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Section I. Purpose and Background  

 

This report will be used by the Canadian Task Force on Preventive Health Care (CTFPHC) to inform 

an 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, or 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, or 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 rate 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 rate is currently higher in men than women, the rate for men became stable 

about 30 years ago (approximately 20 years after a reduction in smoking prevalence among men) 

and has been showing a significant (P<0.01) annual decrease since the late 1990s; whereas the 

incidence rate 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 ratio 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% are 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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Section II. 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 Ten years ago (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  

Section III. 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 men 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  

Section IV. 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 



Lung Cancer Protocol v4.0 FINAL Page 4 
 

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 and Key Questions 
 

 

 

 

 

 

 

 

 

 

 

 

 

Key Questions 

1. What is the clinical benefit1 of screening for lung cancer in adults not suspected of having lung 

cancer? 

a. What is the difference in screening effectiveness in populations and subgroups with varying 

risk for lung cancer? 

2. What are the harms of screening for lung cancer in adults not suspected of having lung cancer? 

a. What is the difference in harms in populations and subgroups with varying risk for lung 

cancer?  

Contextual Questions 

1. What is the evidence that test characteristics for effective lung cancer screening tests (sensitivity 

and specificity, false positives and false negatives, and negative and positive predictive values, and 

test positivity rate) differ by subgroups with varying risk for lung cancer?  

2. What is the difference in test performance with changes and improvements in low-dose computed 

tomography technology or varying protocols used by radiologists? 

3. What are patient values and preferences on screening for lung cancer?  

4. What is the optimal screening interval for screening for lung cancer?  

5. What risk assessment tools are identified in the literature to assess the risk of lung cancer? 

6. What is the evidence that subgroups have a higher burden of disease, a differential treatment 

response, differential performance of screening tests, or barriers to implementation? ? Subgroups 

include: Aboriginal populations, rural or remote populations, or other ethnic populations.  

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

                                                           
1
 Lung cancer mortality, all-cause mortality, smoking cessation rates, stage at diagnosis 

Screening 
Adults ≥18 y at 

average and high 
risk who are not 

suspected of 
having lung cancer  

 
Harms (overdiagnosis, 

harms of follow-up testing: 
hospitalization or medical 
intervention, and death) 

2 

1 3 

Lung cancer mortality, all-
cause mortality, smoking 
cessation rate, stage at 

diagnosis, incidental 
findings 

http://canadiantaskforce.ca/methods/methods-manual/


Lung Cancer Protocol v4.0 FINAL Page 5 
 

Sub-group Analysis 

 

The systematic review will include all adults 18 years of age and older from all risk categories. Although 

lung cancer incidence increases with age and the majority of cases are in adults 50 years of age and 

older,4 all adults will be included to ensure no literature is omitted. Subgroup analysis by age will help 

determine the most appropriate age for screening if applicable. The subgroup of gender will also be 

analyzed separately. In addition, subgroup analysis will be conducted on the varying risk profiles to aid in 

determining the most appropriate population for screening. Smoking history, including number of pack-

years, number of years smoking, and the length of time since quitting in former smokers, will be 

considered. All-cause mortality and lung cancer mortality will be the outcomes assessed by the 

subgroups.   

 

Literature Search 

The literature search will be based on the search done for the 2013 Cochrane review on screening for 

lung cancer.25 The Cochrane review searched CENTRAL, MEDLINE, PREMEDLINE, and EMBASE up to May 

2012. An updated search from May 2012 will be done using the same databases and search terms as the 

Cochrane review. Studies identified in the Cochrane review will be retrieved, data extracted, and 

included in GRADE tables. For harms of screening, a new search will be conducted for randomized 

controlled trials and observational studies. CENTRAL, MEDLINE, PREMEDLINE, and EMBASE will be 

searched from 2000 to present for harms of screening for lung cancer. The search strategy is reported in 

the Cochrane review and will be identical, with the exception of harms. For the harms search, no 

limitations will be placed on study design.  

 

Analysis plan 

KQ1. Benefits of screening 

The benefits of screening for the outcomes that were ranked as critical by the working group (lung 

cancer mortality, all-cause mortality) will be presented in GRADE tables for each of the tests (one line for 

each of the identified tests, test versus no screen comparison group). GRADE tables are not prepared for 

the outcomes ranked as important. Extracted data will be meta-analyzed when appropriate. To 

complete GRADE, all studies will be assessed for risk of bias (using the Cochrane risk of bias [RoB] tool), 

and for directness, precision, consistency, and publication bias. There will be no GRADE tables prepared 

for the important outcomes, but these data will be extracted and presented narratively with Cochrane 

risk of bias and meta-analysis when appropriate.  

 

Comparisons will be made between tests where data allows, and therefore additional GRADE tables 

comparing the tests on any of the 2 critical outcomes will be prepared. 

