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Abstract 

Purpose  Lung cancer is the leading cause of cancer deaths in Canada, and because early cancers are often asymp-
tomatic screening aims to prevent mortality by detecting cancer earlier when treatment is more likely to be cura-
tive. These reviews will inform updated recommendations by the Canadian Task Force on Preventive Health Care 
on screening for lung cancer.

Methods  We will update the review on the benefits and harms of screening with CT conducted for the task 
force in 2015 and perform de novo reviews on the comparative effects between (i) trial-based selection criteria 
and use of risk prediction models and (ii) trial-based nodule classification and different nodule classification systems 
and on patients’ values and preferences. We will search Medline, Embase, and Cochrane Central (for questions on ben-
efits and harms from 2015; comparative effects from 2012) and Medline, Scopus, and EconLit (for values and pref-
erences from 2012) via peer-reviewed search strategies, clinical trial registries, and the reference lists of included 
studies and reviews. Two reviewers will screen all citations (including those in the previous review) and base inclusion 
decisions on consensus or arbitration by another reviewer. For benefits (i.e., all-cause and cancer-specific mortality 
and health-related quality of life) and harms (i.e., overdiagnosis, false positives, incidental findings, psychosocial harms 
from screening, and major complications and mortality from invasive procedures as a result of screening), we will 
include studies of adults in whom lung cancer is not suspected. We will include randomized controlled trials compar-
ing CT screening with no screening or alternative screening modalities (e.g., chest radiography) or strategies (e.g., 
CT using different screening intervals, classification systems, and/or patient selection via risk models or biomarkers); 
non-randomized studies, including modeling studies, will be included for the comparative effects between trial-based 
and other selection criteria or nodule classification methods. For harms (except overdiagnosis) we will also include 
non-randomized and uncontrolled studies. For values and preferences, the study design may be any quantitative 
design that either directly or indirectly measures outcome preferences on outcomes pertaining to lung cancer 
screening. We will only include studies conducted in Very High Human Development Countries and having full texts 
in English or French. Data will be extracted by one reviewer with verification by another, with the exception of result 
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data on mortality and cancer incidence (for calculating overdiagnosis) where duplicate extraction will occur. If two 
or more studies report on the same comparison and it is deemed suitable, we will pool continuous data using a mean 
difference or standardized mean difference, as applicable, and binary data using relative risks and a DerSimonian 
and Laird model unless events are rare (< 1%) where we will pool odds ratios using Peto’s method or (if zero events) 
the reciprocal of the opposite treatment arm size correction. For pooling proportions, we will apply suitable transfor-
mation (logit or arcsine) depending on the proportions of events. If meta-analysis is not undertaken we will synthesize 
the data descriptively, considering clinical and methodological differences. For each outcome, two reviewers will 
independently assess within- and across-study risk of bias and rate the certainty of the evidence using GRADE (Grad-
ing of Recommendations Assessment, Development, and Evaluation), and reach consensus.

Discussion  Since 2015, additional trials and longer follow-ups or additional data (e.g., harms, specific patient popula-
tions) from previously published trials have been published that will improve our understanding of the benefits 
and harms of screening. The systematic review of values and preferences will allow fulsome insights that will inform 
the balance of benefits and harms.

Systematic review registration  PROSPERO CRD42022378858

Keywords  Systematic review, Guideline, Lung cancer, Mass screening

Background
Description of condition
Lung cancer is divided into two main types: small-cell 
lung cancer (SCLC) and non-small-cell lung cancer 
(NSCLC). SCLC is diagnosed much less frequently than 
NSCLC; the latter accounts for about 9 in 10 lung can-
cer cases [1]. NSCLC is further classified into histologic 
subtypes, the most common being adenocarcinoma, 
squamous cell carcinoma, and large cell carcinoma. The 
tumor node metastasis staging system characterizes the 
extent of the disease and determines the lung cancer 
stage, treatment, and prognosis. Major stage groupings 
are stage 0 (carcinoma in situ; nonmalignant) through IV 
(malignancy spread to the other lung or outside chest). 
Stage I disease involves tumors ≤ 4  cm, and no lymph 
node or metastatic involvement, while stage IV cancers 
have one or more distant metastases [2].

Incidence and burden of disease
Although rates have been declining in the past two dec-
ades, lung cancer was projected for 2023 to be the second 
most commonly (versus prostate in men and breast in 
women as most common) diagnosed cancer in Canada, 
excluding non-melanoma skin cancers, with an estimated 
incidence of 31,100 cases (about 13% of all new cancer 
cases) [3]. In Canada, approximately 1 in 15 men and 
women will develop lung cancer in their lifetime [4]. Fur-
ther, in 2016 the overall incidence rate of lung cancer was 
estimated at 65.7 cases per 100,000; the incidence rates 
per 100,000 were estimated to be 12.8, 5.0, 12.0, and 30.5 
for stages I, II, III, and IV, respectively. With its high inci-
dence and poor prognosis (5-year overall survival rate 
of 22% during 2016–2017), lung cancer is the leading 
cause of cancer deaths in Canada. In Canada, 3-year sur-
vival rates for stages I, II, III, and IV are 71%, 49%, 22%, 

and 5%, respectively [1]. Internationally, 5-year survival 
rates have been reported for NSCLC in ranges (stage I 
66–92%, II 47–60%, III 19–36%, IV 0–10%) because of 
different substages used in the IASLC Lung Cancer Stag-
ing Project [5].

Lung cancer is one of the most costly cancers [6], with 
an estimated cost to Canada’s healthcare system of $2 
billion in 2020 [1]. Patient costs for lung cancer were 
estimated at approximately $22,000 per case (in 2014), 
including up to four lines of therapy for advanced disease, 
but not considering the indirect costs of cancer, including 
premature mortality and disability associated with this 
disease [7, 8].

Risk factors and specific populations
The Canadian Population Attributable Risk of Cancer 
study found that 86% of lung cancer cases can be attrib-
uted to modifiable risk factors, with tobacco smok-
ing contributing to 72% of cases [9]. Residential radon, 
asbestos, outdoor air pollution, physical inactivity, and 
certain occupational exposures such as construction, 
mining, and transportation [10] are other major fac-
tors linked to lung cancer. Nonmodifiable, independent 
risk factors include sex (20% higher in males in older 
ages [≥ 55  years] and in females at younger ages [45–
54  years]), increasing age (e.g., incidence [per 100,000 
for males and females, respectively] at 55–64  years 
are 118 and 108, at 65–74 years are 288 and 254 and at 
75–84  years are 478 and 354), a personal or family his-
tory of lung cancer, a personal history of lung disease, 
and a weakened immune system [1]. Among those aged 
45–84 years, the 5-year survival for lung cancer survival 
is 22% among females compared with 15% among males, 
regardless of histologic type, stage of disease, or province 
at diagnosis. Rates of survival decline with increasing age; 
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5-year survival was 35% for those aged 15–44 years and 
21–22% for those aged 55–74 years [1]. Patients treated 
for other cancers with radiation therapy are also at an 
increased risk of developing primary lung cancer [11, 12].

