smokers with one of the additional risk factors, there is currently no recommendation for lung can-
cer screening [210, 236, 247]. 

For this rapid assessment, only RCTs that investigated screening for lung cancer in current or 
former smokers could be identified. In one of the RCTs included (DLCST), results for lung cancer 
mortality for the subgroup of smokers with COPD at baseline were also examined. The subgroup 
analysis showed no effect modification by the presence of COPD as an additional risk factor for 
lung cancer. In another RCT (NLST), the proportion of individuals with asbestos work experience 
was 4.6% in the LDCT arm and 4.8% in the chest X-ray arm, but no separate results were availa-
ble for these subgroups. Data on other risk factors in addition to tobacco smoke or from studies 
screening for lung cancer in individuals with one or more risk factors other than tobacco smoking 
were not available. 

In addition, a recent SR of lung cancer screening by LDCT (Snowsill 2018 [2]) only has results for 
individuals with current or previous tobacco smoking as a risk factor. One of the studies included 
in this SR examined individuals with COPD as an additional risk factor (Garg 2002 [286]), but that 
was a feasibility study and no results for patient-relevant outcomes were reported. Another recent 
SR on lung cancer screening (Huang 2019 [326]) included a Chinese RCT with 6657 participants 
that investigated screening every 2 years in a mixed population with at least one risk factor for lung 
cancer [327]. The study presented results after only 2 years of follow-up (first screening round), 
which is probably too short to show any relevant effect. Nevertheless, no statistically significant 
difference in lung cancer-specific mortality was found between the study group with screening and 
the group without screening. Other reportable endpoints were not investigated in this RCT. The 
proportion of current or former smokers was approximately 28% and only 7.1% of the study partic-
ipants met the NLST criteria for lung cancer screening. The most common risk factor in this study 
was long-term exposure to cooking-oil fumes (~60%), which is of high importance in Asia but of 
secondary importance in Europe. As long-term exposure to cooking-oil fumes is not listed as a 
risk factor for lung cancer in the current European or US guidelines and therefore does not meet 
the inclusion criteria for this rapid report for the relevant population, this RCT was not further con-
sidered. A review (Maisonneuve 2019 [328]) that examined LDCT screening in individuals exposed 
to asbestos at work and included 16 observational studies also concluded that LDCT screening 
might be effective for early detection of lung cancer in asbestos-exposed smokers, but screening 
of asbestos-exposed individuals with no additional risk factors for cancer is not viable because of 
the low detection rate. 

There is currently no direct evidence from RCTs of lung cancer screening in individuals with risk 
factors for lung cancer other than tobacco smoking. The transferability of the results for screening 
for lung cancer in current or former smokers to individuals with other risk factors for lung cancer is 
unclear. The risk of developing lung cancer is estimated to be 11 times higher for smokers than for 
nonsmokers. The risk is assumed to be approximately two times higher for individuals with COPD, 
two to three times higher for those with a family history of lung cancer and approximately 1.5 times 
higher for individuals exposed to carcinogenic substances such as asbestos, chromium, diesel oil 
fumes and coal dust or soot. However no reliable statement can be made on the transferability of 
the results to other risk groups because of (possible) differences not only in lung cancer risk but 
also disease course, the diagnostic accuracy of screening or diagnostic tests, and treatment effec-
tiveness. 
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5.12 Biomarkers for lung cancer screening 

No studies that investigated a multimodal lung cancer screening strategy with LDCT and addition-
al biomarkers compared to a screening strategy using LDCT alone could be identified. Further-
more, no corresponding ongoing studies could be found in the search of study registries. However, 
such RCTs are necessary to assess any possible additional benefit of the adjuvant use of bio-
markers in the context of lung cancer screening. 

A recent review (Seijo 2018 [271]) described two different applications of biomarkers in this con-
text: (1) as an additional diagnostic tool to better assess the lung cancer risk of an individual be-
fore LDCT and thus to make a decision for or against LDCT; and (2) as an additional test after a 
positive LDCT finding to assess the malignancy and to take further appropriate measures. Over-
all, the use of biomarkers is expected to improve the accuracy of screening for lung cancer and to 
reduce false-positive results and associated unnecessary further diagnostic measures. According 
to the review, results for different biomarkers from several validation studies and from individual 
clinical studies have been published. 

Multimodal screening using a biomarker panel was investigated in the ITALUNG study [29]. Blood 
samples from 517 study participants in the LDCT screening arm with screening-detected lung 
cancer and a random selection of subjects without a lung cancer diagnosis were subjected to bio-
marker measurement. In a post hoc analysis, multimodal screening with biomarker measurement 
and LDCT showed higher specificity of 90% compared to 74% with LDCT screening alone. One 
SR included three further studies on biomarkers for lung cancer screening (Chu 2018 [329]), two 
of which investigated the use of biomarkers alone. Only one study investigated the test properties 
of combined screening using biomarkers and LDCT compared to LDCT alone. Again, the combined 
screening showed an improvement in test accuracy. Overall, we conclude that biomarkers may be 
a promising complement to LDCT in lung cancer screening, but that the current evidence is insuf-
ficient to justify the use of biomarkers in clinical practice. 

 

5.13 Lung cancer screening strategies 

In terms of organisational variations in screening with and without invitation, approaches in the 
studies included could not be assigned to any clear categories. In some studies (e.g. NELSON, 
LUSI) a sample was identified through population registries and questionnaires on smoking history 
were then sent out. The recruitment in other studies (e.g., MILD and DLCST) was based on public 
announcements or campaigns to attract candidates to the screening programme. As a third option, 
potentially eligible individuals were identified and invited by general practitioners (e.g., ITALUNG). 
Different recruitment strategies were also combined in some trials. Therefore, no subgroup anal-
yses was performed for the invitation/no invitation characteristic because the studies could not be 
assigned to appropriate categories. However, with regard to screening interval, the RCTs included 
were largely comparable as they mostly used annual screening. One study (MILD) had two in-
tervention arms with 1- and 2-year screening, respectively, while in another RCT (NELSON) the 
screening interval was extended from 1 year to 2 years and then to 2.5 years during the screening 
rounds. With the publication of the MILD study results separated by screening interval (annual or 
biennial), data were available for a subgroup analysis for this characteristic. No statistically signifi-
cant interaction could be shown. In addition, biennial as compared to annual LDCT screening re-
sulted in similar overall mortality and similar lung cancer mortality. Taking into account the very low 
quality of the available evidence, the evidence is very uncertain about the effect of biennial com-
pared to annual LDCT screening on mortality. 
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A regular discussion point is that a narrower screening interval would be appropriate for tumours 
with a rapid growth rate, as this could lead to more tumours being less advanced at the time of 
their discovery. This in turn could theoretically lead to better treatability of the cancer and lower 
lung cancer mortality. The speed of growth is often described using two measures: the doubling 
time, which is the time it takes for a tumour to double in volume (become twice as large); and the 
sojourn time, which is the period of time from when a tumour can be detected in principle until it 
becomes symptomatic. Compared to other types of cancer such as breast cancer (mean doubling 
time ~250 days [330]) the growth rate for lung cancer is high. The mean doubling time is approxi-
mately 190 days for NSCLC [331] and approximately 50 days for SCLC [332]. The mean sojourn 
time is given as approximately 180 days for NSCLC and 90 days for SCLC [333]. In this respect, 
there is reason to assume that a shorter screening interval (annually) could be more beneficial for 
lung cancer screening than a longer screening interval. However, an increase in the number of CT 
scans could be expected to lead to an increase in false-positive screening results and overdiag-
nosis. However, this is not apparent from the data available for the present assessment. Taken 
together, the overall evidence is insufficient to use a screening interval other than 1 year. 

Considerations for the design of a screening programme 

The introduction of lung cancer screening using LDCT would require the establishment of criteria 
that define a high-risk population. The six European studies show many similarities with regard to 
the study population. Active smokers and nonsmokers who stopped smoking < 10 years previous-
ly were considered. Most studies considered cigarette consumption of > 20 pack-years. The age 
of the study participants ranged from ~50 years to 75 years. In the German S-3 guidelines on lung 
cancer, taking into account the American NLST study, the high-risk population is somewhat nar-
rower and screening is recommended for asymptomatic individuals aged between 55 and 74 years 
without additional risk factors who have consumed > 30 pack-years of tobacco and have been 
abstinent from smoking for < 15 years [210]. Various risk prediction models are currently being 
propagated for more accurate selection of high-risk individuals [[334, 335]. Other criteria besides 
age and smoking behaviour that could be used to select high-risk individuals include low body mass 
index, family history of lung cancer, other cancers, self-reported history of COPD, chest X-rays in 
the last 3 years, low educational level and African descent [335]. 

Since the information on smoking behaviour is based on self-reporting and is decisive for selec-
tion for screening, the question arises as to how reliable this approach is. The repeated survey of 
active and former smokers regarding their smoking behaviour showed that over short periods of 
time, self-disclosure is predominantly reliable if standard questions are used to record the smok-
ing history [336]. 

The screening design in the studies mainly comprised an annual examination by LDCT. Partici-
pants were often offered counselling or a smoking cessation programme in parallel with the screen-
ing. Regarding the investigation strategy (definitions and consequences of screening results), the 
studies included showed considerable heterogeneity. This includes non-uniform classification of 
screening results into two or three categories (positive, negative and indeterminate) and different 
definitions for these categories. Depending on the category for the pulmonary nodule, the subse-
quent diagnostic workup and further examination intervals were determined. In addition, different 
types of equipment were used in the studies. In most of the studies, CT images were evaluated 
independently by two radiologists. 
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In some studies a computer-based volume calculation was carried out. By comparing the original 
and follow-up CT images, the increase in volume for a pulmonary nodule can be determined and 
the malignancy can be evaluated according to the change in volume. Seigneurin et al. [306] ob-
served that computerised volumetry yielded low recall rates and similar lung cancer detection rates. 
This indicates that assessment of pulmonary nodules by volume allows more precise distinction 
between benign and malignant nodules than assessment by diameter alone, which might have a 
meaningful impact on overdiagnosis. 

If LDCT screening is introduced, quality assurance measures must be put in place, including uni-
form protocols for evaluation of CT images and subsequent follow-up examinations, as well as 
diagnostic workup. The German Radiological Society and the German Society for Pneumology and 
Respiratory Medicine consider the Lung Imaging-Reporting and Data System (Lung-RADS) devel-
oped by the American College of Radiology to be suitable [337]. This system is used for classifi-
cation of pulmonary nodules. The follow-up checks and further diagnostic procedures needed are 
also defined, depending on the findings [338]. In addition, the two societies advocate the use of 
uniform volumetry software [337]. Since the radiation dose can be significantly reduced with the 
newer generation of devices, use of a multislice CT device should be a prerequisite for screening. 
The quality of lung cancer screening should be continuously reviewed and improved. To this end, 
findings requiring monitoring (reappointment rates and the proportion of positive biopsies of all 
biopsies performed) must be recorded [263]. 

However, questions concerning implementation of screening are being examined in a recently 
launched European study [203]. This EU-funded project (4-IN THE LUNG RUN: INdividually tai-
lored INvitations, screening INtervals, and INtegrated co-morbidity reducing strategies in lung can-
cer screening) is coordinated by the Erasmus University Medical Center in Rotterdam, The Neth-
erlands. In addition to Germany, the UK, Spain, Italy and France are participating in the study. A 
total of 24,000 participants will be included in the RCT, with the aim of testing the safety of risk-
based screening intervals. In addition, strategies for recruitment, smoking cessation, reduction of 
comorbidities (e.g., using a calcium score for cardiovascular disease) and biomarkers will be in-
vestigated. The planned study end date is December 2024. 

 

5.14 Information strategies for lung cancer screening 

Screening for lung cancer differs from other cancer screenings in that the target group cannot be 
clearly defined by age or sex, but includes people with different risk factors. One challenge is there-
fore to identify and invite suitable individuals for screening. Tobacco smoking is considered the 
main risk factor for lung cancer. The fact that smoking is a self-chosen behaviour can lead to lung 
cancer being regarded as a self-induced disease and can therefore cause stigmatisation. This in 
turn carries the risk that affected individuals will not seek preventive medical checkups or health 
services. Appropriate information and invitation strategies that help to minimise the stigma asso-
ciated with the risk of cancer among smokers may improve access to screening programmes [263]. 
Another important aspect of screening programmes is to inform potential participants about the 
possible benefits and harms of the test. With regard to different information strategies for screen-
ing for lung cancer, the literature search revealed two major groups of studies. These were stud-
ies that dealt with information or invitation strategies for lung cancer screening for potential eligible 
individuals and studies that examined tools for shared decision-making before LDCT in the con-
text of a lung cancer screening programme. The evidence for information or invitations strategies is 
generally very weak and therefore no reliable conclusion can be drawn on whether a specific strat-
egy is more effective in increasing participant knowledge, empowerment or satisfaction. In an SR 
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[339] examining the influence of information brochures on the screening participation rate for dif-
ferent cancers (colorectal, prostate or lung cancer), only a few relevant studies could be identified. 
Furthermore, the studies showed inconsistent results. The use of information brochures significant-
ly increased the screening participation rate in five of nine studies, but not in the other four studies. 