KQ1a. Screening benefits subgroups 

The subgroups of age and gender will be analyzed separately. In addition, subgroup analysis will be 

conducted on the varying risk profiles to aid in determining the most appropriate population for 
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screening. Smoking history, including number of pack-years, number of years smoking, and the length of 

time since quitting in former smokers, will be considered as candidate stratification variables. All-cause 

mortality and lung cancer mortality will be the outcomes assessed by the subgroups. Subgroup analysis 

will not be presented in GRADE. 

KQ2. Harms of screening or follow-up tests 

We will provide GRADE tables for the harms of the screening tests that the working group ranked as 

critical (overdiagnosis, death from follow-up tests, or hospitalization/medical intervention from follow-

up tests). GRADE tables are not prepared for the harms ranked as important. Extracted data will be 

meta-analyzed when appropriate. Since there is no tool to assess RoB in non-controlled observational 

studies, these will be assessed as very low quality. 

 

For the outcomes ranked as important ( consequences of false positives and incidental findings , anxiety, 

quality of life, infection from follow-up testing, and bleeding from follow-up testing), we will provide a 

risk of bias, extract  data and meta-analyze when appropriate. There will be no GRADE tables for these 

outcomes. 

KQ2a. Screening harms subgroups 

The subgroups of age and gender will be analyzed separately. In addition, subgroup analysis will be 

conducted on the varying risk profiles to aid in determining the most appropriate population for 

screening. Smoking history, including number of pack-years, number of years smoking, and the length of 

time since quitting in former smokers, will be considered. 

Data Analysis: 

 For benefits of lung cancer screening (disease-specific mortality and all-cause mortality), the number 
of events, proportion, or percentage data will be used to generate the summary measures of effect 
in the form of risk ratio (RR) using the DerSimonian and Laird random effects models with inverse 
variance method for weighting the data. 

For harms of lung cancer screening and follow-up tests with binary outcomes such as hospitalization or 

medical intervention, bleeding, death, consequences of false-positives (eg: overtreatment), negative 

consequences of incidental findings (eg: COPD), and infections, the number of events, proportion or 

percentage data will be used to generate the summary measures of effect using the DerSimonian and 

Laird random effects models with inverse variance methods. The binomial confidence intervals for each 

proportion/rate will be calculated using “Wilson score interval” method. 27  

 For continuous outcomes of harms of lung cancer screening such as anxiety and quality of life, the 
results will be synthesized descriptively using median with range. 

The Cochran’s Q (α=0.05) and I2 statistic will be employed to quantify the statistical heterogeneity 

between studies, where p<0.05 indicates a high level of statistical heterogenity between studies. 28 
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Table 1: GRADE table for each screen (Low dose computed tomography, chest x-ray, or sputum 

cytology) 

Outcome Type Summary measure of Effect 

Lung cancer  Mortality Events / Binary Risk ratio (RR) 

All-Cause Mortality Events / Binary Risk ratio (RR) 

Harms   

Harms - Overdiagnosis Proportion/percentage Pooled Effect size 

Harms from follow-up tests   

Hospitalization or medical 

intervention 
Proportion/rates Pooled Effect size 

Death Proportion/rates Pooled Effect size 

 

 

Table 2: Inclusion and Exclusion Criteria (GRADE rating) 

 INCLUSION EXCLUSION 

Population Adults ≥18 years of average risk and high 

risk who are not suspected of having lung 

cancer (e.g. may have a cough); includes 

current, former, and second-hand smokers; 

as well as those with exposures to 

substances that may affect risk, as well as 

other identified factors that may increase 

risk 

Adults ≥18 years suspected of having lung 

cancer or previously diagnosed with lung 

cancer; individuals  under the age of 18 

years 

Intervention Low dose computed tomography, chest x-

ray, or sputum cytology 

 

Comparator No screening, studies that compare two or 

more screening tests 

Studies with no comparator except for 

the harms studies which might not have a 

comparison group 

Patient- 

important 

Outcomes 

(GRADE 

RANKING) 

All-cause mortality (9) 

Lung cancer mortality (9) 

Smoking cessation rate (6) 

Stage at diagnosis (6) 

Incidental findings (such as diagnosis of a 

thoracic aneurysm; 6) 

 

Harms 
(GRADE 
RANKING) 

Overdiagnosis (9) 
Death from follow-up testing (9) 
Hospitalization or medical intervention 
(such as emergency room visits) from 
follow-up testing (7) 
False positives and consequences (e.g. 
overtreatment; 6) 
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Negative consequences of incidental 
findings (such as diagnosis of COPD;6) 
Anxiety (5) 
Quality of life (5) 
Infection from follow-up testing (5) 
Bleeding from follow-up testing (5) 

Study design RCTs for screening benefits 
Any quantitative study for harms  

case-controls, case series and ecological 

GRADE rating: 7-9 = critical; 4-6 = important; 1-3 = not important (thus, not included in table)  

 

Section V. Planned Schedule and Timeline   
 

 Draft Protocol: March 2014  

 Final Protocol: May 2014  

 Draft Evidence Review: September 2014 

 Final Evidence Review: January 2015 

 Draft Recommendation Statement: January 2015 

 Published Recommendation Statement: June 2015 

 

Literature will be updated 6 weeks prior to publication to ensure that the recommendations include all 

relevant data. In addition authors of key studies will be contacted to determine if they are planning to 

release data on their trials in the immediate future.  