From data from the Canadian Cancer Registry, across 
Canadian provinces lung cancer incidence (2012–2016), 
and parallel mortality (2013–2017), rates are highest in 
Nunavut, the Northwest Territories, Quebec (mortality 
data only), and to a lesser extent, in the Atlantic prov-
inces [1]. This increased risk is likely due to a combina-
tion of risk factors (e.g., 63% and 35% of those ≥ 12 years 
smoke at least occasionally in Nunavut and the North-
west Territories, respectively [13]), diagnostic or treat-
ment practices, and access to care [1]. Through systemic, 
economic, and geographic barriers, people living in rural 
or remote communities and/or having a lower income 
experience inequities in lung cancer incidence, being 
77% more likely to smoke and receiving 6% more diag-
noses at later stages, in access to care with 26% fewer 
curative surgeries, and in outcomes with 13–25% lower 
survival at 3 years, depending on stage [14]. Inequities in 
incidence and survival may be higher for lower income 
compared with geography [14]. A 2019 assessment of CT 
screening by the Institut National d’excellence en santé 
et services sociaux (INESSS) in Quebec, found that the 
socioeconomic and geographical gradients at risk could 
present organizational challenges to programs and create 
tensions between equality, equity of access, and service 
quality [15]. Although data on race and ethnicity is not 
collected by cancer registries, it is known that dispari-
ties in lung cancer incidence (e.g., 20–40% higher in First 
Nations people in Ontario [16]), mortality, and risk fac-
tors exist for Indigenous peoples in Canada with many 
contributing factors among a variety of social determi-
nants of health [16–18]. First Nations, Inuit, and Métis 
populations have lower rates of cancer screening than 
non-Indigenous peoples in Canada [19].

Risk prediction models
Various models exist to predict lung cancer incidence or 
prognosis. Using data from current and former smokers 
aged 55–74 years in two large screening trials (Prostate, 
Lung, Colorectal, and Ovarian [PLCO] Cancer Screen-
ing Trial and the National Lung Cancer Screening Trial 
[NLST]), the PLCOM2012 model is in widespread use and 
predicts cancer incidence over the following 6 years [20]. 
Risk factors in the model include higher age, black ver-
sus white race, lower socioeconomic status determined 
according to the level of education, lower body mass 
index, self-reported history of chronic obstructive pul-
monary disease, personal history of cancer, family his-
tory of lung cancer, current smoking, smoking intensity 
(the average number of cigarettes smoked per day) and 

duration, and, in former smokers, shorter time since 
quitting. Using a lung cancer risk of 1.35% over 6 years, 
this model has higher sensitivity (83% vs. 71.1%) to detect 
lung cancer over 6  years than the eligibility criteria for 
the NLST trial (aged 55–74  years and ≥ 30 pack-year 
history and, if applicable, a quit time < 15  years) [20]. 
Although modeling studies indicate that the use of risk 
prediction models to select people for screening may 
increase screen-preventable deaths compared with a risk 
factors-based approach (e.g., NLST trial eligibility) [21], 
whether this translates into similar or greater net benefit 
from screening has not, to our knowledge, been investi-
gated in a randomized clinical trial (RCT).

Treatment approaches
The type, stage, and grade of lung cancer as well as one’s 
overall lung health will determine the type of treatment 
plan that is offered to individuals [22, 23]. For stages 
0 and I NSCLC, surgical resection of the tumor is first-
line therapy although radiation may be used instead or 
as adjuvant therapy if cancer is detected in the tumor 
margins. Chemotherapy may be provided after surgery 
for stage IB (having local invasion into visceral pleura) 
NSCLC. For stage II, extended pulmonary resection or 
chest wall resection may be recommended. Radiation 
alone or as an adjuvant may be an option, and other ther-
apies (e.g., chemotherapy or possibly targeted anti-EGFR 
therapy or immunotherapy) often follow the initial ther-
apy to lower the risk of recurrence. First-line treatment 
for stage III NSCLC is chemoradiation; surgery, possi-
bly quite extensive and involving induction therapy with 
chemotherapy or chemoradiotherapy, may be an option 
for stage IIIa tumors, whereas additional therapies for 
stages IIIb and c are combinations of chemotherapy and/
or therapies targeting tumor mutations (e.g., epidermal 
growth factor receptor inhibitors, anaplastic lymphoma 
kinase (ALK) therapy) or immunotherapies. Stage IV 
NSCLC is difficult to treat; treatment options are limited 
to chemotherapy, targeted therapies (e.g., monoclonal 
antibodies, tyrosine kinase inhibitors), and/or immuno-
therapies (e.g., immune checkpoint inhibitors). Radiation 
therapy may be offered if chemotherapy is not possible 
or to alleviate symptoms caused by the cancer. Surgery at 
stage IV NSCLC may be used to treat metastases to other 
organs but is not curative. Treatment advances have 
likely helped improve cancer survival over the past two 
decades. In Canada, age-standardized 5-year net survival 
increased by 4.5 percentage points (i.e., 14.5 to 19% sur-
vival) between 2002–2004 and 2012–2014 [24]; upwards 
of 10 percentage points in survival have been seen in Fin-
land and Sweden between 2000–2004 and 2015–2019 
[25]. In the USA, improvements in survival have been 
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seen but are in part also attributable to improved access 
to care [26].

Given the rapid growth of SCLC and that diagnosis is 
usually in the later stages of the disease and often fol-
lowing metastases, treatment is usually systemic involv-
ing chemotherapy but may also include immunotherapy. 
Radiation may be used to prevent brain metastases or to 
shrink tumors to alleviate specific symptoms (e.g., trou-
ble swallowing or breathing).

Rationale for screening and screening approaches
A major reason lung cancers are diagnosed at a late stage 
is that early cancers are often asymptomatic [1]. Screen-
ing aims to detect earlier lung cancers when treatment 
is more likely to be curative. NSCLC is the main target 
for screening due to its higher prevalence and slower 
progression than SCLC. The most common screening 
modality used in current clinical practice is low-dose 
computed tomography (LDCT), largely based on posi-
tive results of the NLST trial showing superiority of three 
annual screens with LDCT over chest radiography in 
53,454 smokers with at least a 30-pack year smoking his-
tory within the past 15  years; current or former) aged 
55 to 74  years. This trial found 20% and 6% reductions 
in lung cancer and all-cause mortality, with numbers 
needed-to-screen 308 and 219, respectively [27]. This 
contrasts with evidence of lack of mortality benefit in the 
PLCO trial which compared four annual chest radiogra-
phy screens versus usual care (no formalized screening 
program) for 154, 901 adults, 52% of which were current 
or former smokers, all aged 55 to 74 [28].

