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Editor’s key points
 Lung cancer screening is unique 
because it targets a specific 
high-risk group. More accurate 
identification of this high-risk 
cohort is critical to avoid harms 
of screening for those who 
have a lower incidence of lung 
cancer. Primary care providers 
should be aware that Canadian 
screening programs are using 
risk stratification models like the 
PLCOm2012 to determine eligibility 
for screening. Individual health 
jurisdictions may adjust their 
screening thresholds based on 
health care resources. 

 Low-dose computed tomography 
(LDCT) is the only imaging modality 
recommended for lung cancer 
screening. There is no contrast 
required for LDCT and the radiation 
dose is 4 times less than a standard 
computed tomography scan. The 
optimal frequency and length of 
screening are not yet known. The 
greatest predictors of malignancy 
are size, rate of growth, and 
increase in density of semisolid or 
nonsolid nodules. An increase of 
1.5 mm or greater in the diameter 
of an existing solid nodule is 
considered substantial and should 
be investigated. 

 In an organized screening 
program, standardized reports 
would be provided to the primary 
care provider and the screenee, 
indicating appropriate follow-up. 
For individuals with a low risk of 
lung cancer, this would include 
routine annual or biennial screening, 
while those individuals with 
nodules that should be monitored 
would be recalled for repeat LDCT in 
1 to 6 months.

Lung cancer screening primer
Key information for primary care providers
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Abstract
Objective To review new evidence reported since the 2016 publication of 
the Canadian Task Force on Preventive Health Care recommendations and 
to summarize key facets of lung cancer screening to better equip primary 
care providers (PCPs) in anticipation of wider implementation of the 
recommendations.

Quality of evidence A new, large randomized controlled trial has been 
published since 2016, as have updates from 4 other trials. PubMed was 
searched for studies published between January 1, 2004, and December 31, 
2020, using search words including lung cancer screening eligibility, lung cancer 
screening criteria, and lung cancer screening guidelines. All information from 
peer-reviewed articles, reference lists, books, and websites was considered.  

Main message Lung cancers diagnosed at stage 4 have a 5-year survival 
rate of only 5% and have a disproportionate impact on those with lower 
socioeconomic status, rural populations, and Indigenous populations. By 
downstaging, or diagnosing lung cancers at an earlier and more treatable 
stage, lung cancer screening reduces mortality with a number needed to 
screen of 250 to prevent 1 death. Practical aspects of lung cancer screening 
are reviewed, including criteria to screen, appropriate low-dose computed 
tomography screening, and management of findings. Harms of screening, 
such as overdiagnosis and incidental findings, are discussed to allow PCPs to 
appropriately counsel their patients in the face of ongoing implementation of 
new lung cancer screening programs.

Conclusion Lung cancer screening, with its embedded emphasis on smoking 
cessation, is an excellent addition to PCPs’ preventive health care tools. The 
implementation of formal and pilot lung cancer screening programs across 
Canada means that PCPs will be increasingly required to counsel their patients 
around the uptake of lung cancer screening.

Lung cancer kills more people annually than colon, breast, and pancre-
atic cancers combined, accounting for 1 in 4 cancer deaths.1 The 5-year 
survival rate for lung cancer is 19%, primarily because approximately 

half of all lung cancers are diagnosed at stage 4, when survival is abysmal. 
Seventy-two percent of lung cancers are attributable to smoking, creating 
an opportunity for targeted screening for lung cancer. The primary benefit of 
lung cancer screening is downstaging—diagnosing lung cancers at an ear-
lier stage when there are potential curative therapies with improved survival 
rates. Lung cancers diagnosed at stage 1 have a 3-year net survival rate of 
71%, compared with 5% at stage 4.1

In 2016, the Canadian Task Force on Preventive Health Care (CTFPHC) rec-
ommended lung cancer screening (Box 1).2 Across Canada, there is currently 
a patchwork of lung cancer screening implementation, including an orga-
nized program in Ontario as of April 1, 2021, a program in British Columbia 
starting in 2022, and pilot programs in Quebec and Alberta. Business case 
proposals are being submitted by several other provinces. In the absence 
of organized programs, opportunistic screening is ongoing, a practice that 
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potentially has increased harms, such as regular-dose 
computed tomography (CT) that has 4 to 5 times higher 
radiation, unnecessary repeat imaging studies, or biop-
sies, and there is no organized manner for abnormali-
ties to be worked up.3 

The number needed to screen (NNS) to prevent 1 lung 
cancer death is 250,4 which compares favorably to the 
optimal NNS for mammography of 645.5 A simulation of 
lung cancer screening over the next 20 years projected 
7000 to 17 000 fewer stage 4 diagnoses and 5000 to 
11 000 fewer deaths should screening be implemented.1

Primary care provider (PCP) understanding of eligi-
bility for screening and associated harms is subopti-
mal.6 This update on lung cancer screening will review 
new evidence reported since the 2016 publication of 
the CTFPHC recommendations and will summarize key 
facets of lung cancer screening to better equip PCPs in 
anticipation of wider implementation.

