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Abstract 

Background: This report was produced for the Canadian Task Force on Preventive Health Care 
(CTFPHC) to inform the development of guidelines on the screening of adults for lung cancer. 
The last CTFPHC guideline on this topic was published in 2003. 

Purpose: To synthesize evidence on the benefits and harms of screening asymptomatic adults 
who are at average and high risk for lung cancer.  

Data Sources: For benefits of screening we searched CENTRAL, Ovid MEDLINE(R) In-
Process & Other Non-Indexed Citations and Ovid MEDLINE(R), and Embase from May 2012 to 
May 13, 2014 to update the search conducted for the Cochrane 2013 review on this same topic. 
The same databases were searched to look at harms of screening but the date range was extended 
to 2000. We also searched for evidence to answer the contextual questions (Embase and 
MEDLINE; 2009-June 2014), checked reference lists of included studies and relevant systematic 
reviews, and conducted a targeted grey literature search.  

Study Selection: The titles and abstracts of papers considered for the key questions and sub-
questions were reviewed in duplicate; any article marked for inclusion by either team member 
went on to full text screening. Full text screening was done independently by two people with 
consensus required for inclusion or exclusion. For benefits we included randomized controlled 
trials (RCTs) of screening interventions using chest x-ray (CXR), sputum cytology (SC) and/or 
low-dose computed tomography (LDCT) in adult populations that reported lung cancer 
mortality, all-cause mortality, smoking cessation rates, stage at diagnosis or incidental findings. 
All studies reporting harms of screening or invasive follow-up testing (i.e., overdiagnosis; death, 
major complications or morbidity from invasive follow-up testing; false positives and 
consequences of false positives; negative consequences of incidental findings; anxiety; quality of 
life; infection or bleeding from invasive follow-up testing) were included, regardless of design.  

Data Abstraction: Review team members extracted data about the population, study design, 
intervention, analysis and results for outcomes of interest. One team member completed full 
abstraction, followed by a second team member who verified all extracted data and ratings. We 
assessed study quality using Cochrane’s Risk of Bias tool (RCTs) and the Grading of 
Recommendations, Assessment, Development and Evaluations (GRADE) framework. For the 
contextual questions, inclusion screening and abstraction were done by one person. 

Analysis: Risk ratios (RRs) and 95% confidence intervals (CIs) for binary outcomes of benefits 
of lung cancer screening were calculated using random-effects models. Binary outcomes of 
harms of screening were reported using proportion per 1,000. Continuous outcomes of harms of 
screening (e.g., anxiety and quality of life) were reported as mean difference or mean change 
scores with 95% CIs. Test properties were reported descriptively using means or medians with 
ranges. GRADE tables were prepared for critical benefits (lung cancer and all-cause mortality) 
and critical harms (overdiagnosis, death or major complications/morbidity resulting from 
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invasive follow-up testing). For all other outcomes and subgroups, available data were meta-
analyzed when appropriate or presented narratively.  

Results: Thirty-three studies formed the evidence base for this review; 13 RCTs were used to 
answer the question regarding the benefits of screening for lung cancer and 30 studies provided 
data to answer the question about harms of screening or invasive follow-up testing. For the 
critical outcomes of lung cancer mortality and all-cause mortality, the low GRADE quality 
evidence indicated there is no benefit of CXR screening, with or without SC, when compared to 
no screening or less intensive screening. Pooled analyses of preliminary results from three 
relatively small trials comparing LDCT to usual care in high risk adults found no significant 
benefits for mortality with five years or less follow-up. One high quality trial with a large sample 
of high risk adults (NLST) and a median follow-up of 6.5 years found screening with LDCT 
showed significant benefits for mortality when compared with screening with CXR [lung cancer 
mortality RR 0.80 (95% CI 0.70, 0.92), NNS 308 (95% CI 201, 787); all-cause mortality RR 
0.94 (95% CI 0.88, 1.00), NNS 219 (95% CI 115, 5,556)]. Two studies that examined subgroups 
of interest (age, gender, smoking history) found no differences in lung cancer mortality between 
the CXR screened and unscreened participants. For the important outcome of stage at diagnosis, 
most screening strategies for lung cancer showed statistically significant benefits in terms of 
disease detection. For CXR and LDCT screening, more cases of early stage non-small cell lung 
cancer and fewer cases of late stage malignancy were observed in the screened and more 
intensively screened groups compared to the control groups; with the exception of early stage 
disease detection using dual testing with CXR and SC compared to less intensive screening. In 
one large trial (NSLT), LDCT demonstrated better efficacy than CXR, detecting significantly 
more cases of early stage disease (57.0% versus 39.1%) and significantly fewer cases of late 
stage disease (43.0% versus 60.9%). Though a limited pool of evidence was available, none of 
the studies that reported on smoking cessation rates found a difference between screened and 
control groups. Lung cancer screening tests detect a variety of other clinically significant 
abnormalities, however little and inconsistent evidence was found regarding incidental findings 
of lung cancer screening.  

The evidence for harms was primarily obtained from observational studies resulting in low 
GRADE quality of evidence. CXR screening was associated with: overdiagnosis ranging from 
2.27% to 16.28%; 28.60 deaths (95% CI 16.02, 41.17) and 63.32 patients with major 
complications (95% CI 42.92, 92.49) per 1,000 patients undergoing invasive follow-up testing; 
median false positives of 65.0 (range 34.0 to 136.7) per 1,000 adults screened; and 2.30 (95% CI 
1.49, 3.11) and 2.73 (95% CI 0.96, 4.51) individuals per 1,000 screened, who had benign conditions 
were subjected to minor and major invasive procedures, respectively, as part of diagnostic 
follow-up. LDCT screening was associated with: overdiagnosis ranging from 10.99% to 25.83%; 
11.18 deaths (95% CI 5.07, 17.28) and 43.29 patients with major complications (95% CI 32.00, 
54.58) per 1,000 patients undergoing invasive follow-up testing; median false positives of 167.1 
(range 79.0 to 255.3) per 1,000 participants tested with a baseline or a single LDCT screen and 
233.0 (95% CI 6.4, 690.0) per 1,000 screened with multiple rounds of testing; and 7.16 (95% CI 
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3.27, 11.05) and 4.98 (95% CI 3.68, 6.29) individuals per 1,000 screened, who had benign 
conditions were subjected to minor and major invasive procedures, respectively, as part of 
diagnostic follow-up. Little and inconsistent evidence was available regarding the other critical 
and important harms of interest (anxiety, quality of life, infection and bleeding from invasive 
follow-up testing).  

Recent evidence was located to address a number of contextual questions. LDCT test properties 
varied across studies depending on the type of reference standard applied, cut-off or threshold 
value for a positive test, and LDCT technology and technique used. Sensitivity ranged from 80% 
to 100% and specificity ranged from 28% to 100%. No evidence was found that directly 
compared LDCT technologies or protocols used by radiologists and their effect on test 
performance. Diagnostic test properties were highest overall with a multi slice detector, 
computer assisted reading/diagnosis, and two independent radiologist readers. High risk adults 
indicated high willingness to be screened for lung cancer, reported neutral or positive screening 
experiences, and identified some individual and health care system barriers to screening. 
Variations in burden of lung cancer among Canadian rural, remote, Aboriginal and other ethnic 
populations are largely a reflection of tobacco use rates among those groups. There is no recent 
evidence on differential performance of lung cancer screening tests by these subpopulations. 
Modelling studies suggest annual LDCT screening is the most effective strategy, increasing 
diagnoses of lung cancer at earlier and more treatable stages and reducing rates of overdiagnosis. 
The absolute costs of lung cancer screening are difficult to estimate because of diversity across 
health care systems, variety in outcomes, and different assumptions about hypothetical cohorts.  

Limitations: Although meeting our inclusion criteria, there was substantial variability across 
studies in terms of sample characteristics, screening tests, outcomes, comparators, length of 
follow-up, locations and timing. Only a few studies reported on some of the important outcomes 
and no evidence was found for a couple important harms. Only two papers included analyses to 
address the question about sub-group differences. Most of the harms data was obtained from 
observational studies. Publication bias could not be evaluated, given the low number of included 
studies in meta-analyses. Test properties were only examined for LDCT screening. No lung 
cancer risk assessment tools were located. Only papers in English or French were considered. 

Conclusion: Considering mortality outcomes the available evidence indicated there is no benefit 
of CXR screening, with or without SC, when compared to no screening or less intensive 
screening in average to high risk adults. When compared with CXR in high risk individuals, 
LDCT reduced lung cancer mortality by 20% and all-cause mortality by 6%. A number of on-
going LDCT trials will provide more conclusive evidence on the effectiveness of LDCT 
screening and further insights into optimal age for screening, screening interval and frequency. It 
is important to acknowledge that the poor specificity and the associated harms of LDCT pose 
challenges for clinicians and public health professionals to implement screening and warrant the 
need to develop standardized practices. 

PROSPERO Registration #: CRD42014009984 
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Chapter 1: Introduction 

Purpose and Background  
This report will be used by the Canadian Task Force on Preventive Health Care (CTFPHC) to inform 
a 2015 update of its 2003 guidelines on screening adults for lung cancer.1 This systematic review 
synthesizes the benefits and harms of lung cancer screening in average and high risk asymptomatic 
adults and answers a number of contextual questions that consider issues including test properties 
and performance and participants’ preferences regarding screening for lung cancer.  

Definition 
Lung cancer is a form of cell malignancy that begins in the lungs. Non-small cell lung cancers 
[(NSCLC) e.g.,  adenocarcinoma, squamous cell carcinoma, and large cell carcinoma] are the 
most common sub-types of the disease; more rarely diagnosed are the faster-growing small cell 
lung cancers (e.g., small cell carcinoma, mixed small cell/large cell, and combined small cell 
carcinoma).2,3 This review deals primarily with the NSCLCs.  

Prevalence and Burden of Lung Cancer 
Lung cancer is estimated to be the most commonly diagnosed form of cancer in Canada 
(estimated 25,500 new cases in 2013) as well as the main cause of cancer related mortality 
among Canadians (estimated 20,200 deaths attributed to lung cancer in 2013).4 Almost all (97%) 
of the estimated new cases of lung cancer in 2013 are expected to be identified in adults aged 50 
years and older.4 For the same year, the age-standardized incidence of lung cancer in men is 
estimated at 60.1 cases per 100,000 compared with 46.8 cases per 100,000 in women.4 While the 
incidence is currently higher in men than women, the incidence for men became stable about 30 
years ago (approximately 20 years after a reduction in smoking prevalence among men) and has 
significantly (P<0.01) decreased each year since the late 1990s; whereas the incidence for women 
has been increasing steadily (P<0.01) and has not yet reached a similar plateau following a general 
decline in tobacco consumption in the mid-1980s.5 Lung cancer has a poor prognosis and the five-
year relative survival rate is among the lowest for all types of cancer in Canada (17% in 2013).4 

Risk Factors 
Cigarette smoking is the main risk factor for developing lung cancer, and is associated with over 
85% of the cases of this disease in Canada.6 The Canadian Tobacco Use Monitoring Survey 
reported 44% of adults (4.6 million Canadians) were current or ever smokers (16% were current 
smokers) in 2012.7 Other factors that increase risk for lung cancer include second hand exposure 
to cigarette smoke, exposure to radon and other toxic substances (e.g., asbestos, arsenic, diesel 
exhaust, silica, and chromium), having a first degree relative with lung cancer, and undergoing 
radiation therapy to the chest.6,8  
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Previous CTFPHC Recommendations and Recommendations from Other 
Guideline Developers 
Updating its 1994 guidelines on lung cancer screening, in 2003 the CTFPHC determined that 
there was fair evidence upon which to recommend against using CXR to screen asymptomatic 
individuals for lung cancer, and insufficient evidence to inform a recommendation for or against 
using LDCT as a screening test for asymptomatic adults.1 In 2004 the United States Preventive 
Services Task Force (USPSTF) concluded there was insufficient evidence to recommend for or 
against screening asymptomatic persons for lung cancer using either CXR or LDCT.9 Newly 
published mortality results from the NLST appear to have convinced guideline groups across 
North America to rethink their recommendations regarding lung cancer screening.10 The 
USPSTF’s recently (2013) updated recommendation now endorses annual screening using 
LDCT for older adults (aged 55 to 80 years) who are current or former (quit within last 15 years) 
smokers with a minimum 30 pack-year smoking history (one pack=20 cigarettes; pack-
year=daily consumption of one pack per day for one year; smoking two packs per day for one 
year would count as two pack-years).11 Lung cancer screening using LDCT for similar high risk 
groups is also currently recommended by several other US organizations including the American 
Cancer Society,12 the American College of Chest Physicians,13 the American Lung Association,14 
the American Association for Thoracic Surgery,15 and the National Comprehensive Cancer 
Network.16 Likewise, in 2013 Cancer Care Ontario issued new guidelines recommending the use 
of LDCT to screen asymptomatic high risk adults for lung cancer.17  

Scan of New Evidence since Previous Recommendation  
Results from the NLST trial were first published in 2011.10 This trial compared screening with 
LDCT to screening with CXR in a sample of high risk adults and showed a 20% relative 
reduction in lung cancer mortality for LDCT over a median follow-up of 6.5 years.10 Several 
other lung cancer screening trials are underway and have published preliminary results for LDCT 
testing, although they have not shown the same mortality benefit as observed by the NLST.18-24 
Systematic reviews on the benefits of screening for lung cancer using LDCT have been 
published, including a 2013 Cochrane review25 and the systematic review that supported the 
most recent USPSTF recommendation.26  
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Chapter 2: Methods 
Review Approach 
This review incorporates studies included in the 2013 Cochrane25 and USPSTF26 reviews on this 
same topic, and updates the search for benefits of lung cancer screening conducted for the 2013 
Cochrane review.25 A new search was conducted for harms of lung cancer screening to ensure all 
literature reporting harms ranked as critical would be identified. The review was developed, 
conducted and prepared according to the CTFPHC methods 
(http://canadiantaskforce.ca/methods/methods-manual/). The protocol was registered with the 
International Prospective Registry of Systematic Reviews (PROSPERO #CRD42014009984). 

Analytic Framework, Key Questions and Contextual Questions 
The analytic framework for this review is presented in Figure 1.  

The key questions (KQ) and sub-questions considered for this review are: 
KQ1. What are the clinical benefits of screening for lung cancer in adults not suspected of 

having lung cancer (lung cancer mortality, all-cause mortality, stage at diagnosis, 
smoking cessation rate, incidental findings)? 
a. What is the difference in screening effectiveness in populations and subgroups with 

varying risk for lung cancer (age, gender, smoking history)? 
KQ2.   What are the harms of screening for lung cancer in adults not suspected of having lung 

cancer (overdiagnosis, death from invasive follow-up testing, major complications or 
morbidity from invasive follow-up testing, false positives, consequences of false 
positives, negative consequences of incidental findings, anxiety, quality of life, infection 
from invasive follow-up testing, bleeding from invasive follow-up testing)? 
b. What is the difference in harms in populations and subgroups with varying risk for 

lung cancer (age, gender, smoking history)?  

The contextual questions (CQ) considered for this review are: 
CQ1. What is the evidence that test characteristics for effective lung cancer screening tests 

(sensitivity and specificity, false positives and false negatives, negative and positive 
predictive values, and test positivity rate) differ by subgroups with varying risk for lung cancer?  

CQ2. What is the difference in test performance with changes and improvements in low-dose 
computed tomography technology or varying protocols used by radiologists? 

CQ3. What are participants’ values and preferences on screening for lung cancer?  
CQ4. What is the optimal screening interval for screening for lung cancer?  
CQ5. What risk assessment tools are identified in the literature to assess the risk of lung cancer? 
CQ6. What is the evidence that subgroups (Aboriginal populations, rural or remote populations, 

other ethnic populations) have a higher burden of disease, a differential treatment 
response, differential performance of screening tests, or barriers to implementation?  

CQ7. What is the cost-effectiveness of screening for lung cancer? 

http://canadiantaskforce.ca/methods/methods-manual/
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Search Strategy 
For the key question on benefits of screening for lung cancer we updated the search conducted 
for the 2013 Cochrane review on lung cancer screening (same databases and search terms).25 We 
searched CENTRAL, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid 
MEDLINE(R), and Embase from May 2012 (the date of the last Cochrane search) to May 13, 
2014 for RCTs on screening for lung cancer published in English or French. The same databases 
were searched to look at harms of screening but the date range was extended to 2000 and no 
limits were placed on study design. Reference lists of on topic systematic reviews were searched 
for relevant studies not captured by our search. A separate search was conducted to look for 
evidence that would answer the contextual questions; this strategy included two databases 
(Embase and MEDLINE) and covered the period between January 2009 and June 12, 2014. A 
focused web-based grey literature search of Canadian sources was also undertaken for the 
contextual questions. The full search strategies are provided in Appendix 1.  

Study Selection 
After removing duplicates, all citations found through our updated search were uploaded to a 
web-based systematic review software program27 for screening. In addition, the studies included 
in the 2013 lung cancer screening reviews by the Cochrane group25 and the USPSTF,26 as well as 
the studies identified through hand-searching systematic review reference lists, were added to the 
pool of citations available for relevance testing against the inclusion criteria for this review. 

Titles and abstracts of papers considered for the key questions and sub questions were reviewed 
in duplicate; articles marked for inclusion by either team member went on to full text relevance 
testing. Full text screening was done independently by two people with consensus required for 
inclusion or exclusion.  

For citations located in the contextual questions search, title and abstract screening was done by 
one person.  

Inclusion and Exclusion Criteria 
Language 

The published results of studies had to be available in either English or French.  

Population 

The population of interest for this review is asymptomatic adults aged 18 years and older who 
are at average or high risk but are not suspected of having lung cancer (e.g., may have a cough). 
The population includes current, former and second-hand smokers, as well as those with 
exposures to substances that may affect risk and other identified factors that may increase risk. 

Excluded from this review are studies that focused on people under age 18 or that targeted adults 
18 years and older who were either suspected of having lung cancer or were previously 
diagnosed with lung cancer. 
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Interventions 

The three lung cancer screening interventions of interest included: (1) chest radiography (CXR), 
(2) low-dose computed tomography (LDCT), and (3) sputum cytology (SC).  

Study Design and Comparison Groups 

To answer the key question about the benefits of screening, only RCTs with comparison groups 
of no screening or comparison between tests were eligible for inclusion; case control, case series 
and ecological studies were excluded. Any quantitative study design (with or without comparison 
groups) was considered acceptable to answer the key question about harms of screening.  

Outcomes 

A CTFPHC working group identified and ranked benefits and harms of lung cancer screening as 
critical, important or not important in terms of their importance for guideline decision making, 
using the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) 
approach.28 GRADE ratings from 7 to 9 indicate critical outcomes and ratings from 4 to 6 are 
considered important. Outcomes with ratings from 1 to 3 are not considered important, and thus 
are not examined in this review. For the key question about the benefits of lung cancer screening, 
the two critical outcomes of interest are lung cancer mortality (GRADE rating=9) and all-cause 
mortality (9) and the three important outcomes are smoking cessation rate (6), stage at diagnosis 
(6) and incidental findings (e.g., diagnosis of a thoracic aneurysm) (6). For the key question 
about the harms of lung cancer screening or follow-up testing, the three critical outcomes are 
overdiagnosis (9), death from invasive follow-up testing (9), and major complications or 
morbidity as a result of invasive follow-up testing (7), and the seven important outcomes are 
false positives (6), consequences of false positives (6), negative consequences of incidental 
findings (6), anxiety (5), quality of life (5), infection from invasive follow-up testing (5), and 
bleeding from invasive follow-up testing (5). 

Data Abstraction 
For each study used to answer the key questions, review team members extracted data about the 
population, the study design, the intervention, the analysis and the results for outcomes of 
interest. To answer the key question about benefits we extracted the number of events data for 
the longest available follow-up if multiple follow-up points were provided. To answer the key 
question about harms we extracted data for reported adverse events of interest, only if they were 
attributed to lung cancer screening or invasive follow-up testing. In addition, for the analyses we 
only included mutually exclusive adverse events data, that is, we selected results that reported 
the number of participants who experienced at least one event in the respective overall adverse 
effects category. The results from studies that reported the total number of adverse events 
experienced across all study group participants are captured only in the narrative results of this 
review. For each study, one team member completed full abstraction (study characteristics, risk 
of bias assessment, outcome data) using electronic forms housed in a web-based systematic 
review software program.27 A second team member then verified all extracted data and ratings; 
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disagreements were resolved through discussion and/or third party consultation when consensus 
could not be reached.  

Assessing Risk of Bias 
Arriving at a GRADE rating for a body of evidence (see next section) requires a preliminary 
assessment of the risk of bias or study limitations for the individual studies.  

All RCTs included to answer the benefits of screening question were assessed using the 
Cochrane Risk of Bias tool.29 This rating tool covers a number of domains: sequence generation; 
allocation concealment; blinding; incomplete outcome reporting; selective outcome reporting; 
and other risk of bias. We separated our assessment of blinding for objectively assessed (lung 
cancer mortality, all-cause mortality, stage at diagnosis, incidental findings) and self-report 
(smoking cessation) outcomes. For other sources of risk of bias we selected: industry funding 
(without an explicit statement that sponsors were not involved in other aspects of the study or 
resultant publications), low sample size (<30 participants per arm), contamination of the control 
group through opportunistic screening (≥20% receiving screening tests), and significant baseline 
differences between study groups on factors that might affect outcomes of interest.  

Information to determine risk of bias was abstracted from the primary methodology paper for 
each study and any other relevant published papers. For each study, one team member completed 
the initial ratings which were then verified by a second person; disagreements were resolved 
through discussion and/or third party consultation when consensus could not be reached. To 
assign a high or low risk of bias rating for a particular domain we looked for explicit statements 
or other clear indications that the relevant methodological procedures were or were not followed. 
In the absence of such details we assigned unclear ratings to the applicable risk of bias domains. 
To determine the overall risk of bias rating for an outcome we considered all domains, however 
greater emphasis was placed on assessments of the first three areas of randomization, allocation 
and blinding because these represent the most significant sources of introducing bias to a 
randomized controlled trial and hence could lead to biased estimates and conclusions.29  

Table 1 summarizes the risk of bias ratings applied to the RCTs included to answer the key 
question about the benefits of screening. 

The observational studies used to answer the key question regarding harms were not 
systematically assessed for methodological quality. 

There was no assessment of the methodological quality of studies used to answer the contextual 
questions (http://canadiantaskforce.ca/methods/methods-manual/). 

Assessing Strength or Quality of the Evidence  
The strength of the evidence was determined based on the GRADE system of rating the quality 
of evidence using GRADEPro software.30, 31 This system of assessing evidence is widely used 
and is endorsed by over 40 major organizations including the World Health Organization, 
Centers for Disease Control and Prevention, and the Agency for Healthcare Research and 

http://canadiantaskforce.ca/methods/methods-manual/
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Quality.32 The GRADE system rates the quality of a body of evidence as high, moderate, low or 
very low; each of the four levels reflects a different assessment of the likelihood that further 
research will impact the estimate of effect (i.e., high quality=further research is unlikely to 
change confidence in the estimate of effect; moderate quality=further research is likely to have 
an important impact on confidence in the estimate of effect and may change the estimate; low 
quality=further research is very likely to have an important impact on confidence in the estimate 
of effect and is likely to change the estimate; very low quality=the estimate of effect is very 
uncertain).32  

A GRADE quality rating is based on an assessment of five conditions: (1) risk of bias (limitations 
in study designs), (2) inconsistency (heterogeneity) in the direction and/or size of the estimates of 
effect, (3) indirectness of the body of evidence to the populations, interventions, comparators 
and/or outcomes of interest, (4) imprecision of results (few participants/events/observations, wide 
confidence intervals), and (5) indications of reporting or publication bias. Grouped studies begin 
with a high quality rating which may be downgraded if there are serious or very serious concerns 
across the evidence related to one or more of the five conditions.  

Full GRADE assessments were conducted only for the two benefit outcomes that the CTFPHC 
working group rated as critical (lung cancer mortality and all-cause mortality). Data were entered 
into the GRADEPro software along with the quality assessment ratings to produce two analytic 
products for each critically ranked outcome and the comparisons of interest: (1) a GRADE 
Evidence Profile Table and (2) a GRADE Summary of Findings Table. 

Data Analysis 
To perform meta-analyses for the critical and important benefits of lung cancer screening (lung 
cancer mortality, all-cause mortality and stage distribution), we utilized the number of events, 
proportion or percentage data from included RCTs to generate the summary measures of effect in 
the form of risk ratios (RR) using the DerSimonian and Laird random effects model with inverse 
variance method.33 When assessing the stage distribution it is important to evaluate both the 
proportion of early (stage I and II) and late stage (III and IV) cancers, therefore the total number 
of lung cancers detected in each study was taken as the denominator. The random effects model 
assumes the studies are a sample of all potential studies and incorporates an additional between-
study component to the estimate of variability. The primary subgrouping in these meta-analyses 
was based on the type of screening test(s) used (CXR, CXR plus SC, LDCT). Cochran’s Q 
(α=0.05) and I2 (≥75%=substantial heterogeneity) statistics were employed to quantify statistical 
heterogeneity between studies. 

In addition, for the critical benefits of lung cancer screening (lung cancer mortality and all-cause 
mortality) that showed significant effects, we calculated absolute risk reduction (ARR) and 
number needed to screen (NNS) and added these values to the GRADE tables. NNSs were 
calculated using the absolute numbers computed by the GRADE software.30 GRADE estimates 
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the absolute number per million using the control group event rate and risk ratio with the 95% 
confidence interval obtained from the meta-analysis.  

For harms of lung cancer screening with binary data such as major complications or morbidity 
and death due to invasive follow-up testing, over-diagnosis, false positives, consequences of 
false-positives, and infections, the number of events, proportion or percentage data was utilized 
to generate the summary measures of effect using the DerSimonian and Laird random effects 
model with inverse variance method.33 The binomial confidence intervals for each 
proportion/rate were calculated using the Wilson score interval method.34  

For harms of lung cancer screening with continuous data such as anxiety and quality of life, the 
summary measures of effect were generated in the form of mean difference (MD) between 
intervention and control groups using the DerSimonian and Laird random effects model with 
inverse variance method.33 If data for the control group were not available, the results were 
synthesized descriptively using change from baseline (i.e., difference between pre-screening and 
post-screening) or mean change score (MCS) for intervention group only and reported as MCS 
with 95% CI. 

The analyses were performed using Review Manager version 5.3 software,30, 35 STATA version 
1236 and GRADEpro.30 

When data for particular outcomes (e.g., incidental findings) were inconsistently reported across 
studies or when studies did not provide data necessary for pooling (e.g., reported only a P-value 
or did not report values for the control group), the results are described narratively. 
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Chapter 3: Results 
Summary of the Literature Search for Key Questions 
Our updated search for studies examining the benefits of lung cancer screening and our extended 
search for studies reporting harms of screening, located 840 unique citations (Figure 2). From 
these searches we identified 29 on-topic systematic reviews, the reference lists of which were 
examined, resulting in 18 papers being added to our screening database. We added 16 studies 
reported in the USPSTF review26 and five studies included in the Cochrane review.25 Together 
these sources yielded 879 studies that required title and abstract screening. Full text relevance 
testing took place on 223 studies. The majority of studies (161/223) was excluded for not 
meeting at least one key inclusion criterion (list of excluded studies available on the CTFPHC 
website http://canadiantaskforce.ca/) and another 29 were set aside as systematic reviews.  

At the end of the search and selection process, 33 studies, many with multiple publications, met 
the inclusion criteria for this review. Thirteen of the studies addressed the key question on the 
benefits of screening and 30 provided data that were used to answer the key question on the 
harms of screening or follow-up testing.  

In terms of the 13 studies identified for key question one, none were new or novel. Eight of the 
studies were also included in the USPSTF review;10, 21, 23, 37-41 one of which was unique to this 
source.41 Our updated search found publications with more recent data for four of the USPSTF 
identified studies.21, 23, 37, 40 Three studies included by the USPSTF overlapped with studies 
included by the Cochrane group.10, 38, 39 Five of our included studies were only found through the 
Cochrane review.42-46  

Summary of the Included Studies 

A total of 13 RCTs were included to answer the key question of the benefits of screening for 
lung cancer.10, 21, 23, 37-46 Seven trials10, 23, 37, 38, 40, 41, 44 included mixed gender samples and six 
trials21, 39, 42, 43, 45, 46 included only men. There were 10 studies10, 21, 23, 37, 39-43, 45 that enrolled only 
current and former smokers, two studies38, 44 that targeted smokers and non-smokers, and one 
study46 that included non-smokers, former smokers and current smokers. The range of ages 
included in the studies (upon enrollment) was 35 to 74 years; less than half of the studies23, 40, 42, 

43, 45, 46 included some participants <50 years of age and over half10, 21, 37, 39-41, 43, 45, 46 included 
some participants >70 years of age. Two trials38, 44 compared CXR to usual care, five trials39, 42, 

43, 45, 46 compared more intensive CXR (with or without SC) screening to less intensive screening, 
four trials21, 23, 37, 40 compared LDCT screening to no screening or usual care, and two trials10, 41 
compared LDCT to CXR. Ten studies10, 23, 37-40, 42-45 had follow-up of ≥5 years while three 
studies21, 41, 46 reported follow-up of <5 years. Over half of the studies23, 37, 39-42, 46 were rated as 
having an unclear risk of bias, primarily due to the lack of information about or lack of procedures 
to ensure random sequence generation, allocation concealment and blinding of outcome 
assessment (Table 1). Of the remaining six studies, three10, 38, 45 were assigned a low risk of bias 
rating and three21, 43, 44 were designated as high risk. Recruitment was initiated after the year 

http://canadiantaskforce.ca/
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2000 in six studies,10, 21, 23, 37, 40, 41 while one study38 commenced recruitment in the 1990s, four 
studies39, 42, 43, 45 in the 1970s, and two studies44, 46 in the 1960s. Seven trials10, 38, 39, 41, 43-45 were 
conducted in the US and all other trials21, 23, 37, 40, 42, 46 were conducted in European nations 
(Denmark, the Netherlands, Belgium, Italy and Czechoslovakia). A high level summary of the 
body of evidence included to answer the key question about the benefits of lung cancer screening 
is provided in Table 2. The characteristics of the 13 RCTs are reported individually and in more 
detail in Table 3. 

A total of 30 studies were included to answer the key question of the harms of screening for lung 
cancer; some of these studies overlap with trials included for the question about the benefits of 
screening.10, 21, 23, 24, 37-42, 45, 47-65 Many of the studies providing harms data included multiple 
publications; Table 4 identifies these companion papers.  