As with any screening, there are potential harms asso-
ciated with lung cancer screening. There can be overdi-
agnosis, whereby screening identifies cancer that would 
have never caused harm, never progressed, progressed 
too slowly to cause symptoms or harm during a per-
son’s remaining lifetime (e.g., a person dies from another 
cause), or that resolves spontaneously [29]. Major com-
plications such as pneumothorax can occur from invasive 
diagnostic procedures such as bronchoscopy, surgical 
biopsy, thoracotomy, and mediastinoscopy; these adverse 
events may even occur in persons where the abnormal-
ity is found to be benign. There may also be psychosocial 
harms in anticipation of, or while undergoing, the screen-
ing procedure, and/or being told the screening result was 
indeterminate (e.g., requiring a repeat screen) or suspi-
cious for cancer (e.g., requiring diagnostic testing) even 
when no cancer is present (i.e., a false positive). Addi-
tionally, imaging during screening may lead to incidental 
findings of possible pathology that can trigger a cascade 
of interventions that may lead to further complications 
or no improvement to one’s health (e.g., investigation of 
thyroid nodules).

Performance characteristics of the screening protocol 
affect false-positive (positive results on initial imaging 
among those later shown to not have lung cancer) and 
false-negative rates and therefore impact the ability of 
a program to detect cancers early while avoiding harms 
of investigations for benign lesions. The NLST trial used 
a simple classification system based on nodule size, and 
found a 23% rate of false positives, although positive tests 
included other incidental (e.g., cardiovascular) abnormal-
ities. A more recent trial used a volume-based approach 
and found a false positive rate of 9.2%, comprised of inde-
terminate (requiring further screening) or suspicious 
lesions [30]. To standardize LDCT screening results 
reporting, the American College of Radiology developed 
and endorses the Lung-RADS™ classification system [31], 
which incorporates nodule characteristics (solid, part-
solid, and non-solid) in addition to size. Lung-RADS 
v2022 category 0 “incomplete exam” requires recall. 
Lesions in Lung-RADS categories 1 and 2 are considered 
benign, whereas for category 3 (probably benign) and 
4A (suspicious) lesions surveillance with LDCT in 6- or 
3  months is suggested, respectively, and 4B (very suspi-
cious) triggers diagnostic testing and/or tissue sampling. 
In Canada, a Nodule Risk Classification (NRC) system 
has been developed based on results from Pan-Canadian 
Early Detection of Lung Cancer (PanCan) nodule risk 
calculator, which incorporates nodule characteristics and 
location, in addition to age, sex, family history of lung 
cancer, and presence of emphysema to predict malig-
nancy on a lung cancer screen [32, 33]. A review of the 
comparative accuracy between the PanCan and Lung-
RADS found evidence of variable quality from six studies 
indicating that the PanCan model may perform better at 
determining which lung nodules identified by low-dose 
CT are cancerous compared to the Lung-RADS, though 
evidence from three other studies, also of variable quality, 
suggests that the risk calculators have similar diagnostic 
test accuracy [34]. RCTs examining clinically important 
outcomes using these or other alternative classification 
systems would be informative to determine if a lower 
degree of harm can be attained without compromising 
mortality benefits.

Also possibly impacting screening effectiveness, there 
are potential ways to refine patient selection criteria 
for screening such as using risk models incorporating 
demographic and clinical factors (e.g., PLCOM2012 1.5% 
predicted risk of 6-yr lung cancer) [35] (as discussed 
above). Biomarkers such as autoantibodies, comple-
ment fragments, microRNAs, circulating tumor DNA, 
DNA methylation, or blood protein profiling are another 
option [36]. At least one RCT has compared the use of an 
autoantibody blood test to select people for CT screening 
versus usual care [37]. We are not aware of any trials that 
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have been large enough to detect clinically important 
outcomes including mortality.

Currently, in Canada, there are no large-scale provincial 
organized screening programs for lung cancer although 
at least two provinces have either started (Ontario) [38] 
or plan to start (British Columbia) [39] organized pro-
grams of some scale. Some screening is occurring in sev-
eral other provinces [40] and some provinces have pilot/
demonstration projects underway [41]. Although pri-
marily targeting radiologists, the Canadian Association 
of Radiologists supports shared decision-making involv-
ing information on the potential benefits and risks and 
on one’s personal risk for lung cancer, and recommends 
annual screening for people who have a 1.5% or higher 
risk (PLCOM2012 model) of developing lung cancer over 
the next 6 years (or at minimum meet the NLST smoking 
history criteria) until such time as they no longer meet 
eligibility criteria or develop health problems that sub-
stantially limit life expectancy or would preclude curative 
treatment [42].

Patient values and preferences
Preferences for or against a screening strategy are influ-
enced by the relative importance people place on the 
expected or experienced outcomes incurred [43–45]. 
Evidence on how people weigh the relevant outcomes 
is important to inform guideline panels when consider-
ing the balance of benefits and harms and determining 
whether this balance might vary across different individ-
uals [46].

Scope and purpose
In 2016, the Canadian Task Force on Preventive Health 
Care recommended screening adults 55–74 years of age 
who have at least a 30-pack-year smoking history and 
who smoked or quit smoking less than 15  years ago, 
annually for 3 years with low-dose CT (weak recommen-
dation, low-quality evidence) [47]. They recommended 
not screening all other adults for lung cancer with low-
dose CT, regardless of age, smoking history, or other 
risk factors (strong recommendation, very low-quality 
evidence), and that chest radiography with or without 
sputum cytology should not be used to screen for lung 
cancer (strong recommendation, low-quality evidence). 
Since that time, additional trials such as the NELSON 
[30], and longer follow-up [48] or additional data (e.g., 
harms [49]) from previously published trials of low-dose 
CT screening have been published that may improve 
understanding of the benefits and harms of screening and 
have the potential to change the direction or strength of 
the recommendations for screening. We will update the 
previous review conducted for the task force [50] on the 
benefits and harms of screening with CT with minor 

modifications; the task force is undertaking a separate 
reaffirmation process for the recommendation about 
screening with chest radiography. Although the benefits 
of screening will mostly rely on evidence from RCTs, we 
will also examine nonrandomized studies on the compar-
ative effects between selection criteria used in RCTs and 
the use of risk prediction models for selection, as well 
as between trial-based and different nodule classifica-
tion systems. Lastly, a systematic review of patients’ val-
ues and preferences will be conducted to allow fulsome 
insight for the task force when making judgments on 
the balance of benefits and harms. Findings from these 
reviews will be supplemented by input from patient and 
organizational stakeholders and by other sources of infor-
mation on feasibility, acceptability, costs/resources, and 
equity to make recommendations for primary care pro-
viders [51]. The reviews will also serve as a comprehen-
sive review for clinicians and other decision-makers on 
the effects of screening and relevant patient preferences.