Quality of evidence 
Since the meta-analysis that informed the 2016 CTFPHC 
recommendations,7 a new large randomized con-
trolled trial, NELSON (Nederlands–Leuvens Longkanker 
Screenings Onderzoek),8 has been published, as have 
updates on several other trials (Table 1).8-12 We searched 
PubMed for studies published between January 1, 2004, 
and December 31, 2020, using search words including 
lung cancer screening eligibility, lung cancer screening cri-
teria, and lung cancer screening guidelines. All informa-
tion from peer-reviewed articles, reference lists, books, 
and websites was considered.

Main message
New evidence. A significant relative reduction in lung 
cancer mortality was shown in NELSON (24%) and the 
National Lung Screening Trial (NLST) (20%).8-10 Other 
smaller randomized controlled trials were not sufficiently 
powered to show a mortality difference due to screening; 
however, specific issues in low-dose CT (LDCT) screen-
ing were addressed.13 The MILD (Multicentric Italian 
Lung Detection) study highlighted that prolonged annual 
or biennial screening beyond 5 years is needed to show 

a lung cancer mortality reduction benefit.11 The German 
LUSI (Lung Cancer Screening Intervention) trial12 sug-
gested women may benefit more from LDCT screen-
ing than men (Table 1).8-12 Recent meta-analyses have 
reported statistically and clinically significant relative 
reductions in lung cancer death of 17%14,15 and 19%,4 but 
no difference in all-cause mortality.

Cost effectiveness of LDCT. Low-dose CT is cost- 
effective, with an incremental cost of $20 724 per quality-
adjusted life-year gained.16 Cost effectiveness is driven 
not only by lung cancer outcomes, but also by a reduc-
tion in tobacco-related diseases. The cost savings of lung 
cancer screening are amplified when the rising costs of 
immunotherapy and targeted therapy in stage 3 and 4 
lung cancer treatment are considered. The average cost 
to screen an individual once is $500,16 while the cost of a 
single dose of pembrolizumab is $8800,17 which is given 
every 21 days for up to 2 years in metastatic lung cancer.

Who should be screened? Lung cancer screening is 
unique because it targets a specific high-risk group. More 
accurate identification of this high-risk cohort is critical to 
avoid harms of screening in those who have a lower inci-
dence of lung cancer. The subgroup analysis of the NLST 
divided participants into risk quintiles and found an NNS 
of 61 in the highest-risk subgroup, compared with an 
NNS of 5276 in the lowest-risk subgroup. This translated 
into a decrease in false-positive results from 1648 in the 
low-risk quintile to only 65 in the high-risk quintile.18

The PLCOm2012 is a risk calculator that is available 
online (https://brocku.ca/lung-cancer-screening-and-
risk-prediction/risk-calculators/) and has been vali-
dated as a superior method to determine eligibility for 
screening.19 This tool incorporates several predictors to 
generate a percentage risk of developing lung cancer in 
the next 6 years (Box 2).19 The prospective observational 
PanCan (Pan-Canadian Early Detection of Lung Cancer) 
study was not included in the CTFPHC guidelines or meta-
analyses and assessed the efficacy of an earlier version of 
this risk-based model to select individuals for lung cancer 
screening with a 6-year lung cancer risk of 2% or greater. 
The PanCan study had an improved detection of lung can-
cer with statistically significant downstaging, with 77% of 
screen-detected lung cancers diagnosed at stage 1 or 2.20 
When a PLCOm2012 score cutoff of 1.7% was compared 
with the criteria of age and pack-years alone, 18.5% more 
lung cancers were found when screening the same num-
ber of people.21 Primary care providers should be aware 
that Canadian screening programs are using risk stratifi-
cation models like the PLCOm2012 to determine eligibil-
ity for screening. Individual health jurisdictions may adjust 
their screening thresholds based on health care resources. 
British Columbia screens individuals with a greater than 
1.5% risk of developing lung cancer within a 6-year period, 
while Ontario uses a cutoff of 2% or greater.19,22

Box 1. 2016 CTFPHC lung cancer screening 
recommendation

The following is a weak recommendation with low-quality 
evidence.

