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Executive Summary 
This health technology assessment (HTA) report, organized within the framework of STE (Social 
and System Demographics Analysis, Technology Effects and Effectiveness, Economic Analysis), 
has been produced in response to a request from Alberta Health as part of the Alberta Health 
Technologies Decision Process (AHTDP) to determine the potential role of low dose computed 
tomography (LDCT) in screening for lung cancer in adults (aged 50 years or older) in Alberta.

Social and System Demographics Section 
Objective 
The objective of the S section was to determine the burden of illness, patterns of care, and system 
capacity to deliver care in Alberta as they relate to lung cancer screening. 

Research questions 
The S section aimed to provide information to address the following research questions: 

1. What is the nature of lung cancer?
2. What is the prevalence and incidence of lung cancer?
3. What are the risk factors and consequences of lung cancer?
4. Is LDCT licensed by Health Canada for the screening of lung cancer?
5. Are there clinical practice guidelines (Alberta, Canada, or international) for the screening of

lung cancer?
6. Where does screening fit within the clinical pathway for lung cancer?
7. Is LDCT currently being delivered in Alberta? If so, is there public provision, private

provision, or both? What types of facilities provide the service? Which facilities are they?
How do they provide the service (that is, what is the point of entry/how do patients gain
access to the service, what types of healthcare professionals are involved and how)? What do
these health professionals think of the technologies in terms of their clinical utility?

8. Is there capacity in Alberta to deliver the service(s)? What portion of the demand is/would
be met with current capacity? Would there be a need for a change in how services are
provided in our healthcare system in order to accommodate this service? If so, what change,
what would be required to make that change, and is it feasible?

9. What patient population is LDCT indicated for (is it the whole population with the
condition or just a sub-set)?

10. If it is a sub-set, what proportion of the patient population is represented? What is the rate
of increase of this proportion?

Methods 
Search strategy 
An IHE information specialist conducted the literature search for the S section, to identify articles 
published during the past 10 years (between 2003 and 2013); the date restriction was applied to 
ensure that the evidence collected was current and clinically relevant. 
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The literature search was designed to locate relevant review articles, surveys, qualitative research 
studies, clinical practice guidelines, consensus statements, position statement papers, policy papers, 
or discussion papers. Information was also sought from published local data and from sources such 
as the Canadian Institute for Health Information (CIHI), Health Canada, Statistics Canada, the 
Canadian Lung Association, and Alberta Health Services. 

Study selection 
One reviewer conducted the initial and final study selection using predefined selection criteria. The 
initial study selection was based on titles or abstracts only, while the final selection was based on a 
review of full-text articles. Abstracts that clearly did not meet the inclusion criteria were excluded. 
Copies of the full text of potentially relevant papers were retrieved and assessed for eligibility. 

Published articles were included if they reported on etiology, epidemiology, pathology, prognosis, or 
quality of life of lung cancer patients, and on screening, diagnosis, treatment, and/or prevention of 
lung cancer. 

Clinical practice guidelines were included if they provided recommendations for the screening of 
lung cancer. Clinical practice guidelines that focused on diagnosis and treatment of lung cancer were 
not included. Only publicly available, evidence-based guidelines were considered. Clinical practice 
guidelines that were not evidence-based, such as consensus statements containing recommendations 
based only on expert opinions, were included only if they were developed in Canada or provided 
relevant information regarding current practice in Canada or Alberta. 

Sources for epidemiology data 
Information for lung cancer epidemiology, including incidence, prevalence, mortality, and survival in 
Canada or Alberta, was obtained from reliable sources such as Canadian Cancer Statistics and 
Alberta Cancer Registry reports. The Canadian Cancer Risk Management Model (CRMM), 
developed by the Canadian Partnership Against Cancer (CPAC) and Statistics Canada, is a web-
based simulation modelling platform that enables users to assess the burden of cancer and the 
implication of cancer control health policy.1,2 CRMM collected data from provincial cancer registries 
and projected cancer incidence over the long-term; this information can be used to predict future 
cancer burden and to provide insight into the potential impact of current health care decision-
making. 

Burden of Illness 
Definition, types, and staging of lung cancer 
Lung cancer is a cancer (malignancy) that originates in the tissues of the lungs or the cells lining the 
airways. Lung cancer is a highly complex neoplasm with several histologic types and subtypes; the 
two main types are small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). 

Small cell lung cancer, accounting for up to 15 to 20% of lung neoplasms, is distinguished from 
NSCLC by its highly aggressive nature, rapid tumour growth, early widespread metastasis, and 
almost exclusive occurrence in smokers. 

Non-small cell lung cancer, the most common type of lung cancer, is a very heterogeneous disease 
that consists of three sub-types differing in size, shape, and chemical make-up: 

1. squamous cell carcinoma, accounting for about 25 to 30% of all lung cancers
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2. adenocarcinoma, the most common histologic subtype of lung cancer, accounting for about 
40% of all lung cancers 

3. large cell carcinoma, accounting for about 10 to 15% of all lung cancer 

The stage of NSCLC is determined by the lung cancer TNM staging system, based on the anatomic 
extent of the primary tumour (T), the regional lymph nodes (N), and the distant metastasis (M). 
Accurate staging of lung cancer at the time of diagnosis is essential for predicting patient survival 
and for providing a basis for appropriate treatment strategies. SCLC is traditionally classified as 
limited disease or extensive disease, but can now be classified according to the new TNM staging 
system with greater prognostic implications. 

Incidence and prevalence 
Worldwide, lung cancer is the most common cancer in men, accounting for 13% (1.6 million) of the 
total cancer cases in 2008. Lung cancer is the fourth most common cancer in women worldwide, 
accounting for 8.5% of all cancers. 

In Canada, an estimated 25,500 new cases of lung cancer (13,300 men and 12,200 women) were seen 
in 2013, representing 14% of all new cancer cases. The majority of the new lung cancer cases (97%) 
occurred in people aged 50 years or older, particularly in those aged between 60 and 79 years. On 
average, 70 Canadians are diagnosed with lung cancer every day. 

In Canada, the estimated age-standardized incidence rates in 2013 were 60/100,000 for males and 
47/100,000 for females. The incidence rates of lung cancer in men began to plateau in the mid-
1980s, and have been declining significantly since 1998. The incidence rates in women increased, 
beginning in 1982, with a significant upward trend between 1998 and 2007, and has started to 
plateau since then. 

In Alberta, lung cancer is in the third place of most common cancers. In 2009, a total of 1,915 new 
cases of lung cancer were diagnosed (1,033 males and 882 females); about 90% of the new lung 
cancer cases occurred in people aged 55 years or older. The age-standardized incidence rates were 
60.3/100,000 in males and 44.9/100,000 in females. 

Lung cancer-related deaths 
Globally, lung cancer was the leading cause of cancer-related death in males and the second leading 
cause of cancer death among females, accounting for 18% (1.4 million) of all cancer deaths in 2008. 

In Canada, the mortality rate of lung cancer is higher than the next three most common cancers 
(colorectal, breast, and prostate cancer) combined. An estimated 20,200 lung cancer-related deaths 
occurred (10,700 males and 9,500 females), representing 27% of all cancer deaths in 2013. On 
average, 55 Canadians die from lung cancer every day. The estimated lung cancer age-standardized 
mortality rates in 2013 were 48/100,000 for males and 36/100,000 for females. A significant 
decrease in lung cancer mortality rates (especially for men) has been observed over the past 20 years, 
which has driven a decline in the overall cancer mortality rates in Canada. 

In Alberta, lung cancer is the leading cause of cancer-related deaths. In 2009, total of 1,492 lung 
cancer-related deaths occurred (809 deaths in males and 683 deaths in females). 
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Survival 
The prognosis for lung cancer is extremely poor compared to that for other common cancers. 
Currently, in Canada, the overall five-year survival rate for all lung cancer patients is approximately 
18%, compared to 95% for prostate cancer, 88% for breast cancer, and 65% for colorectal cancer. 
This poor overall survival rate reflects largely the fact that approximately two-thirds of patients are 
initially diagnosed with advanced stage lung cancer, which is very unlikely to be cured by surgery. In 
Alberta, the overall five-year survival rate for all lung cancer patients is approximately 15%. 

Risk factors 
The development of lung cancer is modulated by complex interactions between genetic, hormonal, 
behavioural, and environmental factors. Smoking remains the leading risk factor for lung cancer, 
accounting for 80% of the worldwide lung cancer burden in males and at least 50% of the burden in 
females. The prevalence of smoking among the Canadian population aged 15 years and older has 
decreased, from 25% (approximately 6.1 million smokers) in 1999 to 16% (approximately 4.6 million 
smokers) in 2012. 

Other risk factors, including environmental (that is, secondhand) tobacco smoke, occupational 
exposure to agents such as asbestos, nickel, chromium, arsenic, and silica, exposure to radiation 
(including radon gas in homes and mines, or chest radiation treatment for other cancers), and 
exposure to indoor or outdoor air pollution, may contribute to the incidence of lung cancer in 
people who have never smoked. 

Pattern of Care for Lung Cancer Screening 
Based on the results of the US National Lung Cancer Screening Trial (NLST), which demonstrated a 
20% reduction of lung cancer mortality with low dose computed tomography (LDCT) screening in 
comparison with chest radiography, current US clinical practice guidelines recommend LDCT lung 
cancer screening for high risk populations as defined in the NLST: 

• current or former smokers aged 55 to 74 years; 
• those with at least a 30-pack-year smoking history; or 
• those who have quit smoking within the past 15 years. 

Some US clinical guidelines extended screening to a wider age range, for example, from aged 50 to 
74 years (National Comprehensive Cancer Network), aged 55 to 79 years (American Association for 
Thoracic Surgery), or aged 55 to 80 years (US Preventive Services Task Force). 

The UK National Screening Committee did not recommend a systematic population lung cancer 
screening program. The policy may be established after the results of the Dutch-Belgian 
Randomized Lung Cancer Screening Trial are made available in 2015. 

In Australia, the Department of Health and Ageing recently released an overview of evidence and 
issues on lung cancer screening but did not recommend the implementation of a national lung 
cancer screening program. 

In October 2013, Cancer Care Ontario released a clinical practice guideline with the following key 
recommendations: 

• Screening for lung cancer with LDCT in high-risk populations, defined as adults aged 55 to 
74 years with a smoking history of ≥30 pack-years. 
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• Using a LDCT multi-detector scanner with the following parameters: 120 to 140 kVp, 20 to 
60 mAs, with an average effective dose of ≤1.5 mSv. 

• A nodule size of ≥5 millimetres found on the LDCT indicates a positive result and warrants 
a three-month follow-up CT. Nodules of ≥15 millimetres should undergo immediate further 
diagnostic procedures to rule out definitive malignancy. 

• Follow-up CT of a nodule should be performed at three months as a limited LDCT scan. 
• Patients at high risk for lung cancer should commence screening with an initial low-dose CT 

scan followed by annual screens for two consecutive years, followed by screening once every 
two years after each negative scan. 

Our literature search found no recent clinical practice guidelines from any other Canadian provinces, 
including Alberta. 

Current Practice and System Capacity 
Currently, no formal (structured) lung cancer screening program is in place in any of the Canadian 
provinces. All of the lung cancer screening has been performed as part of clinical trials, the most 
pivotal being the Pan-Canadian Early Lung Cancer Detection Study, which involved eight clinical 
sites across Canada. 

In Alberta, numerous smokers and ex-smokers receive an annual chest radiography examination 
from their primary care providers. LDCT screening for lung cancer is currently available at private 
settings in Calgary, Alberta. 

A comprehensive provincial lung cancer screening program requires sufficient numbers of CT 
scanners, radiologists, technicians, pathologists, oncologists, and thoracic surgeons. 

In 2010, 47 CT scanners were used in Alberta, and 436,064 CT scans were performed for all 
indications. Of the 47 CT scanners, 43 are at least a four-slice scanner, which can be used for a low-
dose screening scan. 

In Alberta, approximately 270 radiologists are currently actively practicing; they are at or near 
capacity. Lung cancer screening with CT scans would require additional radiologists to manage the 
predicted volume. Based on the parameters of the lung cancer screening program such as screening 
uptake, selection criteria, working hours, and working environments, an estimated eight to 10 
additional radiologists may be required to accomplish the increased workload generated once the 
program reaches peak activity. 

The demand for surgical services will increase with the implementation of a lung cancer screening 
program, as screening will increase the number of lung cancer resections due to cancer stage shift 
and overdiagnosis. Based on a potentially large increase in early-stage lung cancers that are 
resectable, on the assumption of a 70% uptake of screening and using the eligibility criteria of the 
NLST trial, it was projected that required surgical services could double the current surgical 
workload. Furthermore, additional work may be generated by the work-up, investigation, and 
possible resection of nodules that ultimately turn out to be benign. In the NLST trial, this 
represented 0.7% of the screened population, which is one of the lowest rates reported. If 70,000 
people were screened in Alberta, this would translate to an additional 490 patients requiring 
excisional biopsy for diagnosis. 
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In Alberta, thoracic surgeons are currently working at or near capacity. Additional thoracic surgery 
capacity is required to accommodate population growth, and more resources will be needed if lung 
cancer screening is implemented. 

Assuming an increase of 600 radiologic biopsies (CT and ultrasound guided), 800 bronchoscopies, 
and 600 to 1,200 surgical procedures per year, two full-time pathologists would be needed to 
diagnose the additional screening-related tissue samples. 

Based on the NLST selection criteria, it is estimated that between 107,000 and 125,000 Albertans 
would currently be eligible for lung cancer screening. It is uncertain how many of those eligible 
candidates would actually participate in a lung cancer screening program. 

Technology Effects and Effectiveness Section 
Objective 
The objective of the T section of this report was to perform a review of systematic reviews about 
the available evidence on the efficacy and safety of low-dose computed tomography (LDCT) for 
screening for lung cancer in adult current and former smokers.  

Research questions 
The T section addressed the following research questions: 

1. What is the safety and clinical effectiveness of low-dose computed tomography for lung 
cancer screening in high-risk populations? 

2. For what sub-population, if any, is lung cancer screening most effective? 

3. What is the overall quality of the evidence with respect to key outcomes? 

4. What are the gaps in the evidence with respect to these outcomes? 

5. To what extent are the results of the NLST applicable to the Alberta context? 

Methods 
An IHE information specialist searched MEDLINE (including in-process), EMBASE, Cochrane 
Database of Systematic Reviews, NHS Centre for Reviews and Dissemination Databases (DARE, 
NHS EED, HTA), Web of Science, Scopus, and various grey literature sources such as HTA agency 
websites, clinical trial registries, and Google. Reference lists of the retrieved reports were also 
searched. 

Since the main reason for renewed interest in LDCT was the result of the NLST trial published in 
2011,1 the literature search focused on systematic reviews and HTAs published in English between 
January 2011 and December 2013. A single reviewer screened the retrieved citations. A single 
reviewer assessed the full text of potentially relevant reports using the following inclusion criteria 
(presented in PICOS format): 

• Population: asymptomatic adults (aged >50 years) with a history of smoking 
• Intervention: LDCT screening 

1 LDCT is the only screening modality that has shown evidence of having potential utility in lung cancer, 
and is thus the focus of this review. 
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• Comparator: no screening or usual care 
• Outcome: provided quantitative data on LDCT screening in terms of safety or effectiveness 
• Setting: studies included in the review had to have been conducted in countries with 

developed market economies, as defined by the United Nations 

A single reviewer abstracted data from the published reports and the selected systematic reviews 
according to predetermined data extraction forms. A single reviewer appraised the methodological 
quality of selected systematic reviews using the AMSTAR rating tool. Characteristics of the included 
reviews were summarized narratively and in tables. Quality assessment results were summarized 
narratively by checklist domain. No statistical analyses were conducted. Assessment of the quality of 
the body of evidence for outcomes with quantitative data was assessed according to the following 
domains: potential for bias due to design and conduct of studies, directness of outcome, precision of 
effect estimate, and consistency of results. 

Results 
The literature search and selection process yielded four relevant systematic reviews: an updated 
Cochrane review, two reviews (considered as a single review) developed for the United States 
Preventive Service Task Force (USPSTF), and one multi-society review conducted to inform the 
development of clinical practice guidelines. The overall quality of the three included systematic 
reviews was similar, with two reviews receiving AMSTAR scores of 6/11 and one scoring 7/11. In 
assessing potential mortality benefits, the three included reviews overlapped substantially in the 
RCTs that were included for the assessment of benefit and harm (see Table ES.1). 

Bach et al. conducted a collaborative systematic review in 2012 with members of the American 
Cancer Society, the American College of Chest Physicians, the American Society of Clinical 
Oncology, and the National Comprehensive Cancer Network. The review included eight RCTs and 
13 cohort studies. Three RCTs compared LDCT with chest radiograph (Dépiscan, LSS, and NLST), 
and five compared LDCT with usual care (no screening) (DANTE, DLCST, Garg et al., NELSON, 
and ITALUNG). 

Humphrey et al. updated a 2004 review commissioned by the USPSTF on screening for lung 
cancer. The review included seven RCTs and 13 cohort studies. Two RCTs (LSS and NLST) 
compared LDCT with chest radiograph and five (DANTE, DLCST, MILD, NELSON, and 
ITALUNG) compared LDCT with usual care (no screening). 

Manser et al. updated a Cochrane review last updated in 2010. The review included one RCT 
(NLST) that compared LDCT with chest radiography. 

TABLE ES.1: SUMMARY OF RCTS INCLUDED IN INCLUDED REVIEWS OF LDCT 

Review # RCTs 
included 

Literature 
search 

date 
MA 

conducted 

Mortality-related 
outcomes 

Outcomes other than 
mortality 

N
LS

T 
20

11
 

D
A

N
TE

 
20

09
 

D
LC

ST
 

20
12

 

M
IL

D
 2

01
2 

IT
A

LU
N

G
 

20
09

 

LS
S 

20
05

 

D
ép

is
ca

n 
20

07
 

N
EL

SO
N

 
20

09
 

G
ar

g 
et

 a
l. 

20
02

 

Bach et al. 2012 8 April 2012 Yes x x x 
 

x x x x x 
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Humphrey et al. 
2013 4 May 2013 No x x x x 

    
 

Humphrey et al. 
2013* 7 Dec 2012 Yes x x x x x x 

 
x  

Manser et al. 2013 1 May 2012 No x         

MA – meta-analysis; RCT – randomized controlled trial 
*Humphrey et al. 2013 is included because the USPSTF report includes studies reporting outcomes other than 
mortality 

Mortality-related outcomes 
Lung cancer-related mortality 

A meta-analysis of three trials (DANTE, DLCST, and NLST) provided a pooled estimate of OR 
0.82 (95% CI 0.72, 0.94) favouring LDCT screening; I2 = 0 and Chi-square test (χ2) p = 0.38. A 
second review meta-analyzing the same results also found a statistically significant difference 
favouring LDCT screening, RR 0.81 (95% CI 0.72, 0.91); I2 = 0 and χ2 p = 0.406 (see Table ES.2). 

All-cause mortality 

A meta-analysis of three trials (DANTE, DLCST, and NLST) did not find a statistically significant 
difference between annual LDCT screening and the control (chest radiography or usual care), with 
substantial heterogeneity among the studies. The pooled estimate was RR 1.02 (95% CI 0.78, 1.33); 
I2 = 61% and χ2 p = 0.077. A second review reported that the NLST showed a statistically significant 
reduction in all-cause mortality for those in the LDCT arm, RR 0.93 (95% CI 0.86, 0.99) (see Table 
ES.2). 

Mortality not due to cancer 

A meta-analysis of three trials (DANTE, DLCST, and NLST) found no statistically significant 
difference between LDCT and the control, OR 0.99 (95% CI 0.92, 1.06). None of the individual 
study results showed a statistically significant difference between LDCT and control groups (see 
Table ES.2). 

Outcomes other than mortality 
Lung cancer incidence 

The reviews reported a statistically significant increase in the number of lung cancer cases diagnosed 
in the LDCT arm, compared with those in the control arm in the NLST, RR 1.13 (95% CI 1.03, 
1.23). A statistically significant increase in the incidence of diagnosed lung cancer in the LDCT arm 
in the DLCST, RR 2.88 (95% CI 1.85, 4.49), was also reported. 

Nodule detection using LDCT 

The average nodule detection per round of LDCT screening (using the study’s own size cut-offs) 
was 20% (range in RCTs: 3 to 30%; cohort studies: 5 to 51%). Most studies reported that more than 
90% of nodules were benign. 

False positive findings 

In the NLST, a total of 96.4% of the positive findings in the LDCT group and 94.5% of the positive 
findings in the chest radiography group were false positives. 
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Invasive procedures 

In the NLST, 1.5% of patients who had a positive LDCT but were not found to have lung cancer 
had undergone an invasive procedure such as needle biopsy or bronchoscopy, and 0.7% of patients 
who were not found to have lung cancer had had an invasive surgical procedure such as 
thoracoscopy. In the NELSON trial, these numbers were 1.2% and 0.6%, respectively. 

Complications of diagnostic procedures 

Frequency of death occurring within two months of diagnostic evaluation of a detected finding was 
eight per 10,000 for LDCT and five per 10,000 for chest radiography. 

Radiation exposure 

Based on the estimates of harms from studies that extrapolated harms from atomic bomb survivor 
studies, from studies on medical imaging, and from the NLST results, Bach et al. estimated that one 
cancer death may be caused by radiation from imaging per 2,500 persons screened. However, the 
associated cancer would not be expected to manifest until 10 to 20 years after exposure. 

False reassurance 

No study evaluated the harm of false reassurance. In six studies that reported data on false negative 
rates, the sensitivity of LDCT ranged from 80 to 100%, which implies a false negative rate of 0 to 
20%. Increasing the positive screen threshold for nodule size to increase specificity (so reducing the 
false negative rate) would lower sensitivity. 

Overdiagnosis 

Despite previous studies suggesting overdiagnosis rates of up to 25%, the overdiagnosis rate of 
LDCT screening cannot yet be estimated. Nevertheless, the reviews noted that the greater detection 
of lung cancer and of fewer late-stage cases of lung cancer in the LDCT arm of the NLST 
“suggests” overdiagnosis. 

Psychosocial consequences 

One review concluded that screening did not affect long-term anxiety; however, the seven studies 
reporting these outcomes did indicate an increased anxiety and distress over the short term among 
participants with positive or indeterminate results. 

Smoking behaviour 

A meta-analysis of the results of three RCTs found evidence that cessation or reinitiation rates are 
not meaningfully altered by participation in LDCT screening, OR 0.95 (0.79-1.14); I2 = 76%, χ2 p = 
0.04. 

Incidental findings 

The results of one large RCT indicated that 7.5% of all LDCT scans and 2.1% of all chest 
radiographs identified a “clinically significant” abnormality not suspicious for lung cancer. 

Conclusion 
Three good-quality systematic reviews concluded that the results of the a single large RCT (NLST) 
provide definitive evidence that LDCT screening can reduce lung cancer-related and all-cause 
mortality in individuals aged 55 to 74 years with a smoking history of 30 pack-years who are current 
smokers or who had quit smoking no more than 15 years previously. Great uncertainty remains 
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about the degree of benefit of screening in settings that depart from that of the NLST, either in 
setting or in individuals being screened, as well as the potential harms that may have been caused 
due to false positive results, overdiagnosis, and long-term radiation exposure. The results of trials 
currently ongoing should help to reduce some of this uncertainty, although many of the trials 
include populations significantly different from that of the NLST in terms of age, smoking, and 
clinical history. 

TABLE ES.2: LUNG CANCER SCREENING IN HIGH-RISK POPULATIONS USING LDCT 

Outcome Events (%) Effect estimate 
(95% CI)* 

Statistically 
significant 
difference 

Quality of 
evidence Comments 

Lung cancer-specific mortality 

Meta-
analysis 
Three RCTs 

LDCT:  
391 (1.3) 
Control:  
474 (1.6) 

Bach: OR 0.82  
(0.72-0.94)  
I2 = 0%, χ2 p = 0.38 
Humphrey: RR 0.81 
(0.72-0.91) 
I2 = 0%, χ2 p = 0.406 

Yes NR 
Fair 

Meta-analyses not 
reported in main 
body of reports 
Both MA used 
random-effect 
model 

DANTE 2009 LDCT:  
20 (1.6) 
Control:  
20 (1.7) 

Bach: OR 0.97  
(0.71-1.32) 
Humphrey: RR 0.83 
(0.45-1.54) 

No Fair 2 pt 

DLCST 2012 LDCT:  
15 (0.7) 
Control:  
11 (0.5) 

Bach: OR 1.15  
(0.83-1.61) 
Humphrey: RR 1.37 
(0.63-2.97) 

No Fair  

NLST 2012 LDCT:  
356 (1.3) 
Control:  
443 (1.7) 

Bach: OR 0.80  
(0.70-0.92) 
Humphrey: RR 0.80 
(0.73-0.93) 
Manser: RR 0.80 
(0.70-0.92) 

Yes High/Good  

MILD 2012† LDCT: 216 
Control: 109 

Humphrey: RR 1.99 
(0.80-4.96) 

No Poor  

All-cause mortality 

Meta-
analysis 
Three RCTs 

LDCT: 2979 
Control: 3078 

Humphrey: RR 1.02 
(0.78-1.33) 
I2 = 61%, χ2 p = 0.077 

No NR Meta-analysis not 
reported in main 
body of report. 
Random-effect MA 
MA changes 
outcome based 
solely on NLST 

DANTE 2009 LDCT:  
46 (3.6) 
Control:  
45 (3.8) 

Bach: RR 0.97  
(0.80-1.20) 
Humphrey: RR 0.85 
(0.56-1.27) 

No Fair  

DLSCT 2012 LDCT:  
61 (3.0) 

Bach: RR 1.19  
(1.01-1.40) 

Yes 
No 

Fair  
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Control:  
42 (2.0) 

Humphrey: RR 1.46 
(0.99-2.15) 

NLST 2012 LDCT:  
1877 (7.0) 
Control:  
2000 (7.5) 

RR 0.93  
(0.86-0.99) 
Manser: RR 0.94 
(0.88-1.00) 

Yes 
No 

High/Good  

MILD 2012† LDCT: 558 
Control: 310 

Humphrey: RR 1.80 
(1.03-3.13)‡ 
RR 1.40 (0.82-2.38) 

Yes 
No 

Poor  

Mortality due to causes other than cancer (reported by Bach et al. 2012 only ) 

Meta-
analysis 
Three RCTs 

LDCT: 1593 
(5.3) 
Control: 1613 
(5.4) 

OR 0.99 (0.92-1.06) No NR Meta-analysis not 
reported in main 
body of report 
Fixed effect MA 

DANTE 2009 LDCT: 26 
(2.0) 
Control: 25 
(2.1) 

OR 0.97 (0.56-1.70) No NR  

DLSCT 2012 LDCT: 46 
(2.2) 
Control: 31 
(1.5) 

OR  1.49 (0.94-2.37) No NR  

NLST 2012 LDCT: 1521 
(5.7) 
Control: 1557 
(5.8) 

OR 0.99 (0.92-1.06) No High  

Lung cancer incidence  

DANTE 2009 LDCT: 1600 
Control: 1015 

RR 1.46 (0.96-2.22) No NR  

DLSCT 2012 LDCT: 706 
Control: 245 

RR 2.88 (1.85-4.49) Yes NR  

NLST 2012 LDCT: 645 
Control: 572 

RR 1.13 (1.03-1.23) Yes High  

Smoking cessation (reported by Bach et al. 2012 only) 

Meta-
analysis 
Two RCTs 

LDCT:  
262 (12.3) 
Control:  
264 (12.7) 

OR 0.95 (0.79-1.14) 
I2 = 76%, χ2 p = 0.04 

No NR Meta-analysis not 
reported in main 
body of report 
Fixed-effect MA 

DLSCT 2012 LDCT:  
174 (11.3) 
Control:  
165 (10.4) 

OR 1.09 (0.87-1.36) No NR  

Nelson 2010 LDCT: 88 
(15.1) 
Control:  
99 (19.7) 

OR 0.73 (0.53-1.00) No NR  

NR – not reported 
*Review author presents results separately when reported results differ 
†Study included only by Humphrey et al. 2013 
‡ Annual LDCT screening group only 
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Economics Section 
Objective 
The objective of the E section was to determine the value for money and budget impact of adopting 
LDCT to screen for lung cancer in Alberta. 
Research questions 
The E section addressed the following research questions: 

1. What is the cost effectiveness of screening for lung cancer with LDCT? 
2. What is the budget impact of screening for lung cancer with LDCT? 

LDCT is the only screening modality that has shown evidence of having potential utility in lung 
cancer, and is thus the focus of this analysis. 

Methods 
A cost utility analysis was used to determine the cost effectiveness of lung cancer screening with 
LDCT in Alberta. The analysis was conducted using the Canadian Cancer Risk Management Model 
(CRMM) developed by the Canadian Partnership Against Cancer and Statistics Canada. The 
economic model assumed a 70% participation rate, 3% risk of lung cancer, and a phase-in period of 
five years. The time horizon for the analysis was 25 years. The CRMM was also used to forecast the 
potential budget impact with a time horizon of 20 years. 

Results 
Cost-effectiveness 
Compared to no screening: 

• Annual and biennial screening detects 6,342 and 4,254 cases of lung cancer, preventing 3,982 
and 2,772 cancer deaths, translating to 4,589 and 3,584 additional QALYs, respectively. 

• Annual and biennial screening costs an additional $422,347,222 and $241,539,760, 
respectively. 

• The resulting additional cost per additional QALY is $92,025 for annual screening and 
$67,396 for biennial screening. 

o The screening participation rate (varied between 50 and 90%) and phase-in period of 
the program (varied between five and 10 years) did not substantively change the 
cost-effectiveness results. 

Budget impact 
Compared to no screening: 

• Annual screening is associated with:  
o $11.6 million in the first year, with a cumulative budget impact of $106 million over 

the five-year phase-in time period. 
o After the five-year phase-in period, the yearly budget impact is $30million. 
o The cumulative budget impact over a 20-year time period is $542 million. 
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• Bi-annual screening is associated with: 
o $10.5 million in the first year, with a cumulative budget impact of $68 million over 

the five-year phase-in time period.  
o After the five-year phase-in period, the yearly budget impact is $17million. 
o The cumulative budget impact over a 20-year time period is $309 million. 

Conclusion 
In a constrained health care system, other services will need to be contracted or eliminated to free 
the approximately $105.68 million (annual screening) in resources needed to fund its adoption for 
the first five years alone. Determining whether the $105.68 million is worth the investment depends 
on the opportunity cost of its adoption. That is, if decision-makers were to adopt lung cancer 
screening with LDCT, it is imperative that they consider carefully what services would be contracted 
or eliminated in order to fund its adoption, and assess their associated costs and health impacts 
compared to lung cancer screening with LDCT. 
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Abbreviations 
All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known, has been used only once, or has been used only in tables or appendices, in which case the 
abbreviation is defined in the figure legend or in the notes at the end of the table. 