Methods
Systematic review conduct
The Evidence Review and Synthesis Centre at the Univer-
sity of Alberta (JP, SR, LH) will conduct the systematic 
reviews on behalf of the task force following the research 
methods outlined in the task force methods manual [51]. 
We report this protocol and will conduct, and report, the 
reviews in accordance with current standards [52–56]. 
During protocol development, a working group was 
formed consisting of task force members (SK, DR, GT), 
with input from clinical experts (CF, NL, MM), and sci-
entific support from the Global Health and Guidelines 
Division at the Public Health Agency of Canada (LAT, 
GTr, CG). The working group contributed to the devel-
opment of the Key Questions (KQs) and PICOTS (pop-
ulation, intervention(s) or exposure(s), comparator(s), 
outcomes, timing [of outcome measurement], setting, 
and study design) elements.

Task force members made the final decisions with 
regard to the KQs and PICOTS. Task force mem-
bers and clinical experts rated the proposed outcomes 
based on their importance for clinical decision-making, 
according to methods of Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
[57]. Ratings by the clinical experts were solicited to 
ensure acceptable alignment with the views of task force 
working group members, but task force members deter-
mined the final ratings. Final critical outcomes (rated 
at 7 or above on a 9-point scale) include lung cancer 
mortality, all-cause mortality, and overdiagnosis. The 
final important outcomes (rated 4–6) for inclusion are 
health-related quality of life (HRQoL), false positives, 
incidental findings, major complications and death from 
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invasive procedures undertaken as a result of screening, 
and psychosocial harms from the screening process. 
The section on data extraction has details on how each 
of these outcomes will be defined. Further, since our cal-
culations of overdiagnosis require estimates of cancer 
incidence we will extract and rate the certainty for data 
on incidence but it will not be an outcome considered 
during decision-making about overall recommendations 
for, or against, screening. We anticipate that there will 
be evidence on all-cause mortality, lung cancer mortal-
ity, and potential benefits of screening. We anticipate 
that there will be evidence of outcomes of harm includ-
ing overdiagnosis of lung cancer, false positives, inci-
dental findings, major complications and death from 
invasive procedures undertaken as a result of screen-
ing, and psychosocial harms. For incidental findings, we 
recognize that there may be some benefit to identifying 
some incidental findings; to help interpret these find-
ings we will delineate as best possible between “clini-
cally significant” and “any” incidental findings, and also 
perform analysis on certain specific incidental findings 
of interest. HRQoL may represent a benefit or harm of 
screening, depending on the direction of the effect. The 
final classification of benefit or harm for all outcomes 
will be based on the effects observed for different com-
parisons. Measures of values and preferences related to 
the critical and important outcomes were based on the 
GRADE methodology [43].

This version of the protocol was reviewed by the entire 
task force. Stakeholders (n = 16) reviewed a draft ver-
sion of this protocol, and all comments were considered 
(Supplementary file 1). Throughout the conduct of the 
systematic reviews, we will document any changes to 
the protocol and we will report on these within the final 
reporting of the reviews.

Key questions

1.	 What are the benefits and harms of screening for 
lung cancer in adults aged 18 years and older?

2.	 What is the relative importance people place on the 
potential benefits and harms of screening for lung 
cancer?

3.	 a What are the comparative benefits and harms 
of risk prediction models compared with trial-
based criteria to identify eligibility for lung can-
cer screening?

b	 What are the comparative benefits and harms of 
alternate nodule classification systems compared 
with nodule classification systems used in lung 
cancer screening trials?

Eligibility criteria
Tables 1, 2, and 3 outline the eligibility criteria in terms 
of the PICOTS, for each KQ. For KQ1 we will include 
studies of adults in whom lung cancer is not suspected. 
Studies may enroll a general adult population or peo-
ple meeting eligibility criteria associated with increased 
risk for lung cancer, as defined by authors. The popu-
lation may include current, former, and second-hand 
smokers, as well as those with exposures to substances 
that may affect risk and other identified factors that 
may increase risk. Though CT, with or without any 
other lung cancer screening interventions (e.g., bio-
markers), is the primary intervention of focus, we will 
include new RCTs published in 2015 or later of other 
screening modalities including chest radiography. 
Comparators can be either no screening or an alter-
native screening modality (e.g., chest radiography) or 
strategy (e.g., different eligibility criteria, classification 
of findings, screening interval). For benefits and over-
diagnosis, we will only include RCTs because of the 
rigor of this design for overdiagnosis and the known 
availability of data with several years of follow-up [58]. 
For harms apart from overdiagnosis, where the effects 
are either rare and require large studies or only occur-
ring/reported in the screening arm, we will include 
data from RCTs but also include nonrandomized and 
uncontrolled studies with some specific requirements 
as outlined in Table  1. We will proceed with examin-
ing the evidence on harms for a particular modality of 
screening when there is at least a low certainty of some 
benefit for one or more benefit outcomes from an RCT.

For KQ2 on values and preferences, individuals may 
or may not have experienced lung cancer or one or more 
of the critical or important outcomes of interest. Study 
designs may be any quantitative design measuring pref-
erences for outcomes either directly such as health-state 
utilities or trade-offs, or indirectly, hence allowing infer-
ences about relative values based on the degree of accept-
ance of screening given scenarios with estimates of the 
expected benefits and harms.

For KQ3, we will include nonrandomized studies com-
paring the benefits and harms between randomized trial 
(included in KQ1) (KQ3a) selection criteria or (KQ3b) 
nodule classification systems and (KQ3a) selection 
based on (externally validated) risk prediction models or 
(KQ3b) different nodule classification systems. The selec-
tion criteria should be similar to, but does not need to 
be identical to that used in a trial included in KQ1; for 
instance, if the minimum age differs by 2–3  years, the 
review team will use clinical input to decide eligibility. 
RCTs of these comparisons will be included in KQ1.