Several studies on the use of tools such as decision aids that promote shared decision-making 
are available. The quality of the evidence is low to moderate. Overall, the studies showed that the 
use of different types of decision aids before participation in lung cancer screening can lead to an 
improvement in knowledge about the screening process itself and its benefits and harms, and to 
greater confidence in making a decision for or against participation in screening. Screening partic-
ipation rates are not significantly influenced by the use of these tools. A recent SR of tools for 
shared decision-making in lung cancer screening also came to a similar conclusion [340]. 

A screening intervention is a medical procedure that is performed on a person who does not (know-
ingly) have a disease and usually has not applied for the intervention. For this reason, the ethics 
of conducting a screening test must be carefully weighed. Even if assessment of a screening pro-
gramme generally shows a positive benefit-to-harm ratio, for individual cases the harm may out-
weigh the benefit. Therefore, comprehensive evidence-based information strategies and concepts 
for screening programmes are essential to ensure important ethical principles such as informed 
consent, decision-making and decisional capacity are met [341]. A collaborative approach between 
health care providers and screening participants allows decisions to be made jointly according to 
the preferences of the participant, incorporating the best available evidence and recommendations 
[263]. US guidelines also recommend comprehensive evidence-based counselling and a shared 
decision-making process for lung cancer screening programmes before LDCT screening [236, 247]. 
When screening is introduced in Europe, it is important to provide appropriate information material 
with a balanced presentation of the advantages and disadvantages of LDCT screening for the tar-
get group to facilitate informed decision-making (shared decision-making) before screening [263]. 
However, this also requires appropriate training of physicians, the provision of suitable evidence-
based tools such as decision supports, and time and personnel resources. 

 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 170 

6 CONCLUDING SUMMARY 

High-quality evidence shows that screening for lung cancer with LDCT in (former) heavy smokers 
results in little or no difference in overall mortality when compared with no screening. For lung can-
cer mortality, moderate-quality evidence shows that screening for lung cancer with LDCT probably 
reduces mortality when compared with no screening. Since the absolute effects and the corre-
sponding CIs are of a similar order of magnitude, the assumption that screening also has a posi-
tive effect on overall mortality seems justified. Taking together the considerations for the two su-
boutcomes for mortality, screening for lung cancer with LDCT may have a mortality benefit. 

However, screening for lung cancer with LDCT may increase adverse events and lead to harm 
because of the consequences of false-positive screening results. In addition, it leads to harm in 
terms of overdiagnosis. Consequences of false-negative screening results were not reported in the 
studies considered. It is estimated that their influence on the balancing of benefit and harm is small. 
For the adverse events outcome, data from only one study were available. For the HRQoL outcome, 
no usable data were available. However, the effect of screening on the rate of adverse events and 
on HRQoL is likely to be partly covered by the overdiagnosis outcome. 

LDCT screening probably saves approximately 5 individuals out of 1,000 (95% CI 3–8) from dying 
of lung cancer within ~10 years and may potentially extend the life of some of the screening par-
ticipants compared to no screening. The benefit in terms of mortality is mainly opposed by the 
harm resulting from false-positive screening results and overdiagnosis. False-positive screening 
results lead to invasive procedures that would not have been performed without the screening in 
at least 1 individual in 1,000, but at most in 15 in 1,000. These procedures can cause complications 
such as pneumothorax. Overdiagnosis is considered as harm because of the unnecessary sub-
sequent diagnostics and therapy, including resulting complications. The risk of overdiagnosis in 
the individual studies is between 0 and 22 per 1,000 individuals invited for screening. The risk of 
overdiagnosis in the presence of a lung cancer diagnosis is between 0% and 63% in the individual 
studies. This underlines how important it is for a positive benefit-to-harm ratio to keep the risk of 
overdiagnosis low with optimal screening strategies. 

For risk groups other than (former) heavy smokers, no studies investigating lung cancer screening 
using LDCT compared to no screening could be identified. It is not possible to apply the potential 
benefit of screening for lung cancer by LDCT in (former) heavy smokers to individuals with other 
risk factors for lung cancer because of (possible) differences in lung cancer risk, disease course, 
diagnostic accuracy of screening or diagnostic tests and treatment effectiveness. 

For the use of biomarkers as an adjunct to LDCT in lung cancer screening, no evidence from RCTs 
is currently available. 

No conclusion can be drawn on how best to reach individuals eligible for screening, because the 
currently available studies used different recruitment strategies without obvious differences in ef-
fectiveness between strategies. With regard to screening interval, current evidence is insufficient 
to use a screening interval other than 1 year. 

Current evidence is insufficient to conclude whether there is an appropriate information strategy to 
reach individuals potentially eligible for lung cancer screening. Moderate-quality evidence shows 
that the use of decision aids before LDCT in the context of a lung cancer screening programme 
probably increases knowledge about the benefits and harms of lung cancer screening and proba-
bly reduces decisional conflict for or against screening participation. 
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APPENDIX 1: DOCUMENTATION OF THE SEARCH STRATEGIES 

Documentation of the Search Strategies for research question 1 (from S19-02) 

1) Focused search for SRs/HTAs  

The search lines for population and intervention (in MEDLNE search lines 1 to 13) were taken 
from Snowsill 2018 [2] and adapted for the other databases. 

1. MEDLINE 
Search Interface: Ovid 
Ovid MEDLINE(R) ALL 1946 to January 28, 2019  

The following filter was adopted: 

Systematic Review: Wong [342]– High specificity strategy 

# Searches 
1 exp Lung Neoplasms/  
2 ((lung$ or bronch$ or pulmon$) adj3 (cancer$ or neopla$ or tumor$ or tumour$ or carcinoma$ 

or adenocarcinoma$ or small cell or squamous)).ti,ab,ot,kw.  
3 (NSLC or NSCLC or SLC or SCLC).ti,ab,ot,kw.  
4 1 or 2 or 3  
5 exp Tomography, X-Ray Computed/  
6 ((CT or CAT) adj3 (scan$ or screen$)).ti,ab,ot,kw.  
7 ((computer$ adj3 tomogra$) and (scan$ or screen$)).ti,ab,ot,kw.  
8 (tomogra$ or helix or helical or spiral$ or spiro$).ti,ab,ot,kw.  
9 5 or 6 or 7 or 8  
10 ((low$ adj3 dos$) or LDCT).ti,ab,kw,ot.  
11 ((ultralow$ or ultra-low$) adj3 dos$).ti,ab,kw,ot.  
12 (low-dos$ or ultralow-dos$).ti,ab,kw,ot.  
13 10 or 11 or 12  
14 4 and 9 and 13  
15 Cochrane database of systematic reviews.jn.  
16 (search or MEDLINE or systematic review).tw.  
17 meta analysis.pt.  
18 or/15-17  
19 14 and 18  
20 screening*.mp.  
21 4 and 9 and 18 and 20  
22 19 or 21  
 

2. The Cochrane Library  
Search Interface: Wiley 
Cochrane Database of Systematic Reviews, Issue 1 of 12, January 2019 

ID Search 
#1 [mh "Lung Neoplasms"] 
#2 ((lung* or bronch* or pulmon*) NEAR/3 (cancer* or neopla* or tumor* or tumour* or carcinoma* or 
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adenocarcinoma* or small cell or squamous)):ti,ab,kw 
#3 (NSLC or NSCLC or SLC or SCLC):ti,ab,kw 
#4 #1 or #2 or #3 
#5 [mh "Tomography, X-Ray Computed"] 
#6 ((CT or CAT) NEAR/3 (scan* or screen*)):ti,ab,kw 
#7 ((computer* NEAR/3 tomogra*) and (scan* or screen*)):ti,ab,kw 
#8 (tomogra* or helix or helical or spiral* or spiro*):ti,ab,kw 
#9 #5 or #6 or #7 or #8 
#10 ((low* NEAR/3 dos*) or LDCT):ti,ab,kw 
#11 ((ultralow* or ultra-low*) NEAR/3 dos*):ti,ab,kw 
#12 (low-dos* or ultralow-dos*):ti,ab,kw 
#13 #10 or #11 or #12 
#14 #4 and #9 and #13 
#15 screening* 
#16 #4 and #9 and #15 
#17 #14 OR #16 in Cochrane Reviews, Cochrane Protocols 
 

3. Health Technology Assessment Database  
Search Interface: Centre for Reviews and Dissemination 

Line   Search 
1 MeSH DESCRIPTOR Lung Neoplasms EXPLODE ALL TREES 
2 ((lung* or bronch* or pulmon*) AND (cancer* or neopla* or tumor* or tumour* or carcinoma* or 

adenocarcinoma* or small cell or squamous)) 
3 #1 OR #2 
4 MeSH DESCRIPTOR Tomography, X-Ray Computed EXPLODE ALL TREES 
5 ((CT or CAT) AND (scan* or screen*)) 
6 ((computer* AND tomogra*) and (scan* or screen*)) 
7 (tomogra* or helix or helical or spiral* or spiro*) 
8 (#4 OR #5 or #6 or #7) 
9 ((low* AND dos*) or LDCT) 
10 ((ultralow* or ultra-low*) AND dos*) 
11 (low-dos* or ultralow-dos*) 
12 (#9 OR #10 OR #11) 
13 (screen*) 
14 (#3 AND #8 AND #12) 
15 (#3 AND #8 AND #13) 
16 (#14 OR #15) 
17 (#14 OR #15) IN HTA 
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2) Additional search for primary studies in bibliographic databases  

An update search for studies in bibliographic databases was conducted for the time period not 
covered by Snowsill 2018 (starting from 2017). 

1. MEDLINE 
Search Interface: Ovid 

Ovid MEDLINE(R) 1946 to June 11, 2020 

The following filters were adopted:  

RCT: Lefebvre [343] – Cochrane Highly Sensitive Search Strategy for identifying randomized 
trials in MEDLINE: sensitivity-maximizing version (2008 revision) 

# Searches 
1 exp Lung Neoplasms/  
2 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  
3 or/1-2  
4 exp Tomography, X-Ray Computed/  
5 (compute* adj3 tomograph*).ab,ti.  
6 (ct or ldct).ab,ti.  
7 or/4-6  
8 Mass Screening/  
9 Early Detection of Cancer/  
10 screen*.mp.  
11 or/8-10  
12 ("Nederlands-Leuvens Longkanker Screenings ONderzoek" or "Dutch-Belgian Randomized Lung 

Cancer Screening Trial" or NELSON or "Lung Cancer Screening Intervention trial" or LUSI or "Nation-
al Lung Screening Trial" or NLST or "Lung Screening Study" or LSS or LungSearch or "Multicentric 
Italian Lung Detection" or MILD or "Italian Lung Cancer Screening Trial" or ITALUNG or "Danish Lung 
Cancer Screening Trial" or DLCST or "UK Lung Cancer Screening" or UKLS or "Detection And 
screening of early lung cancer with Novel imaging TEchnology" or DANTE).ab,ti.  

13 randomized controlled trial.pt.  
14 controlled clinical trial.pt.  
15 (randomized or placebo or randomly or trial or groups).ab.  
16 drug therapy.fs.  
17 or/13-16  
18 17 not (exp animals/ not humans.sh.)  
19 and/3,7,11,18  
20 and/3,11-12,18  
21 or/19-20  
22 21 not (comment or editorial).pt.  
23 22 and (english or german).lg.  
24 23 and 20161201:3000.(dt).  
 

Search Interface: Ovid 

Ovid MEDLINE(R) Epub Ahead of Print and In-Process & Other Non-Indexed Citations June 11, 
2020 
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# Searches 
1 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  
2 (compute* adj3 tomograph*).ab,ti.  
3 (ct or ldct).ab,ti.  
4 or/2-3  
5 screen*.mp.  
6 ("Nederlands-Leuvens Longkanker Screenings ONderzoek" or "Dutch-Belgian Randomized Lung 

Cancer Screening Trial" or NELSON or "Lung Cancer Screening Intervention trial" or LUSI or "Nation-
al Lung Screening Trial" or NLST or "Lung Screening Study" or LSS or LungSearch or "Multicentric 
Italian Lung Detection" or MILD or "Italian Lung Cancer Screening Trial" or ITALUNG or "Danish Lung 
Cancer Screening Trial" or DLCST or "UK Lung Cancer Screening" or UKLS or "Detection And 
screening of early lung cancer with Novel imaging TEchnology" or DANTE).ab,ti.  

7 (clinical trial* or random* or placebo).ti,ab. or trial.ti.  
8 and/1,4-5,7  
9 and/1,5-7  
10 or/8-9  
11 10 not (comment or editorial).pt.  
12 11 and (english or german).lg.  
13 12 and 20161201:3000.(dt).  
 

2. Embase 
Search Interface: Ovid 
Embase 1974 to 2020 June 11 

The following filters were adopted:  

RCT: Wong [342] – Strategy minimizing difference between sensitivity and specificity 

# Searches 
1 exp Lung tumor/  
2 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  
3 or/1-2  
4 exp Computer assisted tomography/  
5 (compute* adj3 tomograph*).ab,ti.  
6 (ct or ldct).ab,ti.  
7 or/4-6  
8 exp Mass screening/  
9 Early diagnosis/  
10 screen*.mp.  
11 or/8-10  
12 ("Nederlands-Leuvens Longkanker Screenings ONderzoek" or "Dutch-Belgian Randomized Lung 

Cancer Screening Trial" or NELSON or "Lung Cancer Screening Intervention trial" or LUSI or "Na-
tional Lung Screening Trial" or NLST or "Lung Screening Study" or LSS or LungSearch or "Multicen-
tric Italian Lung Detection" or MILD or "Italian Lung Cancer Screening Trial" or ITALUNG or "Danish 
Lung Cancer Screening Trial" or DLCST or "UK Lung Cancer Screening" or UKLS or "Detection And 
screening of early lung cancer with Novel imaging TEchnology" or DANTE).ab,ti.  

