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Key Messages
•	 Evidence of variable quality from 6 diagnostic test accuracy studies indicates that the 

Pan-Canadian Early Detection of Lung Cancer (PanCan) model may perform better at 
determining which lung nodules identified by low-dose CT are cancerous compared to the 
Lung Imaging Reporting and Data System. However, evidence from 3 other studies, also of 
variable quality, suggests that the risk calculators have similar diagnostic test accuracy.

•	 No studies were identified that compared the clinical utility of PanCan versus the Lung 
Imaging Reporting and Data System.

•	 Results from 2 economic evaluations were inconsistent about the cost-effectiveness of the 
2 lung cancer risk models. However, each study applied the models to different types of 
lung nodules.

•	 One evidence-based guideline recommended that PanCan be used in the UK for initial risk 
assessment and for the management of lung nodules.

Context and Policy Issues
In 2021, lung cancer represented 13% of new cancer cases and 25% of cancer deaths in 
Canada.1 The 5-year lung cancer–specific survival rate for the 2015 to 2017 time frame was 
19% in males and 26% in females.1 Low-dose CT (LDCT) screening leads to earlier detection 
of lung cancer and therefore improving survival compared to usual care.2 Two screening 
protocols are available to estimate the risk of lung cancer and guide the management of lung 
nodules identified by first (baseline) LDCT screening:

•	 the Lung Imaging Reporting and Data System (Lung-RADS)

•	 the Pan-Canadian Early Detection of Lung Cancer (PanCan).

Lung-RADS was developed by the American College of Radiology3 to standardize the reporting 
and management of lung nodules. Modelled after the American College of Radiology Breast 
Imaging Reporting and Data System, the BI-RADS,4 Lung-RADS categorizes the risk of cancer 
based on 3 primary nodule characteristics: size, type, and growth rate. The nodule type is 
defined by its solidity. Solid nodules are homogeneous and obscure the lung parenchyma, 
whereas subsolid nodules have sections that are solid and non-solid nodules have no solid 
parts. Subsolid nodules can be pure ground-glass nodules, which appear opaque or hazy 
on scans, or part-solid nodules, which contain both solid and ground-glass components.5 
The Lung-RADS categories indicate an increasing likelihood of malignancy, where 1 means 
negative; 2 means benign; 3 means probably benign; 4A means suspicious, with 5% to 
15% probability of clinically active cancer in the next year; 4B means very suspicious, with 
more than 15% probability of cancer in the next year; and 4X means very suspicious but 
not otherwise specified. The category classifications and management recommendations 
associated with those classifications were updated in 2019 to version 1.1 based on empirical 
evidence and clinical experience.6

PanCan was developed by McWilliams et al. (2013)7 and is also referred to as the Brock 
University model or the Vancouver risk calculator for the locations of its conception. To 
generate a probability of having lung cancer on a continuous scale, PanCan utilizes patient 
characteristics (age, sex, family history of lung cancer, having emphysema) and nodule 
characteristics (size, type, location, number of nodules, and signs of spiculation). A nodule 
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risk index of less than 1.5% means normal finding, 1.5% to 5% means low risk of malignancy, 
6% to 30% means moderate risk of malignancy, and greater than 30% means high risk of 
malignancy. The PanCan results will determine if a person should undergo further diagnostic 
testing, such as annual CT screening.

The parameters of the 2 models were mathematically derived from screening data. PanCan 
was validated using data from chemoprevention trials of BC Cancer7 and the Danish Lung 
Cancer Screening Trial.8

Because lung cancer screening is a process and not a diagnostic test, there is no “gold 
standard” per se. Rather, the results of the screening algorithms will determine the follow-up 
interval(s) and further diagnostic testing. For example, when the PanCan equation predicts 
a greater than 10% risk of a nodule being malignant, PET or CT is then used as additional 
diagnostic testing.8 Another example is that Lung-RADS recommends follow-up LDCT, 
chest CT or PET, and/or tissue sampling depending on the probability of malignancy and 
comorbidities for category 4B nodules.6

While both protocols for nodule classification and subsequent management are available 
and in use in Canada, neither is universally accepted. The objective of the current review was 
to evaluate the evidence regarding the comparative diagnostic accuracy, clinical utility, and 
cost-effectiveness of Lung-RADS compared to PanCan for patients at high risk of lung cancer 
undergoing screening with LDCT to identify malignant lung nodules. Additionally, evidence-
based guidelines regarding the use of either Lung-RADS or PanCan were sought.

Research Questions
1.	What is the comparative diagnostic accuracy of the Lung Imaging Reporting and Data 

System versus the Pan-Canadian Early Detection of Lung Cancer nodule risk calculation 
for the identification of malignant lung nodules in patients at high risk of lung cancer 
undergoing screening with low-dose CT?

2.	What is the comparative clinical utility of the Lung Imaging Reporting and Data System 
versus the Pan-Canadian Early Detection of Lung Cancer nodule risk calculation for the 
identification of malignant lung nodules in patients at high risk of lung cancer undergoing 
screening with low-dose CT?

3.	What is the comparative cost-effectiveness of the Lung Imaging Reporting and Data 
System versus the Pan-Canadian Early Detection of Lung Cancer nodule risk calculation 
for the identification of malignant lung nodules in patients at high risk of lung cancer 
undergoing screening with low-dose CT?

4.	What are the evidence-based guidelines describing use of the Lung Imaging Reporting 
and Data System and/or the Pan-Canadian Early Detection of Lung Cancer nodule risk 
calculation for the identification of malignant lung nodules in patients at high risk of lung 
cancer undergoing screening with low-dose CT?
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Methods

Literature Search Methods
A limited literature search was conducted by an information specialist on key resources 
including MEDLINE, the Cochrane Database of Systematic Reviews, the international HTA 
database, the websites of Canadian and major international health technology agencies, as 
well as a focused internet search. The search strategy comprised both controlled vocabulary, 
such as the National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. 
The main search concepts were the Lung Imaging Reporting and Data System and the Pan-
Canadian Early Detection of Lung Cancer nodule risk calculation. No filters were applied to 
limit the retrieval by study type. Where possible, retrieval was limited to the human population. 
The search was also limited to English-language documents published between January 1, 
2011 and November 4, 2021. A second search was done for low-dose CT and lung cancer 
screening, with CADTH-developed search filters applied to limit retrieval to guidelines. The 
second search was also limited to English-language documents published between January 
1, 2016 and November 4, 2021.

Selection Criteria and Methods
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented 
in Table 1.

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1, if they 
were duplicate publications, or if they were published before 2011. Guidelines with unclear 
methodology were also excluded.

Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the following tools as 
a guide: the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) checklist9 for 
diagnostic test accuracy studies, the Drummond checklist10 for economic evaluations, and 
the Appraisal of Guidelines for Research & Evaluation (AGREE) II instrument11 for guidelines. 
Summary scores were not calculated for the included studies; rather, the strengths and 
limitations of each included publication were described narratively.

Summary of Evidence

Quantity of Research Available
A total of 258 citations were identified in the literature search. Following screening of titles 
and abstracts, 217 citations were excluded and 41 potentially relevant reports from the 
electronic search were retrieved for full-text review. Three potentially relevant publications 
were retrieved from the grey literature search for full-text review. Of these potentially relevant 
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articles, 32 publications were excluded for various reasons and 12 publications met the 
inclusion criteria and were included in this report. These comprised 9 diagnostic test accuracy 
studies, 2 economic evaluations, and 1 evidence-based guideline. Appendix 1 presents the 
PRISMA12 flow chart of the study selection.

Additional references of potential interest are provided in Appendix 5.

Summary of Study Characteristics
Nine diagnostic test accuracy studies,13-21 2 economic evaluations,22,23 and 1 evidence-based 
guideline24 were identified for inclusion in this review. No relevant systematic reviews, health 
technology assessments, or randomized controlled trials were identified.

Details regarding the characteristics of included publications are provided in Appendix 2.