AATS   American Association for Thoracic Surgery 

ACCP   American College of Chest Physicians 

ACRIN American College of Radiology Imaging Network 

ACS   American Cancer Society 

AHTDP Alberta Health Technologies Decision Process 

AIS   adenocarcinoma in situ 

AJCC  American Joint Committee on Cancer Staging 

ALA  American Lung Association  

ASIR  age-standardized incidence rates 

ASMR  age-standardized mortality rates 

ATOP  Alberta Thoracic Oncology Program 

BAC  bronchioloalveolar carcinoma 

CCHS  Canadian Community Health Survey 

CCS  Canadian Cancer Society 

CI  Confidence interval 

CIHI   Canadian Institute for Health Information 

CLA  Canadian Lung Association 

CPAC  Canadian Partnership Against Cancer 

CRMM Cancer Risk Management Model 

CT  Computed tomography 

CTDIvol Computed tomography dose index volume 

CTUMS Canadian Tobacco Use Monitoring Survey 

CTFPHC  Canadian Task Force on Preventive Health Care 

FDG fluorine-18-fluorodeoxyglucose 

FTCS Federal Tobacco Control Strategy 

Gy grays 

HTA health technology assessment 

IHE Institute of Health Economics 

Low dose computed tomography for the screening of lung cancer in adults xv 



 

IASLC  International Association for the Study of Lung Cancer 

KV  kilovoltage 

KVp  peak kilovoltage 

LC  lung cancer 

LCS  lung cancer screening 

LDCT  low dose computerized tomography 

mAs  milliampere seconds 

MIA   minimally invasive adenocarcinoma 

MRI   magnetic resonance imaging 

mSv  millisieverts 

NCCN National Comprehensive Cancer Network 

NELSON Dutch–Belgian Randomized Lung Cancer Screening Trial (Dutch acronym: 
NELSON) 

NLST   National Lung Screening Trial 

NSC   National Screening Committee 

NSCLC non-small cell lung cancer 

PCNB  percutaneous needle biopsy 

PET   positron emission tomography 

PET-CT  positron emission tomography-computed tomography 

SCLC  small cell lung cancer 

SEER  Surveillance, Epidemiology, and End Results (SEER) tumour registry 

Sv  sieverts 

TNM  tumour, node, metastasis 

UICC  Union for International Cancer Control 

UK  United Kingdom 

USPSTF  US Preventive Services Task Force 

VDT  volume doubling time 

VALSG  Veterans’ Administration Lung Study Group 

 
  

Low dose computed tomography for the screening of lung cancer in adults xvi 



 

Glossary 
The glossary terms listed below were obtained and adapted from the following sources:  

• Canadian Cancer Society’s Advisory Committee on Cancer Statistics. Canadian Cancer Statistics 
2013. Toronto, ON: Canadian Cancer Society; 2013. 

• National Cancer Institute at the National Institute of Health. NCI Dictionary of Cancer Terms. 
2013. Available at: www.cancer.gov/dictionary (accessed 1 March 2014). 

• Kernstine KH, Reckamp KL. In: Kernstine KJ, Reckamp KL, editors. Lung cancer. A 
multidisciplinary approach to diagnosis and management. New York NY: Demos Medical Publishing; 
2011. 

• Eddy D. How to think about screening. In: Eddy D, editor. Common screening tests. 
Philadelphia, PA: American College of Physicians; 1991:1-21. 

• Marshall HM, Bowman RV, Yang IA, Fung KM, Berg CD. Screening for lung cancer with 
low-dose computed tomography: A review of current status. Journal of Thoracic Diseases 
2013;5(Suppl 5):S524-S539. 

• Facey K. INAHTA Health Technology Assessment (HTA) Glossary. Available at: 
www.inahta.org/upload/HTA_resources/Edu_INAHTA_glossary_July_2006_final.pdf. 

Age-standardization: is a statistical method that removes the effect of age on the calculated rate. It 
allows rates to be compared over time or across provinces and territories. 

Age-standardized incidence rates: calculated using the direct method, which involves weighting 
the age-specific incidence rates for each five-year age group according to the age distribution of the 
1991 Canadian population. 

Age-standardized mortality rates: calculated using the direct method, which involves weighting 
the age-specific mortality rates for each five-year age group according to the age distribution of the 
1991 Canadian population. 

Doubling time: in biology, the amount of time it takes for one cell to divide or for a group of cells 
(such as a tumour) to double in size. 

False negative: negative test results in a person who does have the condition being tested for. 

False negative rate: can be calculated as the number of false negatives divided by all those who 
have disease (that is, the number of true positives plus the false negatives). False Negative rate = 
number of false negatives/(number of true positives + false negatives) which is equal to 1 –
Sensitivity. 

False positive: positive test results in a person who does not have the condition being tested for. 

False positive rate: can be calculated as the number of false positives divided by all those who do 
not have disease (that is, the number of true negatives plus the false positives). False positive rate = 
number of false positives/(number of false positives + true negatives) which is equal to 1– 
Specificity. 

Five-year survival rate: the percentage of people in a study or treatment group who are alive five 
years after they were diagnosed with or treated for a disease, such as cancer. 

Incidence: the number of newly diagnosed cases during a specific time period. 
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Incidence rate: the number of new cancers of a specific site/type occurring in a specified 
population during a year, usually expressed as the number of cancers per 100,000 population at risk, 
that is, Incidence Rate = (New Cancers/Population) × 100,000. 

Index test: test under evaluation. 

Lead time bias: refers to the apparently longer survival of many patients with cancer diagnosed at 
screening; this is due to early detection when the cancer is still asymptomatic. Patients will survive 
longer than if they had been diagnosed later in the natural history of the disease, when they would 
present with symptoms, as occurs in control groups. This bias does not affect mortality. 

Length bias: screening tends to detect slower-growing tumours and miss more aggressive ones. 
Rapidly growing and aggressive tumours are more likely to grow and metastasize in the between-
scan interval, and thus to be missed, whereas slowly growing tumours have a longer preclinical phase 
and are more likely to be detected by screening. As screening selects for less aggressive tumours, 
outcomes are more favorable, thus survival may appear better in the screened group. 

Mortality: the number of deaths during a specific time period. 

Overdiagnosis bias: the detection of cancers at screening that are often very slow-growing and 
would otherwise have remained occult and would either have regressed or not caused the death of 
the patient. 

Pack-years: The number of cigarette packs smoked per day × the number of years smoked. 

Pitch: the degree of overlap between adjacent CT slices. Pitch = table movement per rotation/x-ray 
beam width. 

Prevalence: the number of people in a population with a specific disease or condition at a given 
time, usually expressed as a proportion of the number of affected people to the total population. 

Primary tumour: the original tumour. 

Relative survival ratio: estimated by comparing the actual survival experience of persons diagnosed 
with cancer to that expected in the general population of Canadians of the same age, gender, 
province of residence, and time period. It is computed as a ratio and expressed as a percentage. 

Screening: the application of a test to detect a potential disease or condition in a person who has no 
known signs or symptoms of that disease or condition. 

SEER: Surveillance, Epidemiology, and End Results (SEER) Program is a group of population-
based cancer registries in the United States that collects and submits cancer incidence and follow-up 
data to the National Cancer Institute. The National Cancer Act of 1971 mandated the collection, 
analysis, and dissemination of data useful in the prevention, diagnosis, and treatment of cancer, 
leading to the establishment of the SEER Program. 

Slice thickness: generally refers to the thickness of a single detector, or, when multiple detectors 
are added together, to the combined thickness thereof. 

Stage: the extent of a cancer within the body. If the cancer has spread, the stage describes how far it 
has spread from the original site to other parts of the body. 

Survival: the proportion of patients alive at some point after the diagnosis of their cancer.  
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SECTION ONE: Social and System Demographics Analysis 
Bing Guo, MD, MSc; Dagmara Chojecki, MLIS 

Introduction 
This health technology assessment (HTA) report, organized within the framework of STE (Social 
and System Demographics Analysis, Technology Effects and Effectiveness, Economic Analysis), 
has been produced in response to a request from Alberta Health as part of the Alberta Health 
Technologies Decision Process (AHTDP) to determine the potential role of low dose computed 
tomography (LDCT) in screening for lung cancer in adults (aged 50 years or older) in Alberta. 

Objective 
The objective of the Social and System Demographics Analysis section (S section) of this STE 
report is to determine the burden of illness, patterns of care, and system capacity to deliver care in 
Alberta as they relate to lung cancer screening. 

Research Questions 
The S section aims to provide information to address the following research questions: 

1. What is the nature of lung cancer?
2. What is the prevalence and incidence of lung cancer?
3. What are the risk factors and consequences of lung cancer?
4. Is LDCT licensed by Health Canada for the screening of lung cancer?
5. Are there clinical practice guidelines (Alberta, Canada, or international) for the screening of

lung cancer?
6. Where does screening fit within the clinical pathway for lung cancer?
7. Is LDCT currently being delivered in Alberta? If so, is there public provision, private

provision, or both? What types of facilities provide the service? Which facilities are they?
How do they provide the service (that is, what is the point of entry/how do patients gain
access to the service, what types of healthcare professionals are involved and how)? What do
these health professionals think of the technologies in terms of their clinical utility?

8. Is there capacity in Alberta to deliver the service(s)? What portion of the demand is/would
be met with current capacity? Would there be a need for a change in how services are
provided in our healthcare system in order to accommodate this service? If so, what change,
what would be required to make that change, and is it feasible?

9. What patient population is LDCT indicated for (is it the whole population with the
condition or just a sub-set)?

10. If it is a sub-set, what proportion of the patient population is represented? What is the rate
of increase of this proportion?
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Methods 
Search Strategy 
An IHE information specialist conducted the literature search for the S section, to identify articles 
published during the past 10 years (between 2003 and 2013); the date restriction was applied to 
ensure that the evidence collected was current and clinically relevant. 

The literature search was designed to locate relevant review articles, surveys, qualitative research 
studies, clinical practice guidelines, consensus statements, position statement papers, policy papers, 
or discussion papers. Information was also sought from published local data and from sources such 
as the Canadian Institute for Health Information (CIHI), Health Canada, Statistics Canada, the 
Canadian Lung Association, and Alberta Health Services. 

For a detailed description of the search strategy, including search dates, databases searched, and 
search terms used, see Appendix S.A. 

Study Selection 
One reviewer conducted the initial and final study selection using predefined selection criteria. The 
initial study selection was based on titles or abstracts only, while the final selection was based on a 
review of full-text articles. Abstracts that clearly did not meet the inclusion criteria were excluded. 
Copies of the full text of potentially relevant papers were retrieved and assessed for eligibility. 

Published articles were included if they reported on etiology, epidemiology, pathology, prognosis, or 
quality of life of lung cancer patients, and on screening, diagnosis, treatment, and/or prevention of 
lung cancer. 

Clinical practice guidelines were included if they provided recommendations for the screening of 
lung cancer. Clinical practice guidelines that focused on diagnosis and treatment of lung cancer were 
not included. Only publicly available, evidence-based guidelines were considered. Clinical practice 
guidelines that were not evidence-based, such as consensus statements containing recommendations 
based only on expert opinions, were included only if they were developed in Canada or provided 
relevant information regarding current practice in Canada or Alberta. 

Sources for Epidemiology Data 
Information for lung cancer epidemiology, including incidence, prevalence, mortality, and survival in 
Canada or Alberta, was obtained from reliable sources such as Canadian Cancer Statistics and 
Alberta Cancer Registry reports. The Canadian Cancer Risk Management Model (CRMM), 
developed by the Canadian Partnership Against Cancer (CPAC) and Statistics Canada, is a web-
based simulation modelling platform that enables users to assess the burden of cancer and the 
implication of cancer control health policy.1,2 CRMM collected data from provincial cancer registries 
and projected cancer incidence over the long-term; this information can be used to predict future 
cancer burden and to provide insight into the potential impact of current health care decision-
making. 

Burden of Illness 
Definition of Lung Cancer 
Lung cancer is a cancer (malignancy) that originates in the tissues of the lungs or the cells lining the 
airways.3 Lung cancer is generally considered to be an inexorably progressive and highly lethal 
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neoplasm.4 The development of lung cancer is modulated by complex interactions between genetic, 
hormonal, behavioural, and environmental factors.5 

Because the lung contains no pain fibres, masses may grow to a considerable size before symptoms 
become apparent. Furthermore, no respiratory symptoms or signs are specific to lung cancer. 
Symptoms suggestive of lung cancer, such as coughing, wheezing, chest pain, or even hemoptysis 
(that is, coughing up of blood or of blood-stained sputum from the bronchi, larynx, trachea, or 
lungs) can be caused by some more common respiratory diseases.6 

Types of Lung Cancer 
Lung cancer is a highly complex neoplasm with several histologic types and subtypes.7 The two main 
types are small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC), which are 
diagnosed based on how the cells look under a microscope.3 

Small cell lung cancer, accounting for up to 15 to 20% of lung neoplasms,8 is distinguished from 
NSCLC by its highly aggressive nature, rapid tumour doubling time (the amount of time taken for a 
tumour to double in size), early widespread metastasis (greater than 70% at the time of diagnosis), 
and its occurrence almost exclusively in smokers.9 

Non-small cell lung cancer, the most common type of lung cancer, is a very heterogeneous disease 
that consists of three sub-types, differing in size, shape, and chemical make-up as described below:10 

• Squamous cell carcinoma, accounting for about 25 to 30% of all lung cancers, is linked to 
smoking and tends to be found in the middle of the lungs, near a bronchus. 

• Adenocarcinoma is the most common histologic subtype of lung cancer worldwide, 
accounting for about 40% of all lung cancers.10,11 In 2011, the International Association for 
the Study of Lung Cancer, the American Thoracic Society, and the European Respiratory 
Society (IASLC/ATS/ERS) proposed a new international multidisciplinary classification of 
lung adenocarcinoma.11 The old term “bronchioloalveolar carcinoma (BAC)” is no longer in 
use. New classifications of adenocarcinoma include adenocarcinoma in situ (AIS) and 
minimally invasive adenocarcinoma (MIA).11 
Adenocarcinoma is usually found in the outer parts of the lung. It is the most common type 
of lung cancer seen in non-smokers, and it seems to be more common in light smokers or 
former smokers, whereas squamous cell or other histologic types are more common in heavy 
smokers or current smokers.12 It occurs more commonly in women than in men, and it is 
more likely to occur in younger people than are other types of lung cancer.10 

• Large cell carcinoma, accounting for about 10 to 15% of all lung cancers, tends to grow 
and spread quickly, which makes it more difficult to treat. 

Lung cancer represents a spectrum of biologically different tumours. Some tumours, such as SCLC, 
and some subgroups of NSCLC (for example, poorly differentiated large cell lung cancer), are very 
aggressive, with rapid growth (tumour volume doubling within weeks) and spread of metastases 
within weeks or months,13 whereas other tumours (for example, some types of well-differentiated 
adenocarcinoma) may take years to double their volume and develop lymphatic or hematogenous 
metastases.13 Furthermore, while detection of NSCLC at early stages (usually when small and 
asymptomatic) improved cure rates, the difference in cure rates is less significant for SCLC detected 
at early versus advanced stages.13 These differences have an important implication for lung cancer 
screening programs. 
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Staging of Lung Cancer 
Tumour stage is the most important prognostic and predictive factor for lung cancer patients.8 
Accurate staging of lung cancer at the time of diagnosis is essential for predicting patient survival 
and providing a basis for appropriate treatment strategies.14 

Non-small cell lung cancer presents in two stages: clinical and pathological. The clinical stage is 
based on the results of the physical exam, biopsies, and imaging tests (for example, CT scan, chest 
radiography, PET scan). The pathologic stage is determined after surgery, and is based on the same 
factors as the clinical stage plus what has been found as a result of the surgery. 

TNM staging system 
The lung cancer TNM staging system, based on the anatomic extent of the primary tumour (T), the 
regional lymph nodes (N), and the distant metastasis (M), was developed in the mid-20th century and 
has been periodically revised by the Union for International Cancer Control (UICC) and the 
American Joint Committee on Cancer (AJCC).15 

The sixth edition of the TNM staging system was published in 2002, and a major revision of the 
staging system (the seventh edition) came into effect January 2010.14-16 The International Association 
for the Study of Lung Cancer (IASLC) serves as the primary source of recommendations for lung 
cancer staging revisions recognized by the UICC.16 The revision was based on data collected from 
67,725 patients with NSCLC who came from 46 data sources in 19 countries. These patients were 
registered or diagnosed between 1990 and 2000 (during which time the techniques used in clinical 
staging were reasonably standardized worldwide), whose records had adequate information for 
analyzing the TNM classification.17 

Compared to the sixth edition, the seventh edition (see Table S.1) attempts to better correlate 
disease with prognostic value and treatment strategy. The main revisions in the seventh edition 
include:16,18-21 

• sub-classification of T1 and T2 into a and b; 
• movement of lesions larger than 7 cm into the T3 category; 
• separate tumour nodules within the same lobe are now T3, rather than T4; 
• patients with separate nodules in a different ipsilateral lobe are T4, rather than M1; 
• sub-classification of M1 into M1a and M1bb, where M1a includes pleural or pericardial 

effusion and separate nodules on the contralateral lung; and 
• no changes to N stage criteria. 

TABLE S.1: TNM STAGING GROUPING OF LUNG CANCER (SEVENTH EDITION)  

Stage groups 
Descriptors 

T N M 

Ia T1a,b N0 M0 

Ib T2a N0 M0 

IIa 
T1a,b N1 M0 

T2a N1 M0 
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T2b N0 M0 

IIb 
T2b N1 M0 

T3 N0 M0 

IIIa 

T1-3 N2 M0 

T3 N1 M0 

T4 N0,1 M0 

IIIb 
T4 N2 M0 

T1-4 N3 M0 

IV T1-4 N0-3 M1a,b 

T – primary tumour; N – regional lymph nodes; M – distant metastasis 
Source: 22 

Staging of small cell lung cancer 
While used primarily for NSCLC, the TNM staging system has not been used for SCLC until 
recently. The first staging system for SCLC, the Veterans’ Administration Lung Study Group 
(VALSG) system introduced in the 1950s, divided SCLC into two disease subgroups termed 
“limited” and “extensive” disease.23,24 Limited disease was characterized by tumours confined to one 
hemithorax without extrathoracic metastases, although local extension and ipsilateral, supraclavicular 
nodes could also be present if they could be encompassed in the same radiation portal as the 
primary tumour.25 All other patients were classified as extensive disease, with metastases in the 
contralateral chest or at distant sites.23,24 About 20 to 25% of patients with SCLC present with 
limited disease.8 The IASLC has recently proposed that SCLC can now be classified according to the 
new TNM staging system with greater prognostic implications.23,25 

Incidence and Prevalence of Lung Cancer 
International 
Worldwide, lung cancer is the most common cancer in men, with the highest rates observed in 
North America, Eastern Asia, and Central-Eastern and Southern Europe.26 Moderately high rates are 
seen in Australia, New Zealand, and Western Europe.26 Lung cancer accounted for 13% (1.6 million) 
of the total cancer cases in 2008.27 

Lung cancer is the fourth most common cancer in women worldwide.26 The incidence is lower than 
for men and accounts for 8.5% of all cancers.26 The highest rates are observed in North America 
and Northern Europe, with moderate rates seen in Australia, New Zealand, and China.26 

In the United States, lung cancer is the second most common cancer diagnosed in men and women, 
accounting for 15% of all cancer cases.26 The American Cancer Society estimates about 228,190 new 
cases of lung cancer for 2013.10 

In the United Kingdom, the annual incidence of lung cancer is second only to that of breast cancer, 
accounting for around 39,000 new cases each year.28 

Trend 

In the United States, the incidence rate of lung cancer is decreasing significantly in men, from a high 
of 102.1/100,000 in 1984 to 71.3/100,000 in 2006.26 In women, the rate is approaching a plateau 
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after a long period of increase.26 Long-term trends in the age-adjusted incidence among men and 
women are consistent with the historic pattern of tobacco use.26 

Canada 
In 2013, an estimated 25,500 new cases of lung cancer were seen (13,300 men and 12,200 women), 
representing 14% of all new cancer cases in 2013 (see Table S.2).29 Lung cancer rarely occurs in 
people younger than age 50. The majority of the new lung cancer cases (97%) occurred in people 
aged 50 years or older, particularly in those aged between 60 and 79 years. Similar age patterns were 
seen for males and females (see Table S.2). On average, 70 Canadians are diagnosed with lung cancer 
every day.29 

In Canada, the estimated age-standardized incidence rates (ASIRs) in 2013 were 60/100,000 for 
males and 47/100,000 for females.29 For males, estimated ASIRs are highest in Quebec (80/100,000) 
and lowest in British Columbia (47/100,000); this difference in incidence rates is linked largely to the 
prevalence of smoking in each province.29 For females, estimated ASIRs are highest in Nova Scotia 
(57/100,000) and lowest in Newfoundland (41/100,000).29 

TABLE S.2: ESTIMATED LUNG CANCER INCIDENCE BY AGE AND GENDER, CANADA, 
2013 

Age (years) Males Females Total 

All ages 13,300 12,200 25,500 

0-19 5 ― 5 

20-29 10 10 20 

30-39 35 50 90 

40-49 320 400 720 

50-59 1,800 1,950 3,700 

60-69 4,000 3,500 7,400 

70-79 4,300 3,600 7,900 

80+ 2,900 2,700 5,600 

Source: 29 

Trend in Canada 

In Canada, the incidence rate of lung cancer in men began to plateau in the mid-1980s and has been 
declining significantly (1.8% per year) since 1998 (see Figure S.1).29 The incidence rate in women has 
been increasing since 1982, with a significant upward trend of 1.1% per year between 1998 and 
2007, and has started to plateau since then (see Figure S.1).29 Despite this different trend between 
men and women, the incidence rate of lung cancer is higher in men than in women (see Figure S.1). 
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FIGURE S.1: AGE-STANDARDIZED INCIDENCE RATES PER 100,000 FOR LUNG 
CANCER, CANADA, 1984-2013 

 
Source: 29 

According to the CRMM, the incidence of cases of lung cancer in Canada increased from 21,155 in 
2005 to 25,045 in 2013, and it is estimated that it will be 28,590 in 2023 (10 years later) and 30,045 in 
2032 (20 years later). The prevalence of lung cancer in Canada increased from 56,141 in 2005 to 
68,208 in 2013, and it is estimated that it will be 83,830 in 2013 (10 years later) and 95,242 in 2032 
(20 years later).30 

Alberta 
The Alberta Cancer Registry 2009 Annual Report of Cancer Statistics31 was published in December 
2012. The data in this report reflects the state of the Cancer Registry as of 27 April 2012. In Alberta, 
bronchus/lung cancer is in the third place of most common cancers. In 2009, a total of 1,915 new 
cases of lung cancer were seen in Alberta (1,033 males and 882 females). About 90% of the new 
lung cancer cases occurred in people aged 55 years or older. Similar age patterns were also seen for 
males and females (see Table S.3). The Canadian Cancer Statistics estimated a total of 2,050 new 
lung cancer cases in Alberta in 2013 (1,050 males and 1,000 females).29 

TABLE S.3: ESTIMATED LUNG CANCER INCIDENCE BY AGE AND GENDER, ALBERTA, 
2009 

Age (years) Males Females Total 

All ages 1,033 882 1,915 

0-24 1 0 1 

25-34 0 1 1 

35-44 6 12 18 

45-54 93 94 187 

55-64 191 216 407 

65-74 358 261 619 

75-84 314 231 545 

84+ 70 67 137 

Source: 31 
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According to the Alberta Cancer Registry, the age-standardized incidence rates were 60.3/100,000 in 
males and 44.9/100,000 in females in 2009.31 The lung cancer incidence rates increased with age and 
were much higher in people aged 65 years and older (see Figure S.2). 

FIGURE S.2: LUNG CANCER INCIDENCE RATES PER 100,000, BY AGE, ALBERTA, 2009 

 
Source: 31 

Canadian Cancer Statistics reported that for 2013, the estimated age-standardized lung cancer 
incidence rates were 52/100,000 for males, and 44/100,000 for females in Alberta,29 which is similar 
to the rates reported in 2009. 

Trend in Alberta 

According to the Cancer Risk Management Model, the incidence of cases of lung cancer in Alberta 
increased from 1,687 in 2005 to 2,041 in 2013, and it is estimated that it will be 2,737 in 2023 (10 
years later) and 2,942 in 2032 (20 years later). The prevalence of lung cancer in Canada increased 
from 4,461 in 2005 to 5,580 in 2013, and it is estimated that it will be 7,342 in 2013 (10 years later) 
and 8,832 in 2032 (20 years later).30 

Lung Cancer-Related Death 
International 
Globally, in 2008, lung cancer was the leading cause of cancer-related death in males and the second 
leading cause of cancer death among females, accounting for 18% (1.4 million) of all cancer deaths.27 
Lung cancer mortality is three-fold higher in men than in women.32 

In the United States, in 2013, an estimated 159,480 cancer-related deaths were attributed to lung 
cancer.10 Although more women are diagnosed with breast cancer each year, nearly twice as many 
women die of lung cancer than of breast cancer.33 

Trend 

In the United States, it was not until 2003 that lung cancer mortality in women decreased for the 
first time since the 1930s, a trend that began among male smokers in the 1980s.34 

Male lung cancer death rates are decreasing in the western world; however, they are increasing in 
China and several other Asian and African countries.14 Female lung cancer death rates are increasing 
worldwide, except in the United States, Canada, and Australia.14,27 
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Canada 
In Canada, the mortality rate of lung cancer is higher than that of the next three most common 
cancers (colorectal, breast, and prostate cancer) combined. 

In 2013, an estimated 20,200 lung cancer-related deaths (10,700 males and 9,500 females) were seen, 
representing 27% of all cancer deaths in 2013.29 On average, 55 Canadians die from lung cancer 
every day.29 

In 2013, the estimated lung cancer age-standardized mortality rates (ASMRs) were 48/100,000 for 
males and 36/100,000 for females.29 For males, the estimated 2013 ASMRs are highest in 
Newfoundland (64/100,000) and lowest in British Columbia (39/100,000). For females, the 
estimated 2013 ASMRs are highest in Quebec (44/100,000) and lowest in British Columbia, Alberta, 
and Ontario (32/100,000). 

Trend in Canada 

As shown in Figure S.3, a significant decrease in lung cancer mortality rates (especially for men) has 
been observed over the past 20 years, which has driven a decline in overall cancer mortality rates.29 
In males, the lung cancer mortality rate began to level off in the late 1980s and has been declining 
ever since (decreasing from 80/100,000 in 1984 to 48/100,000 in 2013). The mortality rate for 
females shows a slight but statistically significant increase (from 22/100,000 in 1984 to 36/100,000 
in 2013), but the rate of increase is slowing. The death rate in females is expected to begin to decline 
in the future, similar to the trend in the female lung cancer death rate seen in the United States. 

Despite the diverging trends, males are projected to continue to have a higher lung cancer mortality 
rate than females.29 

FIGURE S.3: TREND OF LUNG CANCER AGE-STANDARDIZED MORTALITY RATES, 
CANADA, 1984-2013 

 
Source: 29 

According to the CRMM, the number of lung cancer deaths in Canada increased from 17,126 in 
2005 to 20,217 in 2013, and it is projected that it will be 23,331 in 2023 (10 years later) and 25,182 in 
2032 (20 years later).30 
  

0
10
20
30
40
50
60
70
80
90

1984 1989 1994 1999 2004 2009 2013

Males

Females

Low dose computed tomography for the screening of lung cancer in adults 9 



 

Alberta 
Lung cancer is the leading cause of cancer-related deaths in Alberta. In 2009, a total of 1,492 lung 
cancer related deaths were seen (809 deaths in males and 683 deaths in females) (see Table S.4).31 

TABLE S.4: ESTIMATED LUNG CANCER MORTALITY BY AGE AND GENDER, ALBERTA, 
2009 

Age Males Female Total 

All ages 809 683 1,492 

0-24 0 0 0 

25-34 0 1 1 

35-44 4 4 8 

45-54 60 71 131 

55-64 146 125 271 

65-74 261 208 469 

75-84 263 198 461 

85+ 75 76 151 

Source: 31 

As shown in Table S.4 and Figure S.4, lung cancer mortality and mortality rates increased with age, 
with the most significant increase seen for people aged 65 years and above. 

FIGURE S.4: LUNG CANCER MORTALITY RATES PER 100,000, BY AGE, ALBERTA, 2009 

 
Source: 31 

Trend in Alberta 

According to the CRMM, the number of lung cancer deaths in Alberta increased from 1,355 in 2005 
to 1,667 in 2013, and it is projected that it will be 2,156 in 2023 (10 years later) and 2,388 in 2032 (20 
years later).30 
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Survival 
International 
The prognosis for lung cancer is extremely poor compared to that for other common cancers such 
as prostate cancer, breast cancer, and colorectal cancer. 