13 (random* or double-blind*).tw.  
14 placebo*.mp.  
15 or/13-14  
16 15 not (exp animal/ not exp human/)  
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# Searches 
17 and/3,7,11,16  
18 and/3,11-12,16  
19 or/17-18  
20 19 not medline.cr.  
21 20 not (Conference Abstract or Conference Review or Editorial).pt.  
22 21 and (english or german).lg.  
23 22 and 20161230:3000.(dc).  
 

3. The Cochrane Library  
Search Interface: Wiley 
Cochrane Central Register of Controlled Trials Issue 6 of 12, June 2020 

ID Search 
#1 [mh "Lung Neoplasms"] 
#2 (lung NEAR/1 (cancer* or tumor* or tumour* or neoplasm*)):ti,ab 
#3 #1 or #2 
#4 [mh "Tomography, X-Ray Computed"] 
#5 (compute* NEAR/3 tomograph*):ti,ab 
#6 (ct or ldct):ti,ab 
#7 #4 or #5 or #6 
#8 [mh ^"Mass Screening"] 
#9 [mh ^"Early Detection of Cancer"] 
#10 screen*:ti,ab,kw 
#11 #8 or #9 or #10 
#12 ("Nederlands-Leuvens Longkanker Screenings ONderzoek" or "Dutch-Belgian Randomized Lung 

Cancer Screening Trial" or NELSON or "Lung Cancer Screening Intervention trial" or LUSI or "Na-
tional Lung Screening Trial" or NLST or "Lung Screening Study" or LSS or LungSearch or "Multicen-
tric Italian Lung Detection" or MILD or "Italian Lung Cancer Screening Trial" or ITALUNG or "Danish 
Lung Cancer Screening Trial" or DLCST or "UK Lung Cancer Screening" or UKLS or "Detection And 
screening of early lung cancer with Novel imaging TEchnology" or DANTE):ab,ti 

#13 #3 AND #7 AND #11 
#14 #3 AND #11 AND #12 
#15 #13 OR #14 with Publication Year from 2017 to present, in Trials 
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3) Search in study registries 

1. ClinicalTrials.gov 
Provider: U.S. National Institutes of Health 
URL: http://www.clinicaltrials.gov 

Input surface: Advanced Search 

Search strategy 
lung cancer AND (computed tomography OR CT OR LDCT) AND screening 
 

2. International Clinical Trials Registry Platform Search Portal 
Provider: World Health Organization 
URL: http://apps.who.int/trialsearch/ 

Input surface: Standard Search 

Search strategy 
lung cancer AND computed tomography OR lung cancer AND CT OR lung cancer AND LDCT 
 

Documentation of the Search Strategies for research question 2  

1) Search in bibliographic databases  

1. MEDLINE 
Search Interface: Ovid 
Ovid MEDLINE(R) Epub Ahead of Print and In-Process & Other Non-Indexed Citations June 30, 

2020 

# Searches 
1 (lung adj3 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  

2 (compute* adj5 tomograph*).ab,ti.  

3 (ct or ldct).ab,ti.  

4 or/2-3  

5 screen*.mp.  

6 dna.mp.  

7 (genetic or gene).mp.  

8 biomarker*.ab,ti.  

9 (antibod* or autoantibod*).ab,ti.  

10 ((biological* or molecular* or tumor*) adj3 marker*).ab,ti.  

11 (microRNA or miRNA).mp.  

12 or/6-11  

13 and/1,4-5,12  
 

Search Interface: Ovid 
Ovid MEDLINE(R) 1946 to June 30, 2020 

http://www.clinicaltrials.gov/
http://apps.who.int/trialsearch/
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# Searches 
1 exp Lung Neoplasms/  

2 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  

3 or/1-2  

4 exp Tomography, X-Ray Computed/  

5 (compute* adj3 tomograph*).ab,ti.  

6 (ct or ldct).ab,ti.  

7 or/4-6  

8 Mass Screening/  

9 Early Detection of Cancer/  

10 screen*.mp.  

11 or/8-10  

12 exp Biomarkers/  

13 Enzyme Linked Immunosorbent Assay/  

14 Autoantibodies/  

15 dna.mp.  

16 (genetic or gene).mp.  

17 418 

18 (antibod* or autoantibod*).ab,ti.  

19 ((biological* or molecular* or tumor*) adj3 marker*).ab,ti.  

20 (microRNA or miRNA).mp.  

21 or/12-20  

22 and/3,7,11,21  

23 22 not (exp animals/ not humans.sh.)  

24 23 not (comment or editorial).pt.  
 

2. Embase 
Search Interface: Ovid 
Embase 1974 to 2020 June 30 

The following filters were adopted: 

 Systematic Review: Wong [342] – High specificity strategy 

 RCT: Wong [342] – Strategy minimizing difference between sensitivity and specificity 
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# Searches 
1 exp Lung tumor/  

2 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  

3 or/1-2  

4 exp Computer assisted tomography/  

5 (compute* adj3 tomograph*).ab,ti.  

6 (ct or ldct).ab,ti.  

7 or/4-6  

8 exp Mass screening/  

9 Early diagnosis/  

10 screen*.mp.  

11 or/8-10  

12 exp Tumor marker/  

13 Biological marker/  

14 biomarker*.ab,ti.  

15 (antibod* or autoantibod*).mp.  

16 ((biological* or molecular* or tumor*) adj3 marker*).ab,ti.  

17 (microRNA or miRNA).mp.  

18 dna.mp.  

19 (genetic or gene).mp.  

20 complement component.mp.  

21 or/12-20  

22 (random* or double-blind*).tw.  

23 placebo*.mp.  

24 or/22-23  

25 (meta analysis or systematic review or MEDLINE).tw.  

26 or/24-25  

27 and/3,7,11,21,26  

28 27 not medline.cr.  

29 28 not (exp animal/ not exp human/)  

30 29 not (Conference Abstract or Conference Review or Editorial).pt.  
 

3. The Cochrane Library  
Search Interface: Wiley 
Cochrane Central Register of Controlled Trials Issue 7 of 12, July 2020 

Cochrane Database of Systematic Reviews Issue 7 of 12, July 2020 
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ID Search 
#1 [mh "Lung Neoplasms"] 

#2 (lung NEAR/1 (cancer* or tumor* or tumo?r* or neoplasm*)):ti,ab 

#3 #1 or #2 

#4 [mh "Tomography, X-Ray Computed"] 

#5 (compute* NEAR/3 tomograph*):ti,ab 

#6 (ct or ldct):ti,ab 

#7 #4 or #5 or #6 

#8 [mh ^"Mass Screening"] 

#9 [mh ^"Early Detection of Cancer"] 

#10 screen*:ti,ab 

#11 #8 or #9 or #10 

#12 [mh "Biomarkers"] 

#13 [mh ^"Enzyme Linked Immunosorbent Assay"] 

#14 [mh ^"Autoantibodies"] 

#15 dna 

#16 genetic or gene 

#17 biomarker*:ti,ab 

#18 (antibod* or autoantibod*):ti,ab 

#19 ((biological* or molecular* or tumor*) NEAR/3 marker*):ti,ab 

#20 microRNA or miRNA 

#21 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 

#22 #3 and #7 and #11 and #21 in Cochrane Reviews, Cochrane Protocols, Trials 
 

2) Search in study registries 

1. ClinicalTrials.gov 
Provider: U.S. National Institutes of Health 
URL: http://www.clinicaltrials.gov 

Input surface: Expert Search 

Search strategy 
lung cancer AND (computed tomography OR CT OR LDCT) AND screening AND (dna OR genetic OR gene 
OR biomarker OR marker OR antibody OR autoantibody OR microRNA OR miRNA) 

 

2. International Clinical Trials Registry Platform Search Portal 
Provider: World Health Organization 
URL: http://apps.who.int/trialsearch/ 

Input surface: Advanced Search 

Search strategy 
lung cancer AND screening AND dna OR lung cancer AND screening AND genetic OR lung cancer AND 
screening AND gene OR lung cancer AND screening AND biomarker* OR lung cancer AND screening AND 
marker* OR lung cancer AND screening AND antibod* OR lung cancer AND screening AND autoantibod* 
OR lung cancer AND screening AND microRNA OR lung cancer AND screening AND miRNA 

 

http://www.clinicaltrials.gov/
http://apps.who.int/trialsearch/
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Documentation of the Search Strategies for research question 4  

1) Search in bibliographic databases  

1. MEDLINE 
Search Interface: Ovid 
Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and 
Versions(R) 1946 to July 22, 2020 
 
# Searches 
1 exp Lung Neoplasms/  
2 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  
3 1 or 2  
4 Mass Screening/  
5 Early Detection of Cancer/  
6 screen*.mp.  
7 4 or 5 or 6  
8 3 and 7  
9 exp Information Dissemination/  
10 exp Decision Making, Shared/  
11 exp Consumer Health Information/  
12 exp Advertising/  
13 exp Health Knowledge, Attitudes, Practice/  
14 exp Health Communication/  
15 exp Decision Making/  
16 exp Informed Consent/  
17 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16  
18 (inform* adj3 (patient* or consumer* or customer* or client* or population* or smoker* or per-

son*)).ti,ab.  
19 (health adj3 inform*).ti,ab.  
20 (inform* adj3 (strateg* or service* or campaign*)).ti,ab.  
21 (inform* and (brochure* or leaflet* or handout* or material* or booklet* or pamphlet* or sheet*)).ti,ab.  
22 (advert* or communic*).ti,ab.  
23 (decision* adj3 (aid* or support* or making)).ti,ab.  
24 18 or 19 or 20 or 21 or 22 or 23  
25 17 or 24  
26 8 and 25  
 
2. Embase 
Search Interface: Ovid 
Embase 1974 to 2020 July 22 

#  Searches 
1 exp Lung tumor/  
2 (lung adj1 (cancer* or tumor* or tumo?r* or neoplasm*)).ab,ti.  
3 1 or 2  
4 exp Mass screening/  
5 Early diagnosis/  
6 screen*.mp.  
7 4 or 5 or 6  
8 3 and 7  
9 exp information dissemination/  
10 exp shared decision making/  
11 exp consumer health information/  
12 exp advertising/  
13 exp attitude to health/  
14 exp medical information/  
15 exp decision making/  
16 exp informed consent/  
17 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16  
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18 (inform* and (brochure* or leaflet* or handout* or material* or booklet* or pamphlet* or sheet*)).ti,ab.  
19 (advert* or communic*).ti,ab.  
20 (decision* adj3 (aid* or support* or making)).ti,ab.  
21 (inform* adj3 (patient* or consumer* or customer* or client* or population* or smoker* or per-

son*)).ti,ab.  
22 (health adj3 inform*).ti,ab.  
23 (inform* adj3 (strateg* or service* or campaign*)).ti,ab.  
24 18 or 19 or 20 or 21 or 22 or 23  
25 17 or 24  
26 8 and 25  
27 limit 26 to conference abstracts  
28 26 not 27  
 
 
3. The Cochrane Library  
Search Interface: Wiley 
Cochrane Central Register of Controlled Trials Issue 7 of 12, July 2020 

Cochrane Database of Systematic Reviews Issue 7 of 12, July 2020 

ID Search 
#1 [mh "Lung Neoplasms"] 
#2 (lung NEAR/1 (cancer* or tumor* or tumour* or neoplasm*)):ti,ab 
#3 #1 OR #2 
#4 [mh ^"Mass Screening"] 
#5 [mh ^"Early Detection of Cancer"] 
#6 screen*:ti,ab,kw 
#7 #4 OR #5 OR #6 
#8 #3 AND #7 
#9 MeSH descriptor: [Information Dissemination] explode all trees 
#10 MeSH descriptor: [Decision Making, Shared] explode all trees 
#11 MeSH descriptor: [Consumer Health Information] explode all trees 
#12 MeSH descriptor: [Advertising] explode all trees 
#13 MeSH descriptor: [Health Knowledge, Attitudes, Practice] explode all trees 
#14 MeSH descriptor: [Health Communication] explode all trees 
#15 MeSH descriptor: [Decision Making] explode all trees 
#16 MeSH descriptor: [Informed Consent] explode all trees 
#17 #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 
#18 (inform* NEAR/3 (patient* or consumer* or customer* or client* or population* or smoker* or 

person*)):ti,ab 
#19 (health NEAR/3 inform*):ti,ab 
#20 (inform* NEAR/3 (strateg* or service* or campaign*)):ti,ab 
#21 (inform* AND (brochure* or leaflet* or handout* or material* or booklet* or pamphlet* or 

sheet*)):ti,ab 
#22 (advert* or communic*):ti,ab 
#23 (decision* NEAR/3 (aid* or support* or making)):ti,ab 
#24 #18 OR #19 OR #20 OR #21 OR #22 #23 
#25 #17 OR #24 
#26 #8 AND #25 
#27 (*clinicaltrials*gov* OR *who*trialsearch* OR *clinicaltrialsregister*eu* OR *anzctr*org*au* OR 

*trialregister*nl* OR *irct*ir* OR *isrctn*org* OR *controlled-trials*com* OR *drks*de*):so 
#28 #26 NOT #27 
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APPENDIX 2: RESEARCH QUESTION 1 – LIST OF CHECKED SYSTEMATIC 
REVIEWS 

1. Coureau G, Salmi LR, Etard C, Sancho-Garnier H, Sauvaget C, Mathoulin-Pelissier S. Low-
dose computed tomography screening for lung cancer in populations highly exposed to tobacco: a 
systematic methodological appraisal of published randomised controlled trials. Eur J Cancer 
2016; 61: 146-156. 