Results for Key Questions 

KQ1. What are the clinical benefits (B) of screening for lung cancer in adults 
not suspected of having lung cancer (lung cancer mortality, all-cause mortality, 
smoking cessation rate, stage at diagnosis, incidental findings)? 
Key findings across critical (mortality) and selected important (stage at diagnosis) outcomes, 
with pooled estimates of effect, are provided in Table 5. Detailed results for each outcome are 
presented below. 

B-1.0 Lung Cancer Mortality  

Eleven studies were identified that provided data on lung cancer mortality. Seven RCTs used 
CXR as the primary screening test;38, 39, 42-46 in four of these studies CXR was combined with 
SC.39, 42, 43, 45 Three RCTs used LDCT as the primary screening test.21, 23, 40 One study compared 
LDCT with CXR.10 Our search and selection process did not locate any RCTs that investigated 
SC as the only screening test that met our inclusion criteria, and reported on the outcome of lung 
cancer mortality.  

Evidence Set 1 provides the GRADE Evidence Profile Table (1.1), the GRADE Summary of 
Findings Table (1.2), and the forest plots (1.1 and 1.2) generated for the outcome of lung 
cancer mortality. 

B-1.1 Chest X-Ray (CXR) 

Seven RCTs that used CXR as the primary screening test reported results for lung cancer 
mortality;38, 39, 42-46 these studies were separated into three groups for analysis.  

B-1.1.1 CXR Screening versus Usual Care 

Two RCTs examined screening with CXR alone versus usual care (no formalized screening) 
(Kaiser,44 PLCO38). These two studies have a combined sample of 165,575 (82,583 CXR; 
82,992 usual care). Both studies included mixed gender populations with about equal 
representation of men and women. The Kaiser study targeted middle-aged adults (35 to 54 years) 
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and at outset the sample was about equally divided above and below age 45. The PLCO study 
targeted older adults (55 to 74 years) and enrolled about 33% of participants in their 50s, 53% in 
their 60s, and 13% in their early 70s. Both studies recruited smokers (current and former) as well 
as never smokers; only 17% of the Kaiser study sample were identified as smokers (though study 
authors suggested this was likely an underestimate of actual smokers) while in the PLCO study 
52% were identified as current or former smokers. In the Kaiser study screening participants 
were offered CXR annually for four years while the PLCO participants were offered an annual 
CXR for 16 years as part of a comprehensive health check-up. The control group in both studies 
received usual care (screening was not offered or advised, but patients could be screened if they 
and/or their health care provider initiated testing). The length of follow-up for lung cancer 
mortality was up to 16 years in the Kaiser study and up to 13 years (median 11.9, mean 11.2, 
interquartile range 10 to 13) in the PLCO trial. Both studies were conducted in the US. The 
Kaiser study was initiated in 1964 while the PLCO trial started in 1993. There was no significant 
difference in lung cancer mortality between the group screened with CXR alone and the usual 
care group [RR 0.99 (95% CI 0.92, 1.07) I2=0%]. This body of evidence was downgraded for 
concerns regarding risk of bias and imprecision; a low quality GRADE rating was assigned. 

B-1.1.2 More Intensive CXR Screening versus Less Intensive Screening 

The second comparison included a single RCT that examined more intensive screening using 
CXR against less intensive screening using the same test (North London Study46). This study 
included 55,034 participants (29,723 more intensive screening; 25,311 less intensive screening). 
Only men were included. The study targeted adults aged 40 to 70 years; about one-quarter of 
participants who were enrolled were aged 40 to 44, another quarter were aged 45 to 49, a bit less 
than a quarter (22%) were aged 50 to 54, and the remaining men were mostly in their late 50s 
(16%) or 60s (10%). At enrollment most of the sample (69%) were smokers, 19% were former 
smokers, and 12% were never smokers. Men were enrolled only if they showed no signs of lung 
cancer on a preliminary screen. Participants randomized to the more intense screening arm were 
then offered CXR every six months for a period of three years (up to six additional screens) while 
those assigned to the less intense screening arm had the eligibility CXR and then a second CXR 
three years later. The length of follow-up for lung cancer mortality was at least five years. This 
study was conducted in the UK during the 1960s. There was no significant difference in lung 
cancer mortality between the group that underwent more frequent CXR screens and the group 
that received less intensive testing [RR 1.03 (95% CI 0.74, 1.42)] This body of evidence was 
downgraded for concerns regarding risk of bias and imprecision; a low quality GRADE rating 
was assigned. 

B-1.1.3 More Intensive CXR plus SC Screening versus Less Intensive Screening 

The third group included four RCTs that examined screening using CXR plus SC versus less 
intensive screening (CXR and SC but fewer screens and longer interval; CXR alone; advised to 
have annual CXR and SC) (Czech Study,42 Johns Hopkins Study,43 Mayo Lung Project,39 
Memorial Sloan-Kettering Study45). These four studies have a combined sample of 35,983 
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(17,983 more intensive screening; 18,000 less intensive screening). All four studies included 
only men. At enrollment, about one-quarter of the Mayo Lung Project sample was under age 50, 
another quarter was aged 50 to 54, two-fifths were aged 55 to 65, and the remaining 10% were 
aged 65 and older. In the Czech study about 38% of the men were enrolled in their 40s, about 
half (48%) were in their 50s, and 14% were in their early 60s. About one-third of the Memorial 
Sloan-Kettering sample was under age 50 when recruited, a bit more than half (54%) of the men 
were in their 50s, and the remaining quarter were mostly in their 60s, with a small percentage 
(3%) in their 70s. In the Johns Hopkins study just under one-third (31%) of the men were in their 
late 40s, about a quarter (27%) were in their early 50s and another quarter (25%) were in their 
late 50s, and the remaining enrollees were mostly in their 60s. All four studies recruited only 
heavy smokers (current or recently quit). In the Mayo Lung study 94% of the men smoked ≥1 
pack/day, 97% had smoked for ≥20 years and 91% had ≥25 pack-years. Similarly, all men in the 
Memorial Sloan-Kettering study smoked ≥1 pack/day and 91% had ≥25 pack-years. Likewise all 
men in the Johns Hopkins study smoked ≥1 pack/day and 94% had ≥25 pack-years. Half of the 
men in the Czech study had a lifetime consumption of 150,000 to 250,000 cigarettes 
(approximately 20.55 to 34.25 pack-years) and the other half had smoked more. Two studies 
only enrolled participants who showed no signs of lung cancer on a preliminary screen. In the 
Mayo Lung Project participants were offered CXR and SC every four months for a period of six 
years (up to 18 screens); the less intense screening arm had the eligibility CXR and SC test and 
was subsequently advised to get screened at least yearly, but these men were not offered 
systematic re-screening. The Czech study offered one group the dual screen every six months for 
three years (up to six screens) followed by three years of annual CXR testing; the less intense 
screening group received the dual test prior to randomization and again three years later, after 
which annual CXR was offered for three more years. The Memorial Sloan-Kettering and Johns 
Hopkins studies offered half of the men annual CXR and SC every four months for five years 
(initial recruits may have had an additional two or three years of screening), and the other half 
were offered annual screening with CXR alone for the same amount of time. In terms of follow-
up, lung cancer mortality was assessed at a median of 20.5 years in the Mayo Lung Project, for 
up to 15 years in the Czech study, and for up to nine years in the Memorial Sloan-Kettering and 
Johns Hopkins studies. All four studies were initiated in the 1970s. Three studies were conducted 
in the US and one in Czechoslovakia. There was no significant difference in lung cancer 
mortality between the group that received more intensive screening with CXR plus SC and the 
group that received less intensive screening [RR 1.01 (95% CI 0.87, 1.18) I2=59%]. This body of 
evidence was downgraded for concerns regarding risk of bias and imprecision; a low quality 
GRADE rating was assigned. 

B-1.2 Low-Dose Computed Tomography (LDCT) 

Four RCTs that used LDCT as the primary screening test reported results for lung cancer 
mortality;10, 21, 23, 40 these studies were separated into three groups for analysis.  
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B-1.2.1 Annual LDCT versus Usual Care 

Three RCTs examined annual screening with LDCT versus usual care (DANTE,21 DLCST,40 
MILD23). These three studies have a combined sample of 9,489 (4,518 annual LDCT; 4,971 
usual care). Two studies included mixed gender samples; slightly more than half of the 
participants in the DLCST study and about two-thirds of the MILD study sample were men. The 
DANTE study included only men. At enrollment, in the two mixed gender trials participants 
were in their late 50s (MILD median age 57 years; DLCST mean age 58 years); enrollees were 
slightly older (mean 64 years) in the male-only DANTE trial. All three studies recruited only 
current or former (quit in last 10 years) smokers. In the DANTE study a little over half of the 
men were current smokers and all the men had ≥20 pack-years (mean 47 pack-years). All 
participants in the DLCST study also had ≥20 pack-years (mean 36 pack-years) and the mean 
number of cigarettes smoked per day was 19. Smoking history was a bit heavier in the MILD 
study with 90% of control and 69% of screening participants smoking upon enrollment, a mean 
of 38 pack-years across participants with consumption for two-thirds of the group at ≥20 
cigarettes per day. In one intervention arm of the MILD study, participants were offered annual 
LDCT screening (median of five screens); the control group received usual care. Likewise, 
participants in the intervention arm of the DLCST trial were offered five annual LDCT screens 
and the control group received usual care. At baseline, men in the screening group of the 
DANTE trial had a CXR plus SC test in addition to their first of five annual LDCT scans; the 
usual care group also had the baseline CXR and SC test (no LDCT) but then only attended yearly 
for clinical reviews (no screening). In terms of follow-up, lung cancer mortality was assessed at a 
median of 4.4 years (maximum six years) in the MILD study, for five years in the DLCST study 
and for a median of 2.8 years (range 1.8 to 79.2 months) in the on-going DANTE trial. All three 
studies were initiated in the last 10 to 15 years (since 2000). Two studies were conducted in Italy 
and one in Denmark. There was no significant difference in lung cancer mortality between the 
group screened annually with LDCT and the usual care group [RR 1.35 (95% CI 0.79, 2.29) 
I2=32%]. This body of evidence was downgraded for concerns regarding risk of bias and 
imprecision; a low quality GRADE rating was assigned. 

B-1.2.2 Biennial LDCT Screening versus Usual Care 

One of the above mentioned RCTs included a second intervention arm to examine the effect of 
biennial (every two years) screening with LDCT versus usual care (MILD23). The MILD study 
included 2,909 participants (1,186 biennial LDCT; 1,723 usual care). The trial included mixed 
gender participants; about two-thirds of the sample was men. At enrollment, participants were 
mostly in their late 50s (median age 57 years). Only current or former (quit in last 10 years) 
smokers were recruited; 90% of control and 69% of screening participants were current smokers, 
the overall mean pack-years was 38 and consumption for two-thirds of the sample was ≥20 
cigarettes per day. In the intervention arm participants were offered LDCT screening every two 
years (median of three screens); the control group received usual care. In terms of follow-up, 
lung cancer mortality was assessed at a median of 4.4 years (maximum six years). This trial was 
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initiated in 2005 in Italy. There was no significant difference in lung cancer mortality between 
the group screened biennially with LDCT and the usual care group [RR 1.25 (95% CI 0.42, 
3.70)]. This body of evidence was downgraded for concerns regarding risk of bias and 
imprecision; a low quality GRADE rating was assigned. 

B-1.2.3 LDCT Screening versus CXR Screening 

A fourth RCT compared screening with LDCT with screening with CXR (NLST10). The NLST 
study included 53,454 participants (26,722 LDCT; 26,732 CXR). The trial included mixed 
gender participants; about 60% of the sample was men. At enrollment, about 60% of participants 
were over age 60. Only current (48%) or former (quit in last 15 years) (52%) smokers were 
included. Participants in each group were offered three annual screens with their respectively 
assigned test. In terms of follow-up, lung cancer mortality was assessed at a median of 6.5 years 
(maximum 7.4 years). This trial was initiated in 2002 in the US. The LDCT screening group 
showed a relative reduction of 20% in lung cancer mortality as compared to the CXR screening 
group [RR 0.80 (95% CI 0.70, 0.92); absolute value per million 3,250 fewer, range from 1,271 
fewer to 4,972 fewer]. The absolute risk reduction (ARR) is 0.33%. The number needed to screen 
(NNS) to avert one death from lung cancer is 308 (95% CI 201, 787). This body of evidence was 
not downgraded on any domain; a high quality GRADE rating was assigned. 

B-2.0 All-Cause Mortality  

Nine studies were identified that provided data on all-cause mortality. Five RCTs used CXR as 
the primary screening test;38, 39, 42, 44, 45 in three of these studies CXR was combined with SC.39, 42, 

45 Three RCTs used LDCT as the primary screening test.21, 23, 40 One study compared LDCT with 
CXR.10 Our search and selection process did not locate any RCTs that investigated SC alone as the 
screening test that met our inclusion criteria, and reported on the outcome of all-cause mortality.  

Evidence Set 2 provides the GRADE Evidence Profile Table (2.1), the GRADE Summary of 
Findings Table (2.2), and the forest plots (2.1 and 2.2) generated for the outcome of all-cause 
mortality. 

B-2.1 Chest X-Ray (CXR) 

Five RCTs that used CXR as the primary screening test reported results for all-cause 
mortality;38, 39, 42, 44, 45 these studies were separated into two groups for analysis.  

B-2.1.1 CXR Screening versus Usual Care 

Two RCTs examined screening with CXR alone versus usual care (no screening) (Kaiser,44 
PLCO38). These two studies have a combined sample of 165,575 (82,583 CXR; 82,992 usual 
care). Both studies included mixed gender populations with about equal representation of men 
and women. The Kaiser study targeted middle-aged adults (35 to 54 years) and at outset the 
sample was about equally divided above and below age 45. The PLCO study targeted older 
adults (55 to 74 years) and enrolled about 33% of participants in their 50s, 53% in their 60s, and 
13% in their early 70s. Both studies recruited smokers (current and former) as well as never 
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smokers; only 17% of the Kaiser study sample were identified as smokers (though study authors 
suggested this was likely an underestimate of actual smokers) while in the PLCO study 52% 
were identified as current or former smokers. In the Kaiser study screening participants were 
offered CXR annually for four years while the PLCO participants were offered an annual CXR 
for 16 years as part of a comprehensive health check-up. The control group in both studies 
received usual care (screening was not offered or advised, but patients could be screened if they 
and/or their health care provider initiated testing). The length of follow-up for mortality 
outcomes was up to 16 years in the Kaiser study and up to 13 years (median 11.9, mean 11.2, 
interquartile range 10 to 13) in the PLCO trial. Both studies were conducted in the US. The 
Kaiser study was initiated in 1964 while the PLCO trial started in 1993. There was no difference 
in all-cause mortality between the group screened with CXR alone and the usual care group [RR 
0.98 (95% CI 0.96, 1.00) I2=0%]. This body of evidence was downgraded for concerns regarding 
risk of bias and imprecision; a low quality GRADE rating was assigned.  

B-2.1.2 More Intensive CXR plus SC Screening versus Less Intensive Screening  

The second group of three RCTs compared a dual screening test using CXR plus SC with less 
intensive screening (CXR and SC but fewer screens and longer interval; CXR alone; advised to 
have annual CXR and SC) (Czech study,42 Mayo Lung Project,39 Memorial Sloan-Kettering 
Study45). These three studies have a combined sample of 25,596 (12,757 more intense screening; 
12,839 less intense screening). All three studies included only men. At enrollment, about one-
quarter of the Mayo Lung Project sample was under age 50, another quarter was aged 50 to 54, 
two-fifths were aged 55 to 65 and the remaining 10% were aged 65 and older. In the Czech study 
about 38% of the men were enrolled in their 40s, about half (48%) were in their 50s, and 14% 
were in their early 60s. About one-third of the Memorial Sloan-Kettering sample was under age 
50 when recruited, a bit more than half (54%) of the men were in their 50s, and the remaining 
quarter were mostly in their 60s, with a small percentage (3%) in their 70s. All three studies 
recruited only heavy smokers (current or recently quit). In the Mayo Lung study 94% of the men 
smoked at least one pack/day, 97% had smoked for ≥20 years and 91% had ≥25 pack-years. 
Similarly, all men in the Memorial Sloan-Kettering study smoked at least one pack/day and 91% 
had ≥25 pack-years. Half of the men in the Czech study had a lifetime consumption of 150,000 to 
250,000 cigarettes (approximately 20.55 to 34.25 pack-years) and the other half had smoked 
more. Two studies only enrolled participants who showed no signs of lung cancer on a 
preliminary screen. In the Mayo Lung Project participants were offered CXR and SC every four 
months for a period of six years (up to 18 screens); the less intense screening arm had the 
eligibility CXR and SC test and was subsequently advised to get screened at least once a year, 
but these men were not offered systematic re-screening. The Czech study offered the 
experimental group the dual screen every six months for three years (up to six screens) followed 
by three years of annual CXR testing; the group receiving less intense screening received the 
dual test prior to randomization and again three years later, after which annual CXR was offered 
for three more years. The Memorial Sloan-Kettering study offered half of the men annual CXR 
and SC every four months for five to eight years, and the other half were offered annual 
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screening with CXR alone for the same amount of time. In terms of follow-up, all-cause 
mortality was assessed at a median of 20.5 years in the Mayo Lung Project, for up to nine years 
in the Memorial Sloan-Kettering study, and for six years in the Czech study. All three studies 
were initiated in the 1970s. Two studies were conducted in the US and one in 
Czechoslovakia. There was no significant difference in all-cause mortality between the group 
screened with CXR plus SC and the group that received less intensive screening [RR 1.04 (95% 
CI 0.97, 1.11) I2=37%]. The GRADE rating for this body of evidence was low quality; 
downgrading occurred because of concerns regarding risk of bias and imprecision. 

B-2.2 Low-Dose Computed Tomography (LDCT) 

Four RCTs that used LDCT as the primary screening test reported results for all-cause 
mortality;10, 21, 23, 40 these studies were separated into three groups for analysis.  

B-2.2.1 Annual LDCT Screening versus Usual Care 

Three RCTs examined annual screening with LDCT versus usual care (DANTE,21 DLCST,40 
MILD23). These three studies have a combined sample of 9,489 (4,518 annual LDCT; 4,971 
usual care). Two studies included mixed gender samples; slightly more than half of the participants 
in the DLCST study and about two-thirds of the MILD study sample were men. The DANTE 
study included only men. At enrollment, in the two mixed gender trials participants were in their 
late 50s (MILD median age 57 years; DLCST mean age 58 years); enrollees were slightly older 
(mean 64 years) in the male-only DANTE trial. All three studies recruited only current or former 
(quit in last 10 years) smokers. In the DANTE study a little over half of the men were current 
smokers and all the men had ≥20 pack-years (mean 47 pack-years). All participants in the 
DLCST study also had ≥20 pack-years (mean 36 pack-years) and the mean number of cigarettes 
smoked per day was 19. Smoking history was a bit heavier in the MILD study with 90% of 
control and 69% of screening participants smoking upon enrollment, a mean of 38 pack-years 
across participants with consumption for two-thirds of the group at ≥20 cigarettes per day. All 
three studies used annual LDCT as the screening test. In one intervention arm of the MILD 
study, participants were offered annual LDCT screening (median of five screens); the control 
group received usual care. Similarly, participants in the intervention arm of the DLCST trial 
were offered five annual LDCT screens; the control group received usual care. At baseline, men 
in the screening group of the DANTE trial had a CXR plus SC test in addition to their first of 
five annual LDCT scans; the usual care group also had the baseline CXR and SC test (no LDCT) 
but then only attended yearly for clinical reviews (no screening). In terms of follow-up, all-cause 
mortality was assessed at a median of 4.4 years (maximum six years) in the MILD study, for five 
years in the DLCST study and for a median of 2.8 years (range 1.8 to 79.2 months) in the on-
going DANTE trial. All three studies were initiated in the last 10 to 15 years (since 2000). Two 
studies were conducted in Italy and one in Denmark. There was no significant difference in all-
cause mortality between the group screened annually with LDCT and the usual care group [RR 
1.42 (95% CI 0.91, 2.22) I2=67%]. This body of evidence was downgraded for concerns regarding 
risk of bias and imprecision; a low quality GRADE rating was assigned.  



17 
 

B-2.2.2 Biennial LDCT Screening versus Usual Care 

One of the above mentioned RCTs included a second intervention arm to examine the effect of 
biennial (every two years) screening with LDCT versus usual care (MILD23). This study 
included 2,909 participants (1,186 biennial LDCT; 1,723 usual care). The MILD trial included 
mixed gender participants; about two-thirds of the sample was men. At enrollment, participants 
were mostly in their late 50s (median age 57 years). Only current or former (quit in last 10 years) 
smokers were recruited; 90% of control and 69% of screening participants were current smokers, 
the overall mean pack-years was 38 and consumption for two-thirds of the sample was ≥20 
cigarettes per day. In the intervention arm participants were offered LDCT screening every two 
years (median of three screens); the control group received usual care. In terms of follow-up, all-
cause mortality was assessed at a median of 4.4 years (maximum six years). This trial was 
initiated in 2005 in Italy. There was no significant difference in all-cause mortality between the 
group screened biennially with LDCT and the usual care group [RR 1.45 (95% CI 0.79, 2.69)]. 
This body of evidence was downgraded for concerns regarding risk of bias and imprecision; a 
low quality GRADE rating was assigned. 

B-2.2.3 LDCT Screening versus CXR Screening 

A fourth RCT was a head-to-head trial comparing screening with LDCT with screening with 
CXR (NLST10). This study included 53,454 participants (26,722 LDCT; 26,732 CXR). The 
NLST study included mixed gender participants; about 60% of the sample was men. At 
enrollment, about 60% of participants were over age 60. Only current (48%) or former (quit in 
last 15 years) (52%) smokers were included. Participants in each group were offered three annual 
screens with their respectively assigned test. In terms of follow-up, all-cause mortality was 
assessed at a median of 6.5 years (maximum 7.4 years). This trial was initiated in 2002 in the 
US. The LDCT screening group showed a relative reduction of 6% in all-cause mortality as 
compared to the CXR screening group [RR 0.94 (95% CI 0.88, 1.00); absolute value per million 
4,571 fewer, range from 180 fewer to 8,709 fewer]. The absolute risk reduction (ARR) is 0.46%. 
The number needed to screen (NNS) using LDCT to avert one death from any cause is 219 (95% 
CI 115, 5,556). This body of evidence was not downgraded on any domain; a high quality 
GRADE rating was assigned. 

B-3.0 Lung Cancer Stage at Diagnosis  

The point of cancer screening programs is to detect early stage disease in asymptomatic people 
that may be more responsive to treatment, in turn preventing progression to later stage disease 
and promoting longer survival. Therefore, if screening is working as intended, along with an 
expected increase in the number of diagnosed cases of early stage disease (with a potential risk 
for overdiagnosis) there should be a subsequent reduction in the  number of people presenting 
with late stage disease in screened groups as compared to unscreened groups.  

Eight studies were identified that provided data on lung cancer stage at diagnosis that could be 
pooled. Five RCTs used CXR as the primary screening test;38, 39, 42, 43, 45 in four of these studies 
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CXR was combined with SC.39, 42, 43, 45 Two RCTs used LDCT as the primary screening test.21, 40 
One study compared LDCT with CXR.10 The results of these analyses are presented first for 
diagnoses of early stage disease and then for late stage disease. Findings from two additional 
studies23, 41 could not be pooled and thus are reported narratively below. Our search and selection 
process did not locate any RCTs that investigated SC as the only screening test, that met our 
inclusion criteria and that reported on the outcome of stage at diagnosis.  

Evidence Set 3 provides the forest plots (3.1 to 3.4) generated for the outcome of lung cancer 
stage at diagnosis. GRADE tables were not prepared for this outcome as it was rated as 
important (not critical) by the CTFPHC working group. 

Early Stage I & II Non-Small Cell Lung Cancer (NSCLC) 

B-3.1 Chest X-Ray (CXR) 

Five RCTs that used CXR as the primary screening test reported results for stage at diagnosis, 
early stage I & II NSCLC;38, 39, 42, 43, 45 these studies were separated into two groups for analysis. 

B-3.1.1 CXR Screening versus Usual Care 

A single RCT examined screening with CXR alone versus usual care (no formalized screening) 
(PLCO38). The PLCO trial enrolled 154,901 mixed gender (equally balanced) adults aged 55 to 
74 years (about one-third in their 50s, half in their 60s). About half of the sample (52%) was 
identified as current or former smokers. Participants in the screening group were offered an 
annual CXR for 16 years as part of a comprehensive health check-up; the control group received 
usual care (screening was not offered or advised, but patients could be screened if they and/or 
their health care provider initiated testing). The PLCO began in 1993 and was conducted in the 
US. This study received a low risk of bias rating. A total of 2,821 cases of NSCLC were 
diagnosed; 37.33% of these diagnoses were for early stage (I & II) disease. The proportion of 
NSCLCs presenting as early stage (I & II) was significantly higher in the CXR screened group 
(39.7%) as compared to the usual care group (34.9%) [RR 1.14 (95% CI 1.03, 1.25)]. 

B-3.1.2 More Intensive CXR plus SC Screening versus Less Intensive Screening 

The second group of studies included four RCTs that examined screening using CXR plus SC 
versus less intensive screening (CXR and SC but fewer screens and longer interval; CXR 
alone; advised to have annual CXR and SC) (Czech Study,42 Johns Hopkins Study,43 Mayo 
Lung Project,39 Memorial Sloan-Kettering Study45). These four studies have a combined sample 
of 35,983 (17,983 more intensive screening; 18,000 less intensive screening). All four studies 
included only men. At enrollment, about one-quarter of the Mayo Lung Project sample was 
under age 50, another quarter was aged 50 to 54, two-fifths were aged 55 to 65, and the 
remaining 10% were aged 65 and older. In the Czech study about 38% of the men were enrolled 
in their 40s, about half (48%) were in their 50s, and 14% were in their early 60s. About one-third 
of the Memorial Sloan-Kettering sample was under age 50 when recruited, a bit more than half 
(54%) of the men were in their 50s, and the remaining quarter were mostly in their 60s, with a 
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small percentage (3%) in their 70s. In the Johns Hopkins study just under one-third (31%) of the 
men were in their late 40s, about a quarter (27%) were in their early 50s and another quarter 
(25%) were in their late 50s, and the remaining enrollees were mostly in their 60s. All four 
studies recruited only heavy smokers (current or recently quit). In the Mayo Lung Project 94% of 
the men smoked ≥1 pack/day, 97% had smoked for ≥20 years and 91% had ≥25 pack-years. 
Similarly, all men in the Memorial Sloan-Kettering study smoked ≥1 pack/day and 91% had ≥25 
pack-years. Likewise all men in the Johns Hopkins study smoked ≥1 pack/day and 94% had ≥25 
pack-years. Half of the men in the Czech study had a lifetime consumption of 150,000 to 
250,000 cigarettes (approximately 20.55 to 34.25 pack-years) and the other half had smoked 
more. Two studies only enrolled participants who showed no signs of lung cancer on a 
preliminary screen. In the Mayo Lung Project, participants were offered CXR and SC every four 
months for a period of six years (up to 18 screens); the less intense screening arm had the 
eligibility CXR and SC test and was subsequently advised to get screened at least yearly, but 
these men were not offered systematic re-screening. The Czech study offered one group the dual 
screen every six months for three years (up to six screens) followed by three years of annual 
CXR testing; the less intense screening group received the dual test prior to randomization and 
again three years later, after which annual CXR was offered for three more years. The Memorial 
Sloan-Kettering and Johns Hopkins studies offered half of the men annual CXR and SC every 
four months for five years (initial recruits may have had an additional two or three years of 
screening), and the other half were offered annual screening with CXR alone for the same 
amount of time. All four studies were initiated in the 1970s. Three studies were conducted in the 
US and one in Czechoslovakia. Two of the studies were rated as having low risk of bias43, 45 and 
the other two were rated as having unclear risk of bias.39, 42 A combined total of 1,167 cases of 
NSCLC were diagnosed; 50.64% of these diagnoses were for early stage (I & II) disease. The 
proportion of NSCLCs presenting as early stage (I & II) was not significantly different in the 
group that received more intensive CXR plus SC screening (53.7%) as compared to the group 
that received less intensive screening (47.2%) [RR 1.15 (95% CI 0.98, 1.36) I2=50%].  

B-3.2 Low-Dose Computed Tomography (LDCT) 

Three RCTs that used LDCT as the primary screening test reported results for stage at diagnosis, 
early stage I & II NSCLC;10, 21, 40 these studies were separated into two groups for analysis. 

B-3.2.1 Annual LDCT Screening versus Usual Care 

The first group included two RCTs that examined annual screening with LDCT versus usual 
care (DANTE,21 DLCST40). These studies have a combined sample of 6,576 (3,328 LDCT; 
3,248 usual care). The DLCST trial included a mixed gender sample (55% men) while the 
DANTE study included only men. At enrollment, on average, the DLCST participants were in 
their late 50s (mean age 58 years) and the DANTE enrollees were slightly older (mean 64 years). 
Both studies included only current or former (quit in last 10 years) smokers. All participants in 
the DLCST study had ≥20 pack-years (mean 36 pack-years) and the mean number of cigarettes 
smoked per day was 19. In the DANTE study a little over half of the men were current smokers 
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and all the men also had ≥20 pack-years (mean 47 pack-years). Participants in the intervention 
arm of the DLCST trial were offered five annual LDCT screens; the control group received usual 
care. At baseline, men in the screening group of the DANTE trial had a CXR plus SC test in 
addition to their first of five annual LDCT scans; the usual care group also had the baseline CXR 
and SC test (no LDCT) but then only attended yearly for clinical reviews (no screening). Both 
studies were initiated in the last 10 to 15 years (since 2000). One was conducted in Italy and the 
other in Denmark. One study was rated as having unclear risk of bias40 and the other was rated as 
having high risk of bias.21 A combined total of 178 cases of NSCLC were diagnosed; 58.43% of 
these diagnoses were for early stage (I & II) disease. The proportion of NSCLCs presenting as 
early stage (I & II) was significantly higher in the annual LDCT screened group (65.9%) as 
compared to the usual care group (40.4%) [RR 1.59 (95% CI 1.11, 2.28) I2=0%]. 

