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Online Supplementary Appendix 1 Question 1 Evidence Review and Protocol

Q1 In adults, is there a difference in the likelihood of diagnosing lung cancer in pulmonary nodules
detected by low dose computed tomography (CT) screening compared to those detected on
CT scans done for other reasons?
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Question 1 Evidence Review

Q1 In adults, is there a difference in the likelihood of diagnosing lung cancer in pulmonary nodules
detected by low dose computed tomography (CT) screening compared to those detected on
CT scans done for other reasons?

Background

Pulmonary nodules can be detected during low dose computed tomography (LDCT) screening for lung cancer,
or incidentally on CT scans done for other reasons. People are selected for LDCT screening based their lung
cancer risk exceeding specific thresholds, whereas those undergoing CT scans done for other reasons will
also include people at a lower risk. This review will aim to determine to what extent the likelihood of lung cancer
in a given pulmonary nodule will differ between these two scenarios, and whether the subsequent investigation
and management of nodules should differ accordingly.

Outcome

Lung cancer

Evidence Review

The initial literature search identified 207 potentially relevant papers, and 53 papers were deemed relevant to
the review.'-%2 Although one paper did directly compare lung cancer incidence in incidentally detected versus
screen detected pulmonary nodules, this study was excluded as the.data reporting was incomplete.

Lung cancer

Due to a lack of direct comparison evidence, single arm studies were considered. Thirty-two single arm studies
reported on the incidence of lung cancer in subjects with ‘pulmonary nodules detected by LDCT'-3? and 20
single arm studies reported on the incidence of lung cancer in subjects with pulmonary nodules detected by
incidental detection33-%2,

Actionable pulmonary nodules

A pulmonary nodule is defined as “actionable” if it is considered potentially cancerous after an initial
examination. The number of subjects with a pulmonary nodule being considered actionable following LDCT
screening’3? was compared with. the number of subjects with a pulmonary nodule following incidental
detection3*-%0. The data show that the likelihood of an actionable pulmonary nodule following LDCT screening
is significantly greater than:the likelihood of an actionable pulmonary nodule detected by incidental detection
(27.9 + 15.6 versus 16.7 £ 13.0 % (mean = SD) respectively, p = 0.009, Mann-Whitney U test). A summary of
the data is shown inFigure Q1a and Table Q1a.

Table Q1a: Summary of the likelihood of detecting “actionable” pulmonary nodules by LDCT screening versus
incidental detection

% subjects with actionable pulmonary nodules after pulmonary nodule detection
LDCT detection Incidental detection

Mean + SD Median [IQR] n Mean + SD Median [IQR] n p

279+156  252[16.4,37.9] 3213 16.7+13.0 11.8[5.4,30.9] 18 3% 0.009*

* Mann-Whitney U Test

IQR - interquartile range; n — number of participants; SD — standard deviation
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Figure Q1a: Comparison of the incidence of “actionable” pulmonary nodules detected by LDCT screening
versus incidental detection
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Lung cancer per actionable pulmonary nodules

The incidence of lung cancer in subjects with “actionable” pulmenary nodules following LDCT screening’-32
was compared with the incidence of lung cancer in subjects with. “actionable” pulmonary nodules following
incidental detection®3-%2, The data show no difference. in the percentage of subjects with a lung cancer
diagnosis following an actionable pulmonary nodule detection by LDCT or incidental detection (8.9 + 9.1 versus
7.7 £ 6.5 % (mean = SD) respectively, p = 0.58, Mann-Whitney U test). A summary of the data is shown in
Figure Q1b and Table Q1b.

Figure Q1b: Comparison of the likelihood of diagnosing lung cancer in “actionable” pulmonary nodules
detected by LDCT screening versus incidental detection
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Table Q1b: Summary of the likelihood of diagnosing lung cancer in “actionable” pulmonary nodules detected
by LDCT screening incidental detection

% subjects with lung cancer after actionable pulmonary nodule detection

LDCT detection Incidental detection
Mean = SD Median [IQR] n Mean + SD Median [IQR] n p
8.9+9.1 6.5[4.4,9.7] 32 1-32 7.7+6.5 5.6 [3.4, 10.4] 20 3352 0.58*

* Mann-Whitney U Test
IQR - interquartile range; n — number of participants; SD — standard deviation

With / without previous CT imaging

Subgroup comparisons were considered for lung cancers diagnosed after an initial baseline CT scan (T0)'"4,
or after a subsequent follow-up surveillance CT scan (i.e., subjects with or without previous-CT.imaging)® 126,
As it was difficult to ascertain if an incidental detection follow-up was a direct follow-up to.the initial pulmonary
nodule incidental detection (TO), or a surveillance follow-up after TO, the incidental detection data have not
been divided into subgroups. Data are shown in Figure Q1c. Comparison of the likelihood of diagnosing lung
cancer in pulmonary nodules detected by LDCT screening without previous CT imaging versus with previous
CT imaging showed no statistical difference (8.9 + 11.2 versus 5.8 + 2.4 (mean +'SD) respectively, p = 0.52,
unpaired t-test) (Table Q1c). Similarly comparing of the likelihood of diagnosing lung cancer in pulmonary
nodules detected by LDCT screening without previous CT imaging.versus incidental detection showed no
statistical difference (p = 0.96, Mann-Whitney U Test) (Table Q1d), as.did the likelihood of diagnosing lung
cancer in pulmonary nodules detected by LDCT screening:with-previous CT imaging versus incidental
detection (p = 0.51, unpaired t-test) (Table Q1e).

Figure Q1c: Comparison of the likelihood of diagnosing.lung.cancer in pulmonary nodules detected by LDCT
screening with previous CT imaging (LDCT detection -, follow-up), without previous CT imaging (LDCT
detection - baseline) or detected on CT scans done for.other reasons (incidental detection)
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Table Q1c: Summary of the likelihood of diagnosing lung cancer in pulmonary nodules detected by LDCT
screening with versus without previous CT imaging

% subjects with lung cancer after pulmonary nodule detection
LDCT detection - baseline LDCT detection - follow-up
Mean + SD Median [IQR] n Mean + SD Median [IQR] n p
89+11.2 5.4[3.1, 11.5] 14 114 58+24 5.7 [3.8, 7.5] 6 101317 0.52*

* Unpaired t-test
IQR - interquartile range; n — number of participants; SD — standard deviation

Table Q1d: Summary of the likelihood of diagnosing lung cancer in pulmonary nodules detected by LDCT
screening without previous CT imaging or detected incidentally

% subjects with lung cancer after pulmonary nodule detection

LDCT detection - baseline Incidental detection
Mean = SD Median [IQR] n Mean + SD Median [IQR] n p
89+11.2 5.4[3.1, 11.5] 14 114 7.7+6.5 5.6 [3.4, 10.4] 20 3352 0.96*

* Mann-Whitney U Test
IQR - interquartile range; n — number of participants; SD — standard deviation

Table Q1e: Summary of the likelihood of diagnosing lung cancer.in”pulmonary nodules detected by LDCT
screening with previous CT imaging or detected incidentally

% subjects with lung cancer after pulmonary nodule detection

LDCT detection - follow-up Incidental detection
Mean + SD Median [IQR] n Mean + SD  Median [IQR] n p
58124 5.7[3.8, 7.5] 6101317 7.7+6.5 5.6 [3.4, 10.4] 20 3352 0.51*

* Unpaired t-test
IQR — interquartile range; n — number of participants; SD — standard deviation

Evidence Statement

An actionable pulmonary.nodule is more likely to be identified on screening low-dose computed tomography
(LDCT) than on a CT scan performed for another reason. (Ungraded)

The likelihood-that a pulmonary nodule is diagnosed as lung cancer is similar whether it is detected through
low-dose computedtomography (LDCT) screening or incidentally on a CT scan performed for another reason.
(Ungraded)

Recommendation

» . For adults with pulmonary nodules identified on a CT scan, the investigation and management should not
differ whether detected on low dose computed tomography (LDCT) for lung cancer screening or CT scan
done for other reasons. (Conditional)

Research Recommendation

= Further research is needed to determine the malignancy risk between screening detected pulmonary
nodules and incidentally detected pulmonary nodules.
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271 Question Protocol

_

Review Question In adults, is there a difference in the likelihood of diagnosing lung cancer in
pulmonary nodules detected by low dose computed tomography (CT) screening
compared to those detected on CT scans done for other reasons?

Type of review question  Prognostic review

Objective of the review Nodules can be detected as part of LDCT screening for lung cancer and also
incidentally on CT scans done for other reasons. People are selected for
screening based their lung cancer risk exceeding specific thresholds, whereas the
population undergoing CT scans for other reasons will also include people at
lower risk. This question seeks to determine to what extent the likelihood of lung
cancer in a given nodule will differ between these two scenarios, and whether the
subsequent investigation and management of nodules:should differ accordingly.