2. Fu C, Liu Z, Zhu F, Li S, Jiang L. A meta-analysis: is low-dose computed tomography a superi-
or method for risky lung cancers screening population? Clin Respir J 2016; 10(3): 333-341. 

3. Humphrey L, Deffebach M, Pappas M, Baumann C, Artis K, Mitchell JP et al. Screening for 
lung cancer: systematic review to update the U.S. Preventive Services Task Force; AHRQ publi-
cation no. 13-05188-EF-1 [online]. 07.2013 [Zugriff: 23.09.2019]. (Evidence Syntheses; Band 
105). URL: https://www.ncbi.nlm.nih.gov/books/NBK154610/pdf/Bookshelf_NBK154610.pdf. 

4. Humphrey LL, Deffebach M, Pappas M, Baumann C, Artis K, Mitchell JP et al. Screening for 
lung cancer with low-dose computed tomography: a systematic review to update the U.S. Preven-
tive Services Task Force. Ann Intern Med 2013; 159(6): 411-420. 

5. Manser R, Lethaby A, Irving LB, Stone C, Byrnes G, Abramson MJ et al. Screening for lung 
cancer. Cochrane Database Syst Rev 2013; (6): CD001991. 

6. Mazzone PJ, Silvestri GA, Patel S, Kanne JP, Kinsinger LS, Wiener RS et al. Screening for 
lung cancer: CHEST guideline and expert panel report. Chest 2018; 153(4): 954-985. 

7. Seigneurin A, Field JK, Gachet A, Duffy SW. A systematic review of the characteristics associ-
ated with recall rates, detection rates and positive predictive values of computed tomography 
screening for lung cancer. Ann Oncol 2014; 25(4): 781-791. 

8. Slatore CG, Sullivan DR, Pappas M, Humphrey LL. Patient-centered outcomes among lung 
cancer screening recipients with computed tomography: a systematic review. J Thorac Oncol 
2014; 9(7): 927-934. 

9. Snowsill T, Yang H, Griffin E, Long L, Varley-Campbell J, Coelho H et al. Low-dose computed 
tomography for lung cancer screening in high-risk populations: a systematic review and economic 
evaluation. Health Technol Assess 2018; 22(69): 1-276. 

10. Usman Ali M, Miller J, Peirson L, Fitzpatrick-Lewis D, Kenny M, Sherifali D et al. Screening for 
lung cancer: a systematic review and meta-analysis. Prev Med 2016; 89: 301-314. 

11. Wang X, Liu H, Shen Y, Li W, Chen Y, Wang H. Low-dose computed tomography (LDCT) 
versus other cancer screenings in early diagnosis of lung cancer: a meta-analysis. Medicine 2018; 
97(27): e11233. 

 

https://www.ncbi.nlm.nih.gov/books/NBK154610/pdf/Bookshelf_NBK154610.pdf
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APPENDIX 3: QUALITY ASSESSMENT OF THE SYSTEMATIC REVIEWS 
INCLUDED IN RESEARCH QUESTION 1 

Table A1: Quality assessment of the SRs included in research question 1 

Snowsill 2018 [2] Yes/No/NA Explanations 

1. Were at least 2 different types of information 
sources searched (e.g. bibliographic databases 
and study registries)? Please list all types of 
information sources reported. 

Yes 
1. Bibliographic databases 
2. Reference lists 
3. Study registries (ongoing studies) 

2. Were at least 2 different bibliographic data-
bases searched? Please list all bibliographic 
databases reported. 

Yes 
MEDLINE, Embase, Health Management 
Information Consortium, PsycINFO, Web of 
Science, Cochrane Library, CINAHL 

3. Was the search period or search date re-
ported? Please specify. Yes 

The HTA report of Snowsill is an update oft 
he HTA report of the Aberdeen HTA Group 
and a supplement of a Cochrane reviews 
([344] and [345]) Update search period: 
January 2004 to January 2017 
 

4. Were at least the most important free-text 
terms or subject headings of the search strate-
gy reported?  

Yes Presentation of the search strategies in the 
appendix 

Assessment (Questions 1.-4. All questions 
answered with “yes” = comprehensive infor-
mation retrieval; one or more questions an-
swered with no = questionable quality) a)  

Yes 
Comprehensive 
with restriction to English language publica-
tions 

Abbreviations: NA=not applicable; SR=systematic review 
a Information sources listed in report plan S19-02 that were not considered in the SR or were not searched comprehen-

sively (e.g. study registries) were searched in the context of information retrieval without time limit. 
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APPENDIX 4: LIST OF EXCLUDED STUDIES 

Table A2: Research question 1: List of excluded studies (full text level) with reasons for exclusion 

Clinical effectiveness and safety 

Reference 
Main reason for exclu-
sion (full text level) 

Ardila D, Kiraly AP, Bharadwaj S, Choi B, Reicher JJ, Peng A2:A39 computed 
tomography. Nature Medicine 2019; 25(6): 954-961. 

wrong study design 

Balagurunathan Y, Beers A, Kalpathy-Cramer J, McNitt-Gray M, Hadjiiski L, 
Zhao B et al. Semi-automated pulmonary nodule interval segmentation using 
the NLST data. Medical Physics 2018; 45(3): 1093-1107. 

wrong study design 

Berg CD. Screening with low-dose computed tomography reduced lung cancer 
mortality in high-risk patients. Annals of Internal Medicine 2011; 155(10): JC5-6. 

wrong study design 

Block JP. Screening for lung cancer with low-dose CT scans reduces lung can-
cer mortality. Journal of Clinical Outcomes Management 2011; 18(8): 343-345. 

wrong study design 

Bronte G, Rolfo C. Semi-automated volumetric analysis in the NELSON trial for 
lung cancer screening: is there room for diagnostic experience yet? J Thorac 
Dis 2016; 8(11): E1490-E1492. 

wrong study design 

Cattaneo SM 2nd, Meisenberg BR, Geronimo MCM, Bhandari B, Maxted JW, 
Brady-Copertino CJ. Lung cancer screening in the community setting. Annals of 
Thoracic Surgery 2018; 105(6): 1627-1632. 

wrong study design 

Charbonnier JP, Chung K, Scholten ET, Van Rikxoort EM, Jacobs C, Sverzellati 
N et al. Automatic segmentation of the solid core and enclosed vessels in sub-
solid pulmonary nodules. Scientific Reports 2018; 8(1): 646. 

wrong study design 

Chung K, Jacobs C, Scholten ET, Mets OM, Dekker I, Prokop M et al. Malig-
nancy estimation of Lung-RADS criteria for subsolid nodules on CT: accuracy of 
low and high risk spectrum when using NLST nodules. European Radiology 
2017; 27(11): 4672-4679. 

wrong study design 

Ciompi F, Chung K, Van Riel SJ, Setio AAA, Gerke PK, Jacobs C et al. To-
wards automatic pulmonary nodule management in lung cancer screening with 
deep learning. Scientific Reports 2017; 7: 46479. 

wrong study design 

Couraud S, Milleron B. Lung cancer screening: what is new since the NLST 
results? Curr Pulmonol Rep 2016; 5(2): 130-139. 

wrong study design 

Coureau G, Delva F. Lung cancer screening among the smoker population. 
Bulletin du Cancer 2019; 106(7-8): 693-702. 

wrong language 

Cressman S, Peacock SJ, Tammemagi MC, Evans WK, Leighl NB, Goffin JR et 
al. The cost-effectiveness of high-risk lung cancer screening and drivers of 
program efficiency. Journal of Thoracic Oncology 2017; 12(8): 1210-1222. 

wrong study design 

Dawson Q. NELSON trial: reduced lung-cancer mortality with volume CT 
screening. Lancet Respir Med 2020; 8(3): 236. 

wrong type of publication 
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Falaschi F, Romei C, Fiorini S, Lucchi M. Imaging of malignant pleural meso-
thelioma: it is possible a screening or early diagnosis program?-a systematic 
review about the use of screening programs in a population of asbestos ex-
posed workers. Journal of Thoracic Disease 2018; 10(Suppl 2): S262-S268. 

wrong population 

Field JK, Duffy SW, Baldwin DR. Patient selection for future lung cancer com-
puted tomography screening programmes: lessons learnt post National Lung 
Cancer Screening Trial. Transl Lung Cancer Res 2018; 7(Suppl 2): S114-S116. 

wrong type of publication 

Frille A, Hardavella G, Lee R. Lung cancer incidence and mortality with extend-
ed follow-up in the National Lung Screening Trial. Breathe 2020; 16(1): 190322. 

wrong type of publication 

Fu M, Travier N, Martin-Sanchez JC, Martinez-Sanchez JM, Vidal C, Garcia M. 
Identifying high-risk individuals for lung cancer screening: going beyond NLST 
criteria. PLoS ONE 2018; 13(4): e0195441. 

wrong study design 

Fu SS, Rothman AJ, Vock DM, Lindgren B, Almirall D, Begnaud A et al. Pro-
gram for lung cancer screening and tobacco cessation: study protocol of a se-
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APPENDIX 5: EVIDENCE GAPS 

Table A5: Additional evidence generation needs 

ADDITIONAL EVIDENCE GENERATION NEEDS 
 

Research question 1: What is the benefit/harm of screening for lung cancer using low-dose computed 
tomography (LDCT) compared to no screening in individuals with risk factors for lung cancer other 
than tobacco smoking 

Evidence No data from (randomised) controlled trials currently available 

Population Adult persons (age 18 and older) without lung cancer (confirmed or suspected) 
(ICD-10 code C34), who are no current or former tobacco smokers but have at least 
one other risk factor for lung cancer: e.g. exposure to occupational or environmental 
toxins (e.g. radon, asbestos or fine particle exposure), COPD (ICD-10 code J44), id-
iopathic pulmonary fibrosis (ICD-10 code J84.1), family history of lung cancer (ICD-
10 code C34)  

Intervention Screening for lung cancer using low-dose computed tomography (LDCT) 

Comparator No screening (usual care). 

Outcome(s) • Mortality (overall mortality, lung cancer mortality) 
• Morbidity 
• Health-related quality of life 
• Harms resulting from screening itself (e.g. consequences from radiation exposure ) 
or from subsequent diagnostic interventions (e.g. invasive biopsy) including overdi-
agnoses, consequences resulting from false screening results (false positive and 
false negative) 
• (Serious) adverse events 

Time stamp 23.09.2020 

Study design Observational studies (to examine the risk associated with a suspected exposure) or 
RCTs (if exposure is a proven risk factor)  

Research question 2: What is the benefit/harm of screening for lung cancer using biomarkers in addition 
to LDCT compared to screening using LDCT alone in individuals at elevated risk of lung cancer? 

Evidence No (randomised) controlled trials currently available 

Population Current or former tobacco smokers aged 18 years or older without lung cancer (con-
firmed or suspected) (ICD-10 code C34) 

Intervention Screening for lung cancer using biomarkers in addition to low-dose computed to-
mography (LDCT) 

Comparator Screening for lung cancer using low-dose computed tomography (LDCT) alone 

Outcome(s) • Mortality (overall mortality, lung cancer mortality) 
• Morbidity 
• Health-related quality of life 
• Harms resulting from screening itself (e.g. consequences from radiation exposure) 
or from subsequent diagnostic interventions (e.g. invasive biopsy) including overdi-
agnoses, consequences resulting from false screening results (false positive and 
false negative) 
• (Serious) adverse events 

Time stamp 23.09.2020 

Study design Observational studies (regarding prognostic and/or diagnosticproperties to find a bi-
omarker most suitable for the use as an additional screening tool) or RCTs (as soon 
as sufficient knowledge about suitable and valid biomarkers exists) 
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Research question 3: What is the benefit/harm of screening for lung cancer in increased screening inter-
vals (> 1 year) using LDCT compared to annual screening for lung cancer in individuals at elevated 
risk of lung cancer? 

Evidence Very low quality evidence from 1 RCT for annual vs biennial screening 

Population Current or former tobacco smokers aged 18 years or older without lung cancer (con-
firmed or suspected) (ICD-10 code C34)  

Intervention Annual screening for lung cancer using low-dose computed tomography (LDCT) 

Comparator Screening for lung cancer using LDCT with screening interval longer than one year 

Outcome(s) • Mortality (overall mortality, lung cancer mortality) 
• Morbidity 
• Health-related quality of life 
• Harms resulting from screening itself (e.g. consequences from radiation exposure ) 
or from subsequent diagnostic interventions (e.g. invasive biopsy) including overdi-
agnoses, consequences resulting from false screening results (false positive and 
false negative) 
• (Serious) adverse events 

Time stamp 23.09.2020 

Study design RCTs (design ideally based on modelling studies) 

Ongoing stud-
ies  

4-IN THE LUNG RUN (https://cordis.europa.eu/project/id/848294/de) 

Research question 4: What is the effectiveness of a shared-decision-making process in the context of a 
lung cancer-screening program compared to no shared-decision-making process on informed 
choice regarding participation? 