Data from the Surveillance, Epidemiology, and End Results (SEER) tumour registry, the largest 
cancer registry in the United States, indicate that, between 1996 and 2004, the overall five-year 
survival among all lung cancer patients was only 15%, but increased to 50% when lung cancer was 
detected at a localized stage.35 Survival is even greater for those with smaller, screen-detected cancers 
that undergo resection;35 for example, there is an eight-year survival rate of 75% among patients with 
pathological stage I cancer with nodules less than 15 millimetres who had undergone resection.36 
However, in the United States, only 25 to 30% of patients present currently with localized, 
potentially curable disease.37 

More recently, the International Early Lung Cancer Action Program reported a 10-year survival rate 
of 92% (95% CI, 88 to 95) for those patients with clinical stage I lung cancers detected by CT who 
underwent surgical resection within one month after diagnosis.36 The five-year survival rates for the 
new clinical stages were: Ia – 50%; Ib – 47%; IIa – 36%; IIb – 26%; IIIa – 19%; IIIb 7– %; and IV – 
2%.38 

In the United Kingdom, the overall five-year survival rate was only 9.7% in men and 12.5% in 
women.39 

Canada 
Currently, in Canada, the overall five-year survival rate for all lung cancer patients is approximately 
18%, compared to 95% for prostate cancer, 88% for breast cancer, and 65% for colorectal cancer 
(see Table S.5).29 The five-year relative survival rate of lung cancer for 2006 to 2008 was estimated to 
be 14% for males and 20% for females.29 This poor overall survival rate reflects largely the fact that 
around two-thirds of patients are initially diagnosed with advanced stage lung cancer, which is very 
unlikely to be cured by surgery.40 

For the period between 2006 and 2008, the five-year relative survival ratios (RSRs) were higher in 
younger age groups than in older age groups, with RSRs being 45% for those aged 15 to 39 years, 
23% for those aged 40 to 49 years, 21% for those aged 50 to 59 years, 19% for those aged 60 to 69 
years, 16% for those aged 70 to 70 years, and 10% for those aged 80 years and above.29 

TABLE S.5: AGE-STANDARDIZED FIVE-YEAR RELATIVE SURVIVAL RATIOS FOR THE 
MOST COMMON CANCERS BY PROVINCE, CANADA (EXCLUDING QUEBEC), 2006-2008 

Province 
Relative survival ratio (%) (95% confidence interval) 

Prostate Breast Colorectal Lung 

Canada 95 (95-95)  88 (87-88)  65 (64-65)  18 (17-18)  

British Columbia 93 (92-94)  88 (87-89)  62 (60-63)  16 (15-17)  

Alberta 92 (90-93)  86 (85-87)  62 (60-64)  15 (14-16)  

Saskatchewan 91 (89-92)  86 (85-88)  61 (59-64)  16 (14-18)  

Manitoba 90 (88-92)  85 (83-87)  61 (58-63)   21 (19-23)  
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Ontario 97 (97-98)  89 (88-89)  67 (67-68)  19 (19-20)  

New Brunswick 95 (92-97)  89 (87-91)  62 (59-65)  17 (15-18)  

Nova Scotia 95 (93-97)  88 (86-89)  61 (59-63)  15 (13-16)  

Prince Edward Island 93 (88-97)  86 (81-90)  61 (55-67)  —  

Source: 29 

Alberta 
In Alberta, the overall five-year survival rate for all lung cancer patients is approximately 15%, the 
lowest, along with Nova Scotia, among the Canadian provinces (see Table S.5). 
Gender Difference 
The available epidemiological data clearly demonstrate gender-specific differences in lung cancer 
susceptibility and prognosis. Compared to men, women appear to have an increased susceptibility to 
tobacco carcinogens, but have a lower rate of fatal lung cancer outcome.5 The majority of lung 
cancer cases in non-smokers occur in women.41 Women with NSCLC live significantly longer than 
men after surgical or non-surgical treatment.32,42,43 

Because smoking may be the worst prognostic factor in lung cancer, differences in smoking habits 
could result in significant differences in survival outcome between men and women.42 Regarding 
histologic type of NSCLC, cigarette smoking is associated more closely with squamous cell 
carcinoma than with adenocarcinoma, which might explain why adenocarcinoma, as opposed to 
squamous cell carcinoma, is found predominantly in women.32,42 Biologic features of 
adenocarcinoma in women may result in better prognosis.42 In addition, women with lung cancer 
survived better than men not only for the early stage of detection, but also for advanced disease, 
because advanced stage NSCLC responds to chemotherapy better in women than in men.42,44 

Psychological and Social Consequences 
Lung cancer patients experience distress related to diagnosis, symptoms, and management issues, as 
well as having an illness with an increasing societal stigma.45,46 The health-related stigma associated 
with lung cancer may be caused by the association between disease and smoking, the perception of 
the disease as self-inflicted, its high mortality, and perceptions about the type of death that may be 
experienced. These perceptions, in turn, may lead to delayed presentation for care, premature 
termination of treatment, and the amplification of psychological and social morbidity.47 The 
symptoms of lung cancer patients are a major detriment to their quality of life.46 Patients with a 
diagnosis of lung cancer for whom medical treatment may not be available, patients who have 
symptoms of depression in the period close to diagnosis, and patients who are less well-educated are 
subsequently at higher risk of depression.48 
Burden of Lung Cancer 
The estimated direct medical cost of lung cancer was $12.1 billion in the United States in 2010, 
accounting for approximately 10% of the total medical expenditure on cancer.49 Another important 
measure of disease burden when compared with deaths from other cancers is the magnitude of 
premature mortality. The US National Cancer Institute estimates that lung cancer deaths in 2009 
accounted for 2,373,200 person-years of life lost, more than three times the number of years lost to 
breast cancer (770,700 person-years) and colorectal cancer (765,300 person-years). This translates to 
substantially higher indirect costs (or productivity loss) for lung cancer. Of the $134.8 billion in 
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indirect costs associated with cancer deaths in 2005, $36.1 billion (or over 25%) was attributable to 
premature mortality from lung cancer.49 

Risk Factors for Lung Cancer 
Contrary to other malignant tumours such as breast cancer or colorectal cancer, in which no 
individual risk factors can be identified in most patients, lung cancer is almost exclusively limited to 
individuals with previous exposure to certain carcinogens.13 

Tobacco smoke 
Smoking remains the leading risk factor for lung cancer,10,50 accounting for 80% of the worldwide 
lung cancer burden in males and at least 50% of the burden in females.27 Lung cancer death rates in 
males are decreasing in most Western countries including North America, where the tobacco 
epidemic peaked by the middle of the last century. In contrast, a significant increase in deaths from 
lung cancer is anticipated in the developing world, given the current high rate of smoking in those 
regions.51 

In the United States, cigarette smoking remains the most important risk factor for lung cancer. 
Trends for lung cancer occurrence follow cigarette-smoking trends with approximately a 20-year 
lag.13 

The increased incidence of lung cancer from smoking is proportional to the length and intensity of 
smoking history.28 On average, a lifetime smoker has a 20-fold increase in the risk of developing lung 
cancer compared to the risk for a lifetime non-smoker. The cumulative lung cancer risk among 
heavy smokers can be as high as 30% compared to a lifetime risk of less than 1% for 
nonsmokers.28,52 

Smoking rates worldwide 

Globally, it has been estimated that approximately one-third of the population older than 15 years 
currently smokes tobacco.53 The 2009 data provided by the Centers for Disease Control indicated 
that 21% of American adults currently smoke (have smoked >100 cigarettes in their lifetime, now 
smoke every day or some days).33 Currently, 18% of American women smoke compared with 23% 
of men, reflecting the earlier and more marked decline in the prevalence of tobacco use in men.54 In 
2009, 57% of the adult male population of China and India smoked.33 

Smoking rates in Canada 

In 2011, smoking prevalence among Canadians aged 15 years and over was estimated to be 17%.29 
In males, a decrease in smoking began in the mid-1960s, preceding the drop in lung cancer incidence 
by about 20 years. In females, tobacco consumption began to drop in the mid-1980s, suggesting that 
lung cancer incidence in women will also begin to level off or decrease in the next two decades.29 

The Canadian Tobacco Use Monitoring Survey (CTUMS) demonstrated that Canadian smoking 
prevalence has declined since it was first measured in 1999, particularly since 2001 when the Federal 
Tobacco Control Strategy (FTCS) was launched (see Figure S.5).55 The prevalence of smoking 
among the Canadian population 15 years and older decreased from 25% (approximately 6.1 million 
smokers) in 1999 to 16% (approximately 4.6 million smokers) in 2012.55 In 2012, 12% of Canadians 
reported smoking daily, while 4% reported smoking occasionally. More males (18%) reported 
smoking than females (14%). Daily smokers smoked an average of 15.0 cigarettes per day, slightly 
lower than the average of 16.2 cigarettes per day reported in 2011.56 In 2012, male daily smokers 
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consumed more cigarettes per day (an average of 16.8) than female daily smokers (an average of 
12.7).56 

FIGURE S.5: TREND OF SMOKING PREVALENCE (%) IN CANADA, 1999-2012 

 
Source: 55 

According to the 2011 Canadian Community Health Survey (CCHS), the current smoking rate in 
Canada (for those aged 12 years and older) was 19.9% in 2011, a decrease from 25.9% in 2001.57 The 
rates dropped six percentage points during this time period for both males (from 28.1 to 22.3%) and 
females (from 23.8 to 17.5%). These estimates were slightly higher than those reported by the 
CTUMS.55 

As shown by the CCHS data in Table S.6, among daily smokers, the percentage of light daily 
smokers (defined as 14 or fewer cigarettes per day) has increased in both males and females between 
2001 and 2011. While the percentage of male moderate smokers (defined as 15 to 24 cigarettes per 
day) remained the same (32.4% and 33.5%), the percentage of female moderate smokers decreased 
from 28.5% in 2001 to 23.5% in 2011.57 The percentage of heavy smokers (defined as 25 or more 
cigarettes per day) has gradually declined from 2001 (30.9% for men and 20.3% for women) to 2011 
(23.5% for men and 14.2% for women).57 

TABLE S.6: TREND OF LIGHT, MODERATE, AND HEAVY SMOKERS IN CANADA 

Year 
Light smokers 

(%) 
Moderate smokers 

(%) 
Heavy smokers 

(%) 

Male Female Male Female Male Female 

2001 36.7 51.2 43.0 28.5 30.9 20.3 

2011 32.4 62.6 33.5 23.5 23.5 14.2 

Source: 57 

Smoking rates in Alberta 

As shown in Table S.7 and Figure S.6, smoking prevalence has declined between 1999 and 2012 
across all age groups in Alberta. The prevalence of smoking among the Alberta population aged 15 
years and older decreased from 26% in 1999 to 17% in 2012.55 
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TABLE S.7: COMPARISON OF ALBERTA SMOKING PREVALENCE IN 1999, 2001, AND 
2012 

Year 
Age group 

15+ (%) 15–19 (%) 20–24 (%) 15–24 (%) 25+ (%) 

1999 26 26 40 33 24 

2001* 25 24 34 29 24 

2012 17 10 24 18 17 

*The Federal Tobacco Control Strategy (FTCS) was launched in 2001 
Source: 55 

FIGURE S.6: TREND OF SMOKING PREVALENCE (%) IN ALBERTA, 1999-2012 

 
Source: 55 

In 2012, 17.4% of the Alberta population aged 15 years or over were current smokers. Given the 
estimated population of 3,114,000 Albertans in this age group, this translates to a total of 541,836 
current smokers (see Table S.8). About 14% of the 3,114,000 Albertans aged 15 years or older 
(approximately 435,960 individuals) were daily smokers who smoked 13.9 cigarettes per day on 
average. However, no information was available in relation to the number or percentage and the 
trend of light, moderate, and heavy smokers in Alberta. 

TABLE S.8: PREVALENCE OF SMOKING IN ALBERTA, 2012 

Age group Population 
estimate 

Current 
smokers (%) 

Daily 
smokers (%) 

Former 
smokers (%) 

Never 
smoked (%) 

Average 
cigarettes 

smoked/day 

Total (15+) 3,114,000 17.4 14.0 25.9 56.7 13.9 

15–19 238,000 9.9 * * 87.3 * 

20–24 282,000 24.4 15.4 * 69.8 12.2 

25–44 1,189,000 16.0 13.0 22.1 61.9 11.7 

45+ 1,406,000 18.4 16.1 37.1 44.4 15.7 

*High sampling variability – although an estimate may be determined from the table, data should be suppressed 
Sources: 58,59 
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Other risk factors 
Although smoking is a major risk factor for lung cancer, only a minority of chronic smokers (10 to 
15%) develop lung cancer.5,52,60 Approximately 10 to 15% of all lung cancers worldwide are 
diagnosed in those who have never smoked (defined as those who have smoked fewer than 100 
cigarettes in their lifetime).61,62 The ratio of women to men in lung cancer patients who have never 
smoked is approximately 3:1.5 Other risk factors that may contribute to the incidence of lung cancer 
in this population include environmental tobacco smoke, occupational exposure to agents such as 
asbestos, nickel, chromium, arsenic, and silica, exposure to radiation (including radon gas in homes 
and mines or chest radiation treatment for other cancers), and exposure to indoor or outdoor air 
pollution.51,61,63-67 

Non-smokers who live with a smoker, that is, those exposed to second-hand smoke (also known as 
environmental tobacco smoke), have about a 20 to 30% greater risk of developing lung cancer.10,65,68 
It has been estimated that more than 3000 lung cancer-related deaths have occurred in second-hand 
smokers each year in the United States.10 

Previous treatment with radiation to the chest for medical purposes has also been shown to increase 
future lung cancer diagnoses.33 

Environmental exposure, genetic mutations, hormonal factors, and certain infections have also been 
implicated in the development of lung cancer in women, and may help to explain why approximately 
20% of women who develop lung cancer have never smoked.34,69,70 

A combination of different risk factors may multiply the individual risk of developing lung cancer, 
for example, smoking workers exposed to asbestos have a markedly higher risk than smokers with 
the same exposure to cigarettes alone.13 

In addition to exposure to certain carcinogens, research also indicates that lung cancer incidence has 
been associated with low educational, occupational, and income-base socioeconomic status.71 

Patterns of Care 
Diagnosis 
Diagnosis of lung cancer is confirmed by noninvasive imaging tests and invasive tissue sampling 
procedures. The safest and least invasive procedure should be chosen, based on radiographic 
evidence that ideally could provide not only a histologic determination but also staging 
information.33 

Imaging tests 
Imaging tests plays a vital role in the detection, diagnosis, staging, and follow-up of lung cancer. 

Chest radiography is usually the first test to suggest the diagnosis of lung cancer. All patients being 
evaluated should have a plain chest X-ray performed to provide a baseline for future comparison.72 
Most malignant nodules are identified on chest radiography by the time they are 0.6 to 1 cm in 
diameter, although nodules as small as 0.4 cm can be seen occasionally.9 If a comparison 
examination is available, a determination of lesion growth rate may help assess the probability of 
malignancy.9 However, numerous studies have shown that chest radiography lacks the sensitivity to 
detect mediastinal lymph node metastasis and chest wall and mediastinal invasion.9 
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Computed tomography (CT) can determine tumour size, mediastinal and vascular invasion, and 
can suggest lymph node involvement. It can also determine the presence of distant metastases and 
estimate the proximal extent of the tumour within the airways.72 Overall, compared to conventional 
chest radiographs, CT allows for earlier detection, more accurate measurement of tumour size, and 
better tissue characterization. Utilizing multi-slice helical CT scanners and Picture Archive and 
Communications System workstations, nodules less than 0.5 cm in diameter can be detected.9 

CT has limited accuracy in detecting lymph node metastasis.72 CT segregates normal from abnormal 
lymph nodes based on their size in short axis; however, normal-sized lymph nodes can harbour 
metastatic disease while enlarged lymph nodes can result from lymph node hyperplasia. This may 
explain why CT staging of non-small cell carcinoma agrees in only approximately 50% of cases with 
surgical staging, leading to either over- or under-staging.9 

Magnetic resonance imaging (MRI) is an adjunct modality to CT in the diagnosis of lung cancer. 
Generally, compared to CT, MRI is slower, more elaborate, more expensive, more prone to artifacts, 
and demonstrates poorer spatial resolution.9 Patient selection is also more difficult because MRI is 
contraindicated in those patients with indwelling electromagnetic devices and some prosthetic 
mechanical heart valves. However, MRI still plays a role in the diagnosis of lung cancer due to its 
superior soft tissue contrast resolution, which may be useful in evaluating invasion of compartments 
by carefully scrutinizing soft tissue planes.9 Therefore, MRI may be used in conjunction with CT 
scanning to detect chest wall or mediastinal invasion, or transdiaphragmatic spread of the tumour.72 

Integrated positron emission tomography-computed tomography (PET-CT), using the tracer 
fluorine-18-fluorodeoxyglucose (FDG), can be used for characterization of solid pulmonary nodules, 
confirming stage and detecting metabolically active intrathoracic lymph nodes (including those of 
normal size) and any occult distant metastatic disease, thereby potentially avoiding futile 
thoracotomy.9,72,73 

PET-CT combines a PET scanner with a multi-slice CT (normally eight or 16 slices), which allows 
the images to be merged, and both functional imaging of PET and anatomical imaging of CT can be 
viewed together.73 The combination of PET and CT appears to be superior to either modality alone 
in detecting mediastinal lymph node disease, and further improves the detection and facilitates 
staging of bronchogenic carcinoma.9,73,74 
Biopsy 
Pathologic diagnosis of lung cancer is established by examining cytologic or surgical pathology 
specimens.7 Histologic specimens are acquired from bronchoscopic and needle biopsies, including 
fine needle aspirates and core needle biopsies, or open biopsy procedures such as thoracoscopy, 
excisional wedge biopsy, lobectomy, or pneumonectomy.7 

In general, the use of percutaneous needle biopsy (PCNB) is useful for diagnosis of peripherally 
located lesions that are not accessible with bronchoscopy, such as nodules or masses in the 
peripheral lung, mediastinum, pleura, and chest wall. The most common indication for PCNB is the 
diagnosis of a solitary pulmonary nodule. PCNB can also be useful to determine the cytology (fine-
needle aspiration) or histology (core biopsy) of suspected metastatic disease.9 

The most common complication of biopsy is pneumothorax, with a range reported in the literature 
from 5 to 57%, although most of these resolve without additional intervention.9 Other less common 
complications include clinically significant pulmonary hemorrhage, hemothorax, and hemoptysis. 
Malignant needle tract seeding and systemic air embolism are extremely rare complications.9 
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Endoscopic and endobronchial ultrasound-guided needle aspiration are promising invasive methods 
for lung cancer staging.75,76 The major limitation of endoscopic ultrasound-guided fine-needle 
aspiration in lung cancer staging is the inability to assess nodes in the anterior mediastinum, resulting 
in an imperfect sensitivity. This is due to the fact that ultrasound cannot penetrate air-filled 
structures, so nodes immediately anterior to the trachea cannot be well visualized.77 

Treatment Options 
The treatment for lung cancer is determined by tumour stage, patient preference, comorbidities, and 
overall performance status.33 Treatment planning should involve a discussion of tumour pathology 
and staging by a multidisciplinary team that consists of thoracic surgeons, radiation oncologists, 
medical oncologists, and pulmonologists.33 

Surgery 
Surgical excision remains the only therapeutic modality that can cure a selected group of lung cancer 
patients. However, many lung cancer patients present with disseminated disease at their initial 
diagnosis. Cure rates for lung cancer are reported to be between 65 and 85% for stage I, 50 to 60% 
for stage II, and 20 to 25% for stage III.19 Although surgery is the most effective treatment for early-
stage NSCLC, nearly half of all patients treated surgically at stages I to IIIa will show recurrence 
within five years.19 

The recommended therapy for stage I lung cancer is surgical resection, with stereotactic body 
radiation therapy reserved for those who are medically inoperable.33 Stage II lung cancer is also 
treated with surgery, followed by adjuvant chemotherapy to prevent disease recurrence.33 Stage IIIa 
lung cancer has multiple treatment options determined by the extent of regional (nodal) 
involvement, and is often treated with concurrent chemotherapy and radiation, adding surgical 
resection for those who are medically suitable and have responded well to initial concurrent therapy. 
Stage IIIa disease is not amenable to surgical resection, and is treated with concurrent chemotherapy 
and radiation only.33 

Radiotherapy 
Newer techniques of radiation therapy, such as intensity modulated radiation therapy and improved 
software for treatment planning, can now offer greater possibilities of delivering higher radiation 
dosages but minimizing damage.19 Radiation administered concurrently with chemotherapy appears 
to improve response to therapy, but also to increase toxicity.19 
Systemic therapy (chemotherapy) 
Patients with SCLC are rarely treated by surgery, as the role of surgery in the treatment of SCLC 
remains controversial.8 SCLC is treated primarily by chemotherapy because SCLC is highly sensitive 
to chemotherapy.19,40 Patients with limited disease stage can be treated with curative intent with 
radiation and systemic chemotherapy, whereas patients with extensive disease stage receive 
chemotherapy alone.8,9 

Metastatic disease is treated with systemic therapy, chemotherapy, and/or molecular targeted agents, 
with radiation used for palliation, painful lesions, or brain metastasis.33 
Screening of Lung Cancer 
Screening is a process of applying a test to detect a potential disease or condition in a person who 
has no known signs or symptoms of that disease or condition.78,79 In theory, lung cancer is an 
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excellent candidate for screening. Lung cancer is typically diagnosed at advanced stages, by which 
time survival is very poor.35 Early detection and early surgery will significantly increase survival. 

Screening is not simply a test but a complex interplay of factors such as the selection of a population 
at risk, the value of the screening test, the screening intervals, the availability of effective treatment, 
the risk of complications or harms caused by screening, motivations and compliance of the screened 
individuals with screening protocols, and treatment recommendations.79 

Screening has two main purposes: 
1. to detect a disease early in its natural history when treatment might be more effective, less 

expensive, or both; and 
2. to detect risk factors that put a person at a higher than average risk for developing a disease, 

with the goal of modifying the risk factor(s) to prevent the disease.78,80 

Developing a screening recommendation for a disease or condition has two main steps: 
1. to estimate the health and economic outcomes of the proposed screening strategy―the 

benefits, harms, and costs; and 
2. to compare those outcomes to determine whether the benefits outweigh the harms and 

whether the health outcomes (benefits and harms combined) are worth the costs.78 

Screening tests 
Chest radiography and sputum cytology were extensively studied for their potential as screening 
instruments in smokers in the 1970s; however, despite the fact that more tumours were diagnosed 
and resected, the mortality from lung cancer did not decrease in the screening groups compared to 
groups with no screening.6,13,81 The disappointing results may reflect the fact that neither chest 
radiography nor sputum cytology is sensitive enough to detect early lung cancers (see T section, 
Discussion). 

Recently, non-radiological tests have been proposed to screen for lung cancer. Fibre optic 
bronchoscopy, particularly when using fluorescence or auto-fluorescence, is able to identify early 
cancer or even precancerous lesions.13 Several factors limit its widespread use in an at-risk 
population: it is semi-invasive and is not generally accepted by asymptomatic individuals; it is not 
widely available; and it is too expensive and time consuming.13 Laboratory tests using modern 
techniques may allow the diagnosis of lung cancer to be made noninvasively in the future. Different 
approaches for testing for specific molecular markers in sputum, serum, or exhaled air for assessing 
genetic anomalies in sputum or blood cells, as well as other tests, are under investigation; however, 
none of these has proven applicable in clinical routine at the present time.13 

Definition of LDCT 
Generally, high tissue contrast between pulmonary nodules and the surrounding lung parenchyma 
allows substantial radiation dose reductions when performing chest CT.82 In general, lower radiation 
doses can be achieved by using lower tube currents and lower tube voltages. The current-time 
product (milliampere, mAs) can be considered as the number of x-rays that enter the patient, which 
are often in the 200 to 250 mAs range for an average-sized person in a standard diagnostic CT 
scan.82 
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The term “low dose CT” is descriptive but imprecise. No standard definition is available as to what 
constitutes low radiation exposure, and scan protocols vary depending on individual machine 
capacities.83 

Low dose CT was originally defined as 10 milliamperes (mAs) instead of 140 mAs in the standard 
protocol because 10 mAs represents the lowest milliamperage available, while other parameters were 
kept the same as for standard imaging (120 kV, two-second scan time, 10-mm-thick sections, and a 
standard reconstruction algorithm).84 

Scans for the Early Lung Cancer Action Project were performed on a single-slice scanner using 140 
kVp, 40 mAs per rotation, pitch 2, and 10-mm slice thickness.83 In 2003, the Mayo Clinic in the 
United States reported results of lung cancer screening with LDCT using a four-detector row 
scanner, 120 kVp, 40 mAs, pitch 1.5, and five-millimetre slice collimation. In the NLST study, CT 
scans were typically performed at 20 to 40 mAs.85,86 Therefore, 20 to 40 mAs and 120 to 140 kVp are 
generally used in screening studies. 

Various measures are used to describe the radiation dose delivered by CT scanning, the most 
relevant being absorbed dose, effective dose, and CT dose index (see Table S.9).87 

TABLE S.9: MEASUREMENT OF CT DOSES 
Measurement of CT dose Definition 

(Organ) absorbed dose The energy absorbed per unit of mass, which is measured in grays (Gy). One gray 
equals one joule of radiation energy absorbed per kilogram. The organ dose (or the 
distribution of dose in the organ) will largely determine the level of risk to that organ 
from the radiation. 

Effective dose Expressed in sieverts (Sv), this is used for dose distributions that are not 
homogeneous (which is always the case with CT). It is designed to be proportional 
to a generic estimate of the overall harm to the patient caused by the radiation 
exposure. The effective dose allows for a rough comparison between different CT 
scenarios, but provides only an approximate estimate of the true risk. For risk 
estimation, the organ dose is the preferred quantity. 

CT dose index CT doses measured for a single slice in standard cylindrical acrylic phantoms. It is 
useful for quality control, but not directly related to the organ dose or risk. 

Source: 87 

The radiation doses to particular organs from any given CT study depend on factors such as the 
number of scans, the tube current and scanning time in mAs, the size of the patient, the axial scan 
range, the scan pitch, the tube voltage in kilovolt peaks (kVps), and the specific design of the 
scanner being used.87 Total radiation doses can be further limited by restricting the scope of follow-
up CTs to a region of interest surrounding the nodule(s) in question rather than covering the entire 
chest, so-called limited LDCT.37 

LDCT protocols 
CT protocols vary in the number of acquisition channels, channel width, detector configuration, 
acquired slice thickness, pitch, kVps, tube current rotation time, and reconstruction kernel.83 

For the US National Lung Screening Trial (NLST),85 the interpretation task with CT was to detect, 
characterize, and follow focal lung nodules with a diameter of four millimetres or greater. The 
equipment and protocols used had to ensure that the whole chest could be imaged in a single, 
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suspended, maximal breath-hold, and maintain an acceptable low radiation exposure (an average 
effective dose of 1.5 mSv).83 Multi-detector scanners with a minimum of four channels were 
mandated to satisfy these imaging requirements, and to enable elective additional prospective 
reconstructions of the volumetric data beyond that mandated by the protocol.83 

A comprehensive list of scanner variables for all CT scanner makes and models, which was 
developed for the NLST, is now used by different clinical sites to implement the NLST protocols. A 
total of 18 parameters have been identified across scanners.83 For each scanner, individual protocol 
parameters are tailored to achieve images of comparable image quality while satisfying minimum 
standards of radiation exposure, scan acquisition time, and measured spatial, contrast, and noise 
quality.83 

Based on a review of published protocols, a committee of American College of Radiology Imaging 
Network (ACRIN) radiologists established consensus on ranges of technical parameters to guarantee 
acceptable to excellent image quality.83 With this visual reference standard, the physics committee 
established target acquisition guidelines, which include the use of multi-detector CT scanners with 
four or more channels, gantry rotation times of ≤0.8 seconds, pitch range from 1.25 to 2.0, nominal 
reconstruction thickness of ≤2.5 millimetres, contiguous reconstruction intervals, and x-ray beam 
energy of 120 kVp.83 The range of tube current had to balance acceptable levels of image noise and 
subjective assessments of image quality against patient dose. Whereas diagnostic chest CT scans 
generate computed tomography dose index volume (CTDIvol) values in the vicinity of 16 to 20 mGy, 
tube current selections and gantry rotation times for NLST were designed to achieve a target 
CTDIvol dose range of 2 to 3 mGy based on a review of representative datasets across multiple 
scanners. 

Ongoing quality control of CT equipment includes initial and annual equipment certifications for all 
scanners used in the NLST and bimonthly water phantom tests.83 Annual machine performance 
tests include measurement of CTDIvol dose, water calibration, image noise measurements, filed 
uniformity measurements, and assessment for artifacts.83 

Clinical Practice Guidelines for Lung Cancer Screening 
Since the publication of the mortality results in the NLST in 2011,85 a number of organizations, 
mostly in the United States, have released guidelines or position statements in relation to lung cancer 
screening (see Table S.10). 

TABLE S.10: SUMMARY OF CLINICAL PRACTICE GUIDELINES 

Organizations Patient eligibility Timing and intervals of 
screening 

American College of Chest 
Physicians (ACCP), 201379 

Aged 55-74 years, ≥30 pack-year history, and  
smoking cessation <15 years 

Annual screening (the most 
effective duration or frequency of 
screening is unknown) 

American Cancer Society 
(ACS), 201349 

Aged 55-74 years, ≥30 pack-year history, and 
smoking cessation <15 years 

Annual screening until reaching 
the age of 74 years 

National Comprehensive 
Cancer Network (NCCN), 
201288 

Aged 55-74 years, ≥30 pack-year history, and 
smoking cessation <15 years 
Aged ≥50 years, ≥20 pack-year history, and 
one additional risk factor other than 
secondhand smoke 

Not available 
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American Association for 
Thoracic Surgery (AATS), 
201289 

Aged 55-79 years, and ≥30 pack-year history  
Long-term lung cancer survivors: annual 
screening until age 79 years 
Aged 50-79 years, with 20 pack-year smoking 
history and other factors that produce a 
cumulative risk of developing lung cancer ≥5% 
over the following five years 

Annual screening 

US Preventive Services 
Task Force (USPSTF), 
201390 

Aged 55-80 years 
30 pack-years or have quit within the past 15 
years 

Not available 

Cancer Care Ontario 
(CCO), 201391 

Aged 55-74 years 
30 pack-years or have quit within the past 15 
years 

Annual screening for two 
consecutive years, followed by 
screening once every two years 
after each negative scan 

Bolded numbers are variations from the age limit in the NLST study 

International 
United States 

Based on the results of the NLST, which demonstrated a 20% reduction of lung cancer mortality 
with LDCT screening in comparison with chest radiography,85 all current US clinical practice 
guidelines recommend lung cancer screening for high-risk populations, but with different eligibility 
criteria in terms of age and smoking history. 

The American College of Chest Physicians (ACCP),79 the American Cancer Society (ACS),49 and the 
American Lung Association92 recommended LDCT screening for individuals with a high risk of 
developing lung cancer using the same patient inclusion criteria for the NLST: 

• current or former smokers aged 55 to 74 years; 
• those who have at least a 30-pack-year smoking history; or 
• those who have quit smoking within the past 15 years. 

As shown in Table S.10, the National Comprehensive Cancer Network (NCCN), the American 
Association for Thoracic Surgery (AATS), and the US Preventive Services Task Force (USPSTF) 
recommend lung cancer screening for the target risk population that differs slightly from the NLST 
risk criteria. 

The NCCN88 extended screening to a younger age group, that is, those aged 50 to 74 years, and with 
a lower pack-year smoking history (20 pack-years) if the patient has another lung cancer risk factor 
(that is, chronic obstructive pulmonary disease, pulmonary fibrosis, documented high levels of 
radon, or occupational exposure, cancer history, or family history). 

AATS89 recommended that LDCT screening be offered to those high-risk individuals who are aged 
55 to 79 years with a 30 pack-year smoking history, and took a different approach to stipulate a five-
year risk threshold for screening of 5% or higher. In addition, long-term lung cancer survivors were 
also identified as a risk group for LDCT screening. 

In December 2013, the USPSTF90 recommended  annual screening for lung cancer with LDCT in 
adults aged 55 to 80 years who have a 30 pack-year smoking history and currently smoke or have 
quit within the past 15 years. Screening should be discontinued once a person has not smoked for 15 
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years or has developed a health problem that substantially limits the patient’s life expectancy or the 
ability or willingness to have curative lung surgery.90 This is a level B recommendation, according to 
their rating system. A 2008 law granted US Medicare the power to add new preventive services if 
they receive an “A” or “B” recommendation from the USPSTF.93 In the 2010 Affordable Care Act, 
those services with the USPSTF “A” or “B” recommendations earned waivers of copayment and 
deductibles in Medicare and private insurance.93 The USPSTF recommendation for lung cancer 
screening extended duration for screening to a maximum of 26 years and increased the upper age 
limit to 80 years, even although NLST participants were screened for only three years and were 
ineligible to enroll if they were older than age 74. 

The American Lung Association (ALA)92 proposed the screening process from the perspective of 
the individual who may decide to be screened (see Figure S.7). This framework describes the process 
of screening for lung cancer, moving from a decision to undergo a CT screening through the various 
steps and decision points that follow. 

FIGURE S.7: LUNG CANCER SCREENING ALGORITHM PROPOSED BY ALA 
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Based on these US guidelines, an ideal lung cancer screening program should include the following 
components: 

• Education, counselling, and discussion: Discussions about the potential benefits, 
limitations, and harms of lung cancer screening should occur between eligible patient 
population and health care providers to help individuals clarify their personal values and to 
facilitate effective decision-making. Educational materials should be developed to assist 
patients in having careful and thoughtful discussions with their physicians regarding lung 
cancer screening. Educational materials should include: the difference between a screening 
process and a diagnostic test, the benefits, risks and costs (emotional, physical, and 
economic) of screening, and the fact that not all lung cancers will be detected through the 
use of LDCT scans. 

• Multidisciplinary team: Individuals who choose to undergo screening preferably should 
enter an organized screening program at an institution with expertise in LDCT screening and 
with access to a multidisciplinary team (such as thoracic surgeons, radiologists, 
pulmonologists, and oncologists) skilled in the evaluation and treatment of abnormal lung 
lesions. 

• Screening test: Lung cancer screening should use LDCT that follows the NLST protocol. 
Chest radiography and sputum cytology should not be used for lung cancer screening. Lung 
cancer screening with CT should be part of a program of care and should not be performed 
in isolation as a free-standing test. 

• Smoking cessation: The best way to prevent lung cancer caused by tobacco use is to never 
start smoking and, for those who are smoking, to quit. Lung cancer screening should not be 
viewed as an alternative to smoking cessation but should support smoking cessation. Current 
smokers should be informed of their continuing risk of lung cancer and referred to smoking 
cessation programs. 

• Registry: A number of important questions about screening could be addressed if 
individuals who are screened for lung cancer are entered into a registry that captures data on 
follow-up testing, radiation exposures, patient experience, and smoking behaviour. 

• Follow-up: Management of downstream testing and follow-up of small nodules is 
imperative and may require establishment of administrative processes to ensure the adequacy 
and consistency of follow-up. 

• Quality control: Quality metrics should be developed that could help enhance the benefits 
and minimize the harm for individuals who undergo screening. 

United Kingdom 

The UK National Screening Committee (NSC), which is responsible for reviewing screening policy 
every three years and making recommendations to ministers in the four UK countries, did not 
recommend a systematic population lung cancer screening program. According to the UK NSC 
policy statement released in 2007, lung cancer screening should not be offered and the policy will be 
reviewed again after the results of the NELSON randomized lung cancer trial are published in 
2015.94 No updated policy statement was found on the UK NSC website (accessed February 2014). 

According to the investigators of the UK Lung Screen (UKLS) randomized trial, while lung cancer 
CT screening is not likely to be offered by the National Health Service, if and until a cost-effective 
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screening program is defined by research evidence, screening may be offered by the independent 
sector.95 This research team offered the following recommendations to health care professionals 
who may consider offering individuals lung cancer CT screening outside a clinical trial: 

• Identify the individual’s risk for developing lung cancer. CT screening has been shown to 
reduce mortality only in a specific risk population in the USA. 