Eligibility criteria — Adults with pulmonary nodules (18+ years of age)
population / disease /

condition / issue /

domain

Eligibility criteria — Screen-detected pulmonary nodules (via low dose CT)
exposure(s)

Eligibility criteria — Non-screen-detected pulmonary nodules (incidentally detected)
reference(s)

Outcomes and Lung cancer
prioritisation

Eligibility criteria — study. *.RCTs, comparative studies, case series (>50 cases)

design

Other inclusion Non-English language excluded unless full English translation

/exclusion criteria Conference abstracts, Cochrane reviews, systematic reviews, reviews
Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Proposed sensitivity / Adults with pulmonary nodules

subgroup analysis, or - With previous CT imaging

meta-regression - Without previous CT imaging

10



Selection process —
duplicate screening /
selection / analysis

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline group and a decision will be made by consensus

Methodology will depend on data type. If sensitivity / specificity data, follow as below, if tabulated
data, use a narrative approach and further instruction will be given

Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment —
publication bias,
selective reporting bias

Rationale /'context —
what is known

RevMan5 Pairwise meta-analyses (if data in the correct format)
Evidence review/considered judgement.

Storing Guideline text, tables, figures, etc.

Gradeprofiler Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 intervention review template

(follow instructions in ‘BTS Guideline Process Handbook — Prognostic Review (June
2020)’)

If 3 or more relevant studies:

RevMan5 for meta-analysis, heterogeneity testing and forest plots (if data
appropriate)

Contact BTS to discuss, best method for combining data if not suitable for meta-
analysis

(follow instructions in ‘BTS Guideline Process Handbook — Prognostic Review (June
2020)")

GRADEprofiler Intervention review quality of evidence assessment for each

outcome

(follow instructions in ‘BTS Guideline Process Handbook — Prognostic Review (June
2020)))

LDCT screening is restricted to people at higher risk of lung cancer, whereas
people having CT scans for other reasons (on which nodules may be detected)
will include people at lower risk of lung cancer. The chance of being diagnosed
with a malignant nodule is therefore likely to be higher in screening than on scans
done for other reasons. There are features on a CT scan which influence the
likelihood of a nodule being malignant, but this question seeks to determine the
extent to which the reason for the scan itself (screening versus non-screening)
influences the likelihood of cancer independent of the nodule/scan findings. This
is important in determining whether investigation and management of pulmonary
nodules should differ between these two scenarios.

272
273
274

11



275

276
277

278

279

280
281
282
283
284
285

286

287

288

289

290

Online Supplementary Appendix 2 Question 2 Evidence Review and Protocol

Q2 In adults with pulmonary nodules, is there a difference in the likelihood of diagnosing lung
cancer between patients with or without a previous history of non-lung cancer?
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Question 2 Evidence Review

Q2 In adults with pulmonary nodules, is there a difference in the likelihood of diagnosing lung
cancer between patients with or without a previous history of non-lung cancer?

Background

Malignant pulmonary nodules are most commonly primary lung cancer, but on occasions they may be due to
metastatic spread or recurrence of a non-lung cancer, especially when a patient has a previous history of non-
lung cancer. Currently it is unclear if a different diagnostic approach is needed in these patients. This review
aims to determine if a previous history of non-lung cancer influences the likelihood of diagnosing lung cancer
in a pulmonary nodule.

Outcome

Lung cancer

Evidence Review

The initial literature search identified 76 potentially relevant papers, and 25 papers.were deemed relevant to
the review."?® The available evidence was limited and largely derived from small observational studies, with
only two comparative studies suitable for meta-analysis. Many studies lacked pathological confirmation of
malignancy or combined multiple histological subtypes without clear reporting, limiting interpretation of the
data. In several studies it was also difficult to determine whether pulmonary nodules represented primary lung
cancer or metastatic disease from a previous malignancy.

Lung cancer

Two studies reported on the likelihood of a pulmonary nodule being cancerous following a previous history of
non-lung cancer, or no previous history of non-lung cancer."-? Meta-analysis showed that the likelihood of lung
cancer was slightly greater in the pulmonary nodule group with a previous history of non-lung cancer (421 per
1000 patients) compared with the no previous-history of non-lung cancer group (287 per 1000 patients (219 to
375)) (data shown in Figure Q2a).

Figure Q2a: Comparison of the likelihood of a pulmonary nodule being cancerous in subjects with and without
prior non-lung cancer

Previous non-lung cancer No previous non-lung cancer Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Crisci 2013 8 a4 13 a7 16.8% 0.91 [0.40, 2.08]
Franco 2024 a7 77 54 72 847%  0.64[040, 0.84] ——
Total (95% CI) 136 159 100.0%  0.68 [0.52, 0.89] .
Total events 45 67

ity: Chi®= = = 2= } } ] |
Heterogeneity. Chi*= 068, df=1 (P=041} F=0% 0z o' : 5

Testfor overall effect: 2= 2.83 (P = 0.005) Frevious non-lung cancer Mo previous non-lung cancer

Twenty-five single arm studies also reported on pulmonary nodule malignancy following a previous history of
non-lung cancer, or no previous history of non-lung cancer.>?5 10 studies reported on pulmonary nodule
malignancy following a previous history of non-lung cancer®*'? and 13 studies reported on pulmonary nodule
malignancy following no previous history of non-lung cancer'®25, Studies which did not declare if participants
had a previous history of non-lung cancer were excluded. A summary of the data is shown in Figure Q2b and
Table Q2a, and shows a significantly greater likelihood of lung cancer in participant with a previous history of
non-lung cancer (p = 0.0004, Mann-Whitney U test).
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Figure Q2b: Comparison of the likelihood of a pulmonary nodule being cancerous in subjects with and without
prior non-lung cancer
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* Mann-Whitney U Test

Table Q2a: Summary of the likelihood of a pulmonary nodule being«cancerous in subjects with and without
prior non-lung cancer

% participants with lung cancer
With previous non-lung cancer Without previous non-lung cancer
Mean + SD Median [IQR] n Mean + SD Median [IQR] n p
322+17.0 30.7 [18.3, 48.5] 10 312 6.6+4.2 5.4 2.4, 10.6] 13 1325 0.0004

* Mann-Whitney U Test
IQR — interquartile range; n — number of studies; SD — standard deviation

Evidence Statement

A previous history of non-lung cancer appears to increase the likelihood of diagnosing lung cancer in a
pulmonary nodule. (Very low)

Recommendation

» For patients with'a pulmonary nodule identified on a CT scan, information about a previous history of non-
lung cancer should be sought. (Conditional)

Research Recommendation

= . Further research is needed to determine if a previous history of non-lung cancer independently increases
the likelihood of pulmonary nodule being a primary lung cancer.
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352
353  GRADE analysis

In adults with pulmonary nodules, is there a difference in the likelihood of diagnosing lung cancer between
patients with or without a previous history of non-lung cancer?

Population: Adults (18+) with pulmonary nodules
Exposure: Previous history of non-lung cancer

Referent: No previous history of non-lung cancer
Number of Relative effect Anticipated absolute effects Quality of the
articipants 95% Cl : : Evidence
P (stud?es) (95% CI) No biopsy Pre-treatment biopsy (GRADE)
295 RR 0.68 287 per 1000 OO0
Lung cancer (2 studies) (0.52 to 0.89) 421.per 1000 (219 to 375) VERY LOW 2b¢

CI: Confidence interval

Explanations

a. Some risk of bias across the studies

b. Some inconsistency across the studies
c. Some imprecision, Cls cross one MID
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415 Question Protocol

_

Review Question In adults with pulmonary nodules, is there a difference in the likelihood of
diagnosing lung cancer between patients with or without a previous history of non-
lung cancer?

Type of review question  Prognostic review

Objective of the review Malignant pulmonary nodules are most commonly primary lung cancer;-but on
occasions may be due to metastatic spread/recurrence of a non-lung cancer
especially when a patient has a previous history of non-lung cancer. This question
seeks to determine the extent to which a previous history. of non-lung cancer
influences the likelihood of diagnosing lung cancer in_a nodule, and therefore
whether a different diagnostic approach is required in.such patients.

Eligibility criteria — Adults with pulmonary nodules (18+ years of'age)
population / disease /

condition / issue /

domain

Eligibility criteria — A previous history of non-lung‘cancer
exposure(s)

Eligibility criteria — No previous history.of non-lung cancer
reference(s)

Outcomes and Lung cancer
prioritisation

Eligibility criteria — study. <. RCTs, comparative studies, case series (>50 cases)
design

Other inclusion Non-English language excluded unless full English translation

/exclusion criteria . . . .
Conference abstracts, Cochrane reviews, systematic reviews, reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Proposed sensitivity / None
subgroup analysis, or
meta-regression

17



Selection process —
duplicate screening /
selection / analysis

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline development group, and a decision will be made by consensus.

Methodology will depend on data type. If sensitivity / specificity data, follow as below, if tabulated
data, use a narrative approach and further instruction will be given

Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment —
publication bias,
selective reporting bias

Rationale / context —
what.is known

RevMan5 Pairwise meta-analyses (if data in the correct format)
Evidence review/considered judgement.

Storing Guideline text, tables, figures, etc.