Evidence No (randomised) controlled trials currently available 

Population Current or former tobacco smokers aged 18 years or older without lung cancer (con-
firmed or suspected) (ICD-10 code C34) 

Intervention Shared-decision-making counselling prior to initial LDCT scan within a lung cancer-
screening program  

Comparator No shared-decision-making counselling prior to initial LDCT scan within a lung can-
cer-screening program 

Outcome(s) • Participant empowerment 
• Increased knowledge  
• Informed decision-making  
• Participant satisfaction  
• Screening participation rate 
• Smoking cessation rate 

Time stamp 23.09.2020 

Study design RCTs 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 217 

APPENDIX 6: GUIDELINE RECOMMENDATIONS ON LUNG CANCER SCREENING 

Table A6: Overview of guidelines 

Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

Europe     

European Society of Radiology (ESR) and 
European Respiratory Society (ERS) joint 
white paper on lung cancer screening (LCS) 
[263] 

2020 Europe The ESR and ERS agree that Europe's health systems need to 
adapt to allow citizens to benefit from organised pathways, 
rather than unsupervised initiatives, to allow early diagnosis of 
lung cancer and reduce the mortality rate. Now is the time to set 
up and conduct demonstration programmes focusing, among 
other points, on methodology, standardisation, tobacco 
cessation, education on healthy lifestyle, cost-effectiveness and 
a central registry. 

Statement paper. Updated expert 
opinion.  

SEOM (Spanish Society of Medical 
Oncology) [248] 

2020 Spain Lung cancer screening in high-risk patients, as long as smoking 
cessation and LDCT, is recommended. Individuals at high risk 
(who currently smoke or have quit within the past 15 years; 
minimum 30 packs/year, and 55–74 years of age): Low dose 
computerized tomography + advice to quit smoking. 

B/I 

German Radiological Society (GRS), German 
Respiratory Society (GRS) [346] 

2019 Germany The involved professional societies strongly recommend that 
low-dose CT examinations for early detection of lung cancer 
should only be performed within a quality-assured program 

Joint Statement 

European Society For Medical Oncology 
(ESMO) ESMO [265] 

2019 Europe The panel concluded that national health policy groups in 
Europe should start to implement CT screening as adequate 
evidence is available. It was recognised that there are 
opportunities to improve the screening process through 
‘Implementation Research Programmes’. 

Implementation of LC screening should be a priority in Europe. It 
needs to be driven scientifically, politically and also using patient 
advocacy. 

Europe needs to plan ‘Implementation Research Programmes’. 

The expert panel reviewed the 
current evidence for LC 
screening with low-dose CT 
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Investment is needed into recruitment challenges especially in 
‘hard to reach’ communities. 

Ensure thoracic radiologists reporting on CT-screened 
individuals use volume and VDT and are provided with the 
necessary training and work, with QA procedures in place. 

The issues around current GDPR need to be resolved, in order 
to enable the development of a European registry for collection 
of LC CT screening data. 

Secondary care pathways are aligned with the imminent 
implementation of LC screening, together with service provision 
and availability of screening platforms. 

Develop a collegiate approach to the workup and treatment of 
patients with LC in multidisciplinary clinics, identified through CT 
screening programmes. All clinical specialties should be fully 
engaged, including medical oncologists. 

The role of non-imaging early detection biomarkers is still in an 
early phase; however, the LC screening community should be 
fully engaged and participate in the developing integrated 
research programmes using molecular/radiomics and artificial 
intelligence approaches. 

Innovative research programmes (eg, ELIC and iDNA) provide 
enormous potential which can impact on LC screening and save 
lives. 

LC CT screening will happen in Europe. It is up to the 
community to make it happen now. 

AWMF (DE) – Association of Scientific 
Medical Societies,  

DKG (DE) – German Cancer Society [210] 

2018 Germany 1. X-ray thorax:  

In asymptomatic individuals at risk for lung cancer, early 
detection by chest X-ray should not be done alone or in 
combination with cytological sputum exams.  

A/1a 
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*Full text in German 2. Computed tomography (CT): 

Asymptomatic people at risk for lung cancer between the ages of 
55 and 74 years and a smoking history of ≥ 30 pack years and 
less than 15 years of nicotine withdrawal can be an annual 
screening for lung cancer using low-dose CT under the 
recommendation 5.4. framework mentioned Tobe offered.  

0/1a 

2. Computed tomography (CT): 

In asymptomatic persons at risk for lung cancer aged ≥ 50 years 

and a smoking history of ≥ 20 pack years and one of the 
following additional risk factors, an early detection of lung cancer 
by means of low-dose CT can be carried out under the 
recommendations given in 5.4. framework conditions are 
offered. 

Risk factors: Lung carcinoma, positive family history for a lung 
carcinoma, ENT malignancy or other smoking-related 
malignancies, lymphoma disease, asbestos exposure, COPD, 
pulmonary fibrosis. 

0/1a 

2. Computed tomography (CT): 

Annual early detection of lung cancer using low-dose CT should 
be carried out for at least 2 years and under the following 
conditions: 

• Multidisciplinary treatment team with at least the participation of 
specialists in radiology, pneumology, thoracic surgery, oncology, 
and 

Radiotherapy, ideally in a certified lung cancer center 

(DKG); 

• Accompanying smoking cessation, 

• Continuous documentation and comparison of findings, 

• Within a quality-assured early detection program. 

B, 1a 
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Prevención del Cáncer del Programa de 
Prevención y Promoción de la Salud 
(PAPPS) [347] 

2018 Spain Primary care professionals should take clear and personalized 
advice to quit smoking to all smokers. 

A/I 

Chest X-ray or sputum cytology should not be recommended as 
lung cancer screening tests.  

B/I 

TCBD should not be recommended as a lung cancer screening 
test. 

B/III 

European Position Statement on Lung 
Cancer Screening [348] 

2017 Europe  1. Low-dose CT is the only evidence-based method for the early 
detection of lung cancer shown to provide a mortality reduction. 
On the basis of this evidence from randomised controled trials, 
the EU position statement recommends that we start to plan for 
the implementation of lung cancer screening in Europe while 
cognisant of future publications that include the awaited 
NELSON trial data on mortality and cost-effectiveness and data 
from the six smaller European studies for developing 
implementation strategies in each of their own countries. 

2. Future lung cancer low-dose CT programmes should use a 
validated risk stratification approach so that only individuals 
deemed to be at high enough risk are screened. In the near 
future, incorporation of potential biomarkers and susceptibility 
genes into lung cancer risk models should be considered to 
improve the accuracy of risk stratification models. 
3. Although only evidence for annual low-dose CT lung cancer 
screening is available, recent research suggests the possibility 
of using a more personalised approach to lung cancer screening 
with a risk-based approach on the results of baseline and first 
screening rounds. 

4. The EU position statement expert group recommends that the 
planning for low-dose CT screening should be started 
throughout Europe because low-dose CT lung cancer screening 
has the potential to save lives." 

Joint Statement 
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Nordic Thoracic Oncology Group [267] 2017 Nordic  

countries 

(Denmark, 
Norway, 
Sweden, 
Finland, 
Iceland) 

"We would recommend for the Nordic countries that the NLST 
criteria are used: 55–75 years of age, more than 30 pack years 
smoking history, current smoker or having quit smoking within 
last 15 years, and having no substantial comorbidity. However, 
we would also suggest that the use of risk stratification, as done 
in the UKLS, is tested beforehand in pilot projects in the Nordic 
countries, as this may increase cost-effectiveness. 

The suggested screening interval in the Nordic countries 
therefore should be one baseline screening followed by a single 
annual screening, and thereafter biennial screening in 
participants without pulmonary nodules. Participants with 
nodules should be followed annually or as specified in the 
management flowchart. 

It is our recommendation in the Nordic Countries that the 
inclusion of incidental findings in a screening protocol should 
only be done in a separate formalized trial, and not as a part of 
the general public screening offered. Any incidental findings 
detected during screening should be reported and discussed 
with the participant, together with a referral to a relevant 
physician or multidisciplinary tumor (MDT) board. Furthermore, 
the potential for making these incidental findings should be 
discussed with the participating individuals when screening is 
prepared and offered. 

 It is recommended that a national authorization of LDCT 
screening centers is established and a plan for the number and 
geographical distribution of these is made. 

It is recommended that an evaluation of what the expected 
demand for radiologists and other LC specialists will be and if 
there is a risk that there will be a shortage of qualified staff. 

It is recommended that LDCT screening is introduced in a 
gradual phased manner in each country. This could be by the 
establishment of one or a few multidisciplinary screening centers 
to gain knowledge and experience in this new field, prior to 

Expert consensus 
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subsequent expansion of the activity.  

Based on experience from the European screening trials it is 
recommended that the initial screened cohort in a center should 
not be less than 2000 individuals. 

European Society For Medical Oncology 
(ESMO) [249] 

2017 Europe "Screening with LDCT reduces lung cancer-related mortality. 

It is not yet ready for large-scale implementation, mainly 
because the lung cancer mortality reduction rate lacks definite 
proof of a second study result, and partly because of remaining 
questions regarding definition of the at-risk population, timing, 
interval and method of computed tomography (CT, especially 2D 
versus 3D evaluation), how to handle (false) positive findings 
and especially cost-effectiveness, notably in relation to smoking 
cessation. 

A/I 

• LDCT screening can be carried out outside a clinical trial 
provided it is offered within a dedicated programme with quality 
control, in a centre with experience in CT screening, a large 
volume of thoracic oncology activity and multidisciplinary 
management of suspicious findings.  

Candidates are current or former heavy smokers ( 30 pack-years 
or 15 years since smoking cessation) aged 55–74 years, who 
are well informed about potential benefits and risks. Individuals 
offered LDCT screening should be referred to a smoking 
cessation programme. 

B/I 

• LDCT screening should not be offered on an ad hoc individual 
basis, but patients requesting screening should be referred to a 
dedicated programme, as recommended above. 

B/V 

• Other screening methods, such as chest X-ray, sputum 
analysis or biomarkers, are not recommended for clinical use. 

C/I 

European Society of Thoracic Surgeons 
(ESTS) [264] 

2017 Europe Ten recommendations have been prepared that cover the 
essential aspects to be taken into account when considering 
implementation of CT screening in Europe. These issues are:  

Working group with eight experts 
in the field (based on the current 
situation regarding CT screening 
in Europe and the available 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 223 

Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

1. Implementation of CT screening in Europe,  

2. Participation of thoracic surgeons in CT screening programs,  

3. Training and clinical profile for surgeons participating in 
screening programs,  

4. the use of minimally invasive thoracic surgery and other 
relevant surgical issues  

5.  Associated elements of CT screening programs (i.e. 
smoking cessation programs, radiological interpretation, nodule 
evaluation algorithms and pathology reports). Thoracic Surgeons 
will play a key role in this process and therefore the ESTS is 
committed to providing guidance and facilitating this process for 
the benefit of patients and surgeons. 

evidence) 

French National Authority for Health (HAS) 
[268] 

2016 France HAS considers that the conditions of quality, efficacy and safety 
necessary for the detection of bronchopulmonary cancer by 
thoracic computed tomography with a dose of X-rays classified 
low in people highly exposed or smoked were not met in France 
in 2016. 

In France, a taskforce edited a common statement 
recommending screening smokers or ex-smokers, from 55 to 75 
years old who have smoked at least 30 packs/year. The 
taskforce also underlined the need for clinical trials aiming to 
translate screening strategy to the French setting. However, the 
French Health Authority recently claimed that lung cancer 
screening was not relevant in the current setting. 

Expert group (critical analysis 
and synthesis of evidence) 

Spanish Society of Pneumology and 
Thoracic Surgery (SEPAR) [266] 

2016 Spain Annual chest X-ray screening in high-risk patients is not 
effective, and is therefore, not recommended. 

A/I 

Annual screening using TCBD in high-risk individuals reduces 
lung cancer mortality. 

B/I 
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The definition of high risk is not clearly established, but the only 
randomized and controlled study that has shown reduction in 
mortality used the following criteria of inclusion: age between 55 
and 74 years, at least 30 packages-year smoking and a 
maximum period of smoking withdrawal of 15 years. 

B/I 

There is insufficient evidence to recommend the number of 
screenings, nor the time interval between them, to which the 
high-risk individual should undergo. Most of the studies from 
which evidence has been obtained for the recommendations has 
been done with 1 screening per year for at least 3 years. 

- 

Lung cancer screening provides an excellent opportunity to offer 
a smoking cessation program.  

B/I 

The incorporation of smoking cessation programs into screening 
programs can improve the cost-effectiveness ratio. 

C/2 

European Society of Radiology (ESR) and 
the European Respiratory Society (ERS) 
[349] 

2015 Europe "The European Society of Radiology and the European 
Respiratory Society are recommending lung cancer screening in 
comprehensive, quality-assured programmes within a clinical 
trial or in routine clinical practice at certified multidisciplinary 
medical centres. 

• Inclusion criteria: age between 55 and 80 years, tobacco 
smoking history of at least 30 pack-years, and current smoker or 
ex-smoker who has quit smoking within the last 15 years. 

• Exclusion criteria: comorbidities precluding curative therapy 
and lack of consent to undergo curative therapy." 