 

 

1. Palda VA, Van Spall HGC, Care CTFfPH. Screening for lung cancer: Updated recommendations 
from the Canadian Task Force on Preventive Health Care. Ottawa, ON: 2003. Available from: 
http://canadiantaskforce.ca/perch/resources/update-recommendations.pdf. 

 
2. Society AC. Lung cancer 2014 [updated 201404/02/2014]. Available from: 

http://www.cancer.org/cancer/lungcancer/index. 
 
3. Association TL. Lung cancer: what is lung cancer? 2012 [updated 2012; cited 2014]. 
 
4. Committee CCSsA. Canadian cancer statistics 2013. Toronto, ON: 2013 ISSN 0835-2976. 

Available from: http://www.cancer.ca/en/cancer-information/cancer-101/canadian-cancer-
statistics-publication/?region=on. 

 
5. Crawford, S M, Sauerzapf, V, Haynes, R, et al. Social and geographical factors affecting access to 

treatment of colorectal cancer: A cancer registry study. BMJ open. 2012; 2(2):e000410.  
 
6. Society CC. Risk factors for lung cancer 2014 [updated 20142014]. Available from: 

http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on. 
 

http://canadiantaskforce.ca/perch/resources/update-recommendations.pdf
http://www.cancer.org/cancer/lungcancer/index
http://www.cancer.ca/en/cancer-information/cancer-101/canadian-cancer-statistics-publication/?region=on
http://www.cancer.ca/en/cancer-information/cancer-101/canadian-cancer-statistics-publication/?region=on
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on


Lung Cancer Protocol v4.0 FINAL Page 9 
 

7. Canada H. Canadian Tobaco Use Monitoring Survey (CTUMS) 2012 2012. Available from: 
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/ctums-esutc_2012-eng.php. 

 
8. Prevention CfDCa. Lung cancer: what are the risk factors? 2013. Available from: 

http://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm. 
 
9. Force USPST. Lung cancer screening: recommendation statement. Annals of internal medicine. 

2004; 140(9):738-9. Available from: PM: 15126258.  
 
10. National Lung Screening Trial Research T, Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, et 

al. Reduced lung-cancer mortality with low-dose computed tomographic screening. N Engl J 
Med. 2011; 365(5):395-409. 10.1056/NEJMoa1102873. 

 
11. Moyer VA, Force USPST. Screening for lung cancer: U.S. Preventive Services Task Force 

recommendation statement. Annals of internal medicine. 2014; 160(5):330-8. Available from: 
PM: 24378917. 10.7326/M13-2771. 

 
12. Wender R, Fontham ETH, Barrera E, Jr., Colditz GA, Church TR, Ettinger DS, et al. American 

Cancer Society lung cancer screening guidelines. CA: a cancer journal for clinicians. 2013; 
63(2):107-17. Available from: PM: 23315954.  

 
13. Alberts WM, Physicians ACoC. Introduction: Diagnosis and management of lung cancer*:  ACCP 

evidence-based clinical practice guidelines (2nd edition). CHEST Journal. 2007; 132(Suppl 3):S20-
2. 10.1378/chest.07-1345. 

 
14. Association AL. Providing guidance on lung cancer screening to patients and physicians 

Washington, DC2012 [updated 2013September 2013]. Available from: 
http://www.lung.org/lung-disease/lung-cancer/lung-cancer-screening-guidelines/lung-cancer-
screening.pdf. 

 
15. Jaklitsch MT, Jacobson FL, Austin JHM, Field JK, Jett JR, Keshavjee S, et al. The American 

Association for Thoracic Surgery guidelines for lung cancer screening using low-dose computed 
tomography scans for lung cancer survivors and other high-risk groups. The Journal of Thoracic 
and Cardiovascular Surgery. 2012; 144(1):33-8. http://dx.doi.org/10.1016/j.jtcvs.2012.05.060. 

 
16. Network NCC. NCCN guidelines for patients Fort Washington, PA2014 [updated 2014; cited 

2013]. Available from: http://www.nccn.org/patients/guidelines/lung_screening/index.html. 
 