Gradeprofiler Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials‘and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 intervention review template

(follow instructions in ‘BTS Guideline Process Handbook — Prognostic Review
(June 2020)’)

If 3 or more relevant studies:

RevMan5 for meta-analysis,- heterogeneity testing and forest plots (if data
appropriate)

Contact BTS to discuss best method for combining data if not suitable for meta-
analysis

(follow instructions in ‘BTS Guideline Process Handbook — Prognostic Review
(June .2020)’)

GRADEprofiler Intervention review quality of evidence assessment for each

outcome

(follow instructions in ‘BTS Guideline Process Handbook — Prognostic Review
(June 2020)’)

Pulmonary nodules are either benign or malignant; malignant nodules are most
commonly primary lung cancer but sometimes will represent metastatic
recurrence of a previously diagnosed non-lung cancer. This question seeks to
determine the extent to which a previous diagnosis of non-lung cancer will
influence the likelihood of a pulmonary nodule being a lung cancer. This may
depend on the type of previous non-lung cancer, and the time since diagnosis.
The overall aim is to determine whether a different diagnostic approach is needed
in these patients.

416
417
418
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Online Supplementary Appendix 3 Question 3 Evidence Review and Protocol

Q3 What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation
for diagnosing lung cancer in a solid pulmonary nodule?
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Question 3 Evidence Review

Q3 What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation
for diagnosing lung cancer in a solid pulmonary nodule?

Background

Solid pulmonary nodules identified at baseline (prevalence) imaging may represent a range of pathologies,
from benign to malignant, and therefore not all solid pulmonary nodules require immediate invasive diagnostic
procedures. As the methods for assessing imaging tests can vary (for example, how pulmonary nodules are
measured), this review aims determine the optimal strategy for image utilisation for diagnosing lung cancer in
a solid pulmonary nodule.

Outcomes

Nodule diameter; nodule volume; upper lobe location; spiculation; FDG-avidity; Brock risk'score; Herder risk
score; Mayo risk score; Veterans Affairs (VA) risk score; UK Lung Cancer Screening(UKLS).risk score

Evidence Review

The initial literature search identified 554 potentially relevant papers, and 28 papers were deemed relevant to
the review.'-28

There were not enough data to consider all imaging types individually (computed tomography (CT), positron
emission tomography computed tomography (PET-CT) and magnetic resonance imaging (MRI)), but all
relevant data have been included in the analyses as appropriate.

Nodule diameter

Five studies reported on the diagnostic accuracy of nodule diameter for diagnosing lung cancer in solid
pulmonary nodules.'® As each study presented different nodule diameter cut-offs, data have been analysed
as appropriate.

All data

Across the studies, 13 datasets were eligible to be included in a meta-analysis to determine the diagnostic
accuracy of nodule diameter for diagnosing lung cancer in solid pulmonary nodules.™® The pooled sensitivity
and pooled specificity were 0.35 [0.24, 0.51] and 0.66 [0.50, 0.80] [95% confidence intervals] respectively (data
shown in Figure Q3a and Table Q3a).

Diameter < 8 mm

Four studies reported on nodule diameter < 8 mm."3-5 Meta-analysis showed a pooled sensitivity of 0.17 [0.08,
0.34] and pooled specificity of 0.41 [0.27, 0.56] [95% confidence intervals] (data shown in Figure Q3b and
Table Q3b):

Diameter >:8. mm and < 20 mm

Four studies reported on nodule diameter between > 8 mm and approximately < 20 mm (data cut-offs varied
between studies).!* Meta-analysis showed a pooled sensitivity of 0.69 [0.53, 0.81] and pooled specificity of
0.52 [0.35, 0.68] [95% confidence intervals] (data shown in Figure Q3c and Table Q3c). The estimated AUC
was 0.643 (Figure Q3d).

Diameter > 15 mm

Two studies reported on nodule diameter > 15 mm or > 20 mm (data cut-offs varied between studies).?® Meta-
analysis showed a pooled sensitivity of 0.51 [0.35, 0.71] and pooled specificity of 0.81 [0.34, 0.96] [95%
confidence intervals] (data shown in Figure Q3e and Table Q3d).
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Diameter > 10 mm

Two studies reported on nodule diameter > 10 mm (data cut-offs were > 10 mm for both datasets).>® Meta-
analysis showed a pooled sensitivity of 0.93 [0.68, 0.97] and pooled specificity of 0.52 [0.14, 0.86] [95%
confidence intervals] (data shown in Figure Q3f and Table Q3e).

Diameter > 8 mm

Five studies reported on nodule diameter > 8 mm or > 10 mm.'-® As data cut-offs varied between the studies,
to increase the number of datasets in the analysis, nodule diameter > 8 mm (3 studies)'-** and nodule diameter
> 10 mm (2 studies)?® were included. Meta-analysis showed a pooled sensitivity of 0.86 [0.71, 0.94] and pooled
specificity of 0.55 [0.31, 0.78] [95% confidence intervals] (data shown in Figure Q3g and Table Q3f). The
estimated AUC was 0.793 (Figure Q3h).

A summary of all nodule diameter meta-analysis data is shown in Table Q3g.

Table Q3g: Comparison of the diagnostic accuracies of differing nodule diameter ranges for. diagnosing lung
cancer in solid pulmonary nodules

Nodule diameter range n Sensitivity [95% Cl] Specificity [95% ClI]
> 4 mm (all data) 1315 0.35[0.21, 0.52] 0.67 [0.50, 0.80]
<8 mm 4135 0.17 [0.08, 0.34] 0.411[0.27, 0.56]
>8 mm to <=~20 mm 414 0.69[0.53, 0.81] 0.52[0.35, 0.68]
>10 mm 225 0.93[0.68, 0.97] 0.52[0.14, 0.86]
> 15 mm 225 0.51[0.35, 0.71] 0.81[0.34, 0.96]
>8mmor>10 mm 515 0.86 [0:74, 0.94] 0.55[0.31, 0.78]

Cl — confidence intervals; n — number of datasets

Nodule volume

One study reported on the diagnostic accuracy of nodule volume for diagnosing lung cancer in solid pulmonary
nodules.® The data are shown in Table Q3h.

Table Q3h: Diagnostic accuracy.of.nodule volume for diagnosing lung cancer in solid pulmonary nodules

Study Nodule volume n Sensitivity [95 % CI] Specificity [95 % CI]

He 2022 3 >2.17.cm? 151 0.62 [0.50, 0.72] 0.64 [0.52, 0.75]

Due to the lack of.diagnostic accuracy data, intervention data were also considered. Two studies reported
nodule volume measurements in malignant and benign solid pulmonary nodules, with meta-analysis estimating
that malignant solid pulmonary nodules were 0.14 (0.05, 0.24) cm?® (95% confidence intervals) greater than
benignsolid pulmonary nodules (data shown in Figure Q3i).3%

Upper/lobe location

Seven studies reported on the diagnostic accuracy of upper lobe location for diagnosing lung cancer in solid
pulmonary nodules."?47-1° Meta-analysis showed a pooled sensitivity of 0.59 [0.50, 0.68] and pooled specificity
of 0.55 [0.44, 0.63] [95% confidence intervals] (data shown in Figure Q3j and Table Q3i). The estimated AUC
was 0.590 (Figure Q3k).

Spiculation

Eight studies reported on the diagnostic accuracy of spiculation for diagnosing lung cancer in solid pulmonary
nodules.'2489.11.12 Meta-analysis showed a pooled sensitivity of 0.56 [0.44, 0.67] and pooled specificity of 0.74
[0.57, 0.85] [95% confidence intervals] (data shown in Figure Q3l and Table Q3j). The estimated AUC is 0.702
(Figure Q3m).
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FDG-avidity

Nine studies reported on the diagnostic accuarcy of FDG-avidity for diagnosing lung cancer in solid pulmonary
nodules.'2' Meta-analysis showed a pooled sensitivity of 0.84 [0.76, 0.89] and pooled specificity of 0.76 [0.66,
0.83] [95% confidence intervals] (data shown in Figure Q3n and Table Q3k). The estimated AUC was 0.869
(Figure Q30).

Risk calculator models (Brock, Herder, Mayo, VA and UKLS)

Seven studies reported data on the Brock, Mayo, VA and/or UKLS risk calculator models.?>?8 Data from two
further studies were excluded as each was comparing an in-house risk calculator model against one, or more
of the risk calculator models listed above. There were no data that could be included in a meta-analysis and
no available data for the UKLS model. Sensitivity and specificity data were not available for the VAiand UKLS
model. Available data are shown in Table Q3I.