B-3.2.2 LDCT Screening versus CXR Screening 

The second group included a single trial comparing screening with LDCT with screening with 
CXR (NLST10). The NLST study included 53,454 participants (26,722 LDCT; 26,732 CXR). 
The trial included mixed gender adults; about 60% of the sample was men. At enrollment, about 
60% of participants were over age 60. Only current (48%) or former (quit in last 15 years) (52%) 
smokers were included. Participants in each group were offered three annual screens with their 
respectively assigned test. The NLST trial was initiated in 2002 in the US. This study received a 
low risk of bias rating. A total of 1,969 cases of NSCLC were diagnosed; 48.55% of these 
diagnoses were for early stage (I & II) disease. The proportion of NSCLCs presenting as early 
stage (I & II) was significantly higher in the annual LDCT screened group (57.0%) as compared 
to the CXR screened group (39.1%) [RR 1.46 (95% CI 1.33, 1.61)]. 

Late Stage III & IV Non-Small Cell Lung Cancer (NSCLC) 

B-3.3 Chest X-Ray (CXR) 

Five RCTs that used CXR as the primary screening test reported results for stage at diagnosis, 
late stage III & IV NSCLC;38, 39, 42, 43, 45 these studies were separated into two groups for analysis. 

B-3.3.1 CXR Screening versus Usual Care 

A single RCT examined screening with CXR alone versus usual care (no formalized screening) 
(PLCO38). The PLCO trial enrolled 154,901 mixed gender (equally balanced) adults aged 55 to 
74 years (about one-third in their 50s, half in their 60s). About half of the sample (52%) was 
identified as current or former smokers. Participants in the screening group were offered an 
annual CXR for 16 years as part of a comprehensive health check-up; the control group received 
usual care (screening was not offered or advised, but patients could be screened if they and/or 
their health care provider initiated testing). The PLCO began in 1993 and was conducted in the 
US. This study received a low risk of bias rating. A total of 2,821 cases of NSCLC were 
diagnosed; 62.67% of these diagnoses were for late stage (III & IV) disease. The proportion of 
NSCLCs presenting as late stage (III & IV) was significantly lower in the CXR screened group 
(60.3%) as compared to the usual care group (65.1%) [RR 0.93 (95% CI 0.87, 0.98)].  
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B-3.3.2 More Intensive CXR plus SC Screening versus Less Intensive Screening 

The second group of studies included four RCTs that examined screening using CXR plus SC 
versus less intensive screening (CXR and SC but fewer screens and longer interval; CXR 
alone; advised to have annual CXR and SC) (Czech Study,42 Johns Hopkins Study,43 Mayo 
Lung Project,39 Memorial Sloan-Kettering Study45). These four studies have a combined sample 
of 35,983 (17,983 more intensive screening; 18,000 less intensive screening). All four studies 
included only men. At enrollment, about one-quarter of the Mayo Lung Project sample was 
under age 50, another quarter was aged 50 to 54, two-fifths were aged 55 to 65, and the 
remaining 10% were aged 65 and older. In the Czech study about 38% of the men were enrolled 
in their 40s, about half (48%) were in their 50s, and 14% were in their early 60s. About one-third 
of the Memorial Sloan-Kettering sample was under age 50 when recruited, a bit more than half 
(54%) of the men were in their 50s, and the remaining quarter were mostly in their 60s, with a 
small percentage (3%) in their 70s. In the Johns Hopkins study just under one-third (31%) of the 
men were in their late 40s, about a quarter (27%) were in their early 50s and another quarter 
(25%) were in their late 50s, and the remaining enrollees were mostly in their 60s. All four 
studies recruited only heavy smokers (current or recently quit). In the Mayo Lung Project 94% of 
the men smoked ≥1 pack/day, 97% had smoked for ≥20 years and 91% had ≥25 pack-years. 
Similarly, all men in the Memorial Sloan-Kettering study smoked ≥1 pack/day and 91% had ≥25 
pack-years. Likewise all men in the Johns Hopkins study smoked ≥1 pack/day and 94% had ≥25 
pack-years. Half of the men in the Czech study had a lifetime consumption of 150,000 to 
250,000 cigarettes (approximately 20.55 to 34.25 pack-years) and the other half had smoked 
more. Two studies only enrolled participants who showed no signs of lung cancer on a 
preliminary screen. In the Mayo Lung Project participants were offered CXR and SC every four 
months for a period of six years (up to 18 screens); the less intense screening arm had the 
eligibility CXR and SC test and was subsequently advised to get screened at least yearly, but 
these men were not offered systematic re-screening. The Czech study offered one group the dual 
screen every six months for three years (up to six screens) followed by three years of annual 
CXR testing; the less intense screening group received the dual test prior to randomization and 
again three years later, after which annual CXR was offered for three more years. The Memorial 
Sloan-Kettering and Johns Hopkins studies offered half of the men annual CXR and SC every 
four months for five years (initial recruits may have had an additional two or three years of 
screening), and the other half were offered annual screening with CXR alone for the same 
amount of time. All four studies were initiated in the 1970s. Three studies were conducted in the 
US and one in Czechoslovakia. Two of the studies were rated as having low risk of bias43, 45 and 
the other two were rated as having unclear risk of bias.39, 42 A combined total of 1,167 cases of 
NSCLC were diagnosed; 49.36% of these diagnoses were for late stage (III & IV) disease. The 
proportion of NSCLCs presenting as late stage (III & IV) was significantly lower in the group 
that received more intensive CXR plus SC screening (46.3%) as compared to the group that 
received less intensive screening (52.8%) [RR 0.85 (95% CI 0.75, 0.96) I2=13%]. 
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B-3.4 Low-Dose Computed Tomography (LDCT) 

Three RCTs that used LDCT as the primary screening test reported results for stage at diagnosis, 
late stage III & IV NSCLC;10, 21, 40 these studies were separated into two groups for analysis. 

B-3.4.1 Annual LDCT Screening versus Usual Care 

The first group included two RCTs that examined annual screening with LDCT versus usual 
care (DANTE,21 DLCST40). These studies have a combined sample of 6,576 (3,328 LDCT; 
3,248 usual care). The DLCST trial included a mixed gender sample (55% men) while the 
DANTE study included only men. At enrollment, on average, the DLCST participants were in 
their late 50s (mean age 58 years) and the DANTE enrollees were slightly older (mean 64 years). 
Both studies included only current or former (quit in last 10 years) smokers. All participants in 
the DLCST study had ≥20 pack-years (mean 36 pack-years) and the mean number of cigarettes 
smoked per day was 19. In the DANTE study a little over half of the men were current smokers 
and all the men also had ≥20 pack-years (mean 47 pack-years). Participants in the intervention 
arm of the DLCST trial were offered five annual LDCT screens; the control group received usual 
care. At baseline, men in the screening group of the DANTE trial had a CXR plus SC test in 
addition to their first of five annual LDCT scans; the usual care group also had the baseline CXR 
and SC test (no LDCT) but then only attended yearly for clinical reviews (no screening). Both 
studies were initiated in the last 10 to 15 years (since 2000). One was conducted in Italy and the 
other in Denmark. One study was rated as having unclear risk of bias40 and the other was rated as 
having high risk of bias.21 A combined total of 178 cases of NSCLC were diagnosed; 41.57% of 
these diagnoses were for late stage (III & IV) disease. The proportion of NSCLCs presenting as 
late stage (III & IV) was significantly lower in the annual LDCT screened group (34.1%) as 
compared to the usual care group (59.6%) [RR 0.59 (95% CI 0.43, 0.83) I2=0%].  

B-3.4.2 LDCT Screening versus CXR Screening 

The second group included a single trial comparing screening with LDCT with screening with 
CXR (NLST10). The NLST study included 53,454 participants (26,722 LDCT; 26,732 CXR). 
The trial included mixed gender adults; about 60% of the sample was men. At enrollment, about 
60% of participants were over age 60. Only current (48%) or former (quit in last 15 years) (52%) 
smokers were included. Participants in each group were offered three annual screens with their 
respectively assigned test. The NLST trial was initiated in 2002 in the US. This study received a 
low risk of bias rating. A total of 1,969 cases of NSCLC were diagnosed; 51.44% of these 
diagnoses were for late stage (III & IV) disease. The proportion of NSCLCs presenting as late 
stage (III & IV) was significantly lower in the annual LDCT screened group (43.0%) as 
compared to the CXR screened group (60.9%) [RR 0.71 (95% CI 0.65, 0.77)]. 

B-3.5 Narrative Results 

The MILD study23 included 4,099 participants (1,190 annual LDCT; 1,186 biennial LDCT; 
1,723 usual care). The trial included mixed gender participants; about two-thirds of the sample 
was men. At enrollment, participants were mostly in their late 50s (median age 57 years). Only 
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current or former (quit in last 10 years) smokers were recruited; 90% of usual care and 69% of 
screening participants were current smokers, the overall mean pack-years was 38 and 
consumption for two-thirds of the sample was ≥20 cigarettes per day. In the intervention arms 
participants were offered LDCT screening either once a year (median of five screens) or every 
two years (median of three screens); the control group received usual care. Follow-up occurred at 
a median of 4.4 years (maximum six years). This trial, which was rated as having unclear risk of 
bias, was initiated in 2005 in Italy. Stage of diagnosis results could not be pooled with the other 
studies because no usual care group events were given. Study authors provided stage of 
diagnosis data only for the annual LDCT group and the biennial LDCT group. More than two-
thirds of the cases across both groups (35/49) were detected at stage I or II (annual n=20, 
biennial n=15). There was no difference in the proportion of early or late stage lung cancers 
detected in annual versus biennial screening arms (P=0.53).  

The Lung Screening Study41 included 3,318 participants (1,658 CXR; 1,660 LDCT) who were 
recruited from PLCO screening sites but who were not taking part in the PLCO trial.38 About 
60% of the sample was men. The study targeted adults aged 55 to 74 years and at enrollment, 
about one-third of the participants were in their 50s, about one-third were in their early 60s, and 
the remaining third were aged 65 to 74 years. All participants were current (43%) or former (57%) 
smokers with ≥30 pack-years (half had <50 pack-years; half had ≥50 pack-years). This trial received 
an unclear risk of bias rating. Study authors reported stage of diagnosis results for each arm; 
however, to avoid biasing the results of a meta-analysis, the decision was made not to pool this data 
with the other trial (NLST10) comparing LDCT with CXR because of the less than adequate and 
incompatible follow-up period (≤12 months for the Lung Screening Study versus a median of 6.5 
years for the NLST) and the small number of reported events. In the group that received LDCT scans, 
by the end of the study there were 19 diagnoses of early stage cancers, nine cases of late stage 
disease and two un-staged diagnoses (29/30 diagnoses were for NSCLC; one case of small cell 
carcinoma was detected but it is not clear at which stage it was diagnosed). Comparatively, in the 
CXR screening arm there were six diagnoses of early stage disease by the end of the study, no 
cases of late stage disease and one un-staged diagnosis (all seven cases were NSCLC).  

B-4.0 Smoking Cessation Rate 

A total of four studies reported data for smoking cessation rate: two studies used CXR combined 
with SC testing,39, 42 and two studies used LDCT scans.37, 40 Considering this self-reported 
outcome, all four studies received unclear risk of bias ratings. None of the data could be pooled; 
all results are reported narratively. 

B-4.1 Chest X-Ray (CXR) 

The Czech study,42 which was initiated in 1976 in Czechoslovakia, included 6,364 male 
participants who showed no signs of lung cancer on a preliminary screening test (CXR plus SC). 
About 38% of the men were enrolled in their 40s, about half (48%) were in their 50s, and 14% 
were in their early 60s. Upon enrollment all participants were current and heavy smokers; half of 
the men had a lifetime consumption of 150,000 to 250,000 cigarettes (approximately 20.55 to 
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34.25 pack-years) and the other half had smoked more. Participants were randomized either to an 
intensive dual screening program (six CXR and SC tests at six month intervals) or to a less 
intense intervention involving annual CXR testing. After the initial three years, men in both 
study groups were offered annual CXR testing for an additional three years. There was no 
mention if, as part of the trial, participants were advised to quit smoking, if they received any 
smoking cessation counseling, and/or if they were given any printed materials about smoking 
cessation. At baseline there was no difference between study arms in terms of smoking history. In 
the intensive screening group the mean duration of smoking was 31.7 years and the mean 
lifetime consumption of cigarettes was 266,334; in the less intensive screening group the mean 
duration of smoking was and 31.5 years with an average lifetime consumption of 263,046 
cigarettes. No specific data are reported; however study authors indicate that after six years of 
follow-up there was no difference between study groups in terms of the proportion who quit 
smoking or switched from cigarettes to pipes or cigars.42 

The Mayo Lung Project,39 which was initiated in the US in 1971, included 9,211 male participants 
who showed no signs of lung cancer on a preliminary screen. About one-quarter of the sample 
was under age 50, another quarter was aged 50 to 54, two-fifths were aged 55 to 65, and the 
remaining 10% were aged 65 and older. Only heavy smokers were recruited; 94% of the men 
smoked ≥1 pack/day, 97% had smoked for ≥20 years and 91% had ≥25 pack-years. In one arm 
participants were offered CXR and SC every four months for a period of six years (up to 18 
screens); the less intense screening arm had the eligibility CXR and SC tests and was 
subsequently advised to get screened at least yearly, but these men were not offered systematic 
re-screening. No formal smoking cessation program was offered within the screening trial; 
however, during the initial interview with Lung Project staff (trained non-professionals 
supervised by a physician) and prior to group assignment, all participants were informed of the 
risks associated with smoking and the benefits of quitting, and all were advised to discontinue 
smoking. At the end of year one more than 90% of the men involved in the study either continued 
or resumed smoking (no information given whether this figure differed by intervention status). A 
28-year follow-up survey asked participants (intensive screening n=537; less intensive screening 
n=549) or if deceased, their next-of-kin (intensive screening n=1,406; less intensive screening 
n=1,456) several questions about their smoking status. There were no statistically significant 
differences between study groups for any of these questions, regardless of whether answers were 
given by living participants or by their proxies. More than 80% of living men in both study arms 
reported they had not smoked in the previous 30 days and about 70% of these men indicated they 
had quit smoking more than 10 years earlier (before 1990). Roughly half of the living men who 
continued to smoke indicated that they were consuming less than one pack of cigarettes per day. 
Next-of-kin responses indicated slightly more than 60% of deceased men in both groups had not 
smoked in the year prior to their death; of those who had not quit, about one-third were smoking 
one to two packs per day and another third were smoking two or more packs per day.  
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B-4.2 Low-Dose Computed Tomography (LDCT) 

The NELSON trial,37 which was initiated in 2003 in the Netherlands and Belgium, included 
15,822 mixed gender participants aged 55 to 75 years. Most enrollees were men (85.5%) and the 
average age was 58 years. Upon enrollment all participants were current (56%) or former (44%, 
quit <10 years prior) smokers. To be eligible participants had to have smoked ≥15 cigarettes per 
day for 25 years or ≥10 cigarettes per day for 30 years; the median pack-years was 38.0 
(interquartile range 29.7 to 49.5). Participants were randomized either to four rounds of LDCT 
screening over 5.5 years or to a no screening control group. All current smokers, regardless of 
group status, were given either standard printed information about smoking cessation (e.g., 
barriers, advantages, relapse prevention, support options) or a tool (with questions about 
smoking history, attempts at abstinence, attitudes and self-efficacy regarding smoking cessation) 
to help tailor a request for information from the national tobacco control centre. After two years 
of participation, a subsample of men (641 LDCT; 643 control) was interviewed about their 
smoking status. There was no difference between study groups in terms of the number of 
attempts to stop smoking. Considering the data for responders only, a significantly higher point 
prevalence of smoking abstinence was observed in the control group compared to the screened 
group [OR 1.38 (95% CI 1.01, 1.90)], as well as lower prolonged and continued abstinence rates 
[OR 1.40 (95% CI 1.01, 1.92) and OR 1.42 (95% CI 1.03, 1.96) respectively]. However, when an 
ITT analysis was used (assuming non-responders as current smokers) there was no longer any 
significant difference between groups; the point prevalence of smoking abstinence in the screened 
group was 13.7% (n=88) compared with 15.5% (n=99) in the control group (P=0.38); continued 
smoking abstinence (<5 cigarettes since quit date) was 12.6% (n=81) in the LDCT group versus 
14.6% (n=94) in the control group (P=0.30), and prolonged smoking abstinence (<5 cigarettes from 
two weeks after quit date) was 13.1% (n=84) versus 14.9% (n=96) in the control group (P=0.35).  

The DLCST study,40 which was initiated in Denmark in 2004, included 4,104 mixed gender 
participants (2,052 LDCT; 2,052 usual care); slightly more than half of the sample (55%) were 
men. At enrollment the mean age of participants was 58 years. The study recruited only current 
or former (quit after age 50 and in last 10 years) smokers with a history of ≥20 pack-years; 
enrollees had a mean of 36 pack-years and smoked a mean of 19 cigarettes per day. Participants 
in the intervention arm were offered five annual LDCT screens and the control group received 
usual care. Smokers in both groups received a brief session (<5 minutes) of smoking cessation 
counseling provided by trained nurses; former smokers were encouraged to continue abstinence. 
The study groups did not differ significantly in terms of annual smoking status. The number of 
LDCT group participants who self-identified as former smokers increased from 507 (25%) at 
baseline to 806 (43%) at the five year follow-up point. There was a comparable increase in the 
number of control group participants who quit smoking during the study; 473 (23%) self-
identified as former smokers at baseline and 713 (43%) selected this category five years later.  
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B-5.0 Incidental Findings 

A total of three studies reported data for incidental findings; one study used CXR combined with 
SC testing;45 one used LDCT scans,21 and the third compared LDCT with CXR.10 No incidental 
findings were reported for SC testing alone. As mentioned in the USPSTF review,26 there is little 
consistency in how incidental findings are reported which makes it difficult to meta-analyze.  

B-5.1 Chest X-Ray (CXR) 

The Memorial Sloan Kettering study,45 which was initiated in the US in 1974, included 10,040 
male participants (4,968 more intensive screening; 5,072 less intensive screening). At enrollment, 
about one-third of the sample was <50 years, a bit more than half (54%) of the men were in their 
50s, and the remaining quarter were mostly in their 60s, with a small percentage (3%) in their 70s. 
Only current or former (time since quit ≤1 year) heavy smokers were included; all men smoked 
≥1 pack/day and 91% had ≥25 pack-years. The study offered half of the men annual CXR and SC 
every four months for five years (initial recruits may have had an additional two or three years of 
screening), and the other half were offered annual screening with CXR alone for the same amount 
of time. Follow-up assessment was up to nine years in this low risk of bias study. In terms of 
incidental findings, a variety of non-neoplastic radiologic abnormalities were detected on initial 
CXRs including: emphysema, bullae, asbestosis, marked fibrosis, pleural effusion, active and old 
inflammatory disease, and abnormalities such as vascular, cardiac, mediastinal, skeletal, diaphragmatic 
and soft tissue. This study reported that these overall non-neoplastic radiologic abnormalities were 
detected in 50.9% of subjects receiving CXR alone and in 50.2% of those receiving CXR plus SC.  

The NLST study,10 which was initiated in the US in 2002, was a trial comparing screening with 
LDCT with screening with CXR. The study included 53,454 participants (26,722 LDCT; 26,732 
CXR) and about 60% of this sample was men. At enrollment, approximately 60% of participants 
were over age 60 (targeted ages 55 to 74). Only current (48%) and former (52%, quit in last 15 
years) smokers were included. Participants in each group were offered three annual screens with 
their respectively assigned test. Follow-up assessment was at a median of 6.5 years in this low risk of 
bias study. In terms of incidental findings, screening using the CXR test resulted in clinically 
significant findings other than lung cancer (no examples provided) in 2.1% of participants.10 

B-5.1 Low-Dose Computed Tomography (LDCT) 

The DANTE trial,21 which was initiated in Italy in 2001, included 2,472 male participants 
(1,276 LDCT; 1,196 usual care). At enrollment, the mean age of the DANTE enrollees was 64 
years (targeted 60 to 74 years). Only current (57%) and former (43%, quit in last 10 years) heavy 
smokers were included; all men had ≥20 pack-years (mean 47 pack-years). At baseline, men in 
the screening group of the DANTE trial had a CXR plus SC test in addition to their first of five 
annual LDCT scans; the usual care group also had the baseline CXR and SC test (no LDCT) but 
then only attended yearly for clinical reviews (no screening). This high risk of bias study had an 
average follow-up time of 2.8 years (range two to 79 months). The study authors reported that 
extra pulmonary abnormalities were detected in 37 of the 1,276 adults screened using LDCT: 
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effusions (n=4), pleural lesions (n=1), mediastinal masses (n=12), mediastinal lymph node 
enlargement (n=6), and other lesions such as hiatal hernias, aortic aneurysms, intra-thoracic 
goiters, renal masses, adrenal masses, and diaphragmatic paralysis (n=14).  

In the LDCT arm of the NLST study,10 screening using this test resulted in clinically significant 
findings other than lung cancer (no examples provided) in 7.9% of participants. 

KQ1a. What is the difference in screening effectiveness in populations and 
subgroups with varying risk for lung cancer (age, gender, smoking history)? 
Few included studies conducted or reported results for mortality sub-group analyses based on 
age, gender and/or smoking history.38, 39, 42, 43, 46 Fewer still provided results of sub-group 
analyses that were conducted on the same data from the same observation point that we used for 
our overall analyses.38, 39 

The PLCO trial,38 which was initiated in the US in 1993, was the first major RCT of lung 
cancer screening to include women; the sample had about equal representation of men (49.5%) 
and women (50.5%). Adults aged 55 to 74 years were targeted for enrollment; about 33% of 
participants were in their 50s, 53% in their 60s, and 13% in their early 70s. The trial recruited 
smokers (52% current and former) as well as never smokers. Intervention group participants 
(n=77,445) were offered an annual CXR for 16 years as part of a comprehensive health check-
up. The control group (n=77,456) received usual care (screening was not offered or advised, but 
patients could be screened if they and/or their health care provider initiated testing). The length 
of follow-up for lung cancer mortality was up to 13 years (median 11.9, mean 11.2, interquartile 
range 10 to 13). As observed in Evidence Set 1, Forest Plot 1.1, there was no difference in lung 
cancer mortality between the CXR and usual care groups. The study authors reported similar 
non-significant results for this outcome when screened participants were compared to unscreened 
participants using sub-groups based on smoking status [never smokers RR 0.94 (95% CI 0.69, 
1.29), former smokers RR 1.02 (95% CI 0.91, 1.15), current smokers RR 0.99 (95% CI 0.88, 
1.12)] and gender [men RR 1.02 (95% CI 0.92, 1.13), women RR 0.92 (95% CI 0.81, 1.06)]. 

The Mayo Lung Project,39 which was initiated in the US in 1971, included 9,211 male 
participants who showed no signs of lung cancer on a preliminary screen. About one-quarter of 
the sample was under age 50, another quarter was aged 50 to 54, two-fifths were aged 55 to 65, 
and the remaining 10% were aged 65 and older. Only heavy smokers were recruited; 94% of the 
men smoked ≥1 pack/day, 97% had smoked for ≥20 years and 91% had ≥25 pack-years. In one 
arm participants were offered CXR and SC every four months for a period of six years (up to 18 
screens); the less intense screening arm had the eligibility CXR and SC tests and was 
subsequently advised to get screened at least yearly, but these men were not offered systematic 
re-screening. In terms of follow-up, lung cancer mortality was assessed at a median of 20.5 
years. Adjusting for key risk factors for lung cancer (including age and pack-years) did not 
change the non-significant difference in disease specific mortality between the intensive and less 
intensive screening groups [unadjusted hazard ratio (HR) 1.1 (95% CI 1.0, 1.3); adjusted HR 1.1 
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(95% CI 1.0, 1.3)]. Sub-group analyses for age and pack-years also showed non-significant 
differences between study arms [aged <55 HR 1.0 (no CIs reported), aged 55 to 64 HR 1.1, aged 
≥65 HR 1.6; <50 pack-years HR 1.1, 50 to 99 pack-years HR 1.1, ≥100 pack-years HR 1.1]. 

KQ2. What are the harms (H) of screening for lung cancer in adults not 
suspected of having lung cancer? 
The harms of interest for this review include: overdiagnosis, death from invasive follow-up 
testing, major complications or morbidity from invasive follow-up testing, false positives, 
consequences of false positives (i.e., people with benign conditions undergoing invasive follow-
up procedures), negative consequences of incidental findings, anxiety, quality of life, infection 
from invasive follow-up testing, and bleeding from invasive follow-up testing. Our search 
located 30 studies that provided evidence of one or more of these harms from lung cancer 
screening using LDCT, CXR and/or SC tests or from invasive follow-up procedures. Where 
possible, data are presented for the harms by number of tests (e.g., invasive procedures) and/or 
number of patients. Most of the harms data was obtained from observational studies; using the 
GRADE approach the overall quality of the evidence was rated as LOW.  

Key findings across critical outcomes (i.e., overdiagnosis, death and major complications from 
invasive follow-up testing), with pooled estimates of effect, are provided in Table 6. Detailed 
results for critical and important (i.e., false positives, consequences of false positives, negative 
consequences of incidental findings, anxiety, quality of life, infection or bleeding from invasive 
follow-up testing) outcomes are presented below. 

H-1.0 Overdiagnosis 

In this review, overdiagnosis refers to the detection of a lung cancer that will not otherwise cause 
symptoms throughout the person’s lifetime or result in death. Five papers about six trials were 
identified that provided data on overdiagnosis.52, 65-68 Evidence Set 4 provides the Findings 
Summary and GRADE Rating Tables (ES Tables 4.1 and 4.2) generated for the outcome of 
overdiagnosis. 

H-1.1 Chest X-Ray (CXR) plus Sputum Cytology (SC) 

One paper66 provided data for two clinical trials which used CXR plus SC as the screening 
intervention. The Mayo Lung Project offered participants a dual screening test using CXR and 
SC every four months. The Memorial Sloan-Kettering study offered participants annual CXR 
screening with the addition of SC tests repeated every four months. The percentage of 
overdiagnosis was reported for the cut-points of tumor volume doubling time (TVDT) >400 and 
>300 days. For the cut-point of TVDT >400 days, of all cases of lung cancer diagnosed in the 
screened population an estimated 2.27% to 6.98% were overdiagnosed. For the cut-point of 
TVDT >300 days, overdiagnosis estimates ranged from 4.55% to 16.28%. The overall quality of 
this body of evidence was rated as LOW. 
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H-1.2 Low-Dose Computed Tomography (LDCT) 

Four studies provided overdiagnosis data for LDCT as the screening test. In the United Kingdom 
Lung Screening (UKLS) study participants in the intervention arms received either annual or 
biennial LDCT scans. Annual scans were offered to participants in one arm of the NLST trial, to 
participants in an observational study conducted in rural Japan, and to participants in the 
COSMOS trial. The four papers providing overdiagnosis data for these trials52, 65, 67, 68 used 
varied and unclear cut-points (lead time 5.5 years with mean sojourn time two years, lead time 
≥5 years, tumour size 30 mm, TVDT ≥400 days), and for the NLST study separate results were 
reported for screen detected and diagnosed cancers. Across these conditions, of all cases of lung 
cancer diagnosed in the screened population an estimated 10.99% to 25.83% were 
overdiagnosed. The overall quality of this body of evidence was rated as LOW.  

H-2.0 Death from Invasive Follow-up Testing 

Death from follow-up testing refers to mortality that is the direct consequence of an invasive 
follow-up procedure (e.g., video-assisted thoracoscopic surgery, fine-needle aspiration biopsy or 
fine-needle aspiration cytology, thoracotomy, bronchoscopy, mediastinoscopy, surgical 
resection) initiated as a result of screening. Twelve papers were identified that provided data on 
death from invasive follow-up testing across a variety of screening trials.10, 21, 50, 53, 54, 57, 63, 64, 69-72 
Evidence Set 5 provides the GRADE Rating Table (ES Table 5.1) and the forest plot (5.1) 
generated for this outcome. All bodies of evidence received low GRADE ratings due to the 
observational nature of the included studies, the variation observed across types of procedures 
and length of follow-up, and in some papers the reporting of data only for patients with lung 
cancer. 

H-2.1 Chest X-Ray (CXR)  

Deaths resulting from invasive procedures that followed CXR screening tests were reported for 
five screening arms across four studies.10, 50, 64, 69 Out of 778 patients who underwent invasive 
follow-up procedures, 23 died; resulting in an absolute number of 28.60 deaths (95% CI 16.02, 
41.17) per 1,000 patients undergoing invasive follow-up testing. 

H-2.2 Chest X-Ray (CXR) plus Sputum Cytology (SC) 

Deaths resulting from invasive procedures that followed dual CXR plus SC screening were 
reported for four screening arms across three studies.69-71 Out of 333 patients who underwent 
invasive follow-up procedures, 21 died; resulting in an absolute number of 47.67 deaths (95% CI 
23.86, 71.49) per 1,000 patients undergoing invasive follow-up testing.  

H-2.3 Low-Dose Computed Tomography (LDCT) 

Deaths resulting from invasive procedures that followed LDCT scans were reported for 
screening arms across seven studies.10, 21, 53, 54, 57, 63, 72 Out of 1,502 patients who underwent 
invasive follow-up procedures, 20 died; resulting in an absolute number of 11.18 deaths (95% CI 
5.07, 17.28) per 1,000 patients undergoing invasive follow-up testing.  
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H-3.0 Major Complications or Morbidity from Invasive Follow-up Testing 

This section considers major complications or morbidity requiring hospitalization or medical 
intervention (e.g., hemothorax and pneumothorax requiring tube placement, lung collapse, severe 
pain, cardiac arrhythmias and thromboembolic complications73, 74) that are the direct result of an 
invasive procedure (e.g., video-assisted thoracoscopic surgery, fine-needle aspiration biopsy or 
fine-needle aspiration cytology, thoracotomy, bronchoscopy, mediastinoscopy, surgical resection) 
initiated as a result of screening. Four papers were identified that provided data on major 
complications or morbidities from invasive follow-up testing across several screening trials.10, 54, 

57, 72 Evidence Set 6 provides the GRADE Rating Table (ES Table 6.1) and the forest plot (6.1) 
generated for this outcome. Both bodies of evidence received low GRADE ratings due to the 
observational nature of the included studies, the variation observed across types of procedures 
and length of follow-up, and in some papers the reporting of data only for patients with lung 
cancer. 

H-3.1 Chest X-Ray (CXR)  

Major complications or morbidity resulting from invasive procedures that followed CXR screening 
tests were reported for one study.10 Out of 379 patients who underwent invasive follow-up procedures, 
24 had major complications or morbidity; resulting in an absolute number of 63.32 major 
complications (95% CI 42.92, 92.49) per 1,000 patients undergoing invasive follow-up procedures. 