Study Design
Seven diagnostic test accuracy studies13,14,16-18,20,21 retrospectively evaluated pulmonary 
nodules from participants enrolled in previous studies that used a single-gate approach for 
patient selection (i.e., patients with unknown lung cancer status). Four studies13,14,18,21 included 
patients who were randomly assigned to LDCT screening in the multi-centre National Lung 
Screening Trial (NSLT).25 Patients were enrolled from August 2002 through April 2004. One 
diagnostic test accuracy study included patients who were randomized to LDCT screening 

Table 1: Selection Criteria

Criteria Description

Population Q1 to Q4: Patients at high risk of lung cancer undergoing screening with low-dose CT to identify 
malignant lung nodules

Intervention Q1 to Q3: Lung-RADS

Q4: Lung-RADS and/or PanCan

Comparator Q1 to Q3: PanCan

Q4: Not applicable

Reference standard Q1: Confirmed lung cancer diagnosis; i.e., as determined by biopsy/histology, pathology, surgery, 
bronchoscopy, or other follow-up diagnostic procedure

Q2 to Q4: Not applicable

Outcomes Q1: Comparative diagnostic test accuracy; e.g., positive and negative predictive value, sensitivity 
(effectiveness in identifying all cases of malignant nodules and lung cancer), specificity (effectiveness 
in accurately identifying malignant nodules and cases of lung cancer)

Q2: Comparative clinical utility; e.g., benefits and harms to patients, including time to treatment, impact 
on quality of life, feasibility of screening test, adverse events from the screening, incidental findings

Q3: Comparative cost-effectiveness; e.g., quality-adjusted life-years, costs per unit of health benefit

Q4: Recommendations regarding the use of either Lung-RADS and/or PanCan; e.g., which screening 
method is optimal; guidance as to which intervention is preferable in particular patient populations, 
settings, contexts; clinical and other considerations when using either screening method

Study designs Health technology assessments, systematic reviews, randomized controlled trials, non-randomized 
studies, economic evaluations, evidence-based guidelines and recommendations

Lung-RADS = Lung Imaging Reporting and Data System; PanCan = Pan-Canadian Early Detection of Lung Cancer.
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from October 2004 to March 2006 in a single-centre trial.20 Two studies included patients 
previously enrolled in prospective cohort studies: 1 was a population-based multi-centre 
study that enrolled patients from April 2017 to December 201816 and the other study recruited 
patients from December 2007 to December 2010 at a single tertiary institution.17

Two diagnostic test accuracy studies enrolled new patients and also used a single-gate 
approach for patient selection: 1 retrospective study screened patients from December 
2012 to June 2016 at a single centre15 and 1 multi-centre prospective study enrolled patients 
between June 2015 and December 2017.19

The 2 economic evaluations were conducted as cost-utility analyses, using lifetime horizons. 
One study22 used a Monte Carlo simulation model for subsolid nodules using data from 
the literature, NLST, and national databases. Major assumptions included that follow-up CT 
screening led to definitive treatment and a willingness-to-pay threshold of US$100,000 per 
quality-adjusted life-year (QALY). The perspective taken was that of the health care system 
and society. The other study23 used a predictive logistic regression model for nodules 
assigned a Lung-RADS category of 4A, 4B, or 4X. Costs were derived from a previous cost-
effectiveness study and the perspective of health care payers and policy-makers was taken. 
Assumptions were made about survival and mortality rates, follow-up detection of nodules 
originally screened as benign, and growth rates. Model parameters in both studies included 
nodule properties, patient characteristics, mortality, and treatment.

The evidence-based guideline24 was developed by the British Thoracic Society (BTS), which 
included respiratory physicians, radiologists, respiratory specialty trainees, a thoracic 
surgeon, a pathologist, and a respiratory nurse practitioner. The guideline was informed 
by systematic reviews of the literature. The recommendations were classified based on 
Scottish Intercollegiate Guidelines Network criteria. A grade between A (highest) and D 
(lowest) or Checkmark (no research evidence) was assigned to each recommendation. no 
research evidence was assigned to each recommendation. Scientific evidence that informed 
the recommendations was classified between 1++ (highest quality) and 4 (lowest quality). 
Before publication, the draft guideline was made available online for public consultation and 
feedback was invited from stakeholder organizations.

Country of Origin
The diagnostic test accuracy studies were conducted in, and enrolled patients from, 
Australia,17 Canada,19 Denmark,20 Germany,20 the Netherlands,20 South Korea,16 and the 
US.13-15,18,21

The 2 economic evaluations were conducted by authors in the US.22,23

The guideline was intended for use in the UK.24

Patient Population
Four diagnostic test accuracy studies13,14,18,21 included participants in the LDCT screening 
arm of NSLT of between 55 years and 74 years of age, had a history of cigarette smoking of 
at least 30 pack-years, and, if former smokers, had quit within the previous 15 years. Each 
study included a different subset of NSLT participants: 1 study included a random set of 434 
patients with subsolid or part-solid nodules,13 1 study included 58 patients with images of 
pre-cancers and 127 patients with benign nodules,14 another study included 6,956 patients 
with solid nodules only,18 and the fourth study assessed 2,813 patients with all nodule types.21
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Two other studies included patients using the eligibility criteria of NSLT: the study by Kessler 
et al. (2020) enrolled 486 patients with a mean age of 63 years15 and the study by Marshall 
et al. (2017) included 256 patients aged 60 years or older.17 The study by Tremblay et al. 
(2019) enrolled 775 patients who either met the NSLT eligibility criteria or were aged 55 years 
to 80 years of age with an estimated 6-year lung cancer risk of 1.5% or more.19

The diagnostic test accuracy study by van Riel et al. (2017) included 613 current or former 
smokers (aged 50 years to 75 years) who had any nodule identified by LDCT screening.20 The 
study by Kim et al. (2021) included 4,578 patients (median age of 62 years, 54% smokers) 
with non-calcified nodules determined after LDCT screening.16

Patients in 1 economic evaluation included a hypothetical cohort of 10 million current and 
former smokers ranging from 55 years to 75 years of age and assumed to have subsolid 
nodules (SSNs) at baseline LDCT.22 Patients in the other economic evaluation included 
a simulated cohort of 100,000 patients aged 61 years to 71 years assigned Lung-RADS 
category 4 nodules.23

The target population of the included guideline was adult patients with pulmonary nodules. 
The intended users of all recommendations included health care professionals such as 
clinicians (e.g., physicians, general practitioners, radiologists, surgeons) and nurses.24

Interventions and Comparators
The 9 diagnostic test accuracy studies13-21 assessed their study populations using both Lung-
RADS and PanCan. Confirmed lung cancer diagnosis, as determined by follow-up diagnostic 
procedures, was considered the reference standard for their analyses. The screening 
algorithms were applied to the baseline scans and the lung cancer diagnosis was assessed 
over the follow-up periods and ranging from 2 years to 6.5 years.

Hammer et al. (2019) reported that the assessments using both screening algorithms were 
conducted without knowledge of the results of the reference standard.13 In the other 8 studies, 
it was unclear if the screeners were blinded to the final diagnoses of the patients.14-21

The economic evaluations examined the cost-effectiveness of Lung-RADS and PanCan.22,23 
In 1 study, Lung-RADS was compared to 2 different guidelines for nodule management using 
PanCan: the American College of Chest Physicians (CHEST) guidelines, which recommended 
PET or CT following a high-risk score and non-surgical lung biopsy following intermediate 
PET/CT results; and the BTS guideline, which recommended PET or CT following an 
intermediate risk score.23

The relevant intervention considered in the guideline was PanCan for initial risk assessment 
of the probability of malignancy in pulmonary nodules and management of SSNs.24

Outcomes
The diagnostic test accuracy studies calculated various parameters of diagnostic 
performance. Seven studies reported the area under the curve (AUC).13,15-20 Six studies 
reported sensitivity, specificity, positive predictive value (PPV), and negative predictive value 
(NPV),15-19,21 and 3 studies reported accuracy.14,15,21

Seven studies calculated diagnostic parameters. Two studies used a PanCan risk score 
of 5% as the threshold for positivity19,21 and 2 studies used a PanCan risk score of 10% to 
indicate a positive result.14,17 Two studies used Lung-RADS category 3 as the threshold for a 
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positive result17,19 and 2 studies used category 4A/4B as the threshold for a positive result.14,21 
Three studies calculated diagnostic test accuracy for different thresholds used by each risk 
algorithm to determine whether a nodule was positive.15,16,18

The economic evaluations calculated the costs and QALYs for each screening strategy 
and incremental cost-effectiveness ratios (ICERs) expressed as ratios of incremental cost 
incurred per QALY gained, comparing different screening strategies.22,23

The BTS guideline provides recommendations relevant to the current report, which considered 
the diagnostic test accuracy of PanCan in estimating the probability that a lung nodule would 
be diagnosed as cancer within a 2- to 4-year follow-up period.24

Summary of Critical Appraisal
Diagnostic Test Accuracy Studies
There were several strengths common to the 9 diagnostic test accuracy studies:13-21 the 
screening tests, the fact that their conduct and interpretation matched the review question, 
and that the thresholds used for the screening tests were pre-specified; the target condition 
(i.e., lung cancer), as defined by the reference standard (i.e., lung cancer diagnosed during the 
follow-up period), matched the research question; and the study participants, care providers, 
and settings appeared to be representative of the population and that they were care settings 
of interest. Eight diagnostic test accuracy studies13,15-21 also clearly described objectives, 
interventions, controls, inclusion criteria, outcomes, and main findings, and avoided the use of 
a case-control study design. Eight studies reported sources of funding13,14,16-21 and 7 studies 
presented characteristics of included patients and lung nodules.13,15-17,19-21 The authors of 7 
studies disclosed no conflicts of interest.13-18,21

As for limitations, it was unclear if the screeners who conducted the assessments using 
Lung-RADS and PanCan were blinded to the results of the reference standard (i.e., having no 
knowledge of the final diagnosis) in 8 studies.14-21 The authors of 2 studies had conflicts of 
interest.19,20 Three studies had a potential risk of bias because of missing data.15,20,21 Non-
consecutive patients were included in the study by Hammer et al. (2019).13 In the study by 
Hawkins et al. (2016), there were additional limitations: a case-control design was used, it was 
unclear how patients were selected, and patient characteristics were not reported.14

Economic Evaluations
The 2 economic evaluations22,23 shared the following strengths: the research question and 
its economic importance were stated; sources of effectiveness estimates, primary outcome, 
details of the simulation models, and methods for the estimation of quantities and unit costs 
were described; the time horizon of costs and benefits, discount rate, and details of statistical 
tests and sensitivity analyses were given; the incremental analysis was reported; conclusions 
were given; and the authors stated that they had no conflicts of interest. One economic 
evaluation23 provided confidence intervals for costs and QALYs, but the other study did not.22 
The studies also shared the following limitations: no description of current price adjustments 
for inflation was provided, no justification for the selected discount rate was provided, and 
sources of funding were not disclosed.