- 

America     
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U.S. Preventive Service Task Force [254] (in 
review: public comment)  

2020 USA The USPSTF recommends annual screening for lung cancer 
with low-dose computed tomography (LDCT) in adults ages 50 
to 80 years who have a 20 pack-year smoking history and 
currently smoke or have quit within the past 15 years. Screening 
should be discontinued once a person has not smoked for 15 
years or develops a health problem that substantially limits life 
expectancy or the ability or willingness to have curative lung 
surgery. 

Population: Adults ages 50 to 80 years who have a 20 pack-year 
smoking history, currently smoke, or have quit within the past 15 
years. 

B/I 

American College of Radiology ACR 
Appropriateness Criteria® [350] 

2020 USA 1. Lung cancer screening with low-dose CT chest without IV 
contrast is usually appropriate in patients 55 to 80 years of age 
and 30 or more packs per year smoking history and currently 
smokes or have quit within the past 15 years. 

2. The panel did not agree on recommending lung cancer 
screening with low-dose CT chest without IV contrast in patients 
50 years of age or older and 20 or more packs per year history 
of smoking plus one additional risk factor. There is insufficient 
medical literature to conclude whether or not these patients 
would benefit from CT screening for lung cancer. Screening in 
this patient population is controversial but may be appropriate. 

3. Lung cancer screening is usually not appropriate in patients 
younger than 50 years of age or older than 80 years of age; or in 
patients of any age with less than 20 packs per year history of 
smoking and no additional risk factors. 

Expert Panel 

(Although there are references 
that report on studies with design 
limitations, 14 well-designed or 
good-quality studies provide 
good evidence) 

American Cancer Society (ACS) [258] 2019 USA Annual screening with low‐dose helical CT in adults who: 

•  currently smoke or have quit within the past 15 years; and 

----- 
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•  have at least a 30 pack‐year smoking history; and 

•  receive evidence‐based smoking cessation counseling, if they 
are current smokers; and 

•  have undergone a process of informed/shared decision 
making that included information about the potential benefits, 
limitations, and harms of screening with low‐dose CT; and 

•  have access to a high‐volume, high quality lung cancer 
screening and treatment center 

Population: Current or former smokers aged 55‐74 y in good 
health with at least a 30‐pack‐y history of smoking. 

 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 227 

Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

American Cancer Society (ACS) [259] 2019 USA Population: current or former smokers aged 55‐74 y in good 
health with at least a 30–pack‐y history of smoking. 

Annual screening in adults who:  

-Currently smoke or have quit within the past 15 y; and 

-Have at least a 30–pack‐y smoking history; and 

-Receive evidence‐based smoking cessation counseling, if they 
are current smokers; and 

-Have undergone a process of informed/shared decision making 
that included information about the potential benefits, limitations, 
and harms of screening with low‐dose CT; and 

Have access to a high‐volume, high‐quality lung cancer 
screening and treatment center. 

Available evidence 

American College of Chest Physicians 
(CHEST) [247] 

2018 USA For asymptomatic smokers and former smokers age 55 to 77 
who have smoked 30 pack years or more and either continue to 
smoke or have quit within the past 15 years, we suggest that 
annual screening with low dose CT should be offered. 

"Weak recommendation 

"moderate-quality evidence 

National Comprehensive Cancer Network 
(NCCN) [236] 

2019 USA The NCCN panel recommends lung cancer screening using 
LDCT for individuals with high-risk factors; 2 groups of 
individuals qualify as high risk:  

Group 1: 

Aged 55 to 74 years; 30 or more pack-year history of smoking 
tobacco; and currently smoke or, if former smoker, have quit 
within 15 years (category 1). 

This is a category 1 recommendation, because these individuals 
are selected based on the NLST inclusion criteria. An NCCN 
category 1 recommendation is based on high-level evidence (ie, 
randomized controlled trial) and uniform consensus (≥85%) 
among panel members. Annual screening is recommended for 
these high-risk individuals for 2 years (category 1) based on the 
NLST. Annual screening is recommended until the individual is 

Category 1: Based upon high-
level evidence, there is uniform 
NCCN consensus that the 
intervention is appropriate. 
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no longer eligible for definitive treatment (category 2A). 
Uncertainty exists about the appropriate duration of screening 
and the age at which screening is no longer appropriate 

Group 2: 

Aged 50 years or older, 20 or more pack-year history of smoking 
tobacco, and one additional risk factor (other than second-hand 
smoke) (category 2A). This is a category 2A recommendation, 
because these individuals are selected based on lower level 
evidence, such as nonrandomized studies, observational data, 
and ongoing randomized trials.40,54–60 Most panel members 
(85%) would recommend LDCT for these individuals.61 
Additional risk factors include cancer history, lung disease 
history, family history of lung cancer, radon exposure, and 
occupational exposure to carcinogens. The NCCN panel does 
not believe that exposure to second hand smoke is an 
independent risk factor, because the data are either weak or 
variable. 

Category 2A: Based upon lower-
level evidence, there is uniform 
NCCN consensus that the 
intervention is appropriate. 

American Cancer Society [351] 2019 USA Lung cancer screening with low‐dose helical CT:  

Current or former smokers aged 55‐74 years in good health with 
at least a 30–pack‐y history of smoking  

Annual screening in adults who: currently smoke or have quit 
within the past 15 y; and have at least a 30–pack‐y smoking 
history; and receive evidence‐based smoking‐cessation 
counseling, if they are current smokers; and have undergone a 
process of informed/shared decision making that included 
information about the potential benefits, limitations, and harms of 
screening with low‐dose CT; and have access to a high‐volume, 
high‐quality lung cancer screening and treatment center 

Available evidence 
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American Thoracic Society (ATS) [260] 2018 USA 1) Juxtaposing lung cancer risk and competing risk of death. 

-Better selection of those at high risk for lung cancer may 
improve the harm-tobenefit ratio of screening; however, benefits 
and harms of LCS may not be linearly related to risk of 
developing lung cancer. 

-The complex interplay between baseline risk of developing lung 
cancer, treatment-related harms, and competing causes of death 
substantially affects the balance of harms and benefits of LCS. 

-Research is needed to identify the optimal threshold where the 
benefits of reducing lung cancer death (LCD) outweigh the risk 
of dying of a competing cause and serve to prolong survival. 

2) COPD, lung cancer risk, and potential harms of LDCT 
screening. 

-Although individuals with COPD have a higher risk than 
smokers without COPD of developing lung cancer, the presence 
of advanced COPD may pose a significant risk for harms of LCS 
and downstream evaluation and treatment of screen-detected 
nodules. 

- The benefit of screening those with advanced-stage COPD 
(Global Initiative for Chronic Obstructive Lung Disease [GOLD] 
classes 3 and 4) is uncertain, and how best to risk stratify these 
patients using functional status information should be an area of 
research 

Statement 

American Thoracic Society (ATS) Policy 
Statement [352] 

2017 USA Conclusions 

The application of molecular biomarkers to assist with the early 
detection of lung cancer has the potential to substantially 
improve our ability to select patients for lung cancer screening, 
and to assist with the characterization of indeterminate lung 
nodules.  

To support the application of molecular biomarkers in these 

-- 
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clinical settings there must be evidence that the molecular 
biomarker leads to clinical decisions whose benefits outweigh 
their harms. Although it is tempting to apply novel testing based 
on promising discovery or validation level studies, the lung 
cancer community should insist on additional evidence of clinical 
utility before changing practice. We have described relevant 
considerations and have suggested standards to apply when 
determining whether a molecular biomarker for the early 
detection of lung cancer is ready for clinical use. 

Canadian Task Force on Preventive Health 
Care (CTFPHC) [261] 

2016 Canada Adults between 55 and 74 years of age who are at high risk for 
lung cancer (i.e., those who smoke or who quit smoking within 
the past 15 years and who have at least a 30 pack-year smoking 
history) may benefit from screening for lung cancer with low-
dose computed tomography (CT) every year for three 
consecutive years (weak recommendation). 

Weak recommendation, low-
quality evidence 

There is no clear benefit of low-dose CT screening for lung 
cancer in adults younger than 55 years and older than 74 years, 
or in those at a lower risk based on smoking history (i.e., adults 
who smoke with less than a 30 pack-year smoking history or 
adults who quit smoking more than 15 years prior).  

Weak recommendation, low-
quality evidence 

There is no benefit of screening for lung cancer with chest 
radiography (with or without sputum cytology), but there are 
known harms (e.g., false-positive results, adverse effects of 
invasive follow-up testing and overdiagnosis). 

Strong recommendation, low-
quality evidence. 

Canadian Asociation Radiologists (CAR) 
[353] 

2016 Canada Only patients that can be defined as “high risk” are likely to 
benefit from lung cancer screening with LDCT. 

We recommend screening patients who have a 1.5% or higher 
risk of developing lung cancer over the next six years. 

Recommend routine annual screening for high risk patients until 
such time as they no longer meet eligibility criteria. In addition, 

These recommendations are 
based on a review of best 
available literature and 
stakeholder consultation 
outreach and consultation, 
according to the CAR process. 
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screening should be discontinued in those who develop health 
problems that substantially limit life expectancy or would 
preclude curative treatment. 

Exclusion criteria: 

Serious comorbid conditions, persons who are unwilling to 
undergo curative treatment, individuals with symptoms requiring 
clinical evaluation (hemoptysis or unexplained weight loss of 
more than 6.8 kg (15lb) in the preceding year), currently 
undergoing workup or surveillance CT for any clinically or 
incidentally detected abnormalities in the thorax (participants 
who have had a CT of the chest within the past year should wait 
to begin screening until 12 months after the last CT of the chest), 
patients with a previous history of lung cancer diagnosed and 
treated within the last five years, individuals who are unable to 
undergo CT scanning due to inability to lie flat, unmanageable 
claustrophobia, inability to breath-hold, or weight over CT 
scanner limit . 

American Thoracic Society (ATS), 

American College of Chest Physicians 
(CHEST) [256] 

2015 USA Implementation of LDCT screening begins with several planning 
steps, including formation of a multidisciplinary steering 
committee, engaging and educating primary care providers 
(PCPs), engaging local leadership, establishing a business 
model, and marketing the program. 

During the implementation phase, programs should be attentive 
to establishing systems to screen the right patients at the right 
time, to performing shared decision making to help eligible 
patients decide whether to undergo screening, and to 
standardizing processes for performing LDCT scans, reporting 
LDCT results, evaluating screen-detected nodules, 
communicating results to patients and their providers, and 
managing incidentally detected abnormalities. 

Smoking cessation is a critical corollary to LDCT screening, and 

Official Statement 
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LDCT screening programs should either incorporate counseling 
into the program or refer current smokers and recent quitters to 
external smoking cessation resources. 

To maintain performance, programs should collect data on 
patients undergoing LDCT screening in a registry that should be 
periodically reviewed to ensure the program is achieving quality 
metrics. 

Cancer Care Ontario (CCC) [262] 2013 Canada Recommendation 1: Screening for lung cancer with LDCT is 
recommended in high-risk populations defined as persons 55 to 
74 years of age with a minimum smoking history of ≥30 pack-
years who currently smoke or have quit within the past 15 years 
and are disease free at the time of screening.  

Recommendation 2: Positive Result and Follow-up 

Screening modality: Screening for lung cancer should be done 
using an LDCT multidetector scanner with the following 
parameters: 120 to 140 peak kilovoltage (kVp), 20 to 60 
milliampere seconds (mAs), with an average effective dose ≤1.5 
millisieverts (mSv). 

-Collimation should be ≤2.5 mm. 

-Definition of a positive result: A nodule size of ≥5 mm found on 
LDCT indicates a positive result and warrants a 3-month follow-
up CT. Nodules ≥15 mm should undergo immediate further 
diagnostic procedures to rule out definitive malignancy. 

-Appropriate follow-up of a positive result: Follow-up CT of a 
nodule should be done at 3 months as a limited LDCT scan (i.e., 
only a slab covering the nodule will be scanned, not the entire 
chest). The Lung Cancer Diagnosis Pathway should be 
consulted for guidance on clinical workup. 

The core methodology of the 
Program in Evidence-Based 
Care's guideline development 
process is systematic review. 
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Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

Recommendation 3: Persons at high risk for lung cancer should 
commence screening with an initial LDCT scan followed by 
annual screens for 2 consecutive years, and then once every 2 
years after each negative scan. " 

Asia     

Indian Consensus Guidelines for Molecular 
Testing (Biomarkers in Non-Small Cell Lung 
Cancers) [354] 

2019 India The guideline summarizes the importance of targetable 
mutations in NSCLC such as epidermal growth factor receptor 
(EGFR), rearrangements in anaplastic lymphoma kinase and 
receptor tyrosine kinase encoded by ROS-1 gene, 
overexpression of programmed cell death ligand-1 and resistant 
EGFR mutations. It reaffirms recommendations from 
international working groups, discusses vulnerable pre-analytical 
procedures and provides a balanced review on the pros and 
cons of different diagnostic tests (immunohistochemistry, 
fluorescence in situ hybridization, polymerase chain reaction-
based testing and next-generation sequencing). The document 
also provides an algorithm to aid diagnostic decision-making and 
a checklist to assess the quality of testing laboratories that will 
help the medical oncologists make an informed choice. Overall, 
these recommendations are based on evidence and clinical 
experience and will aid policymakers, oncologists, health care 
practitioners and pathologists who strive to implement molecular 
strategies and make informed decisions for improved care in 
NSCLC in India. 