H-3.2 Low-Dose Computed Tomography (LDCT) 

Major complications or morbidity resulting from invasive procedures that followed LDCT scans 
were reported for screening arms across four studies.10, 54, 57, 72 Out of 1,336 patients who 
underwent invasive follow-up procedures, 92 had major complications or morbidity; resulting in 
an absolute number of 43.29 major complications (95% CI 32.00, 54.58) per 1,000 patients 
undergoing invasive follow-up procedures.  

H-4.0 False Positives 

In this review, a false positive refers to a screening test result that indicates the presence of lung 
cancer, when in fact no lung malignancy exists. Nine papers were identified that provided false 
positive data across a variety of RCTs and observational screening studies.10, 19, 24, 49-51, 56, 75, 76 
Evidence Set 7 provides the Findings Summary Table (ES Table 7.1) generated for this outcome. 

H-4.1 Chest X-Ray (CXR)  

False positive data were extracted for three studies that offered participants multiple rounds of 
CXR screening.10, 50, 51 The cut-point for a positive test varied across studies; two studies used a 
mass >3 cm or a nodule <3 cm and the third study used a suspicious nodule. Out of the 33,199 
subjects who underwent screening in these trials, 2,098 received at least one false positive result 
[median 6.50% (range 3.40% to 13.67%)]; resulting in a median absolute number of 65.0 false 
positives (range 34.0 to 136.7) per 1,000 screened.   
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H-4.2 Low-Dose Computed Tomography (LDCT) 

False positive data were extracted for the baseline tests conducted in two studies using LDCT.19, 

49 The cut-point for a positive test varied; one study used a nodule >5 mm and the other study 
used a nodule >10 mm. Out of the 4,081 subjects who underwent the baseline LDCT screening 
in these trials, 680 received at least one false positive result [median 16.71% (range 7.90% to 
25.53%)]; resulting in a median absolute number of 167.1 false positives (range 79.0 to 255.3) 
per 1,000 screened.  

False positive data were also extracted for seven studies that offered participants multiple rounds 
of LDCT screening.10, 19, 24, 51, 56, 75, 76 The cut-point for a positive test varied across studies, 
ranging from >3 mm nodules to >8 mm nodules, and two studies set different cut-points for solid 
and non-solid nodules. Out of the 42,774 subjects who underwent LDCT screening in these 
trials, 8,290 received at least one false positive result [median 23.30% (range 0.64% to 69.0%)]; 
resulting in a median absolute number of 233.0 false positives (range 6.4 to 690.0) per 1,000 screened.  

H-5.0 Consequences of False Positives 

This section considers the consequences of false positives, specifically patients with benign 
conditions undergoing minor (e.g., fine-needle aspiration biopsy or fine-needle aspiration 
cytology, thoracic or lymph node biopsy, bronchoscopy) or major (e.g., video-assisted 
thoracoscopic surgery, thoracotomy, surgical resection) invasive procedures initiated as a result 
of false positive screening tests. Nine papers were identified that provided data on patients 
undergoing minor invasive procedures as a consequence of false positives41, 48, 50, 51, 58, 61, 62, 75, 77 
and 19 papers were found that included data for patients undergoing major invasive procedures 
as a consequence of false positives.19, 21, 23, 24, 41, 48, 50, 51, 53, 54, 57-61, 63, 75, 77, 78 Evidence Set 8 provides 
the Findings Summary Table (ES Table 8.1) and forest plots (8.1 and 8.2) generated for this 
outcome. 

H-5.1 Minor Invasive Procedures - Chest X-Ray (CXR)  

Minor invasive procedures that followed false positive CXR screening results were reported for 
four observational studies.41, 50, 51, 77 Out of 81,819 people who underwent screening, 192 
individuals with benign conditions were subjected to minor invasive procedures as part of 
diagnostic follow-up; resulting in an absolute number of  2.30 subjects with benign conditions 
undergoing minor invasive procedures (95% CI 1.49, 3.11) per 1,000 screened. 

H-5.2 Minor Invasive Procedures - Low-Dose Computed Tomography (LDCT) 

Minor invasive procedures that followed false positive LDCT screening results were reported for 
seven observational studies.41, 48, 51, 58, 61, 62, 75 Out of 15,101 people who underwent screening, 81 
individuals with benign conditions were subjected to minor invasive procedures as part of 
diagnostic follow-up; resulting in an absolute number of 7.16 subjects with benign conditions 
undergoing minor invasive procedures (95% CI 3.27, 11.05) per 1,000 screened. 
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H-5.3 Major Invasive Procedures - Chest X-Ray (CXR)  

Major invasive procedures that followed false positive CXR screening results were reported for 
four observational studies.41, 50, 51, 77 Out of 81,819 individuals who underwent screening, 139 
patients with benign conditions were subjected to major invasive procedures as part of diagnostic 
follow-up; resulting in an absolute number of 2.73 subjects with benign conditions undergoing 
major invasive procedures (95% CI 0.96, 4.51) per 1,000 screened. 

H-5.4 Major Invasive Procedures - Low-Dose Computed Tomography (LDCT) 

Major invasive procedures that followed false positive LDCT screening results were reported for 
17 observational studies.19, 21, 23, 24, 41, 48, 51, 53, 54, 57-61, 63, 75, 78 Out of 41,411 individuals who 
underwent screening, 228 patients with benign conditions were subjected to major invasive 
procedures as part of diagnostic follow-up; resulting in an absolute number of 4.98 subjects with 
benign conditions undergoing major invasive procedures (95% CI 3.68, 6.29) per 1,000 screened.  

H-6.0 Negative Consequences of Incidental Findings 

As noted above in section B-5.0 of the results for key question one, a total of three studies reported 
data for incidental findings; one study used CXR combined with SC testing;45 one used LDCT 
scans,21 and the third compared LDCT with CXR.10 We found no evidence on the consequences 
of incidental findings; this is not surprising given that these data are likely reported in treatment 
papers for those specific conditions, all of which were outside the scope of this systematic review. 

H-7.0 Anxiety 

Two studies that used LDCT scans as the test reported data for anxiety assessed in lung cancer 
screening participants.55, 79 The data could not be pooled; results are presented narratively below.  

H-7.1 Low-Dose Computed Tomography (LDCT) 

Before and after screening using LDCT scans, 600 participants in the NELSON trial completed 
the short form of the State-Trait Anxiety Inventory. The overall score on this six item test can 
range from 20 to 80; higher scores indicate more anxiety. The baseline mean score was 33.2 (SD 
8.6) and the post intervention score was 33.00 (SD 9.2); both scores fall within the low anxiety 
range (20 to 39). The computed mean change score (MCS) showed no significant difference in the 
summary score (i.e., participants’ level of overall anxiety) over time [-0.20 (95% CI -0.65, 0.25)]. 

Before and after receiving lung cancer screening using LDCT scans, 393 participants in the 
PLuSS trial completed the short form of the State-Trait Anxiety Inventory. The overall score on 
this six item test can range from 20 to 80; higher scores indicate more anxiety. Study authors 
reported results for state (at the moment) anxiety separate from trait (general) anxiety. For state 
anxiety the baseline mean score was 35.16 (SD 12.36) and the post intervention mean score was 
36.69 (SD 12.99); both scores fall within the low anxiety range (20 to 39). The computed MCS 
showed a significant increase in the summary score (i.e., participants’ level of state anxiety) over 
time [1.53 (95% CI 0.74, 2.33)]. For trait anxiety the baseline mean score was 36.70 (SD 11.36) 
and the post intervention mean score was 36.92 (SD 11.60); both scores fall within the low 
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anxiety range (20 to 39). The computed MCS showed no difference in the summary score (i.e., 
participants’ level of trait anxiety) over time [0.22 (95% CI -0.50, 0.94)]. 

H-8.0 Quality of Life 

Data for health related quality of life were reported for three trials.47, 79, 80 Due to variations in 
measures, data from two studies were plotted but not pooled (Evidence Set 9, forest plot 9.1). 
Only a within group analysis was possible for the third study; results are presented narratively below. 

H-8.1 Chest X-Ray (CXR)  

One trial observed no difference between screened (n=711) and control group (n=713) 
participants in terms of change in overall health related quality of life measured at baseline (pre) 
and post screening using the EuroQOL five dimensions questionnaire (EQ-5D) [mean difference 
(MD) 0.036 (95% CI 0.030, 0.043)].47 Analyses of data provided by a sub-study of the PLCO 
trial80 that administered the 12-item Short-Form questionnaire (SF-12) to 149 participants in the 
screening arm and 179 people in the usual care group found no difference between groups in 
terms of change from baseline to post-screening on the physical health composite score [MD -
0.28 (95% CI -1.48, 0.93)], but found a significant difference between groups in terms of change 
on the mental health composite score, in favour of those who did not undergo screening [MD 
1.19 (95% CI 0.20, 2.17)].  

H-8.2 Low-Dose Computed Tomography (LDCT) 

Before and after receiving lung cancer screening using LDCT scans, 600 participants in the 
NELSON trial completed the EQ-5D and the SF-12 to assess three dimensions of health related 
quality of life: overall, physical and mental.79 The EQ-5D uses a visual analogue (thermometer-
style) scale to indicate general health status assigning 100 as the best score possible. The SF-12 
also uses a scoring range from zero to 100, with better health indicated by higher scores. For 
overall quality of life the baseline (pre-screening) mean score was 79.3 (SD 13.7) and the post-
screening mean score was 78.4 (SD 13.7); both scores fall within the upper range. The computed 
MCS showed a significant decrease in the summary score (i.e., participants’ overall health 
related quality of life) over time [-0.90 (95% CI -1.59, -0.21)]. For the physical dimension of 
quality of life, the baseline mean score was 49.50 (SD 8.7) and the post intervention mean score 
was 50.0 (SD 8.2); both scores fall within the normal range. The computed MCS showed a 
significant improvement in the summary score (i.e., participants’ physical quality of life) over 
time [0.50 (95% CI 0.07, 0.93)]. Finally, for the mental dimension of quality of life, the baseline 
mean score was 51.9 (SD 10.3) and the post intervention mean score was 51.6 (SD 11.1); again, 
both scores fall within the normal range. The computed MCS showed no difference in the 
summary score (i.e., participants’ mental quality of life) over time [-0.30 (95% CI -8.84, 0.24)]. 

H-9.0 Infection from Invasive Follow-up Testing 

In this review, infection from follow-up testing refers to infection that is the direct consequence 
of an invasive procedure (e.g., video-assisted thoracoscopic surgery, fine-needle aspiration 
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biopsy or fine-needle aspiration cytology, thoracotomy, bronchoscopy, mediastinoscopy, surgical 
resection) initiated as a result of lung cancer screening. Two papers were identified that provided 
data on infection from invasive follow-up testing.41, 81 Evidence Set 10 provides the Findings 
Summary Table (ES Table 10.1) and the forest plot (10.1) generated for this outcome.  

H-10.1 Chest X-Ray (CXR)  

Infections resulting from procedures that followed CXR screening were reported in two 
studies.41, 81 Out of 621 patients who underwent invasive follow-up procedures, 35 developed an 
infection; resulting in an absolute number of 52.75 cases of infection (95% CI 35.10, 70.40) per 
1,000 patients undergoing invasive follow-up testing. 

H-10.2 Low-Dose Computed Tomography (LDCT) 

Infections resulting from procedures that followed LDCT screening were reported in one study.41 
Out of 53 patients who underwent invasive follow-up procedures, two developed an infection; 
resulting in an absolute number of 37.74 cases of infection (95% CI 10.41, 127.54) per 1,000 
patients undergoing invasive follow-up procedures.  

H-10.0 Bleeding from Invasive Follow-up Testing 

No studies were found that reported cases of bleeding that were the direct consequence of 
invasive procedures (e.g., video-assisted thoracoscopic surgery, fine-needle aspiration biopsy or 
fine-needle aspiration cytology, thoracotomy, bronchoscopy, mediastinoscopy, surgical 
resection) initiated as a result of lung cancer screening. Therefore no eligible evidence was 
available to address this outcome.  

KQ2a. What is the difference in harms in populations and subgroups with 
varying risk for lung cancer (age, gender, smoking history)?  

None of the included harms studies conducted or reported results for overdiagnosis, mortality or 
major complications sub-group analyses based on age, gender and/or smoking history. 
Consequently, there is no evidence on which to base a response to this question.  

Results for Contextual Questions 

CQ1. What is the evidence that test characteristics for effective lung cancer 
screening tests (sensitivity and specificity, false positives and false negatives, negative 
and positive predictive values, and test positivity rate) differ by subgroups with 
varying risk for lung cancer?  
For this question we included one systematic review26 and data from one RCT.82 The USPSTF 
review26 reported data from two RCTs and five cohort studies. The USPSTF reported that LDCT 
showed high sensitivity with a range of 80% to 100% in incidence and prevalence screens with 
most studies showing sensitivity greater than 90%. Analysis from the NLST, which reported on 
two rounds of screening, showed sensitivity at T1 (first screen) of 94.4% (95% CI 90.8, 97.6) 
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and 93.0% (95% CI 89.7, 96.3) at T2 (second screen). Specificity of LDCT reported by the 
USPSTF was a range of 28% to 100%. The specificity reported in the NLST trial was 72.6% 
(95% CI 72.0, 73.1) at T1 and 83.9% (95% CI 83.4, 84.3) at T2. The method of determining 
sensitivity and specificity varied across studies as there is no defined “gold or reference” 
standard for LDCT. The USPSTF reported a calculated positive predictive value (PPV) for an 
abnormal LDCT scan predicting lung cancer that ranged from 2.2% to 42%. A PPV of 2.4% 
(95% CI 2.1, 2.8) at T1 and 5.2% (95% CI 4.6, 5.9) at T2 was reported by the NLST. Aberle et 
al.82 also provided a negative predictive value (NPV) of the NLST trial of 99.9% (95% CI 99.9, 
100.0) at time T1 and T2. 

CQ2. What is the difference in test performance with changes and improvements 
in low-dose computed tomography technology or varying protocols used by 
radiologists? 

None of the included studies for test properties directly compared various LDCT technologies or 
varying protocols used by radiologists and their effect on test performance. To answer this 
question we looked at the studies included for the contextual question above for information on: 
use of single or multi detectors, slice width (mm), computer assisted reading/diagnosis (CAR/D), 
number of readers, and nodule size as a cut-point or threshold for a positive test. Four papers 
provided relevant data.82-85 Three study protocols reported multi or variable detectors;83-85 one 
study did not report on detectors.82 One study used CAR/D by two radiologists83 while the other 
studies did not include CAR/D with two reviewers;84, 85 the range for sensitivity was 88.9% (95% 
CI 79.7, 98.1) to 100.0% (CI not reported) and the range for specificity was 92.6% (95% CI  92.0, 
93.2) to 96.9% (CI not reported). One study82 that used only one reader and did not use CAR/D 
reported sensitivity of 94.4% and specificity of 72.6%. The diagnostic test properties were highest 
overall in the study83 that used a multi slice detector along with CAR/D plus two independent 
radiologist readers showing sensitivity of 94.6% (95% CI 86.5, 98.6), specificity of 98.3% (95% 
CI 98.0, 98.6), PPV of 35.7% (95% CI 29.3, 42.7), and NPV of 99.9% (95% CI 99.9, 100.0).  

CQ3. What are participants’ values and preferences on screening for lung cancer?  
Seven papers (five uncontrolled observational studies and two qualitative studies) were found 
that addressed the question of participants’ values and preferences regarding lung cancer 
screening.86-92 This section includes studies that considered participants’ willingness to be 
screened, motivators and barriers to attend screening, and participants’ experiences with screening.  

Willingness or Intent to be Screened and/or Treated 

Four uncontrolled observational studies examined high risk individuals’ willingness or intent to 
be screened for lung cancer.86, 87, 91, 92  

To fill a gap in the literature about chronic obstructive pulmonary disease (COPD) patients’ 
attitudes toward lung cancer screening and subsequent treatment of screen-detected disease, a 
2012 study compared data from a mixed gender sample of 142 Irish adults with COPD and a 
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high risk smoking history to previously published data from an American general population-
based sample of 1,076 current and former smokers.86 Results showed that 97.9% of the Irish 
COPD sample was willing to undergo LDCT screening compared to 78.6% of the US group. A 
higher proportion of the COPD adults believed they were at risk for lung cancer (63.6% versus 
15.7%) and that early detection could improve survival (90% versus 51.2%). The study also 
found that, compared to the US sample, the Irish COPD adults were more willing to consider 
paying $200/€200 for a screening test (68.6% versus 36.2%) and undergo treatment if it was 
recommended (95.7% versus 56.2%). 

A 2012 US study examined racial and ethnic differences in willingness to be screened for lung 
cancer in participants with a ≥10 pack-year cigarette smoking history and found intentions were 
similar across the groups (76% non-minority, 90% Black, 77% Hispanic; P=0.19).87 Factors that 
influenced participants’ intentions to be screened (including cost, fatalistic beliefs, fear and 
anxiety) are discussed below.  

In a study on attitudes and beliefs toward lung cancer screening of current, former, and never 
smoker US veterans, 92.8% of those surveyed, regardless of smoking status, indicated they 
would undergo a CT scan for lung cancer screening.91 The study also reported that 92.4% would 
undergo surgery if recommended. 

In the survey responses of 90 high risk, current and former smokers in Australia, a high level of 
willingness to participate in screening was reported (86/90).92 The four participants unwilling to 
undergo lung cancer screening were current smokers. 

Reasons to Participate in Screening 

Six studies were found that reported on factors that motivate individuals to undergo lung cancer 
screening.86, 88-92 

Smoking History 

Two studies (one uncontrolled observational and one qualitative) found that smoking history or 
smoking status was a reason to participate in lung cancer screening.89, 90  

In an uncontrolled observational study of a subsample of adults who participated in the NELSON 
trial, the reasons to participate in lung cancer screening among high risk individuals were 
examined. Results indicated that 79.2% of the 889 individuals who had participated in screening 
reported “I smoked a lot” as one of the reasons for getting tested, with 25.2% listing this as the 
decisive reason to participate.89 Similarly, a qualitative study found most participants in a sample 
of 35 current and former smokers with a history of ≥30 pack-years recruited from four American 
College of Radiology Imaging Network sites, cited “heavy” smoking history as a reason to 
undergo screening.90  

Early Detection 

Another key reason to seek lung cancer screening was the belief that early detection of disease 
could lead to improved outcomes in terms of treatment and survival.86, 88, 89, 91, 92  
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In a sub-study of the NELSON trial, 79% of 889 participants who underwent screening reported 
early detection of lung cancer as one of the reasons for participating with 34.2% citing this as the 
decisive reason they underwent screening.89 Likewise, a qualitative study involving interviews 
with 60 current or former smokers with a ≥20 pack-year smoking history and/or ≥ 20 years of 
smoking in the UK-based Lung-SEARCH trial reported that early detection was the “main 
hoped-for personal benefit” as a result of undergoing screening.88  

Three additional studies reported that some participants believed early detection could improve 
chances of survival: 50% of participants in a survey of 209 current, former and never smoker 
veterans held this belief;91 72.2% of 90 high risk current and former smokers believed chances of 
survival would be “somewhat higher” or “very much higher” if cancer was detected early;92 and 
90% of 142 Irish COPD smokers also believed that early detection could improve chances of 
survival.86 The authors of these three studies do not state that this belief motivated participants to 
undergo screening. However, each of these studies found a high willingness to participate in 
screening among their populations (92.8%, 95.5%, and 97.9%, respectively). 

Familiarity with Lung Cancer 

Two studies reported a familiarity with lung cancer (knowing someone who had lung cancer or 
family history) as a motivator for screening.88, 90  

In a sub-study of the NELSON trial, 19% of participants stated family history was one of their 
motivating factors and 10.6% stated a history of lung cancer in acquaintances as a motivating 
factor to participate in lung cancer screening.89  

In the Lung-SEARCH study, family history of lung cancer was also a motivating factor among 
some participants providing annual sputum samples, as well as those participants receiving 
annual bronchoscopy and CT scanning.88 Conversely, the group of individuals who declined to 
participate in either type of screening viewed a lack of family history as a type of protection 
“against the effects of their continued smoking.” 

Risk Perception 

Four studies linked perceived risk of lung cancer with the decision to participate in lung cancer 
screening.86, 88, 89, 91  

Sixty interviews were conducted with current or former smokers with a ≥20 pack-year smoking 
history and/or ≥20 years of smoking in who either agreed to participate in the UK-based Lung-
SEARCH trial (n=36) or who declined to take part in the screening (n=24). Three-quarters (28/36) 
of those who took part in the trial (sputum or CT scan plus bronchoscopy) perceived themselves to 
be at risk for lung cancer which informed their decision to participate.88 In the group of 24 
individuals who did not participate in screening there was underestimation and denial of risk. 
Similarly, in a sub-study of the NELSON trial, significantly more, 14.4%, of the participants who 
underwent screening (n=889) reported a high or very high belief that they would develop lung 
cancer as compared to only 6.5% of those who did not participate in the trial (n=79) (P=0.049).89 



38 
 

In a 2012 study comparing a mixed gender sample of 142 Irish adults with COPD and a high risk 
smoking history to an American general population-based sample of 1,076 current and former 
smokers, 83.1% vs. 68.1% believed risk of disease was an important factor in making a decision 
to be screened.86 In another study on attitudes and beliefs of current, former, and never smoker 
US veterans towards lung cancer screening, 84.7% of all participants also believed that risk of 
disease was an important factor in their decision to be screened [OR 2.2 (95% CI 0.8, 6.0) for 
smokers vs. never smokers].91  

One additional study found high risk perceptions among a sample of 35 current and former 
smokers with a history of ≥30 pack-years, but the authors reported that these perceptions did not 
appear to motivate individuals to undergo lung cancer screening.90  

Barriers to Participating in Screening 

Five studies reported on barriers to uptake of lung cancer screening.87-89, 91, 92 Contextual question 
six below provides more details regarding barriers to screening in particular sub-populations.  

Perceptions of Health Care Workers and Hospitals 

Mistrust in health care workers and/or prior negative experiences with hospitals were stated as 
barriers to lung cancer screening in two studies.87, 88  

Qualitative interviews were conducted with 60 mixed gender current or former smokers with a 
≥20 pack-year smoking history and/or ≥20 years of smoking in the UK-based Lung-SEARCH 
trial. Negative experiences with hospitals and doctors were cited by some as a reason for not 
getting screened.88  

A US-based uncontrolled observational study of 108 mixed gender and ethnically diverse 
participants (37% Black; 32% Hispanic and 32% non-minority) found that reluctance to get 
screened for lung cancer among those surveyed was significantly associated with a “mistrust in 
health care workers” (P=0.01).87 The study reported that 3% of non-minorities, 5% of Blacks and 
15% of Hispanics agreed with the statement “my ethnic group cannot trust doctors and health 
care workers.” 

Travel and Convenience of Screening 

Two studies listed “screening convenience” as an important factor in decision making about 
whether to undergo lung cancer screening.88, 91 

In a US study on attitudes and beliefs of current, former and never smoker US veterans towards 
lung cancer screening, 62.2% of all participants believed screening convenience was an 
important factor in making the decision about whether to be screened.91  

Of the 24 interviewees who chose not to participate in annual sputum or bronchoscopy plus CT 
scan in the UK-based Lung-SEARCH trial, half cited travel as the most significant factor 
influencing their decision not to participate in the screening study.88 
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Other Barriers 

In two studies that examined individuals’ reasons for declining participation in a screening trial, 
the following were found to be deterrents or barriers to screening: negative perception of 
bronchoscopy (18/24),88 and participation in a trial perceived as requiring too much effort 
(45.2% of 79 non-participants).89 In a US-based uncontrolled observational study that surveyed 
108 mixed gender and multi-ethnic participants (37% Black; 32% Hispanic and 32% non-
minority), holding fatalistic beliefs about lung cancer (beliefs that reasons for lung cancer are not 
important and should just be accepted, or that it is better not to find out) was associated with a 
reluctance to get screened (P=0.01).87 Finally, although an accurate risk perception may be a 
reason for some to consider lung cancer screening, an inaccurate risk perception may act as a 
barrier to screening. An uncontrolled observational study of high risk, current and former 
smokers in Australia reported that “under-recognition of risk” could be a barrier to lung cancer 
screening.92 

Experience based Attitudes and Perceptions of Lung Cancer Screening Tests 

Three studies reported on screening-experienced individuals’ attitudes and perceptions of lung 
cancer screening.88-90 

A qualitative study found most participants in a sample of 35 current and former smokers with a 
history of 30 pack-years did not describe lung cancer screening (low-dose computed tomography 
or chest x-ray) experiences as “stressful;” instead participants reported feeling the procedure was 
“just routine” and that after screening they felt “fine.”90  

Another qualitative study of 60 current or former smokers with a ≥20 pack-year smoking history 
and/or ≥20 years of smoking in the UK-based Lung-SEARCH trial found that screening 
methods, including annual sputum sample, bronchoscopy and CT scans were considered broadly 
“acceptable” by those who participated; 59/60 had positive views of CT scans and most 
participants were not concerned about providing annual sputum samples.88  

In an uncontrolled observational study of a subsample of adults who participated in the NELSON 
trial, those who participated in CT screening had a more positive attitude toward lung cancer 
screening (98.7%) than those who declined participation.89 

Key Messages Regarding Participants’ Values and Preferences 

Participants’ values and preferences were conceptualized as willingness to be screened, 
motivators and barriers to participation in screening, and experienced based attitudes and 
perceptions of lung cancer screening. Participants reported a high willingness to be screened for 
lung cancer which may have been influenced by motivators such as smoking history, beliefs 
about early detection, familiarity with lung cancer and personal risk perception. Potential barriers 
to screening included perceptions of health care workers and settings, and travel and convenience 
of screening. Overall, participants’ experiences with lung cancer screening were neutral or positive.  
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CQ4. What is the optimal screening interval for screening for lung cancer?  
Four papers, which included three modelling studies93-95 and one overview,96 were found that 
addressed the question of optimal intervals for screening for lung cancer. Data incorporated into 
the models were drawn from the NLST trial,93, 94 the UKLS study,94 the PLCO study93 and the 
Mayo Lung Project.95 The overview paper96 discussed NLST study data that were used to inform 
the American Association of Thoracic Surgery’s guidelines on optimal screening intervals.  

One study93 applied five models (developed by investigators at five different institutions) 
calibrated to individual level data from the NLST and PLCO trials. The NLST study randomly 
assigned 26,722 participants to three annual LDCT screenings and 26,732 participants to three 
annual CXR screenings. The mixed gender sample ranged in age from 55 to 74 years old, and 
had a history of ≥30 pack-years of smoking. The PLCO study which included a mixed gender 
sample aged 55 to 64, randomly assigned 77,445 participants to annual CXR and 77,456 to usual 
care. In the models, three LDCT screening programs (triennial, biennial and annual screening) 
using a variety of start age, stop age, pack-years, and pack-years since quitting combinations 
were examined. Triennial screening produced minimal reductions in lung cancer mortality 
(range, 1.7% to 9.5% across models). Biennial screening programs generated lung cancer 
mortality reductions ranging from 2.3% to 14.8% across models. Annual screening produced 
considerably more benefits than other screening intervals, with a reduction in lung cancer 
mortality ranging from 4.3% to 39.1% across models. Additionally, the annual screening 
scenarios detected 48.1% to 56.9% of lung cancer cases at stage I/II. False positive findings 
increased proportionally to the additional CT scans required in each screening program, 
producing an average of 1.0 to 4.9 false positives per person screened. The authors assessed a 
screening approach comparable to that of the NLST (annual screening commencing at 55 years, 
ending at 80 years for ever-smokers with a history of ≥30 pack-years and ≤15 years since quitting) 
and determined it to be the most effective scenario with the ideal balance of benefits and harms.  

Another modelling study94 used the Liverpool Lung Project model to compare annual and 
biennial LDCT screening programs looking at two potential risk groups (the cohort recruited in 
the NLST study and the group selected in the UKLS pilot trial) and two outcomes of interest to 
this review (lung cancer mortality and overdiagnosis). The findings from the NLST study were 
used to predict the possible effects of a UK LDCT screening program. Differences in participant 
characteristics were minor; with the NLST trial including participants aged 55 to 74 years and 
the UKLS study including those aged 50 to 75 years. In terms of mortality, the results projected 
that annual LDCT screening with the UKLS eligibility criteria would prevent 956 (out of 
330,000 screens, range 325 to 1,276) lung cancer deaths as opposed to biennial screening which 
would prevent 802 (out 180,000 screens, range 273 to 1,071) lung cancer deaths. Comparatively, 
annual screening with the NLST criteria would result in the prevention of 819 (range 278 to 
1,093) lung cancer deaths while biennial screening would prevent 687 (range 234 to 917) lung 
cancer deaths. Considering harms, annual LDCT screening using UKLS criteria would result in 
457 (range 0 to 748) overdiagnosed lung cancers from 330,000 screening episodes, while 
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biennial screening would yield 383 (range 0 to 627) overdiagnosed lung cancers from 180,000 
screening episodes. Annual screening using the NLST eligibility criteria would produce 392 
(range 0 to 641) overdiagnosed lung cancers while biennial screening would result in 329 
overdiagnosed lung cancers (range 0 to 538). The authors concluded that estimates using annual 
LDCT screening with high risk populations appear to be the most effective in reducing lung 
cancer mortality and lowering rates of overdiagnosis. They also suggested additional research is 
required on screening intervals longer than one year.  

The final modelling study95 used the Markov Chain Monte Carlo approach and applied data from 
the Mayo Lung Project to estimate lead and sojourn time in lung cancer screening. The Mayo 
Lung Project included male heavy smokers aged 44 to 74 years (only data from aged 45 to 69 
years were used in the model) who were given a screening test every four months. Screening 
tests included a combination of CXR and three-day pooled SC sampling. The authors used the 
model to estimate the results for male heavy smokers being screened at various intervals starting 
at age 45. The time between screening intervals was six, nine, 12 and 18 months. Results 
indicated that for a heavy smoker, a 12 month screening interval commencing at age 45 years 
and continuing until age 75 years would result in a 25.30% chance of lung cancer not being 
detected early if it is developed during that time period. The possibility of early detection not 
happening decreases to 16.79% when the screening interval is every six months. The authors 
concluded that increased frequency of screening will result in a longer average lead time which 
theoretically would lead to the lung cancer being treated at an earlier stage, presumably 
increasing the likelihood of survival. 