17. Roberts H, Walker-Dilks C, Sivjee K, Ung Y, Yasufuku K, Hey A, et al. Screening high-risk 

populations for lung cancer. Toronto, ON: 2013 Program in Evidence-based Care Evidence-based 
Series No.: 15-10. 

 
18. van Iersel CA, de Koning HJ, Draisma G, Mali WPTM, Scholten ET, Nackaerts K, et al. Risk-based 

selection from the general population in a screening trial: Selection criteria, recruitment and 
power for the Dutch-Belgian randomised lung cancer multi-slice CT screening trial (NELSON). 
International Journal of Cancer. 2007; 120(4):868-74. 10.1002/ijc.22134. 

 

http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/ctums-esutc_2012-eng.php
http://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
http://www.lung.org/lung-disease/lung-cancer/lung-cancer-screening-guidelines/lung-cancer-screening.pdf
http://www.lung.org/lung-disease/lung-cancer/lung-cancer-screening-guidelines/lung-cancer-screening.pdf
http://dx.doi.org/10.1016/j.jtcvs.2012.05.060
http://www.nccn.org/patients/guidelines/lung_screening/index.html


Lung Cancer Protocol v4.0 FINAL Page 10 
 

19. Saghir Z, Dirksen A, Ashraf H, Bach KS, Brodersen J, Clementsen PF, et al. CT screening for lung 
cancer brings forward early disease. The randomised Danish Lung Cancer Screening Trial: status 
after five annual screening rounds with low-dose CT. Thorax. 2012; 67(4):296-301. Available 
from: PM: 22286927.  

 
20. Lopes Pegna A, Picozzi G, Mascalchi M, Maria Carozzi F, Carrozzi L, Comin C, et al. Design, 

recruitment and baseline results of the ITALUNG trial for lung cancer screening with low-dose 
CT. Lung Cancer. 2009; 64(1):34-40. Available from: PM: 18723240. 
10.1016/j.lungcan.2008.07.003. 

 
21. Infante M, Cavuto S, Lutman FR, Brambilla G, Chiesa G, Ceresoli G, et al. A randomized study of 

lung cancer screening with spiral computed tomography: three-year results from the DANTE 
trial. Am J Respir Crit Care Med. 2009; 180(5):445-53. Available from: PM: 19520905. 
10.1164/rccm.200901-0076OC. 

 
22. Infante M, Lutman FR, Cavuto S, Brambilla G, Chiesa G, Passera E, et al. Lung cancer screening 

with spiral CT: Baseline results of the randomized DANTE trial. Lung Cancer. 2008; 59(3):355-63. 
Available from: PM: 17936405. http://dx.doi.org/10.1016/j.lungcan.2007.08.040. 

 
23. Pastorino U, Rossi M, Rosato V, Marchiano A, Sverzellati N, Morosi C, et al. Annual or biennial CT 

screening versus observation in heavy smokers: 5-year results of the MILD trial. European 
journal of cancer prevention : the official journal of the European Cancer Prevention 
Organisation (ECP). 2012; 21(3):308-15. Available from: PM: 22465911. 
10.1097/CEJ.0b013e328351e1b6. 

 
24. Pastorino U, Bellomi M, Landoni C, De Fiori E, Arnaldi P, Picchio M, et al. Early lung-cancer 

detection with spiral CT and positron emission tomography in heavy smokers: 2-year results. 
The Lancet. 2003; 362(9384):593-7. Available from: PM: 12944057. 
http://dx.doi.org/10.1016/S0140-6736(03)14188-8. 

 
25. Manser R, Lethaby A, Irving LB, Stone C, Byrnes G, Abramson MJ, et al. Screening for lung 

cancer. The Cochrane database of systematic reviews. 2013; 6:CD001991. Available from: PM: 
23794187. 10.1002/14651858.CD001991.pub3. 

 
26. Humphrey L, Deffebach M, Pappas M, Baumann C, Artis K, Priest Mitchell J, et al. Screening for 

lung cancer: systematic review to update the U.S. Preventive Services Task Force 
Recommendation. Rockville, MD: 2013 13-05188-EF-1. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK154610/. 

 
27. Wallis S. Binomial confidence intervals and contingency tests: mathematical fundamentals and 

the evaluation of alternative methods. Journal of Quantitative Linguistics. 2013; 20(3):178-208. 
10.1080/09296174.2013.799918. 

 
28. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0: Chapter 9. The 

Cochrane Collaboration: 2011. Available from: www.cochrane-handbook.org. 
 
 

http://dx.doi.org/10.1016/j.lungcan.2007.08.040
http://dx.doi.org/10.1016/S0140-6736(03)14188-8
http://www.ncbi.nlm.nih.gov/books/NBK154610/
http://www.cochrane-handbook.org/