Table Q3I: Comparison of risk calculator models (Brock, Herder, Mayo, VA and UKLS) forcidentifying lung
cancer in solid pulmonary nodules

Model Study Cut-off/Group AUC Sensitivity (%) [95% CI] Specificity (%) [95% CI]
Brock Hammer 2018 22 0.69 - -

Susam 2022 2 >13.4 0.67 75.2[69.1, 80.4] 51.8[41.2, 62.2]
Herder Perandini 2017 0.76 - -

Susam 2022 28 >70 0.73 74.3 [68.2, 79.6] 63.9 [53.1, 73.4]
Mayo Hammer 2018 22 0.63 - -

Isbell 2011 25 0.78 - -

Perandini 2014 26 0.77 - -

Perandini 2016 %7 0.78 - -

Soardi 2017 28 0.60 - -

Susam 2022 2 >29.6 0.71 68.9 [62.6, 74.6] 67.5 [56.8, 76.6]
UKLS - - - -
VA Hammer 2018 2 0.60 - -

Risk calculator model comparison with other diagnostic tests

The risk calculator model AUCs, sensitivities and specificities were compared with the other diagnostic tests
(upper lobe location; spiculation, air bronchogram and bubble-like lucency) in Table Q3m.
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Table Q3m: Area under the curve (AUC), sensitivity and specificity comparisons of risk calculator models
(Brock, Herder, Mayo, VA and UKLS) and other Guideline diagnostic tests for identifying lung cancer in solid
pulmonary nodules

Model / Test AUC Sensitivity (%) Specificity (%)
Brock 0.68 + 0.02* 2223 75.2% 51.823
Herder 0.74 + 0.02* 23.24 74.3% 63.92
Mayo 0.71 + 0.08* 22,23.25-28 68.9 % 67.5%

VA 0.60 22 - -

Nodule diameter (> 8 mm to < =20 mm) 0.63 14 68.7 1+ 51.8
Nodule diameter (> 8 mm or > 10 mm) 0.79 -5 8591 55.4 15
Upper lobe location 0.59 124,710 58.8 12:4.7-10 55.0 1247-10
Spiculation 0.70 1,2,4,8,9,11,12 557 1,2,4,8,9,11,12 736 1,2,4,8,9,11,12
FDG-avidity 0.87 3o 83.6 1321 75.7 1324

* Mean + SD

Evidence Statements
Solid pulmonary nodule diameter greater than 8 mm appears to have a high sensitivity and low specificity for
diagnosing lung cancer (Low)

Solid nodule FDG-avidity appears to have a high sensitivity and.moderate specificity for diagnosing lung cancer
(Low)

Solid nodule upper lobe location appears to have a low.sensitivity and low specificity for diagnosing lung cancer
(Low)

Solid nodule spiculation appears to have a low sensitivity and a moderate specificity for diagnosing lung cancer
(Very low)

There is insufficient evidence to determine. if nodule volume can be used for diagnosing lung cancer in a solid
pulmonary nodule.

There is insufficient evidence to.determine the diagnostic accuracy of individual risk calculator models (Brock,
Herder, Mayo, VA and UKLS) for diagnosing lung cancer in a solid pulmonary nodule.

There is insufficient evidence-to determine outcomes in “without recent relevant imaging”, “newly appeared
since recent imaging”, peri-cystic lesions and consolidation solid pulmonary nodule subgroups.

There is insufficient.evidence to consider CT, PET-CT and MRI imaging techniques separately for diagnosing
lung cancerin a solid pulmonary nodule.
Recommendations

» The Solid Nodule Diagnostic Pathway, incorporating different solid nodule characteristics, should be used
for diagnosing lung cancer in solid pulmonary nodules (Conditional — by consensus)

» . An FDG PET-CT ((fluorodeoxyglucose positron emission tomography computed tomography) scan should
be considered for diagnosing lung cancer risk in solid pulmonary nodules = 8 mm (Conditional)
Research Recommendations

= Further research is needed to confirm the diagnostic accuracy of nodule diameter size for diagnosing lung
cancer in a solid pulmonary nodule

= Further research is needed to determine the diagnostic accuracy of nodule volume for diagnosing lung
cancer in a solid pulmonary nodule
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Further research is needed to determine the optimal strategy for image utilisation when using CT, PET-
CT or MRI for diagnosing lung cancer in a solid pulmonary nodule

Further research is needed to determine the optimal strategy for image utilisation for “without recent
relevant imaging”, “newly appeared since recent imaging”, peri-cystic lesions and consolidation solid

nodule subgroups

Further research is needed to determine the diagnostic accuracy of risk calculator models (Brock, Mayo,
VA and/or UKLS) for diagnosing lung cancer in a solid pulmonary nodule
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655  Algorithm1  Solid nodule diagnostic pathway

[ Solid, non-calcified nodule(s) on CT ]

l

Clear benign features*?
MNodule volume < 80 mm? (or diameter < 5 mm)?
Patient unfit for treatment?

Yes

[ DISCHARGE ]

Previous
relevant CT available?

Yes
GO TO ALGORITHM 2

MNodule
volume = 300 mm? (or
diameter = 8 mm)?

CT SURVEILLANCE
USING ALGORITHM 2

Yes

Assess using the Brock model

CT in 3 months

No

> 10% risk of malignancy?

Yes

PET-CT with risk.assessment using Herder model

l

No

= 50% risk of malignancy?

Yes

[ OFFER NON-SURGICAL BIOPSY' ]
656

657 * e.g., hamartoma, typical benign intrapulmonary lymph node

658 T Consider definitive management without biopsy if nodule is < 2 cm and risk of malignancy is > 85%

659 CT — computed tomography; FDG-PET-CT — fluorodeoxyglucose positron emission tomography computed tomography;

660 PET-CT - positron emission tomography computed tomography.
661

662
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663

664

665
666
667

668
669

670

Algorithm 2 Solid nodule follow-up pathway

Yes

MNodule visible
on previous CT?

Yes .
Previous relevant CT
available?
Baseline nodule volumetric analysis
(or diameter measurement if volumetry not available / not possible)

GO TO NEW NODULE
ALGORITHM 3

80 — = 100 mm?® volume
(5 — 6 mm diameter)

= 100 mm? volume (=6 mm diameter).OR
nodule < 50% malignancy risk (from Algorithm 1)

CT at 6 months

CT at 3 months

(after baseline)

VDT = 400 days,

.

or clear evidence of
NV

(after baseling)

Yes

No

CT at 1 year
(afterbaseline)

l

Stable on basis of 2D non-
automated diameter
value or VDT 400-600 days

CTat 2 years
(after baseling)

VDT ASSESSMENT
AND MANAGE AS PER
VDT CATEGORIES AT 1
YEAR.

DISCHARGE IF STABLE

Stable on basis
of volumetry

l

VDT = 600 days VDT = 400 days,
or clear evidence

of growth

| DISCHARGE I CONSIDER DISCHARGE OFFER NON-
=
SURGICAL BIOPSY T

{only if based on volumetry),

or ongoing CT surveillance

depending on patient
preference

* 2 25% increase in volume, or = 2mm in diameter

T Consider further CT surveillance if nodule is < 200 mm?3

Brock and Herder models not to be used for nodule discrimination after baseline scan.

CT — computed tomography; VDT — volume doubling time

(for Algorithm 2 evidence please see ‘BTS Guideline for pulmonary nodules — Online Supplementary Appendix 4°)
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671

672
673
674

675
676

Algorithm 3  New solid nodule follow-up pathway*

No

Previous CT

> G months ago?

Yes

Module volumetric analysis (or diameter measurement
if volumetry not available / not possible)

< 30 mm? volume
(= 4 mm diameter)

= 30 mm?® volume
(2 4 mm diameter)

CT at 3 months
(after occurrence of new nodule)

= 200 mm? volume
(< 4 mm diameter)

30 - 200 mm? volume

(2 4 mm diameter) Resolved

VDT = 400 days, Yes

or clear evidence of
growth? T

No

CTat1year?
(after first occurrence)

! ' { v

Stable on basis of VDT VDT = 400'days, | |Stable on basis
2D non- > 400 days | | or clear evidence of volumetry
automated of growtht T
diameter value !

* ——————— b

CTat2years*
(after first
occurrence)

Y \

Y
\

Are there
other nodules already
under follow-up?

Yes

No

Discharge if stable. patient preference

vDT CONSIDER DISCHARGE CONSIDER NON- FOLLOW-UP OTHER
DISCHARGE || 'NoDULES AS PER
ASSESSMENT (only if based on SURGICAL BIOPSY T
Manage as per VDT || volumetry), or ongoing CT APPROPRIATE
; : ; : ALGORITHM FOR
categories at 1 year. || surveillance depending on SUBTYPE

* 'Nodule must be confirmed to be truly new. If nodule is newly detected but visible in retrospect, follow Algorithm 2.

T > 25% increase in volume, or = 2mm in diameter.

* If the new nodule was discovered on follow-up CTs performed for other nodules, it is acceptable to modify the surveillance
timepoints in this Algorithm and Algorithm 2 to ensure that both the nodule(s) originally under surveillance and the new

nodule have sufficient time to permit reliable growth assessment.

Brock and Herder models not to be used for nodule discrimination for new nodules.