The American Association of Thoracic Surgery’s overview paper on lung screening guidelines96 
discussed the outcomes of the NLST study and echoed the conclusions drawn from the 
previously discussed modelling studies. The Association endorsed the use of annual LDCT 
screening, noting the 20% reduction in lung cancer deaths after three scans. The authors 
cautioned that baseline cancer risk does not decline after the initial three years, but actually 
steadily increases with each year of aging and/or exposure to smoke. As a result, they suggested 
that extending the annual screening phase from three to seven years warrants consideration. They 
posit that if active screening had been maintained throughout the four year observation period of 
the NLST trial, more early stage lung cancers would have been detected resulting in a greater 
reduction in lung cancer related deaths. The authors concluded that low risk of radiation 
exposure, minimal cost, and the reduced possibility of developing later stage lung cancer all 
support the use of annual LDCT screening. 

Key Messages Regarding Screening Intervals 

Overall, results from the abovementioned modelling studies indicate that annual LDCT 
screening, when compared to longer screening intervals, appears to be most effective, increasing 
diagnoses of lung cancer at earlier and more treatable stages thereby contributing to a greater 
reduction in lung cancer mortality. Additionally, annual screening programs appear to result in a 
lower rate of overdiagnosis.  
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CQ5. What risk assessment tools are identified in the literature to assess the risk of 
lung cancer? 
Our search of the literature for evidence addressing the contextual questions did not locate any 
papers that presented lung cancer risk assessment tools.  

CQ6. What is the evidence that subgroups (Aboriginal populations, rural or remote 
populations, other ethnic populations) have a higher burden of disease, a 
differential treatment response, differential performance of screening tests, or 
barriers to implementation?  
Fourteen papers were found that addressed the question of subgroup differences.97-109 Eleven 
papers addressed the issue of burden of lung cancer;98-100, 102-109 eight of these addressed 
Canadian Aboriginal populations,102-109 one looked at rural or remote populations,104 and one 
considered burden in other ethnic populations.104 Several other papers were included that 
examined burden associated with socio-economic status and sex.98-100, 104 No evidence relating to 
differential performance of screening tests was found. One article included information on 
treatment response97 and two reported on barriers to screening implementation.101, 103 

Burden of Disease 

Aboriginal Populations 

According to a 2013 Canadian Partnership Against Cancer report on First Nations cancer control 
in Canada, lung cancer is the most common type of cancer diagnosed across Aboriginal 
peoples.103 Despite this fact, there is little specific information on the burden of disease for lung 
cancer among this population. Our search of the peer-reviewed literature did not find any 
relevant studies from the last five years. The information available is largely from grey literature 
sources, primarily government reports, and is limited in scope. A major review of disparities in 
cancer control in Canada summarizes the issue: “Currently, there is no means to identify First 
Nations, Métis, and Inuit cancer patients in the cancer control system because this information is 
not recorded in cancer registries nor consistently in health care records.”104 As it is estimated that 
more than 85% of lung cancer cases are related to smoking,109 smoking rates among Aboriginal 
Canadians are of particular concern. A 2013 report by Physicians for a Smoke-Free Canada, 
using data from the Canadian Community Health Survey from 2007-2010, found that the overall 
smoking rate for Aboriginal Canadians was 39% compared to 20.5% for non-Aboriginal 
Canadians.108 Across Aboriginal groups, rates were highest among the Inuit (49%), followed by 
First Nations (40%) and Métis (37%). A more recent report on tobacco use in Canada that used 
data from Health Canada national surveys indicated that 16.1% of Canadians (approximately 4.6 
million) were current smokers in 2012.  

An Alberta Health Services report from 2012 on cancer screening in Alberta’s Aboriginal 
population states that the three leading causes of cancer-related deaths are lung cancer, colon 
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cancer, and breast cancer, accounting for 19.5%, 9.2%, and 8.8% of cancer-related deaths among 
First Nations people, respectively.105 

A brief report on lung and bronchus cancer by the Nunavut (84% Inuit population) government 
using data from 1999-2010, found that age-standardized rates for these cancers per 100,000 
people have declined from a high of 320.96 in 2002 to 164.33 in 2010, but continue to 
significantly exceed the national rate of 55.00.102 The average age of diagnosis was 66.16 years 
and 62% of those diagnosed died within one year of detection. Considering a major risk factor 
for lung cancer, 60% of the population of Nunavut aged ≥12 years self-reported as current 
smokers, which is more than three times the national average. 

Finally, a Canadian Partnership Against Cancer report on a cancer control plan for Canadian 
First Nation, Métis and Inuit noted 70% of the adult Inuit population reported in 2006 that they 
smoked and that at the time of a circumpolar review of Inuit, Canadian Inuit had the highest lung 
cancer rates in the world. The data used in the original review106 is dated (1989-2003) but these 
results are frequently cited in more recent reports.107 

Rural and Remote 

Our search of the peer-reviewed literature did not find any articles from the last five years 
dealing with differential burden of lung cancer in rural and remote versus urban areas in Canada. 
The information presented here is gathered from grey literature, primarily government reviews 
and reports. A major system performance review of disparities in cancer control in Canada that 
used 2007 data from provincial cancer agencies, Statistics Canada and the Canadian Cancer 
Registry, found that Canadians living in rural, remote or very remote areas had higher age-
standardized incidence and mortality rates for lung cancer than those living in urban areas 
(incidence rate per 100,000 population: very remote 62.8, remote 58.6, rural 62.9, urban 55.0; 
mortality rates per 100,000 population: very remote 51.2. remote 48.1, rural 47.5, urban 43.1).104 
While the national review found no clear geographic pattern for early stage lung cancer, rates of 
advanced stage lung cancer increased with increasing remoteness of the location (incidence rates 
per 100,000 population: very remote 39.5, remote 35.3, rural 31.6, urban 31.9). The authors 
suggested this trend may, at least partially account for higher mortality rates in rural and remote 
locations. Considering a major risk factor for lung cancer, smoking rates are also higher in rural 
and remote areas. In 2011, the percentage of Canadians aged ≥12 years reporting daily or 
occasional smoking ranged from 24.0 in very remote areas to 19.3 in urban areas.  

Other Ethnic Populations 

Our search of the peer-reviewed literature did not find any articles from the last five years 
dealing with differential burden of lung cancer in other ethnic populations in Canada. The 2014 
disparities in cancer control review did report on disparities by immigration status for some risk 
factors for lung cancer, but did not provide lung cancer specific incidence or mortality rates for 
any of these groups.104 
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Socio-economic Status and Sex  

While not specifically identified in the contextual question, differences in the burden of lung 
cancer by socio-economic status (SES) and sex are briefly discussed as these subgroups were 
frequently mentioned in the available literature.99, 100, 104 

Using data from the Ontario Cancer Registry, a study by Booth et al.98 examined the impact of 
SES on stage of lung cancer at diagnosis and survival. The study did not find a significant 
association between SES and stage of disease at diagnosis for NSCLC. The comparison between 
the lowest SES quintile and the other four combined found 13% of both groups were diagnosed 
with stage I (P=0.406) and 47% versus 49% (P=0.204) were diagnosed with stage IV. The authors 
found substantial differences across income quintiles in five-year overall survival, for NSCLC 
(3% P=0.002), with higher income quintiles having the advantage; however, three-year cancer-
specific survival difference was not significant (2% P=0.317). They concluded that SES remains 
associated with survival among cancer patients in Ontario but that it cannot be explained by 
differences in the stage of cancer at diagnosis. On the other hand, the Canadian Cancer Disparities 
Report104 did identify some significant differences relating to lung cancer burden based on 
income quintile. Specifically this report indicated that people from low-income neighbourhoods 
have higher lung cancer incidence and mortality rates, higher rates of advanced-stage lung cancer 
at diagnosis and higher rates of smoking than do residents of higher-income neighbourhoods. In 
2007 the age-standardized incidence rates of lung cancer per 100,000 population, by 
neighbourhood income quintile, from lowest to highest were 69.6, 61.0, 57.3, 52.3, and 43.1. The 
corresponding age-standardized mortality rates were 54.7, 48.2, 44.2, 40.6, 35.5.104 

There are significant differences in lung cancer incidence rates between males and females in 
Canada that primarily reflect historical differences in tobacco use. According to the 2014 
Canadian Cancer Statistics Report by the Canadian Cancer Society,99 while men continue to have 
higher incidence rates than women (59 versus 48 per 100,000), the rate began leveling off in the 
mid-1980s with declines of about 2% per year. The incidence rate of lung cancer among 
Canadian women has not increased since 2006 and, given that tobacco consumption in this 
population began to decrease in the mid-1980s, incidence rates are expected to decline over the 
next 20 years. Overall the five-year relative survival ratio for lung cancer is poor (17%) 
compared to other cancers; however, there are significant sex-specific differences in this 
measure, with relative survival ratios of 20% for women and 14% for men. The reasons for this 
difference are unclear but it has been suggested that sex differences in the response to treatment 
(discussed briefly below) may contribute to variations in the mortality rate.110 

Treatment Response 

Only one article, a review from 2013, addressed the issue of differential treatment response and 
the focus was on lung cancer in women.97 The authors point out that although treatment 
protocols for surgery, radiation therapy and cytotoxic chemotherapy are not sex-specific, women 
are more likely than men to receive molecularly targeted therapy for locally advanced and 
metastatic adenocarcinoma. They cited a study (the IDEAL 1 Trial, 2003) of pharmacological 
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treatment with the small molecule tyrosine kinase inhibitors (TKI) gefitinib and erlotinib which 
demonstrated improved response rates in women.111 The IDEAL trial found that the odds of 
responding to this (2nd line) treatment was over 2.5 times higher for females than males (95% CI 
1.19, 5.91; P=0.17). 

Analysis of data from the American Surveillance Epidemiology and End Results registry of 
228,572 lung cancer patients between 1975 and 1999 showed improved overall two and five-year 
survival rates in women relative to men.97 In addition, women had significantly higher stage-
specific survival. This advantage appeared to hold true for both small cell and non-small cell 
lung cancers. The authors suggested that these sex differences in outcomes indicate the possibility 
of sex-specific differences in tumors that may necessitate different treatment approaches.97 

Barriers to Implementation 

What is most notable about the literature on barriers to implementation of lung cancer screening 
is that, with the possible exception of the stigma attached to a history of smoking, the barriers for 
subpopulations of interest are similar to screening for other cancers or diseases.  

Aboriginal Populations, Rural and Remote, Other Ethnic Populations 

Our search of the peer-reviewed literature for the last five years did not locate any articles that 
specifically discussed lung cancer screening barriers in the subpopulations of interest. However, 
the topic of screening barriers in general is well covered in the grey literature. The First Nations 
Cancer Control Baseline Report103 provides a substantive discussion of barriers to health service 
delivery including cancer screening generally. The barriers identified in the report include: access 
to rural and remote communities; coordination of care; patient identification; and community 
awareness and education (which includes cultural and language issues). Not surprisingly, barriers 
for rural and remote populations center largely on access to screening facilities and the 
availability of family doctors. Another source reported common barriers to screening among new 
immigrants including: lack of education and awareness about screening; lack of culturally 
appropriate screening services; and lack of English (or French) language proficiency.101 

Key Messages Regarding Subgroup Differences 

The majority of lung cancer cases are so closely linked to tobacco use that variations in burden 
of the disease in the identified subpopulations are largely a reflection of tobacco use rates among 
those groups. We found no recent evidence on differential performance of screening tests by 
subpopulation. Only one study discussed differential lung cancer treatment response and it 
suggested women may respond better than men to very specific molecular treatments. Barriers to 
implementation of lung cancer screening in the identified subpopulations are substantial but do 
not differ significantly from those identified for other types of cancer screening programs. 

CQ7. What is the cost-effectiveness of screening for lung cancer? 
Four studies were found that used modelling methodologies112-114 or registry data115 that 
addressed the question regarding cost-effectiveness of screening for lung cancer. 
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The most cited study conducted by a group of US-based researchers112 used simulated cohorts 
(n=500,000), to assess the cost-effectiveness of three screening and/or preventive programs: 
computed tomography (CT) screening; smoking cessation; or CT and smoking cessation 
combined. The Lung Cancer Policy Model was used to predict the long-term effectiveness of 
screening, using cost of quality-adjusted life-year ($/QALY) gained as the outcome of interest. 
The findings indicate that for individuals with a history of 20 pack-years of smoking, the cost of 
annual screening beginning at 50 years of age was between US$126,000 and $169,000/QALY, 
and for individuals with a history of 40 pack-years the cost was between US$110,000 and 
$166,000/QALY. Of the three programs, the most cost-effective was annual CT screening plus 
smoking cessation therapy, with a cost of US$130,500 to $159,700/QALY when beginning at 
age 50 years, with a history of 20 pack-years.112 

Two other US studies examined the cost-effectiveness of lung cancer screening.113, 114 The first 
study used data from the NLST trial and performed an economic analysis using a budget impact 
model; a model that provided an estimate of screening costs per lung cancer death avoided. With 
an estimated 50% to 75% uptake of screening, the authors determined that annual LDCT 
screening for 10 years will add US$1.3 to $2.0 billion dollars to national health care 
expenditures.113 Additionally, the authors noted that LDCT screening, at an uptake of 75% would 
avoid 8,100 premature deaths due to lung cancer annually. Finally, the cost of LDCT screening 
to avoid one lung cancer death is US$240,000; however, this would depend on factors such as 
prevalence of smokers who qualify for screening, screening uptake rates and costs of LDCT 
scans.113 The second study examined the cost-utility of annual LDCT screening (with or without 
smoking cessation) for up to 15 years, using simulated models of a hypothetical cohort of 18 
million high risk adults (30 pack-year smokers) aged 50 to 64 years.114 The study concluded that, 
for this sample, LDCT screening alone would cost the health care system US$27.8 billion over 
15 years, yielding 985,284 QALYs gained for a cost-utility ratio of US$28,240/QALY gained.114 
Adding smoking cessation therapies resulted in increased costs and QALYs saved, ranging from 
US$16,198 to $23,185/QALY. The authors concluded that screening with LDCT in addition to 
smoking cessation therapies is cost-effective.114 

A study using registry data from the DLCST trial (n=4,104) assessed the health care costs and 
utilization of participants related to screening in the DLCST.115 Trial participants were 
randomized to either five annual LDCT screening scans or usual care. The annual median cost 
per participant in the screening group was €1,342, compared to the usual care group at €1,190 
(P<0.0001).115 The authors note that despite the increase in costs related to screening, the 
expenditures were outweighed by the benefit of the true-negative group showing no significant 
increases in health care expenditures.115 

Key Messages Regarding Cost-Effectiveness of Screening 

It may be difficult to ascertain absolute estimates of cost (i.e., benefit, effectiveness) when 
considering screening for lung cancer, due to the heterogeneity across health care systems, 
outcomes assessed (QALYs, cost $/€), and assumptions made about characteristics of the 
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hypothetical cohorts (i.e., duration of heavy smoking, despite anti-smoking awareness campaigns 
and policies). However, Tota et al.116 suggest that in order to improve the cost-effectiveness of 
screening for lung cancer with LDCT, the following conditions need to be considered: screening 
offers former smokers and current smokers with the greatest opportunity to reduce the risk of 
lung cancer; the uptake of screening activities needs to be optimized in high risk populations; 
and successful smoking cessation programs coupled with LDCT improve the cost-effectiveness 
of screening for lung cancer in high risk adults.116   
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Chapter 4: Discussion, Limitations and Conclusion 
Discussion 
To our knowledge this is the most up to date and comprehensive review on both the benefits and 
harms of lung cancer screening. To address the key questions about the benefits and harms of 
lung cancer screening in the population of interest (adults aged ≥18 years who are at average or 
high risk but are not suspected of having lung cancer), a reasonable amount of direct, high level 
(mostly RCT) and low GRADE quality evidence was found. Thirty-three studies conducted in 
the US and Europe over the last 50 years, that used multiple strategies for lung cancer screening 
(CXR, CXR plus SC, LDCT) in general adult populations (diversity in terms of age, smoking 
history and gender) comprised the body of evidence available for this review.  

Benefits of Screening  

For the critical outcomes of lung cancer mortality and all-cause mortality the available evidence 
indicated there is no benefit of CXR screening, with or without SC, when compared to no 
screening or less intensive screening. Pooled analyses of preliminary results from three relatively 
small trials comparing LDCT to usual care in high risk adults found no significant benefits for 
mortality with five years or less follow-up. One high quality trial with a large sample of high risk 
adults (NLST) and a median follow-up of 6.5 years found screening with LDCT showed 
significant benefits for mortality when compared with screening with CXR [lung cancer 
mortality RR 0.80 (95% CI 0.70, 0.92), NNS 308 (95% CI 201, 787); all-cause mortality RR 
0.94 (95% CI 0.88, 1.00), NNS 219 (95% CI 115, 5,556)].10 Of the two studies that examined 
subgroup populations (i.e., former smokers, never smokers, current smokers, men, women, age 
cohorts), no statistically significant differences were observed in terms of lung cancer mortality 
between the (CXR or CXR plus SC) screened and unscreened participants. 

Consistent with expectations around the efficacy of screening, most screening strategies for lung 
cancer showed significant benefits in terms of disease detection. For CXR and LDCT screening, 
more cases of early stage NSCLC and fewer cases of late stage malignancy were observed in the 
screened and more intensively screened groups compared to the control groups; with the 
exception of early stage disease detection using dual testing with CXR and SC compared to less 
intensive screening. LDCT demonstrated better efficacy than CXR in a sample of high risk 
adults, detecting significantly more cases of early stage disease [LDCT 57.0% versus CXR 
39.1%; RR 1.46 (95% CI 1.33, 1.61)] and significantly fewer cases of late stage disease [LDCT 
43.0% versus CXR 60.9%; RR 0.71 (95% CI 0.65, 0.77)].10  

We found little evidence for the outcome of smoking cessation rate. A similar pattern was 
observed across the available evidence; none of the studies found a difference in smoking 
cessation rates between the screened group and the control group after various time points (one, 
two, five, six and 28 years). 

Little and inconsistent evidence was found regarding incidental findings of lung cancer screening.   
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Harms of Screening 

The evidence for harms was primarily obtained from observational studies resulting in low 
GRADE quality of evidence.  

For CXR, of all cases of lung cancer diagnosed in the screened population an estimated 2.27% to 
16.28% were overdiagnosed. Complications of invasive follow-up procedures resulted in 28.60 
deaths (95% CI 16.02, 41.17) per 1,000 patients who underwent invasive follow-up testing as a 
result of positive screening tests; an even higher proportion of deaths were observed when SC 
was added to CXR as part of the screening protocol [47.67 deaths (95% CI 23.86, 71.49) per 
1,000]. Moreover, for every 1,000 patients who underwent invasive follow-up procedures, 63.32 
patients (95% CI 42.92, 92.49) experienced major complications requiring hospitalization/medical 
intervention (e.g., hemothorax and pneumothorax requiring tube placement, lung collapse, severe 
pain, cardiac arrhythmias and thromboembolic complications73, 74). The median absolute number 
of false positives observed for CXR testing was 65.0 (range 34.0 to 136.7) per 1,000 adults 
screened, and as part of diagnostic follow-up, individuals with benign conditions were subjected 
to both minor and major invasive procedures at a rate of 2.30 (95% CI 1.49, 3.11) and 2.73 (95% 
CI 0.96, 4.51) individuals per 1,000 screened, respectively.  

LDCT screening was also associated with both critical and important harms. Overdiagnosis 
ranged from 10.99% to 25.83%. Invasive follow-up procedures performed as a result of positive 
screening tests were associated with 11.18 deaths (95% CI 5.07, 17.28) and 43.29 patients 
experiencing major complications (95% CI 32.00, 54.58) per 1,000 patients who underwent 
invasive follow-up testing. The median absolute number of false positives associated with a 
baseline or single LDCT screen was 167.1 (range 79.0 to 255.3) per 1,000 participants tested and 
233.0 (range 6.4 to 690.0) per 1,000 screened with multiple rounds of screening. As part of 
diagnostic follow-up, individuals with benign conditions were subjected to both minor and major 
invasive procedures at a rate of 7.16 (95% CI 3.27, 11.05) and 4.98 (95% CI 3.68, 6.29) 
individuals per 1,000 screened, respectively.  

There was little and inconsistent evidence addressing the other harms of interest to this review 
(anxiety, quality of life, infection and bleeding from invasive follow-up testing).  

Test Properties and Performance 

For test properties and performance we only looked at LDCT, the screening strategy that showed 
benefit for mortality outcomes. Test properties varied across studies depending on the type of 
reference standard applied, cut-off or threshold value for a positive test, and LDCT technology 
and technique used. Sensitivity of LDCT ranged from 80% to 100% and specificity ranged from 
28% to 100%. None of the included studies directly compared various LDCT technologies or 
varying protocols used by radiologists and their effect on test performance. In the available 
evidence, diagnostic test properties were highest overall with the multi slice detector along with 
computer assisted reading/diagnosis plus two independent radiologist readers. 
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Contextual Evidence 

Surveyed adults reported a high willingness to be screened for lung cancer which may have been 
influenced by motivators such as smoking history, beliefs about early detection, familiarity with 
lung cancer and personal risk perception. Potential barriers to screening included perceptions of 
health care workers and settings, and travel and convenience of screening. Overall, participants’ 
experiences with lung cancer screening were neutral or positive. 

The majority of lung cancer cases are so closely linked to tobacco use that variations in burden 
of the disease in Canadian rural, remote, Aboriginal and other ethnic populations are largely a 
reflection of tobacco use rates among those groups. We found no recent evidence on differential 
performance of screening tests by subpopulation. Only one study discussed differential lung 
cancer treatment response and it suggested women may respond better than men to very specific 
molecular treatments. Barriers to implementation of lung cancer screening in rural, remote, 
Aboriginal, and other ethnic populations are substantial but do not differ significantly from those 
identified for other types of cancer screening programs.  

Results from modelling studies indicate that annual LDCT screening, when compared to longer 
screening intervals, appears to be most effective, increasing diagnoses of lung cancer at earlier 
and more treatable stages thereby contributing to a greater reduction in lung cancer mortality. 
Additionally, annual screening programs appear to result in a lower rate of overdiagnosis.  

Estimating the absolute costs of lung cancer screening is complicated by heterogeneity across 
health care systems, variety in outcomes (QALYs, cost $/€), and different assumptions about 
hypothetical cohorts (e.g., duration of heavy smoking, despite anti-smoking awareness 
campaigns and policies). Modelling studies suggest that annual LDCT screening, when 
compared to longer screening intervals, appears to be most cost-effective.  

Limitations 
There was substantial variability observed across the included studies in terms of samples, 
screening tests, outcomes, comparators, length of follow-up, locations and timing. Of the 13 
RCTs contributing to the benefits of screening, six trials included men only. While most studies 
targeted current and former heavy smokers, three studies included some never smokers; it is 
important to acknowledge that socially undesirable behaviours, including smoking, are 
notoriously under reported. The enrollment age spanned over 40 years (range 35 to 74 years) 
with about half of the studies including some participants aged <50 years and about three-
quarters including some participants aged >70. The particular screening test or tests differed 
across studies (CXR, SC and/or LDCT) and control groups also varied (no screening, usual care, 
less intensive protocols using the same test(s)). The screening interventions varied based on 
available technology, most likely indicative of each country’s health care system and access to 
screening expertise and equipment at the time of each study (a period which spans the last half 
century). Moreover, the countries where and the decades when these studies took place varied 
greatly in regards to the social acceptability of smoking and the existence of public health 
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policies, campaigns, and laws related to smoking. Finally, for mortality outcomes, the 
generalizability of the results of LDCT screening trials is limited by considerable variation in and 
relatively short length of follow-up (three studies had follow-up of five years or less).  

There were a number of gaps and paucity within the available evidence. This review found only 
a few studies that reported on some of the important outcomes (e.g., smoking cessation, 
incidental findings, anxiety and quality of life). Very few papers included sub-analyses to fully 
address the question about sub-group differences that may influence the underlying risk of lung 
cancer. Most of the harms data was obtained from observational studies. Within the GRADE 
assessments, publication bias could not be evaluated, given the low number of included studies. 
The section on test properties was limited to LDCT screening. Our search for recent contextual 
evidence located no lung cancer risk assessment tools. Finally, we restricted our searches to 
papers in English or French, thus we may have missed the opportunity to analyze data from 
papers written in other languages. 

Conclusion  
This updated review with comprehensive evidence draws similar conclusions to those of the 
most recent USPSTF and Cochrane reviews on lung cancer screening.25, 26 Considering lung 
cancer and all-cause mortality outcomes, the available evidence does not support lung cancer 
screening with CXR, with or without SC, in average to high risk adults.  

Screening for lung cancer with LDCT showed potential benefit in a large sample of high risk 
adults when compared with CXR and reduced lung cancer mortality by 20% and all-cause 
mortality by 6%. Future long-term follow-up data from on-going LDCT trials20, 21, 37, 40, 49, 117 will 
provide more conclusive evidence on the effectiveness of LDCT screening and further insights 
into optimal age for screening, screening interval and frequency. Finally, it is important to 
acknowledge the test’s poor specificity and associated harms, including overdiagnosis and false 
positives as well as major complications and death resulting from invasive follow-up procedures, 
pose challenges for clinicians and public health professionals to implement screening and 
warrant the need to develop standardized practices. 
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Figures 
 
Figure 1: Analytic Framework 
 
Figure 2: Search and Selection Results 
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Figure 1: Analytic Framework 
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Figure 2: Search and Selection Results 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*There are 33 included studies in total; 10 studies appear in both Key Questions 

 

  

Hand Searched 
Reference Lists  

18 

Excluded at  
Title & Abstract Screening 

656 

Eligible for  
Full Text Screening 

223 

Excluded at 
Full Text 

161 

Included Studies 
33* 

Reasons for Exclusion: 
Population: 63 

Intervention: 17 
Comparison: 45 

Design: 34 
Outcomes: 2 

Systematic 
Reviews 

29 

Benefits 
13 

Harms 
30 

Cochrane Review 
5 

USPSTF Review 
16 

Update Search for Benefits & 
Extended Search for Harms 

840 

Title & Abstract 
Screening 

879 



71 
 

Tables 

Table 1: Summary of Risk of Bias Assessment of RCTs Included for KQ1 (Benefits of Screening) 

Table 2: Broad Features of the Available Evidence for KQ1 (Benefits of Screening) 

Table 3: Characteristics of RCTs Included for KQ1 (Benefits of Screening) 

Table 4: List of Studies Included for KQ2 (Harms of Screening or Follow-up Testing) 

Table 5: Overall Findings Summary - Benefits (Critical and Selected Important Outcomes) 

Table 6: Overall Findings Summary - Harms (Critical Outcomes) 

 

 

 

 

 

 

 

 

 



72 
 

Table 1: Summary of Risk of Bias Assessment of RCTs Included for KQ1 (Benefits of Screening) 

Study Sequence 
Generation 

Allocation 
Concealment 

Blinding of 
Outcome Assessment 

Incomplete Reporting 
of Outcomes Selective 

Reporting Other** 
Objective* Self-report* Objective* Self-report* 

Czech Study42 L U U U U U L L 

DANTE21 L U H  H  L H 

DLCST40 L U U U L L L U 

Johns Hopkins43 L U L  L  L L 

Kaiser Foundation44 H U L  H  L H 

Lung Screening Study41 L U U  L  L L 

Mayo Lung Project39 U U L U L L L L 

Memorial Sloan-Kettering45 L L L  L  L L 

MILD23 U U L  L  L H 

NELSON37 L U  U  L L L 

NLST10 L U L  L  L L 

North London Study46 L U U  L  L L 

PLCO38 L U L  L  L L 

L (green) = Low Risk; U (yellow) = Unclear Risk; H (red) = High Risk 

*objectively assessed outcomes: lung cancer mortality, all-cause mortality, stage at diagnosis, incidental findings; self-report outcome: smoking cessation  

**other potential sources of bias: industry funding; study underpowered or small sample (<30 participants per arm); control group contamination through 
opportunistic screening; baseline differences 
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Table 2: Broad Features of the Available Evidence for KQ1 (Benefits of Screening) 

Designs • 13 RCTs 

Populations 

• 7 studies had a mixed gender sample; 6 studies included men only 
• 10 studies included current or former smokers; 2 studies included 

smokers and non-smokers; 1 study included never smokers, former 
smokers and current smokers  

• studies targeted adults 35 to 74 years; 6 studies recruited some 
participants aged <50 years, 9 studies included some participants aged 
>70 years 

Interventions 

• 2 studies compared CXR to usual care 
• 5 studies compared intensive CXR (with or without SC) to less-

intensive screening 
• 4 studies compared LDCT to no screening/usual care 
• 2 studies compared LDCT to CXR 

Length of Follow-up • 10 studies had follow-up ≥5 years 
• 3 studies had follow-up <5 years 

Quality Assessment 
• 7 studies had unclear risk of bias 
• 3 studies were rated as having low risk of bias 
• 3 studies had high risk of bias 

Study Locations 
• 7 studies were conducted in the US 
• 6 studies were conducted in Europe (Denmark, Belgium, the 

Netherlands, Italy, Czechoslovakia) 

Start Dates 

• 6 studies initiated recruitment after 2000 
• 1 study began in the 1990s 
• 4 studies were initiated in the 1970s 
• 2 studies were started in the 1960s  
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Table 3: Characteristics of RCTs Included for KQ1 (Benefits of Screening) 

Study, Start 
Date, Location 

Czech Study,42 1976, Czechoslovakia 
Companion Papers: Kubik,71, 110, 118 Walter119 

Objective To evaluate semi-annual screening by radiology and sputum cytology in 
comparison to screening at a 3-year interval and to no screening 

Methods Design: RCT 

Recruitment: selected from general population of 6 districts in Czechoslovakia; 
subjects who attended the chest clinic from June 1, 1976 to June 30, 1977 and 
met the high risk criteria were referred to initial screening 

Inclusion Criteria: males aged 40 to 64 years with lifetime consumption of 
≥150,000 cigarettes; current smoker; no known pulmonary disease 

Exclusion Criteria: unlikely to participate in periodic screenings for ≥3 years  
Participants Sample: 6,345 

Intervention n=3,171; Control n=3,174 

Age: range for inclusion 40 to 64 years; at initial screening: 40 to 44 years 
15%, 45 to 49 years 22%, 50 to 54 years 29%, 55 to 59 years 18%, 60 to 64 
years 14% 

Gender: 100% male 

Race/Ethnicity: not reported 

Smoking Status/History: all current and heavy smokers; 31 to 32 mean years of 
smoking 