• Ensure CT protocols deliver radiation doses at or below those in the latest clinical trials. 
• Ensure that patients are fully informed about the potential harms from the detection of 

benign abnormalities that require investigation or follow-up. 
• Explain that many more benign abnormalities are found than lung cancers. 
• Ensure the availability in the institution undertaking the CT scan of relevant expertise in the 

identification and clinical management of small nodules in the clinical fields of radiology, 
respiratory medicine, pathology, and surgery. 

• Ensure that clear information on follow-up schedules and the number of repeat CT scans 
over following years is available and in line with published evidence. 

• Ensure that all patients are informed of the warning symptoms of lung cancer after a clear 
screen, especially if they are at high risk. 

In Europe, the view of the role of LDCT for lung cancer screening appears to be more conservative. 
According to some European experts, the health care system in the United States is very different 
from that in Europe.96 LDCT generates commercial interest, but clinical considerations are 
paramount. Several uncertainties remain within Europe to preclude formulation of a universal policy 
for screening.96 The most promising policy for lung cancer screening would be established after the 
Dutch-Belgian Randomized Lung Cancer Screening Trial (NELSON trial) and European Union 
pooling reports in 2015-2016, by undertaking several demonstration projects in countries with 
similar health care systems.96 No recent European clinical practice guidelines in relation to lung 
cancer screening were identified through our comprehensive literature search. 

Australia 

The Department of Health and Ageing in Australia recently released an overview of evidence and 
issues on lung cancer screening and concluded that, while the NLST results demonstrate a benefit 
from lung cancer screening for heavy smokers, a number of issues still need to be investigated 
before the potential benefit can be properly assessed and weighed against the costs and potential 
harms.97 It is clearly too early to consider the implementation of a national lung cancer screening 
program in Australia.97 

Canada 
The Canadian Partnership Against Cancer organized an expert committee to examine issues 
surrounding lung cancer screening in Canada, and released an evidence summary report in 
September 2011.98 This report was not intended to provide clinical/policy recommendations, and 
concluded that: “[a]lthough the NLST results are encouraging, more investigation is needed in the 
areas of: over-diagnosis; net benefit versus harm; at-risk population to screen; frequency and 
duration of LDCT screening; the most appropriate diagnostic work-up of screen detected 
abnormalities; and implications for public policy.”98 
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In an old guideline published in 2003, the Canadian Task Force on Preventive Health Care 
(CTFPHC)99 did not recommend lung cancer screening due to insufficient evidence; no updated 
recommendations from CTFPHC were found from our comprehensive literature search. 
In October 2013, Cancer Care Ontario91 released a clinical practice guideline regarding the use of 
LDCT for lung cancer screening, which includes the following key recommendations: 

• Screening for lung cancer with LDCT is recommended in high-risk populations, defined as 
adults aged 55 to 74 years with a minimum smoking history of 30 pack-years or more. 

• Screening for lung cancer should be performed using an LDCT multi-detector scanner with 
the following parameters: 120 to 140 kVp, 20 to 60 mAs, with an average effective dose of 
1.5 mSv or less. 

• A nodule size of ≥5 millimetres found on the LDCT indicates a positive result and warrants 
a three-month follow-up CT. Nodules of ≥15 millimetres should undergo immediate further 
diagnostic procedures to rule out definitive malignancy. 

• Follow-up CT of a nodule should be performed at three months as a limited LDCT scan. 
• Patients at high risk for lung cancer should commence screening with an initial low-dose CT 

scan, followed by annual screens for two consecutive years, followed by once every two 
years after each negative scan. 

No recent clinical practice guidelines from other Canadian provinces were found through our 
literature search. 

Alberta 
A comprehensive literature search did not locate any Alberta clinical practice guidelines that 
recommend the use of LDCT for lung cancer screening. 

Regulatory Status 
Health Canada 
About 12 different models of CT scanners manufactured by the GE Hangwei Medical Systems CO. 
LTD and eight different models of CT scanners manufactured by the Philips Medical System INC. 
have been approved by Health Canada and have received licenses as Class 3 medical devices 
(www.webprod5.hc-sc.gc.ca/mdll-limh). Regulatory Information Officers at the Medical Devices Bureau, 
Health Canada, were contacted for the indications of these Health Canada approved CT scanners. 
Generally, the indications were defined in terms of body location for examination (for example, 
head, chest, or whole body), but not for the purposes of the tests (for example, diagnosis or 
screening) (Regulatory Information Officers at Health Canada, personal communication, 20 
February 2014). 

Blue Cross 
According to the Blue Cross Medical Policy released in 2013,100 LDCT scanning, no more frequently 
than annually for three consecutive years, may be considered medically necessary as a screening 
technique for lung cancer in individuals who meet all of the following criteria used by the National 
Lung Screening Trial: 

• between 55 and 74 years of age; 
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• history of cigarette smoking of at least 30 pack-years; and
• if former smoker, quit within the previous 15 years.

Low-dose CT scanning is considered investigational as a screening technique for lung cancer in all 
other situations.100 

System Capacity 
Lung Cancer Screening Provision in Canada and Alberta 
Canada 
Currently, no formal (structured) lung cancer screening program is taking place in any of the 
Canadian provinces.101 All of the lung cancer screening has been performed as part of clinical trials, 
the most pivotal being the Pan-Canadian Early Lung Cancer Detection Study, funded by the 
Canadian Partnership Against Cancer and the Terry Fox Research Institute, which involved eight 
clinical sites across Canada.102 Currently, both Nova Scotia and British Columbia are in the process 
of preparing proposals for their local governments and health ministries to institute lung cancer 
screening programs.103 In Ontario, physicians and patients are aware of LDCT, which has begun to 
be used without official guidelines.91 
In September 2012, a group of Canadian experts has formed a cross-country network, the Pan-
Canadian Lung Cancer Screening Network, to coordinate efforts across the country and determine 
next steps to translate recent research findings into practical applications and action.104 Currently, 
they are working on the development of quality assurance and radiology reporting guidelines for 
lung cancer screening. 

Alberta 
In Alberta, despite previous US and Canadian clinical practice guidelines which did not recommend 
lung cancer screening due to insufficient evidence to support such a practice, numerous smokers 
and ex-smokers receive an annual chest radiography examination from their primary care 
providers.103 Currently (as of March 2013), LDCT screening for lung cancer is available at private 
settings in Calgary, Alberta, and it is believed that uptake has been minimal so far.103 However, no 
information is currently available to answer the following questions proposed by Alberta Health: 

1. What types of facilities provide the service?
2. Which facilities are they?
3. What is the point of entry/how do patients gain access to the service?
4. What types of health care professionals are involved and how?
5. What do these health professionals think of the technologies in terms of their clinical utility?

The Alberta Thoracic Oncology Program (ATOP) was created in 2011 to improve the wait times 
and care of lung cancer patients or suspected lung cancer patients in Alberta.103 After the publication 
of the US NLST study, the Lung Cancer Screening Working Group was created as a sub-committee 
of ATOP.103 

System Capacity and Support for Providing Lung Cancer Screening in Alberta 
A comprehensive provincial lung cancer screening program requires sufficient numbers of CT 
scanners, radiologists, technicians, pathologists, oncologists, and thoracic surgeons. 
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CT scanners 
In 2010, of the approximate 484 CT scanners available in Canada, 47 were used in Alberta.103 In 
Alberta, in 2010, 436,064 CT scans were performed for all indications, representing approximately 
10% of the CT scans performed in Canada.103 

Currently, in Albert, 43 of the 47 CT scanners are at least a four-slice scanner, so they meet the 
requirement for performing a low-dose screening scan.103 
Radiologists 
Currently, approximately 270 radiologists, who are at or near capacity, are actively practicing in 
Alberta.103 The addition of lung cancer screening with CT scans would require the recruitment of 
additional radiologists to manage the predicted volume.103 

The number of radiologists that would be required is highly dependent on the parameters of the 
lung cancer screening program, such as screening uptake, selection criteria, working hours, and 
working environments. It was estimated that eight to 10 additional radiologists may be required to 
accomplish the additional workload generated once the program reaches peak activity.103 

Thoracic surgeons 
Implementation of a lung cancer screening program may also impact surgical services, as screening 
will increase the number of lung cancer resections due to cancer stage shift and overdiagnosis. The 
magnitude of this increase is difficult to estimate. Based on a potentially large increase in early stage 
lung cancers that are resectable, with the assumption of a 70% uptake of screening and using the 
eligibility criteria of the NLST trial, it has been projected that required surgical services could double 
the current surgical workload.103 Furthermore, additional work may be generated by the work-up, 
investigation, and possible resection of nodules that ultimately turn out to be benign. In the NLST 
trial, this represented 0.7% of the screened population, which is one of the lowest rates reported. If 
70,000 people were screened in Alberta, this would translate to an additional 490 patients requiring 
excisional biopsy for diagnosis.103 

In Alberta, thoracic surgeons are currently working at or near capacity. It is expected that, due to 
population growth, additional thoracic surgery capacity will be needed whether or not screening 
occurs. Obviously, the resource needs will be even greater if lung cancer screening is implemented. 

Respirologists 
Several of the false positive findings and incidental findings may require clinical assessment by 
respirologists. However, the impact on respirologists is difficult to quantify, and may depend on 
follow-up protocols developed for evaluating the positive screen results.103 

Bronchoscopy 
Assuming similar rates of bronchoscopy as those in the NLST trials (<1% of screening participants), 
less than 1,000 bronchoscopies would be required per year in Alberta. The existing capital structure 
could accommodated this demand, but increased manpower may be required.103 

Pathologists 
The additional number of investigations and surgeries from a lung cancer screening program could 
also impact pathology laboratories throughout the province. Assuming an increase of 600 radiologic 
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biopsies (CT and ultrasound-guided), 800 bronchoscopies, and 600 to 1,200 surgical procedures per 
year, 1.5 to 2 full-time pathologists would be needed to diagnose the additional screening-related 
tissue samples.103 

Family Physicians 
Lung cancer screening will impact family physicians. However, the degree of impact will depend on 
how a screening program is structured, the family physicians’ role in risk assessment and screening 
selection, and their responsibilities for investigation of incidental findings.103 

Selection criteria for lung cancer screening 
One of the most important tasks of any cancer screening protocol is to identify the target population 
at highest risk for developing cancer. Age and smoking pack-years are the major risk factors in the 
development of lung cancer. 

Based on the NLST selection criteria (that is, those aged 55 to 74 with a smoking history of 30 pack-
years), it is estimated that between 107,000 and 125,000 Albertans would currently be eligible for 
lung cancer screening.103 Because no registry for smokers is in place, identifying the target population 
for lung cancer screening is not as simple as for other population-based screening programs.103 
Using Canada census information, along with estimates of the proportion of various age groups with 
the appropriate smoking background taken from the Prostate, Lung, Colorectal, and Ovarian 
(PLCO) Cancer Screening Trial, approximately 107,000 people in Alberta would be eligible for 
screening. Using modelling data from the Canadian Tobacco Use Monitoring Survey (CTUMS), 
125,000 Albertans would meet screening eligibility.103 These numbers could increase or decrease if 
the eligibility criteria for screening was changed based on persons’ age or smoking history, or if other 
risk factors such as asbestos exposure, radon exposure, or family history were taken into 
consideration. 

The population with lung cancer is composed of mainly elderly individuals of lower socioeconomic 
status who often have significant comorbidities, and is mainly male. Among the CT screening 
studies that provided information on how subjects were recruited, most indicated that only a 
minority of eligible subjects agreed to participate in the study.6 Therefore, it is still uncertain how 
many of those eligible candidates in Alberta would actually participate in a lung cancer screening 
program. 

Future Challenges for Lung Cancer Screening 
Many important unresolved issues remain, including the effectiveness of lung cancer screening for 
reducing disease-specific mortality, the potential harms of screening, its cost-effectiveness, and the 
potential impact of new research methods on the early identification of lung cancer.105 Future 
research needs to address uncertainties in areas such as:37 

• optimizing identification of high risk individuals; 
• developing screening protocols (for example, screen interval, number of screening rounds); 
• defining a positive screen result; 
• managing indeterminate nodules; 
• diagnostic and therapeutic interventions for suspicious nodules; 
• integrating smoking cessation components into lung cancer screening programs; 
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• determining the role of early detection biomarkers in individual lung cancer risk assessment; 
and 

• determining the rate of overdiagnosis. 

Lung cancer screening is more than simple provision of a CT service. It is a long-term commitment 
requiring extensive infrastructure to allow for invitation and recruitment, quality improvement, 
workforce/facility capacity for screening, and participant information and support.37 
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Appendix S.A: Methodology for Social and System Demographics (S) 
Section 
Search strategy 
The IHE research librarian conducted the literature search for publications published between 2003 
and 15 October 2013. The search was further limited to review articles. In addition to major 
electronic databases, also searched were relevant library collections, websites of clinical practice 
guidelines, regulatory agencies, evidence-based resources, and other health technology assessment 
(HTA) related agency resources. 

The search was developed and carried out prior to the study selection process. In addition to the 
strategy outlined below, reference lists of retrieved articles were reviewed for potentially relevant 
studies. 

TABLE S.A.1: SEARCH STRATEGY 

Database Edition or 
date searched Search terms †† 

Core databases 

MEDLINE 
(includes  in-
process and non-
MEDLINE citations) 
OVID Licensed 
Resource 

2003 - 
15 October 

2013 
 
 
 
 
 
 
 
 

EPI/Social 
demographics 

 

1 exp *Lung Neoplasms/ 

2 (lung adj2 (cancer* or carcinoma* or tumor*)).ti. 

3 (pulmonary adj2 (cancer* or carcinoma* or neoplasm* or tumor*)).ti. 

4 1 or 2 or 3 

5 (socio-demographic* or social demographic*).tw. 

6 exp *Health Status/ 

7 *Comorbidity/ or exp *Mortality/ or exp *Morbidity/ 

8 exp *Prognosis/ 

9 (burden adj2 (illness or disease or condition or sickness)).ti. 

10 Adaptation, psychological/ 

11 (economic adj2 (outcome* or effect* or burden)).ti. 

12 *Cost of illness/ 

13 exp *Health Care Costs/ 

14 exp *Health Expenditures/ 

15 *Quality of Life/ 

16 Social Support/ 

17 "Activities of Daily Living"/ 

18 *Motor activity/ 

19 Quality-adjusted life years/ 

20 (quality of life or quality adjusted life year* or QoL or HQRL or HRQoL  
or QALY or self-rated health).ti. 

21 (wellbeing or well-being or quality adjusted survival).ti. 

22 Population Surveillance/ 
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Patterns of 
care search 

23 Demography/ 

24 Age Distribution/ 

25 exp Population Groups/ 

26 exp American Native Continental Ancestry Group/ 

27 (incidence or prevalence).ti. 

28 *Risk Factors/ 

29 *Socioeconomic Factors/ 

30 Educational Status/ 

31 Income/ 

32 Poverty/ 

33 Social Class/ 

34 Social Conditions/ 

35 exp Social Environment/ 

36 Minority Groups/ 

37 Cultural Characteristics/ 

38 Age Factors/ 

39 or/5-38 

40 4 and 39 

41 limit 40 to ("review articles" and yr="2003 - 2014") 

42 exp *Lung Neoplasms/co, ec, ep, eh, mo, px [Complications,  
Economics, Epidemiology, Ethnology, Mortality, Psychology] 

43 limit 42 to "review articles" 

44 limit 43 to yr="2003 -Current" 

45 41 or 44 

46 exp Tomography, X-Ray Computed/ 

47 (CT or comput* tomography).tw. 

48 46 or 47 

49 4 and 48 

50 standard* of care.ti. 

51 Practice Guideline/ 

52 (health services needs and demands).mp. 

53 Ethnic Groups/ 

54 exp Socioeconomic Factors/ 

55 Income/ 

56 Poverty/ 

57 Social Conditions/ 

58 exp Social Environment/ 
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59 (socio-demographic* or social demographic*).mp. 

60 Minority Groups/ 

61 Social Support/ 

62 

((patient or population or key or important or cultural or ethnic or  
psychological or linguistic or economic or socioeconomic or psycho- 
social or policy or financial or lifestyle or emotional or psychological)  
adj2 (disparities or factor* or barrier* or consideration* or implication*  
or concern* or effect* or issue* or characteristic*)).tw. 

63 Cultural Characteristics/ 

64 Age Factors/ 

65 exp Psychology/ 

66 Cultural Competency/ 

67 exp Cross-Cultural Comparison/ 

68 Cultural Diversity/ 

69 Health Services Accessibility/ 

70 (barrier* adj3 (implement* or utili?ation or "use")).tw. 

71 (access not access-port).ti. 

72 (system* adj2 support*).tw. 

73 exp Population Characteristics/ 

74 Population Surveillance/ 

75 Age Distribution/ 

76 Ethnic Groups/ 

77 exp American Native Continental Ancestry Group/ 

78 "Patient Acceptance of Health Care"/ 

79 (implication* or issue*).ti. 

80 adverse effect*.tw. 

81 or/50-80 

82 49 and 81 

83 limit 82 to ("review articles" and yr="2003 -Current") 

84 45 or 83 

(1026 results) 

Sociological 
Abstracts 

2003 - 
1 September 

2013  

((lung OR pulmonary) NEAR/4 (cancer* OR carcinoma* OR neoplasm* OR 
tumor*)) 
(97 results) 

Clinical practice guidelines 

CMA Info base 
www.cma.ca/index.
php 

6 December 
2013 

Lung cancer screening 
(0 results) 

National Guidelines 
Clearinghouse 
www.guideline.gov/ 

2 December 
2013 

Lung cancer screening 
(11 results) 
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AMA TOP 
www.topalbertadoc
tors.org/cpgs/?sear
ch=heart+failure&x
=0&y=0 

5 December 
2013 

Browsed list of CPGs 
(0 results) 

NICE Guidance 
www.nice.org.uk/ 

5 December 
3013 

Browsed by topic 
(0 results) 

Australian Health 
and Medical 
Research Council 
Clinical Practice 
Guidelines Portal 
www.clinicalguideli
nes.gov.au/index.p
hp 

5 December 
2013 

Lung cancer screening 
(0 results) 

Canadian HTA sites 

CADTH  
www.cadth.ca/ 

5 December 
2013 

Lung cancer screening 
(0 results) 

CHSPR 
www.chspr.ubc.ca/  

5 December 
2013 

Lung cancer screening 
(0 results) 

INESS 
www.inesss.qc.ca/ 

5 December 
2013 

Lung cancer screening 
(0 results) 

ICES 
www.ices.on.ca/ 

5 December 
2013 

Lung cancer screening 
(1 result) 

OHTAC 
www.hqontario.ca 

5 December 
2013 

Lung cancer screening 
(0 results) 

International HTA sites 

MSAC 
www.msac.gov.au/i
nternet/msac/publis
hing.nsf/Content/co
mpleted-
assessments 

5 December 
2013 

Lung cancer screening 
(0 results) 

UKHTA 
www.nets.nihr.ac.u
k/programmes/hta 

9 December 9 
2013 

Lung cancer screening 
(4 results) 

AHRQ 
http://ahrqpubs.ahr
q.gov/OA_HTML/ib
eCZzpHome.jsp  

9 December 
2013 

Lung cancer screening 
(2 results) 

Search engines 

TRIP 
www.tripdatabase.
com/ 

9 December 
2013 

Lung cancer screening 
(19 results) 

Google 
www.google.ca  

9 December 
2013 

lung OR pulmonary neoplasm OR cancer OR carcinoma OR tumor 
"screening" filetype:pdf 
(22 results) 

Note: ††,  *, # , and ? are truncation characters that retrieve all possible suffix variations of the root word, for example, 
surg* retrieves surgery, surgical, surgeon, etc.  
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SECTION TWO: Technology Effects and Effectiveness 
Ken Bond, MA, Dagmara Chojecki, MLIS 

Background and Context 
Lung cancer is the leading cause of death due to cancer in Canada, accounting for an estimated 30% 
of cancer deaths in males and 25% of cancer deaths in females. The five-year relative survival rate 
for all cancers combined for the 2004 to 2006 period was 62%, whereas lung cancer has a five-year 
survival rate of 16%. In 2008, 1,787 new cases of lung cancer occurred in Alberta, with 1,422 deaths 
due to the disease. Despite projected declines in incidence and mortality rates, the absolute number 
of cases of lung cancer and deaths from lung cancer are projected to increase due to an aging 
population and population growth, with the increased risk of lung cancer that occurs with aging. By 
2030, the number of cases of lung cancer in Alberta is expected to increase to close to 3,000 cases 
annually. In Canada, over 75% of lung cancer patients present with late stage (stage III or IV) 
disease at diagnosis. This late stage of the disease at presentation is one of the main factors thought 
to be responsible for the overall poor survival from lung cancer. Consequently, there is significant 
interest in lung cancer screening and early identification. 

Although interest in lung cancer screening has existed since the 1960s, evidence has not supported 
such a practice. A number of medical tests are currently used to diagnose and stage lung cancer; 
however, these tests are typically ordered only after symptoms manifest. Among the technologies 
commonly used to identify, diagnose, and stage lung cancer are: computed tomography (CT); 
magnetic resonance imaging (MRI); positron emission tomography (PET); sputum cytology; 
bronchoscopy; thorascopy; and chest x-rays. Different tests are often used in conjunction with one 
another, and the tests have different strengths and weaknesses (for example, resolution, accuracy, 
radiation risk, and invasiveness). 

Several of the above-listed technologies have been studied in the context of a possible lung cancer 
screening program. Chest x-rays and sputum cytology, for example, have been studied extensively. 
However, due to the potential for bias in screening studies, it is believed that a large, properly 
designed, and appropriately analyzed, randomized, controlled trial is the only valid way to estimate 
the potential benefits of lung cancer screening modalities.1 The results of a single, large, randomized 
trial comparing chest radiography with no screening did not indicate any improvement in mortality 
(risk ratio of lung cancer in screened group at 13-year follow-up: 0.99 [95% CI 0.91, 1.07]). The 
general consensus among EAG members and other clinical researchers was that chest radiography 
should not be used to screen for lung cancer.2,3 Multi-detector helical CT enables the entire lung to 
be imaged as a single volume within one breath-hold. The high contrast between aerated lung and 
soft tissue means that low radiation doses can be used while preserving the capacity to detect focal 
lung lesions, despite higher imaging noise. 

Project Context 
A lung cancer screening program would allow for diagnosis at an earlier stage of the disease; patient 
presentation at an earlier stage is an important component in improving survival, mortality, and 
quality of life. Also associated with treating patients at an earlier stage are cost advantages and 
avoidance of a larger symptom burden. The cost of a lung cancer screening program in Alberta is 
currently unknown. 

Low dose computed tomography for the screening of lung cancer in adults 42 



Low-dose computed tomography (LDCT) screening for lung cancer was placed on the Alberta 
Advisory Committee on Health Technologies Watch/Monitor List in January 2011. The clinical 
community in Alberta has demonstrated significant interest in using LDCT as a means of screening 
for lung cancer and establishing a formal screening program. Interest in a lung cancer screening 
program also exists within Alberta Health Services (AHS), and the advisory committee requested 
clarification from the Cancer Strategic Clinical Network on the scope of the policy question. In 
2011, AHS established the Alberta Lung Cancer Working Group as a sub-committee in order to 
provide recommendations on the potential benefits and costs of an organized provincial lung cancer 
screening program, the implications of adopting LDCT, and the need for provincial organization of 
smoking cessation and tobacco control efforts within such a program. 
Objective 
The objective of the Technology Effects and Effectiveness section (T section) of this report is to 
perform a review of systematic reviews about the available evidence on the efficacy and safety of 
low-dose computed tomography (LDCT) for screening for lung cancer in adult current and former 
smokers. LDCT is the only screening modality that has shown evidence of having potential utility in 
lung cancer is LDCT, and is thus the focus of this review. 

Research Question 
What is the safety and effectiveness of LDCT screening for lung cancer? 

By addressing the Research Question, the T section aimed to provide information to address the 
following policy considerations: 

1. What is the safety and clinical effectiveness of low-dose computed tomography for lung
cancer screening in high-risk populations (smokers and former smoker aged 50 years or
older)?

2. For what sub-population, if any, is lung cancer screening most effective?
3. What is the overall quality of the evidence with respect to key outcomes?
4. What are the gaps in the evidence with respect to these outcomes?
5. To what extent are the results of the NLS trial applicable to the Alberta context?

Methods 
A more detailed description of the review methodology is provided in Appendix T.A, which 
comprises literature searches for systematic reviews that provide quantitative assessments of the safety 
and efficacy of LDCT screening for lung cancer in adult smokers, both current and former. 

Literature Search Strategy 
An IHE information specialist searched MEDLINE (including in-process), EMBASE, CINAHL, 
Web of Science, Scopus, and various grey literature sources such as HTA agency websites, clinical 
trials registries, and Google. Reference lists of the retrieved reports were also scanned for relevant 
publications (see Appendix T.B). 
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An IHE information specialist searched the following sources for evidence:  
• Electronic databases: MEDLINE (including in-process), EMBASE, Cochrane Database 

of Systematic Reviews, NHS Centre for Reviews and Dissemination Databases (DARE, 
NHS EED, HTA), Web of Science, Scopus, and various grey literature sources such as HTA 
agency websites, clinical trials registries, and Google 

• Reference lists: from of the retrieved reports 

Since the main reason for renewed interest in LDCT was the published result of the NLST trial 
(published in 2011), the literature search focused on systematic reviews and HTAs published in 
English between January 2011 and December 2013. 

Study selection 
One reviewer (KB) conducted the study selection using the following inclusion and exclusion 
criteria. 

Inclusion criteria 

Reviews were included if the methods by which they were produced were judged to be systematic. A 
literature review was considered systematic if it met all of the following criteria: 

• a focused clinical question; 
• an explicit search strategy; 
• use of explicit, reproducible, and uniformly applied criteria for article selection; 
• a formal critical appraisal of the included studies; and 
• a qualitative or quantitative data summary or synthesis (that is, a meta-analysis). 

In addition, the review must have had the following, or a similar relevant clinical focus: 
• Population: asymptomatic adults (aged ≥50 years) with a history of smoking 
• Intervention: used LDCT screening  
• Comparator: compared LDCT to no screening or usual care 
• Outcome: provided quantitative data on LDCT screening in terms of: 

o Safety: risks and complications associated with LDCT and diagnostic procedures, 
psychological consequences of false positive, overdiagnosis 

o Effectiveness: lung cancer mortality, all-cause mortality, five-year or longer survival, 
effect on smoking behaviour 

• Setting: studies included in the review had to have been conducted in countries with 
developed market economies, as defined by the United Nations. These countries include 
Australia, Canada, Japan, New Zealand, the United States, and European countries 
(http://unpan1.un.org/intradoc/groups/public/documents/un/unpan008092.pdf). 

In the case of duplicate publications, the most recent or most comprehensive version was included. 
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Exclusion criteria 

Excluded were published reports of: 
• studies other than systematic reviews; 
• adults at risk of lung cancer due to reasons other than smoking (for example, other 

environmental or occupational risks); 
• systematic reviews not evaluating LDCT; and 
• reports that do not provide quantitative data on any outcomes of interest. 

Data extraction 
One reviewer (KB) abstracted data from the published reports of the selected systematic reviews 
according to predetermined data extraction elements. The following general categories of data were 
abstracted: publication information, study population and setting characteristics, intervention 
characteristics, results, and authors’ conclusions. 

Methodological quality assessment 

A single reviewer appraised the methodological quality of selected systematic reviews using the 
AMSTAR rating tool (see Appendix T.C). 

Data synthesis 

Characteristics of the included reviews were summarized narratively and in tables. Quality 
assessment results were summarized narratively by checklist domain. No statistical analyses were 
conducted. 

External review 

Members of the provincial Expert Advisory Group (EAG) assembled for this project reviewed the 
draft report. 

Results 
Literature Search and Selection 
The search of electronic databases and grey literature identified 569 records (see Appendix T.B). 
After screening and full-text assessment, four systematic reviews2-5 were included. A flow chart 
describing the literature selection process and a list of excluded studies are provided in Appendices 
T.C and T.D. One report2 was an updated Cochrane Review conducted by members of the 
Cochrane Lung Cancer Group. Two reports3,5 describe the results of a systematic review developed 
for the United States Preventive Service Task Force (USPSTF), which was coordinated and 
conducted under the auspices of the United States Agency for Healthcare Research and Quality 
through its Evidence-based Practice Centre Program. The third review4 was a multi-society 
collaborative systematic review undertaken by four professional groups (the American Cancer 
Society, the American College of Chest Physicians, the American Society of Clinical Oncology, and 
the American Comprehensive Cancer Network) to inform the development of recommendations for 
clinical practice. Two additional evidence syntheses6,7 were identified through the grey literature 
search, and, although their content is highly relevant to decision-making in Alberta, the reports—
one a review from Cancer Care Ontario6 (CCO) and one from the Alberta Lung Cancer Screening 
Working Group7 (ALCSW)—did not contain enough detail regarding their methods to be 
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considered systematic reviews. The CCO review is described by its authors as an update of the 
collaborative systematic review4 referred to above, and that is included here. Nevertheless, because 
of the relevance of these reports, both reviews will be described and discussed in the Discussion 
section. 

Quality Assessment 
The quality of the three included systematic reviews was similar. Two of the reviews did not report 
the detailed inclusion criteria for primary studies or the list of excluded studies (although Bach et al.4 
indicated the list was available from the authors upon request), and did not assess publication bias 
(although this was likely due to an insufficient number of included studies). None of the reviews 
described potential conflicts of interest for the included studies (although this was described for the 
reviews themselves) (see Table T.1). In addition, Bach et al. did not provide explicit consideration of 
the quality assessment in the formulation of results, while, in the review by Humphrey et al., a single 
reviewer conducted study selection and inclusion and exclusion. In addition, while two reviews 
provided pooled estimates for several outcomes, Bach et al. did not explicitly describe the meta-
analysis in either the Methods section or the Results section. Humphrey et al.5 conducted a meta-
analysis in the original review, but state in the subsequent update that a meta-analysis was considered 
inappropriate.3 

TABLE T.1: SUMMARY OF QUALITY ASSESSMENT OF SYSTEMATIC REVIEWS 
Item Bach et al. 2012 Humphrey et al. 2013* Manser et al. 2013 

A1. A priori design Yes Yes Yes 

A2. Duplicate selection and data 
extraction Yes No No 

A3. Lit search Yes Yes Yes 

A4. Inclusion criteria No No Yes 

A5. Studies list No No Yes 

A6. Study characteristics Yes Yes Yes 

A7. QA conducted Yes Yes Yes 

A8. QA considered in conclusions No Yes Yes 

A9. Pooled results Yes Yes NA 

A10. Publication bias  No No NA 

A11. Conflict of interest No No No 

Overall AMSTAR score /11 6 6 7 

NA – not applicable; QA – quality or risk of bias assessment 
*Quality assessment assumed the updated report followed the methods employed in the original AHRQ report3 

Summary of Included Systematic Reviews 
The three reviews applied similar quality criteria in assessing the methodological quality of the 
included RCTs. 

In assessing potential mortality benefits, the three included reviews overlapped substantially in the 
RCTs that were included for the assessment of benefit (see Table T.3). All three reviews included 
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the USA National Lung Cancer Screening trial (NLST), and two of the three included the only two 
other large RCTs that have described final mortality results (DANTE, DLCST). The updated 
USPSTF review also included a smaller randomized trial (MILD 2012), although its inclusion did 
not alter the conclusions of the review. Two of the trials included in the reviews are related to two 
other larger trials: The Lung Screening Study (LSS) was a pilot study of the National Lung Cancer 
Screening Trial (NLST), and a pre-specified plan is in place to combine data from the Danish Lung 
Cancer Screening Trial (DLSCT) with that from the Dutch-Belgian Randomized Lung Cancer 
Screening Trial (NELSON). 

Due to the almost complete overlap in studies included in the three reviews, a short description of 
each study will be provided based on the information provided in the two reviews. Readers are 
referred to the tables provided in the individual reviews and to the individual studies themselves for 
further details regarding the characteristics of the individual studies. In all three reviews, the 
evidence regarding the potential benefits of lung cancer screening was drawn from RCTs that 
compared LDCT to either usual care (no screening) or chest radiography. The results of the reviews 
are reported by outcome, following the brief summary of the reviews themselves. 