For the most relevance to Canada, we will only include 
studies conducted in countries listed as very high 



Page 7 of 18Pillay et al. Systematic Reviews           (2024) 13:88 	

Table 1  Eligibility criteria for key question 1 on benefits and harms of screening for lung cancer with computed tomography

Inclusion criteria Exclusion criteria

Population Adults ≥ 18 years old and not suspected to have lung 
cancer
Specific populations of interest may include:

• Studies of people seeking care for symptoms of lung 
cancer or who are suspected of lung cancer
• Studies of people who have been previously diagnosed 
with lung cancer
• Studies of people younger than 18 years old
• Study population includes > 25% individuals with recent 
abnormal screening result

• Age

• Sex

• Smoking history (e.g., duration, pack-years)

• Race and ethnicity (e.g., First Nations, Inuit and Métis)

• Populations for which screening access and outcomes 
may be inequitable (e.g., LGBTQ + , low socioeconomic 
status, homeless)

Intervention Computed tomography (CT), with or without any other 
lung cancer screening interventions (e.g., biomarkers)

The focus is on screening interventions involving CT 
but we will include new RCTs (published in 2015 or later) 
of other screening modalities. Screening modalities (i.e., 
chest X-ray) examined in the last review (chest X-ray) will 
only be included if new RCTs are found

Comparator • No screening/placebo/minimally or non-active inter-
vention (e.g., smoking cessation)

• An alternative screening strategy/protocol (e.g., use 
of risk-prediction model vs risk-factor based screening 
criteria, different screening interval or method to classify 
nodules)

• None (only for harm outcomes except overdiagnosis 
where a no screening arm is required)

Outcomes (by importance 
as rated by the WG)

Benefits:

1. All-cause mortality*

2. Lung cancer mortality*

3. Health-related quality of life

If there is trial evidence showing at least low certainty 
of benefit for 1 + of the above outcomes, then:

Harms:

4. Overdiagnosis of lung cancer*

5. Major complications or morbidity from invasive testing 
as a result of screening

6. Death from invasive testing as a result of screening

7. False positives

8. Psychosocial consequences of the screening process 
(i.e., before or right after screening, receiving a false posi-
tive result)

9. Incidental findings

*Rated as critical outcomes; others rated as important

Timing No limitation on the duration of follow-up, except for FPs 
where ≥ 12 months follow-up after the screening 
result is required in ≥ 80% of participants (if there 
is no evidence found meeting this criteria we will 
accept ≥ 6 months follow-up)

Longest follow-up will be used for mortality, qual-
ity of life, and overdiagnosis unless there has been 
substantial (> 20%) contamination by the control group 
receiving screening

Delivery setting Any setting relevant to primary care

Countries rated as very high on the Human Develop-
ment Index 2019 [59]
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according to the Human Development Index [59] and 
having full texts in English or French. For KQs 2 and 3, 
we will limit studies to those published during or after 
2012. Based on clinical input and working group dis-
cussion, utility-based outcomes will have changed over 
time because treatments and their impact have changed 
quite dramatically, and the best indirect measurements, 
for example, based on decision aids, would be based on 
contemporary estimates of the effect of CT screening 
since the publication of NLST trial in 2011. This date also 
represents the publication of the major risk prediction 
models and the emergence of studies comparing different 
screening protocols.

Searching the literature
For KQ1 we will locate all full texts from the previous 
task force review [50]. The previous review’s final search 
date for studies was March 31, 2015 [50], so for this 
KQ, we will search Medline and Embase, via Ovid, and 
Cochrane Central including the Central Register for Con-
trolled Trials from 2015 onwards. The previous searches 
for benefits and harms were modified slightly to increase 
their sensitivity, with a more sensitive filter applied for 
RCTs, and broaden their scope, such as adding controlled 
vocabulary and keywords for incidental findings and 

psychosocial harms into the harms search. For KQ2 we 
will search Ovid MEDLINE (1946–), Scopus, and EconLit 
from 2012 using two searches: one for utility-based stud-
ies, focusing on relevant preference-based instrument/
methodology terms and the relevant outcomes as well as 
lung cancers and nodules to help estimate the utility of 
an overdiagnosed case) and another for decision-making/
acceptance/attitudes about lung cancer screening. For 
KQ3, we will search Medline and Embase; for MED-
LINE we will rely on the 2019 search performed by the 
authors of a review on this question to inform the United 
States Preventive Services Task Force (and screen all of 
their studies for eligibility) [60] and update the search to 
present using a de novo search strategy, and for Embase 
we will run the de novo search from 2012. Searches were 
developed in collaboration with an information special-
ist and peer-reviewed by another using the PRESSS 2015 
checklist [61]. The final Medline searches are located 
in Supplementary file  2. We will scan reference lists of 
included studies and relevant reviews. We will search 
ClinicalTrials.gov and the World Health Organization 
International Clinical Trials Registry Platform for results 
data for published and unpublished trials (past 2 years) of 
lung cancer screening. Where studies are only reported 
in conference abstracts or trial registries, the first authors 

Table 1  (continued)

Inclusion criteria Exclusion criteria

Study design & publication type • RCTs (parallel designs using individual or cluster rand-
omization)

• Studies using modeling or simulation, or retrospectively 
applying differing screening criteria
• Editorials, commentaries
• Case reports and series (i.e. all participants have the out-
come)

• With the exception of overdiagnosis, for harms non-
randomized studies are also eligible. For false positives, 
the study must use similar selection criteria and methods 
of determining a positive result (e.g., diameter, volumet-
ric) as used in an RCT. If a method used in an RCT is com-
pared with another method in a nonrandomized study 
these will be considered for in KQ3. For psychosocial 
harms, there must be at least a within-group comparison 
relevant to the outcome e.g., before and after the screen-
ing test, between people with a negative vs. a positive 
test

Note: nonrandomized studies comparing the benefits 
of screening selection criteria or the nodule classification 
systems used in the RCTs with the use of a risk prediction 
model or a different nodule classification system will be 
considered in KQ3

Journal articles
Letters, abstracts, and grey literature (e.g., government 
reports, results in trial registries) if information on study 
design (e.g., eligibility criteria, participant characteristics, 
presentation of scenarios) is sufficient to assess study 
and results are confirmed as final (accessible online 
or via author contact)

Language of full text English or French

Dates of publication Any date
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Table 2  Eligibility criteria for key question 2 on the relative importance people place on the potential benefits and harms from 
screening for lung cancer

Inclusion Exclusion

Population Adults aged 18 years and older Expert or healthcare providers (doctor, nurse) acting as proxies 
for patients and the publicSpecific populations of interest may include the following:

 • Age

 • Sex

 • Smoking history

 • Race or ethnicity (e.g., First Nations, Inuit, and Métis)

 • Populations for which screening access and outcomes may be 
inequitable (e.g., LGBTQ + , low socioeconomic status, homeless)

 • For health-state utility studies: cancer detection via screening 
vs. clinical presentation; stage/severity of cancer (i.e., curative vs. 
palliative/non-metastatic vs. metastatic)

Exposures a) Direct measurements:

Utility-based measurements (e.g., health state utilities, trade-offs 
between outcomes)

i. Experience with outcome/health state (as per KQ1, adding dif-
ferent stages/severities of cancer)

ii. Exposure to clinical scenarios about the outcome(s)

iii. Exposure to choice sets or other risk exercises (e.g., trade-offs, 
balance sheet, ranking) with differing risks/magnitudes of effects 
on benefits versus harms from screening (must contain 1 + benefit 
and 1 + harm)

Quantitative non-utility studies (e.g., simple ratings, rankings, 
or trade-offs between 1 + benefit and 1 + harm)

i. Any exposure

b) Indirect measurements (allowing inferences about how many 
people perceive benefits as more important than harms & 
acceptability of screening; not only in the context of critical 
outcomes):

i. Exposure to estimates of effect from screening for 1 + benefit 
and 1 + harm (e.g., decision aids)

Comparisons a) Utility-based measurements: Studies measuring utilities during cancer treatments that are 
not considered a standard first-line of care for a representative 
sample, by stage of cancer (will gather clinical input as needed)

i. Healthy/usual state without outcome (may include screen-
negative patients)

ii. Different outcome/health state (e.g., false positives vs. over-
diagnosis; includes studies comparing different stages/severity 
of cancers)

iii. No comparison, if no other studies for the outcome compari-
son

b) Quantitative non-utility studies and indirect studies

i. No comparison

ii. Comparison with another screening strategy (e.g., having 
different magnitude of effects; based on comparisons evaluated 
in evidence found for KQ1)
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will be contacted by email with two reminders over 
1 month to confirm results are final and see if full study 
reports are available. Any unpublished data will be sub-
ject to sensitivity analysis if included.

We will export the results of database searches to an 
EndNote library (Clarivate Analytics, Philadelphia, USA, 
2018) for record-keeping and will remove duplicates. We 
will document our supplementary search process, for any 
study not originating from the database searches, and 
enter these citations into EndNote individually. We will 
update electronic database searches for all KQs within 
12 months of the task force guideline publication.

Selecting studies
Records retrieved from the database searches will be 
uploaded to DistillerSR (Evidence Partners Inc., Ottawa, 
Canada) for screening. For all citations retrieved from 
the database searches, two reviewers will independently 
screen all titles and abstracts using broad inclusion 

criteria. Full texts of any citation from the search con-
sidered potentially relevant by either reviewer will be 
retrieved. Two reviewers will independently review all 
full texts including the studies from the previous reviews 
against a structured eligibility form, and a consensus pro-
cess will be used for any full text not included by both 
reviewers. If necessary, a third reviewer with methods 
or clinical expertise and/or author contact will be used 
to arbitrate decisions. The screening and full-text forms 
will be pilot-tested with a sample of at least 100 abstracts 
and 20 full texts, respectively. Screening studies located 
from reference lists, trial registries, and websites will 
be conducted by one experienced reviewer, with two 
reviewers reviewing full texts. We will document the flow 
of records through the selection process, with reasons 
provided for all full-text exclusions, and present these 
in a PRISMA flow diagram [55] and appended excluded 
studies list. When data from multiple reports from the 
same trial are used in the review for results of mortality, 

Table 2  (continued)

Inclusion Exclusion

Outcomes a) Direct measurements:

i. Health-state utility values; health states may include different 
stages/severities of lung cancer and nodules to help estimate 
the utility of an overdiagnosed case

ii. Other utility scores (e.g., trade-offs, magnitude of coefficients/
utility weights in models for each outcome)

iii. Non-utility, quantitative information about the relative impor-
tance of different benefits and harms (ratings, rankings)

b) Indirect measurements:

i. Inferences about how many people perceive benefits 
as greater than harms

ii. Preference for or against screening (screening attendance, 
intentions, or acceptance) or preferred screening strategy based 
on different outcome risk descriptions (e.g. using decision aids)

c) Measures of variability for all of the above (e.g., 95% CIs, 
proportion unwilling to trade any benefit for harm, proportion 
undecided from decision aids vs. those confident in decision 
for vs. against)

Timing Measured immediately after experiencing outcome/diagnosis (to 
3 months) and longer-term (e.g., after investigations and treat-
ment)

Setting Any setting in Very High Human Development Index countries 
[59]

Study design 
and publication 
status

Any quantitative study design Editorials

Journal articles
Letters, abstracts, and grey literature (e.g., government reports, 
results in trial registries) if information on study design (e.g., eligi-
bility criteria, participant characteristics, presentation of scenar-
ios) is sufficient to assess study and results are confirmed as final 
(accessible online or via author contact)

Language English or French

Publication date 2012–present
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HRQoL, or cancer incidence (for estimating overdiagno-
sis), we will consider the report from which we collected 
lung-cancer mortality data to be the primary (included) 
publication for citation but will cite the others as com-
panion papers. When we are using data on harms only 
in the screening arm within a trial, we will consider the 
study a different, uncontrolled study, and cite the report 
we used for the data unless it is the primary publication.

Data extraction
We will rely on data extraction from the previous review 
team, as able and suitable. For this data and for all data 
from new studies, one reviewer will extract data and 
another will verify all data for accuracy and complete-
ness. Results data for the critical outcomes in KQ1 will be 
extracted in duplicate, with decisions based on consensus 
or arbitration by a third reviewer. Each data extraction 
form will be piloted with a sample of at least five studies.

Sufficient data will be collected to allow examina-
tion of the homogeneity and similarity assumptions for 
meta-analysis, for description and possible analyses on 
specific populations (see Tables 1 and 2), and for assess-
ment of the risk of bias. The main data items include the 
study characteristics (i.e., year and country of conduct, 
eligibility criteria, sample size eligible and enrolled, set-
ting of recruitment, trial/study design, methods for ran-
domization, concealment and blinding); population (i.e., 
age, sex, details on any population(s) requiring equity 
considerations [e.g., LGBTQ + , low socioeconomic sta-
tus], race or ethnicity, personal history of lung disease, 
family history of lung cancer, smoking history [past, 
current, pack-years, others], health state including diag-
nosis, stage of cancer and treatment received [for KQ2 
preference studies]); intervention and comparator (e.g., 
interval, rounds, dose, classification of nodules, descrip-
tion of usual care and any adjuvant therapies including 
smoking cessation advice etc.) (for effectiveness) or expo-
sure (e.g., instrument, measurement of tariffs, scenarios 
used, estimates of effects of screening, any specified 
durations of health states) (for KQ2 preference studies); 
outcomes (definitions, ascertainment, methods to deter-
mine cause of death, timing of data collection, tool with 
range of values for patient-reported outcome measures); 
number screened at each round or during usual care; 
cumulative number of cancers diagnosed (including the 
proportion diagnosed based on screening results); details 
of an adjusted analyses in nonRCTs, results (numerator 
and denominator for each outcome; see details below); 
funding source; data supporting missing outcomes or 
analyses.