Loss to Follow-up: not reported 
Intervention Description of Intervention: initial CXR and SC exams; after randomization 6 

exams at 6-month intervals involving posteroanterior CXR with double 
independent reading and a simple type of SC investigation; over the course of 
an additional 3 years of follow-up, a CXR was done each year 

Description of Control: initial CXR and SC; 3 years after randomization 
control participants underwent 1 exam by the same 2 methods; over the course 
of an additional 3 years of follow-up, a CXR was done each year 

Screening Phase: 6 years (6 exams at 6 month intervals over 3 years) plus three 
annual CXR screens in years 4 to 6 

Length of Follow-up: 6 years 
Study, Start 
Date, Location 

DANTE,21 2001,  Italy 
 

Objective To explore the effect of  screening with LDCT on lung cancer mortality as well 
as on incidence, stage at diagnosis and resection 

Methods Design: RCT 

Recruitment: research was conducted by the Istituto Clinico Humanitas 
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Hospital, Milan, Italy; accrual March 2001 to February 2006; two centers of the 
same hospital network, the Humanitas Gavazzeni Hospital in Bergamo and the 
Humanitas Oncology Center in Catania, only enrolled subjects for the trial 
during the last year of accrual; participants were assessed and randomized at a 
telephone interview with the project assistant 

Inclusion Criteria: male smokers or former smokers with ≥20 pack-years and 
aged 60 to 74 years 

Exclusion Criteria: comorbid conditions carrying a life expectancy <5 years; 
history of previous malignancy treated in last 10 years (a 5-year disease free 
interval was acceptable for early laryngeal cancer and non-melanoma skin 
cancer); unable to comply with protocol  

Participants Sample: 2,472 

Intervention n=1,276; Control n=1,196 

Age [Mean (Range)]: Intervention: 64.3 (64.0 to 64.7) years; Control: 64.6 (64.3 to 
64.9) years 

Gender: 100% male 

Race/Ethnicity: not reported 

Smoking Status/History: current and former smokers; mean pack-years 
Intervention: 47.3; Control: 47.2  

Loss to Follow-up: not reported 
Intervention Description of Intervention: 5 annual LDCT screening rounds (baseline and 4 

repeats) along with a medical interview and physical exam that focused on 
reassessing smoking habits, recent medical history, and new signs and 
symptoms of possible neoplasia since last assessment 

Description of Control: same annual medical interview and physical exam as 
intervention; no further evaluation in absence of clinically detected abnormalities 

Screening Phase: 5 years (one screen at baseline and 4 annually) 

Length of Follow-up: median 33.7 months (range 1.8 to 79.2 months) 
Study, Start 
Date, Location 

DLCST,40 2004, Denmark 
Companion Papers: Ashraf,120 Kaerlev,121 Mosborg,122 Pedersen,123, 124 
Petersen,72 Rasmussen,125 Saghir,19, 126 Shaker127 

Objective To investigate smoking behaviour of participants undergoing a complete 5-year 
screening program 

Methods Design: RCT 

Recruitment: ads for volunteers in free local and regional newspapers  

Inclusion Criteria: current or former smokers aged 50 to 70 years with a 
smoking history of >20 pack-years; former smokers had to have quit after age 
50, and <10 years prior 

Participants Sample: 4,104 
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Intervention n=2,052; Control n=2,052 

Age [Mean (Range)]: Intervention: 57.9 (49 to 71) years; Control: 57.8 (49 to 
71) years 

Gender (Male): Overall: 55%; Intervention n=1,147; Control n=1,120 

Race/Ethnicity: not reported 

Smoking Status/History: current or former (quit after age 50 and <10 years 
prior to enrollment) smokers with ≥20 pack-years (mean 36 pack-years), mean 
consumption of 19 cigarettes per day 

Loss to Follow-up: Intervention n=15; Control n=14 
Intervention Description of Intervention: 5 annual CT scans of the thorax; annual visits 

where smoking status was determined along with other assessments 

Description of Control: no screening; annual visits where smoking status was 
determined along with other assessments 

Screening Phase: 5 years (4 years of annual screening) 

Length of Follow-up: 5 years 
Study, Start 
Date, Location 

Johns Hopkins Study,43 1973, US 
Companion papers: Doria-Rose,128 Frost,129 Levin,130 Tockman131 

Objective To determine whether the combination of CXR and SC would result in a 
reduction of lung cancer mortality in comparison to screening by CXR alone 

Methods Design: RCT 

Recruitment: via mail-outs and local industrial and occupation groups in 
Baltimore; majority of participants recruited via direct mailings to licensed 
male drivers ≥45 years (mailing list compiled by the Department of Motor 
Vehicles of the State of Maryland) 

Inclusion Criteria: currently (or within last year) smoke ≥1 pack/day 
Participants Sample: 10,387 

Intervention n=5,161; Control n=5,226 

Age: for inclusion ≥45 years; enrolled: 45 to 49 years 31%, 50 to 54 years 27%, 
55 to 59 years 25%, 60 to 64 years 13%, 65 to 69 years 7%, 70+ years 2 to 3% 

Gender: 100% male 

Race/Ethnicity: not reported 

Smoking Status/History: all smokers (≥1 pack/day); pack-years: <25 6%,                                        
25 to 49 41%, 50 to 74 33%, 75+ 20% 

Loss to Follow-up: not reported 
Intervention Description of Intervention 1: annual CXR for 5 to 7 years and SC every 4 

months for 5 to 7 years   

Description of Intervention 2: annual CXR for 5 to 7 years  
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Description of Control: no control group  

Screening Phase: 5 to 7 years (annual CXR and SC every 4 months) 

Length of Follow-up: 9 years 
Study, Start 
Date, Location 

Kaiser Foundation Study,44 1964, US 
Companion Paper: Friedman132 

Objective To assess the impact of attempting to increase adults’ participation in periodic 
health exams on morbidity, disability and mortality 

Methods Design: RCT 

Recruitment: in 1964, a group of 46,000 Kaiser Foundation Health Plan 
members was selected as a source of subjects for the study; a sampling method 
of picking certain digits in medical record numbers was used to select 2 groups, 
each with at least 5,000 members 

Inclusion Criteria: men and women aged 35 to 54 (born 1910 to 1929); lived in 
the San Francisco Bay Area; Health Plan members for ≥2 years 

Participants Sample: 10,713 

Intervention n=5,156; Control n=5,557 

Age: range for inclusion 35 to 54 years; enrolled: 52% aged 45 to 54, 48% aged 
35 to 44 

Gender (Male): Intervention: n=2,365 (45.9%); Control: n=2,643 (47.6%) 

Race/Ethnicity (Black or Asian): Intervention: 30.7%; Control: 30%  

Smoking Status/History: smokers (17%) and non-smokers 

Loss to Follow-up: not reported 
Intervention Description of Intervention: Kaiser Permanente Multiphasic Health Checkup 

(MHC) consisted of: (a) lab visit to complete questionnaire and tests including 
electrocardiography, sphygmomanometry, audiometry, visual acuity and 
tonometry, spirometry, CXR, mammography for women ≥48 years, urinalysis, 
and blood tests; (b) gynecologic exam and Pap smear for all women and 
sigmoidoscopic exam for all persons >40 years; and (c) follow-up visit with 
physician (or nurse practitioner) for physical exam and review of results 

Description of Control: no encouragement to have MHC but provided if requested  

Duration of Intervention: 16 years of annually available screening 

Length of Follow-up: 16 years 
Study, Start 
Date, Location 

Lung Screening Study,41 2000, US 
 

Objective To determine whether scanning with LDCT can reduce lung cancer mortality 
Methods Design: RCT 

Recruitment: 6 Lung Screening Study centres mailed 653,417 information 
packages in September 2000; recruitment primarily through mass mailings, but 
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also included posters, advertisements, and recommendations from practitioners  

Inclusion Criteria: aged 55 to 74 years; current or a former (quit in last 10 
years) cigarette smoker; ≥30-pack-year smoking history 

Exclusion Criteria: spiral CT scan of lungs or thorax in past 24 months; history 
of lung cancer; receiving treatment for any cancer except non-melanoma skin 
cancer; a portion of a lung or an entire lung removed; enrolled in another 
cancer screening trial (including the PLCO study) or primary cancer prevention 
trial other than for smoking cessation  

Participants Sample: 3,318 

Intervention 1 n=1,660; Intervention 2 n=1,658 

Age: range for inclusion 55 to 74 years; enrolled: 55 to 59 years 37%, 60 to 64 
years 30%, 65 to 69 years 21%, 70 to 74 years 11% 

Gender (Male): Intervention 1: n=965 (58.1%); Intervention 2: n=978 (59.0%) 

Race/Ethnicity: not reported 

Smoking Status/History: former (quit <10 years; 57%) and current smokers (43%) 

Loss to Follow-up: Intervention n=15; Control n=14 
Intervention Description of Intervention 1: 1 LDCT 

Description of Intervention 2: 1 CXR  

Description of Control: no control group  

Screening Phase: 1 screen 

Length of Follow-up: 1 year 
Study, Start 
Date, Location 

Mayo Lung Project,39 1971, US 
Companion Papers: Flehinger,133 Fontana,70, 132, 134 Marcus,135, 136 Sanderson,137, 

138 Shi,139 Strauss,140 Taylor,141, 142 Woolner,143 Yankelevitz66 
Objective To assess the effect of an intense regimen of CXR and SC on lung cancer 

mortality 
Methods Design: RCT 

Recruitment: recruitment of Mayo Clinic outpatients; enrolled 9,211 older male 
smokers who tested negative for lung cancer on CXR and SC screening  

Inclusion Criteria: men aged ≥45 years; life expectancy ≥5 years; sufficient 
respiratory reserve to undergo lobectomy if necessary 

Participants Sample: 9,211 

Intervention n=4,618; Control n=4,593 

Age: range for inclusion ≥45 years; enrolled: <50 years 25%, 50 to 54 years 24%, 
55 to 59 years 22%, 60 to 64 years 17%, 65 to 69 years 10%, 70+ years 1% 

Gender: 100% male 

Race/Ethnicity: not reported 
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Smoking Status/History: 94% smoked ≥1 packs a day; 97% had smoked ≥20 
years; 78% had smoked ≥30 years; 34% had smoked ≥40 years; 91% had 25 to 
49 pack-years; 43% had ≥50 pack-years 

Loss to Follow-up: Overall n=26 
Intervention Description of Intervention: CXR and SC tests every 4 months for 6 years 

Description of Control: advised to have yearly CXR and SC tests  

Screening Phase: 6 years (CXR and SC every 4 months) 

Length of Follow-up: 20.5 years 
Study, Start 
Date, Location 

Memorial Sloan-Kettering Study,45 1974, US 
Companion Papers: Flehinger,144 Martini,145 Melamed,69, 146 Yankelevitz66 

Objective To investigate whether SC every 4 months and a yearly CXR leads to earlier 
detection of lung cancer; whether early, cytologically detected cancers can be 
consistently localized and treated; and whether this type of screening has any 
impact on lung cancer mortality  

Methods Design: RCT 

Recruitment: participants recruited through Group Health Incorporated, New 
York City police, motor vehicle registrants, newspaper notices, television, 
radio, companies/unions, and word of mouth  

Inclusion Criteria: men aged ≥45 years 

Exclusion Criteria: history of lung cancer 
Participants Sample: 10,040 

Intervention 1 n=5,072; Intervention 2 n=4,968 

Age: range for inclusion ≥45 years; enrolled: 45 to 49 years 34%, 50 to 54 
years 26%, 55 to 59 years 18%, 60 to 64 years 13%, 65 to 69 years 7%, 70+ 
years 3% 

Gender: 100% male 

Race/Ethnicity: not reported 

Smoking Status/History: all smokers ≥1 pack/day; could have quit within the 
last year; pack-years <25 9%, 25 to 49 40%, 50 to 74 33%, 75+ 18% 

Loss to Follow-up: not reported 
Intervention Description of Intervention 1: annual CXR and SC every 4 months 

Description of Intervention 2: annual CXR 

Screening Phase: 5 years (CXR and SC every 4 months) 

Length of Follow-up: 9 years 
Study, Start 
Date, Location 

MILD,23 2005, Italy 
 

Objective To evaluate the effect of annual or biennial LDCT for early lung cancer 
detection on mortality  
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Methods Design: RCT 

Recruitment: respondents to advertisements seeking volunteers published in 
newspapers and on television; enrolled from September 2005 to January 2011 

Inclusion Criteria: aged ≥49 years; current or former (quit in last 10 years) 
smokers with ≥20 pack-years; no history of cancer in past 5 years  

Participants Sample: 4,099 

Intervention 1 n=1,190; Intervention 2 n=1,186; Control n=1,723 

Age (Median, Years): Intervention 1=57; Intervention 2=58; Control=57  

Gender (Male): Intervention 1: n=814 (68.4%); Intervention 2: n=813 (68.5%); 
Control: n=1,090 (63.3%)  

Race/Ethnicity: not reported 

Smoking Status/History: current (Intervention 69%; Control 90%) and former 
(Intervention 32%; Control 10%) smokers with ≥20 years smoking duration; 
mean pack-years 38 to 39 

Loss to Follow-up: not reported 
Intervention Description of Intervention 1: annual screening with LDCT, as well as a 

smoking cessation program 

Description of Intervention 2: biennial screening with LDCT, as well as 
smoking cessation program  

Description of Control: smoking cessation program 

Screening Phase: 5 years of annual or biennial screening 

Length of Follow-up: 5 years 
Study, Start 
Date, Location 

NLST,10 2002, US 
Companion Papers: Aberle,82, 147 Chiles,148 Duffy,65 Hensing,149 Kovalchik,150 
McCunney,151 NLSTRT,152, 153 Patz,67 Pinsky154 

Objective To determine the effect of screening with LDCT on mortality from lung cancer 
Methods Design: RCT  

Recruitment: high risk persons enrolled at 33 US medical centers 

Inclusion Criteria: men and women; aged 55 to 74 years; history of cigarette 
smoking ≥30 pack-years; former smokers who quit <15 years; asymptomatic 

Exclusion Criteria: recent diagnosis of lung cancer; chest CT within last 18 
months; hemoptysis; unexplained weight loss >6.8 kg in last year 

Participants Sample: 53,454 

Intervention 1 n=26,722; Intervention 2 n=26,732 

Age: range for inclusion 55 to 74 years; enrolled 55 to 59 years 47%, 60 to 64 
years 31%, 65 to 69 years 18%, 70 to 74 years 9% 

Gender (Male): Intervention 1: n=15,770 (59%); Intervention 2: n=15,762 (59%) 
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Race/Ethnicity: Caucasian - Intervention 1: n=24,289 (90.9%), Intervention 2: 
n=24,260 (90.8%); Black - Intervention 1: n=1,195 (4.5%), Intervention 2: 
n=1,181 (4.4%); Other - Intervention 1: n=1,238 (4.6%), Intervention 2: 
n=1,291 (4.8%) 

Smoking Status/History: current (48%) and former (quit <15 years; 52%) 
smokers 

Loss to Follow-up: not reported 
Intervention Description of Intervention 1: 3 annual screens using LDCT  

Description of Intervention 2: 3 annual screens using CXR 

Screening Phase: 3 years (annual screening) 

Length of Follow-up: 6.5 years (median) 
Study, Start 
Date, Location 

NELSON,37 2003, Netherlands, Belgium 
Companion Papers: Horeweg,75 Oudkerk,155 van den Bergh,79, 156, 157 van der 
Aalst,158-160 van Iersel,18 Zhao161, 162  

Objective To study the impact of strict referral criteria and increasing screening interval on 
characteristics of screen-detected lung cancers and to compare the findings 
across screening rounds, between genders and with other screening trials 

Methods Design: RCT 

Recruitment: in 2003 addresses of all men born in 1928 to 1952 were obtained 
from population registries in 7 districts in the Netherlands; addresses of all men 
and women of the same age were obtained from population registries of 14 
municipalities in Belgium; of 335,441 individuals who were mailed a 
questionnaire about health, lifestyle and smoking history, respondents who met 
the eligibility criteria received an invitation for screening, an information 
leaflet, and an informed consent form with a short questionnaire  

Inclusion Criteria: men and women; aged 50 to 75 years; former and current 
smokers; adequate health status 

Exclusion Criteria: unable to climb 2 flights of stairs and body weight ≥140 kg; 
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 exam <1 year before completing first NELSON questionnaire  

Participants Sample: 15,822 

Intervention n=7,915; Control n=7,907 

Age [Mean (SD)]: Intervention: 57.8 (5.5) years; Control: 57.8 (5.7) years 

Gender (Male): n=6,328 (83.5%) 

Race/Ethnicity: not reported  

Smoking Status/History: current (56%) or former (quit <10 years; 44%) 
smokers; median 38 pack-years 

Loss to Follow-up: Intervention n=922; Control n=not reported  
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Intervention Description of Intervention: screening with LDCT at baseline (first round), 1 
year later (second round), 3 years post baseline (third round), and 5.5 years post 
baseline (fourth round)  

Description of Control: no screening 

Screening Phase: up to 5.5 years (1 to 4 screens) 

Length of Follow-up: 10 years 
Study, Start 
Date, Location 

North London Study,46 1960, UK 
Companion Papers: Brett163-165 

Objective To evaluate early lung cancer detection by CXR every 6 months 
Methods Design: RCT  

Recruitment: industrial workplaces in Northwest London were assessed for the 
feasibility of mobile x-ray visits every 6 months; firms were categorized 
according to type of work and location, and randomized into test and control 
groups; all sites were visited to explain study to management and workers  

Inclusion Criteria: men aged ≥40 years; smokers and non-smokers; employees 
of participating industrial workplaces in Northwest London 

Participants Sample: 55,034 

Intervention n=29,723; Control n=25,311 

Age: range for inclusion ≥40 years; enrolled: 50 to 59 years 47%, 60 to 64 
years 31%, 65 to 69 years 18%, 70 to 74 years 9% 

Gender: 100% male 

Race/Ethnicity: not reported 

Smoking Status/History: non-smokers (12%), former smokers (19%) and 
smokers (69%) 

Loss to Follow-up: not reported 
Intervention Description of Intervention 1: 1 baseline CXR, followed by 1 CXR every 6 

months for 3 years for a total of 7 screens 

Description of Intervention 2: 2 CXRs: 1 at baseline and 1 at end of study 
period 

Screening Phase: 3 years (7 screens) 

Length of Follow-up: 2 years 
Study, Start 
Date, Location 

PLCO,38 1993, US 
Companion Papers: Barnett,166 Hocking,77, 167 Lacasse,81 Oken,168 Prorok,169 
Taylor,80 Andriole170 

Objective To evaluate the effect on mortality of screening for lung cancer using radiographs 
in the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial 

Methods Design: RCT 

Recruitment: enrollment initiated in 1993 (completed in 2001) at 10 screening 
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centers across the US; mass mailing used to target residents from the general 
population in the catchment of each center 

Inclusion Criteria: men and women aged 55 to 74 years; smokers, former 
smokers and non/never-smokers 

Exclusion Criteria: history of a PLCO cancer; current cancer treatment; 1 lung 
removed 

Participants Sample: 154,901 

Intervention n=77,445; Control n=77,456 

Age: range for inclusion 55 to 74 years; enrolled: 55 to 59 years 33.4%, 60 to 
64 years 30.7%, 65 to 69 years 22.5/22.6%, 70 to 74 years 13.4% 

Gender (Male): Intervention: n=38,340 (49.5%); Control: n=38,345 (49.5%) 

Race/Ethnicity: White non-Hispanic - Intervention: n=66,874 (86.4%); Control: 
n=65,708 (84.8%); Black non-Hispanic - Intervention: n=3,883 (5.0%); Control: 
n=3,825 (4.9%); Hispanic - Intervention: n=1,421 (1.8%); Control: n=1,397 
(1.8%); Asian - Intervention: n=2,791 (3.6%); Control: n=2,785 (3.6%); 
Other/Unknown - Intervention: n=2,476 (3.2%); Control: n=3,741 (4.8%) 

Smoking Status/History: never smokers (45%); former smokers (42%) and 
smokers (10%) 

Loss to Follow-up: Intervention n=36,042; Control: not reported 
Intervention Description of Intervention: CXR at baseline and then 3 additional annual CXR 

tests (4 screens over 4 years) 

Description of Control: usual care (no organized screening) 

Screening Phase: 3 years (annual) 

Length of Follow-up: 13 years 
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Table 4: List of Studies Included for KQ2 (Harms of Screening or Invasive Follow-up Testing) 

Trial or First Author  Name Companion Papers 
Becker49  
Blanchon59  
Byrne55 Wilson78 
Callol60  
Crestanello53 Swensen76 
Croswell51 Croswell171 
Czech study (Kubik)42 Kubik,71, 110, 118 Walter119 
Diederich63  

DLCST study (Ashraf)40 
Ashraf,120 Kaerlev,121 Mosborg,122 Pedersen,123, 124 Petersen,72 
Rasmussen,125 Saghir,19, 126 Shaker127 

Dominioni50  
Duffy65  
Erfurt study (Wilde)64  
Henschke62  
Infante21  
ITALUNG study (Lopes Pegna)48 Lopes Pegna20 
Lung Screening Study (Gohagan)41  
MacRedmond58 MacRedmond172 

Mayo Lung Project (Marcus)39 
Flehinger,133 Fontana,70, 132, 134 Marcus,135, 136 Sanderson,137, 138 
Strauss,140 Shi,139 Taylor,141, 142 Woolner,143 Yankelevitz66 

Mazzone47  
Memorial Sloan-Kettering study 
(Flehinger)45 

Flehinger,144 Martini,145 Melamed,69, 146 Yankelevitz66 

Menezes56  
MILD study (Pastorino)23  

NELSON study (Horeweg)37 Horeweg,75 Oudkerk,155 van den Bergh,79, 156, 157 van der Aalst,158-160 
van Iersel,18 Zhao161, 162 

 NLST study10 Aberle,82, 147 Chiles,148 de Koning,93 Duffy,65 Hensing,149 Kovalchik,150 
McCunney,151 NLST Research Team,152, 153 Patz,67 Pinsky154 

Pastorino24  

PLCO study (Oken)38 
Andriole,170 Barnett,166 Buys,173 Hocking,77, 167 Lacasse,81 Oken,168  
Prorok,169 Schoen,174 Taylor80 

Rzyman54  
Sobue61  
Sone52  
Veronesi57 Veronesi68, 175 
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Table 5: Overall Findings Summary - Benefits (Critical and Selected Important Outcomes) 

Outcome CXR vs Usual 
Care CXR  vs CXR CXR plus SC vs 

CXR 
Annual LDCT vs 

Usual Care 
Biennial LDCT 
vs Usual Care LDCT vs CXR 

Lung Cancer 
Mortality 

RR 0.99 
95% CI 0.92, 1.07 

I2=0% 

RR 1.03 
95% CI 0.74, 1.42 

I2=na 

RR 1.01 
95% CI 0.87, 1.18 

I2=59% 

RR 1.35 
95% CI 0.79, 2.29 

I2=32% 

RR 1.25 
95% CI 0.42, 3.70 

I2=na 

RR 0.80 
95% CI 0.70, 0.92 

I2=na 
absolute value per million 

3,250 fewer, range from 1,271 
fewer to 4,972 fewer 

ARR 0.33% 
NNS 308 (95% CI 201, 787) 

All-Cause 
Mortality 

RR 0.98 
95% CI 0.96, 1.00 

I2=0% 
- 

RR 1.04 
95% CI 0.97, 1.11 

I2=37% 

RR 1.42 
95% CI 0.91, 2.22 

I2=67% 

RR 1.45 
95% CI 0.79, 2.69 

I2=na 

RR 0.94 
95% CI 0.88, 1.00 

I2=na 
absolute value per million 

4,571 fewer, range from 180 
fewer to 8,709 fewer 

ARR 0.46% 
NNS 219 (95% CI 115, 5,556) 

Stage at Diagnosis 
(Early Stage) 

RR 1.14 
95% CI 1.03, 1.25 

I2=na 
- 

RR 1.15 
95% CI 0.98, 1.36 

I2=50% 

RR 1.59 
95% CI 1.11, 2.28 

I2=0% 
- 

RR 1.46 
95% CI 1.33, 1.61 

I2=na 

Stage at Diagnosis 
(Late Stage) 

RR 0.93 
95% CI 0.87, 0.98 

I2=na 
- 

RR 0.85 
95% CI 0.75, 0.96 

I2=13% 

RR 0.59 
95% CI 0.43, 0.83 

I2=0% 
- 

RR 0.71 
95% CI 0.65, 0.77 

I2=na 

ARR=Absolute Risk Reduction; NNS=Number Needed to Screen 
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Table 6: Overall Findings Summary - Harms (Critical Outcomes) 

Outcomes CXR CXR plus SC LDCT 

Overdiagnosis – 

TVDT >400 days: 2.27% to 6.98% of all 
cases of lung cancer diagnosed in the 

screened population were overdiagnosed 

TVDT >300 days: 4.55% to 16.28% of 
all cases of lung cancer diagnosed in the 
screened population were overdiagnosed 

10.99% to 25.83% of all cases of lung 
cancer diagnosed in the screened 
population were overdiagnosed 

Death from Invasive Follow-
up Testing 

28.60 deaths (95% CI 16.02, 41.17) per 
1,000 patients undergoing invasive 

follow-up testing 

47.67 deaths (95% CI 23.86, 71.49) per 
1,000 patients undergoing invasive 

follow-up testing 

11.18 deaths (95% CI 5.07, 17.28) per 
1,000 patients undergoing invasive 

follow-up testing 

Major Complications from 
Invasive Follow-up Testing 

63.32 major complications (95% CI 
42.92, 92.49) per 1,000 patients 

undergoing invasive follow-up testing 
– 

43.29 major complications (95% CI 
32.00, 54.58) per 1,000 patients 

undergoing invasive follow-up testing 

TVDT = tumor volume doubling time 
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Evidence Set 1: KQ1 Benefits of Screening – Lung Cancer Mortality 
 

• ES Table 1.1: GRADE Evidence Profile - Effect of Lung Cancer Screening on Lung Cancer Mortality 

• ES Table 1.2: GRADE Summary of Findings - Effect of Lung Cancer Screening on Lung Cancer Mortality 

• Forest Plot 1.1: Effect of Lung Cancer Screening Using CXR on Lung Cancer Mortality  

• Forest Plot 1.2: Effect of Lung Cancer Screening Using LDCT on Lung Cancer Mortality  
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ES Table 1.1: GRADE Evidence Profile - Effect of Lung Cancer Screening on Lung Cancer Mortality * 

Quality Assessment 
No. of Participants Effect GRADE 

Quality 
Rating 

Importance 
No. of 

Studies Design Risk of 
Bias Inconsistency Indirectness Imprecision Other  Screening Control Relative 

(95% CI) 
Absolute per 

Million (Range) ARR NNS 
(95% CI) 

Lung Cancer Mortality: CXR screening vs. usual care (follow-up 10 to 16 years; assessed with: national or state death registries, death certificates1) 

22 randomized 
trials 

serious 
risk3 

no serious 
inconsistency4 

no serious 
indirectness5 

serious 
imprecision6 none7 1,257/82,583  

(1.5221%) 
1,272/82,992  

(1.5327%) 

RR 0.9908 
(0.9171 to 

1.0705) 

141 fewer 
(1,271 fewer to 

1,081 more) 
- - ⊕⊕ΟΟ 

LOW CRITICAL 

Lung Cancer Mortality: more intensive CXR screening vs. less intensive screening (follow-up 5 years; assessed with: hospital records, national death registry1) 

18 randomized 
trial 

serious 
risk9 

no serious 
inconsistency10 

no serious 
indirectness11 

serious 
imprecision12 none7 82/29,723  

(0.2759%) 
68/25,311  
(0.2687%) 

RR 1.0269 
(0.7449 to 

1.4156) 

72 more  
(685 fewer to  
1,117 more) 

- - ⊕⊕ΟΟ 
LOW 

CRITICAL 

Lung Cancer Mortality: more intensive CXR + SC screening vs. less intensive screening  (follow-up 9 to 20.5 years; assessed with: national death registry, autopsies, death certificates, death-
related clinical re cords1) 

413 randomized 
trials 

serious 
risk14 

no serious 
inconsistency15 

no serious 
indirectness16 

serious 
imprecision17 none7 840/17,983  

(4.6711%) 
812/18,000  
(4.5111%) 

RR 1.0141 
(0.8717 to 

1.1798) 

636 more  
(5,788 fewer to 

8,111 more) 
- - 

 
⊕⊕ΟΟ 
LOW 

CRITICAL 

Lung Cancer Mortality: annual LDCT screening vs. usual care  (follow-up 2.8 to 6 years; assessed with: national death registries, medical records1) 

318 randomized 
trials 

serious 
risk19 

no serious 
inconsistency20 

no serious 
indirectness21 

serious 
imprecision22 none7 47/4,518  

(1.0403%) 
38/4,971  

(0.7644%) 

RR 1.3460 
(0.7904 to 

2.2922) 

2,645 more  
(1,602 fewer to 

9,878 more) 
- - ⊕⊕ΟΟ 

LOW 
CRITICAL 

Lung Cancer Mortality: biennial LDCT screening vs. usual care (follow-up median 4.4 years; assessed with: national death registry1) 

123 randomized 
trial 

serious 
risk24 

no serious 
inconsistency10 

no serious 
indirectness25 

serious 
imprecision26 none7 6/1,186  

(0.5059%) 
7/1,723  

(0.4063%) 

RR 1.2452 
(0.4195 to 

3.6960) 

996 more  
(2,358 fewer to 
10,953 more) 

- - ⊕⊕ΟΟ 
LOW 

CRITICAL 

Lung Cancer Mortality: LDCT screening vs. CXR screening (follow-up median 6.5 years; assessed with: national death registry, death certificates, adjudicated cause1) 

127 randomized 
trial 

no 
serious 
risk28 

no serious 
inconsistency10 

no serious 
indirectness29 

no serious 
imprecision30 none7 356/26,722  

(1.3322%) 
443/26,732  
(1.6572%) 

RR 0.8039 
(0.7000 to 

0.9233) 

3,250 fewer  
(1,271 fewer to 

4,972 fewer) 
0.33% 308  

(201, 787) 
⊕⊕⊕⊕ 
HIGH 

CRITICAL 

*Footnotes appear below the Summary of Findings Table 
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ES Table 1.2: GRADE Summary of Findings - Effect of Lung Cancer Screening on Lung Cancer Mortality  

Outcome: Lung Cancer Mortality  

Illustrative Comparative Risks* (95% CI) 
Relative Effect 

(95% CI) 

No. of 
Participants 

(Studies) 

Quality of the 
Evidence 
(GRADE) 

Assumed Risk 
Number per Million 

Control 

Corresponding Risk 
Number per Million  

Treatment 

CXR screening vs usual care (national or state death registries, death certificates1; 
follow-up: 10 to 16 years) 15,327 15,186  

(14,056 to 16,407) 
RR 0.9908  

(0.9171 to 1.0705) 
165,575 

(2 studies2) 
⊕⊕⊝⊝ 
low3,4,5,6,7 

more intensive CXR screening vs less intensive screening (hospital records, 
national death registry1; follow-up: 5 years) 2,687 2,759 

(2,001 to 3,803) 
RR 1.0269  

(0.7449 to 1.4156) 
55,034 

(1 study8) 
⊕⊕⊝⊝ 

low7,9,10,11,12 

more intensive CXR + SC screening vs. less intensive screening (national death 
registry, autopsies, death certificates, death-related clinical records1; follow-up: 9 to 
20.5 years) 

45,111 45,747 
(39,323 to 53,222) 

RR 1.0141  
(0.8717 to 1.1798) 

35,983 
(4 studies13) 

⊕⊕⊝⊝ 
low7,14,15,16,17 

annual LDCT screening vs usual care (national death registries, medical records1; 
follow-up: 2.8 to 6 years) 7,644 10,289 

(6,042 to 17,522) 
RR 1.3460  

(0.7904 to 2.2922) 
9,489 

(3 studies18) 
⊕⊕⊝⊝ 

low7,19,20,21,22 

biennial LDCT screening vs. usual care (national death registry1; follow-up: median 
4.4 years) 4,063 5,059 

(1,704 to 15,016) 
RR 1.2452  

(0.4195 to 3.6960) 
2,909 

(1 study23) 
⊕⊕⊝⊝ 

low7,10,24,25,26 

LDCT screening vs. CXR screening (national death registry, death certificates, 
adjudicated cause1; follow-up: median 6.5 years) 16,572 13,322 

(11,600 to 15,301) 
RR 0.8039  

(0.7000 to 0.9233) 
53,454 

(1 study27) 
⊕⊕⊕⊕ 

high7,10,28,29,30 

*The assumed risk is the mean control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and 
the relative effect of the intervention (and its 95% CI). 