Evidence-Based Guideline
The BTS evidence-based guideline24 provided a clear description of its scope and purpose, 
including objectives, the range of clinical questions covered in the guideline, the intended 
users, and the target population. The final recommendations were easily identifiable and were 
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written using language that was clear and unambiguous. The guideline development groups 
appeared to include individuals from all relevant professional groups. Patient preferences 
were not sought or incorporated as part of the development process; however, a draft 
guideline document was made available online for public consumption before publication. 
Systematic literature searches were used to identify evidence for consideration when 
developing recommendations. Search strategies, databases searched, and the timing of the 
literature searches were clearly described. The guideline provided a detailed description of 
the methods used for selecting articles and stated that the screening process was done in 
duplicate. The guideline included a description of how the recommendations were formulated. 
Recommendations were externally reviewed by stakeholders before their publication and 
included a procedure for updating the guideline in the future. Regarding applicability, the 
facilitators and barriers to the implementation of the recommendations were not addressed. 
A description of potential conflicts of interest was included; however, sources of funding 
were not disclosed, making it unclear if the funders’ views had any impact on the content of 
the guideline. Finally, it should be noted that this guideline was developed for use in the UK; 
therefore, the generalizability of the recommendations to the Canadian context is unclear.

Additional details regarding the strengths and limitations of the included publications are 
provided in Appendix 3.

Summary of Findings
Appendix 4 presents the main study findings.

Diagnostic Accuracy of Lung-RADS Versus PanCan
Evidence regarding the diagnostic accuracy of Lung-RADS versus PanCan for the detection of 
malignant pulmonary nodules was available from 9 diagnostic test accuracy studies.13-21

Area Under the Curve

The study by van Riel et al. (2017) reported that PanCan performed significantly better than 
Lung-RADS for discriminating benign nodules from malignant nodules, based on AUCs (0.87 
versus 0.81, P = 0.003).20 Three other studies13,17,19 reported greater, but non-significant, 
AUCs for PanCan (0.78, 0.90, 097) compared to Lung-RADS (0.70, 0.84, 0.93) and 3 other 
studies15,16,18 found similar AUCs for both screening tests.

Diagnostic Parameters

The study by White et al. (2019)21 found that PanCan had statistically significantly greater 
specificity and accuracy (85%, 85%) compared to Lung-RADS (76%, 76%); sensitivity was also 
greater for PanCan (93% versus 87%), but the difference was not statistically significant. The 
study by Hawkins et al. (2016)14 reported that PanCan had greater accuracy compared to 
Lung-RADS (79% versus 71%; statistical significance was not reported). One study found that 
both PanCan and Lung-RADS were 100% sensitive, but PanCan had higher specificity (95% 
versus 80%; statistical significance was not reported).17 The study by Kessler et al. (2020)15 
found that PanCan had higher sensitivity, although it was not a statistically significant finding 
(74% versus 58%), but it had a lower specificity than Lung-RADS (94% versus 98%; statistical 
significance was not reported). Three studies16,18,19 found similar diagnostic parameters 
between PanCan and Lung-RADS.

Clinical Utility of Lung-RADS Versus PanCan
No relevant evidence regarding the comparative clinical utility of Lung-RADS versus PanCan 
was identified; therefore, no summary can be provided.



CADTH Health Technology Review Lung-RADS Versus Pan-Canadian Early Detection of Lung Cancer Study Screening for Patients at High Risk of Lung Cancer� 15

Economic Evaluations
One economic evaluation reported that Lung-RADS compared to PanCan was cost-
effective under a willingness-to-pay threshold of $100,000 per QALY, with an ICER of 
$52,993 per QALY.22

The second economic evaluation found that the BTS guideline using PanCan was associated 
with more QALYs than Lung-RADS or the CHEST guidelines using PanCan and lower costs 
compared to the CHEST guidelines using PanCan. The BTS guideline compared to Lung-RADS 
had an ICER of $52,643 per QALY gained.23

Guidelines
Initial Assessment of the Probability of Malignancy in Pulmonary Nodules

The BTS guideline24 recommends the use of PanCan for initial risk assessment of pulmonary 
nodules in people aged 50 years or older who are smokers or former smokers. This is a grade 
C recommendation, based on level 2+ evidence from a validation study conducted in the UK.26

The BTS guideline24 recommends consideration of PanCan for the initial risk assessment 
of pulmonary nodules in all patients. This is a grade D recommendation, based on 
level 3 evidence.

Management of Subsolid Nodules

The BTS guideline24 recommends the use of PanCan to calculate the risk of malignancy in 
SSNs larger than 5 mm that are unchanged at 3 months. This is a grade C recommendation, 
based on level 2+ evidence.

Limitations
Seven of the 9 diagnostic test accuracy studies were retrospective.13-15,17,18,20,21 The studies 
that included patients from NSLT13,14,18,21 shared limitations related to the original trial. 
Scanners used in the trial were less technologically advanced than scanners available today. 
Also, the trial was conducted at a variety of medical institutions in the US, many of which 
were recognized for their expertise in radiology and in the diagnosis of cancer;25; therefore, 
applicability to all Canadian facilities is uncertain.

No studies on the benefits and harms of Lung-RADS versus PanCan were found. It is unclear 
which of these 2 screening protocols may result in improved clinical outcomes for patients 
undergoing LDCT screening to identify malignant lung nodules.

Apart from 1 prospective diagnostic test accuracy study,19 none of the primary studies or 
economic evaluations22,23 were conducted in Canada. Similarly, the included guideline was not 
intended for professionals in Canada.24 Therefore, the generalizability of the findings from the 
included literature and the applicability of the recommendations from the included guideline 
to Canadian settings are unclear.



CADTH Health Technology Review Lung-RADS Versus Pan-Canadian Early Detection of Lung Cancer Study Screening for Patients at High Risk of Lung Cancer� 16

Conclusions and Implications for Decision- or 
Policy-Making
This review comprised 9 diagnostic accuracy studies,13-21 2 economic evaluations,22,23 and 1 
evidence-based guideline.24

Evidence from 6 retrospective studies suggests that PanCan had superior diagnostic test 
accuracy compared to Lung-RADS for predicting malignancy.13-15,17,20,21 However, evidence 
from 1 prospective study and 1 retrospective analysis suggests that the screening protocols 
have a similar diagnostic performance.16,18 Findings from the sole prospective study 
performed in Canada also found similar diagnostic test accuracy between Lung-RADS and 
PanCan.16,18,19

Results from the 2 economic evaluations were inconsistent about the cost-effectiveness of 
the 2 lung cancer risk models. One study22 reported an ICER of $52,993 per QALY for Lung-
RADS compared to PanCan, while the other study reported an ICER of $52,643 per QALY for 
the BTS guideline using Pan Can compared to Lung-RADS.23 However, each study applied the 
models to different types of lung nodules.

The BTS guideline recommends PanCan for initial risk assessment of the probability of 
malignancy in pulmonary nodules and management of SSNs.24 However, there are no 
Canadian guidelines that recommend the use of Lung-RADS or PanCan for the identification 
of malignant lung nodules in patients at high risk of lung cancer undergoing LDCT screening.

The limitations of the included literature should be considered when interpreting the findings 
of this report. Further research investigating the diagnostic accuracy of Lung-RADS versus 
PanCan in Canadian settings would help confirm if PanCan performs better or is similar 
to Lung-RADS for distinguishing malignant pulmonary nodules. Clinical utility research 
is needed to evaluate the benefits and harms to patients using Lung-RADS compared to 
PanCan. Future economic evaluations conducted from Canadian perspectives and guideline 
recommendations intended for Canadian settings may be helpful to further inform clinical 
and policy decisions.
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Appendix 1: Selection of Included Studies

Figure 1: Selection of Included Studies
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Appendix 2: Characteristics of Included Publications
Note that this appendix has not been copy-edited.