For most of the outcomes in KQ1, the denomina-
tors will be the population enrolled in the relevant arm/
group(s) in the study (i.e., intention-to-treat). One 

exception is psychosocial harms where sub-populations 
(e.g., those receiving a positive screening result) will be 
considered. Another exception is for overdiagnosis. We 
will calculate estimates of overdiagnosis by the relative 
[58] and absolute risk of cumulative lung cancer inci-
dence through follow-up in the screening compared with 
no screening group, and by the excess incidence of cancer 
from screening among those (i) having cancer diagnosed 
in the screening arm, and (ii) having cancer diagnosed 
through screening in the screening arm.

For mortality outcomes and overdiagnosis (using can-
cer incidence), we will use crude data on the cumulative 
number of events from the longest follow-up time point 
unless there has been substantial contamination after a 
previous time point (> 20% no screening group receiving 
screening). For incidence rates for use when calculating 
overdiagnosis there must be follow-up beyond the active 
phase of the screening. For HRQoL, we will extract the 
mean baseline and endpoint or change scores (at longest 
follow-up without substantial contamination), standard 
deviations (SDs), or other measures of variability, and 
the number analyzed in each group. For the outcomes of 
major complications or morbidity (requiring hospitaliza-
tion or medical intervention), and mortality, from inva-
sive testing as a result of screening, we will use counts of 
the number of people having one or more events (not the 
total number of events) among those who later receive 
a negative diagnosis (false positives) and among anyone 
receiving the invasive testing (those with cancer and false 
positives). For incidental findings, we will extract all data 
on the number of people with an incidental finding (“any” 
as well as “actionable/clinically significant” [including 
definitions]), unless only number of incidental findings is 
reported, and details of the incidental findings, that is, the 
organ system involved and whether it resulted in referral 
for additional testing. For false positives and psychosocial 
harms from screening, we will examine results for anyone 
receiving a recommendation for early recall (e.g., indeter-
minate result with repeat CT screening at 3 or 6 months) 
or for a diagnostic follow-up (e.g., result suspicious of 
lung cancer) as well as only for those recommended to 
have diagnostic follow-up. Other definitions of false 
positives will be considered. We will record the propor-
tion of people receiving at least one false positive result 
over all screening rounds and the average number of false 
positives during the active screening phase of the study. 
Because false positives can take many months to resolve, 
we will make sure to report who is included in the rates, 
such as whether there are many people missing from 
the result because of unresolved diagnostic information. 
Results considered consistent with the outcome of psy-
chosocial harms include data from patient-reported out-
come measurement tools/questionnaires on symptoms of 
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anxiety, depression, distress, and concern about lung can-
cer; if composite scores meeting these concepts are avail-
able we will use these and not subscales. Single-question 
items are not eligible. Subscales of overall HRQoL scales 
(e.g., mental health) will be considered to measure psy-
chosocial harm if other tools measuring the same symp-
toms are not reported. For this outcome we will extract 
data at all time points where there is measurement, dur-
ing the active phase of screening, to primarily capture 
these harms from undertaking screening itself and from 
receiving a false positive result.

When only relative effects/ratios between groups are 
reported instead of raw counts and intention-to-treat 
is not used, we will rely on results from last-observed 
carry-forward or, if necessary, per protocol/completer 
approaches, as reported. For missing results data for any 
outcome, including measures of variance, we will con-
tact authors by email with two reminders over 1 month. 
If not received, as possible we will compute missing SDs 
or standard errors (SEs) from other study data, or as a 
last resort, impute based on other studies in the review. 
When computing SDs for change from baseline values, 
we will assume a correlation of 0.5 [62], unless other 
information is present in the study that allows us to com-
pute it more precisely. We will use available software (i.e., 
Plot Digitizer, http://​plotd​igiti​zer.​sourc​eforge.​net/) to 
estimate effects from figures if no numerical values are 
provided. If cross-over trials are included, we will limit 
the data extraction to the first period of the study, prior 
to the cross-over.

For KQ2 health-state utilities, data using the most com-
monly used measurement tool (e.g., EuroQol 5 Dimen-
sions [[EQ-5D]), using tariffs from the same country, at 
the earliest time point after baseline (or diagnosis) will be 
prioritized for analysis [63] though we will extract all data 
meeting our criteria in Table 2.

For data from non-randomized studies, we will 
rely when possible on results adjusted for potential 
confounders.

Risk of bias
For RCTs we will use the Cochrane risk of bias (ROB 
2.0) tool, assessing the effect of assignment to the inter-
vention for each relevant outcome (cancer-specific and 
all-cause mortality, cancer incidence [to calculate over-
diagnosis] and HRQoL) [64]. For nonrandomized stud-
ies (including single-arm data on harms from RCTs), we 
will use the checklists, as applicable, from Joanna Brigg’s 
Institute [65], with the exception of preference-based 
studies where will use items as per GRADE guidance, 
about the choice/selection of representative partici-
pants; appropriate administration and choice of instru-
ment; analysis and presentation of methods and results; 

instrument-described health state presentation, of all 
relevant outcomes and valid with respect to health state; 
patient understanding; and subgroup analysis to explore 
heterogeneity [43]. Major potential confounders of inter-
est are age, sex, and smoking history.

Two reviewers will independently assess the studies 
and come to a consensus on the final risk of bias assess-
ment for each question using a third reviewer where nec-
essary. Each risk of bias tool will be piloted with a sample 
of at least five studies, using multiple rounds until agree-
ment on all elements is high. These assessments will be 
incorporated into our assessment of the risk of bias 
across studies when rating the certainty of the evidence 
for each outcome using GRADE.

Data analysis
When two or more outcome comparisons are sufficiently 
similar, we will pool their data. The decision to pool stud-
ies will not be based solely on statistical heterogene-
ity; the I2 statistic will be reported, but it is recognized 
that the I2 is influenced by the number of studies and 
the magnitude and direction of effects [66]. Rather, we 
will rely on interpretations of the clinical (related to our 
PICOTS, e.g., the definition of positive screening result) 
and methodological differences between studies. For 
pairwise meta-analysis, when there are large differences 
in trial sizes and potential publication bias or within-
study bias in smaller studies [67], our main analyses will 
employ a fixed-effects model using Stata. If these factors 
are not apparent we will use a random effects model. We 
will use the DerSimonian Laird method unless events 
are rare (< 1%) where we will pool odds ratios (ORs) 
using Peto’s method or (if zero events) the reciprocal of 
the opposite treatment arm size correction. For dichot-
omous outcomes, we will analyze and report data using 
risk ratios (RRs) and their 95% confidence intervals (95% 
CIs) unless ORs are used with the Peto method, where 
we will convert ORs to RRs using control event rates. For 
continuous outcomes, we will report a pooled mean dif-
ference using changes scores, when one measurement 
tool is used. We will use a standardized mean difference 
when combining two or more outcome scales measur-
ing similar constructs based on clinical input. If suitable, 
we will transform the results to either a mean difference 
or ratio to assist interpretation [68]. For pooling propor-
tions which we anticipate for most harms, we will apply 
suitable transformation (logit or arcsine) depending 
on the proportions of events and use a random effects 
model [69]. Pooling of mean health state utilities will use 
a random-effects model with weighting by the inverse 
of variance. If we are not able to use a study’s data in a 
meta-analysis (e.g., only p values are reported), we will 
comment on these findings and compare them with the 