CT - computed tomography; VDT — volume doubling time
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677 Meta-analyses

678 Nodule diameter
679 All data

680 Figure Q3a: Forest plot and SROC plot of nodule diameter for diagnosing lung cancer in solid pulmonary
681 nodules

682 i) Forestplot

Stuly TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
Avram 2024 (=8mm) 20 &0 6 138 0.77 [0.596, 0.91] 0.70[0.63, 0.76] — & -
Avrarm 2024 (=8mirm) B 133 20 &0 0.23[0.09, 0.44] 030024 037 —8— -

Gibson 2017 (11-20mm) 33 20 42 22 0.39[0.28, 0.50] 0.52 [0.36, 0.68] —— —&—
Gihgon 2017 (21-30mmy 44 15 41 27 0.521[0.41, 0.63] 0.64 [0.48, 0.78] —— ——
Gibson 2017 (8-10mm) g P oTE 35 0.11[0.05,0.19] 0.83[069 0593 —
He 2022 (=8mm) 48 26 30 47 0.62[0.50, 072 0.64 [0.52,0.74] — ——

He 2022 {=8mm) 30 47 48 26 0.38[0.28, 0.50] 0.36 [0.25, 0.48] —a— ——

He 2024 (=8mm) 267 312 a4 161 0.83[0.79, 0.87] 0.34 [0.30, 0.39] = =

He 2024 (=8mm) 54 161 267 312 017013, 0.21] 0.66 [0.61, 0.70] = =

Zhu 2024 (10-15mmy) 38 13 126 237 0.23[0.17, 0.30] 0.95[0.91, 0.897] - =
Zhu 2024 {15-30mrm) g3 g 81 232 0.51 [0.43, 0.58] 0.97 [0.94, 0.99] - u
Zhu 2024 (2-6mm) 2 166 156 T4 0.05[0.02, 0.09] 0.31[0.25 037 ® Rl

Zhu 2024 (6-10mm) 35 53 129 187 0.21[0.15, 0.28] 0.78[0.72,083 B R .. S

D 020406081 0020406081
683

684 i) SROC plot

Sensitivity

685

686

29



687  Table Q3a: Pooled results of nodule diameter for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.350 [0.214, 0.515]
Pooled Specificity 0.665 [0.496, 0.800]
LR+ 1.045 [0.551, 1.980]
LR- 0.977 [0.701, 1.363]
DOR 1.069 [0.405, 2.825]

688

689 Diameter < 8 mm

690 Figure Q3b: Forest plot and SROC plot of nodule diameter < 8 mm for diagnosing lung cancerin solid
691 pulmonary nodules

692 i) Forestplot

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl}  Sensitivity (95% Cl)  Specificity (95% CI)
Awram 2024 (=8mmy B 138 20 B0 0.23[0.09,044]  030[024,037 —=— -
He 2027 (=8mm) 0 47 48 26 038[0.28, 0500  0.35[0.25 0.48] —— ——
He 2024 (8mm) 54 161 267 M2 017[013,021] 066061 0700 W -
Zhu 2024 { 3-Gmm) 8 166 156 74 005002008 031025037 o+, . . . . W o .
0020406081 0020406081
693

694 i) SROC plot (not enough data to determine curve)
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697  Table Q3b: Pooled results of nodule diameter < 8 mm for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.171 [0.077, 0.337]
Pooled Specificity 0.406 [0.267, 0.561]
LR+ 0.288 [0.128, 0.647]
LR- 2.043 [1.349, 3.095]
DOR 0.141 [0.045, 0.441]

698

699 Diameter > 8 mm and < 20 mm

700 Figure Q3c: Forest plot and SROC plot of nodule diameter > 8 mm to approximately < 20 mm for diagnosing
701 lung cancer in solid pulmonary nodules

702 i) Forestplot

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
Avram 2024 (= 3mrm) 2 60 6 138 077 [0.568, 0.91] 0.70[0.63, 0.78] — &
Gihgon 2017 (8-20mm) 42 27 43 145 0.49[0.23, 0.60] 0.36[0.22,0.52] — —
He 2022 8 (> 3mm) 43 26 30 47 0.62[0.50,0.72] 0.64 [0.52,0.74] —& ——
He 2024 2 (=2mm) 267 312 54 181 0.23[0.79,0.87] 024030039  , ., | -I. | — ll —
0020406081 0020406081
703

704  ii) SROC plot
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707
708

709

710

711
712

713

714

715

716
717

718

Table Q3c: Pooled results of nodule diameter > 8 mm to approximately < 20 mm for diagnosing lung cancer
in solid pulmonary nodules

Pooled Sensitivity 0.687 [0.531, 0.810]
Pooled Specificity 0.518 [0.351, 0.681]
LR+ 1.425 [0.961, 2.114]
LR- 0.604 [0.352, 1.035]
DOR 2.359 [0.950, 5.858]

Diameter > 15 mm

Figure Q3e: Forest plot and SROC plot of nodule diameter > 15 mm for diagnosing lung_cancer in solid
pulmonary nodules

SROC plot (not enough data to determine curve, 95% confidence and 95% prediction regions)

1

Forest plot
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% CI)
Gihson 2017 (21-30mm) 44 15 #4127 0.52[0.41, 0.63] 0,64 [0.48,0.74]
Zhu 2024 {15-30mmj 82 8 81 232 0.A1[0.43, 0.58] 0.97 [0.94,0.89] |
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719

720

721

722
723

724

725

726

727
728

729

Table Q3d: Pooled results of nodule diameter > 15 mm for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.513
0.807
2.643
0.615
8.179

[0.354, 0.707]
[0.336, 0.959]
[0.755, 13.264]
[0.358, 1.522]
[0.496, 31.867]

Diameter > 10 mm

Bayesian meta-analysis, data displayed as
posterior median [95% posterior interval]

Figure Q3f: Forest plot and SROC plot of nodule diameter > 10 mm for diagnosing lung cancer-in solid

pulmonary nodules

i) Forest plot
Study

Gibson 2017 {=10mm)
Zhu 2024 {=10mm})

P FP

159 34

i) SROC plot (not enough data to determine curve)

1

FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% CI)
7735 8 7 0.91[0.82 0896 017 [0.07, 0.31] -
5 206 0.87[0.83 0.89) ogs@o8t,0900 ., , . . & 0 0 =

DDZ0406081 0020406081
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730

731
732
733

734
735

736

737

738

739
740

Table Q3e: Pooled results of nodule diameter > 10 mm for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.926
0.518
1.877
0.155
12.365

[0.675, 0.970]
[0.138, 0.859]
[0.983, 6.657]
[0.046, 1.067]
[0.913, 103.457]

Diameter > 8mm

Bayesian meta-analysis, data displayed as
posterior median [95% posterior interval]

Figure Q3g: Forest plot and SROC plot of nodule diameter > 8mm or > 10 mm for diagnosing lung cancer in

solid pulmonary nodules

i) Forest plot

Study TP
Avrarmn 2024 (=8mim) 20
Gihgon 2017 (=10mmy 77
He 2022 8 (= 8mm) 48
He 2024 8 (= 8mm) 267
Zhu 2024 {=10mm}) 1454

i) SROC plot

FP

B0 B 138
3/ 8 T
76 30 47
312 54 181
34 5 208

0.77 [0.568, 0.91]

FN TN Sensitivity (95% CI) Specificity (95% CI)
0.70 [0.63, 0.76]

0.91 [0.62, 0.95] 0.7 [0.07, 0.31]
0.62 [0.50, 0.72] 0.64 [0.52, 0.79]
0.83 [0.79, 0.87] 0.34 [0.30, 0.39]
0.97 [0.93, 0.94]
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741
742

743

744

745
746

747

748

749

750
751

752

753
754

755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770

Table Q3f: Pooled results of nodule diameter > 8mm or > 10 mm for diagnosing lung cancer in solid pulmonary
nodules

Pooled Sensitivity 0.859 [0.714, 0.937]
Pooled Specificity 0.554 [0.306, 0.777]
LR+ 1.926 [1.048, 3.542]
LR- 0.254 [0.097, 0.668]
DOR 7.570 [1.712, 33.473]

Nodule volume

Figure Q3i: Forest plot of malignant versus benign solid pulmonary nodule volume

Malignant Benign Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight N, Fixed, 95% CI IV, Fixed, 95% CI
He 2022 4187 416 T8 2869 3389 73 06% 1.32[011,253]
Lee 2022 0.287 01526 11 0.1515 0,101 82 99.4% 0.141[0.04,0.23]
Total (95% CI) 89 155 100.0% 0.14 [0.05, 0.24] L

Heterogeneity: Chi®= 3.66, df=1 (P = 0.08); F=73% t t 1 I 1

o - -2 -1 il 1 2
Testfor overall effect 2= 3.00 (F = 0.003) Favours benign Favours malignant

Upper lobe location

Figure Q3j: Forest plot and SROC plot of upper.lobe location for diagnosing lung cancer in solid pulmonary
nodules

i) Forest plot

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% CI)
Ayramn 2024 18 84 8 114 0.69[0.48, 0.86] 0.5% [0.50, 0.65] —a— -
Gibson 2017 47 27 27 38 064 (052, 0.74] 0.58 [0.46,0.71] —-— —-—

He 2024 180 217 141 266 0.56[0.50,067 0.54 [0.50, 0.59] - -

Ji 2025 82 &4 36 118 0.72[0.63,0.79] 0.69 [0.61,0.75] - -
Jiang 2023 20 21 16 9 0.64[0.49,0.75] 0.30 [0.15, 0.49] —a— —a—