Table 2: Characteristics of Included Primary Clinical Studies

Study citation, country, 
funding source Study design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Diagnostic test accuracy

Kim et al. (2021)16

South Korea

Funding sources: 
National R&D Program 
for Cancer Control, 
Ministry of Health and 
Welfare; the National 
Health Promotion Fund, 
Ministry of Health and 
Welfare, Republic of 
Korea.

Secondary 
analysis of 
a national, 
multi-centre, 
prospective 
cohort study 
(Korean Lung 
Cancer Screening 
Project)

Inclusion criteria:

(1) participants whose CT scans 
were read using a cloud-based 
thin-client reading system; (2) 
participants with at least 1 non-
calcified nodule

Exclusion criteria:

(1) participants who had undergone 
baseline chest CT scans before 
enrolment; (2) Lung-RADS category 
1 (i.e., calcified nodules); (3) masses 
larger than 30 mm, which were not 
of interest for a prediction model; (4) 
participants with missing values for 
the model inputs

Number of participants: 4,578

Median age, IQR (years): 62, 59 to 67

Sex: 97% males

Intervention: Lung-
RADS

Comparator: PanCan

Reference standard: 
Lung cancer 
diagnosis, confirmed 
by pathology

Outcome: 
Diagnostic test 
accuracy (AUC, 
sensitivity, 
specificity, PPV, 
NPV)

Follow-up: median 
664 days, IQR 562 
to 794 days

Sundaram et al. 
(2021)18

US

Funding source: Cancer 
Center Support Grant

Retrospective 
analysis of a 
multi-centre 
randomized 
controlled trial 
(NLST)

Inclusion criteria: Patients in the 
LDCT arm of NLST, with a new 
positive finding (i.e., solid nodules) in 
any of the 3 screening years

Exclusion criteria: Participants with 
masses (i.e., lesions larger than 3 
cm in maximum diameter), partly 
solid nodules or GGNs, a prior lung 
cancer diagnosis, and/or missing 
nodule size; and participants for 
whom age at smoking cessation 
was inconsistent with age at 
randomization

Number of participants: 6,956

Age: NR

Sex: NR

Intervention: Lung-
RADS

Comparator: PanCan

Reference standard: 
Lung cancer 
diagnosis; as 
determined by needle 
biopsy, surgery, 
bronchoscopy, further 
imaging, or other 
diagnosis procedure

Outcome: 
Diagnostic test 
accuracy (AUC, 
sensitivity, 
specificity, PPV, 
NPV)

Follow-up: 2 years
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Study citation, country, 
funding source Study design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Kessler et al. (2020)15

US

Funding source: NR

Single-centre, 
retrospective 
diagnostic test 
accuracy study

Inclusion criteria: Patients eligible 
for screening, according to NLST and 
Centers for Medicare and Medicaid 
Services eligibility criteria

Exclusion criteria: NR

Number of participants: 486

Mean age, SD (years): 63, 5

Sex: 54% females

Intervention: Lung-
RADS

Comparator: PanCan

Reference 
standard: Lung 
cancer diagnosis; 
as determined by 
histologic evaluation, 
follow-up imaging, or 
clinical evaluation

Outcome: 
Diagnostic test 
accuracy (AUC, 
sensitivity, 
specificity, PPV, 
NPV, accuracy)

Follow-up: mean 
40 months, SD 14 
months

Hammer et al. (2019)13

US

Funding source: 
National Institutes 
of Health/ National 
Cancer Institute.

Retrospective 
analysis of a 
multi-centre 
randomized 
controlled trial 
(NLST)

Inclusion criteria: Patients in the 
LDCT arm of NLST, with at least 2 
scans (i.e., baseline and at least 1 
follow-up, with:

(a) subsolid pulmonary nodules 
comprising GGNs smaller than 10 
mm; (b) GGNs measuring 10 mm 
or larger; and (c) part-solid nodules 
(“mixed” nodules) measuring 6 mm 
or larger

Exclusion criteria: Patients with 
nodules that were not truly subsolid; 
patients with part-solid nodules 
smaller than 6 mm

Number of participants: 434

Median age, range (years): 62, 55 to 
74

Sex: 51% females

Intervention: Lung-
RADS

Comparator: PanCan

Reference 
standard: Lung 
cancer diagnosis; 
as determined 
by needle biopsy, 
surgery (thoracotomy, 
thoracoscopy, or 
mediastinoscopy) 
bronchoscopy, chest 
CT imaging; PET/
chest MRI, or other 
diagnosis procedure

Outcome: 
Diagnostic test 
accuracy (AUC)

Follow-up: 6.5 
years

Tremblay et al. (2019)19

Canada

Funding source: 
Alberta Cancer 
Foundation

Prospective, 
diagnostic test 
accuracy study

Inclusion criteria: Participants 
meeting NSLT eligibility criteria (i.e., 
55-74 years of age; ≥ 30 pack-years 
smoking history or quit smoking 
≤ 15 years prior) or who were 55 to 
80 years of age and had estimated 
6-year lung cancer risk ≥ 1.5% using 
validated model (PLCOm2012)

Exclusion criteria: Participants with 
nodules previously detected on 
off-study clinical scans

Number of participants: 775

Mean age, range (years): 63.3, 55 to 
80

Sex: 49.9% women

Intervention: Lung-
RADS

Comparator: PanCan

Reference standard: 
Lung cancer 
diagnosis; including 
histopathology

Outcome: 
Diagnostic test 
accuracy (AUC, 
sensitivity, 
specificity, PPV, 
NPV)

Follow-up: mean 
763 days, SD 203 
days
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Study citation, country, 
funding source Study design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

White et al. (2019)21

US

Funding source: No 
funding

Retrospective 
analysis of a 
multi-centre 
randomized 
controlled trial 
(NLST)

Inclusion criteria: Patients meeting 
the NSLT eligibility criteria (i.e., 55-74 
years of age; ≥ 30 years smoking 
history or quit smoking ≤ 15 years 
prior) with ≥ 4mm nodules found at 
initial prevalence screening

Exclusion criteria: Patients with 
incomplete information

Number of participants: 2,813 (4,408 
nodules)

Mean age, SD (years): 64.3, 5.2 
(patients with malignant nodules);

62.1, 5.1 (patients with benign 
nodules)

Sex: 41% women

Intervention: Lung-
RADS

Comparator: PanCan

Reference standard: 
Lung cancer 
diagnosis; as 
determined by needle 
biopsy, surgery, 
bronchoscopy, further 
imaging, or other 
diagnosis procedure

Outcomes: 
Diagnostic 
test accuracy 
(sensitivity, 
specificity, 
accuracy)

Follow-up: 2 years

Marshall et al. (2017)17

Australia

Funding sources: 
National Health and 
Medical Research 
Councils; Smart 
State Project Grant, 
Queensland Health; 
National Centre for 
Asbestos Related 
Diseases Project Grant; 
The Prince Charles 
Hospital Foundation

Retrospective 
analysis of a 
prospective 
cohort study 
(QLCSS)

Inclusion criteria: Patients aged 
60 to 74 years; with minimum lung 
function (i.e., forced expiratory 
volume in 1 second ≥ 50% predicted); 
smokers (i.e., ≥ 30 pack-years, 
current or quit within the past 15 
years)

Exclusion criteria: Patients with any 
medical comorbidity; CT scan within 
the prior 18 months; poor spirometry; 
lost to follow-up; or missing data

Number of participants: 256

Median age (years): 64.5

Sex: 67% males

Intervention: Lung-
RADS

Comparator: PanCan

Reference 
standard: Lung 
cancer diagnosis; 
as determined by 
fine need aspirate, 
bronchoscopy, 
surgery, or other 
diagnostic procedure

Outcome: 
Diagnostic test 
accuracy (AUC, 
sensitivity, 
specificity, PPV, 
NPV)

Follow-up: 5 years

van Riel et al. (2017)20

Denmark, Germany, the 
Netherlands

Funding source: MeVis 
Medical Solutions AG

Retrospective 
analysis of a 
randomized 
controlled trial 
(Danish Lung 
Cancer Screening 
Trial)

Inclusion criteria: Patients aged 
50 to 70 years who were current or 
former smokers with a minimum 
smoking history of 20 pack-years, 
normal lung function, and nodules 
annotated by at least 1 screening 
radiologist

Exclusion criteria: NR

Number of participants: 613

Mean age, range (years): 58, 50 to 75

Sex: 53% women

Intervention: Lung-
RADS

Comparator: PanCan

Reference standard: 
Lung cancer 
diagnosis; as 
determined by lung 
cancer mortality, 
histology/tissue 
sampling, follow-up 
LDCT, chest CT or PET, 
staging, and other 
diagnostic procedure

Outcome: 
Diagnostic test 
accuracy (AUC)

Follow-up: 9 years
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Study citation, country, 
funding source Study design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Hawkins et al. (2016)14

US

Funding sources: US 
Public Health Service; 
Cancer Center Support 
Grant; State of Florida 
Department of Health.