http://plotdigitizer.sourceforge.net/
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results of the meta-analysis. Analyses will be performed 
using Microsoft Excel, Review Manager (version 5.3), and 
STATA (version 14.2 or higher). Relative effects will be 
transformed into absolute effects using the pooled con-
trol events rates across the included studies. Based on 
clinical input, we may also assume one or more different 
control/baseline rates for estimating absolute effects in a 
lower and/or higher-risk population. For mortality out-
comes having statistically significant effects, we will cal-
culate the number needed to screen and its 95% CI.

If meta-analysis is not undertaken, we will synthesize 
the data descriptively. We will use various techniques 
as described for narrative syntheses, such as creating an 
overall synopsis of each study, including their character-
istics and reported findings, and describing relationships 
within and between studies focusing on our exposure 
subgroups and outcome comparisons of interest and 
other factors such as methodological quality [70].

Unit of analysis issues
In the event of the inclusion of cluster-randomized tri-
als, we will take appropriate measures to avoid unit-of-
analysis errors when reporting their findings and/or 
incorporating them into meta-analysis [71]. When avail-
able, we will use the intracluster correlation coefficient 
reported in the trial to apply a design effect to the sample 
size and number of events in each of the treatment and 
control groups [72]. If not reported, we will use an exter-
nal estimate from similar studies. We will clearly iden-
tify cluster-randomized trial data when it is included in 
meta-analysis with individually randomized trials.

Assessment of heterogeneity
When statistical heterogeneity in the direction of effects 
is seen across studies, we will conduct subgroup (strati-
fied) analyses, using variables associated with the popu-
lation (specific populations in Tables  1, 2, and 3), the 
intervention (e.g., screening interval), or exposure (e.g., 
scale measuring utilities), or the follow-up duration, and/
or sensitivity analysis removing the high risk of bias stud-
ies, data from unpublished studies, or studies for which 
we needed to impute measures of variance or adjust for 
clustering. Subgroups will be tested for statistical signifi-
cance and the credibility of the results interpreted using 
available guidance [73]. We will also extract results from 
within-study analyses related to our specified variables of 
interest.

Small study bias
When meta-analyses of trials contain at least 10 studies 
of varying size, we will test for small study bias visually by 
inspecting funnel plots for asymmetry and statistics via 

Egger’s test (continuous outcomes) [74] or Harbord’s test 
(dichotomous outcomes) [75].

Rating the certainty
We will use GRADE methods to assess the certainty of 
evidence for all outcomes [43, 45, 46, 76]. In cases where 
studies of interventions cannot be pooled in a meta-
analysis, we will use guidance for rating the certainty of 
evidence in the absence of a single estimate of effect [77]. 
Two reviewers will independently assess the certainty of 
evidence for each outcome and agree on the final assess-
ments. A third reviewer will arbitrate if necessary.

We will assess the certainty of evidence (very low, 
low, moderate, or high) based on five domains: study 
limitations (risk of bias), inconsistency of results, indi-
rectness of evidence, imprecision, and reporting biases 
(small study bias or missing outcome data). For can-
cer incidence, mortality, and HRQoL, RCTs will start at 
high certainty and nonrandomized studies will start at 
low certainty. False positives, incidental findings, and 
complications and mortality from invasive procedures 
resulting from screening are most often only reported 
for the screening group (even in RCTs), and therefore 
certainty will start at low (with the possibility to rate up 
for assumption of large effects) for the studies report-
ing these outcomes except when a comparison between 
different screening approaches in a randomized design 
is the focus. For psychosocial outcomes, the initial cer-
tainty will depend on the study design with RCTs having 
data for these outcomes in both arms starting at high and 
other studies starting at low certainty. Rating will be con-
sidered when relying on nonrandomized studies if there 
are no serious concerns about the other domains [78]. 
Studies measuring preferences and health state utilities 
will start at high certainty. Unless the outcome is meas-
ured using an instrument (e.g., for HRQoL) that has a 
known minimally important difference around which to 
base our conclusions and certainty, we will initially apply 
a minimally contextualized approach whereby we will 
rate our certainty in the direction of effect (i.e., relative 
to the null effect) rather than a particular magnitude of 
effect [76]. Rather than statistical significance, a thresh-
old of a minimal effect (i.e., to determine if results very 
close to the null are of little to difference) may be cho-
sen before the task force reviews the results. Upon exam-
ining the findings, the task force may decide to adopt a 
partially or fully contextualized approach using one or 
more thresholds (e.g., for small and moderate magni-
tudes of effect) and consider multiple outcomes simulta-
neously. In such cases, the assessment of heterogeneity 
(i.e., by magnitude) and certainty ratings will be revised 
accordingly.
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We will prepare GRADE Summary of Findings tables, 
by outcome for each comparison, including explanations 
for all decisions.

Task force involvement
The task force and clinical experts will not be involved 
in the selection of studies, extraction of data, appraisal 
of the risk of bias, or synthesis of data, but will contrib-
ute to the interpretation of the findings and comment 
on the draft report. Clinical experts and/or task force 
members may be called upon to contribute to the iden-
tification of thresholds and the certainty of evidence 
appraisals, e.g., to interpret the directness (applicability) 
of included studies to the population of interest for the 
recommendation.

Discussion
The review will be published in an open-access journal 
and reported using a standard checklist for systematic 
reviews [55]. The results section of the review will include 
a description of the flow of literature and characteristics 
of all studies, results of all analyses, including planned 
subgroup and sensitivity analyses as well as the sum-
mary of finding tables incorporating assessment of our 
certainty in the evidence. In the discussion, we will sum-
marize the main findings and their implications, compare 
our findings to other systematic reviews, and discuss 
the limitations of the review and the available literature. 
The results will be used by the task force for developing 
recommendations about screening for lung cancer with 
low-dose CT. It will also serve as a comprehensive review 
for clinicians and other decision-makers on the effects of 
screening and relevant patient preferences.

Protocol amendments
We will report on any deviations from the protocol 
within the final manuscript.
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