Footnotes for the GRADE Evidence Profile and Summary of Findings Tables for the Effect of Lung Cancer Screening on Lung Cancer Mortality 
1 In the Kaiser study44 mortality was assessed using California state mortality records and codes from International Classification of Diseases, Adapted 8th 

revision. The PLCO trial38 was linked to the National Death Index and used death certificates to confirm death and provisional cause (end point adjudication 
used to assign cause). The Mayo Lung Project39 used the National Death Index-PLUS to assign vital status and date and cause of death. In the Czech study42 
35% of deaths had autopsies which were used to confirm cause of death, otherwise cause was taken as given on death certificates. In the Memorial Sloan-
Kettering45 and Johns Hopkins43 studies mortality was assessed using death certificates and death related clinical records. The North London study46 
established cause of death from hospital records and used the national death registry (General Register Office at Somerset House).  

2 The 2 RCTs are: the Kaiser Foundation study44 and the PLCO study38 
3 Using Cochrane's Risk of Bias tool,29 for this outcome, 1 study was rated as having low risk of bias38 and the other was rated as having high risk of bias.44 Both 

studies had low risk ratings for blinding of outcome assessment and selective reporting and both studies had unclear ratings for allocation concealment (not 
discussed in papers). The PLCO study had low risk ratings for random sequence generation, incomplete reporting of outcomes and other sources of bias, while 
the Kaiser study received a high risk of bias rating for random sequence generation (system used sequential case numbers), incomplete reporting (36% 
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attrition) and other sources of bias (control group contamination; baseline differences in outcome related risk factors). Given the unclear and high potential for 
bias, this body of evidence was downgraded for serious study limitations.  

4 The statistical heterogeneity is low [Chi2=0.38, df=1 (P=0.54); I2=0%], and although the direction of the effect is not consistent across studies, the confidence 
intervals overlap. This body of evidence was not downgraded for inconsistency.  

5 Both studies included mixed gender populations with about equal representation of men and women. The Kaiser study targeted middle-aged adults (35-54 
years) and at outset the sample was about equally divided above and below age 45. The PLCO study targeted older adults (55-74 years) and enrolled about 
33% of participants in their 50s, 53% in their 60s, and 13% in their early 70s. Both studies recruited smokers (current and former) as well as non-smokers; only 
17% of the Kaiser study sample were identified as smokers (though study authors suggested this was likely an underestimate of actual smokers) while in the 
PLCO study 52% were identified as current or former smokers. The screening test in both studies was CXR. In the Kaiser study screening participants were 
offered CXR annually for 4 years while the PLCO participants were offered an annual CXR for 16 years as part of a comprehensive health check-up. The 
control group in both studies received usual care (screening was not offered or advised, but patients could be screened if they and/or their health care provider 
initiated testing). The length of follow-up for lung cancer mortality was up to 16 years in the Kaiser study and up to 13 years (median 11.9, mean 11.2, 
interquartile range 10-13) in the PLCO trial. Both studies were conducted in the US. The Kaiser study was initiated in 1964 while the PLCO trial started in 
1993. There were no serious concerns regarding indirectness for this body of evidence.  

6 The sample size is adequate (82,583 CXR screening, 82,992 usual care), and the number of events is sufficient (1,257 CXR screening, 1,272 usual care) but the 
pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 0.9908 (95% CI 0.9171, 1.0705)]. This body of evidence 
was downgraded for serious concerns regarding imprecision. 

7 There were too few studies (n<10) to assess publication bias.176 
8 The single RCT is: the North London study46 
9 Using Cochrane's Risk of Bias tool,29 for this outcome, this study was rated as having unclear risk of bias. Low risk ratings were assigned for random sequence 

generation, incomplete reporting, selective reporting and other risk of bias. Neither allocation concealment nor blinding of outcome assessment were addressed 
in the paper and thus these domains were assigned unclear ratings. Given the unclear potential for bias, this body of evidence was downgraded for serious 
study limitations. 

10 Single study therefore no inconsistency. 
11 This study included only men. The study targeted adults aged 40-70 years; about one-quarter of participants who were enrolled were aged 40-44, another 

quarter were aged 45-49, a bit less than a quarter (22%) were aged 50-54, and the remaining men were mostly in their late 50s (16%) or 60s (10%). At 
enrollment most of the sample (69%) were smokers, 19% were former smokers, and 12% were never smokers. The screening test was CXR. Men were 
enrolled only if they had negative results on a preliminary screen. Participants randomized to the more intense screening arm were then offered CXR every 6 
months for a period of 3 years (up to 6 additional screens) while those assigned to the less intense screening arm had the eligibility CXR and then a second 
CXR 3 years later. The length of follow-up for lung cancer mortality was at least 5 years. This study was conducted in the UK during the 1960s. There were no 
serious concerns regarding indirectness for this body of evidence. 
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12 The sample size is adequate (29,723 more intensive CXR screening, 25,311 less intensive CXR screening), but the number of events is insufficient (82 more 
intensive CXR screening, 68 less intensive CXR screening) and the pooled effect estimate is not precise with a confidence interval that includes the no effect 
value [RR 1.0269 (95% CI 0.7449, 1.4156)]. This body of evidence was downgraded for serious concerns regarding imprecision. 

13 The 4 RCTs are: the Czech Study,42 the Johns Hopkins study,43 the Mayo Lung Project39 and the Memorial Sloan-Kettering study45 
14 Using Cochrane's Risk of Bias tool,29 for this outcome, 2 studies were rated as having low risk of bias43, 45 and the other 2 were rated as having unclear risk of 

bias.39, 42 Three studies had low risk ratings for random sequence generation but 1 study did not clarify the approach for randomization. None of the studies 
discussed allocation concealment (unclear ratings) however for 1 study the Cochrane review25 authors confirmed a low risk rating for this domain via 
communication with the researchers. Three studies stated that outcome assessment was blinded and had adequate attrition rates while the fourth study did not 
address either issue. All studies received low risk ratings for selective reporting and other risk of bias. Given the unclear potential for bias, this body of 
evidence was downgraded for serious study limitations. 

15 Although statistical heterogeneity is moderate [Chi2=7.27, df=3 (P=0.06); I2=59%], and the direction of the effect is not consistent across studies, the 
confidence intervals overlap. This body of evidence was not downgraded for inconsistency. 

16 All 4 studies included only men. At enrollment, about one-quarter of the Mayo Lung Project sample was under age 50, another quarter was aged 50-54, two-
fifths were aged 55-65, and the remaining 10% were aged 65-70+. In the Czech study about 38% of the men were enrolled in their 40s, about half (48%) were 
in their 50s, and 14% were in their early 60s. About one-third of the Memorial Sloan-Kettering sample was under age 50 when recruited, a bit more than half 
(54%) of the men were in their 50s, and the remaining quarter were mostly in their 60s, with a small percentage (3%) in their 70s. In the Johns Hopkins study 
just under one-third (31%) of the men were in their late 40s, about a quarter (27%) were in their early 50s and another quarter (25%) were in their late 50s, and 
the remaining enrollees were mostly in their 60s. All 4 studies recruited only heavy smokers (current or recently quit). In the Mayo Lung study 94% of the men 
smoked at least 1 pack/day, 97% had smoked for 20+ years and 91% had 25+ pack-years. Similarly, all men in the Memorial Sloan-Kettering study smoked at 
least 1 pack/day and 91% had 25+ pack-years. Likewise all men in the Johns Hopkins study smoked at least 1 pack/day and 94% had 25+ pack-years. Half of 
the men in the Czech study had a lifetime consumption of 150,000 to 250,000 cigarettes (approximately 20.55 to 34.25 pack-years) and the other half had 
smoked more. All 4 studies used both CXR and SC as a dual screening test. Two studies only enrolled participants who had negative results on a preliminary 
screen. In the Mayo Lung Project participants were offered CXR and SC every 4 months for a period of 6 years (up to 18 screens); the less intense screening 
arm had the eligibility CXR and SC test and was subsequently advised to receive at least annual screening but these men were not offered systematic re-
screening. The Czech study offered one group the dual screen every 6 months for 3 years (up to 6 screens) followed by 3 years of annual CXR testing; the less 
intense screening group received the dual test prior to randomization and again 3 years later after which annual CXR was offered for 3 more years. The 
Memorial Sloan-Kettering and Johns Hopkins studies offered half of the men annual CXR and SC every 4 months for 5 years (initial recruits may have had an 
additional 2-3 years of screening), and the other half were offered annual screening with CXR alone for the same amount of time. In terms of follow-up, lung 
cancer mortality was assessed at a median of 20.5 years in the Mayo Lung Project, for up to 15 years in the Czech study, and for up to 9 years in the Memorial 
Sloan-Kettering and Johns Hopkins studies. All 4 studies were initiated in the 1970s. Three studies were conducted in the US and 1 in Czechoslovakia. There 
were no serious concerns regarding indirectness for this body of evidence.  
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17 The sample size is adequate (17,983 more intensive CXR+SC screening, 18,000 less intensive screening), and the number of events is sufficient (840 more 
intensive CXR+SC screening, 812 less intensive screening) but the pooled effect estimate is not precise with a confidence interval that includes the no effect 
value [RR 1.0141 (95% CI 0.8717, 1.1798)]. This body of evidence was downgraded for serious concerns regarding imprecision. 

18 The 3 RCTs are: the DANTE study,21 the DLCST study40 and the MILD study23 
19 Using Cochrane's Risk of Bias tool,29 for this outcome, all 3 studies were rated as having unclear risk of bias Two studies had low risk ratings for random 

sequence generation and 1 was rated as unclear since the authors did not clarify the randomization approach. Allocation concealment was not discussed for any 
study therefore this domain was consistently rated as unclear. Blinding of mortality assessment was only confirmed in 1 study (low risk); in the other two 
studies blinding was not mentioned or was clearly not done. Low risk ratings were assigned across all 3 studies for incomplete and selective outcome reporting. 
For other sources of bias, 1 study was rated as unclear (control group contamination was not addressed) and the other 2 were assigned high risk ratings (in both 
cases for baseline differences in outcome related risk factors). Given the unclear and high potential for bias, this body of evidence was downgraded for serious 
study limitations. 

20 Although the statistical heterogeneity is moderate [Chi2=2.96, df=2 (P=0.23); I2=32%] and the direction of the effect is not consistent across studies, the 
confidence intervals overlap. This body of evidence was not downgraded for inconsistency. 

21 Two studies included mixed gender samples; slightly more than half of the participants in the DLCST study and about two-thirds of the MILD study sample 
were men. The DANTE study included only men. At enrollment, in the two mixed gender trials participants were in their late 50s (MILD median age 57 years; 
DLCST mean age 58 years); enrollees were slightly older (mean 64 years) in the male-only DANTE trial. All three studies recruited only current or former 
(quit in last 10 years) smokers. In the DANTE study a little over half of the men were current smokers and all the men had at least 20 pack-years (mean 47 
pack-years). All participants in the DLCST study also had 20+ pack-years (mean 36 pack-years) and the mean number of cigarettes smoked per day was 19. 
Smoking history was a bit heavier in the MILD study with 90% of control and 69% of screening participants smoking upon enrollment, a mean of 38 pack-
years across participants with consumption for two-thirds of the group at 20+ cigarettes per day. All three studies used annual LDCT as the screening test. In 
one intervention arm of the MILD study, participants were offered annual LDCT screening (median number of screens 5); the control group received usual 
care. Participants in the intervention arm of the DLCST trial were offered 5 annual LDCT screens; the control group received usual care. At baseline, men in 
the screening group of the DANTE trial had a CXR plus SC test in addition to their first of 5 annual LDCT scans; the usual care group also had the baseline 
CXR and SC test (no LDCT) but then only attended yearly for clinical reviews (no screening). In terms of follow-up, lung cancer mortality was assessed at a 
median of 4.4 years (maximum 6 years) in the MILD study, for 5 years in the DLCST study and for a median of 2.8 years (range 1.8 to 79.2 months) in the on-
going DANTE trial. All 3 studies were initiated in the last 10-15 years. Two studies were conducted in Italy and 1 in Denmark. There were no serious concerns 
regarding indirectness for this body of evidence.  

22 The sample size is adequate (4,518 LDCT screening, 4,971 usual care), but the number of events is insufficient (47 LDCT screening, 38 usual care) and the 
pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 1.3460 (95% CI 0.7904, 2.2922)]. This body of evidence 
was downgraded for serious concerns regarding imprecision. 

23 The single RCT is: the MILD study23 
24 Using Cochrane's Risk of Bias tool,29 for this outcome, this study was rated as having unclear risk of bias. Unclear ratings were applied to random sequence 

generation and allocation concealment, neither of which was explicitly addressed. Low risk ratings were assigned for blinding of outcome assessment, and 
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incomplete and selective outcome reporting. A high risk rating was applied for other sources of bias because of baseline differences in outcome related risk 
factors and lack of information on control group contamination. Given the unclear and high potential for bias, this body of evidence was downgraded for 
serious study limitations. 

25 The MILD trial included mixed gender participants; about two-thirds of the sample was men. At enrollment, participants were mostly in their late 50s (median 
age 57 years). Only current or former (quit in last 10 years) smokers were recruited; 90% of control and 69% of screening participants were current smokers, 
the overall mean pack-years was 38 and consumption for two-thirds of the sample was 20+ cigarettes per day. For this comparison, biennial LDCT was the 
screening test. In the intervention arm participants were offered LDCT screening every two years (median number of screens 3); the control group received 
usual care. In terms of follow-up, lung cancer mortality was assessed at a median of 4.4 years (maximum 6 years). This trial was initiated in 2005 in Italy. 
There were no serious concerns regarding indirectness for this body of evidence. 

26 The sample size is adequate (1,186 biennial LDCT screening, 1,723 usual care), but the number of events is insufficient (6 biennial LDCT screening, 7 usual 
care) and the pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 1.2452 (95% CI 0.4195, 3.6960)]. This body 
of evidence was downgraded for serious concerns regarding imprecision. 

27 The single RCT is: the NLST study10 
28 Using Cochrane's Risk of Bias tool,29 for this outcome, this study was rated as having low risk of bias. Low risk ratings were applied to random sequence 

generation, blinding of outcome assessment, incomplete and selective outcome reporting and other potential sources. Only allocation concealment received an 
unclear rating because this was not explicitly addressed. Given the low potential for bias, this body of evidence was not downgraded for study limitations.  

29 The NLST study included mixed gender participants; about 60% of the sample was men. At enrollment, about 60% of participants were over age 60. Only 
current (48%) or former (quit in last 15 years) (52%) smokers were included. This trial compared two screening interventions: LDCT versus CXR. Participants 
in each group were offered 3 annual screens with their respectively assigned test. In terms of follow-up, lung cancer mortality was assessed at a median of 6.5 
years (maximum 7.4 years). This trial was initiated in 2002 in the US. There were no serious concerns regarding indirectness for this body of evidence. 

30 The sample size is adequate (26,722 LDCT screening, 26,732 CXR screening), the number of events is sufficient (356 LDCT screening, 443 CXR) and the 
pooled effect estimate is precise with a narrow confidence interval [RR 0.8039 (95% CI 0.7000, 0.9233)]. This body of evidence was not downgraded for 
imprecision. 
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Forest Plot 1.1: Effect of Lung Cancer Screening Using CXR on Lung Cancer Mortality 

 

Study or Subgroup 
1.1.1 CXR screening vs. usual care 
Kaiser Foundation  
PLCO Study  
Subtotal (95% CI) 
Total events 
Heterogeneity: Tau² = 0.00; Chi² = 0.38, df = 1 (P = 0.54); I² = 0% 
Test for overall effect: Z = 0.23 (P = 0.82) 

1.1.2 more intensive CXR screening vs. less intensive screening 
North London  
Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 0.16 (P = 0.87) 

1.1.3 more intensive CXR + SC screening vs. less intensive screening 
Czech Study  
Johns Hopkins  
Mayo Lung Project  
Memorial Sloan-Kettering  
Subtotal (95% CI) 
Total events 
Heterogeneity: Tau² = 0.01; Chi² = 7.27, df = 3 (P = 0.06); I² = 59% 
Test for overall effect: Z = 0.18 (P = 0.86) 
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Forest Plot 1.2: Effect of Lung Cancer Screening Using LDCT on Lung Cancer Mortality 

 

  

Study or Subgroup 
1.2.1 annual LDCT screening vs. usual care 
DANTE Study  
DLCST Study  
MILD Study-A  
Subtotal (95% CI) 
Total events 
Heterogeneity: Tau² = 0.07; Chi² = 2.96, df = 2 (P = 0.23); I² = 32% 
Test for overall effect: Z = 1.09 (P = 0.27) 

1.2.2 biennial LDCT screening vs. usual care 
MILD Study-B 
Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 0.40 (P = 0.69) 

1.2.3 LDCT screening vs. CXR screening 
NLST Study  
Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 3.09 (P = 0.002) 
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Evidence Set 2: KQ1 Benefits of Screening – All-Cause Mortality 
 

• ES Table 2.1: GRADE Evidence Profile - Effect of Lung Cancer Screening on All-Cause Mortality 

• ES Table 2.2: GRADE Summary of Findings - Effect of Lung Cancer Screening on All-Cause Mortality 

• Forest Plot 2.1: Effect of Lung Cancer Screening Using CXR on All-Cause Mortality 

• Forest Plot 2.2: Effect of Lung Cancer Screening Using LDCT on All-Cause Mortality 
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ES Table 2.1: GRADE Evidence Profile - Effect of Lung Cancer Screening on All-Cause Mortality* 

Quality Assessment 
No. of Participants Effect GRADE 

Quality 
Rating 

Importance 
No. of 

Studies Design Risk of 
Bias Inconsistency Indirectness Imprecision Other  Screening Control Relative 

(95% CI) 
Absolute per 

Million (Range) ARR NNS 
(95% CI) 

All-Cause Mortality: CXR screening vs. usual care (follow-up 10 to 16 years; assessed with: national or state death registries, adjudicated cause1) 

22 randomized 
trials 

serious 
risk3 

no serious 
inconsistency4 

no serious 
indirectness5 

serious 
imprecision6 none7 11,464/82,583  

(13.8818%) 
11,745/82,992  

(14.1520%) 

RR 0.9801 
(0.9570 to 

1.0037) 

2,816 fewer 
(6,085 fewer to  

524 more) 
- - ⊕⊕ΟΟ 

LOW 
CRITICAL 

All-Cause Mortality: more intensive CXR + SC screening vs. less intensive screening (follow-up 6 to 20.5 years; assessed with: national death registry, autopsies, death certificates, death-
related clinical records1) 

38 randomized 
trials 

serious 
risk9 

no serious 
inconsistency10 

no serious 
indirectness11 

serious 
imprecision12 none7 3,327/12,757  

(26.0798%) 
3,229/12,839  
(25.1499%) 

RR 1.0391 
(0.9727 to 

1.1100) 

9,834 more  
(6,866 fewer to 
27,665 more) 

- - ⊕⊕ΟΟ 
LOW 

CRITICAL 

All-Cause Mortality: annual LDCT screening vs. usual care (follow-up 2.8 to 6 years; assessed with: national death registries, medical records1) 

313 randomized 
trials 

serious 
risk14 

no serious 
inconsistency15 

no serious 
indirectness16 

serious 
imprecision17 none7 138/4,518  

(3.0544%) 
107/4,971  
(2.1525%) 

RR 1.4161 
(0.9051 to 

2.2155) 

8,956 more  
(2,043 fewer to 
26,163 more) 

- - ⊕⊕ΟΟ 
LOW 

CRITICAL 

All-Cause Mortality: biennial LDCT screening vs. usual care (follow-up median 4.4 years; assessed with: national death registry1) 

118 randomized 
trial 

serious 
risk19 

no serious 
inconsistency20 

no serious 
indirectness21 

serious 
imprecision22 none7 20/1,186  

(1.6863%) 
20/1,723  

(1.1608%) 

RR 1.4528 
(0.7851 to 

2.6881) 

5,256 more  
(2,494 fewer to 
19,595 more) 

- - ⊕⊕ΟΟ 
LOW 

CRITICAL 

All-Cause Mortality: LDCT screening vs. CXR screening (follow-up median 6.5 years; assessed with: national death registry, death certificates, adjudicated cause1) 

123 randomized 
trial 

no 
serious 
risk24 

no serious 
inconsistency20 

no serious 
indirectness25 

no serious 
imprecision26 none7 1,877/26,722  

(7.0242%) 
2,000/26,732  

(7.4817%) 

RR 0.9389 
(0.8836 to 

0.9976) 

4,571 fewer  
(180 fewer to  
8,709 fewer) 

0.46% 219  
(115, 5,556) 

⊕⊕⊕⊕ 
HIGH 

CRITICAL 

*Footnotes appear below the Summary of Findings Table  
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ES Table 2.2: GRADE Summary of Findings - Effect of Lung Cancer Screening on All-Cause Mortality  

Outcome: All-Cause Mortality  

Illustrative Comparative Risks* (95% CI) 
Relative Effect 

(95% CI) 

No. of 
Participants 

(Studies) 

Quality of 
the Evidence 

(GRADE) 

Assumed Risk 
Number per Million 

Control 

Corresponding Risk 
Number per Million  

Treatment 

CXR screening vs. usual care (national or state death registries, 
adjudicated cause1; follow-up: 10 to 16 years) 141,520 138,703  

(135,434 to 142,043) 

RR 0.9801  
(0.9570 to 

1.0037) 

165,575 
(2 studies2) 

⊕⊕⊝⊝ 
low3,4,5,6,7 

more intensive CXR + SC screening vs. less intensive screening 
(national death registry, autopsies, death certificates, death-related 
clinical records1; follow-up: 6 to 20.5 years) 

251,499 261,333 
(244,633 to 279,164) 

RR 1.0391  
(0.9727 to 

1.1100) 

25,596 
(3 studies8) 

⊕⊕⊝⊝ 
low7,9,10,11,12 

annual LDCT screening vs. usual care (national death registries, 
medical records1; follow-up: 2.8 to 6 years) 21,525  30,481  

(19,482 to 47,688) 

RR 1.4161  
(0.9051 to 

2.2155) 

9,489 
(3 studies13) 

⊕⊕⊝⊝ 
low7,14,15,16,17 

biennial LDCT screening vs. usual care (national death registry1; 
follow-up: median 4.4 years) 11,608  16,864  

(9,113 to 31,203) 

RR 1.4528  
(0.7851 to 

2.6881) 

2,909 
(1 study18) 

⊕⊕⊝⊝ 
low7,19,20,21,22 

LDCT screening vs. CXR screening (national death registry, death 
certificates, adjudicated cause1; follow-up: median 6.5 years) 74,817  70,245  

(66,108 to 74,637) 

RR 0.9389  
(0.8836 to 

0.9976) 

53,454 
(1 study23) 

⊕⊕⊕⊕ 
high7,20,24,25,26 

*The assumed risk is the mean control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and 
the relative effect of the intervention (and its 95% CI). 

Footnotes for the GRADE Evidence Profile and Summary of Findings Tables for the Effect of Lung Cancer Screening on All-Cause Mortality 
1 The Kaiser study44 used California state mortality records and codes from International Classification of Diseases, Adapted 8th revision. The PLCO trial38 was 

linked to the National Death Index and used death certificates with end point adjudication to assign cause. The Mayo Lung Project39 used the National Death 
Index-PLUS. In the Czech study42 35% of deaths had autopsies which were used to confirm cause of death, otherwise cause was taken as given on death 
certificates. The Memorial Sloan-Kettering45 and Johns Hopkins43 studies used death certificates and death related clinical records. The DANTE study21 used 
hospital or family physician records. The DLCST study40 used the Danish Civil Registration System and Danish causes of Death Register, as well as physician 
and hospital records, autopsies, police reports and the National Board of Health, with an adjudicating board to assign cause. The MILD study23 used death 
certificates from the Instituto Nazionale de Statistical. The NLST study10 used the National Death Index and death certificates with end point verification to 
assign cause. 

2 The 2 RCTs are: the Kaiser Foundation study44 and the PLCO study38 
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3 Using Cochrane's Risk of Bias tool,29 for this outcome, 1 study was rated as having low risk of bias38 and the other was rated as having high risk of bias.44 Both 
studies had low risk ratings for blinding of outcome assessment and selective reporting and both studies had unclear ratings for allocation concealment (not 
discussed in papers). The PLCO study had low risk ratings for random sequence generation, incomplete reporting of outcomes and other sources of bias, while 
the Kaiser study received a high risk of bias rating for random sequence generation (system used sequential case numbers), incomplete reporting (36% 
attrition) and other sources of bias (control group contamination; baseline differences in outcome related risk factors). Given the unclear and high potential for 
bias, this body of evidence was downgraded for serious study limitations.  

4 The statistical heterogeneity is low [Chi2=0.00, df=1 (P=1.00); I2=0%], the direction of the effect is consistent across studies and the confidence intervals 
overlap. This body of evidence was not downgraded for inconsistency.  

5 Both studies included mixed gender populations with about equal representation of men and women. The Kaiser study targeted middle-aged adults (35-54 
years) and at outset the sample was about equally divided above and below age 45. The PLCO study targeted older adults (55-74 years) and enrolled about 
33% of participants in their 50s, 53% in their 60s, and 13% in their early 70s. Both studies recruited smokers (current and former) as well as never smokers; 
only 17% of the Kaiser study sample were identified as smokers (though study authors suggested this was likely an underestimate of actual smokers) while in 
the PLCO study 52% were identified as current or former smokers. The screening test in both studies was CXR. In the Kaiser study screening participants were 
offered CXR annually for 4 years while the PLCO participants were offered an annual CXR for 16 years as part of a comprehensive health check-up. The 
control group in both studies received usual care (screening was not offered or advised, but patients could be screened if they and/or their health care provider 
initiated testing). The length of follow-up for mortality outcomes was up to 16 years in the Kaiser study and up to 13 years (median 11.9, mean 11.2, 
interquartile range 10-13) in the PLCO trial. Both studies were conducted in the US. The Kaiser study was initiated in 1964 while the PLCO trial started in 
1993. There were no serious concerns regarding indirectness for this body of evidence.  

6 The sample size is adequate (82,583 CXR screening, 82,992 usual care) and the number of events is sufficient (11,464 CXR screening, 11,745 usual care), but 
the pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 0.9801 (95% CI 0.9570, 1.0037)]. This body of 
evidence was downgraded for serious concerns regarding imprecision.  

7 There were too few studies (n<10) to assess publication bias.176 
8 The 3 RCTs are: the Czech study,42 the Mayo Lung Project39 and the Memorial Sloan-Kettering study45 
9 Using Cochrane's Risk of Bias tool,29 for this outcome, 1 study was rated as having low risk of bias45 and the other 2 were rated as having unclear risk of bias.39, 

42 Two studies had low risk ratings for random sequence generation but 1 study did not clarify the approach for randomization (unclear). None of the studies 
discussed allocation concealment (unclear ratings) however for 1 study the Cochrane review25 authors confirmed a low risk rating for this domain via 
communication with the researchers. Two studies stated that outcome assessment was blinded and had adequate attrition rates while the third study did not 
address either issue. All studies received low risk ratings for selective reporting and other risk of bias. Given the unclear potential for bias, this body of 
evidence was downgraded for serious study limitations. 