Nested matched 
case-control 
study using 
data from a 
multi-centre 
randomized 
controlled trial 
(NLST)

Inclusion criteria: Patients in the 
LDCT arm of NLST with screen-
detected lung cancer (cases) or 
cancer-free findings (controls)

Exclusion criteria: NR

Number of participants: 185

Mean age (years): 64

Sex: 53% females

Intervention: Lung-
RADS

Comparator: PanCan

Reference standard: 
Lung cancer 
diagnosis; as 
determined by needle 
biopsy, surgery, 
bronchoscopy, further 
imaging, or other 
diagnosis procedure

Outcome: 
Diagnostic 
test accuracy 
(sensitivity, 
specificity, 
accuracy)

Follow-up: 2 years

AUC = area under the curve; GGN = ground-glass nodule; IQR = interquartile range; LDCT = low-dose CT; Lung-RADS = Lung Imaging Reporting and Data System; NLST 
= National Lung Screening Trial; NPV = negative predictive value; NR = not reported; PanCan = Pan-Canadian Early Detection of Lung Cancer; PPV = positive predictive 
value; QLCSS = Queensland Lung Cancer Screening Study; SD = standard deviation.



CADTH Health Technology Review Lung-RADS Versus Pan-Canadian Early Detection of Lung Cancer Study Screening for Patients at High Risk of Lung Cancer� 24

Table 3: Characteristics of Included Economic Evaluations

Study citation country, 
funding source

Type of analysis, time 
horizon, perspective

Population 
characteristics

Intervention and 
comparator(s) Approach

Source of clinical, cost, and 
utility data used in analysis Main assumptions

Hammer et al. (2021)22

US

Funding source: NR

Analysis: Cost-utility 
analysis.

Time horizon: 
Lifetime

Perspective: Health 
care system and 
society

A hypothetical 
cohort of 10 
million current and 
former smokers 
undergoing LDCT 
lung cancer 
screening who 
are assumed to 
have a ground-
glass nodules 
at baseline CT. 
Patient age range 
was 55 to 75 years 
at the beginning 
of screening, and 
49% of patients 
were men.

Intervention: 
Lung-RADS

Comparator: 
PanCan

A state-transition 
Monte Carlo 
simulation model 
with a monthly 
cycle to investigate 
the effectiveness 
of the nodule 
management 
guidelines for 
non-solid nodules. 
Nodules could grow 
and develop solid 
components.

Initial nodule size, 
nodule growth rates, 
and the potential for 
the development of a 
solid component were 
determined using data 
from the literature. Patient 
characteristics were 
generated from primary 
analysis of the NLST data. 
Age-dependent mortality 
rates were derived from the 
National Health Interview 
Survey, Substance Abuse 
and Mental Health Services, 
American Cancer Society 
cancer prevention studies, 
and Berkeley Mortality 
Database. Incidental cancer 
rates dependent on patient 
age and smoking status 
were derived by using the 
Lung Cancer Policy Model, 
and the Smoking History 
Generator was used to 
model individuals’ smoking 
history. The QALYs and 
costs were discounted by 
3% per year.

Nodules meeting criteria 
for Lung-RADS category 
4B or category 4X at 
follow-up CT proceed 
to definitive treatment 
in the model, as per the 
assumption that they 
started out as GGNs 
and must have grown 
and/or developed solid 
components to meet 
these criteria.

Patients are assumed to 
have a single nodule for 
purposes of PanCan.

A willingness-to-pay 
threshold of $100,000 per 
QALY was used, in keeping 
with recommendations 
from the literature for the 
US health care system.
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Study citation country, 
funding source

Type of analysis, time 
horizon, perspective

Population 
characteristics

Intervention and 
comparator(s) Approach

Source of clinical, cost, and 
utility data used in analysis Main assumptions

Hammer et al. (2021)23

US

Funding source: NR

Analysis: Cost-utility 
analysis.

Time horizon: 
Lifetime.

Perspective: Payers 
and policy-makers 
within a health care 
system.

A simulated 
cohort of 100,000 
patients derived 
from a random 
subset of 151 
patients who 
underwent LDCT 
lung cancer 
screening within 
the health care 
network and had 
been assigned 
a Lung-RADS 
category of 4A, 4B, 
or 4X. The median 
age was 66 years 
(range 61 to 71). 
Males made up 
55% of the cohort.

Intervention: 
Lung-RADS (using 
the following 
stratification 
methods: 
nodule size to 
determine initial 
categorization; 
PET and/or CT for 
category 4B or 4X 
nodules, and follow-
up for category 4A 
nodules).

Comparators: BTS 
guideline using 
PanCan (using 
the following 
stratification 
methods: Brock 
risk score for initial 
categorization; PET 
or CT for high Brock 
risk score, follow-
up for low Brock 
risk score, biopsy 
for intermediate 
PET and/or CT 
results); or CHEST 
guidelines using 
PanCan (using 
the following 
stratification 
methods:

Multivariable 
logistic regression 
analysis to predict 
the results of PET 
or CT and of follow-
up chest CT from 
patient and nodule 
characteristics as 
well as the nodule 
diagnosis (benign 
vs. malignant).

Cancer treatment costs 
were derived from a 
previous cost-effectiveness 
study.27 Costs and QALYs 
were discounted at 3% 
per year. Baseline life 
expectancies by age and 
sex for smokers were 
obtained from the State 
Board of Administration of 
Florida. Survival of localized 
lung cancer by cancer 
stage was derived from the 
IASLC Lung Cancer Staging 
Project.

Survival of patients with 
clinical tumor size 0 
cancer was assumed to 
be 100%, thus median 
survival was set at 99 
years. Survival of patients 
with metastatic disease 
was estimated at 5% at 5 
years, yielding a median 
survival of 1.15 years. For 
a given patient, survival 
was calculated as the 
minimum of age-based 
survival and, if the nodule 
was malignant, then it 
was calculated as cancer-
based survival (in other 
words, a patient could not 
survive past his/her age-
based life expectancy). 
For benign nodules, a 
surgery-related mortality 
rate of 2% and a biopsy-
related mortality rate of 
0.2% were implemented 
stochastically.

For patients who 
underwent surgery for a 
benign nodule, the utility 
was assumed to be 0.9 
for that year, then normal 
(utility value not provided) 
thereafter.
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Study citation country, 
funding source

Type of analysis, time 
horizon, perspective

Population 
characteristics

Intervention and 
comparator(s) Approach

Source of clinical, cost, and 
utility data used in analysis Main assumptions

Brock score for 
initial stratification; 
PET or CT for 
intermediate Brock 
risk score, follow-up 
for low Brock risk 
score).

Any lung cancers 
that were assigned a 
benign diagnosis by the 
management algorithm 
were assumed to be 
detected at a follow-up 
CT performed as part of 
the lung cancer screening 
program 1 year after the 
work-up. Lung cancers 
were assumed to grow 
during this period, 
but the rate of growth 
was dependent upon 
nodule characteristics. 
The growth rate of 
a lung cancer was 
assumed to be 150 days, 
approximately the average 
rate of solid lung cancers.

BTS = British Thoracic Society; CHEST = American College of Chest Physicians; GGN = ground-glass nodule; IALSC = International Association for the Study of Lung Cancer; ICER = incremental cost-effectiveness ratio; LDCT = low-
dose CT; Lung-RADS = Lung Imaging Reporting and Data System; NLST = National Lung Screening Trial; NR = not reported; PanCan = Pan-Canadian Early Detection of Lung Cancer; QALY = quality-adjusted life-year; vs. = versus.
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Table 4: Characteristics of Included Guidelines

Intended users, 
target population

Intervention 
and practice 
considered

Major 
outcomes 
considered

Evidence collection, 
selection, and synthesis

Evidence quality 
assessment

Recommendations development and 
evaluation Guideline validation

British Thoracic Society Guideline (2015)24

Intended users: 
Practitioners 
within the 
UK, including 
physicians, 
general 
practitioners, 
nurses, 
radiologists, 
surgeons and 
other health care 
professionals

Target 
population: 
Adults with 
pulmonary 
nodules

Risk assessment 
for malignancy 
based on clinical 
and radiological 
factors; 
management of 
subsolid nodules

Risk of cancer; 
management 
of subsolid 
nodules; 
lung cancer 
diagnosis; 
diagnostic test 
accuracy of 
risk calculators

Evidence collection: 
Systematic electronic 
database searches were 
conducted using Ovid 
MEDLINE, Ovid Embase 
and the Cochrane Library to 
identify potentially relevant 
studies for inclusion in the 
guideline. The searches 
were first run in November 
2012 and updated in June 
2014.

Evidence selection: 
Literature retrieved in the 
electronic searches was 
screened for relevance by 2 
reviewers

Evidence synthesis: The 
body of evidence for 
each recommendation 
was summarized into 
evidence statements and 
graded using the Scottish 
Intercollegiate Guidelines 
Network grading system.