Bach et al. 2012 
Background 

Bach et al.4 conducted a collaborative systematic review in 2012 with members of the American 
Cancer Society, the American College of Chest Physicians, the American Society of Clinical 
Oncology, and the National Comprehensive Cancer Network. The review was conducted to assess 
the evidence regarding the benefits and harms of lung cancer screening using LDCT. The results of 
the review provided the scientific evidence upon which the participating societies developed their 
clinical practice guidelines and recommendations for lung cancer screening, as described in the S 
section of this report. 

Search 

The search for primary studies was conducted in MEDLINE and Embase (January 1996 to 8 April 
2012) and the Cochrane Library (20 April 2012). Additional citations were identified through the 
reference lists of related papers and review articles. The authors state that the search was limited to 
published data only (no grey literature), and articles were restricted to those published in English. 

Search results 

From 591 citations identified through the literature search, the review included eight RCTs and 13 
cohort studies on LDCT screening. As noted above, two of the smaller trials (LSS and DLCST) are 
related to two of the larger trials (NLST and NELSON). 

Quality assessment 

The risk of bias of individual studies was assessed using criteria adapted from several AHRQ 
methods reports, the Cochrane Systematic Reviews of Interventions 5.0, the Institute of Medicine 
report of Standards for Systematic Reviews, and the Scottish Intercollegiate Guidelines Network 
(SIGN) 50 checklist (see Table T.3). Individual studies were given an overall rating of “low,” 
“moderate,” or “high” risk of bias. Overall risk of bias ratings were given only for the NLST and the 
DLSCT. Neither the text descriptions nor the summary tables provided an overall rating for the 
remaining studies, although quality ratings for individual domains of study quality were reported. 
Bach et al. described the NLST and DLCST as low risk of bias and rated the other studies at varying 
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risks of bias, in part because the studies being evaluated were preliminary reports of ongoing studies. 
The cohort studies were also considered to be at varying risks of bias, although usually rated “high 
risk,” because the studies lacked justification for sample size, a definition of the primary endpoint, or 
a description of the funding source. 

Included studies 

The review included eight RCTs and 13 cohort studies (see Table T.3). Three RCTs (Dépiscan, LSS, 
NLST) compared LDCT with chest radiograph and five (DANTE, DLCST, Garg et al., NELSON, 
ITALUNG) compared LDCT with usual care (no screening). The reviewers judged that the 
underlying risk for lung cancer varied substantially among study populations, with three studies 
focusing on high-risk patients, three focusing on a mix of high- and intermediate-risk patients and 
two examining a broad range of risk. The nodule size deemed large enough to prompt further 
investigation (a “positive” or “suspicious” scan) ranged from “any size” to greater than five 
millimetres. The nodule size triggering an invasive intervention ranged from 6 to 15 millimetres. 

Outcomes 

Potential benefit of screening was assessed by examining lung cancer-specific mortality, all-cause 
mortality, mortality not due to cancer, nodule detection rates, and effect on smoking behaviour. 
Potential harm was assessed by examining complications resulting from LDCT screening, 
cumulative radiation exposure, false positive findings, overdiagnosis, and quality of life. Evidence of 
the efficacy of screening was restricted to the results of the RCTs. Evidence of potential harms was 
gathered from both RCTs and cohort studies. 

Rating of strength of evidence 

The overall quality of the body of evidence was graded using a modified version of the GRADE 
approach that balanced high-quality evidence about benefits with lower-quality evidence about 
harms. The review authors considered the overall quality of evidence to be moderate when applied 
to individuals who meet the NLST entry criteria. A rating of “moderate” indicates that the authors 
have concluded that further research is likely to have an important influence on their confidence in 
the estimate of the effect of screening and that the estimate itself may change. The review authors 
considered the overall quality of evidence to be low when applied to other populations. That is, the 
authors believed that further research would be very likely to have an important influence on their 
confidence in the estimate of the effect of screening, and would be likely to change the estimate. 

Potential limitations 

In terms of quality assessment, although the authors provided overall ratings for two studies, they 
did not provide overall quality ratings for all trials. In the appendix to the report, the review authors 
provide pooled estimates for deaths from lung cancer, deaths from other causes, and smoking 
cessation. Heterogeneity was assessed using the Q and I2 statistics. Too few studies were included to 
allow for heterogeneity to be explored using subgroup or meta-regression analyses. In addition, the 
potential of publication bias could not be explored. The authors did not describe their rationale for 
statistical pooling or the methods used, nor did they report and discuss the pooled results in the 
main body of the report. 

Reviewer conclusions 

The reviewers concluded that screening a population of individuals at high risk of lung cancer would 
likely produce benefits to a few individuals that would outweigh the harms that many will 
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experience. However, substantial uncertainties exist regarding how to translate these findings into 
clinical practice. 

Humphrey et al. 2013 
Background 

The purpose of the review by Humphrey et al.3,5 was to update a 2004 review commissioned by the 
USPSTF on screening for lung cancer. The 2004 review concluded that insufficient evidence was 
available upon which to formulate a recommendation for or against routinely screening 
asymptomatic persons for lung cancer with LDCT, chest radiography (x-ray), sputum cytology, or a 
combination of these modalities. The updated review was used by the USPSTF to update its 2004 
recommendation on screening for lung cancer, and focused on evidence that had been published 
since the previous review. The updated recommendation has since been published. 

Search 

The search for primary studies was conducted in MEDLINE (January 2000 to 31 May 2013) and 
CENTRAL (through the fourth quarter of 2012). Additional citations were identified through the 
reference lists of related papers and review articles and a Scopus search for relevant English-
language studies and systematic reviews. The search was limited to published data only (no grey 
literature) and articles were restricted to those published in English. 

Search results 

From 8,215 citations identified through the literature search, the review included seven RCTs on the 
potential benefits of LDCT screening. 

Quality assessment 

The risk of bias of individual studies was assessed using criteria developed by the USPSTF (see 
Table T.2). Individual studies were given an overall rating of “good” if they met all criteria, “fair” if 
they had limitations, although not important ones, in any of the criteria, and “poor” if important 
limitations existed with respect to any of the criteria. Overall ratings were only provided for the four 
trials reporting mortality outcomes. One trial was rated “good,” two were rated “fair,” and one was 
rated “poor.” 

Included studies 

The review included seven RCTs and 13 cohort studies (see Table T.3). Two RCTs (LSS and NLST) 
compared LDCT with chest radiograph and five (DANTE, DLCST, MILD, NELSON, ITALUNG) 
compared LDCT with usual care (no screening). 

Outcomes 

Potential benefit of screening was assessed by examining lung cancer-specific mortality, all-cause 
mortality, and lung-cancer incidence. Potential harm was assessed by examining impact on smoking 
behaviour, cumulative radiation exposure, false positive findings, false reassurance, overdiagnosis, 
psychosocial consequences, effect on smoking behaviour, and incidental findings. 

Rating of strength of evidence 

The overall quality of the body of evidence was graded using criteria developed by the USPSTF that 
considers the number, quality, and size of studies; consistency of results; and directness of evidence. 
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However, the conclusion regarding the assessment of benefit was made based on the basis of the 
NLST trial, which was considered “good quality.” 

Potential limitations 

In the initial report published by the AHRQ,5 the authors specified that a meta-analysis would be 
conducted based on the adequacy of the quality of the trials and a (presumed) lack of heterogeneity 
among study design, population, intervention, and outcomes. Meta-analyses were performed for 
cancer incidence, lung cancer-related mortality, and all-cause mortality using a random effect model. 
Heterogeneity was assessed using the Q and I2 statistics. Too few studies were included to allow for 
heterogeneity to be explored using subgroup or meta-regression analyses. In addition, the potential 
of publication bias could not be explored. Nevertheless, in the subsequent version of the report 
published in the Annals of Internal Medicine,3 the authors state that they did not perform a meta-
analysis because of the substantial heterogeneity in the interventions, follow-up intervals, and quality 
of the trials. 

Reviewer conclusions 

The reviewers concluded that LDCT screening seemed to reduce lung cancer mortality. This result 
was result was driven by one large, good-quality study trial conducted in the United States. Given 
the high number of current and former smokers in the population at risk for lung cancer, identifying 
and treating early-stage lung cancer with screening will hopefully clarify the balance of benefits and 
harms associated with screening. The authors add that more work in public health to reduce 
smoking remains the most important approach to reducing morbidity and mortality from lung 
cancer. 

Manser et al. 2013 
Background 

The purpose of the review by Manser et al.2 (Cochrane Lung Cancer Group) was to update a 
previous Cochrane review originally published in in 1999 and last updated in 2010. The review 
sought to determine whether screening for lung cancer using regular sputum examinations, chest 
radiography, or CT scanning of the chest reduces lung cancer mortality, and to evaluate the possible 
harms and costs associated with screening. 

Search 

The search for randomized and controlled trials was conducted in MEDLINE (inception to 2012), 
PREMEDLINE, Embase (inception to 2012) and CENTRAL (to 2012, Issue 5 of the Cochrane 
Library). Additional citations were identified through bibliographies. The authors hand-searched the 
journal Lung Cancer (1985 to 2000), including abstracts from international lung cancer meetings, and 
contacted experts to identify published and unpublished trials. 

Search results 

From 1,326 citations generated by the updated electronic search, two new trials were identified that 
had not been formerly identified and that met the inclusion criteria. In total, the review included 
eight RCTs and one controlled trial; however, only one of the trials evaluated LDCT. The remaining 
trails evaluated chest radiography and sputum examination and are not discussed in this review of 
reviews. 
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Quality assessment 

The risk of bias of individual studies was assessed using the Cochrane risk of bias assessment tool. 
Two reviewers scored independently each bias domain (allocation, blinding, incomplete outcome 
data, and other potential sources of bias) as having a low, unclear, or high risk of bias. Assessments 
of trial methodology were verified with trial authors where possible. The one study comparing 
LDCT with chest radiography was considered to be at low risk of bias for each domain. 

Included studies 

The review included one RCT (NLST) that compared LDCT with chest radiography (see Table T.3). 
Although the search identified an additional six trials that were included in the other two systematic 
reviews discussed above, the trials were excluded because they either did not report data for 
outcomes measured at five years or later (DANTE, DLCST, MILD), or they did not report 
mortality data (Dépiscan, ITALUNG, NELSON). 

Outcomes 

Potential benefit of screening was assessed by examining lung cancer-specific mortality, all-cause 
mortality, and five-year survival rates. Other outcomes considered were compliance with screening, 
lung cancer incidence, stage at diagnosis, resection rate, postoperative death, quality of life, harms of 
screening, and costs. 

Rating of strength of evidence 

The overall quality of the body of evidence was graded using criteria developed by the GRADE 
working group that considers the number, risk of bias, and size of studies; consistency of results (if 
more than one study); precision of effect estimate, and directness of evidence (both comparison and 
outcome). The authors considered the mortality results reported in the NLST to be high quality 
evidence, which means that further research would be unlikely to change the authors’ confidence in 
the estimated reduction in mortality. 

Potential limitations 

The inclusion criteria of the review were such that a number of trials that may have provided 
evidence on the potential benefits of LDCT were excluded. 

Reviewer conclusions 

Based on the results of the NLST, the reviewers concluded that annual screening with LDCT is 
associated with a reduction in lung cancer mortality in high-risk smokers. Nevertheless, the authors 
state that before recommendations can be made about the use of LDCT for large-scale screening 
programs (including for high-risk individuals only), more data are needed on the cost-effectiveness 
of screening that takes into account the frequency of screening and both the benefits and harms. 

TABLE T.2: QUALITY ASSESSMENT CRITERIA USED BY THE REVIEWS 
Criterion Bach et al. 20124 Humphrey et al. 20133 Manser et al. 20132 

1. Clear question* Initial assembly of comparable 
groups* 

Allocation concealment 

2. Reproducible methodology* Maintenance of comparable 
groups* 

Method of randomization 
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3. Adequate randomization Important differential or overall 
high loss to follow up* 

Blinding of outcome assessment 

4. Concealed allocation Equal, reliable, and valid 
measurement* 

Withdrawals and dropouts 

5. Sufficient sample size* Clear definition of intervention Other sources of bias 

6. Comparable groups Important outcomes considered Appropriateness of statistical 
analysis† 

7. Blinding (of subjects, 
investigators, and assessors)* 

Appropriate analysis 
(adjustment for confounders, ITT 
analysis, etc.) 

 

8. Validated and reliable 
measures* 

  

9. Adequate follow-up*   

10. Appropriate analyses*   

11. Accurate results*   

12. Insignificant conflicts of interest   

*Quality criterion composed of two or more elements assessed separately 
†Not pre-specified quality criterion 

TABLE T.3: SUMMARY OF RCTS INCLUDED IN INCLUDED REVIEWS OF LDCT 

Review # RCTs 
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Literature 
search 

date 
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Mortality-related 
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Outcomes other than 
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N
LS

T 
20

11
 

D
A

N
TE

 
20

09
 

D
LC

ST
 

20
12

 

M
IL

D
 2

01
2 

IT
A

LU
N

G
 

20
09

 

LS
S 

20
05

 

D
ép

is
ca

n 
20

07
 

N
EL

SO
N

 
20

09
 

G
ar

g 
et

 a
l. 

20
02

 

Bach et al. 2012 8 April 2012 Yes† x x x 
 

x x x x x 

Humphrey et al. 
2013 4 May 2013 No x x x x 

    
 

Humphrey et al. 
2013* 7 Dec 2012 Yes‡ x x x x x x 

 
x  

Manser et al. 2013 1 May 2012 No x         

MA – meta-analysis; RCT – randomized controlled trial 
*Humphrey et al. 2013 is included because the USPSTF report includes studies reports outcomes other than 
mortality 
†MA provided in supplementary appendices, but authors did not describe or report results of MA in main report 
‡Authors provided rationale for conducting MA in initial report, but reversed decision and removed the MA in 
subsequent report 

Descriptions of included trials 
Of the trials included in the three reviews, three compared LDCT screening with chest radiography 
and six compared LDCT screening with usual care (no screening). The assessment of benefit was 
based on the results of four trials (one LDCT versus chest radiography and three LDCTs versus 
usual care). The following descriptions of the trials are based on the information provided in the 
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three reviews. Humphrey et al.3 note that, although all trials were conducted in participants at high 
risk for lung cancer based on current or former smoking, the differences in lung cancer incidence in 
the control groups indicate that the studies included participants whose underlying risk of lung 
cancer varied substantially. 

Trials comparing low-dose computed tomography versus chest radiography 
The National Lung Cancer Screening Trial (NLST) randomized 53,454 participants to either 
baseline and three annual LDCT scans (26,722 participants), or to baseline and three annual single 
view posterior-anterior chest radiographs (26,732 participants). The trial was conducted at 33 US 
sites, and included asymptomatic men and women aged 55 to 74 (mean age 61.4 years) who were 
current or former (<15 years since quitting) smokers (≥30 pack-years). The actual study population 
ranged in age from 55 to 74 years (mean 61.4 years), with a mean smoking history of 56 pack-years. 
Of the centres involved in the trial, 31 were academic medical centres (that is, centres designated as 
teaching hospitals) and 25 were National Cancer Institute designated cancer centres. Screening was 
conducted between 2002 and 2006, and subjects were followed for a median 6.5 years from 
randomization. A positive LDCT scan was one that that showed any noncalcified nodule or a mass 
of 4 millimetres or greater in any diameter. A positive CXR image was one showing any noncalcified 
nodule or mass. The trial was stopped early after 6.5 years by the data monitoring committee, based 
on the reduction in lung cancer mortality in the LDCT group. Overall adherence to the screening 
protocol was 95% in the LDCT group and 93% in the chest radiography group. 

Dépiscan randomized 765 participants to either baseline and two annual LDCT scans (385 
participants), or to baseline and two annual chest radiographs (380 participants). The trial was 
conducted in France, and included men and women aged 50 to 75 who were current or former (<15 
years since quitting) smokers (≥15 pack-years). The actual study population ranged in age from 47 to 
76 years (mean 61.4 years), with a mean smoking history of 56 pack-years. Screening was conducted 
between 2002 and 2004, and subjects were followed for a median 6.5 years from randomization. A 
positive LDCT scan was one that that showed any noncalcified nodule or a mass of 5 millimetres or 
greater in any diameter. Nodules 10 millimetres or greater warranted diagnostic testing. A positive 
CXR image was one showing any noncalcified nodule or mass. 

The Lung Screening Study (LSS) was conducted as a pilot study for the NLST. The study 
randomized 3,318 participants to either baseline and one annual LDCT scan (1,660 participants), or 
to baseline and one annual chest radiography (1,658 participants). The trial was conducted at six US 
sites, and included men and women aged 55 to 75 who were current or former (<10 years since 
quitting) smokers (≥30 pack-years). The actual study population ranged in age from 55 to 74 years, 
with a median smoking history of 54 pack-years. Screening was conducted between September 2000 
and September 2001; follow-up continued into 2002. At baseline, a positive screen was one showing 
a noncalcified nodule 4 millimetres or greater, as well as other specific findings. At one year 
examination, any noncalcified nodule 4 millimetres or greater was considered a positive screen, and 
other abnormalities could be considered suspicious for lung cancer at the discretion of the 
radiologist. 

Trials comparing low-dose computed tomography with no screening 
The Detection and Screening of Early Lung Cancer by Novel Imaging Technology and 
Molecular Essay (DANTE) trial randomized 2,472 people to either LDCT (1,276 participants) or 
usual care (1,196 participants). The trial was conducted in Italy, and included only men only aged 60 
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to 74 who were current or former (<10 years since quitting) smokers (≥20 pack-years). The actual 
study population had a mean age of 64 years (LDCT) and 65 years (usual care), with a mean smoking 
history of 47 pack-years. Participants were recruited between 2001 and 2006, and subjects were 
followed for four years. All participants had a baseline clinical interview and examination, chest 
radiography, and three-day sputum cytology (those in the intervention group also received LDCT). 
Participants received annual clinical interviews and physical examinations focused on detecting lung 
cancer. The intervention group received baseline and four annual LDCT scans. An LDCT was 
considered positive if it showed a noncalcified pulmonary nodule or a non-nodular lesion suggestive 
of malignancy. 

The Danish Lung Cancer Screening trial (DLCST) trial randomized 4,104 people to either 
LDCT (2,052 participants) or usual care (2,052 participants). The trial was conducted at a single 
centre in Denmark, and included men and women aged 50 to 70 who were current or former (<10 
years since quitting, had to have quit after age 50) smokers (≥20 pack-years). The study population 
had a mean age of 58 years, with a mean smoking history of 36 pack-years. Participants were 
recruited between 2000 and 2001, and subjects were to be followed for five years (baseline and four 
annual LDCT scans). Any nodule 5 millimetres or greater in diameter indicated on the LDCT scan 
was considered positive or indeterminate unless it had benign characteristics. 

Garg et al. conducted a feasibility trial that randomized 190 people to either baseline and one 
LDCT scan (92 participants), or to observation (98 participants). The trial was conducted in the 
United States, and included high-risk patients with known chronic obstructive pulmonary disease 
and sputum atypia, as well as moderate-risk patients from the general population of a Veterans 
Affairs Medical Center. The study had planned to enroll 400 participants. The study population 
comprised men and women aged 50 to 80 who were current or former (did not specify time since 
quitting) smokers (≥30 pack-years). The LDCT group had a mean age of 68.1 years ±6.2 (high-risk) 
and 63.3 years ±6.6 (moderate risk); the control group had a mean age of 67.4 years ±8.2 (high-risk) 
and 62.1 years ±7.6 (moderate risk). Smoking history in the LDCT group was 65.8 pack-years ±27.7 
(high-risk) and 62.8 pack-years ±29.3 (moderate risk); the control group had a mean smoking history 
of 79.1 pack-years ±36.6 (high-risk) and 69.3 pack-years ±40.4 (moderate risk). Participants were 
recruited starting in 2001, and were followed for two years (baseline CT and one annual CT). A 
positive LDCT scan was one that that showed any nodule 10 millimetres or greater in diameter. 

The ITALUNG trial randomized 3,206 people to either baseline and three annual LDCT scans 
(1,613 participants), or to usual care (1,593 participants). The trial was conducted in Italy and 
included men and women aged 55 to 69 who were current or former (<10 years since quitting) 
smokers (≥20 pack-years). The study population had a mean age of 64 years, with a mean smoking 
history of 39 pack-years. The trial began in 2004, and results were published for the LDCT group 
only in 2009. A positive LDCT scan was one that that showed a noncalcified nodule 5 millimetres or 
greater in any diameter or a nonsolid nodule 10 millimetres or greater in diameter. 

The Nederlands-Leuvens Longkanker Screenings Onderzoek (Dutch-Belgian randomized 
lung cancer screening trial; NELSON) multi-centre trial randomized 15,822 people to either 
baseline and two further (year one and year three) LDCT scans (7,907 participants), or to no 
screening (7,915 participants). The trial, which is being conducted in the Netherlands and Belgium, 
is currently ongoing and has an anticipated end date of 31 December 2015. The study includes men 
and women aged 50 to 75 who were current or former (<10 years since quitting) smokers (≥15 
pack-years). The LDCT group has a mean age of 59 years; most baseline characteristics have not 
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been reported. A positive LDCT scan is defined as a solid nodule with a volume greater than 500 
millimetres3, a solid pleural-based nodule greater than 10 millimetres in diameter, or a partially solid 
nodule with solid component measuring greater than 500 millimetres3. 

The Multi-centric Italian Lung Detection (MILD) trial randomized 4,099 people to annual 
LDCT (1,190 participants), biennial LDCT (1,186 participants), or usual care (1,723 participants). 
The trial was conducted at a single centre in Italy, and included men and women aged 49 or older 
who were current or former (≥10 years since quitting) smokers (≥20 pack-years); it had planned to 
enroll 10,000 participants. The study population ranged in age from a median 57, 58, and 57 years 
(annual, biennial, and no screening, respectively), with a median smoking history of 39, 39, and 38 
pack-years (annual, biennial, and no screening, respectively). The trial was conducted between 2005 
and 2011, and subjects were followed for a median 4.4 years from randomization. A positive or 
suspicious LDCT scan was one that had a solid nodule 5 millimetres to 8 millimetres in diameter, or 
60 millimetres3 to 250 millimetres3 in volume. 

Outcomes Reported In Systematic Reviews 
Mortality-related outcomes 

Lung cancer-related mortality 

Although not explicitly reported in the main text of the reviews conducted by Bach et al.4 and 
Humphrey et al.,3 the authors of both reviews conducted meta-analyses for the three mortality-
related outcomes (see Table T.4). 

Bach et al.4 meta-analyzed results from DANTE, DLCST, and NLST on lung cancer-specific 
mortality (30,050 LDCT; 29,980 no CT screening). The overall estimate was OR 0.82 (95% CI 0.72, 
0.94) favouring LDCT screening; I2 = 0 and Chi-square test (χ2) p = 0.38. Humphrey et al. meta-
analyzed results from the same three studies and also found a statistically significant difference 
favouring LDCT screening. The overall estimate was RR 0.81 (95% CI 0.72, 0.91); I2 = 0 and χ2 p = 
0.406. 

The two reviews also presented individual study results as follows: The NLST found that three 
annual screens with LDCT resulted in a 20% relative decrease in lung cancer-related deaths versus 
chest radiographs, OR 0.80 (95% CI 0.70, 0.92) and RR 0.80 (95% CI 0.73, 0.93). The absolute risk 
reduction was 0.33, meaning the chance of dying was 0.33% less over the study period in the LDCT 
group than in the chest radiography group. None of the three other studies, DANTE, DLCST, and 
MILD, found statistically significant differences in lung cancer-related deaths (see Table T.4). 

All-cause mortality 

Humphrey et al.3 meta-analyzed results from DANTE, DLCST, and NLST on all-cause mortality 
and did not find a statistically significant difference between annual LDCT screening and the control 
(chest radiography or usual care), with substantial heterogeneity among the studies (see Table T.4). 
The pooled estimate was RR 1.02 (95% CI 0.78, 1.33); I2 = 61%, χ2 p = 0.077. Manser et al. also 
reported no statistically significant reduction in all-cause mortality for the NLST results, RR 0.94 
(95% CI 0.88, 1.00). In contrast, Humphrey et al. reported that the NLST showed a statistically 
significant reduction in all-cause mortality for those in the LDCT arm, RR 0.93 (95% CI 0.86, 0.99). 
Bach et al. reported that the results of the DLCST also showed a statistically significant increase in 
all-cause mortality in the LDCT arm, RR 1.19 (95% CI 1.01, 1.40). Humphrey et al. reported a 
similar increase in the MILD study for annual LDCT screening, RR 1.80 (95% CI 1.03, 3.13). 
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However, when the biennial and annual screening groups were combined and compared with the 
control, no statistically significant difference between the groups was found, RR 1.40 (95% CI 0.82, 
2.38). 

Mortality not due to cancer 

Bach et al. meta-analyzed results from DANTE, DLCST, and NLST and reported no statistically 
significant difference between LDCT and the control, OR 0.99 (95% CI 0.92, 1.06). None of the 
individual study results showed a statistically significant difference between LDCT and control 
groups for non-lung cancer-related mortality (see Table T.4). 

Outcomes other than mortality 

Bach et al.4 considered the overall quality of the body of evidence for outcomes other than mortality 
to be “moderate” when applied to individuals who meet the NLST entry criteria, and “low” when 
applied to other populations (due to indirectness). Humphrey et al.3 considered the overall quality of 
the body of evidence and consistency of the results for potential harms to be “fair.” Applicability 
was judged to be “high.” 

Lung cancer incidence 

Humphrey et al.3 and Manser et al.2 reported a statistically significant increase in the number of lung 
cancer cases diagnosed in the LDCT arm compared with those in the control arm in the NLST, RR 
1.13 (95% CI 1.03, 1.23). Humphrey et al.3 also reported a statistically significant increase in the 
incidence of diagnosed lung cancer in the LDCT arm in the DLCST, RR 2.88 (95% CI 1.85, 4.49). 

Nodule detection using LDCT 

Bach et al.4 reported that the average nodule detection per round of LDCT screening (using the 
study’s own size cut-offs) was 20% (range in RCTs: 3 to 30%; in cohort studies: 5 to 51%). Most 
studies reported that more than 90% of nodules were benign. The data was inconsistent with respect 
to an increase or decrease in nodule detection rates in repeat screening rounds, and the NLST did 
not report a decrease until the third round of screening when the study protocol allowed nodules 
present in previous rounds to be ignored. No statistically significant associations were found 
between smoking history, scan settings, nodule size cut-offs, and nodule detection rates. The follow-
up to detected nodules was most frequently further imaging (either CT or PET). 

False positive findings 

Manser et al.2 reported that false positive rates in the NLST were high in the LDCT group. Positive 
test results were reported in 24.2% in the LDCT group, and 6.9% in the chest radiography group. A 
total of 96.4% of the positive findings in the LDCT group and 94.5% in the chest radiography 
group were false positive. 

Invasive procedures 

Bach et al.4 report that, in the NLST, 1.5% of patients who had a positive LDCT but were not found 
to have lung cancer had undergone an invasive procedure such as needle biopsy or bronchoscopy, 
and 0.7% of patients who were not found to have lung cancer had had a thoracoscopy, 
mediastinoscopy, or thoracotomy. In the NELSON trial, these numbers were 1.2% and 0.6%, 
respectively. The authors also report that invasive non-surgical procedures in patients with benign 
lesions occurred in 73% of cases in the NLST. 
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Complications of diagnostic procedures 

Only the NLST reported outcome data related to complications resulting from LDCT screening. 
Bach et al.4 report that the frequency of death occurring within two months of diagnostic evaluation 
of a detected finding was 8 per 10,000 for LDCT and 5 per 10,000 for chest radiography. The 
frequency of death when diagnostic evaluation involved imaging only was, respectively, 1.9 and 1.5 
per 10,000. The frequency of death when diagnostic evaluation involved bronchoscopy or needle 
biopsy was, respectively, 3.4 and 2.2 per 10,000. 

Humphrey et al.3 and Manser et al.2 report (also based on NLST results) that, for the 22,745 positive 
screen results for which diagnostic results were available, complications were reported for 245 
LDCTs and 81 chest radiographs, but that major complications were infrequent in both groups. In 
the LDCT group, 1,075 invasive procedures were performed, including 457 investigations of 
abnormalities that did not turn out to be cancer. In those who underwent invasive procedures, 84 
major complications occurred (including 11 in individuals who did not have lung cancer). In the 
chest radiography group, 334 invasive procedures were performed, including 70 investigations of 
abnormalities that did not turn out to be cancer. In individuals who underwent invasive procedures 
(including one who did not have lung cancer), 24 major complications occurred. 

Radiation exposure 

Bach et al.4 reported an effective dose for LDCT of 1.5 mSv per examination, but noted there is 
substantial variation in clinical practice. Diagnostic chest CT and PET CT have effectives doses of 
about 8 mSv and 14 mSv, respectively. It is this exposure to diagnostic CT that Bach et al. claim 
accounts for most of the radiation exposure in the screening studies. They estimated the 
accumulated exposure of NLST participants to be approximately 8 mSv after three years, including 
both screening and diagnostic examinations. Based on the estimates of harms from studies that 
extrapolated harms from atomic bomb survivor studies, from studies on medical imaging, and from 
the NLST results, Bach et al. estimated that one cancer death per 2,500 persons screened may be 
caused by radiation from imaging. However, the radiation risk does not manifest until 10 to 20 years 
after exposure. Humphrey et al.3 reported that, based on the results of seven trials and 13 cohort 
studies, radiation associated with one LDCT scan ranged from 0.61 to 1.50 mSv. Cumulative 
radiation exposure reported by ITALUNG for baseline and three subsequent annual scans was 
estimated at 6 to 7mSv. 

False reassurance 

Humphrey et al. reported that no study evaluated the harm of false reassurance. However, they did 
report that sensitivity of a screening test is typically determined by considering new incidents of lung 
cancer presenting within one year of screening as a false negative (they note that there is no gold 
standard for negative findings). In six studies that reported data on false negative rates, the 
sensitivity of LDCT ranged from 80 to 100%, which implies a false negative rate of 0 to 20%. 
Importantly, increasing the positive screen threshold for nodule size to increase specificity (so 
reducing the false negative rate) would lower sensitivity. 

Overdiagnosis 

Overdiagnosis refers to histologically confirmed lung cancers identified through screening that 
would not affect the patient during their lifetime if left untreated, including patients who die of 
another cause, for example, a comorbidity or an unexpected event. Bach et al.4 report that, despite 
previous studies suggesting overdiagnosis rates of up to 25%, the overdiagnosis rate of LDCT 
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screening cannot yet be estimated. Humphrey et al.3 likewise reported that no study formally 
reported rates of overdiagnosis. However, the reviewers note that the greater detection of lung 
cancer and of fewer late-stage cases of lung cancer in the LDCT arm of the NLST “suggests” 
overdiagnosis. 

Psychosocial consequences 

Based on the results of seven studies reporting data on psychosocial outcomes among persons 
undergoing LDCT screening, Humphrey et al.3 conclude that screening did not affect long-term 
anxiety. However, the studies did indicate an increased anxiety and distress over the short-term 
among participants with positive or indeterminate results. Distress and fear of cancer decreased 
among those with negative screening results. 

Bach et al.4 reported that, based on the results of one study, which showed that few participants (1 
to 12%) felt discomfort while 46% reported psychological distress while waiting for results, the 
effect of LDCT screening on HRQoL was uncertain. Based on the results of seven studies reporting 
data on psychosocial outcomes among persons undergoing LDCT screening, Humphrey et al.3 
conclude that screening did not affect overall health-related quality of life in the long-term. 

Smoking behaviour 

Based on the meta-analysis of the results of three RCTs and individual study results (see Table T.4), 
Bach et al.4 concluded that no studies that have examined the smoking behaviour of individuals 
screened by LDCT have found evidence that cessation or reinitiation rates are meaningfully altered 
by participation in screening. The pooled OR was 0.95 (0.79-1.14); I2 = 76%, χ2 p = 0.04. Humphrey 
et al.3 reached similar conclusions based on the results of the same trials and the results of additional 
cohort studies. 