Qu 2024 89 78 114 B9 0.45[0.40,0.53] 0.47 [0.29, 0.55) - -
Zhang 2021 121 139 121 167  0.50[0.44, 0.56] 0.55[0.49, 060 _ , & -

002040608 10020406081
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Table Q3i: Pooled results of upper lobe location for diagnosing.lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.588 [0.502, 0.685]

Pooled Specificity 0.550 [0.445,/0.633]

LR+ 1.311 [0.985,1.711]

LR- 0.747 [0.548, 1.017]

DOR 1.757 [0.969, 3.049]
Spiculation

Figure Q3I: Forest plot and SROC plot of spiculation for diagnosing lung cancer in solid pulmonary nodules

i)

Forest plot
Study TP FP
Ayram 2024 16 18
Gibzon 2017 ar 48
He 2024 T4 Th
Jiang 2023 T 28
Q2024 99 38
2008 45 4B
Zhang 2021 142 100
Lhao 2025 170 142

FN
10
20
246
g1
114
14
100
112

TN Sensitivity (95% Cl) Specificity (95% Cl)

180

22
394
147
109
354
206

91

0.62 [0.41, 0.60]
0.65 [0.51, 0.77]
0.23[0.19, 0.25]
0.60 [0.51, 0.69]
0.45 [0.40, 0.53]
0.76 [0.63, 0.26]
0.59 [0.52, 0.65]
0.60 [0.54, 0.66]

0.81 [0.86, 0.95]
0.3 [0.21, 0.44]
0.84 [0.81, 0.87)
0.85 [0.79, 0.90]
0.74 [0.66, 0.81]
0.86 [0.83, 0.90]
0.67 [0.62,0.73]

0.39[0.33, 048], |

Sensitivity (95% CI) Specificity (95% CI)
—a— =
—a— ——
- -
—- -
- -
—a— =
- -
R, SR By S S, A S
0020406081 0020406081
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Table Q3j: Pooled results of spiculation for diagnosing lung cancer.in solid pulmonary nodules

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.557
0.736
2.108
0.602
3.502

[0.443, 0.666]
[0.574,10.852]
[1.231,'3:610]
[0.449, 0.807]
[1.588, 7.723]

FDG-avidity

Figure Q3n: Forest plot and SROC plot of FDG-avidity for diagnosing lung cancer in solid pulmonary nodules

i) Forest plot

Study

Bailly 2018 {ungated)
Bailly 2018 (gated)
Calcagni 2016
Evangelista 2014
Hazhirmoto 2006

Lee 2018

Lee 2018 (8L g =20
COhba 2009

Susam 2020 (SN s =2.9)
Sugsam 2020

Yeronesi 2007

Zhao 2014

FN TN Sensitivity (95% Cl) Specificity (95% CI)

a0 38
16 37
31 139
725
3 23
1 12
2 13
26 23
20 32
44 49
4 77
a0 41

0.57 [0.44, 0.68]
0.77 [0.65, 0.86]
0.24[0.78,0.89]
0.77 [0.59, 0.90]
0.81 [0.54, 0.96]
0.958[0.87,1.00]
0.94[0.83, 0.99]
0.74 [0.65, 0.82]
0.91 [0.86, 0.94]
0.20([0.74,0.849]
0.93[0.82, 0.93]
0.74 [0.65, 0.82]

0.78[0.63, 0.88]
0.76 [0.61, 0.87]
0.81[0.74, 0.86]
0.89[0.72 0.98]
0.84 [0.66, 0.98]
0.86 [0.47, 0.98]
0.93 [0.66, 1.00]
0.79[0.60, 0.82]
0.36 [0.26, 0.48]
0.54[0.44, 0.65]
0.79 [0.69, 0.88]
0.68 [0.45, 0.80]

(Information on each dataset cut-off is provided in the table overleaf)

Sensitivity (95% CI) Specificity (95% CI)
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Dataset Cut-offs
Bailly 2018 (ungated)'® SUVmax> 2
Bailly 2018 (gated)'® SUVmax> 2.5

Calcagni 2016
Evangelista 2014'°
Hashimoto 2006
Lee 2018"

Ohba 20098

Susam 2020

Veronesi 2007%°
Zhao 20152

Lee 2018 (SUVmax> 2)"7

Susam 2020 (SUVimax > 2.5)"°

FDG uptake > MBP
SUVmax > other regions
SUVmax> 1.59

SUVmax > liver

SUVmax > 2
SUVmax>1.10

SUVmax> 2.5

SUVmax> 4.5

SUVmax> 2

SUVmax> 2

801 FDG - fluorodeoxyglucose; MBP — mediastinal blood pool; other regions — background regions within the scan image;
802 SUVmax— maximum standardised uptake value

803 i) SROC plot
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809

810
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Table Q3k: Pooled results of FDG-avidity for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.836 [0.763, 0.890]
Pooled Specificity 0.757 [0.661, 0.833]
LR+ 3.444 [2.394, 4.954]
LR- 0.217 [0.145, 0.323]
DOR 15.897 [8.266, 30.576]

Area under the curve (AUC) (L
Nodule diameter Q\

Diameter > 8 mm to approximately < 20 mm Q

Figure Q3d: AUC of nodule diameter > 8 mm to approximately < 20 mm for di
pulmonary nodules a&,

R NS

ung cancer in solid

Q
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The estimated AUC is 0.643.
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Diameter > 8mm or > 10 mm

Figure Q3h: AUC of nodule diameter> 8mm or > 10 mm for diagnosing lung cancer in solid pulmonary nodules
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Figure Q3k: AUC of upper lobe location for diag}cl)\% g cancer in solid pulmonary nodules
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Figure Q3m: AUC of spiculation for diagnosing lung cancer in solid pulmonary nodules
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916

Risk of bias summaries

Diagnostic accuracy analyses

Intervention analysis

Risk of Bias Applicability Concerns
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GRADE analyses

Nodule diameter > 8 mm

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a solid pulmonary nodule?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Nodule diameter > 8 mm
Pooled sensitivity: 0.86 (95% CI: 0.71 to 0.94) | Pooled specificity: 0.55 (95% CI: 0.31 to 0.78)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 43 (36 to 47) 674 eeO0
False negatives 7 (3to 14) (5) LOow ab
True negatives 526 (291 to 738) 1026 P00
False positives 424 (212 to 659) (5) LOw ab

CI: Confidence interval

Explanations

a. Some risk of bias across the studies
b. Inconsistency across the specificities

Upper lobe location

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a solid pulmonary nodule?

Patient or population: Adults aged 18+ with solid pulmonary.nodules
New test: Upper lobe location
Pooled sensitivity: 0.59 (95% CI: 0.50 to 0.69) | Pooled specificity: 0.55 (95% CI: 0.45 to 0.63)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 29 (25 to 34) 1049 BPOO
False negatives 21 (16 to 25) (7) LOwW 2
True negatives 523 (423 to 601) 1391 BPOO
False positives 427 (349 to 527) (7) LOw ab

ClI: Confidence interval

Explanations

a. Someurisk of bias across the studies
b. Some inconsistency across the specificities
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925

926
927
928
929

930
931
932
933
934
935
936
937
938
939
940
941
942
943
944

Spiculation

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a solid pulmonary nodule?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Spiculation
Pooled sensitivity: 0.56 (95% ClI: 0.44 to 0.67) | Pooled specificity: 0.74 (95% CI: 0.57 to 0.85)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 28 (22 to 33) 1328 SeOo00
False negatives 22 (17 to 28) (8) VERY LOW 2P
True negatives 699 (545 to 809) 2009 OO0
False positives 251 (141 to 405) (8) VERY LOW ab

CI: Confidence interval

Explanations

a. Some risk of bias across the studies
b. Inconsistency across the sensitivities and specificities

FDG-avidity

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a solid pulmonary nodule?

Patient or population: Adults aged 18+ with solid pulmonary.nodules
New test: FDG-avidity
Pooled sensitivity: 0.84 (95% CI: 0.76 to 0.89) | Pooled specificity: 0.76 (95% CI: 0.66 to 0.83)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 42/(38 to 45) 1178 PPpO0O
False negatives 8(5t0 12) (12) LOwW 2
True negatives 719 (628 to 791) 720 APOO
False positives 231 (159 to 322) (12) LOwW ab

CI: Confidence interval

Explanations

a. Some risk of bias across the studies
b. Some inconsistency across the sensitivities and specificities
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951
952

953

954

Recommendation Table

Question Details

POPULATION:
INDEX TESTS:

GOLD STANDARD:

OUTCOME:

Adults (18+) with solid pulmonary nodules
Strategies for image utilisation for diagnosing lung cancer in a solid pulmonary nodule
Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy of strategies for image utilisation for diagnosing lung cancer

FDG-avidity
SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM No Probably no | Probably yes Yes Varies E:SV:
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate SERITELR accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies KNoW
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
G AN 010 Very low Low Moderate High inc:\tljcc):led
EVIDENCE Y 9 :
studies
Does not
BALANCE OF Favours the Probably .favour the FrEleR i Favours the . Don't
EFFECTS comparison favours. the intervention .favours t-he intervention Varies Know
comparison or.the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O | X O
CONCLUSIONS

Recommendation

An FDG PET-CT ((fluorodeoxyglucose positron emission tomography computed tomography) scan should
be considered for diagnosing lung cancer risk in solid pulmonary nodules = 8 mm. (Conditional)

Justification

Solid nodule FDG-avidity appears to have a high sensitivity and moderate specificity for diagnosing lung

cancer. (Low)

Subgroup considerations

There was not enough evidence to fully consider solid nodule subtypes (“without recent relevant imaging”,
“newly appeared since recent imaging”, peri-cystic lesions and consolidation).