• In those 55 to 74 years of age who currently smoke or 
who quit within the past 15 years, and have ≥ 30 pack-
years’ smoking history, screen with low-dose CT for up to 
3 consecutive years, in centres with adequate expertise

CT—computed tomography, CTFPHC—Canadian Task Force on 
Preventive Health Care.
Data from the CTFPHC.2
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What should screening consist of? Low-dose CT, in the 
form of multidetector helical CT with a slice thickness of 
1.25 mm or less, is the only imaging modality recommended 
for lung cancer screening. There is no contrast required for 
LDCT and the radiation dose is 1.5 mSv or less, more than 4 
times less than that of a traditional CT scan (8 mSv).23

The optimal frequency and length of screening are 
not yet known. Although the CTFPHC recommends 3 
annual screens, prolonged annual or biennial screening 

beyond 5 years shows a lung cancer mortality reduction 
benefit11 (Table 1).8-12 The US Preventive Services Task 
Force recommends annual screening until the upper 
age limit of 80, unless the screenee is no longer eligible 
owing to comorbidities.24 A personalized approach to 
screening intervals is under investigation, with the aim 
of optimally balancing the costs and harms of screening 
with the risk of a missed cancer diagnosis.25 

How should findings be managed? Nodules can be 
solid, semisolid, or nonsolid (eg, ground-glass nod-
ules), and size can be expressed as diameter or volume. 
Calcified or “popcorn” and perifissural nodules are gen-
erally benign and do not require further follow-up.25 The 
greatest predictors of malignancy are size, rate of growth, 
and increase in density of semisolid or nonsolid nod-
ules. An increase of 1.5 mm or greater in the diameter 
of an existing solid nodule is considered substantial and 
should be investigated. The appearance of new nodules 
after a baseline or subsequent LDCT is more sugges-
tive of malignancy, triggering investigation at a smaller 
diameter.26 New nonsolid nodules have less malignant 
potential, and large nodules (> 20 mm) that appear sud-
denly are more likely infectious or inflammatory.27

In an organized screening program, standardized 
reports would be provided to the PCP and the screenee, 

Table 1. Lung cancer screening trials published since 2016
TRIAL NAME, 
COUNTRY

MEDIAN 
FOLLOW-UP, Y

SAMPLE 
SIZE, N     CRITERIA INTERVENTION

    LUNG CANCER 
    MORTALITY

    ALL-CAUSE 
    MORTALITY

LDCT vs CXR

• NLST,9,10 USA 12.3 53 454 • Age 55-74 y
• ≥ 30 pack-years 

smoking
• ≤ 15 y since quitting

3 annual 
scans

• RR = 0.80 (95% 
CI 0.73-0.93)

• RR = 0.97 (95% 
CI 0.94-1.01)

LDCT vs no 
screening

• NELSON,8 the 
Netherlands 
and Belgium

> 10 13 195 men, 
2594 women

• Age 50-74 y 
• ≥ 15 cigarettes/d for 

≥ 25 y or ≥ 10 
cigarettes/d for ≥ 30 y

• ≤ 10 y since quitting

4 scans (at 0, 
1, 3, and 5.5 y)

• RR = 0.76 for 
men

• RR = 0.67 for 
women

NA

• MILD,11 Italy > 10 4099 • Age 49-75 y 
• ≥ 20 pack-years 

smoking
• ≤ 10 y since quitting

10 annual 
scans or 5 
biennial 
scans

• HR = 0.61 (95% 
CI 0.39-0.95)

• HR = 0.80 (95% 
CI 0.62-1.03)

• LUSI,12 Germany 8.8 4052 • Age 50-69 y
• ≥ 15 cigarettes/d for 

≥ 25 y or ≥ 10 
cigarettes/d for ≥30 y

• ≤ 10 y since quitting

5 annual 
scans

• HR = 0.74 (95% 
CI 0.46-1.19)

• HR = 0.94 (95% 
CI 0.54-1.61) 
for men

• HR = 0.31 (95% 
CI 0.10-0.96) 
for women

• HR = 0.99 (95% 
CI 0.79-1.25)

CXR—chest x-ray, HR—hazard ratio, LDCT—low-dose computed tomography, LUSI—Lung Cancer Screening Intervention, MILD—Multicentric Italian Lung 
Detection, NA—not applicable, NELSON—Nederlands–Leuvens Longkanker Screenings Onderzoek, NLST—National Lung Screening Trial, RR—rate ratio, 
USA—United States of America.