10 Although the statistical heterogeneity is moderate [Chi2=3.16, df=2 (P=0.21); I2=37%], the direction of the effect is consistent across studies and the 
confidence intervals overlap. This body of evidence was not downgraded for inconsistency. 
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11 All 3 studies included only men. At enrollment, about one-quarter of the Mayo Lung Project sample was under age 50, another quarter was aged 50-54, two-
fifths were aged 55-65 and the remaining 10% were aged 65-70+. In the Czech study about 38% of the men were enrolled in their 40s, about half (48%) were 
in their 50s, and 14% were in their early 60s. About one-third of the Memorial Sloan-Kettering sample was under age 50 when recruited, a bit more than half 
(54%) of the men were in their 50s, and the remaining quarter were mostly in their 60s, with a small percentage (3%) in their 70s. All three studies recruited 
only heavy smokers (current or recently quit). In the Mayo Lung study 94% of the men smoked at least 1 pack/day, 97% had smoked for 20+ years and 91% 
had 25+ pack-years. Similarly, all men in the Memorial Sloan-Kettering study smoked at least 1 pack/day and 91% had 25+ pack-years. Half of the men in the 
Czech study had a lifetime consumption of 150,000 to 250,000 cigarettes (approximately 20.55 to 34.25 pack-years) and the other half had smoked more. All 
three studies used both CXR and SC as a dual screening test. Two studies only enrolled participants who had negative results on a preliminary screen. In the 
Mayo Lung Project participants were offered CXR and SC every 4 months for a period of 6 years (up to 18 screens); the less intense screening arm had the 
eligibility CXR and SC test and was subsequently advised to receive at least annual screening, but these men were not offered systematic re-screening. The 
Czech study offered the experimental group the dual screen every 6 months for 3 years (up to 6 screens) followed by 3 years of annual CXR testing; the group 
receiving less intense screening received the dual test prior to randomization and again 3 years later, after which annual CXR was offered for 3 more years. The 
Memorial Sloan-Kettering study offered half of the men annual CXR and SC every 4 months for 5-8 years, and the other half were offered annual screening 
with CXR alone for the same amount of time. In terms of follow-up, all-cause mortality was assessed at a median of 20.5 years in the Mayo Lung Project, for 
up to 9 years in the Memorial Sloan-Kettering study, and for 6 years in the Czech study. All 3 studies were initiated in the 1970s. Two studies were conducted 
in the US and 1 in Czechoslovakia. There were no serious concerns regarding indirectness for this body of evidence. 

12 The sample size is adequate (12,757 intensive CXR+SC, 12,839 less intense screening) and the number of events is sufficient (3,327 intensive CXR+SC, 3,229 
less intense screening), but the pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 1.0391 (95% CI 0.9727, 
1.1100)]. This body of evidence was downgraded for serious concerns regarding imprecision. 

13 The 3 RCTs are: the DANTE study,21 the DLCST study40 and the MILD study23 
14 Using Cochrane's Risk of Bias tool,29 for this outcome, all 3 studies were rated as having unclear risk of bias. Two studies had low risk ratings for random 

sequence generation and 1 was rated as unclear since the authors did not clarify the randomization approach. Allocation concealment was not discussed for any 
study therefore this domain was consistently rated as unclear. Blinding of mortality assessment was only confirmed in 1 study (low risk); in the other two 
studies blinding was not mentioned or was clearly not done. Low risk ratings were assigned across all 3 studies for incomplete and selective outcome reporting. 
For other sources of bias, 1 study was rated as unclear (control group contamination was not addressed) and the other 2 were assigned high risk ratings (in both 
cases for baseline differences in outcome related risk factors). Given the unclear and high potential for bias, this body of evidence was downgraded for serious 
study limitations. 

15 The statistical heterogeneity is moderate [Chi2=6.11, df=2 (P=0.05); I2=67%], and although the direction of the effect is not consistent across studies, the 
confidence intervals overlap. This body of evidence was not downgraded for inconsistency. 

16 Two studies included mixed gender samples; slightly more than half of the participants in the DLCST study and about two-thirds of the MILD study sample 
were men. The DANTE study included only men. At enrollment, in the two mixed gender trials participants were in their late 50s (MILD median age 57 years; 
DLCST mean age 58 years); enrollees were slightly older (mean 64 years) in the male-only DANTE trial. All three studies recruited only current or former 
(quit in last 10 years) smokers. In the DANTE study a little over half of the men were current smokers and all the men had at least 20 pack-years (mean 47 
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pack-years). All participants in the DLCST study also had 20+ pack-years (mean 36 pack-years) and the mean number of cigarettes smoked per day was 19. 
Smoking history was a bit heavier in the MILD study with 90% of control and 69% of screening participants smoking upon enrollment, a mean of 38 pack-
years across participants with consumption for two-thirds of the group at 20+ cigarettes per day. All three studies used annual LDCT as the screening test. In 
one intervention arm of the MILD study, participants were offered annual LDCT screening (median number of screens 5); the control group received usual 
care. Participants in the intervention arm of the DLCST trial were offered 5 annual LDCT screens; the control group received usual care. At baseline, men in 
the screening group of the DANTE trial had a CXR plus SC test in addition to their first of 5 annual LDCT scans; the usual care group also had the baseline 
CXR and SC test (no LDCT) but then only attended yearly for clinical reviews (no screening). In terms of follow-up, all-cause mortality was assessed at a 
median of 4.4 years (maximum 6 years) in the MILD study, for 5 years in the DLCST study and for a median of 2.8 years (range 1.8 to 79.2 months) in the on-
going DANTE trial. All 3 studies were initiated in the last 10-15 years. Two studies were conducted in Italy and 1 in Denmark. There were no serious concerns 
regarding indirectness for this body of evidence.  

17 The sample size is adequate (4,518 LDCT screening, 4,971 usual care), but the number of events is insufficient (138 LDCT screening, 107 usual care) and the 
pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 1.4161 (95% CI 0.9051, 2.2155)]. This body of evidence 
was downgraded for serious concerns regarding imprecision. 

18 The single RCT is: the MILD study23 
19 Using Cochrane's Risk of Bias tool,29 for this outcome, this study was rated as having unclear risk of bias. Unclear ratings were applied to random sequence 

generation and allocation concealment, neither of which was explicitly addressed. Low risk ratings were assigned for blinding of outcome assessment, and 
incomplete and selective outcome reporting. A high risk rating was applied for other sources of bias because of baseline differences in outcome related risk 
factors and lack of information on control group contamination. Given the unclear and high potential for bias, this body of evidence was downgraded for 
serious study limitations.  

20 Single study therefore no inconsistency. 
21 The MILD trial included mixed gender participants; about two-thirds of the sample was men. At enrollment, participants were mostly in their late 50s (median 

age 57 years). Only current or former (quit in last 10 years) smokers were recruited; 90% of control and 69% of screening participants were current smokers, 
the overall mean pack-years was 38 and consumption for two-thirds of the sample was 20+ cigarettes per day. For this comparison, biennial LDCT was the 
screening test. In the intervention arm participants were offered LDCT screening every two years (median number of screens 3); the control group received 
usual care. In terms of follow-up, all-cause mortality was assessed at a median of 4.4 years (maximum 6 years). This trial was initiated in 2005 in Italy. There 
were no serious concerns regarding indirectness for this body of evidence. 

 22 The sample size is adequate (1,186 biennial LDCT screening, 1,723 usual care), but the number of events is insufficient (20 biennial LDCT screening, 20 
usual care) and the pooled effect estimate is not precise with a confidence interval that includes the no effect value [RR 1.4528 (95% CI 0.7851, 2.6881)]. This 
body of evidence was downgraded for serious concerns regarding imprecision. 

23 The single RCT is: the NLST study10 
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24 Using Cochrane's Risk of Bias tool,29 for this outcome, this study was rated as having low risk of bias. Low risk ratings were applied to random sequence 
generation, blinding of outcome assessment, incomplete and selective outcome reporting and other potential sources. Only allocation concealment received an 
unclear rating because this was not explicitly addressed. Given the low potential for bias, this body of evidence was not downgraded for study limitations.  

25 The NLST study included mixed gender participants; about 60% of the sample was men. At enrollment, about 60% of participants were over age 60. Only 
current (48%) or former (quit in last 15 years) (52%) smokers were included. This trial compared two screening interventions: LDCT versus CXR. Participants 
in each group were offered 3 annual screens with their respectively assigned test. In terms of follow-up, all-cause mortality was assessed at a median of 6.5 
years (maximum 7.4 years). This trial was initiated in 2002 in the US. There were no serious concerns regarding indirectness for this body of evidence. 

26 The sample size is adequate (26,722 LDCT screening, 26,732 CXR screening), the number of events is sufficient (1,877 LDCT screening, 2,000 CXR 
screening) and the pooled effect estimate is precise with a narrow confidence interval [RR 0.9389 (95% CI 0.8836, 0.9976)]. This body of evidence was not 
downgraded for imprecision. 
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Forest Plot 2.1: Effect of Lung Cancer Screening Using CXR on All-Cause Mortality  

 

  

Study or Subgroup 
2.1.1 CXR screening vs. usual care 

Kaiser Foundation  
PLCO Study 
Subtotal (95% CI) 

Total events 
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 1.00); I² = 0% 
Test for overall effect: Z = 1.65 (P = 0.10) 

2.1.2 more intensive CXR + SC screening vs. less intensive screening 

Czech Study  
Mayo Lung Project  
Memorial Sloan-Kettering  
Subtotal (95% CI) 

Total events 
Heterogeneity: Tau² = 0.00; Chi² = 3.16, df = 2 (P = 0.21); I² = 37% 
Test for overall effect: Z = 1.14 (P = 0.25) 

Events 

585 
10,879 

11,464 

341 
2,493 

493 

3,327 

Total 

5,138 
77,445 
82,583 

3,171 
4,618 
4,968 

12,757 

Events 

643 
11,102 

11,745 

293 
2,445 

491 

3,229 

Total 

5,536 
77,456 
82,992 

3,174 
4,593 
5,072 

12,839 

IV, Random, 95% CI 

0.9803 [0.8823, 1.0892] 
0.9801 [0.9563, 1.0044] 
0.9801 [0.9570, 1.0037] 

1.1649 [1.0045, 1.3510] 
1.0141 [0.9763, 1.0534] 
1.0251 [0.9104, 1.1543] 
1.0391 [0.9727, 1.1100] 

Screening Control Risk Ratio Risk Ratio 
IV, Random, 95% CI 

0.5 0.7 1 1.5 2 
Favours Screening Favours Control 



104 
 

Forest Plot 2.2: Effect of Lung Cancer Screening Using LDCT on All-Cause Mortality  

 
  

Study or Subgroup 
2.2.1 annual LDCT screening vs. usual care 
DANTE Study  
DLCST Study 
MILD Study-A  
Subtotal (95% CI) 
Total events 
Heterogeneity: Tau² = 0.10; Chi² = 6.11, df = 2 (P = 0.05); I² = 67% 
Test for overall effect: Z = 1.52 (P = 0.13) 

2.2.2 biennial LDCT screening vs. usual care 
MILD Study-B  
Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 1.19 (P = 0.23) 

2.2.3 LDCT screening vs. CXR screening 
NLST Study 
Subtotal (95% CI) 
Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 2.04 (P = 0.04) 
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Evidence Set 3: KQ1 Benefits of Screening – Stage at Diagnosis 
 

• Forest Plot 3.1: Effect of Lung Cancer Screening Using CXR on Stage at Diagnosis (Early Stage I & II NSCLC)  

• Forest Plot 3.2: Effect of Lung Cancer Screening Using LDCT on Stage at Diagnosis (Early Stage I & II NSCLC) 

• Forest Plot 3.3: Effect of Lung Cancer Screening Using CXR on Stage at Diagnosis (Late Stage III & IV NSCLC)  

• Forest Plot 3.4: Effect of Lung Cancer Screening Using LDCT on Stage at Diagnosis (Late Stage III & IV NSCLC) 
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Forest Plot 3.1: Effect of Lung Cancer Screening Using CXR on Stage at Diagnosis (Early Stage I & II NSCLC) (total number 
of cancers as denominator) 

 

  

Study or Subgroup 
3.1.1 CXR screening vs. usual care 

PLCO Study  
Subtotal (95% CI) 

Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 2.63 (P = 0.009) 

3.1.2 more intensive CXR + SC screening vs. less intensive screening 

Czech Study  
Johns Hopkins  
Mayo Lung Project  
Memorial Sloan-Kettering  
Subtotal (95% CI) 

Total events 
Heterogeneity: Tau² = 0.01; Chi² = 6.02, df = 3 (P = 0.11); I² = 50% 
Test for overall effect: Z = 1.69 (P = 0.09) 
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Forest Plot 3.2: Effect of Lung Cancer Screening Using LDCT on Stage at Diagnosis (Early Stage I & II NSCLC) (total 
number of cancers as denominator) 
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Forest Plot 3.3: Effect of Lung Cancer Screening Using CXR on Stage at Diagnosis (Late Stage III & IV NSCLC) (total 
number of cancers as denominator) 
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Forest Plot 3.4: Effect of Lung Cancer Screening Using LDCT on Stage at Diagnosis (Late Stage III & IV NSCLC) (total 
number of cancers as denominator) 
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Evidence Set 4: KQ2 Harms of Screening or Invasive Follow-up Testing - Overdiagnosis 
 

• ES Table 4.1: Findings Summary - Overdiagnosis  

• ES Table 4.2: GRADE Rating - Overdiagnosis 
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ES Table 4.1: Findings Summary - Overdiagnosis  

Author, Year Study Threshold / 
Cut-off Value 

Age 
(years) Screening Test Overdiagnosis % (95% CI) 

CXR + SC 

Yankelevitz, 2003 66 Mayo Lung Project TVDT >400 and 
>300 days ≥45 CXR + SC every 4 

months 
2.27% (0.40, 11.81) for TVDT >400 

4.55% (1.26, 15.14) for TVDT >300 

Yankelevitz, 2003 66 Memorial Sloan-
Kettering study 

TVDT >400 and 
>300 days ≥45 annual CXR + SC 

every 4 months 
6.98% (2.40, 18.61) for TVDT >400 

16.28% (8.12, 29.97) for TVDT >300 

LDCT 

Duffy, 2014 65 UKLS  
lead time 5.5 years 
mean sojourn time 

2.06 years 
50 to 75 

annual LDCT 10.99% (10.08, 11.98) 

biennial LDCT 10.99% (9.99, 12.07) 

Patz, 2014 67 NLST  lead time ≥5 years 55 to 74 annual LDCT 
18.50% (5.40, 30.60) based on screen detected cancers 

11.0% (3.20, 18.20) based on diagnosed cancers 

Sone, 2007 52 rural area in Japan tumour size 30 mm 40 to 74 annual LDCT 13.33% (6.26, 26.18) 

Veronesi, 2007 68 COSMOS study TVDT ≥400 days ≥50 annual LDCT 25.83% (18.84, 34.33) 

TVDT = tumor volume doubling time 
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ES Table 4.2: GRADE Rating - Overdiagnosis 

Study Design No. Studies Screening Test Age (years, range) Overdiagnosis  
(% range) GRADE Rating* 

Observational 2 CXR + SC 50 to 75 2.27% to 16.28% LOW 

Observational 4 LDCT 46 to 75 10.99% to 25.83% LOW 

* All bodies of evidence received low GRADE ratings due to the observational nature of the included studies, the variation observed across cut-
point or threshold values, frequency of screening and length of follow-up. 

 

 

  



113 
 

Evidence Set 5: KQ2 Harms of Screening or Invasive Follow-up Testing – Death  
 

• ES Table 5.1: GRADE Rating - Death from Invasive Follow-up Testing 

• Forest Plot 5.1: Death from Invasive Follow-up Testing 
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ES Table 5.1: GRADE Rating - Death from Invasive Follow-up Testing 

Study Design No. Studies Screening Test Sample Size 
(Events/Total)* 

Proportion per 1,000 
(95% CI) GRADE Rating** 

Observational 4 CXR 23/778 28.60 (16.02, 41.17) LOW 

Observational 3 CXR + SC 21/333 47.67 (23.86, 71.49) LOW 

Observational 7 LDCT 20/1,502 11.18 (5.07, 17.28) LOW 

*Total is based on number of patients undergoing invasive follow-up procedures (e.g., video-assisted thoracoscopic surgery, fine-needle aspiration 
biopsy or fine-needle aspiration cytology, thoracotomy, mediastinoscopy, surgical resection) as a result of screening.  

**Data are from observational studies, and the GRADE evidence ranking starts at low for observational studies. The types of invasive follow-up 
procedures and length of follow-up varied across studies with some papers only reporting data for patients with lung cancer.  
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Forest Plot 5.1: Death from Invasive Follow-up Testing 
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Evidence Set 6: KQ2 Harms of Screening or Invasive Follow-up Testing – Major Complications or Morbidity 
 

• ES Table 6.1: GRADE Rating - Major Complications or Morbidity from Invasive Follow-up Testing 

• Forest Plot 6.1: Major Complications or Morbidity from Invasive Follow-up Testing 
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ES Table 6.1: GRADE Rating - Major Complications or Morbidity* from Invasive Follow-up Testing 

Study Design No. Studies Screening Test Sample Size 
(Events/Total)** 

Proportion per 1,000 
(95% CI) GRADE Rating*** 

Observational 1 CXR 24/379 63.32 (42.92, 92.49) LOW 

Observational 4 LDCT 92/1,336 43.29 (32.00, 54.58) LOW 

*Not all studies provided details on type of major complications or morbidity (i.e., requiring hospitalization or medical intervention). 

**Total is based on the number of patients undergoing invasive follow-up procedures (e.g., video-assisted thoracoscopic surgery, fine-needle 
aspiration biopsy or fine-needle aspiration cytology, thoracotomy, mediastinoscopy, surgical resection) as a result of screening.  

***Data are from observational studies, and the GRADE evidence ranking starts at low for observational studies. The types of invasive follow-up 
procedures and length of follow-up varied across studies with some papers only reporting data for patients with lung cancer. 
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Forest Plot 6.1: Major Complications or Morbidity from Invasive Follow-up Testing 
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Evidence Set 7: KQ2 Harms of Screening or Invasive Follow-up Testing – False Positives 
 

• ES Table 7.1: Findings Summary – False Positives 
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ES Table 7.1: Findings Summary – False Positives 

Study Design No. Studies Screening Test Screening Rounds Sample Size 
(Events/Total*) 

Proportion per 1,000  
Median (Range) 

Observational 3 CXR multiple/repeat 2,098/33,199 65.0 (34.0 to 136.7) 

Observational 2 LDCT baseline 680/4,081 167.1 (79.0 to 255.3) 

Observational 7 LDCT multiple/repeat 8,290/42,774 233.0 (6.4 to 690.0) 

* Total= number of people who underwent screening in these trials; Events=number of people who received at least one false positive result 
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Evidence Set 8: KQ2 Harms of Screening or Invasive Follow-up Testing – Consequences of False Positives 
 

• ES Table 8.1: Findings Summary - Consequences of False Positives  

• Forest Plot 8.1: Consequences of False Positives - Minor Invasive Procedures 

• Forest Plot 8.2: Consequences of False Positives - Major Invasive Procedures 
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ES Table 8.1: Findings Summary – Consequences of False Positives  

Study Design No. Studies Screening Test Sample Size 
(Events/Total*) 

Proportion per 1,000 
(95% CI) 

Minor Invasive Procedures** 

Observational 4 CXR 192/81,819 2.30 (1.49, 3.11) 

Observational 7 LDCT 81/15,101 7.16 (3.27, 11.05) 

Major Invasive Procedures*** 

Observational 4 CXR 139/81,819 2.73 (0.96, 4.51) 

Observational 17 LDCT 228/41,411 4.98 (3.68, 6.29) 

* Total=number of people who underwent screening in these trials; Events=number of people with benign conditions subjected to minor/major 
invasive procedures as part of diagnostic follow-up 

**Minor invasive procedures included fine-needle aspiration biopsy or fine-needle aspiration cytology, thoracic or lymph node biopsy, 
bronchoscopy, etc. 

***Major invasive procedures included video-assisted thoracoscopic surgery, thoracotomy, surgical resection, etc. 
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Forest Plot 8.1: Consequences of False Positives - Minor Invasive Procedures 
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Forest Plot 8.2: Consequences of False Positives - Major Invasive Procedures 
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Evidence Set 9: KQ2 Harms of Screening or Invasive Follow-up Testing – Quality of Life 
 

• Forest Plot 9.1: Health Related Quality of Life 
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Forest Plot 9.1: Health Related Quality of Life 
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Evidence Set 10: KQ2 Harms of Screening or Invasive Follow-up Testing – Infections  
 

• ES Table 10.1: Findings Summary – Infections from Invasive Follow-up Testing 

• Forest Plot 10.1: Infections from Invasive Follow-up Testing 
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ES Table 10.1: Findings Summary – Infections from Invasive Follow-up Testing 

Study Design No. Studies Screening Test Sample Size (Events/Total)* Proportion per 1,000 (95% CI) 

Observational 2 CXR 35/621 52.75 (35.10, 70.40) 

Observational 1 LDCT 2/53 37.74 (10.41, 127.54) 

*Total is based on the number of patients undergoing invasive follow-up testing (e.g., video-assisted thoracoscopic surgery, fine-needle aspiration 
biopsy or fine-needle aspiration cytology, thoracotomy, mediastinoscopy, surgical resection) as a result of screening.  
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Forest Plot 10.1: Infections from Invasive Follow-up Testing 
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Appendix 1: Search Strategies for Key Questions and Contextual Questions 

Key Question 1 – Benefits of Screening 

Database: MEDLINE In-Process & Other Non-Indexed Citations and MEDLINE: OVID 
Last Searched: May 12, 2014 
1. exp mass screening/ 
2. screen*.ti,ab. 
3. 1 or 2 
4. exp lung neoplasms/ 
5. lung neoplasm*.ti,ab. 
6. lung cancer*.ti,ab. 
7. lung.ti. 
8. 4 or 5 or 6 or 7 
9. 3 and 8 
10. limit 9 to (english or french) 
11. limit 10 to ed=20120523-20140512 
12. (random* not non-random*).tw. 
13. 11 and 12 
14. limit 11 to (clinical trial or randomized controlled trial or controlled clinical trial) 
15. 13 or 14 

Database: EMBASE: OVID 
Last Searched: May 13, 2014 
1. exp screening/ 
2. screen*.ti,ab. 
3. 1 or 2 
4. exp lung cancer/ 
5. lung neoplasm*.ti,ab. 
6. lung cancer*.ti,ab. 
7. lung.ti. 
8. 4 or 5 or 6 or 7 
9. 3 and 8 
10. limit 9 to (english or french) 
11. limit 10 to human 
12. limit 11 to em=201217-201417 
13. limit 12 to (book or book series or conference abstract or conference paper or conference 
proceeding or "conference review" or editorial or letter or note) 
14. 12 not 13 
15. random?.tw. or placebo?.mp. or double-blind?.mp. or trial.mp. or control group.mp. 
16. 14 and 15 
17. limit 14 to (meta analysis or "systematic review") 
18. limit 14 to (clinical trial or randomized controlled trial or controlled clinical trial) 
19. 16 or 17 or 18 

Database: Cochrane Central: OVID 
Last Searched: May 13, 2014  
1. exp mass screening/ 
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2. screen*.ti,ab. 
3. 1 or 2 
4. exp lung neoplasms/ 
5. lung neoplasm*.ti,ab. 
6. lung cancer*.ti,ab. 
7. lung.ti. 
8. 4 or 5 or 6 or 7 
9. 3 and 8 
10. limit 9 to yr="2012 - 2014" 
 
Key Question 2 – Harms of Screening 

Database: MEDLINE In-Process & Other Non-Indexed Citations and MEDLINE: OVID 
Last Searched: May 13, 2014 
1. exp mass screening/ 
2. screen*.ti,ab. 
3. 1 or 2 
4. exp lung neoplasms/ 
5. lung neoplasm*.ti,ab. 
6. lung cancer*.ti,ab. 
7. lung.ti. 
8. 4 or 5 or 6 or 7 
9. 3 and 8 
10. Mass Screening/ae, ct, mo [Adverse Effects, Contraindications, Mortality] 
11. mass chest x-ray/ae, ct, mo 
12. 10 or 11 
13. 8 and 12 
14. ((adverse or undesirable or harm* or serious) adj3 (effect? or reaction? or event? or 
outcome?)).tw. 
15. harm?.tw. 
16. (overdiagnosis or over diagnosis or over-diagnosis or over detection or overdetection or over-
detection or overtreatment or over treatment or over-treatment).tw. 
17. Mortality/ 
18. adverse.tw. 
19. (unnecessary adj3 treatment?).tw. 
20. 14 or 15 or 16 or 17 or 18 or 19 
21. 9 and 20 
22. 13 or 21 
23. limit 22 to (english or french) 
24. limit 23 to yr="2000 -Current" 
25. animals/ not (animals/ and humans/) 
26. 24 not 25 

Database: EMBASE: OVID 
Last Searched: May 13, 2014 
1. exp screening/ 
2. screen*.ti,ab. 
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3. 1 or 2 
4. exp lung cancer/ 
5. lung neoplasm*.ti,ab. 
6. lung cancer*.ti,ab. 
7. lung.ti. 
8. 4 or 5 or 6 or 7 
9. 3 and 8 
10. Mass Screening/ae 
11. 8 and 10 
12. ((adverse or undesirable or harm* or serious) adj3 (effect? or reaction? or event? or 
outcome?)).tw. 
13. harm?.tw. 
14. (overdiagnosis or over diagnosis or over-diagnosis or over detection or overdetection or over-
detection or overtreatment or over treatment or over-treatment).tw. 
15. adverse.tw. 
16. (unnecessary adj3 treatment?).tw. 
17. 12 or 13 or 14 or 15 or 16 
18. 9 and 17 
19. 11 or 18 
20. limit 19 to (book or book series or conference abstract or conference paper or conference 
proceeding or "conference review" or editorial or letter or note) 
21. 19 not 20 
22. limit 21 to human 
23. limit 22 to (english or french) 
24. limit 23 to yr="2000 -Current" 
 
Contextual Questions  

Database: MEDLINE In-Process & Other Non-Indexed Citations and MEDLINE: OVID 
Last Searched: June 12, 2014 
1. exp mass screening/ 
2. screen*.ti,ab. 
3. 1 or 2 
4. exp lung neoplasms/ 
5. lung neoplasm*.ti,ab. 
6. lung cancer*.ti,ab. 
7. lung.ti. 
8. 4 or 5 or 6 or 7 
9. 3 and 8 
10. exp continental population groups/ 
11. exp Ethnic Groups/ 
12. indians, north american/ or inuits/ 
13. first nations.tw. 
14. (aboriginal? and canada).tw. 
15. native canadians.tw. 
16. (immigran* or new canadians).tw. 
17. ((African or Asian or Indo or Columbian or Spanish or Chinese) adj2 Canadian?).mp. 
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18. Rural Population/ 
19. (rural adj (population? or area? or region?)).tw. 
20. Rural Health/ or Rural Health Services/ 
21. Healthcare Disparities/ 
22. Social Class/ 
23. poverty/ 
24. socioeconomic.tw. 
25. Socioeconomic Factors/ 
26. (poor or disadvantaged or poverty or social status).tw. 
27. exp homeless persons/ or vulnerable populations/ 
28. exp "Costs and Cost Analysis"/ 
29. (cost or costs).tw. 
30. *"patient acceptance of health care"/ or *patient compliance/ or *patient participation/ or 
patient satisfaction/ or patient preference/ or *treatment refusal/ 
31. ((parent? or guardian*) adj3 (acceptance or preference? or satisfaction or experience?)).tw. 
32. (consumer? adj3 (acceptance or preference? or satisfaction or experience?)).tw. 
33. (patient? adj3 (acceptance or perference? or satisfaction or experience?)).tw. 
34. willingness to pay.tw. 
35. ((conjoint or contingent) adj3 (valuation or analysis)).tw. 
36. exp Canada/ 
37. (Canada or Canadian or Ontario or British Columbia or Alberta or Saskatchewan or Manitoba 
or Quebec or Nova Scotia or Prince Edward Island or Newfoundland or New Brunswick or Yukon 
or Northwest Territories or Nunavut).tw. 
38. (sensitivity or specificity or predictive values or likelihood ratios).mp. 
39. exp "Sensitivity and Specificity"/ 
40. (false negative or false positive).mp. 
41. (screen* adj3 (interval? or frequency)).tw. 
42. or/10-41 
43. 9 and 42 
44. (Canada or Canadian or Ontario or British Columbia or Alberta or Saskatchewan or Manitoba 
or Quebec or Nova Scotia or Prince Edward Island or Newfoundland or New Brunswick or Yukon 
or Northwest Territories or Nunavut).ti. 
45. 8 and 44 
46. 43 or 45 
47. limit 46 to (english or french) 
48. limit 47 to yr="2009 -Current" 

Database: EMBASE: OVID 
Last Searched: June 12, 2014 
1. (sensitivity or specificity or predictive values or likelihood ratios).mp. 
2. exp "Sensitivity and Specificity"/ 
3. (false negative or false positive).mp. 
4. (screen* adj3 (interval? or frequency)).tw. 
5. exp "ethnic and racial groups"/ 
6. first nations.tw. 
7. (aboriginal? and canada).tw. 
8. native canadians.tw. 
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9. (immigran* or new canadians).tw. 
10. ((African or Asian or Indo or Columbian or Spanish or Chinese) adj2 Canadian).mp. 
11. rural health care/ 
12. rural population/ 
13. (rural adj (population? or area? or region?)).tw. 
14. exp economic evaluation/ 
15. cost.tw. 
16. exp patient attitude/ 
17. (women? adj3 (acceptance or preference? or satisfaction or experience?)).tw. 
18. (consumer? adj3 (acceptance or preference? or satisfaction or experience?)).tw. 
19. (patient? adj3 (acceptance or preference? or satisfaction or experience?)).tw. 
20. willingness to pay.tw. 
21. ((conjoint or contingent) adj3 (valuation or analysis)).tw. 
22. or/16-21 
23. exp socioeconomics/ 
24. exp social status/ 
25. (poor or disadvantaged or poverty or social status).tw. 
26. health care disparity/ 
27. miscellaneous named groups/ or lowest income group/ or medically underserved/ or vulnerable 
population/ 
28. exp Canada/ 
29. (Canada or Canadian or Ontario or British Columbia or Alberta or Saskatchewan or Manitoba 
or Quebec or Nova Scotia or Prince Edward Island or Newfoundland or New Brunswick or Yukon 
or Northwest Territories or Nunavut).tw. 
30. (Canada or Canadian or Ontario or British Columbia or Alberta or Saskatchewan or Manitoba 
or Quebec or Nova Scotia or Prince Edward Island or Newfoundland or New Brunswick or Yukon 
or Northwest Territories or Nunavut).ti. 
31. exp screening/ 
32. screen*.ti,ab. 
33. 31 or 32 
34. exp lung cancer/ 
35. lung neoplasm*.ti,ab. 
36. lung cancer*.ti,ab. 
37. lung.ti. 
38. 34 or 35 or 36 or 37 
39. 33 and 38 
40. or/1-29 
41. 39 and 40 
42. 30 and 38 
43. 41 or 42 
44. limit 43 to (english or french) 
45. limit 44 to yr="2009 -Current" 
46. limit 45 to (book or book series or conference abstract or editorial or letter or note) 
47. 45 not 46 
48. screening test/ 
49. 38 and 48 
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50. limit 49 to (english or french) 
51. limit 50 to yr="2009 -Current" 
52. limit 51 to (book or book series or conference abstract or editorial or letter or note) 
53. 51 not 52 
54. 47 or 53 
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