958
959
960
961
962
963
964
965
966

967
968
969

970
971
972

973
974
975

976
977
978

979
980

981
982

983
984
985

986
987

988
989
990

991
992

993
994
995

996
997
998

999
1000

1001
1002
1003

1004
1005
1006

Research priorities

No further research priorities.
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Question Protocol

_

Review Question

Type of review question

Objective of the review

Eligibility criteria —
population / disease /
condition / issue /
domain

Eligibility criteria — index
test(s)

Eligibility criteria — gold
standard

Outcomes and
prioritisation

Eligibility criteria — study
design

What is the diagnostic accuracy of imaging tests, and the optimal strategy for
image utilisation* for diagnosing lung cancer in a solid pulmonary nodule?

* Computer-aided measurement of specific nodule parameters (e.g. volume, mass) NOT
artificial-intelligence tools where multiple parameters are computed to give an overall-risk
assessment.

Diagnostic accuracy review

Solid pulmonary nodules are first assessed on non-invasive.imaging tests —
initially CT, sometimes supplemented by other imaging-investigations. The way
imaging tests are assessed (for example, how pulmonary.nodules are measured)
can vary. This question aims to clarify the optimal way to assess the likelihood of
lung cancer using these various modalities and determine the overall diagnostic
accuracy of these approaches.

Adults with solid pulmonary nodules (18+ years of age)

Nodule diameter
Nodule volume
Upper lobe location
Spiculation
FDG-avidity

Brock score

Mayo score

Herder score

VA

UKLS

Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy

RCTs, comparative studies, case series (>50 cases)
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Other inclusion
/exclusion criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome/'study
level

Methods for quantitative

analysis — combining
studies and exploring
(in)consistency

Non-English language excluded unless full English translation
Conference abstracts, Cochrane reviews, systematic reviews, reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Adults with solid pulmonary nodules
- Without previous cross-sectional imaging
- Newly appeared since previous cross-sectional imaging

- Peri-cystic lesions

Consolidation)
Imaging types
- Computed tomography (CT)

- Positron emission tomography computed tomography.(PET-CT)
- Magnetic resonance imaging (MRI)

Agreement should be reached between Guideline'members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still. nosdecision, the matter should be brought to
the Guideline group and a decision-will'lbe made by consensus

RevMan5 Pairwise meta-analyses (if data in the correct format)
Evidence review/considered judgement.
Storing-Guideline text, tables, figures, etc.

MetaDTA Data meta-analyses

Gradepro Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 diagnostic accuracy full review template (based on QUADAS?2)

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)")

If 3 or more relevant studies:
RevMan5 for forest plots, summary ROC plots

MetaDTA to combine studies (pooled specificity, sensitivity, likelihood ratios,
diagnostic odds ratio and confidence intervals) and calculate RevMan parameters
for summary ROC plot

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)
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1042

1043
1044

1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070

Meta-bias assessment —
publication bias,
selective reporting bias

Rationale / context —
what is known

GRADEpro Diagnostic accuracy quality of evidence assessment for each
index test

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

The initial diagnostic assessment of a solid pulmonary nodule is made on the
basis of CT images. Other imaging tests such as dynamic contrast-enhanced CT
and PET-CT may provide additional information. This question aims to review'the
optimal way to assess pulmonary nodules using these imaging modalities; and
the overall diagnostic accuracy of each of them for diagnosing lung cancer.
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Online Supplementary Appendix 4 Question 4 Evidence Review and Protocol

Q4 In adults with solid pulmonary nodules, what is the diagnostic accuracy of strategies used to
detect change between interval computed tomography (CT) scans for diagnosing lung cancer?
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Question 4 Evidence Review

Q4 In adults with solid pulmonary nodules, what is the diagnostic accuracy of strategies used to
detect change between interval computed tomography (CT) scans for diagnosing lung cancer?

Background

The assessment of interval change in solid pulmonary nodules is a key component of establishing the risk of
malignancy and potential for a subsequent lung cancer diagnosis, in patients with a low initial probability of
malignancy. In these patients, immediate invasive investigation may not be appropriate or feasible, and serial
computed tomography (CT) surveillance is an established modality to help distinguish benign from malignant
nodules. Several strategies have been proposed to define significant growth, and therefore the potential of a
cancer diagnosis, including changes in diameter, volume, and volume doubling time (VDT). Accurate
assessment of growth patterns is clinically important to avoid delaying cancer diagnosis, while ‘minimising
unnecessary imaging, procedures, and patient anxiety associated with benign nodules. This review aims to
evaluate the diagnostic accuracy of CT-based strategies used to detect interval change suggestive of
malignancy.

Outcomes

Visual analysis; diameter change; volume doubling time; mass doubling time; volume change

Evidence Review

The initial literature search identified 87 potentially relevant papers, and 8 papers were deemed relevant to the
review.'-8

Visual analysis

Only one study reported on the use of visual characteristics for diagnosing lung cancer in solid nodules at
interval CT scans." The data are shown in Table Q4a.

Table Q4a: Summary of visual analysis data for diagnosing cancerous solid nodules

Study Visual change n Sensitivity [95 % CI] Specificity [95 % CI]
Xu 2009 Margin * 372 0.00 [0.00, 0.21] 0.99[0.97, 1.00]
Xu 20091 Morphology 372 0.00 [0.00, 0.21] 0.99 [0.98, 1.00]
Xu 20091 Shape # 372 0.06 [0.00, 0.30] 0.86 [0.82, 0.89]

* Spherical/non-spherical
T Polygonal, round, irregular
¥ Smooth, lobulated, spiculated

Diameter change

Only one study reported on the use of diameter change for diagnosing lung cancer in solid nodules at interval
CT scans.? The data are shown in Table Q4b.

Table Q4b: Summary of diameter change data for diagnosing cancerous solid nodules

Study Diameter change n Sensitivity [95 % CI] Specificity [95 % Cl]

Lee 2022 2 >1.5mm 93 0.55[0.23, 0.83] 1.00[0.96, 1.00]

Volume doubling time (VDT)

Six studies reported on volume doubling time (VDT) for diagnosing lung cancer in solid nodules, with different
studies using different VDT cut-off times.?” Meta-analysis showed a pooled sensitivity of 0.44 [0.23, 0.67] and
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pooled specificity of 0.92 [0.87, 0.96] [95% confidence intervals] (Figure Q4a and Table Q4c). Although the
specificities across the different VDT cut-off points showed consistency, there was much variation in the
sensitivities across the different VDT cut-offs. Hence, to better address this question, meta-analyses were
performed on two subgroups, VDT < 400 days and VDT < 600 days.

VDT < 400 days

Four studies assessed the diagnostic accuracy of a VDT of less than 400 days.?4%7 Meta-analysis showed
VDT < 400 days had a pooled sensitivity of 0.76 [0.59, 0.87] and a pooled specificity of 0.94 [0.79, 0.98] [95%
confidence intervals] for diagnosing lung cancer in solid pulmonary nodules (Figure Q4b and Table Q4d),

VDT < 600 days

Five studies assessed the diagnostic accuracy of a VDT of less than 600 days.?>® Meta-analysis'showed VDT
< 600 days had a pooled sensitivity of 0.87 [0.72, 0.94] and a pooled specificity of 0.84 [0.64, 0.93] [95%
confidence intervals] for diagnosing lung cancer in a solid pulmonary nodule (Figure Q4c and Table Q4e).

Mass doubling time

No studies reported on mass doubling time for diagnosing lung cancer in solid pulmonary nodules at interval
CT scans.

Volume change

Volume change > 25%

Two studies reported on the use of volume change to diagnose:lung cancer in a solid pulmonary nodule at
interval CT scans.?® Meta-analysis showed a volume change-of greater than 25% had a pooled sensitivity of
0.62 [0.31, 0.86] and a pooled specificity of 0.81 [0.47, 0.91] [95% confidence intervals] (data shown in Figure
Q4d and Table Q4f).

Evidence Statements

There is insufficient evidence to support the useof visual analysis to detect change between interval computed
tomography (CT) scans for diagnosing lung cancer in solid pulmonary nodules.

There is insufficient evidence to support the use of diameter change to detect change between interval
computed tomography (CT) scans for diagnosing lung cancer in solid pulmonary nodules.