Box 2. PLCOm2012 predictors

The following are predictors used by the PLCOm2012 to 
generate a percentage risk of developing lung cancer in 
the next 6 years:

• Age
• Education
• Family history of lung cancer
• Body mass index
• Chronic obstructive pulmonary disease
• Smoking duration
• Smoking intensity 
• Smoking quit time
• Personal history of cancer
• Race or ethnic origin

Data from Tammemägi et al.19
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Table 2. Management of screen-detected lung nodules

SCREENING CONTINUE ROUTINE SCREENING
EARLY RECALL 
(REPEAT LDCT AT 1 TO 6 MO) DIAGNOSTIC WORKUP

Baseline screening

• Solid nodule No nodule or PanCan risk 
score* < 5% or nodule < 5 mm

PanCan risk score* ≥ 5% to 
< 30% or nodule ≥ 5 to < 15 mm

PanCan risk score* ≥ 30% or 
nodule ≥ 15 mm

• Part-solid nodule† PanCan risk score* < 5% or 
nodule < 6 mm

PanCan risk score* ≥ 5% to 
< 30% or nodule ≥ 6 to < 8 mm

PanCan risk score* ≥ 30% or 
nodule ≥ 8 mm 

• Nonsolid nodule PanCan risk score* < 5% or 
nodule < 6 mm

PanCan risk score* ≥ 5% to 
< 30% or nodule 6 to < 15 mm

PanCan risk score* ≥ 30% or 
nodule ≥ 15 mm persistent at  
3 mo or nodule develops solid 
component

Annual or biennial repeat 
screening

• New solid nodule < 4 mm 4 to < 8 mm ≥ 8 mm

• Pre-existing solid nodule NA < 8 mm and increase in mean 
diameter by ≥ 1.5 mm or 
volume doubling time 400 to 
600 d

≥ 8 mm and increase in mean 
diameter by ≥ 1.5 mm or volume 
doubling time < 400 d

• Part-solid nodule† < 6 mm ≥ 6 to < 8 mm ≥ 8 mm

• Nonsolid nodule < 15 mm ≥ 15 mm Development of solid component 
≥ 6 mm or becomes solid

LDCT—low-dose computed tomography, NA—not applicable.
*Pan-Canadian lung nodule malignancy risk score.25 This is different than the PLCOm2012 screening selection criteria.19

†Refers to the size of the solid component.
Reproduced with permission of the ©European Respiratory Society.13

indicating appropriate follow-up. For individuals with 
a low risk of lung cancer, this would include routine 
annual or biennial screening, while those individuals 
with nodules that should be monitored would be recalled 
for repeat LDCT in 1 to 6 months. Findings that arouse 
suspicion of cancer should trigger referral for diagnos-
tic workup.25 In the absence of standardized reporting, 
Table 2 provides a guide to management.13,19,25 These rec-
ommendations are based on the Canadian Partnership 
Against Cancer Pan-Canadian Lung Cancer Screening 
Network evidence-based framework for management of 
screen-detected lung nodules.25

What are the harms of screening? The application of 
targeted screening selection criteria and standardized 
lung nodule workup protocols are paramount in mitigat-
ing harms of screening. False-positive findings are not 
uncommon and precipitate a workup that may include 
further radiation exposure, unnecessary procedures, 
and psychological distress. A systematic review of psy-
chological distress associated with lung cancer screen-
ing showed that individuals with indeterminate scan 
results had an initial increase in psychological burden, 
but after 6 months, health-related quality of life and 
anxiety had returned to baseline.28 The NELSON trial 
had a 1.2% false-positive rate (264 of 22 600 partici-
pants), with 23% of these individuals undergoing inva-
sive procedures.8 The NLST had a higher false-positive 

rate of 23%, which was related to the definition of posi-
tive screen findings.9 Protocols for lung nodule manage-
ment have subsequently been refined.25,29 This is why 
organized screening instead of opportunistic or ad hoc 
screening is important.