Consensus guideline  

China lung cancer early detection and 
treatment expert group (CLCEDTEG) [355] 

* Full article in Chinese 

2018 China Annual lung cancer screening with LDCT is recommended for 
high risk individuals aged 50-74 years who have at least a 20 
pack-year smoking history and who currently smoke or have quit 
within the past five years. 

 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 234 

Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

Saudi Lung Cancer Association of Saudi 
Thoracic Society [356] 

2018 Saudi Arabia Asymptomatic patients: (symptomatic patients should be worked 
up properly according to standards of care). 

Age 55–77 years 

Smoking history >30 PY (number of packs smoked per day X 
year of smoking) 

Active smoker or quit smoking less than 15 years ago. 

Did not have chest CT scan the last year 

Do not perform screening for individuals with comorbidities that 
could adversely influence their ability to tolerate the evaluation of 
screen-detected findings or tolerate treatment of early-stage 
screen-detected lung cancer or that substantially limit their life 
expectancy. We recommend that low-dose CT (LDCT) screening 
should not be performed in these situations (strong 
recommendation, low-quality evidence) (e.g., advanced liver 
disease, COPD with hypoventilation and hypoxia, NYHA class IV 
heart failure). 

Expert group  

The Korean guideline for lung cancer 
screening (A Korean multisociety group) 
[357] 

*Full article in Korean 

2015 Korea Annual LDCT screening should be recommended to current 
smokers and ex-smokers (if less than 15 years have elapsed 
after smoking cessation) who are aged 55 to 74 years with 30 
pack-years or more of smoking-history. LDCT can discover non-
calcified lung nodules in 20 to 53% of the screened population, 
depending on the nodule positivity criteria. 

Individuals may undergo regular LDCT follow-up or invasive 
diagnostic procedures that lead to complications.  

Radiation-associated malignancies associated with repetitive 
LDCT, as well as overdiagnosis, should be considered the 
harms of screening.  

high-level evidence 
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Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

LDCT should be performed in qualified hospitals and interpreted 
by expert radiologists.  

Education and actions to stop smoking must be offered to 
current smokers. Chest radiograph, sputum cytology at regular 
intervals, and serum tumor markers should not be used as 
screening methods. 

Africa     

South African Thoracic Society [358] 2019 South African Annual LDCT should be offered to patients between 55–74 
years of age who are current or former smokers (having quit 
within the preceding 15 years), with at least a 30-pack year 
smoking history and with no history of lung cancer. 

Patients should be in general good health, fit for surgery, and 
willing to undergo further investigations if deemed necessary.  

Given the high local prevalence of tuberculosis (TB) infection 
and post-TB lung disease, which can radiographically mimic lung 
cancer, a conservative threshold (nodule size ≥6 mm) should be 
used to determine whether the baseline LDCT screen is positive 
(thus nodules <6 mm require no action until the next annual 
screen).  

If a non-calcified, solid or partly solid nodule is ≥6 mm, but <10 
mm with no malignant features (e.g., distinct spiculated 
margins), the LDCT should be repeated in 6 months.  

If a solid nodule or the largest component of a non-solid nodule 
is ≥10 or ≥6 mm and enlarging or with additional malignant 
features present, definitive action to exclude lung cancer is 
warranted.  

Patients should be screened annually until 15 years have 

Expert group. 

Based on numerous international 
guidelines 
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Name of society/organisation issuing 
guidance 

(reference) 

Date 
of 
issue 

Country/ies  
to which 
applicable 

Summary of recommendation Level of evidence (A,B,C)/ 
class of recommendation (I, 
IIa, IIb, III) 

elapsed from date of smoking cessation, they turn 80, become 
unfit for a curative operation or significant changes are 
observed. 

Oceania     

Standing Committee on Screening Endorsed 
by Cancer Australia, Cancer Council, and the 
Community Care and Population. Health 
Principal Committee of the Australian Health 
Ministers’ Advisory Council [359] 

2015 Australia On the basis of the current evidence and in line with the 
Population Based Screening Framework, the Standing 
Committee on Screening does not support an Australian lung 
cancer screening program, either for the general population or 
for high risk populations. The Standing Committee on Screening 
will continue to evaluate and advise on emerging evidence on 
lung cancer screening. 

Position Statement 

Abbreviations: EGFR=epidermal growth factor receptor; LDCT=low density computed tomography; NI=no indicated; NSCLC=non-small cell lung cancer. 
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APPENDIX 7: RISK OF BIAS TABLES OF RCTS INCLUDED  
IN RESEARCH QUESTION 1 

 

Table A7: Risk of bias – overall mortality (research question 1) 
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LDCT screening versus no screening 
DANTE High  NA NA NA NA High 
DLCST Low Yes Yes Yes Yes Low 
ITALUNG Low Yes Yes Yes Yes Low 
LUSI Low Unclear Yes Noa Nob High 
MILD High NA NA NA NA High 
NELSON Low No Yes Yes Yes Low 
LDCT screening versus chest X-ray screening 
LSS High NA NA NA NA High 
NLST High NA NA NA NA High 
Abbreviations: ITT=intention to treat; NA=not applicable.  
a The stratification factors do not match the adjustment factors used. 
b Discrepancies between the publications 

 

 

Table A8: Risk of bias – lung cancer mortality (research question 1) 
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LDCT screening versus no screening 
DANTE High NA NA NA NA High 
DLCST Low Yes Yes Yes Yes Low 
ITALUNG Low Yes Yes Yes Yes Low 
LUSI Low Yes Yes No a Yes High 
MILD High NA NA NA NA High 
NELSON Low Unclear b Yes Yes Yes Low c 

LDCT screening versus chest X-ray screening 
LSS High NA NA NA NA High 
NLST High NA NA NA NA High 
Abbreviations: ITT=intention to treat; NA=not applicable.  
a The stratification factors do not match the adjustment factors used 
b Only 296 medical records of 426 deceased Dutch male patients with lung cancer were reviewed blindly by a committee 

and the cases assigned to a cause of death (for a follow-up period of 10 years). For all other deceased persons, the 
cause of death was documented as on the official death certificate. 

c An investigation comparing the possibly unblinded determination of the cause of death lung cancer from official death 
certificates with the blinded committee assessment did not reveal a significant discrepancy. In summary, the risk of bias 
was therefore considered low. 

 

Table A9: Risk of bias – adverse events (research question 1) 
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LDCT screening versus no screening 
DANTE High NA NA NA NA High 
Abbreviations: ITT=intention to treat; NA=not applicable. 

 

 

Table A10: Risk of bias – consequences resulting from false positive screening results (research ques-
tion 1) 
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LDCT screening versus no screening 
DANTE High NA NA NA NA High 
DLCST Low No Yes Yes Yes Low 
ITALUNG Low No Yes Yes Yes Low 
LUSI Low No Yes Yes No a High 
MILD High NA NA NA NA High 
NELSON Low No Yes Yes Yes Low 
Abbreviations: ITT=intention to treat; NA=not applicable  
a Discrepancies between the publications 
 
 
 
 
Table A11: Risk of bias – overdiagnosis (research question 1) 

Study 
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LDCT screening versus no screening 
DANTE High NA NA NA NA High 
DLCST Low No Yes Yes Yes Low 
ITALUNG Low Unclear Yes Yes Yes Low 
LUSI Low No Yes Yes No a High 
MILD High NA NA NA NA High 
NELSON Low No Yes Yes Yes Low 
LDCT screening versus chest X-ray screening 
NLST High NA NA NA NA High 
LSS High NA NA NA NA High 
Abbreviations: ITT=intention to treat; NA=not applicable.  
a Discrepancies between the publications 
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APPENDIX 8: GRADE EVIDENCE PROFILES 

Research question 1 

Table A12: GRADE assessment – overall mortality (research question 1) 

Number 
of 
studies 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ations 

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] a 

Quality Impor-
tance 

Screening No 
Screening 

Risk 
without 
screening b  

Risk with 
screening c 

Mortality critical 

  Overall mortality  

6 Low d Not serious  Not 
serious 

Not 
serious  

None  17,234  16,469  IRR: 0.95, [0.88; 
1.03]; p = 0.164 

8 to 11 years after 
randomisation:  
5 [-3; 12] less 

High  

++++ 

101 per 
1000 

96 per 1000  

Abbreviations: CI=confidence interval; IRR=incidence rate ratio. 
a To calculate the absolute effects, the incidence rate ratio from the meta-analysis was applied to the median risk in the control group (baseline risk). 
b Median risk of the control group per 1000 persons 
c Median risk of the intervention group per 1000 invited screening participants 
d Low risk of bias in over 70% of the weight of relevant studies 

 

Table A13: GRADE assessment – lung cancer mortality (research question 1) 

Number 
of 
studies 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ations 

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] a 

Quality Impor-
tance 

Screening No 
Screening 

Risk 
without 
screening b  

Risk with 
screening c 

Mortality critical 

  Lung cancer mortality  
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Number 
of 
t di  

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ti  

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] a 

Quality Impor-
tance 

6 Low d Not serious  Not 
serious 

Seriouse None  17,234  16,469  IRR: 0.81, [0.72; 
0.91]; p = 0.004 

8 to 11 years after 
randomisation: 
5 [3; 8] less 

Moderate 

+++O 

28 per 1000 23 per 1000  

Abbreviations: CI=confidence interval; IRR=incidence rate ratio. 
a To calculate the absolute effects, the incidence rate ratio from the meta-analysis was applied to the median risk in the control group (baseline risk). 
b Median risk of the control group per 1000 persons 
c Median risk of the intervention group per 1000 invited screening participants 
d Low risk of bias in over 70% of the weight of relevant studies 
e Downgraded by 1 level because the evaluation of the studies with a low risk of bias alone showed no statistically significant difference between the groups. 
 

Table A14: GRADE assessment – Adverse events after surgery for suspicious findings (research question 1) 

Number 
of 
studies 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ations 

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] 

Quality Impor-
tance 

Screening No 
Screening 

Risk 
without 
screening a  

Risk with 
screening b 

Morbidity important 

  Adverse events after surgery for suspicious findings  

1 High c NA (only 1 
trial)  

Not 
serious 

Serious d  None  1264  1186 OR: 3.48 [1.41; 
8.62]; p = 0.004 

Maximum 8 years: 
12 [2; 37] more 

Low 

++OO 
5 per 1000 17 per 1000  

Abbreviations: CI=confidence interval; NA=not applicable; OR=odds ratio. 
a Median risk of the control group per 1000 persons 
b Median risk of the intervention group per 1000 screening participants 
c High risk of bias on study level 
d Downgraded by 1 level due to a large CI. 
Table A15: GRADE assessment – Adverse events after surgery with a serverity level ≥ 3 (research question 1) 

Number 
of 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] 

Quality Impor-
tance 
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studies ations Screening No 
Screening 

Risk without 
screening a  

Risk with 
screening b 

Morbidity important 

  Adverse events after surgery with a severity level ≥ 3  

1 High c NA (only 1 
trial)  

Not 
serious 

Serious d  None  1264  1186 OR: 4.25, [0.92; 
19.69]; 
p = 0.046 

Maximum 8 years:  
6 [0; 36] more 

Low 

++OO 
2 per 1000 8 per 1000  

Abbreviations: CI=confidence interval; NA=not applicable; OR=odds ratio. 
a Median risk of the control group per 1000 persons 
b Median risk of the intervention group per 1000 screening participants 
c High risk of bias on study level 
d Downgraded by 1 level due to a large CI. 

 

Table A16: GRADE assessment – Consequences of false positive screening results (research question 1) 

Number 
of 
studies 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ations 

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] 

Quality Impor-
tance 

Screening No 
Screening 

Risk without 
screening a  

Risk with 
screening b 

Morbidity important 

  Consequences of false positive screening results  

6 Low c Not serious  Not 
serious 

Not 
serious 

None  17,234  - See Table 4.15  1 to 15 per 1000 High 

++++ -- -- 

Abbreviations: CI=confidence interval. 
a Median risk of the control group per 1000 persons 
b Median risk of the intervention group per 1000 screening participants 
c Low risk of bias in over 70% of the weight of relevant studies 

 

Table A17: GRADE assessment – Overdiagnosis (research question 1) 
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Number 
of 
studies 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ations 

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] 

Quality Impor-
tance 

Screening No 
Screening 

Risk 
without 
screening a  

Risk with 
screening b 

Morbidity important 

  Overdiagnosis  

6 Low c Serious d  Not 
serious 

Not 
serious 

Outcome 
can only 
occure 
with 
screening 
e 

15,917  15,189 Range [minimum; 
maximum] of 
point estimates 
for the 
overdiagnosis 
risk of the 
individual studies 
in relation to the 
persons invited 
for screening: 0 
to 2.2%. 