Incidental findings 

Humphrey et al.3 reported that most studies provided data on incidental findings. However, the 
NLST provided the best estimate of their frequency. The results of the NLST indicated that 7.5% of 
all LDCT scans and 2.1% of all chest radiographs identified a “clinically significant” abnormality not 
suspicious for lung cancer. The reviewers stated that nonpulmonary findings were common, and 
that infections and cancers other than lung cancer were also diagnosed. One cohort study reported 
that coronary artery calcification was identified in about 50% of participants. 
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TABLE T.4: LUNG CANCER SCREENING IN HIGH-RISK POPULATIONS USING LDCT 

Outcome Events (%) Effect estimate (95% CI)* 
Statistically 
significant 
difference 

Quality of 
evidence Comments 

Lung cancer-specific mortality 

Meta-analysis 
3 RCTs 

LDCT: 391 (1.3) 
Control: 474 (1.6) 

Bach: OR 0.82 (0.72-0.94)  
I2 = 0%, χ2 p = 0.38 
Humphrey: RR 0.81 (0.72-0.91) 
I2 = 0%, χ2 p = 0.406 

Yes NR 
 

Fair 

MA not reported in main body 
of reports 
Both MAs used random-effect 
model 

DANTE 2009 LDCT: 20 (1.6) 
Control: 20 (1.7) 

Bach: OR 0.97 (0.71-1.32) 
Humphrey: RR 0.83 (0.45-1.54) 

No Fair  

DLCST 2012 LDCT: 15 (0.7) 
Control: 11 (0.5) 

Bach: OR 1.15 (0.83-1.61) 
Humphrey: RR 1.37 (0.63-2.97) 

No Fair  

NLST 2012 LDCT: 356 (1.3) 
Control: 443 (1.7) 

Bach: OR 0.80 (0.70-0.92) 
Humphrey: RR 0.80 (0.73-0.93) 
Manser: RR 0.80 (0.70-0.92) 

Yes High/Good  

MILD 2012† LDCT: 216 
Control: 109 

Humphrey: RR 1.99 (0.80-4.96) No Poor  

All-cause mortality 

Meta-analysis 
3 RCTs 

LDCT: 2,979 
Control: 3,078 

Humphrey: RR 1.02 (0.78-1.33) 
I2 = 61%, χ2 p = 0.077 

No NR MA not reported in main body 
of report 
Random-effect MA 
MA changes significance of 
result based solely on NLST 

DANTE 2009 LDCT: 46 (3.6) 
Control: 45 (3.8) 

Bach: RR 0.97 (0.80-1.20) 
Humphrey: RR 0.85 (0.56-1.27) 

No Fair  

DLSCT 2012 LDCT: 61 (3.0) 
Control: 42 (2.0) 

Bach: RR 1.19 (1.01-1.40) 
Humphrey: RR 1.46 (0.99-2.15) 

Yes 
No 

Fair  

NLST 2012 LDCT: 1,877 (7.0) 
Control: 2,000 (7.5) 

Humphrey and Bach: 
RR 0.93 (0.86-0.99) 
Manser: RR 0.94 (0.88-1.00) 

Yes 
 

No 

High/Good  
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MILD 2012† LDCT: 558 
Control: 310 

Humphrey: RR 1.80 (1.03-3.13)‡ 
RR 1.40 (0.82-2.38) 

Yes 
No 

Poor  

Mortality due to causes other than cancer (reported only by Bach et al. 2012) 

Meta-analysis 
3 RCTs 

LDCT: 1,593 (5.3) 
Control: 1,613 (5.4) 

OR 0.99 (0.92-1.06) No NR MA not reported in main body 
of report 
Fixed-effect MA 

DANTE 2009 LDCT: 26 (2.0) 
Control: 25 (2.1) 

OR 0.97 (0.56-1.70) No NR  

DLSCT 2012 LDCT: 46 (2.2) 
Control: 31 (1.5) 

OR  1.49 (0.94-2.37) No NR  

NLST 2012 LDCT: 1,521 (5.7) 
Control: 1,557 (5.8) 

OR 0.99 (0.92-1.06) No High  

Lung cancer incidence 

DANTE 2009 LDCT: 1,600 
Control: 1,015 

RR 1.46 (0.96-2.22) No NR  

DLSCT 2012 LDCT: 706 
Control: 245 

RR 2.88 (1.85-4.49) Yes NR  

NLST 2012 LDCT: 645 
Control: 572 

RR 1.13 (1.03-1.23) Yes High  

Smoking cessation (reported only by Bach et al. 2012) 

Meta-analysis 
2 RCTs 

LDCT: 262 (12.3) 
Control: 264 (12.7) 

OR 0.95 (0.79-1.14) 
I2 = 76%, χ2 p = 0.04 

No NR MA not reported in main body 
of report 
Fixed-effect MA 

DLSCT 2012 LDCT: 174 (11.3) 
Control: 165 (10.4) 

OR 1.09 (0.87-1.36) No NR  

NELSON 2010 LDCT: 88 (15.1) 
Control: 99 (19.7) 

OR 0.73 (0.53-1.00) No NR  

MA – meta-analysis; NR – not reported 
*Review author presented results separately when reported results differ 
†Study included only by Humphrey et al. 2013 
‡ Annual LDCT screening group only 
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Ongoing Trials 
Table T.5 lists the registered trials evaluating LDCT that are likely to provide further information 
regarding the appropriate age ranges for screening, timing of scans, and other factors that might 
affect effectiveness and costs of screening. The ten studies are being conducted in Denmark, 
Canada, Germany, the Netherlands, the United States, and England. 

TABLE T.5: CURRENT ONGOING TRIALS ON LDCT FOR LUNG CANCER 
Investigator 
Institutional affiliation 
Identifier 

Title 
Status 
Study population 

P. Vedsted 
University of Aarhus, Denmark 
NCT01527214 

The effect of direct referral for fast 
CT scan in early lung cancer 
detection in general practice 

Completed 
General practitioners referring patients 
to CT scans 
Enrollment: 650 

S. Arnold 
University of Kentucky, USA 
NCT00596310 

Early detection of lung cancer in 
current and former smokers 

Ongoing, not recruiting 
55-75 yrs, FEV1/FVC <70% (GOLD 1 or 
higher COPD), ≥40 pack-yr current or 
former (≤10 years) smoker 
Enrollment: 1,000 

A.K. Ganti 
University of Nebraska, USA 
NCT00625690 

CT scans in screening for lung 
cancer in current or former smokers 

Unknown—last verified 2011 
19 yrs or older, ≥30 pack-yr smoking 
history  
Enrollment: 100 

R.V. LaRocca 
Kentuckian Cancer Institute, USA 
NCT00006087 

Chest x-ray or chest CT scan in 
patients at high risk of developing 
lung cancer 

Unknown—last verified 2007 
40-70 yrs, current or former (may have 
stopped smoking within past 10 years) 
smokers, ≥40 pack-yr smoking history, 
FEV-1/FVC ratio less than 70% 
predicted OR FEV-1 less than 80% 
predicted obtained from 3 serial 
performances with less than 5% 
difference, normal or stable current 
chest x-ray 
Enrollment: 1,000 

S. Lam 
British Columbia Cancer Agency, 
Canada 
NCT00751660 

Screening methods in finding lung 
cancer early in current or former 
smokers (Pan Canadian Study) 

Ongoing, not recruiting 
Current or former (≥ 1 year but <15 yrs) 
smoker, estimated 1-yr lung cancer risk 
≥ 1% 
Enrollment: 2,504 

H. Roberts 
University Health Network, 
Canada 
NCT00188734 

Early lung cancer detection using 
computed tomography (I-ELCAP) 

Recruiting 
≥55 yrs, ≥10 pack-yr history of smoking, 
general good health 
Enrollment: 5,000 
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R.J. van Klaveren 
Erasmus Medical Centre, 
Netherlands 
ISRCTN 63545820 

Dutch Belgian randomized lung 
cancer screening trial (NELSON) 

Ongoing 
Aged 55-75 yrs, current or former (≤10 
yrs) with 15 cigarettes/ day > years, or 
>10 cigarettes/day for > 30 years 
smoking history 
Enrollment:15,600 

O. Wiestler  
German Cancer Research Centre, 
Germany 
ISRCTN 30604390 

Spiral computed tomography 
scanning for the early detection of 
lung cancer (LUSI) 

Completed 
50-69 yrs, ≥40 pack-yr smoking history, 
if <60 yrs of age, current smokers or 
ceased smoking within the last 5 yrs  
Enrollment: 4,000 

J.H. Pedersen 
Gentofte University, Denmark 
NCT00496977 

Danish lung cancer screening trial 
(DLCST) 

Unknown—last verified 2007 
50-70 yrs, current or former (<10 yrs) 
smoker, > 20 pack-yrs smoking history, 
fit to undergo treatment, pulmonary 
function test >30 % of expected (FEV1) 
Enrollment: 4,104 

J. Field 
Roy Castle Lung Cancer 
Research Programme, England 
https://www.ukls.org/index.html 

United Kingdom lung cancer 
screening trial (UKLS) 

In progress 
50-75 yrs, ≥5% risk of developing lung 
cancer in the next 5 years based on 
risk-prediction model  
Enrollment: 4,000 

Source: Cancer Care Ontario report6 

Discussion 
This overview identified three good quality systematic reviews that sought to assess the effectiveness 
and safety of LDCT for screening for lung cancer. Although many questions pertain to the 
appropriate use of LDCT, the main question is whether screening using LDCT provides a reduction 
in lung cancer-related and all-cause-related mortality that outweighs sufficiently the risk of harm due 
to false positive results, overdiagnosis, radiation exposure, and complications due to diagnostic 
follow-up. Only one large (>50,000 participants) randomized study, the US NLST, has 
demonstrated that annual LDCT screening, when compared with annual screening with chest 
radiography, confers a reduction in mortality. LDCT screening reduced lung cancer-related mortality 
by 20% and all-cause mortality by 6%. In absolute terms, the reduction in risk of death was 0.33% 
for those receiving three annual LDCT screens versus those receiving annual chest radiography, 
which implies that 320 individuals must be screened for three rounds to prevent one lung cancer 
death. Because of its size, researchers are in broad agreement that “the strength of evidence 
supporting lung cancer screening will likely be dominated by the NLST trial.”7 Indeed, in the 
random-effect meta-analyses for lung cancer-related deaths reported by Bach et al.,4 the NLST 
received 92% of the weight (and the weighting would have been higher had the authors used a fixed-
effect model). Nevertheless, this same trial indicated that positive screening results, which may lead 
to either more imaging or, in fewer cases, invasive follow-up, may be false in 95% of cases. The 
sensitivity of LDCT screening also means that tumours are identified (and subsequently treated), 
although they may never reach a size or malignancy to affect the health of the individuals that have 
them. The greater detection of lung cancer in general, and of low-stage lung cancer specifically, 
suggests that overdiagnosis may be an issue and that the overdiagnosis rate may be as high as 25%. 

Low dose computed tomography for the screening of lung cancer in adults 62 



 

The consistent use of nuclear imaging raises concerns about cumulative radiation exposure and the 
potential for radiation-induced cancer. Although the nature of the evidence upon which radiation 
risks are judged makes extrapolation to low-level radiation exposure extremely tentative, Bach et al.4 
estimated that one cancer death per 2,500 persons screened may be caused by radiation from 
imaging. Major complications related to screening and diagnostic follow-up were considered to be 
infrequent, and the proportion of complications in those who underwent invasive procedures was 
approximately equal (about 7.8% for LDCT and 7.1% for chest radiography). 

In addition to the three systematic reviews included in this review, two additional literature reviews 
were identified, but were excluded as they did not report their methods in sufficient detail to be 
considered systematic reviews. One of the reports was produced by Cancer Care Ontario6 and one 
by the Alberta Lung Cancer Screening Working Group.7 Both reports assess the relevance of the 
published scientific evidence to determine the potential benefit of LDCT lung cancer screening 
programs in Canadian jurisdictions, so their conclusions are germane to this report. The reports are 
summarized briefly below. 

Cancer Care Ontario Report 
The review by Cancer Care Ontario (CCO),6 Ontario’s provincial cancer system, is an update of the 
systematic review conducted by Bach et al.4 The reviewers reran the Bach et al. search strategy in 
April 2013. The results of the review formed the basis for guideline development by the Lung 
Cancer Screening Guideline Development Group for CCO. The reviewers assessed the quality of 
the Bach et al. review using AMSTAR, and provided an assessment that agreed with ours, with the 
exception of giving a rating of “yes” to the quality of the included studies in formulating conclusions 
(which we did not—we assigned it a “no” rating, because the quality of the included studies in 
formulating conclusions was not explicitly described by the review authors). 

The search update identified two additional studies: one systematic review and meta-analysis, and 
one RCT. The systematic review was also identified by our search, but was excluded because it did 
not include the results of the NLST, and, as it was completed before mortality outcomes had been 
reported for all of the known RCTs on LDCT at that time, it synthesized data on a surrogate 
outcome (nodule detection) to estimate potential benefit of LDCT screening. The additional RCT 
was the MILD trial included by Humphrey et al.3 The CCO report did not add additional study data 
upon which to judge the potential benefit and harms of LDCT screening. 

The reviewers concluded that the evidence provided by the NLST is compelling and supports the 
introduction of lung cancer screening if delivered to patients (men and women aged 55 to 74, ≥30 
pack-years, current or quit smoking ≥15 years) and in settings similar to those of the NLST. The 
reviewers departed from NLST parameters in concluding that the definition of a positive CT scan 
should be lung nodules of 5 millimetres rather than 4 millimetres, likely based on the lower rate of 
false positive results and the lower potential for overdiagnosis occurring at the higher cut-off. The 
CCO highlights the fact that the optimum frequency of screening remains unknown. Although most 
of the studies included by Bach et al.4 and Humphrey et al.3 followed an annual screening interval, 
the CCO authors point out that yearly screening for an indefinite period may not be feasible or 
necessary. 

The CCO report authors concluded that screening with LDCT was beneficial in persons at high risk 
for lung cancer. This conclusion was based on the NLST, which was the predominant study in the 
systematic review, with the largest sample size, the lowest risk of bias, and a statistically significant 
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decrease in lung cancer mortality. Nevertheless, the CCO authors considered the fact that there was 
marked variability in the frequency of nodule detection, follow-up investigations, biopsies, invasive 
procedures, and high false positive rates across all studies. In addition to assessing the potential 
benefits and harms, the CCO report also makes recommendations on screening modality 
(kilovoltage, ampere seconds, and effective dose), collimation, the definition of positive results, and 
appropriate follow-up of positive results. 

Alberta Lung Cancer Screening Working Group Report 
The Alberta Lung Cancer Screening Working Group,7 a sub-committee of the Alberta Thoracic 
Oncology Program, was established in response to the publication of the NLST results in 2012. The 
Working Group was formed with the express purpose of: 

1. developing a literature review that summarizes the potential clinical benefit, cost, and other 
organizational impact of an organized lung cancer screening program in Alberta (including 
the need for smoking cessation and tobacco control programs/policies); 

2. investigating the implications of LDCT screening on the Expedited Management of Lung 
Cancer Program, AHS, and the provincial health care system; and 

3. assessing the feasibility and requirements of an organized provincial lung cancer screening 
program. 

The Working Group report accepts the general consensus that the results of the Prostate, Lung, 
Colorectal, and Ovarian (PLCO) Cancer Screening Trial, which compared chest radiography and 
sputum cytology screening with no screening, show definitively that annual screening for lung cancer 
with chest radiography does not reduce mortality. The literature summary on LDCT focuses on the 
results of six RCTs that have compared LDCT screening with chest radiography or with no 
screening: NLST, NELSON, DANTE, DLCST, ITALUNG, and Dépiscan. The report notes that, 
although DANTE and DLCST have reported mortality data, due to the much smaller size of these 
trials compared with the NLST, the strength of evidence supporting lung cancer screening will be 
dominated by the NLST results. Hence, LDCT screening, when conducted in a high-risk population 
with a particular protocol, reduces lung cancer and all-cause mortality. Applying the NLST data to 
the Alberta population, the Working Group estimated that between 66 and 116 lives could be saved 
annually by a lung cancer screening program with 70% uptake. 

The Working Group report7 highlights several important outstanding questions regarding the use of 
LDCT screening beyond the trial setting (that is, in a provincial program). First, the optimal 
screening time is not known. The NLST assessed the benefit of three annual LDCT screens, but the 
Working Group believes that benefits of screening could be enhanced if screening were continued 
for longer periods of time, although the concomitant risks would also likely increase.  

Second, and relatedly, the appropriate frequency of screening needs to be determined. The trials that 
have examined LDCT screening have varied in screening frequency. The Working Group authors 
note that current recommendations for LDCT screening have been developed on the assumption 
that the risk of lung cancer remains in subsequent years, and that the risk of lung cancer is known to 
increase with age. Because screening tends to detect slower growing and indolent cancers, it is 
possible that biennial, rather than annual, screening may result in similar benefits.  

Third, it is unclear whether annual screening is of benefit to those outside of the characteristics of 
the NLST trial, for example, those at lower risk based on age or lesser smoking history, or those 

Low dose computed tomography for the screening of lung cancer in adults 64 



exposed to other environmental factors such as asbestos. Likewise, limiting screening to those at 
even higher risk than those in the NLST may result in greater benefit and, hence, greater cost-
effectiveness. The Working Group concluded that the current body of evidence strongly supported 
supports the benefit of LDCT screening with respect to lung cancer mortality. Nevertheless, because 
of uncertainty regarding resource use, cost-effectiveness and risk-benefit ratio outside the context of 
a clinical trial, the Working Group did not recommend that a full, province-wide screening program 
is justified at this time, but that Alberta Health should continue to investigate and be proactive in 
developing an organized solution to lung cancer screening before a formal decision is made to 
implement a provincial screening program. 

Differences between the conclusions of the various reviews are based almost entirely, if not solely, 
on the interpretation and significance given to the results of the NLST by the reviewers. Manser et 
al.2 considered it appropriate to consider only the NLST to assess the potential benefits and harms 
of LDCT screening, while other reviewers also considered the results of smaller trials that reported 
non-mortality related outcomes and those that reported outcomes after less than five years of 
follow-up. Nevertheless, Bach et al.4 comment that studies other than the NLST were too small, too 
preliminary, or too poorly designed to support meaningful conclusions regarding the value of LDCT 
screening. From a methodological standpoint, it is important to note that that reviewers have 
weighed the potential benefits and harms of LDCT, assuming that trials comparing LDCT with 
chest radiography are equivalent to LDCT compared with no LDCT. This fact has been highlighted 
by other reviewers and guideline developers, but its importance for assessing the significance of the 
NLST results has been disputed. The judgment that LDCT is better than both no screening and 
chest radiography is based partly on the results of two large USA-based randomized trials, the 
Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial and the Mayo Lung Project, 
both of which compared chest radiography to no screening. These results support a clinical 
consensus that screening for lung cancer with chest radiography and sputum cytology does not 
reduce lung cancer-related or all-cause mortality. By virtue of a transitivity relation, if screening with 
chest radiography is no better than no screening, and LDCT is better than chest radiography, it 
follows that LDCT is better than no screening. The benefit of early detection by LDCT, however, 
supports the fact that early detection, regardless of screening modality, is potentially beneficial. 
However, not all screening modalities will be equally effective or cost-effective when applied at the 
population level rather than the individual level. 

TABLE T.6: COMPARISON OF RCTS INCLUDED IN REVIEWS OF LDCT 

Review # RCTs 
included 

Literature 
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MA 
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Bach et al. 2012 8 NR No† x x x x x x x x 

Humphrey et al. 
2013 7* May 2013 No† x x x x x x x x 

Manser et al. 2013 1 May 2012 No x 

Cancer Care 
Ontario 2013 9 May 2013 No x x x x x x x x x 
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Alberta CSWG 
2013 6 NR No x x x 

 
x 

 
x x  

MA – meta-analysis; RCT – randomized controlled trial 
*Only four of seven RCTs reported data for mortality-related outcomes 
†The reviews included meta-analyses in appendices, but did not formally report the results (see Results section) 

Meta-analysis of the results of RCTs is considered a standard approach to estimating the potential 
benefits and harms of medical technologies, including screening. The authors of two of the included 
reviews disagreed (often among themselves) about the appropriateness of pooling the results of 
trials assessing the effectiveness of LDCT screening. The third review2 included only a single trial 
assessing LDCT, so it is uncertain that the reviewers would also have pooled results from multiple 
trials. Both reviews that conducted meta-analysis did not report the results of the meta-analysis in 
the main body of the reviews and, in one case, the review authors reversed their judgment of the 
appropriateness of meta-analysis between the time of review production and the time of subsequent 
publication in a major journal.3,5 This lack of agreement about whether results of trials should be 
meta-analyzed suggests a lack of agreement about the actual performance of LDCT in sub-groups 
composed of individuals of slightly different age and smoking history, and in screening setting 
(modality, follow-up protocol, etc.). Close attention to population and study setting is crucial when 
interpreting the results of these studies to guide practice. 

Although all three reviews included here rely on the NLST trial, the quality of evidence assessment 
with respect to the potential benefit differs, ranging from “fair” to “high.” This is an instance of a 
more general problem that researchers have called the underdetermination of evidential 
significance.8 Disagreements about the strength of a particular piece of evidence can be due to 
different—but, in principle, equally good—weightings of the fine-grained methodological features 
that constitute both quality assessment instruments and evidence-grading schemes.8 Further, some 
commentators have argued that the NLST has not yet evaluated sufficiently the potential harms of 
LDCT screening. 

The false positive rates of LDCT are high (approximately three to four times that reported by chest 
radiography in the NLST).2 The majority of these false positive results will lead to more frequent 
follow-up CT scans, thus incurring additional costs and exposing patients to more radiation. One, 
and perhaps the only, important radiation-related hazard from LDCT is radiation-induced lung 
cancer.2 Although estimating radiation-induced cancer risk associated with low-dose exposure is 
difficult,9 extrapolation from Japanese atomic bomb survivor studies suggests that the risk may not 
be negligible. The radiation dose to the lung from LDCT depends strongly on the protocol used for 
examination, and primarily on the product of the current and exposure time. Estimates based on 
Japanese atomic bomb survivor studies and the NLST protocol suggest that a single baseline LDCT 
screen would result in a very low risk (<0.06%) of radiation-induced lung cancer. The lifetime 
attributable risk for a 50-year-old female smoker entering yearly LDCT screening program (expected 
to receive 15 to 25 scans by age 74) may be as high as 0.86%, which is substantially lower than her 
estimated background lung cancer risk of 16.9%. The risks are higher for current smokers than for 
former smokers, and for heavy ever-smokers (an “ever-smoker” is someone who has smoked at 
least 100 cigarettes in their lifetime) than for light ever-smokers. Based on a 50% uptake for annual 
LDCT screening, radiation exposure due to LDCT would increase the expected number of lung 
cancers in the NLST eligible population in the United States by 1.8%. Annual screening could result 
in an increased risk of lung cancer of 1.5% for males, and up to 5% for females. 
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These estimates are based on a latency period of 10 years after radiation exposure before lung cancer 
manifests; however, the latent period between radiation exposure and cancer death increases with 
decreasing exposure, and it is possible that, for low doses, the latent period exceeds the normal life 
span. Bach et al.4 estimated that one cancer death per 2,500 persons screened may be caused by 
radiation from imaging. 

The potential harm resulting from overdiagnosis is considered another cause for caution in using 
LDCT for screening. Patients who have early-stage lung cancer detected, but who are otherwise 
asymptomatic, may undergo an invasive diagnostic procedure, have surgical resection, be given a 
diagnosis of lung cancer, and require multiple sequential follow-up studies when some tumours are 
clinically insignificant. Using data from the NLST, Patz et al.10 estimated the probability of 
overdiagnosis by LDCT to be 18.5% (95% CI 5.4-30.6) for any lung cancer, 22.5% (95% CI 9.7-
34.3) for non-small cell lung cancer, and 78.9% (95% 62.2-93.5) for bronchioloalveolar lung cancer. 
The number of cases of overdiagnosis among the 320 who would need to be screened to prevent 
one lung cancer death was 1.38. The calculation of rates of overdiagnosis are affected by lead time, 
that is, the difference between the time when diagnosis would have been made without screening 
and the time that the diagnosis was actually made as a result of early detection by screening. The 
estimates reported here provide an upper estimate of the true overdiagnosis rate. Additionally, the 
true extent of overdiagnosis is difficult to determine because it is not ethically permissible to 
conduct a comparative study that would provide information on the natural progression of disease 
for identified pulmonary nodules. Nevertheless, autopsies and observational studies provide support 
for the fact that people die with undiagnosed lung cancer that was not the cause of their death, and 
that the more patients who undergo imaging, the more tumours are found. 

Many of the recommendations for screening that have followed the publication of the NLST results 
have more or less followed the selection criteria used in the NLST. However, those criteria exclude 
many known risk factors for lung cancer.11 Stratified analysis of the NLST results12 indicated that 
88% of the screening-prevented lung cancer deaths occurred in the 60% of those participants at the 
highest risk of cancer (quintiles 3 to 5). The 20% of participants at the lowest risk (quintile 1) 
accounted for only 1% of prevented lung cancer deaths. These results support the idea that risk-
prediction models might be used to target patients at highest risk to improve the potential benefits 
for and reduce the false positive rate among patients being screened. 

A review of risk-prediction models identified 15 models.13 The models differ in the populations for 
which they were developed, the requirements for patient contact and clinical information, and the 
study designs used in modelling and evaluating predictive performance. Risk-prediction models can 
be of two kinds: to better determine selection of patients to undergo an initial CT screen; and to 
determine whether a CT or another investigation is needed after an initial screen, but before the next 
annual CT screen. 

Two ongoing trials described above (see Table T.5), the UKLS (Field et al.) and the pan-Canadian 
Lung Cancer Study (Lam et al.), are using validated risk-prediction models in their evaluation of 
LDCT screening.  

In the UKLS, participants are enrolled in the study if the model predicts they are at a 5% (LLP risk-
prediction model score >5) or greater risk of developing lung cancer within the next five years.14 A 
modified version of the LLP risk algorithm15 is being used that incorporates, within the smoking 
parameters, additional respiratory parameters (for example, COPD, emphysema, bronchitis, and 
pneumonia), and also pipe and cigar usage.14  
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The pan-Canadian study is using the Brock University lung nodule risk calculator16 to determine the 
appropriate follow-up to an initial LDCT screen. The risk-prediction model was validated in two 
high-risk patient cohorts (the PLCO study dataset and the chemoprevention trial dataset from the 
British Columbia Cancer Agency). In addition to patient age, the prediction model considers: 
gender; family history of cancer; emphysema; nodule type, size, and location; and spiculation. The 
usefulness of the model in low-risk persons has not been assessed.16 These risk-prediction models, as 
well as the others not described in detail, have the potential to help maximize the potential benefits 
and minimize the potential harms of screening, thus improving the cost-effectiveness of screening. 

Since the publication of the results of the NLST (and the publication of subsequent 
recommendations by the USPSTF and guidelines by professional associations—see the S section of 
this report), debate has arisen over the extent to which the results of the NLST (the only trial to 
demonstrate a potential benefit of LDCT screening) may be used to make inferences about the 
benefits and harms of screening in populations and contexts different from that of the trial.2,3 
Limitations in generalizing the results of the NLST include the fact that participants in the NLST 
were enrolled in urban, tertiary care hospitals with personnel available that have expertise in all 
aspects of cancer care, and that the LDCT scan results were interpreted by dedicated chest 
radiologists with expertise in characterizing nodules and providing follow-up recommendations.17 It 
is possible that screening conducted outside the trial setting may be associated with higher rates of 
invasive testing, or with complications if conducted in institutions or by radiologists and clinicians 
with less experience in managing pulmonary nodules and lung cancers than those involved in the 
NLST.2 

Currently, the UK NSC policy on lung cancer screening in adult cigarette smokers is that systematic 
population screening for this indication should not be offered (the policy review was completed in 
2006). The policy will be reviewed again after the results of the NELSON randomized lung cancer 
screening trial are published in 2015. This stance provides some indication of what the medical 
community thinks about the generalizability of NLST results (www.screening.nhs.uk/lungcancer). 

Manser et al.2 conclude that, despite the encouraging results of the NLST (and its grading as high-
quality evidence), the results do not, on their own, support the use of LDCT for large-scale 
screening programs, even if restricted to high-risk individuals. Researchers expect that results from 
the LDCT screening trials currently underway in Europe will provide information and insight into 
factors such as the frequency of screening, nodule management strategies, and the rates of 
overdiagnosis, and will enable us to better gauge the generalizability of the NLST results. In light of 
the potential for the poor specificity of LDCT to remain a major barrier to the implementation of 
screening in clinical practice and public health screening programs, research should focus on 
strategies to target CT screening at very high-risk populations using risk factors beyond smoking 
status, such as COPD and emphysema.2 

The publication of the recommendations by all organizations involved in the various reviews 
(USPSTF, ACCP, ACS) has prompted simultaneous publication of editorials and other commentary 
debating the appropriate interpretation of the results of the reviews for clinical practice. It is 
expected that the ongoing LDCT screening trials (see Table T.5) will provide further data on the 
generalizability of the NLST results. 

The studies are also expected to provide further insight into factors such as the frequency of 
screening, nodule management strategies, and the rates of overdiagnosis.2 In the absence of an 
organized screening program, it is likely that the opportunistic use of LDCT screening will diffuse 
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into clinical practice. Without an organized program, it will be difficult to ensure proper adherence 
to guidelines and eligibility criteria, which will almost certainly result in the screening of people at 
low risk of developing lung cancer. The promotion and availability of LDCT screening services in 
private clinics within the province will also encourage an increase in demand for diagnostic follow-
up of abnormal screening results. 

Limitations 
This evidence review has relied on systematic reviews of the existing literature and, in doing so, has 
assumed that the data presented in those included reviews accurately reflects both the studies that 
satisfy the inclusion criteria set by the reviewers and the data that was reported in the original 
reviews. The use of a single reviewer for study selection, quality assessment, and data abstraction is 
also a potential limitation. A recent assessment of the Bach et al. review18 indicates that the failure to 
use two reviewers throughout all parts of the review (literature screening and selection and data 
abstraction) is cause for concern with respect to the accuracy of the reviewer. However, little 
indication exists that the errors found were substantial enough to change any of the conclusions. 
Nevertheless, we did not conduct a rigorous assessment of the concordance of the review data with 
those reported in the primary studies, so our reliance on systematic reviews, even ones we rated to 
be high quality, should be taken into consideration. 

Conclusion 
Three good quality systematic reviews and two Canadian literature reviews that have examined the 
existing scientific evidence on the potential benefits and harms of LDCT for lung cancer screening 
unanimously conclude that the results of the NLST trial provide definitive evidence that LDCT 
screening can reduce lung cancer-related and all-cause mortality in individuals aged 55 to 74 with a 
smoking history of 30 pack-years who are current smokers or who quit smoking no more than 15 
years previously. There remains great uncertainty about the degree of benefit of screening in settings 
that depart from that of the NLST, either in setting or with regard to individuals being screened, as 
well as the potential harms that may be caused due to false positive results, overdiagnosis, and long-
term radiation exposure. The results of trials currently ongoing should help to reduce some of this 
uncertainty. 
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Appendix T.A: Methodology for Technology Effects and Effectiveness 
(T) Section 
Literature Search Strategy 
An IHE information specialist searched the following sources for evidence:  

• Electronic databases: MEDLINE (including in-process) EMBASE, Cochrane Database of 
Systematic Reviews, NHS Centre for Reviews and Dissemination Databases (DARE, NHS 
EED, HTA), Web of Science, Scopus, and various grey literature sources such as HTA 
agency websites, clinical trials registries, and Google 

• Reference lists: from the retrieved reports 

Since the main reason for renewed interest in LDCT is the published result of the NLST trial 
(published 2011), the literature search focused on systematic reviews and HTAs published in English 
between January 2011 and December 2013. 

Study Selection 
One reviewer conducted the study selection using the following inclusion and exclusion criteria. 