Incidental findings in the thyroid, heart, lung, kid-
neys, adrenal glands, and liver are common in lung 
cancer screening. The identification of coronary cal-
cification is also common and can trigger important 
lifestyle and risk management discussions for these 
patients.30 Although up to 20% of incidental findings 
will require investigation, their clinical significance is 
less than 1%.31,32 At about $12 per screen, the workup 
of incidental findings contributes substantially to the 
cost of screening programs.33 In the absence of specific 
recommendations in the radiology report, Table 3 pro-
vides a guide to management.34-36

Overdiagnosis refers to the diagnosis of cancers that 
would not have become clinically significant during the 
life of the individual. A comparison of the incidence of 
lung cancer in the screening and control groups over 
time generally allows for an estimation of this value. 
The 12.3-year follow-up of the NLST yielded an over-
diagnosis estimate of 3%,9 the NELSON trial with 10 
years of follow-up had an estimate of 8.9%,8 and the US 
Preventive Services Task Force has modeled a rate of 
10% to 12%.24 A longer follow-up duration is required to 
determine the true rate of overdiagnosis.
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Table 3. Management of common incidental findings
FINDING     RECOMMENDATION

Severe coronary artery 
calcification

• Optimize cardiac risk factors
• If symptomatic: coronary artery disease workup or cardiology consultation

Moderate or severe aortic 
valve calcification

• Echocardiogram to rule out aortic stenosis 
• Cardiology consultation if indicated

Moderate or severe 
pulmonary emphysema

• Pulmonary function test. If result is abnormal: optimize COPD management
• Respirology consultation if indicated

Pulmonary fibrosis • > 5% in any lung zones: pulmonary function test. Respirology consultation if result is abnormal

Bronchiectasis • Respirology consultation if symptomatic

Renal abnormality • Abdominal ultrasound or CT if not cystic

Adrenal nodule • Abdominal CT with adrenal protocol if enlarging or ≥ 40 mm; biochemical test if clinical signs or 
symptoms of pheochromocytoma or Cushing syndrome

Breast mass • Mammography or ultrasound

Thyroid nodule • ≥ 15 mm on long axis: dedicated thyroid ultrasound

COPD—chronic obstructive pulmonary disease, CT—computed tomography.
Data from the International Early Lung Cancer Action Program,34 Munden et al,35 and Berland et al.36 

Smoking cessation. A pillar of any lung cancer screen-
ing program must be an integrated smoking cessation 
program. Individuals presenting for screening may be 
uniquely receptive to smoking cessation given their 
increased awareness of the health impacts of smok-
ing. The Alberta Lung Cancer Screening Study demon-
strated the efficacy of embedded smoking cessation with 
a quit rate of 13%, more than double that of the gen-
eral population (5%).37 Increased smoking cessation has 
been modeled to be cost-effective and, independent of 
screening, would prevent the development of lung can-
cers and improve mortality.38

Equity. A higher smoking incidence is strongly asso-
ciated with lower socioeconomic status (SES), rurality, 
and Indigenous populations. The smoking rate in the 
highest income quintile is only 12% compared with 22% 
in the lowest income quintile. Smoking rates in First 
Nations people living off reserves are twice as high as 
in non-Indigenous populations, and 69% of Inuit liv-
ing in Nunavut are daily smokers.39-41 As a result, these 
populations are disproportionately diagnosed with lung 
cancer. The lung cancers diagnosed in these individuals 
are typically later stage (stage 3 or 4), resulting in poorer 
survival rates compared with lung cancers diagnosed 
in urban populations, non-Indigenous individuals, and 
those of higher SES.1 Inequitable access to health care 
means that even when cancers are diagnosed at the 
same stage, those with lower incomes will have lower 
survival rates than individuals with higher incomes. 
Lung cancer screening presents a unique opportunity 
to address the disparities in health outcomes for those 
with low SES, Indigenous populations, and rural popu-
lations. For example, attaching lung screening to an in- 
community general health check (eg, detection of 

chronic obstructive pulmonary disease using spirom-
etry and CT evidence of emphysema, detection of coro-
nary artery disease from the screening LDCT, smoking 
cessation counseling), using telehealth, providing free 
transportation to screening centres, or using mobile 
screening may help to overcome the access barriers. 
Improved access to smoking cessation programs and 
coordinated diagnosis and management of lung cancers 
have considerable potential to have survival benefits 
greater than those reported in clinical trials. 

Conclusion
This update has provided a review of the key evidence 
and the harms and benefits of screening, as well as the 
practicalities of results management, to better equip 
family doctors to support their patients. Lung cancer 
screening, with its embedded emphasis on smoking ces-
sation, is an excellent addition to PCPs’ armamentarium 
of preventive health care tools. The innate ability of lung 
cancer screening to target people who have smoked or 
who are still smoking who are often found in under-
served or underserviced populations with the poorest 
lung cancer outcomes provides a key means for PCPs 
to standardize access to care for their patient popula-
tions. The implementation of formal and pilot lung can-
cer screening programs across Canada means that PCPs 
will be increasingly required to counsel their patients on 
the uptake of lung cancer screening. 
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