0f to 22 [1; 42]g per 1000 High 

++++ - -- 

Abbreviations: CI=confidence interval. 
a Median risk of the control group per 1000 persons 
b Median risk of the intervention group per 1000 screening participants 
c Low risk of bias in over 70% of the weight of relevant studies 
d Downgraded by 1 level for heterogeneous results 
e Upgrading by 1 level.  
f Based on the results of the ITALUNG study. Fewer lung cancer cases were diagnosed in the intervention group than in the control group. Thus, no overdiagnosis is detectable. 
g Based on the results of the DANTE study 
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Research question 3 

Table A18: GRADE assessment – Annual versus biennial screening/Mortality (research question 3) 

Number 
of 
studies 

Risk of 
bias 

Inconsis-
tency 

Indirect-
ness 

Impre-
cision 

Other 
consider
ations 

Number of patients  Relative effect 
(95% CI) 

Anticipated absolute 
effects [95% CI] a 

Quality Impor-
tance 

Biennial 
Screening 

Annual 
Screening 

Risk with 
biennial 
screening b  

Risk with 
annual 
screening c 

Mortality critical 

  Overall mortality  

1 High d NA (only 1 
trial) 

Not 
serious 

Very 
serious e 

None  1,186 1,190 HR: 0.80, [0.57; 
1.12]; p = 0.191 

10 years after 
randomisation: 
13 [-8; 28] less 

Very 
Low  

+000 
51 per 1000 64 per 1000 

  Lung cancer mortality  

1 High d NA (only 1 
trial) 

Not 
serious 

Very 
serious e 

None  1,186 1,190 HR: 1.10, [0.59; 
2.05]; p = 0.760 

10 years after 
randomisation:  
2 [-7; 17] more 

Very 
Low  

+000 
18 per 1000 16 per 1000 

Abbreviations: CI=confidence interval; HR=hazard ratio; NA=not applicable. 
a To calculate the absolute effects, the hazard ratio was applied to the risk in the control group. 
b Median risk of the group with biennial screening 
c Median risk of the group with annual screening  
d High risk of bias on study level 
e Downgraded by 2 levels because i) an independent replication by a second study is lacking and ii) results lack the necessary statistical precision, as they fail to exclude important benefit or important 

harm (95% CI is consistent with a doubling of lung cancer mortality). 
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Research question 4 

Table A19: GRADE assessment – Information leaflets (research question 4) 

Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  

Quality Number  
of 
studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisi
on 

Other 
considera-
tions 

Informati
on leaflet 

No leaflet Relative 
(95% CI) 

Absolute 
(95% CI) 

Screening participation rate 

1 Observati
onal 
study 

Very 
serious a 

NA (only 1 
trial) 

Serious b Very 
serious c 

None 240 244 93 (38.8) % 
vs 92 
(37.7)% , 
p=n.r. 

- Very low not important 

Abbreviations: CI=confidence interval; NA=not applicable; n.r.=not reported. 
a Observational study with high risk of bias 
b Study located in Japan 
c Only one small observational study 
 

Table A20: GRADE assessment – Targeted screening invitation (research question 4) 

Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  

Quality Number  
of 
studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisi
on 

Other 
considera-
tions 

Targeted 
invitation 

Standard 
informati
on 

Relative 
(95% CI) 

Absolute 
(95% CI) 

Increased knowledge  

1 RCT Not 
serious 

NA (only 1 
trial) 

Not serious Very 
serious a 

None 388 415 5.7 (2.3) vs 
5.5 (2.3) b, 
p=ns 

- Low important/ 

Participant empowerment 

1 RCT Not 
serious 

NA (only 1 
trial) 

Not serious Very 
serious a 

None 388 415 ≥ 83.2% vs ≥ 
76.2% c, 

- Low important 



Lung cancer screening in risk groups 

02 December 2020 EUnetHTA Joint Action 3 WP4 246 

Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  

Quality Number  
of 
studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisi
on 

Other 
considera-
tions 

Targeted 
invitation 

Standard 
informati
on 

Relative 
(95% CI) 

Absolute 
(95% CI) 

p=ns 

Participant satisfaction 

1 RCT Not 
serious 

NA (only 1 
trial) 

Not serious Very 
serious a 

None 388 415 ≥ 98.7% vs ≥ 
97.3% d, 
p=n.r. 

- Low important/ 

Screening participation rate 

1 RCT Not 
serious 

NA (only 1 
trial) 

Not serious Very 
serious a 

None 416 429 OR: 1.47 
[0.91-2.40], 
p=0.177 

- Low not important 

Abbreviations: CI=confidence interval; NA=not applicable; n.r.=not reported; ns=not significant; OR=odds ratio; RCT=randomised controlled trial; SD=standard deviation. 
a Only one RCT 
b Knowledge score; mean (SD) 
c % participants with low decisional conflict 
d 5 participants satisfied with decision 
 

Table A21: GRADE assessment – Couselling for screening invitation (research question 4) 

Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  

Quality Number  
of 
studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisi
on 

Other 
considera-
tions 

Telephone 
counselling 
+ brochure 

Brochure 
alone 

Relative 
(95% CI) 

Absolute 
(95% CI) 

Screening participation rate 

1 RCT Serious a NA (only 
1 trial) 

Not serious Very 
serious b 

None 213 218 OR: 1.10 
[0.70 to 
1.72] , 
p=0.98 

- Very low not important 

Abbreviations: CI=confidence interval; NA=not applicable; OR=odds ratio; RCT=randomised controlled trial. 
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a RCT with high risk of bias 
b Only one RCT 
 

Table A22: GRADE assessment – Decision aid vs no decision aid (research question 4) 

Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  

Quality Number  
of 
studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisi
on 

Other 
considera-
tions 

Decision 
aid 

Standard 
informatio
n material 

Relative (95% 
CI) 

Absolut
e (95% 
CI) 

Increased knowledge  

2 1 RCT/1 
observati
onal 
study 

Not 
serious 

Not 
serious 

Not serious Serious a None 265 284 Significant 
benefit for 
decision aid 
(details see 
Table 4.29) 

- Moderate 

 

important 

5 Single-
arm pre-
post 

Very 
serious b 

Not 
serious 

Not serious Serious a None 305 - See Table 
4.30 

- Very low important 

Informed decision making 

2 1 RCT/1 
observati
onal 
study 

Not 
serious 

Not 
serious 

Not serious Serious a None 257 275 Significant 
benefit for 
decision aid 
(details see 
Table 4.31) 

- Moderate 

 

important 

1 Single-
arm pre-
post 

Serious c NA (only 
1 trial) 

Not serious Very 
serious d 

None 30 - See Table 
4.32 

- Very low important 

Participant empowerment 

1 RCT Not 
serious 

NA (only 
1 trial) 

Not serious Serious a None 234 233 −14.9 (−20.1 
to −9.7) e, 
p<0.001 

- Moderate 

 

important 

4 Single- Serious c Not Not serious Serious a None 351 - See Table - Low important 
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Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  

Quality Number  
of 
studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisi
on 

Other 
considera-
tions 

Decision 
aid 

Standard 
informatio
n material 

Relative (95% 
CI) 

Absolut
e (95% 
CI) 

arm pre-
post 

serious 4.35 

Participant satisfaction 

1 Observati
onal 
study 

Very 
serious f 

NA (only 
1 trial) 

Not serious Very 
serious d 

None 30 51 4.8 (0.8) vs 
4.7 (0.6) g, 
p<0.001 

- Very low important 

Screening participation rate 

1 RCT Not 
serious 

NA (only 
1 trial) 

Not serious Serious a None 237 238 OR: 0.70 [0.47 
to 1.03]; 
p=0.07 h, 
p=0.07 

- Moderate 

 

not important 

2 Single-
arm pre-
post 

Very 
seriousi 

Not 
serious 

Not serious Seriousa None 80 - See Table 
4.40 

- Very low not important 

Abbreviations: CI=confidence interval; MD=mean difference; NA=not applicable; OR=odds ratio; RCT=randomised controlled trial; SD=standard deviation; vs=versus. 
a Low number of participants 
b Single-arm studies with low and high risk of bias 
c Single-arm study with low risk of bias 
d Only one small study 
e Decisional Conflict Scale; MD [95% CI] 
f Single-arm studies with high risk of bias 
g Satisfaction score; mean (SD) 
h Scheduled for screening within 1 year 
i Single-arm studies with low and high risk of bias 
 

Table A23: GRADE assessment – Option grid vs decision aid (research question 4) 

Quality assessment 
Summary of findings 

Importance 
Number of patients Effect  Quality 
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Number  
of studies  

Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecisio
n 

Other con-
siderations 

Option 
grid  

Web-based 
decision aid 

Relative 
(95% CI) 

Absolute 
(95% CI) 

Increased knowledge  

1 RCT Serious a NA (only 1 
trial) 

Not 
serious 

Serious b None 128 109 64.7% vs 
62.4% c, 
p=0.43 

- Low important 

 

Informed decision making 

1 RCT Serious a NA (only 1 
trial) 

Not 
serious 

Serious b None 128 109 97.4 vs 98.6 
d, p=0.60 

- Low important 

 

Participant empowerment 

1 RCT Serious a NA (only 1 
trial) 

Not 
serious 

Serious b None 128 109 6.0 vs 10.2 e, 
p=0.0198 

- Low important 

 
Abbreviations: CI=confidence interval; NA=not applicable; RCT=randomised controlled trial; SMD=shared decision making. 
a RCT with high risk of bias 
b Only one RCT 
c % participant with correct answers 
d Mean CollaboRATE SDM score 
e Mean score on Decisional Conflict Scale 
 

Table A24: GRADE assessment – Information film (research question 4) 

Quality assessment 
Summary of findings 

Importance Number of patients Effect  
Quality Number  

of studies  
Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecis
ion 

Other con-
siderations 

Film + 
booklet 

Booklet Relative 
(95% CI) 

Absolute 
(95% CI) 

Increased knowledge  

1 RCT Serious a NA (only 1 
trial) 

Not 
serious 

Serious b None 120 109 0.62 [0.17-
1.08] c, 
p=0.007 

- Low important 

 

Participant empowerment 

1 RCT Serious a NA (only 1 Not Serious b None 120 109 8.5 (1.25) - Low important 
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Quality assessment 
Summary of findings 

Importance Number of patients Effect  
Quality Number  

of studies  
Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecis
ion 

Other con-
siderations 

Film + 
booklet 

Booklet Relative 
(95% CI) 

Absolute 
(95% CI) 

trial) serious vs 8.24 
(1.49) d, 
p=0.007 

 

Screening participation rate 

1 RCT Serious a NA (only 1 
trial) 

Not 
serious 

Serious b None 120 109 76.7% vs 
78.9% e, 
p=0.66 

- Low not important 

 

Abbreviations: CI=confidence interval; LDCT=low-dose computed tomography; MD=mean difference; NA=not applicable; OR=odds ratio; RCT=randomised controlled trial; SD=standard deviation; 
vs=versus. 
a RCT with high risk of bias 
b Only one RCT 
c Objective knowledge score; MD [95% CI] 
d Decisional Conflict scale; MD (SD) 
e % participants with LDCT completion 
 

Table A25: GRADE assessment – Shared decision-making counselling (research question 4) 

Quality assessment 
Summary of findings 

Importance Number of patients Effect  
Quality Number  

of studies  
Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecis
ion 

Other con-
siderations 

In-person 
SDM 

Telephon
e SDM 

Relative 
(95% CI) 

Absolute 
(95% CI) 

Participant empowerment 

1 Observatio
nal study 

Very 
serious a 

NA (only 1 
trial) 

Not 
serious 

Very 
serious b 

None 69 68 11.3 (3.4) 
vs 12.1 
(3.4) c, 
p=n.r. 

- Very low important 

Participant satisfaction 

1 Observatio
nal study 

Very 
seriousa 

NA (only 1 
trial) 

Not 
serious 

Very 
serious b 

None 69 68 26.7 (2.8) 
vs 24.6 

- Very low important 
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Quality assessment 
Summary of findings 

Importance Number of patients Effect  
Quality Number  

of studies  
Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Imprecis
ion 

Other con-
siderations 

In-person 
SDM 

Telephon
e SDM 

Relative 
(95% CI) 

Absolute 
(95% CI) 

(5.6) d; 
p=n.r. 

Screening participation rate 

1 Observatio
nal study 

Very 
serious a 

NA (only 1 
trial) 

Not 
serious 

Very 
serious b 

None 69 68 88.4% vs 
88.2 e, 
p=n.r. 

- Very low not important 

Abbreviations: CI=confidence interval; LDCT=low-dose computed tomography; MD=mean difference; NA=not applicable; n.r.=not reported; SD=standard deviation; vs=versus. 
a Observational study with high risk of bias 
b Only one small study 
c Decisional Conflict scale; mean (SD)  
d Decisional satisfaction score; mean (SD) 
e % participants with LDCT completion 
 
 
Table A26: GRADE assessment – Education classes for screening information (research question 4) 

Quality assessment 
Summary of findings 

Importance Number of patients Effect  
Quality Number  

of studies  
Study 
design 

Risk of 
bias 

Incon-
sistency 

Indirect-
ness 

Impres-
sion 

Other con-
siderations 

Educatio
n class 

None Relative 
(95% CI) 

Absolute 
(95% CI) 

Informed decision making 

1 Single-arm 
pre-post 

Very 
serious a 

NA (only 
1 trial) 

Not serious Very 
serious b 

None 269 - 78% c - Very low important 

Abbreviations: CI=confidence interval; NA=not applicable. 
a Single-arm study with high risk of bias 
b Only one small study 
c % of participants having all information needed after intervention 
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APPENDIX 9: MISCELLANEOUS 

 
Table A27: Documentation of queries to study authors in the assessment report 

Study 
reference/ID 

Content of query Reply received  
yes/no 

Content of reply 

Depiscan 
2007 

Current status of the 
study 

Results for further 
endpoints 

no -- 

Garg 2002 Current status of the 
study  

Results for further 
endpoints 

no -- 

 

For the purpose of transparency, a separate document with comments on the 2nd draft as-
sessment from external experts, as well as responses from the author, is available on the 
EUnetHTA website. 
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