Appraisal was 
performed to 
be compliant 
with the AGREE 
collaboration. 
Two guideline 
reviewers 
independently 
appraised each 
paper using 
the Scottish 
Intercollegiate 
Guidelines 
Network critical 
appraisal 
checklists.

Recommendations were graded according 
to the strength of the evidence:

A: At least 1 meta-analysis, systematic 
review or RCT rated as 1++ and directly 
applicable to the target population; or ≥ 1 
systematic reviews or RCTs; or a body of 
evidence consisting principally of studies 
rated as 1+ directly applicable to the target 
population and demonstrating overall 
consistency of results.

B: A body of evidence including studies 
rated as 2++ directly applicable to the 
target population and demonstrating 
overall consistency of results; or 
extrapolated evidence from studies rated 
as 1++ or 1+.

C: A body of evidence including studies 
rated as 2+ directly applicable to the target 
population and demonstrating overall 
consistency of results; or extrapolated 
evidence from studies rated as 2++.

D: Evidence level 3 or 4; or extrapolated 
evidence from studies rated as 2+.

Checkmark: Important practical points for 
which there is no research evidence, nor is 
there likely to be any research evidence.

The draft guideline 
was made available 
online for public 
consultation and 
feedback was invited 
from stakeholder 
organizations.

AGREE = Appraisal of Guidelines for Research & Evaluation; RCT = randomized controlled trial.
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Appendix 3: Critical Appraisal of Included Publications
Note that this appendix has not been copy-edited.

Table 5: Strengths and Limitations of Diagnostic Test Accuracy Studies Using the QUADAS-2 
Checklist9

Strengths Limitations

Kim et al. (2021)16

•	The objectives, intervention, comparator, and outcomes were 
clearly described

•	Patients from the original RCT were reviewed for eligibility into the 
study

•	A case-control study design was avoided
•	Inclusion and exclusion criteria were included
•	Inappropriate exclusion criteria were avoided
•	The 2 screening tests, their conduct and interpretation matched 

the review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	Patient and nodule characteristics were clearly described
•	All eligible patients were included in the analysis
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The authors declared that they had no potential conflicts of 

interest
•	Source of funding was disclosed

•	It was unclear if the thoracic radiologists conducting the 
screening were blinded to the patient’s final diagnosis

•	Some patients had a follow-up period (< 2 years) that 
was shorter than the minimum follow-up period required 
to assess the presence or absence of lung cancer

•	The findings of this Korean-based study may not be 
generalizable to the Canadian health system (e.g., 
incidence of lung cancer in South Korea is lower than in 
the US)
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Strengths Limitations

Sundaram et al. (2021)18

•	The objectives, intervention, comparison, and outcomes were 
clearly described

•	Patients from the original RCT were reviewed for eligibility into the 
study

•	A case-control study design was avoided
•	Inclusion and exclusion criteria were included
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	All eligible patients were included in the analysis
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The authors declared that they had no potential conflicts of 

interest
•	Source of funding was disclosed

•	The analysis was limited to solid nodules; patients with 
non-solid and ground-glass nodules were excluded

•	It was unclear if the screening tests were conducted 
without knowledge of the reference standard

•	Patient characteristics were not reported
•	Limitations of the original trial:

	◦ Scanners used in the trial were less technologically 
advanced than scanners currently available
	◦ The trial was conducted at a variety of medical 
institutions, many of which were recognized for their 
expertise in radiology and in the diagnosis of cancer; 
applicability to community facilities is uncertain
	◦ The reference standard results were assigned to 
a lobe rather than a nodule and it is uncertain if a 
malignancy identified within the lobe was the result of 
the most suspicious nodule seen at that time or of a 
new (incident) nodule

Kessler et al. (2020)15

•	The objectives, intervention, comparison, and main outcomes were 
clearly described

•	A case-control study design was avoided
•	Inclusion criteria for screening were reported
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matched 

the question
•	Patient and nodule characteristics were clearly described
•	All eligible patients were included in the analysis
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The authors declared that they had no potential conflicts of 

interest

•	Exclusion criteria were not reported
•	It was unclear if the radiologists were blinded to the 

results of the reference standard
•	There were missing data points in the study population 

(e.g., family history), which were required for the PanCan 
score, but not for Lung-RADS

•	The PanCan was used to assess cancer probability on a 
per-patient basis, rather than a per-nodule basis

•	There were lower rates of follow-up in this clinical 
population, compared to trial populations

•	The source of funding was not disclosed
•	Single-centre study in Bronx, New York; the 

generalizability to the Canadian setting was unclear
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Strengths Limitations

Hammer et al. (2019)13

•	The objectives, intervention, comparator, and outcomes were 
clearly described

•	A case-control study design was avoided
•	Inclusion and exclusion criteria were included
•	Patient and nodule characteristics were clearly described
•	The radiologists conducting the screening algorithms were blinded 

to the patient’s final diagnosis
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition (lung cancer) as defined by the reference 

standard matched the question
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The authors declared that they had no potential conflicts of 

interest
•	Source of funding was disclosed

•	Rather than enrolling a random sample of eligible 
patients; a random sample of patients from the original 
trial was reviewed for eligibility into the study

•	The analysis was limited to subsolid nodules and 
part-solid; patients with solid nodules were excluded

•	Limitations of the original trial:
	◦ Scanners used in the trial were less technologically 
advanced than scanners currently available
	◦ The trial was conducted at a variety of medical 
institutions, many of which were recognized for their 
expertise in radiology and in the diagnosis of cancer; 
applicability to community facilities is uncertain
	◦ The reference standard results were assigned to 
a lobe rather than a nodule and it is uncertain if a 
malignancy identified within the lobe was the result of 
the most suspicious nodule seen at that time or of a 
new (incident) nodule

Tremblay et al. (2019)19

•	The objectives, intervention, comparison, and main outcomes were 
clearly described

•	Patients were enrolled consecutively into the study
•	A case-control study design was avoided
•	Inclusion criteria were included
•	Inappropriate exclusion criteria were avoided
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	Patient and nodule characteristics were reported
•	All eligible patients were included in the analysis
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The source of funding was disclosed

•	It was unclear if the screening tests were conducted 
without knowledge of the patient’s final diagnosis

•	Two authors have a copyright for 1 of the screening 
tests (PanCan)
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Strengths Limitations

White et al. (2019)21

•	The objectives, intervention, comparison, and main outcomes were 
clearly described

•	Patients from the original RCT were reviewed for eligibility
•	A case-control study design was avoided
•	Inclusion and exclusion criteria were included
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	Patient and nodule characteristics were clearly described
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The authors declared that they had no potential conflicts of 

interest
•	The authors disclosed that there was no funding for the study

•	Several patients were excluded because of missing 
non-nodule characteristics required for screening 
with PanCan (e.g., family history) but not required for 
Lung-RADS

•	Several patients were excluded because there was 
ambiguity about which 1 of multiple nodules were 
malignant

•	It was unclear if the screening tests were conducted 
without knowledge of the results of the reference 
standard

•	Limitations of the original trial:
	◦ Scanners used in the trial were less technologically 
advanced than scanners currently available
	◦ The trial was conducted at a variety of medical 
institutions, many of which were recognized for their 
expertise in radiology and in the diagnosis of cancer; 
applicability to community facilities is uncertain
	◦ The reference standard results were assigned to 
a lobe rather than a nodule and it is uncertain if a 
malignancy identified within the lobe was the result of 
the most suspicious nodule seen at that time or of a 
new (incident) nodule

Marshall et al. (2017)17

•	The objectives, intervention, comparison, and main outcomes were 
clearly described

•	A consecutive sample of patients were enrolled in the study
•	A case-control study design was avoided
•	Inclusion and exclusion criteria were included
•	Inappropriate exclusion criteria were avoided
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	Patient and nodule characteristics were clearly described
•	All eligible patients were included in the analysis
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The authors declared that they had no potential conflicts of 

interest
•	Sources of funding were disclosed

•	It was unclear if the screening tests were conducted 
without knowledge of the patient’s final diagnosis

•	The generalizability of this Australian study to the 
Canadian setting were unclear
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Strengths Limitations

van Riel et al. (2017)20

•	The objectives, intervention, comparison, and main outcomes were 
clearly described

•	Patients from the original RCT were reviewed for eligibility into the 
study

•	A case-control study design was avoided
•	Inclusion criteria were included
•	The screening tests, their conduct and interpretation matched the 

review question
•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	Patient and nodule characteristics were reported
•	All eligible patients were included in the analysis
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	The source of funding was disclosed

•	It was unclear if the screening tests were conducted 
without knowledge of the results of the reference 
standard

•	Due to lack of follow-information, nodule growth size 
was excluded; because growth size is a criterion in 
Lung-RADS (unlike PanCan), risk calculation may have 
been restricted

•	The authors disclosed conflicts of interest
•	The original trial was conducted in a single hospital 

in Denmark; generalizability to the Canadian setting is 
unclear

Hawkins et al. (2016)14

•	The screening tests, their conduct and interpretation matched the 
review question