Inclusion criteria  
Reviews were included if the methods by which they were produced were judged to be systematic. A 
literature review was considered systematic if it met all of the following criteria: 

• focused clinical question; 
• explicit search strategy; 
• use of explicit, reproducible, and uniformly applied criteria for article selection; 
• formal critical appraisal of the included studies; and 
• qualitative or quantitative data summary or synthesis (that is, a meta-analysis). 

In addition, the review must have had the following or similar relevant clinical focus: 
• Population: asymptomatic adults (aged >50 years) with history of smoking 
• Intervention: used LDCT screening  
• Comparator: compared LDCT to no screening or usual care 
• Outcome: provided quantitative data on LDCT screening in terms of:  

o Safety: risks and complications associated with LDCT and diagnostic procedures, 
psychological consequences of false positive, overdiagnosis 

o Effectiveness: lung cancer mortality, all-cause mortality, five-year or longer survival, 
effect on smoking behaviour 

• Setting: studies included in the review had to have been conducted in countries with 
developed market economies, as defined by the United Nations. These countries include 
Australia, Canada, Japan, New Zealand, the United States, and European countries 
(http://unpan1.un.org/intradoc/groups/public/documents/un/unpan008092.pdf). 

In the case of duplicate publications, the most recent or most comprehensive version was included. 
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Exclusion criteria  
Excluded were published reports of: 

• studies other than systematic reviews; 
• adults at risk of lung cancer due to reasons other than smoking (for example, other 

environmental or occupational risks); 
• systematic reviews comparing the use of technologies other than LDCT; and 
• reports that do not provide quantitative data on any outcomes of interest. 

Data Extraction 
One reviewer (KB) abstracted data from the published reports of the selected systematic reviews 
according to predetermined data extraction forms. The following general categories of data were 
abstracted: publication information, number and type of studies included, quality of studies included, 
review results, and authors’ conclusions. 

Methodological Quality Assessment 
A single reviewer (KB) appraised independently the methodological quality of selected systematic 
reviews using the Assessing the Methodological Quality of Systematic Reviews (AMSTAR) checklist 
(www.amstar.ca). Quality assessment results were summarized narratively by checklist domain. 

Data Synthesis and Analysis 
Review results were summarized narratively and with tabules. 

External Review 
Members of the provincial Expert Advisory Group (EAG) assembled for this project will review the 
draft report. 
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Appendix T.B: Literature Search 
The IHE research librarian conducted the literature search for publications published between 2011 
and 15 December 2013. The search was further limited to review articles. The search was developed 
and carried out prior to the study selection process. In addition to the strategy outlined below, 
reference lists of retrieved articles were reviewed for potential studies. 

TABLE T.B.1: SEARCH STRATEGY 

Database Edition or 
date searched Search terms †† 

Core databases 

MEDLINE  
(includes in-process 
and non-MEDLINE 
citations) 
OVID Licensed 
Resource 

2011- 
15 October 

2013 

1 exp *Lung Neoplasms/ 

2 (lung adj2 (cancer* or carcinoma* or tumor* or neoplasm*)).ti. 

3 (pulmonary adj2 (cancer* or carcinoma* or neoplasm* or tumor*)).ti. 

4 1 or 2 or 3 

5 exp Tomography, X-Ray Computed/ 

6 (CT or comput* tomography).tw. 

7 5 or 6 

8 4 and 7 

9 meta-analysis.pt. 

10 (meta-anal$ or metaanal$).mp. 

11 ((quantitativ$ adj3 review$1) or (quantitativ$ adj3 overview$)).mp. 

12 ((systematic$ adj3 review$) or (systematic adj3 overview$)).mp. 

13 ((methodologic adj3 review$1) or (methodologic adj3 overview$)).mp. 

14 (integrat$ adj5 research).mp. 

15 (quantitativ$ adj3 synthes$).mp. 

16 or/9-15 

17 review.pt. or (review$ or overview$).mp. 

18 (medline or medlars or pubmed or index medicus or embase or 
cochrane).mp. 

19 (scisearch or web of science or psycinfo or psychinfo or cinahl or 
cinhal).mp. 

20 (excerpta medica or psychlit or psyclit or current contents or science 
citation index or sciences citation index).mp. 

21 (hand search$ or manual search$).mp. 

22 ((((electronic adj3 database$) or bibliographic) adj3 database$) or 
periodical index$).mp. 

23 (pooling or pooled or mantel haenszel).mp. 

24 (peto or der simonian or dersimonian or fixed effect$).mp. 

25 ((combine$ or combining) adj5 (data or trial or trials or studies or study 
or result or results)).mp. 
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26 or/18-25 

27 17 and 26 

28 16 or 27 

29 (hta$ or health technology assessment$ or biomedical technology 
assessment$).mp. 

30 technology assessment, biomedical/ or biomedical technology 
assessment/ 

31 29 or 30 

32 28 or 31 

33 8 and 32 

34 limit 33 to yr="2011 -Current" 

(82 results) 

Embase 
OVID Licensed 
Resource 

16 December 
2013 

1 exp lung cancer/ or lung tumor/ or exp lung carcinoma/ 

2 (lung adj2 (cancer* or carcinoma* or tumor* or neoplasm*)).ti. 

3 (pulmonary adj2 (cancer* or carcinoma* or neoplasm* or tumor*)).ti. 

4 1 or 2 or 3 

5 exp computer assisted tomography/ 

6 (CT or comput* tomography).tw. 

7 5 or 6 

8 4 and 7 

9 meta-analysis.pt. 

10 (meta-anal$ or metaanal$).mp. 

11 ((quantitativ$ adj3 review$1) or (quantitativ$ adj3 overview$)).mp. 

12 ((systematic$ adj3 review$) or (systematic adj3 overview$)).mp. 

13 ((methodologic adj3 review$1) or (methodologic adj3 overview$)).mp. 

14 (integrat$ adj5 research).mp. 

15 (quantitativ$ adj3 synthes$).mp. 

16 or/9-15 

17 review.pt. or (review$ or overview$).mp. 

18 (medline or medlars or pubmed or index medicus or embase or 
cochrane).mp. 

19 (scisearch or web of science or psycinfo or psychinfo or cinahl or 
cinhal).mp. 

20 (excerpta medica or psychlit or psyclit or current contents or science 
citation index or sciences citation index).mp. 

21 (hand search$ or manual search$).mp. 

22 ((((electronic adj3 database$) or bibliographic) adj3 database$) or 
periodical index$).mp. 

23 (pooling or pooled or mantel haenszel).mp. 

24 (peto or der simonian or dersimonian or fixed effect$).mp. 
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25 ((combine$ or combining) adj5 (data or trial or trials or studies or study 
or result or results)).mp. 

26 or/18-25 

27 17 and 26 

28 16 or 27 

29 (hta$ or health technology assessment$ or biomedical technology 
assessment$).mp. 

30 technology assessment, biomedical/ or biomedical technology 
assessment/ 

31 29 or 30 

32 28 or 31 

33 8 and 32 

34 limit 33 to yr="2011 -Current" 

(292 results) 

Cochrane Library 
(including CRD 
databases) 

16 December 
2013 

1  MeSH descriptor: [Lung Neoplasms] explode all trees 
2  (lung near/2 (cancer* or carcinoma* or tumor* or neoplasm*)) 7791 
3  (pulmonary near/2 (cancer* or carcinoma* or neoplasm* or tumor*)) 136 
4  #1 or #2 or #3 7971 
5  MeSH descriptor: [Tomography, X-Ray Computed] explode  all trees  

3485 
6  (CT or comput* tomography) 29334 
7  #5 or #6 29359 
8  #7 and #4 145  from 2011 to 2013    
(145 results) 

Web of Science 16 December 
2013 

7  #6 AND #5   242 
Databases=SCI-EXPANDED, CPCI-S Timespan=2011-2012 

6  TS=(meta-analysis OR metaanalysis OR search OR pubmed OR 
medline OR cinahl OR HTA OR "technology assessment" OR 
(systematic* SAME review*)) 

5  #4 AND #3 
4  TS=(CT or comput* tomography) 
3   #2 OR #1 
2  TS=(pulmonary NEAR (cancer* or carcinoma* or neoplasm* or tumor*)) 

Databases=SCI-EXPANDED, CPCI-S Timespan=2011-2013  
1  TS= (lung NEAR (cancer* or carcinoma* or tumor* or neoplasm*) 
(242 results) 

Scopus 16 December 
2013 

((TITLE-ABS-KEY((ct OR comput* tomography))) AND ((TITLE((lung W/2 
(cancer* OR carcinoma* OR tumor* OR neoplasm*)))) OR 
(TITLE((pulmonary W/2 (cancer* OR carcinoma* OR neoplasm* OR 
tumor*)))))) AND (TITLE-ABS-KEY((meta-analysis OR metaanalysis OR 
search OR pubmed OR medline OR cinahl OR hta OR "technology 
assessment" OR (systematic* W/2 review*))) AND PUBYEAR > 2010) AND 
(LIMIT-TO(PUBYEAR, 2014) OR LIMIT-TO(PUBYEAR, 2013) OR LIMIT-
TO(PUBYEAR, 2012) OR LIMIT-TO(PUBYEAR, 2011)) 
(60 results) 
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CINAHL 16 December 
2013 

S13  S10 OR S12    34 
S12  S9 AND S11 
S11  (meta-analysis OR metaanalysis OR search OR pubmed OR medline 

OR cinahl OR HTA OR "technology assessment" OR (systematic* N2 
review*))   
 Limiters - Published Date: 20110101-20131231  

S10  S4 AND S8   
Limiters - Published Date: 20110101-20131231; 
Publication Type: Meta Analysis, Systematic Review  

S9  S4 AND S8 
S8  S5 OR S6 OR S7 
S7  CT 
S6  (comput* tomography)    
S5  (MH "Tomography, X-Ray Computed+")  
S4  S1 OR S2 OR S3 
S3  TI (pulmonary N2 (cancer* or carcinoma* or neoplasm* or tumor*))  
S2  TI (lung N2 (cancer* or carcinoma* or tumor* or neoplasm*))  
S1  (MH "Lung Neoplasms+")  
(34 results) 

Clinical practice guidelines 

CMA Info base 
www.cma.ca/index.
php 

6 December 
2013 

Lung cancer screening 
(0 results) 

National Guidelines 
Clearinghouse 
www.guideline.gov/ 

2 December 
2013 

Lung cancer screening 
(11 results) 

AMA TOP 
www.topalbertadoct
ors.org/cpgs/?searc
h=heart+failure&x=
0&y=0 

5 December 
2013 

Browsed list of CPGs 
(0 results) 

NICE Guidance 
www.nice.org.uk/ 

5 December 
2013 

Browsed by topic 
(0 results) 

Australian Health 
and Medical 
Research Council 
Clinical Practice 
Guidelines Portal 
www.clinicalguidelin
es.gov.au/index.php 

5 December 
2013 

Lung cancer screening 
(0 results) 

Clinical Trials 

Clinicaltrials.gov 16 December 
2013 

Lung cancer–condition 
Screening–search terms 
CT or computed tomography–intervention 

WHO ICTRP 17 December 
2013 

Lung cancer–condition 
CT or computed tomography–intervention 
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Canadian HTA Sites 

CADTH  
www.cadth.ca/ 

5 December 
2013 

Lung cancer screening 
 (0 results) 

CHSPR 
www.chspr.ubc.ca/ 

5 December 
2013 

Lung cancer screening 
(0 results) 

INESS 
www.inesss.qc.ca/ 

5 December 
2013 

Lung cancer screening 
(0 results) 

ICES 
www.ices.on.ca/ 

5 December 
2013 

Lung cancer screening 
(1 result) 

OHTAC 
www.hqontario.ca 

5 December 
2013 

Lung cancer screening 
(0 results) 

International HTA sites 

MSAC 
www.msac.gov.au/i
nternet/msac/publis
hing.nsf/Content/co
mpleted-
assessments 

5 December 
2013 

Lung cancer screening 
(0 results) 

UKHTA 
www.nets.nihr.ac.uk
/programmes/hta 

9 December 
2013 

Lung cancer screening 
(4 results) 

AHRQ 
http://ahrqpubs.ahrq
.gov/OA_HTML/ibe
CZzpHome.jsp 

9 December 
2013 

Lung cancer screening 
(2 results) 

Search Engines 

TRIP 
www.tripdatabase.c
om/ 

9 December 
2013 

Lung cancer screening 
(19 results) 

Google 
www.google.ca  

9 December 
2013 

lung OR pulmonary neoplasm OR cancer OR carcinoma OR tumor 
"screening" filetype :pdf 
(22 results)  
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FIGURE T.C.1: LITERATURE SEARCH AND SELECTION 
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Appendix T.D: Excluded Studies 
A total of 18 reports were excluded. The main reasons for exclusion were: 

1. not considered a systematic review (12 reports); 
2. not studying an eligible population as defined by the inclusion criteria (one report); and 
3. not published in the English language (five reports). 

At the time the review was completed, two reports had not been retrieved and evaluated and were 
considered “pending.” 

Not considered a systematic review (n = 12) 

1.   Aberle DR, Abtin F, Brown K. Computed tomography screening for lung cancer: Has it finally 
arrived? Implications of the National Lung Screening Trial. Journal of Clinical Oncology 
2013;31(8):1002-1008. 

2. Boiselle PM. Computed tomography screening for lung cancer. Journal of the American Medical 
Association 013;309(11):1163-1170. 

3. Detterbeck FC, Mazzone PJ, Naidich DP, Bach PB. Screening for lung cancer: Diagnosis and 
management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based 
clinical practice guidelines. Chest 2013;143(5 Suppl):e78S-e92S. 

4. Field JK, Duffy S, Baldwin D, Brain K, Eisen T, Hands CJD, et al. United Kingdom lung cancer 
screening (UKLS) trial. Journal of the Thoracic Oncology Conference: 7 July 2011;6(2):S1382-S1383. 

5. Field JK, Hansell DM, Duffy SW, Baldwin DR. CT screening for lung cancer: countdown to 
implementation. Lancet Oncology 2013;14(13):e591-e600. 

6. Liu ZB, Wang LP, Shu J, Jin C, Lou ZX. Methylenetetrahydrofolate reductase 677TT genotype 
might be associated with an increased lung cancer risk in Asians. Gene 2013;515(1):214-219. 

7. Neugut A, I, Accordino M. Review: CT screening for lung cancer reduced mortality in 1 large 
trial but not in 2 smaller trials. ACP Journal Club 2012;157(6):1. 

8. 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 2012;21(3):308-315. 

9. Patel D, Akporobaro A, Chinyanganya N, Hackshaw A, Seale C, Spiro SG, et al. Attitudes to 
participation in a lung cancer screening trial: A qualitative study. Thorax 2012;67(5):418-425. 

10. Reddy C, Chilla D, Boltax J. Lung cancer screening: A review of available data and current 
guidelines. Hospital Practice 2011;39(4):107-112. 

11. Roberts H, Walker-Dilks C, Sivjee K, Ung Y, Yasufuku K, Hey A, et al. Screening high-risk 
populations for lung cancer guideline recommendations. Journal of Thoracic Oncology 
2013;8(10):1232-1237. 

12. Tanner NT, Silvestri GA. Lung cancer screening with low-dose CT: Benefits and potential risks. 
Evidence-Based Medicine 2013;(3):108-109. 
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Not studying an eligible population as defined by the inclusion criteria (n = 1) 

1. Wu Y, Li P, Zhang H, Shi Y, Wu H, Zhang J, et al. Diagnostic value of fluorine 18 
fluorodeoxyglucose positron emission tomography/computed tomography for the detection of 
metastases in non-small-cell lung cancer patients. International Journal of Cancer 2013;132(2):E37-
E47. 

Not published in the English language (n = 5) 

1. Selva A, Puig T, Lopez AJ, Bonfill X. Efficacy of screening for lung cancer. Systematic review. 
Medicina Clinica 2011;137(12):565-571. 

2. Shang W-L, Zhang H-P, Yang S-Y, Zhang W, Huo S-F, Liu Y-F. Role of low-dose spiral CT 
scan in lung cancer screening: A meta-analysis. Journal of Xi'an Jiaotong University (Medical Sciences) 
2011;(Medical Sciences):38-42,68. 

3. Yao Y-W, Yuan D-M, Lv Y-L, Li Y-F, Song Y. Screening for early lung cancer detection with lowdose 
computed tomography in high-risk people: A systematic review and meta-analysis. Respirology Conference: 
16th Congress of the Asian Pacific Society of Respirology; 2011 November 3–6; Shanghai, 
China. Shanghai: Conference Publication, 2011:154. 

4. Yao YW, Yuan DM, Lv YL, Li YF, Song Y. Screening for Early Lung Cancer Detection with 
Low-Dose Computed Tomography in High-Risk People: A Systematic Review and Meta-
Analysis. Respirology 2011;16:154. 

5. Yao YW, Yuan DM, Lu YL, Li YF, Song Y. Screening of early lung cancer with low-dose 
computed tomography in high-risk populations: A meta-analysis. Chung-Hua i Hsueh Tsa Chih 
[Chinese Medical Journal] 2011;91(40):2819-2823. 

Pending (n = 2) 

1. Hayes Inc. Early CDT-lung risk assessment test. Health Technology Assessment Database 2012;(4). 

2. Hayes Inc. Low-dose helical (spiral) computed tomography for lung cancer screening. Health 
Technology Assessment Database 2013;(4). 
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Appendix T.E: AMSTAR – Tool to Assess the Methodological Quality 
of Systematic Reviews 

Source: Shea et al. Development of AMSTAR: A measurement tool to assess methodological quality 
of systematic reviews. BMC Medical Research Methodology 2007;7(10). doi:10.1186/1471-2288-7-10. 

Additional notes (in italics) made by Michelle Weir, Julia Worswick, and Carolyn Wayne, based on 
conversations with Bev Shea and/or Jeremy Grimshaw in June and October 2008, and July and 
September 2010. 

1. Was an 'a priori' design provided? 

The research question and inclusion criteria should be established before the conduct of 
the review. 

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published 
research objectives to score a “yes.” 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

2. Was there duplicate study selection and data extraction? 

At least two independent data extractors should conduct the review, and a consensus 
procedure for disagreements should be in place. 

Note: Two people do study selection, two people do data extraction, consensus process or 
one person checks the other’s work. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

3. Was a comprehensive literature search performed? 

At least two electronic sources should be searched. The report must include the years and 
databases checked (for example, Central, EMBASE, and MEDLINE). Key words and/or 
MESH terms must be stated and, where feasible, the search strategy should be provided. 
All searches should be supplemented by consulting current contents, reviews, textbooks, 
specialized registers, or experts in the particular field of study, and by reviewing the 
references in the studies found. 

Note: If at least two sources plus one supplementary strategy used, select “yes” (Cochrane 
register/Central counts as two sources; a grey literature search counts as supplementary). 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

4. Was the status of publication (that is, grey literature) used as an inclusion 
criterion? 

The authors should state that they searched for reports regardless of their publication type. 
The authors should state whether or not they excluded any reports (from the systematic 
review), based on their publication status, language, etc. 

Note: If review indicates that there was a search for “grey literature” or “unpublished 
literature,” indicate “yes.” The SIGLE database, dissertations, conference proceedings, and 
trial registries are all considered grey for this purpose. If searching a source that contains 
both grey and non-grey, must specify that they were searching for grey/unpublished lit. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

  

Low dose computed tomography for the screening of lung cancer in adults 80 



 

5. Was a list of studies (included and excluded) provided? 

A list of included and excluded studies should be provided. 

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to the 
list but the link is dead, select “no.” 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

6. Were the characteristics of the included studies provided? 

In an aggregated form such as a table, data from the original studies should be provided on 
the participants, interventions and outcomes. The ranges of characteristics (for example, 
age, race, gender, relevant socioeconomic data, disease status, duration, severity) or other 
diseases in all the studies analyzed should be reported. 

Note: Acceptable if not in table format as long as they are described as above. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

7. Was the scientific quality of the included studies assessed and documented? 

“A priori” methods of assessment should be provided (for example, for effectiveness 
studies, whether the author(s) chose to include only randomized, double-blind, placebo-
controlled studies, or allocation concealment as inclusion criteria); for other types of studies 
alternative items will be relevant. 

Note: Can include use of a quality scoring tool or checklist (for example, Jadad scale, risk 
of bias, sensitivity analysis, etc.), or a description of quality items, with some kind of result 
for EACH study (“low” or “high” is fine, as long as it is clear which studies scored “low” and 
which scored “high”; a summary score/range for all studies is not acceptable). 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

8. Was the scientific quality of the included studies used appropriately in formulating 
conclusions? 

The results of the methodological rigour and scientific quality should be considered in the 
analysis and in the conclusions of the review, and should be explicitly stated in formulating 
recommendations. 

Note: Might say something such as “the results should be interpreted with caution due to 
poor quality of included studies.” Cannot score “yes” for this question if scored “no” for 
question 7. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

9. Were the methods used to combine the findings of studies appropriate? 

For the pooled results, a test should be done to ensure the studies were combinable, to 
assess their homogeneity (that is, Chi-squared test for homogeneity, I2). If heterogeneity 
exists, a random-effects model should be used and/or the clinical appropriateness of 
combining should be taken into consideration (that is, is it sensible to combine?). 

Note: Indicate “yes” if they mention or describe heterogeneity, that is, if they explain that 
they cannot pool because of heterogeneity/variability between interventions. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 
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10. Was the likelihood of publication bias assessed? 

An assessment of publication bias should include a combination of graphical aids (for 
example, funnel plot, other available tests) and/or statistical tests (for example, Egger 
regression test, Hedges-Olken). 

Note: If no test values or funnel plot included, score “no.” Score “yes” if mentions that 
publication bias could not be assessed because there were fewer than 10 included studies. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 

11. Was the conflict of interest included? 

Potential sources of support should be clearly acknowledged in both the systematic review 
and the included studies. 

Note: To get a “yes,” must indicate source of funding or support for the systematic review 
AND for each of the included studies. 

□ Yes 

□ No 

□ Can't answer 

□ Not applicable 
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Appendix T.F: Characteristics of Included Systematic Reviews 

TABLE T.F.1: CHARACTERISTICS OF INCLUDED SYSTEMATIC REVIEWS 

Review 
Literature search date 
Grey literature search 

Search limits 

Number and design of 
studies 

Intervention/Comparator 
Outcomes reported Conflict of interest 

Additional comments 

Bach et al. 
20124 
United States 

MEDLINE and Embase (Jan 
1996-8 April 2012) 
Cochrane Library  
(20 April 2012) 
Reference lists 
Published data only 
English language only 
No. search results: 591 

RCT: 8 
   3 LDCT vs. CXR 
   5 LDCT vs. no screening 
Cohort  studies: 13 LDCT 

Lung cancer-specific mortality, all-
cause mortality, mortality not due to 
cancer, nodule detection rates, effect 
on smoking behaviour, complications 
resulting from LDCT screening, 
cumulative radiation exposure, false 
positive findings, overdiagnosis, 
quality of life. 

COI includes some authors 
Multi-society review conducted by 
ACS, ACCP, ASCO, NCCN 
Review conducted as foundation for 
guideline development for societies 
involved 

Humphrey et 
al. 20133,5 
United States 

MEDLINE  
(2000-31 May 2013) 
Cochrane CENTRAL (fourth 
quarter 2012) 
Reference lists 
Scopus for English language 
studies and SRs 
English language only 
No. search results: 8,215 

RCT: 7* 
   1 LDCT vs. CXR 
   3 LDCT vs. no screening 
Cohort  studies: 13 LDCT 

Lung cancer-specific mortality, all-
cause mortality, nodule detection 
rates, impact on smoking behaviour, 
cumulative radiation exposure, false 
positive findings, false reassurance, 
overdiagnosis, psychosocial 
consequences, effect on smoking 
behaviour, incidental findings. 

COI includes some authors being 
employed by Veterans Affairs or 
AHRQ, receiving fees or grants from a 
variety of sources including USPSTF, 
UpToDate, ALA, Chest/LUNGevity 
Assoc., NLCP 
Review conducted as foundation for 
USPSTF recommendation 

Manser et al. 
20132 
Cochrane 
Lung Cancer 
Group 

MEDLINE and Embase (Jan 
1996-23 May 2012) 
Cochrane Library (24 May 
2012) 
Reference lists 
Hand-searching  
Lung Cancer 
No. search results: 1,326 

RCT: 9 
   8 CXR/sputum vs. no 

screening 
   1 LDCT vs. CXR 

Lung cancer-specific mortality, all-
cause mortality, compliance with 
screening, lung cancer incidence, 
stage at diagnosis, resection rate, 
postoperative death, quality of life, 
harms of screening, and costs. 

COI indicates no conflicts of interest 
for any authors 
Review was update of previous 
Cochrane Review on lung cancer 
screening first published in 1999 and 
updated in 2004 and 2010 

ACS – American Cancer Society; ACCP – American College of Chest Physicians; ASCO – American Society of Clinical Oncology; CPG – clinical practice guideline; CXR – chest 
radiography; NCCN – National Cancer Care Network; NLCP – National Lung Cancer Partnership; RCT – randomized controlled trial, SR – systematic review 
*Review of effectiveness of LDCT was limited to four studies reporting results for intervention and control 
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TABLE T.F.1: CHARACTERISTICS OF INCLUDED SYSTEMATIC REVIEWS (CONT’D) 

Review Overall characteristics of 
study populations 

Intervention characteristics 
from included studies 

Risk of bias assessment and 
grading of evidence Reviewer’s conclusions 

Bach et al. 
20124 
United States 

Age: Lower limit 47-60 yrs, 
upper limit 69-80 yrs 
Smoking history: minimum 
15-30 pack-yr 
Years since quitting: 10 yrs 
minimum to unlimited 

Positive screen threshold 
(mm): 
Additional imaging: any, ≥4.6-
>5 
Diagnostic testing: ≥4->15 
Rounds of 
screening(including 
baseline scan):  3-5 

Risk of bias: Criteria adapted from 
several AHRQ methods reports, 
Cochrane SRs of Interventions 5.0, 
IOM report of Standards for SRs, and 
SIGN 50 checklist 
Grading: Modified GRADE approach 
that balanced high-quality evidence 
about benefits with lower-quality 
evidence about harms 

Screening a population of individuals 
at a substantially elevated risk of lung 
cancer most likely could be performed 
in a manner such that the benefits that 
accrue to a few individuals outweigh 
the harms that many will experience. 
However, substantial uncertainties 
exist regarding how to translate that 
conclusion into clinical practice. 

Humphrey et 
al. 20133,5 
United States 

Age: Lower limit 47-60 yrs, 
upper limit 69-80 yrs 
Smoking history: ≥15-≥30 
pack-years  
Years since quitting: <10-
≤20yrs 

Positive screen threshold 
(mm): 
Additional imaging: any, ≥4-
>5 
Diagnostic testing: ≥4->15 
Rounds of screening 
(including baseline scan): 
3-5 

Risk of bias: USPSTF quality 
assessment tool for RCTs (rating of 
good, fair, poor) 
Grading: modified GRADE approach 
(AHRQ) 

LDCT screening seemed to reduce 
lung cancer mortality. This result was 
driven by one large, good-quality study 
conducted in the US. Given the high 
number of current and former smokers 
in the population at risk for lung 
cancer, identifying and treating early-
stage lung cancer with screening will 
hopefully clarify the balance of 
benefits and harms associated with 
screening. In addition, more work in 
public health to reduce smoking 
remains the most important approach 
to reducing morbidity and mortality 
from lung cancer. 

Manser et al. 
20132 
Cochrane 
Lung Cancer 
Group  

Age: 55-74 yrs 
Smoking history:  ≥30 pack-
years 
Years since quitting: ≤15 
yrs 

Positive screen threshold 
(mm): 
Additional imaging: ≥4 
Diagnostic testing:  ≥4 
Rounds of screening: 3  

Risk of bias: Cochrane risk of bias 
tool 
Grading: GRADE approach 

Annual low-dose CT screening is 
associated with a reduction in lung 
cancer mortality in high-risk smokers 
but further data are required on the 
cost effectiveness of screening and 
the relative harms and benefits of 
screening across a range of different 
risk groups and settings. More data 
are needed on the cost effectiveness 
of screening that take into account the 
frequency of screening and both the 
benefits and harms, before 
recommendations can be made for 
large-scale screening programs.  

AHRQ – Agency for Healthcare Research and Quality; SR – systematic review 
*Characteristics refer to populations and interventions in clinical trials used to assess benefits and harms. The cohort studies had greater variation in entry criteria.
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SECTION THREE: Economic Analysis 
Charles Yan, PhD and Anderson Chuck, PhD, MPH 

Objective 
The objective of the Economic Analysis section (E section) of this report is to determine the value 
for money and budget impact of adopting LDCT to screen for lung cancer in Alberta. 

Research Questions 
This E section addresses the following primary research questions: 

1. What is the cost-effectiveness of lung cancer screening? 
2. What is the associated budget impact of lung cancer screening?  

LDCT is the only screening modality that has shown evidence of having potential utility in lung 
cancer, and is thus the focus of this analysis. 

Methods 
Economic Evaluation 
A cost utility analysis was used to determine the cost-effectiveness of lung cancer screening with 
LDCT in Alberta. The analysis was conducted using the Canadian Cancer Risk Management Model 
(CRMM) developed by the Canadian Partnership against cancer and Statistics Canada. The CRMM 
is a microsimulation model that allows users to assess the burden of lung cancer (and other cancers), 
and the implication of lung cancer screening with low dose CT (LDCT), from a Canadian payer 
perspective.1,2 The team of researchers who developed the model included those with expertise in 
cancer management, biostatistics, health economics, epidemiology, public and private sector finance, 
clinical care, and microsimulation modelling.2 

The conceptual framework for the model is shown in Figure E.1. Details of the model are available 
elsewhere.1,2 We employ the model to compare three screening strategies: 

• no screening; 
• annual screening with LDCT; and 
• biennial screening with LDCT. 

The specific care pathway for the screening of lung cancer with LDCT is shown in Appendix E.A. 
In the no screening option, patients are simulated through the model where, based on their risk 
factors, they can develop lung cancer, with the associated morbidity, mortality, and costs (for 
example, treatment, management, follow-up). In the screening option, LDCT will, presumably, have 
an impact on morbidity, mortality, and costs, depending on the performance of LDCT to detect 
actual cases and rule out non-cases of lung cancer. 
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FIGURE E.1: CONCEPTUAL FRAMEWORK OF CRMM 

 
Source: Canadian Cancer Risk Management Model - Evaluation of cancer control2 

The performance characteristics of LDCT are based on the NLST trial, whose details are available in 
the T section of this report. Data needed to inform other parameters in the model were collected 
from Canadian sources, and the analysis could be made to reflect specific provinces (see Table E.1). 
Province-specific epidemiological data were collected from Canadian cancer registries and national 
health surveys, including the Canadian Community Health Survey and National Population Health 
Survey (see Table E.2). These include cancer incidence, smoking rates, and population health utility. 
The health-related quality of life associated with living with cancer was from the Population Health 
Impact of Disease in Canada study. Costs associated with screening, treatment, and management of 
lung cancer are based on Ontario data. Costs associated with screening included program costs 
associated with LDCT screening, physician recruitment, scanning and interpretation, communication 
and consultation about test results, and non-invasive and invasive diagnostic procedures for the 
investigation of positive results (see Table E.3). The treatments for lung cancer include diagnostic 
workup by family physician, diagnostic workup by specialist, neo-adjuvant chemotherapy, neo-
adjuvant chemo–radiation, surgery, adjuvant chemotherapy, radiotherapy alone, chemotherapy 
alone, concurrent chemo-radiation, chemotherapy first, second and third lines, palliative 
radiotherapy, prophylactic cranial irradiation, surveillance in years one to five, supportive care only 
(including palliative radiotherapy), and end-of-life care for last three months of life. 