•	The thresholds used for the screening tests were pre-specified
•	The target condition as defined by the reference standard matches 

the question
•	The authors declared that they had no potential conflicts of 

interest
•	Sources of funding were disclosed

•	A case-control study design was used
•	Comparison of the 2 screening tests was not described 

in the objectives or methods; rather, it was described in a 
subsection (Risk Score) of the results section

•	It was unclear how patients (images) were selected for 
assessment of diagnostic test accuracy

•	Patient characteristics were not reported
•	It was unclear if the screening algorithms were 

conducted without knowledge of diagnostic results

QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies 2; Lung-RADS = Lung Imaging Reporting and Data System; NLST = National Lung Screening Trial; PanCan 
= Pan-Canadian Early Detection of Lung Cancer nodule risk calculation; RCT = randomized controlled trial.
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Table 6: Strengths and Limitations of Economic Evaluations Using the Drummond Checklist10

Strengths Limitations

Hammer et al. (2021)22

Study design:
•	The research question was stated
•	The economic importance of the research question was stated
•	The viewpoint of the analysis was clearly stated and justified
•	The choice of form of economic evaluation was justified in 

relation to the questions addressed

Data collection:
•	The sources of effectiveness estimates used were stated
•	The primary outcome measures for the economic evaluation 

were clearly stated
•	Details of the subjects from whom valuations were obtained 

were given
•	Methods for the estimation of quantities and unit costs were 

described
•	Currency and price data were recorded
•	Details of the simulation model were given

Analysis and interpretation:
•	Time horizon of costs and benefits were stated
•	The discount rate was stated
•	Details of statistical tests were given
•	The approach to sensitivity analysis was given
•	The choice of variables for sensitivity analysis were justified
•	The ranges over which the variables were varied were justified
•	Incremental analysis was reported
•	The answer to the study question was given
•	Conclusions following from the data were reported
•	Conclusions were accompanied by the appropriate caveats

Miscellaneous:
•	Authors stated that they had no conflicts of interest related to 

the study

•	No description of current price adjustments for inflation 
was provided

•	No justification for the selected discount rate was provided
•	Confidence intervals for costs and QALY were not reported
•	Source of funding was not disclosed
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Strengths Limitations

Hammer et al. (2021)23

Study design:
•	The research question was stated
•	The economic importance of the research question was stated
•	The viewpoint of the analysis was clearly stated and justified
•	The choice of form of economic evaluation was justified in 

relation to the questions addressed

Data collection:
•	The sources of effectiveness estimates used were stated
•	The primary outcome measures for the economic evaluation 

were clearly stated
•	Details of the subjects from whom valuations were obtained 

were given
•	Methods for the estimation of quantities and unit costs were 

described
•	Currency and price data were recorded
•	Details of the predictive logistic regression models were given

Analysis and interpretation:
•	Time horizon of costs and benefits was stated
•	The discount rate was stated
•	Details of statistical tests and confidence intervals were given
•	The approach to sensitivity analysis was given
•	The choice of variables for sensitivity analysis was justified
•	The ranges over which the variables are varied were justified
•	Incremental analysis was reported
•	The answer to the study question was given
•	Conclusions following from the data reported
•	Conclusions were accompanied by the appropriate caveats

Miscellaneous:
•	Authors stated that they had no conflicts of interest related to 

the study

•	Model inputs were taken from single studies, rather than 
a synthesis or meta-analysis of estimates from multiple 
sources

•	No description of current price adjustments for inflation 
was provided

•	No justification for the selected discount rate was provided
•	Sources of funding were not disclosed

QALY = quality-adjusted life-year.
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Table 7: Strengths and Limitations of Guideline Using AGREE II11

Item BTS Guideline, 201524

Domain 1: Scope and Purpose

	1.	  The overall objective(s) of the guideline is (are) specifically described. Yes

	2.	  The health question(s) covered by the guideline is (are) specifically described. Yes

	3.	  The population (patients, public, etc.) to whom the guideline is meant to apply is specifically 
described.

Yes

Domain 2: Stakeholder Involvement

	4.	  The guideline development group includes individuals from all relevant professional groups. Yes

	5.	  The views and preferences of the target population (patients, public, etc.) have been sought. Yes

	6.	  The target users of the guideline are clearly defined. Yes

Domain 3: Rigour of Development

	7.	  Systematic methods were used to search for evidence. Yes

	8.	  The criteria for selecting the evidence are clearly described. Yes

	9.	  The strengths and limitations of the body of evidence are clearly described. Yes

	10.	 The methods for formulating the recommendations are clearly described. Yes

	11.	 The health benefits, side effects, and risks have been considered in formulating the 
recommendations.

Yes

	12.	 There is an explicit link between the recommendations and the supporting evidence. Yes

	13.	 The guideline has been externally reviewed by experts before its publication. Yes

	14.	 A procedure for updating the guideline is provided. Yes

Domain 4: Clarity of Presentation

	15.	 The recommendations are specific and unambiguous. Yes

	16.	 The different options for management of the condition or health issue are clearly presented. Yes

	17.	 Key recommendations are easily identifiable. Yes

Domain 5: Applicability

	18.	 The guideline describes facilitators and barriers to its application. Unclear

	19.	 The guideline provides advice and/or tools on how the recommendations can be put into practice. Yes

	20.	 The potential resource implications of applying the recommendations have been considered. Yes

	21.	 The guideline presents monitoring and/or auditing criteria. Yes

Domain 6: Editorial Independence

	22.	 The views of the funding body have not influenced the content of the guideline. Unclear

	23.	 Competing interests of guideline development group members have been recorded and addressed. Yes

AGREE II = Appraisal of Guidelines for Research & Evaluation II.
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Appendix 4: Main Study Findings and Authors’ Conclusions
Note that this appendix has not been copy-edited.

Table 8: Summary of Findings by Outcome ― Diagnostic Test Accuracy, AUC 

Strategy

AUC (95% CI)
Kim et al. 
(2021)16

Sundaram et al. 
(2021)18

Kessler et al. 
(2020)15

Hammer at al. 
(2019)13

Tremblay et al. 
(2019)19

Marshall et al. 
(2017)17

van Riel et 
al. (2017)20

Lung-
RADS

0.95 (0.91, 
0.99)

0.84 (0.81, 
0.86)

0.87 (0.84, 
0.90)

0.70 (0.60, 
0.80)

0.93 (0.89, 
0.98)

0.84 (IQR 
0.69-0.98)

0.81 (NR)

PanCan 0.96 (0.92, 
0.99)

0.85 
(0.82,0.87)

0.88 (0.85, 
0.91)

0.78 (0.67, 
0.85)

0.97 (0.95, 1.0) 0.90 (IQR 
0.75-1.0)

0.87 (NR)

P value 0.34 0.17 NR 0.09 ns 0.25 0.003

AUC = area under the curve;CI = confidence interval; IQE = interquartile range; Lung-RADS = Lung Imaging Reporting and Data System; NR = not reported; PanCan = Pan-
Canadian Early Detection of Lung Cancer .

Table 9: Summary of Findings by Outcome ― Diagnostic Test Accuracy, Diagnostic Paramaters 

Strategy

Diagnostic parameters (95% CI)
Kim et al. 
(2021)16

Sundaram et 
al. (2021)18

Kessler et al. 
(2020)15

Tremblay et al. 
(2019)19

White et al. 
(2019)21

Marshall et al. 
(2017)17

Hawkins et al. 
(2016)14

Lung-
RADS,

3 and 
4A/4B 
positive

Sens: 95.0 
(88.2, 100)

Spec: 76.7 
(75.8, 77.5)

PPV: 1.6 (1.1, 
2.1)

NPV: 100 
(99.9, 100)

Sens: 0.81 
(0.76, 0.85)

Spec: 0.78 
(0.77, 0.79)

PPV: 0.16 
(0.15, 0.17)

NPV: 0.99 
(0.98, 0.99)

Sens: 84.2 (68.1, 
93.4)

Spec: 79.2 (75.1, 
82.8)

PPV: 25.5 (18.4, 
34.3)

NPV: 98.3 (96.2, 
99.3)

Accuracy: 79.6 
(75.8, 83.1)

Sens: 76.2 (52.8, 
91.8)

Spec: 92.6 (90.5, 
94.3)

PPV: 22.2 (16.8, 
28.8)

NPV: 99.3 (98.5, 
99.7)

NR Sens: 100 
(47.8, 100)

Spec: 79.6 
(74.1, 84.4)

PPV: 8.9 (3.0, 
19.6)

NPV: 100 
(98.2, 100)

NR

Lung-
RADS, 
4A/4B 
positive

Sens: 87.5 
(77.3, 97.7)

Spec: 93.3 
(92.8, 93.7)

PPV: 5.0 (3.4, 
6.6)

NPV: 99.9 
(99.9, 100)

Sens: 0.48 
(0.42, 0.53)

Spec: 0.94 
(0.93, 0.94)

PPV: 0.29 
(0.26, 0.32

NPV: 0.97 
(0.97, 0.97)

Sens: 58.0 (40.8, 
73.7)

Spec: 98.0 (96.2, 
99.1)

PPV: 71.0 (54.8, 
83.1)

NPV: 96.5 (95.0, 
97.6)

Accuracy: 94.9 
(92.5, 96.6)

NR Sens: 87 (80, 
93)

Spec: 83 
(82, 84)

Accuracy: 76

(75, 78)

NR Sens: 22.4

Spec: 93.7

Accuracy: 
71.4
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Strategy

Diagnostic parameters (95% CI)
Kim et al. 
(2021)16

Sundaram et 
al. (2021)18

Kessler et al. 
(2020)15

Tremblay et al. 
(2019)19

White et al. 
(2019)21

Marshall et al. 
(2017)17

Hawkins et al. 
(2016)14

PanCan, 
1.5% 
threshold

NR Sens: 0.78 
(0.73, 0.82)

Spec: 0.82 
(0.81, 0.83)

PPV: 0.19 
(0.17, 0.20)

NPV: 0.99 
(0.98, 0.99)

Sens: 79.0 (62.7, 
90.4)

Spec: 83.9 (80.2, 
87.2)

PPV: 29.4 (24.2, 
35.3)

NPV: 97.9 (96.2, 
98.9)

Accuracy: 83.5 
(79.9, 86.7)

NR NR NR NR

PanCan, 
5% 
threshold

Sens: 87.5 
(77.3, 97.7)

Spec: 92.3 
(91.8, 92.9)

PPV: 4.4 (3.0, 
5.8)

NPV: 99.9 
(99.9, 100)

Sens: 0.51 
(0.46, 0.57)

Spec: 0.93 
(0.92, 0.94)

PPV: 0.29 
(0.26, 0.43)

NPV: 0.97 
(0.97, 0.98)

Sens: 73.7 (56.9, 
86.6)

Spec: 93.5 (90.8, 
95.6)

PPV: 49.1 (39.3, 
59.0)

NPV: 97.7 (96.1, 
98.6)

Accuracy: 92.0 
(89.7, 94.6)

Sens: 90.5 (69.6, 
98.8)

Spec: 93.1 (91.1, 
94.8)

PPV: 26.8 (21.4, 
33.0)

NPV: 99.7 (99.0, 
99.9)

Sens: 93 (86, 
97) Spec: 90 

(89, 90)

Accuracy: 85

(84, 86)

NR NR

PanCan,

10% 
threshold

Sens: 82.5 
(70.7, 94.3)

Spec: 95.9 
(95.5, 96.2)

PPV: 7.4 (5.0, 
9.9)

NPV: 99.9 
(99.9, 100)

NR Sens: 65.8 (48.7, 
80.4)

Spec: 95.8 (93.5, 
97.5)

PPV: 56.8 (44.5, 
68.3)

NPV: 97.1 (95.5, 
98.1)

Accuracy: 93.4 
(90.8, 97.3)

NR NR Sens: 100 
(47.8, 100)

Spec: 94.8 
(91.3, 97.2)

PPV: 27.8 
(9.7, 53.5)

NPV: 100 
(98.5, 100)

Sens: 46.5

Spec: 93.7

Accuracy: 
78.9

CI = confidence interval; IQR = interquartile range; Lung-RADS = Lung Imaging Reporting and Data System; NPV = negative predictive value; PanCan = Pan-Canadian Early 
Detection of Lung Cancer nodule risk calculation; PPV = positive predictive value; Sens = sensitivity; Spec = specificity.



CADTH Health Technology Review Lung-RADS Versus Pan-Canadian Early Detection of Lung Cancer Study Screening for Patients at High Risk of Lung Cancer� 38

Table 10: Summary of Findings of Included Economic Evaluation

Main study findings Authors’ conclusion

Hammer et al. (2021)22

Costs
•	Lung-RADS: USD 10.150
•	PanCan 5%: USD 19,116
•	PanCan 10% USD 16,469

QALY
•	Lung-RADS: 10.53
•	PanCan 5%: 10.48
•	PanCan 10%: 10.50

ICER (95% CI)
•	Lung-RADS vs. PanCan: $52,993 per QALY gained ($44,407 - 

$64,372)

Sensitivity analyses
•	“sensitivity analyses showed similar ICERs as we varied 

multiple parameters.” (p. 591)22

“Lung CT Screening Reporting and Data System–based 
strategies perform better than strategies using the Brock risk 
calculator, with a 4-mm solid component size threshold yielding 
the greatest quality-adjusted life years (QALYs) at a willingness-
to-pay threshold of $100 000 per QALY.” (p. 593)22

Hammer et al. (2021)23

Costs (95% CI)
•	Lung-RADS: USD 81,329 (80,798 - 81,819)
•	BTS using PanCan: USD 82,362 (81,853 – 82,887)
•	CHEST using PanCan: USD 83,599 (83,107 – 84,101)

QALY (95% CI)
•	Lung-RADS: 10.021 (10.007 −10.057)
•	BTS using PanCan: 10.041 (10.025 - 10.065)
•	CHEST using PanCan: 10.035 (10.019 - 10.058)

ICER (95% CI)
•	BTS using PanCan vs. Lung-RADS: $52,634 per QALY gained 

($45,122 - $60,619)

Sensitivity analyses
•	“Under nearly all conditions, the only algorithms on the 

efficient frontier were BTS and Lung-RADS. The ICERs for 
BTS versus Lung-RADS were under $100 000 for all scenarios 
except an increased life expectancy in patients without 
cancer, in which case the ICER was $109 273. Under one 
condition, an increase in the growth rate of fast-growing lung 
cancers, the CHEST algorithm was on the efficient frontier 
and yielded higher QALY and cost than BTS; however, the ICER 
was very high at $1 384 951.” (p. 4)23

“We found that the two management algorithms on the efficient 
frontier were Lung-RADS and BTS, with BTS yielding the 
greatest QALYs. The advantage of the BTS algorithm was seen 
by its ICER compared with Lung-RADS in statistical analysis 
by confidence interval and all except one sensitivity analysis 
we performed; in a condition where the growth rate of faster 
growing nodules was increased, the ACCP algorithm yielded 
higher QALYs but at a substantial cost (ICER of over $1 million).” 
(p. 4)23

“In conclusion, the BTS algorithm was the cost-effective option 
with the best outcomes for managing high-risk (Lung-RADS 
4) pulmonary nodules. This finding held true under multiple 
sensitivity analyses, suggesting that it may be generalizable, at 
least within the United States health care system.” (p. 5)23

ACCP/CHEST = American College of Chest Physicians; BTS = British Thoracic Society; CI = confidence interval; ICER = incremental cost-effectiveness ratio; Lung-RADS 
= Lung Imaging Reporting and Data System; PanCan = Pan-Canadian Early Detection of Lung Cancer; QALY = quality-adjusted life-year; USD = US dollar; vs. = versus.
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Table 11: Summary of Recommendations in Included Guideline

Guideline Recommendations and supporting evidence
Quality of evidence and 

strength of recommendations

BTS Guideline 
(2015)24

Recommendation: “Use the Brock model (full, with spiculation) for 
initial risk assessment of pulmonary nodules (≥8 mm or ≥300 mm3) at 
presentation in people aged ≥50 who are smokers or former smokers.” (p. 
ii17)24

Evidence statement: Prediction models for pulmonary nodules based on 
clinical and radiological parameters have been externally validated. In 
the only validation study performed in a UK population, the Herder model 
(incorporating nodule FDG avidity) performed significantly better than other 
models (Mayo, Brock, Veterans Administration). In sub-centimetre nodules, 
the Brock score had the highest accuracy (AUC value).

Strength of recommendation: 
Grade C

Quality of evidence: Evidence 
level 2+

Recommendation: “Consider the Brock model (full, with spiculation) for 
initial risk assessment of pulmonary nodules (≥8 mm or ≥300 mm3) in all 
patients at presentation.” (p. ii17)24

Evidence statement: The use of clinical prediction models is more accurate 
than clinicians’ individual clinical judgment in estimating the probability of 
malignancy in patients with pulmonary nodules.

Strength of recommendation: 
Grade D

Quality of evidence: Evidence 
level 3

Recommendation: “Use the Brock risk prediction tool to calculate risk of 
malignancy in SSNs ≥5 mm that are unchanged at 3 months.” (p. ii24)24

Evidence statement: One prospective study that validated the Brock model 
included 1,672 SSNs. The guideline authors reported that the Brock model 
may underestimate risk of malignancy in SSN that persist at 3 months.

Strength of recommendation: 
Grade C

Quality of evidence: Evidence 
level 2+

AUC = area under the curve; BTS = British Thoracic Society; FDG = fluorodeoxyglucose; SSN = subsolid nodule; SSN = subsolid nodule.
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