The model was selected to output the cost effectiveness for Alberta. However, it should be noted 
that costs in the model were based on Ontario data. Obtaining Alberta-based costs for the specific 
inputs within the CRMM model was unfeasible, given the timelines of the review. The analysis 
assumes a five-year phase-in period with a 70% participation rate and a risk of lung cancer of 30 
pack-years. Eligibility for screening was 55 to 75 years of age. The time horizon for the analysis was 
25 years (with a 2012 start date). Costs and outcomes were discounted at a rate of 3%. Costs are 
expressed in 2012 Canadian dollars. 
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TABLE E.1: INPUT DATA AND SOURCES FOR CRMM 
Data type Source 

Mortality, birth, population projections Vital statistics, census 

Incidence, staging Canadian Cancer Registry 

Smoking rates, population health utilities Canadian Community Health Survey;  
National Population Health Survey 

Time use data General Social Survey 

Earnings, transfers, and taxes Census, T1-Family File, SPSD/M  

Total health care expenditures Canadian Institute for Health Information  

Health care costs of diagnosis, treatment, follow-up, 
palliative care, and terminal care 

Ontario Case Costing Initiative; Provincial Formulary; 
Provincial Ministries of Health 

Current treatment practice Expert opinion 

Lung cancer risk equation, screening parameters, radon 
mitigation options, radon exposure 

Literature 

Cancer survival Chart review, literature 

Health-related quality of life associated with living with 
cancers 

Population Health Impact of Disease in Canada study 

CRMM - Canadian Cancer Risk Management Model1 

TABLE E.2: EPIDEMIOLOGICAL AND CLINICAL INPUTS 
Parameter Input Source 

Year to start organized screening program 2012   

Pack-years smoked, eligibility criteria for lung cancer 
screening (pack-year) 30 Based on NLST 

Age to start screening 55-75 Based on NLST 

Participation rates to screening for lung cancer 0.7 Based on NLST 

Phase-in period (years) 5 Assumption 

Rescreen participation rates to subsequent screens 0.95 Based on NLST 

Sensitivity of screening  0.9 Based on NLST 

Specificity of screening  0.73 Based on NLST 

Lung cancer incidence rates (clinical detection) per 1,000 
people aged 55 to 75 0.90-3.25 Canadian Cancer Registry 

Prevalence of smoking in 15- to 19-year-olds for historical periods prior to 1966 

Non-smoker 0.5615 

CHS 1979, NPHS 1994, CCHS 2008 Light smoker (fewer than 20 cigarettes per day) 0.3462 

Heavy smoker (20 or more cigarettes per day) 0.0923 

NLST – National Lung Screening Trial; CHS – Canada Health Survey; NPHS -–National Population Health Survey; 
CCHS – Canadian Community Health Survey 
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TABLE E.3: UNIT COSTS OF FOR LDCT 
Item Cost 

Physician recruitment (cost per eligible person) $30.70 

Screening test (LDCT scan) (cost per screen) $81.00 

Screening test interpretation (LDCT scan) (cost per screen) $88.44 

Communication cost for screen result (positive or negative) $30.70 

Consultation fee for positive test $163.11 

Non-invasive diagnostic procedures for positive screen $219.87 

Invasive diagnostic procedures for positive screen $1,583.05 

Costs were from Ontario sources 

Criteria for Cost-Effectiveness 
The criteria for concluding that an alternative is cost effective are as follows: 

1. Alternatives that are both more costly and less effective compared to other alternatives are
dominated and are considered NOT cost-effective. These are eliminated from further
consideration.

2. Alternatives that are less costly and more effective compared to other alternatives are
dominant and are considered cost-effective. These are included for further consideration.

3. Alternatives that are both more costly and more effective (or less costly and less effective)
are not dominant, and their cost-effectiveness is uncertain:

a. Within these alternatives, a situation of extended dominance can exist. That is,
among these alternatives, some are more cost efficient than others. Alternatives that
are dominated by extension are not considered cost-effective, and are excluded from
further consideration.

b. For the remaining alternatives that are not dominated by extension, cost-
effectiveness depends on whether the additional effectiveness is worth the additional
costs, which is determined by examining the opportunity cost of adopting the
technology.

Sensitivity Analysis 
The CRMM does not allow the assessment of parameter uncertainty. The model, however, does 
allow for specific scenario analyses to be conducted. Scenario analyses were conducted varying the 
participation rate (50% and 90%) and the phase-in period (five- and 10-year periods). 

Budget Impact Analysis 
The BIA was conducted to assess the economic impact of LDCT on the Alberta health system. This 
was conducted by using the CRMM model to forecast the expected costs of LDCT screening from 
2012 to 2024. The BIA assumes the program starts in 2012 with a participation rate of 70% and a 
phase-in period of five years. However, given that the CRMM model utilizes Ontario cost estimates, 
the forecasted costs from the model are adjusted to Alberta costs using the Consumer Price Index. 
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Results 
Economic Evaluation 
Table E.4 shows the resulting impact of the screening options on resources and cancer outcomes 
over the 20-year period since program inception. Compared to no screening, annual and biennial 
screening will respectively detect 6,342 and 4,254 cases of lung cancer and prevent 3,982 (at 2.8 
million scans) and 2,772 (at 1.5 million scans) cancer deaths. However, they will also misdiagnose 
1,115 and 716 cases, respectively. 

TABLE E.4: EXPECTED RESOURCE USE, FROM 2012 TO 2032 
Outputs No screening Annual screening Biennial screening 

Number of scans 0 2,839,609 1,490,326 

New eligible cases for screening 342,212 342,212 342,212 

New lung cancer cases 283,392 289,734 287,646 

Number of lung cancer deaths 236,914 232,932 234,142 

Number of deaths (all causes) 5,763,670 5,763,663 5,763,610 

Number of scans required to detect one lung 
cancer case  

2,656 2,266 

Number of screen-detected lung cancer cases 
 

22,248 13,658 

Number over-diagnosed 
 

1,115 716 

Proportion over-diagnosed 
 

0.21 0.14 

Number of non-invasive diagnostic procedures 
 

490,603 278,471 

Number of invasive diagnostic procedures 
 

31,520 18,897 

Assumes a 70% participation rate, a five-year phase-in period, and a 3% risk of lung cancer 
Note that the CRMM model can only output these results for a 20-year time frame, although the economic evaluation 
employs a 25-year time horizon 

Table E.5 shows the cost-effectiveness of annual and biennial screening. Compared to no screening, 
the added total estimated cost was $422,347,222 for annual screening, producing an additional 4,589 
QALYs. This produced an ICER of $92,025. Compared to no screening, the added total estimated 
cost was $241,539,760 for biennial screening, producing an additional 3,584 QALYs. This produced 
an ICER of $67,396. 

TABLE E.5: COST-EFFECTIVENESS 

Screening 
option Costs Incremental 

costs 
Quality adjusted 

life years 
(QALYs) 

Incremental 
QALY ICER 

No screening $1,176,930,404 
 

63,903,849 
  

Annual 
screening $1,599,277,626 $422,347,222 63,908,438 4,589 $92,025 

Biennial 
screening $1,418,470,164 $241,539,760 63,907,433 3,584 $67,396 

Assumes a 25-year time period, a 70% participation rate, a five-year phase-in period, and a 3% risk of lung cancer 
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Sensitivity Analysis 
Table E.6 shows the impact to costs, outcomes, and ICERs when varying the phase-in period and 
screening participation rate. Varying the participation rate and phase-in period did not substantively 
change the cost-effectiveness of lung cancer screening with LDCT. 

Budget Impact 
Table E.7 shows the projected budget impact of lung cancer screening from 2012 to 2032, and 
Figure E.2 shows the associated incremental costs of annual and biennial screening. For annual 
screening, the budget impact in 2012 is $11.56 million, with costs increasing to $32.88 million in 
2016. After 2016, the budget impact is more stable, at approximately $30 million per year. The 
cumulative costs over the 20-year span are approximately $542 million. A similar pattern is observed 
for biannual screening where the cost impact increases between 2012 and 2015, and remains steady 
after 2015. The cumulative cost over the 20-year span for biennial screening is $309 million. 

TABLE E.6: COST-EFFECTIVENESS WHEN VARYING THE PHASE-IN PERIOD, 
PARTICIPATION RATE, AND RISK OF LUNG CANCER 

Participation rate Scenario Cost QALY 
ICER 

(vs. no screening) 

5 year phase-in 

90% participation 

No screening $1,176,930,404 63,903,849   

Biennial screening $1,479,841,618 63,908,837 $60,727 

Annual screening $1,709,440,221 63,909,801 $89,468 

70% participation 

No screening $1,176,930,404 63,903,849   

Biennial screening $1,418,470,164 63,907,433 $67,396 

Annual screening $1,599,277,626 63,908,438 $92,025 

50% participation 

No screening $1,176,930,404 63,903,849   

Biennial screening $1,356,784,658 63,906,298 $73,448 

Annual screening $1,487,528,393 63,907,221 $92,117 

10-year phase-in 

90% participation 

No screening $1,176,930,404 63,903,849   

Biennial screening $1,419,837,471 63,907,651 $63,888 

Annual screening $1,597,224,360 63,908,144 $97,847 

70% participation 

No screening $1,176,930,404 63,903,849   

Biennial screening $1,370,840,645 63,906,626 $69,829 

Annual screening $1,510,742,435 63,907,334 $95,784 

50% participation 

No screening $1,176,930,404 63,903,849   

Biennial screening $1,322,341,905 63,905,702 $78,450 

Annual screening $1,424,096,525 63,906,416 $96,285 

ICER - Incremental Cost Effectiveness Ratio 
Assumes a 25-year time period and a 3% risk of lung cancer 
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TABLE E.7: BUDGET IMPACT 

Category Scenario 
Year 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Cases of eligible screening and lung cancer, by scenario and year 

New 
eligible 
cases for 
screening 

No screening 124,696 7,837 8,383 6,944 7,073 6,639 6,881 6,589 5,003 4,693 4,758 5,095 5,077 3,678 3,753 3,603 3,728 3,658 3,321 3,278 117,525 

Biennial 124,696 7,837 8,383 6,944 7,073 6,639 6,881 6,589 5,003 4,693 4,758 5,095 5,077 3,678 3,753 3,603 3,728 3,658 3,321 3,278 117,525 

Annual 124,696 7,837 8,383 6,944 7,073 6,639 6,881 6,589 5,003 4,693 4,758 5,095 5,077 3,678 3,753 3,603 3,728 3,658 3,321 3,278 117,525 

New lung 
cancer 
cases 
(total) 

No screening 2,121 2,041 2,076 2,328 2,213 2,288 2,285 2,512 2,585 2,562 2,493 2,737 2,565 2,605 2,842 2,839 2,705 2,750 2,894 2,889 233,062 

Biennial 2,218 2,146 2,208 2,495 2,373 2,435 2,470 2,640 2,762 2,682 2,650 2,814 2,685 2,722 2,947 2,902 2,824 2,882 2,977 2,964 234,851 

Annual 2,208 2,196 2,273 2,562 2,542 2,525 2,458 2,742 2,822 2,752 2,710 2,892 2,774 2,762 2,974 2,994 2,872 2,889 2,997 3,049 235,742 

Cost of screening and treatment, by scenario and year ($ millions, Alberta costs) 

Total 

No screening 49 49 50 56 55 58 58 63 66 68 65 72 70 72 76 79 80 78 82 81 87 

Biennial 60 59 63 74 73 76 76 79 83 84 83 87 85 87 91 93 94 92 96 93 98 

Annual 61 64 70 82 88 89 87 93 96 98 95 101 99 101 102 105 106 103 106 104 108 

Screening 

No screening 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biennial 9 8 11 15 15 14 15 14 14 14 14 14 13 13 13 12 12 12 11 11 10 

Annual 10 12 17 22 27 26 26 26 26 27 26 26 25 25 24 24 23 22 22 21 20 

Treatment 

No screening 49 49 50 56 55 58 58 63 66 68 65 72 70 72 76 79 80 78 82 81 87 

Biennial 51 51 52 59 58 61 61 65 69 70 69 73 72 74 78 81 82 80 84 82 88 

Annual 51 52 53 60 61 63 61 66 70 71 68 75 73 76 77 81 83 81 84 83 88 

Assumes a 25-year time period, a 70% participation rate, a five-year phase-in period, and a 3% risk of lung cancer 
The CRMM was based on Ontario cost data. The table is adjusted to Alberta costs using the health and personal care component of the Consumer Price Index. 
Note that the CRMM model can only output these results for a 20-year time frame, although the economic evaluation employs a 25-year time horizon 
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FIGURE E.2: INCREMENTAL COSTS OF SCREENING AND TREATMENT ($ MILLIONS) 

 
Assumes a 25-year time period, a 70% participation rate, a five-year phase-in period, and a 3% risk of lung cancer 

 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Annual vs. no screening $11.56 $14.92 $20.04 $26.28 $32.88 $30.89 $29.39 $29.55 $29.87 $29.91 $30.05 $28.91 $28.59 $28.60 $26.06 $25.59 $26.02 $24.86 $24.09 $22.71 $21.06
Biennial vs. no screening $10.58 $9.47 $12.52 $17.84 $18.02 $17.31 $17.78 $15.64 $16.70 $16.38 $17.92 $14.34 $15.31 $14.96 $14.96 $13.56 $14.23 $14.08 $13.99 $11.58 $11.43
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Discussion 
The objective of the economic analysis was to determine the cost-effectiveness and budget impact 
of screening for lung cancer using LDCT. The economic model assumed a 70% participation rate, a 
3% risk of lung cancer, and a phase-in period of five years. The time horizon for the analysis was 
lifetime (25 years), given that age criteria for screening starts at age 55.b 

The results indicate that, compared to no screening, annual and biennial screening detects 6,342 and 
4,254 cases of lung cancer, preventing 3,982 and 2,772 cancer deaths and translating to 4,589 and 
3,584 additional QALYs, respectively. However, lung cancer screening is not net cost saving and is 
associated with an incremental cost of $422,347,222 for annual screening and $241,539,760 for 
biennial screening. When comparing the costs of annual or biennial screening to the health 
outcomes achieved, the cost to produce one additional QALY gained is $92,025 for annual 
screening and $67,396 for biennial screening. The screening participation rate (varied between 50 
and 90%) and phase-in period of the program (varied between five and 10 years) did not 
substantively change the cost-effectiveness results. 

These ICERs are higher than those reported by the Alberta Lung Cancer Screening Group. Using 
the exact same model (that is, CRMM), they reported ICERS of $62,897 for annual screening and 
$46,594 for biennial screening. The reason for the difference is that the Alberta Lung Cancer 
Screening Group ran the CRMM model for over 100 years, which is the default setting. 

The choice to model the cost effectiveness over 25 years was to not only better reflect a lifetime 
horizon for the target population being screened (eligibility begins at age 55), but also to improve the 
relevancy of the results. The degree of uncertainty in the model results increase at longer time 
horizons because the model structure cannot account for changes in clinical practice, costs, or the 
development of other competing technologies that can occur over time. Further, due to discounting, 
costs and health outcomes that occur further into the future have increasingly less impact. 

It is clear that lung cancer screening with LDCT is not cost saving, and decision-makers will have to 
determine whether the additional health benefit is worth the additional cost. Given that lung cancer 
screening with LDCT is not directly cost-effective (that is, less costly and more effective), 
determining whether it is cost-effective requires consideration of the opportunity costs associated 
with its adoption. In a health care system with constrained resources, adopting lung cancer screening 
means that resources must be taken from elsewhere in the system in order to fund its adoption. In 
other words, to determine whether lung cancer screening with LDCT is cost-effective, an 
assessment must be made of the associated costs and of the health benefits foregone because of 
eliminating or contracting other health services elsewhere in the system in order to fund this 
screening. The opportunity cost, in terms of cost per additional QALY, must be greater than 
$67,396 or $92,025 for lung cancer screening with LDCT to be considered cost-effective, because it 
would mean that for the same unit of health outcome (that is, one QALY), lung cancer screening 
with LDCT can produce that outcome at a cheaper cost. 

The Alberta Lung Cancer Screening Group concluded that the ICERs were within acceptable 
standards and lung cancer screening was cost-effective. However, no such standards are established 
for Canada or Alberta, with previous cost-effectiveness thresholds being arbitrary. The only 

b The model accounts for any potential cost savings resulting from the earlier detection of cancer, and reports the net 
cost impacts of each screening strategy. 
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empirical estimates have come from the UK, where it is estimated that the ICER threshold for the 
NHS is approximately £18,317.3 Ultimately, the cost-effectiveness of lung cancer screening with 
LDCT remains uncertain, but what is certain is that, if decision-makers were to adopt lung cancer 
screening with LDCT, they must consider carefully what services would have to be contracted or 
eliminated in order to fund its adoption. They would have to target those services that are highly 
inefficient, because ICERs of $92,025 are considered high. 

Several factors impact cost-effectiveness, including the risk of lung cancer, the number of follow-up 
CT scans, complications, and smoking cessation rates.4 Thus, determining which patients would 
benefit most from screening is an important component to a lung cancer screening program. The 
cost-effectiveness of lung cancer screening in Alberta with LDCT may potentially be improved by 
using risk-prediction models to identify patients who should be screened, while also determining the 
appropriate level of follow-up and management, including frequency of follow-up 
imaging/screening.4 

The impact of risk-prediction models cannot be assessed by the current CRMM. This would reduce 
the number of follow-up CT scans over time, resulting in reduced costs and harm while improving 
health outcomes. However, if these models are used to triage between annual and biennial screening, 
the cost-effectiveness results would, at best, be identical to the results for biennial screening, which 
had an ICER of $67,396 per additional QALY. If these risk-prediction models were able to 
determine whether screening is appropriate in the first place, or could triage patients to longer 
screening intervals, the cost-effectiveness could potentially significantly improve; however, the 
degree to which the improvement would impact/change the interpretation of the cost-effectiveness 
results remains unknown. 

The budget impact analysis indicates that the resources needed to fund LDCT, assuming a five-year 
phase-in period and a participation rate of 70%, is $11.56 million (annual screening) or $10.58 
million (biennial screening) in the first year. The cumulative budget impact over the five-year phase-
in period is $105.68 million (annual) or $68.43 million (biennial). After the five-year phase-in period, 
the yearly budget impact is approximately $30 million (annual) or $17million (biennial). The 
cumulative budget impact over a 20-year period is approximately $542 million (annual) or $309 
million (biennial). 

These results should be examined in light of the following limitations: 
1. The efficacy of the screening was based on the NLST trial, which is the only evidence that 

has suggested that screening for lung cancer with LDCT is efficacious. Trial 
recommendations have suggested that screening would have to adhere to the rigour of the 
trial to replicate the efficacy observed. Establishing a program with that level of rigour would 
likely increase the cost of a screening program, and are not captured in the model. 

2. The CRMM model does not account for incidental findings resulting from a CT scan 
requiring additional follow-up, management, and costs. 

3. The CRMM model does not directly account for costs and decrements in health from 
iatrogenic lung cancer that is caused by the exposure to radiation, which can occur as soon 
as 10 years after initial exposure (see T section). 

4. The CRMM model does not allow for an assessment of parameter uncertainty. Therefore, 
the extent to which variability in the input parameters impact the cost-effectiveness results is 
unknown. 
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5. The budget impact analysis does not consider implementation and capacity-building costs. 

Conclusion 
Assuming that the efficacy estimates from the NLST trial hold, screening for lung cancer with 
LDCT is associated with both additional costs and health benefits. In a constrained health care 
system, other services will need to be contracted or eliminated to free the approximately $105.68 
million (for annual screening) in resources that is needed to fund its adoption for the first five years 
alone. Determining whether the $105.68 million is worth the investment depends on the 
opportunity cost of its adoption. That is, if decision-makers were to adopt lung cancer screening 
with LDCT, it is imperative that they consider carefully what services would be contracted or 
eliminated in order to fund its adoption, and must assess the associated costs and health impacts 
compared to lung cancer screening with LDCT. For annual screening, the opportunity cost would 
have to be higher than $92,025 per additional QALY gained ($67,396 for biennial screening) in order 
for lung cancer screening with LDCT to be considered cost effective.   
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Appendix E.A: Algorithms of LDCT Screening and Lung Cancer 
Management  

FIGURE E.A.1: ALGORITHM OF LDCT SCREENING 

 
Source: CRMM1.5 
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FIGURE E.A.2: ALGORITHM OF LUNG CANCER MANAGEMENT 

 
Source: CRMM1.5 
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Appendix E.B: Lung Cancer Treatment Costs 

TABLE E.B.1 LUNG CANCER TREATMENT COSTS (PER TREATMENT/VISIT) 

Treatment state 
Cost types 

Diagnostics Hospital Physician Drug Radio-
therapy 

Other 
institution 

Other 
professional Other 

Stage: Non-small cell, stage 

Pre-diagnosis (GP) 67 0 153 0 0 0 0 0 

Diagnosis (specialist) 921 0 286 0 0 0 0 0 

Neo-adjuvant 
chemotherapy 0 0 0 0 0 0 0 0 

Neo-adjuvant chemo  
and radio 0 0 0 0 0 0 0 0 

Surgery 57 12,533 1,262 0 0 0 0 0 

Adjuvant chemotherapy 228 430 778 896 0 0 496 368 

Radiotherapy 0 0 855 0 3,773 0 0 0 

Chemotherapy 128 430 538 1,180 0 0 480 324 

Concurrent chemo  
and radio 0 0 0 0 0 0 0 0 

Chemotherapy, first line 0 0 0 0 0 0 0 0 

Chemotherapy, second 
line 0 0 0 0 0 0 0 0 

Chemotherapy, third 
line 0 0 0 0 0 0 0 0 

Palliative radiotherapy 0 0 0 0 0 0 0 0 

Prophylactic cranial 
irradiation 0 0 0 0 0 0 0 0 

Surveillance, year one 229 0 216 0 0 0 0 0 

Surveillance, year two 229 0 216 0 0 0 0 0 

Surveillance, year three 114 0 183 0 0 0 0 0 

Surveillance, year four 114 0 183 0 0 0 0 0 

Surveillance, year five 114 0 183 0 0 0 0 0 

Cured 0 0 0 0 0 0 0 0 

Supportive care only 
(palliative radio) 0 0 0 0 0 0 0 0 

Supportive care only  
(ongoing care) 0 0 0 0 0 0 0 0 

End-of-life care,  
three months before 
death 

0 0 0 0 0 0 0 0 

End of life care,  
two months before 
death 

0 0 0 0 0 0 0 0 

End of life care,  
one month before death 0 0 0 0 0 0 0 0 
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Treatment state 
Cost types 

Diagnostics Hospital Physician Drug Radio-
therapy 

Other 
institution 

Other 
professional Other 

Stage: Non-small cell, stage II 
Pre-diagnosis (GP) 67 0 153 0 0 0 0 0 

Diagnosis (specialist) 921 0 286 0 0 0 0 0 

Neo-adjuvant 
chemotherapy 0 0 0 0 0 0 0 0 

Neo-adjuvant chemo  
and radio 0 0 0 0 0 0 0 0 

Surgery 57 14,310 1,607 0 0 0 0 0 

Adjuvant chemotherapy 228 430 778 896 0 0 496 368 

Radiotherapy 0 0 855 0 3,773 0 0 0 

Chemotherapy 128 430 538 1,180 0 0 480 324 

Concurrent chemo  
and radio 0 0 0 0 0 0 0 0 

Chemotherapy, first line 0 0 0 0 0 0 0 0 

Chemotherapy, second 
line 0 0 0 0 0 0 0 0 

Chemotherapy, third 
line 0 0 0 0 0 0 0 0 

Palliative radiotherapy 0 0 0 0 0 0 0 0 

Prophylactic cranial 
irradiation 0 0 0 0 0 0 0 0 

Surveillance, year one 229 0 216 0 0 0 0 0 

Surveillance, year two 229 0 216 0 0 0 0 0 

Surveillance, year three 114 0 183 0 0 0 0 0 

Surveillance, year four 114 0 183 0 0 0 0 0 

Surveillance, year five 114 0 183 0 0 0 0 0 

Cured 0 0 0 0 0 0 0 0 

Supportive care only 
(palliative radio) 0 0 0 0 0 0 0 0 

Supportive care only  
(ongoing care) 0 0 0 0 0 0 0 0 

End of life care,  
three months before 
death 

0 0 0 0 0 0 0 0 

End of life care,  
two months before 
death 

0 0 0 0 0 0 0 0 

End of life care,  
one month before death 0 0 0 0 0 0 0 0 

Stage: Non-small cell, stage III 

Pre-diagnosis (GP) 67 0 153 0 0 0 0 0 

Diagnosis (specialist) 3,034 0 465 0 0 0 0 0 
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Treatment state 
Cost types 

Diagnostics Hospital Physician Drug Radio-
therapy 

Other 
institution 

Other 
professional Other 

Neo-adjuvant 
chemotherapy 870 430 980 296 0 0 1,144 440 

Neo-adjuvant chemo  
and radio 0 0 0 0 0 0 0 0 

Surgery 24 14,787 1,706 0 0 0 0 0 

Adjuvant chemotherapy 228 430 778 896 0 0 496 368 

Radiotherapy 0 0 0 0 0 0 0 0 

Chemotherapy 0 0 0 0 0 0 0 0 

Concurrent chemo  
and radio 773 590 1,554 148 3,773 0 1,144 440 

Chemotherapy, first line 1,534 430 1,010 2,284 0 0 480 197 

Chemotherapy, second 
line 890 610 756 11,108 0 0 78 30 

Chemotherapy, third 
line 870 250 438 11,696 0 0 0 0 

Palliative radiotherapy 20 250 471 0 629 0 40 36 

Prophylactic cranial 
irradiation 0 0 0 0 0 0 0 0 

Surveillance, year one 871 0 305 0 0 0 0 0 

Surveillance, year two 871 0 305 0 0 0 0 0 

Surveillance, year three 756 0 272 0 0 0 0 0 

Surveillance, year four 756 0 272 0 0 0 0 0 

Surveillance, year five 756 0 272 0 0 0 0 0 

Cured 0 0 0 0 0 0 0 0 

Supportive care only 
(palliative radio) 0 0 0 0 0 0 0 0 

Supportive care only  
(ongoing care) 0 0 25.25 0 0 0 0 0 

End of life care,  
three months before 
death 

0 1,612 187 144 55 0 0 55 

End of life care,  
two months before 
death 

0 3,224 375 287 110 0 0 109 

End of life care,  
one month before death 0 5,911 687 527 201 0 0 200 

Stage: Non-small cell, stage IV 

Pre-diagnosis (GP) 67 0 153 0 0 0 0 0 

Diagnosis (specialist) 2,440 0 465 0 0 0 0 0 

Neo-adjuvant 
chemotherapy 0 0 0 0 0 0 0 0 

Neo-adjuvant chemo  
and radio 0 0 0 0 0 0 0 0 
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Treatment state 
Cost types 

Diagnostics Hospital Physician Drug Radio-
therapy 

Other 
institution 

Other 
professional Other 

Surgery 0 0 0 0 0 0 0 0 

Adjuvant chemotherapy 0 0 0 0 0 0 0 0 

Radiotherapy 0 0 0 0 0 0 0 0 

Chemotherapy 0 0 0 0 0 0 0 0 

Concurrent chemo  
and radio 0 0 0 0 0 0 0 0 

Chemotherapy, first line 1,534 430 1,010 2,284 0 0 480 197 

Chemotherapy, second 
line 890 610 756 11,108 0 0 78 30 

Chemotherapy, third 
line 870 250 438 11,696 0 0 0 0 

Palliative radiotherapy 0 0 0 0 0 0 0 0 

Prophylactic cranial 
irradiation 0 0 0 0 0 0 0 0 

Surveillance, year one 0 0 0 0 0 0 0 0 

Surveillance, year two 0 0 0 0 0 0 0 0 

Surveillance, year three 0 0 0 0 0 0 0 0 

Surveillance, year four 0 0 0 0 0 0 0 0 

Surveillance, year five 0 0 0 0 0 0 0 0 

Cured 0 0 0 0 0 0 0 0 

Supportive care only 
(palliative radio) 20 250 471 0 629 0 40 36 

Supportive care only  
(ongoing care) 0 0 25.25 0 0 0 0 0 

End of life care,  
three months before 
death 

0 1,612 187 144 55 0 0 55 

End of life care,  
two months before 
death 

0 3,224 375 287 110 0 0 109 

End of life care,  
one month before death 0 5,911 687 527 201 0 0 200 

Stage: Small cell, limited 

Pre-diagnosis (GP) 67 0 153 0 0 0 0 0 

Diagnosis (specialist) 3,028 0 465 0 0 0 0 0 

Neo-adjuvant 
chemotherapy 0 0 0 0 0 0 0 0 

Neo-adjuvant chemo  
and radio 0 0 0 0 0 0 0 0 

Surgery 0 0 0 0 0 0 0 0 

Adjuvant chemotherapy 0 0 0 0 0 0 0 0 

Radiotherapy 0 0 0 0 0 0 0 0 
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Treatment state 
Cost types 

Diagnostics Hospital Physician Drug Radio-
therapy 

Other 
institution 

Other 
professional Other 

Chemotherapy 870 430 980 296 0 0 1,144 440 

Concurrent chemo  
and radio 870 430 1,835 296 3,773 0 1,144 440 

Chemotherapy, first line 0 0 0 0 0 0 0 0 

Chemotherapy, second 
line 0 0 0 0 0 0 0 0 

Chemotherapy, third 
line 0 0 0 0 0 0 0 0 

Palliative radiotherapy 0 0 0 0 0 0 0 0 

Prophylactic cranial 
irradiation 0 0 0 0 2,169 0 0 0 

Surveillance, year one 0 0 0 0 0 0 0 0 

Surveillance, year two 0 0 0 0 0 0 0 0 

Surveillance, year three 0 0 0 0 0 0 0 0 

Surveillance, year four 0 0 0 0 0 0 0 0 

Surveillance, year five 0 0 0 0 0 0 0 0 

Cured 0 0 0 0 0 0 0 0 

Supportive care only 
(palliative radio) 0 0 0 0 0 0 0 0 

Supportive care only  
(ongoing care) 0 0 0 0 0 0 0 0 

End of life care,  
three months before 
death 

0 0 0 0 0 0 0 0 

End of life care,  
two months before 
death 

0 0 0 0 0 0 0 0 

End of life care,  
one month before death 0 0 0 0 0 0 0 0 

Stage: Small cell, extensive 

Pre-diagnosis (GP) 67 0 153 0 0 0 0 0 

Diagnosis (specialist) 2,599 0 438 0 0 0 0 0 

Neo-adjuvant 
chemotherapy 0 0 0 0 0 0 0 0 

Neo-adjuvant chemo  
and radio 0 0 0 0 0 0 0 0 

Surgery 0 0 0 0 0 0 0 0 

Adjuvant chemotherapy 0 0 0 0 0 0 0 0 

Radiotherapy 0 0 0 0 0 0 0 0 

Chemotherapy 0 0 0 0 0 0 0 0 

Concurrent chemo  
and radio 0 0 0 0 0 0 0 0 
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Treatment state 
Cost types 

Diagnostics Hospital Physician Drug Radio-
therapy 

Other 
institution 

Other 
professional Other 

Chemotherapy, first line 870 430 980 296 0 0 1,144 440 

Chemotherapy, second 
line 870 430 688 256 0 0 104 40 

Chemotherapy, third 
line 0 0 0 0 0 0 0 0 

Palliative radiotherapy 0 0 0 0 0 0 0 0 

Prophylactic cranial 
irradiation 0 0 0 0 2,169 0 0 0 

Surveillance, year one 0 0 0 0 0 0 0 0 

Surveillance, year two 0 0 0 0 0 0 0 0 

Surveillance, year three 0 0 0 0 0 0 0 0 

Surveillance, year four 0 0 0 0 0 0 0 0 

Surveillance, year five 0 0 0 0 0 0 0 0 

Cured 0 0 0 0 0 0 0 0 

Supportive care only 
(palliative radio) 20 250 471 0 629 0 40 36 

Supportive care only  
(ongoing care) 0 0 25.25 0 0 0 0 0 

End of life care,  
three months before 
death 

0 1,612 187 144 55 0 0 55 

End of life care,  
two months before 
death 

0 3,224 375 287 110 0 0 109 

End of life care,  
one month before death 0 5,911 687 527 201 0 0 200 
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