A volume doubling time of <"400'days appears to have a moderate sensitivity and a very high specificity for
detecting change between interval computed tomography (CT) scans for diagnosing lung cancer in solid
pulmonary nodules. (Very low)

A volume doubling time of < 600 days appears to have a high sensitivity and a high specificity for detecting
change betweenvinterval computed tomography (CT) scans for diagnosing lung cancer in solid pulmonary
nodules. (Low)

There is insufficient evidence to support the use of mass doubling time (MDT) to detect change between
interval computed tomography (CT) scans for diagnosing lung cancer in solid pulmonary nodules. (Very low)

A volume change of > 25% between interval computed tomography (CT) scans appears to have a low
sensitivity and a high specificity for detecting change between interval computed tomography (CT) scans for
diagnosing lung cancer in solid pulmonary nodules. (Low)

There is insufficient evidence to consider peri-cystic lesion and consolidated solid pulmonary nodule
subgroups.
Recommendations

» Comparison to the earliest available CT should be performed at each evaluation of solid pulmonary
nodules.
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For adults with solid pulmonary nodules, a volume doubling time of less than 600 days should be
considered suggestive of lung cancer. (Conditional)

The Solid nodule follow-up pathway (Algorithm 2), incorporating solid pulmonary nodule changes at follow-
up, should be used for determining lung cancer in progressing solid pulmonary nodules. (Conditional —
by consensus)

For new solid nodules, please use the New nodule follow-up pathway (Algorithm 3). (Conditional — by
consensus)

Good Practice Points

v

v

Volumetry should be used when available and reliable, in preference to diameter, to calculate nodule size.

A volume change of > 25% between interval CTs can be considered highly specific for detecting growth in
a solid pulmonary nodule.

In the absence of available or reliable volumetry, = 2mm increase in diameter can be-considered clear
evidence of growth.

Research Recommendations

Further research is needed to determine the optimal volume doubling time for identifying malignant solid
pulmonary nodules.

Further research is needed to determine the diagnostic accuracy ofithe optimal volume doubling time for
identifying malignant solid pulmonary nodules.

Further research is needed to determine the diagnostic accuracy of other strategies (visual characteristics,
diameter change, mass doubling time and volume.change) used to detect change between interval
computed tomography (CT) for diagnosing lung cancer in solid pulmonary nodules.

Research is needed to compare emerging Al. methodologies with traditional volume doubling time
thresholds for diagnosing lung cancer in solid-pulmonary nodules.
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Algorithm 2 Solid nodule follow-up pathway

Yes -
Previous relevant CT
l available?

Yes

Module visible

on previous CT? Baseline nodule volumetric analysis
P ' (or diameter measurement if volumetry not available / not possible)
GO TO NEW NODULE 80 — = 100 mm?® volume = 100 mm? volume (=6 mm diameter).OR
ALGORITHM 3 (5 — 6 mm diameter) nodule < 50% malignancy risk (from Algarithm 1)
CT at 6 months CT at 3 months
(after baseline) (after baseling)
VDT < 400 days, Yes
> or clear evidence of
No
CT at 1 year
(afterbaseline)
Stable on basis of 2D non- Stable on basis VDT > 600 days VDT = 400 days,
automated diameter of volumetry or clear evidence
value or VDT 400-600 days of growth
CTat 2 years

(after baseling)

VDT ASSESSMENT | DISCHARGE I CONSIDER DISCHARGE OFFER NON-
g
AND MANAGE AS PER {only if based on volumetry) SURGICAL BIOPSY T

VDT CATEGORIES AT 1 or ongoing CT surveillance
YEAR. depending on patient
DISCHARGE IF STABLE preference

* 2 25% increase in volume, or = 2mm in diameter

T Consider further CT surveillance if nodule is < 200 mm?3
Brock and Herder models not to be used for nodule discrimination after baseline scan.
CT — computed tomography; VDT — volume doubling time

(for Algorithm 1 evidence please see ‘BTS Guideline for pulmonary nodules — Online Appendix 3')
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1211
1212

1213

1214
1215

Algorithm 3  New solid nodule follow-up pathway*

No

Previous CT
> 6 months ago?

Yes

Nodule volumetric analysis (or diameter measurement
if volumetry not available / not possible)

= 30 mm?® volume = 30 mm?volume
(= 4 mm diameter) (= 4 mm diameter)

CT at 3 months
(after occurrence of new nodule)

30 - 200 mm? volume > 200 mm?® volume

(2 4 mm diameter) (< 4 mm diameter) Resolved

Are there
other nodules already
under follow-up?

Yes

Yes

VDT = 400 days,
or clear evidence of
growth? T

No

CTat1year?
(after first occurrence)

Stable on basis of VDT VT =400 days, | |Stable on basis
2D non- > 400 days | | orclear evidence of volumetry
automated of growtht T
diameter value 1
* ------- e -

CTat2years*
(after first
occurrence)

Y \

VDT CONSIDER DISCHARGE CONSIDER NON- FOLLOW-UP OTHER
DISCHARGE || 'NopULES AS PER
ASSESSMENT (only if based on SURGICAL BIOPSY *

Y
Y

Manage as per VDT || volumetry), or ongoing CT Atzzi?:HRP:'IAI;IgR
categories at 1 year. || surveillance depending on T HE

Discharge if stable. patient preference

* Nodule must be confirmed to be truly new. If nodule is newly detected but visible in retrospect, follow Algorithm 2.

t 2 25% increase in volume, or = 2mm in diameter.

* If the new nodule was discovered on follow-up CTs performed for other nodules, it is acceptable to modify the surveillance
timepoints in this Algorithm and Algorithm 2 to ensure that both the nodule(s) originally under surveillance and the new
nodule have sufficient time to permit reliable growth assessment.

Brock and Herder models not to be used for nodule discrimination for new nodules.

CT - computed tomography; VDT — volume doubling time
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1217
1218

1219

1220

1221

1222

1223

1224

1225

Meta-analyses

Volume doubling time (VDT)

Figure Q4a: Forest plot and SROC plot of VDT for diagnosing lung cancer in solid pulmonary nodules
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1226

1227
1228
1229

1230
1231

1232

1233
1234

1235

1236

1237

1238

1239

Table Q4c: Pooled results of VDT < 400 days for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.437 [0.233, 0.665]

Pooled Specificity 0.923 [0.869, 0.956]

LR+ 5.661 [2.718, 11.789]

LR- 0.610 [0.405, 0.920]

DOR 9.276 [3.158, 11.789]
VDT < 400 days

Figure Q4b: Forest plot and SROC plot of VDT < 400 days for diagnosing lung cancer in<solid pulmonary

nodules
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1240  Table Q4d: Pooled results of VDT < 400 days for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.756 [0.592, 0.868]
Pooled Specificity 0.939 [0.792, 0.984]
LR+ 12.429 [2.995, 51.582]
LR- 0.260 [0.140, 0.485]
DOR 47.755 [7.018, 324.945]

1241

1242 VDT < 600 days

1243 Figure Q4c: Forest plot and SROC plot of VDT < 600 days for diagnosing lung cancer in<solid pulmonary
1244 nodules

1245 i) Forest plot
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Horeweg 2014 34 411 8 943 081066 091]  0.70[0.67,0.72) —=— L]
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1260
1261
1262

1263
1264

1265

1266
1267

1268

1269
1270

1271
1272
1273

Table Q4e: Pooled results of VDT < 600 days for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.866
0.836
5.236
0.077
33.488

[0.718, 0.942b54
[0.641, 0.931bs55
[2.312, 12.358k6
[0.068, 0.359D57

[7.896, 125.955F

Volume change

Volume change > 25%

1259

Bayesian meta-analysis, data displayed as
posterior median [95% posterior interval]

Figure Q4d: Forest plot and SROC plot of volume change for diagnosing lung cancer.in-solid pulmonary

nodules

i) Forest plot

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
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1281
1282
1283
1284

1285
1286

1287
1288
1289
1290
1291
1292
1293
1294
1295

Table Q4f: Pooled results of volume change for diagnosing lung cancer in solid pulmonary nodules

Pooled Sensitivity 0.620 [0.314, 0.857R7°
Pooled Specificity 0.807 [0.471, 0.908276
LR+ 3.144 [0.956, 7.082R77
LR- 0.480 [0.187, 1.402R78 Bayesian meta-analysis, data displayed as
127 posterior median [95% posterior interval]
DOR 6.689 [0.916, 30.326]
1280
Risk of bias summary
Risk of Bias Applicability Concerns
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1298
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1300
1301
1302
1303
1304
1305

GRADE analyses

Volume doubling time (VDT)

What is the diagnostic accuracy of pulmonary nodule volume doubling time between interval computed
tomography (CT) scans for diagnosing lung cancer?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Pulmonary nodule volume doubling time
Pooled sensitivity: 0.44 (95% CI: 0.23 to 0.67) | Pooled specificity: 0.92 (95% CI: 0.87 to 0.96)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (studies) (GRADE)

Prevalence 5%
Typically seen in

True positives 22 (12 to 33) 558 SO0
False negatives 28 (17 to 38) (21) VERY LOW abe
True negatives 877 (826 to 908) 12837 10]0]0)
False positives 73 (4210 124) (21) VERY LOW abe

ClI: Confidence interval

Explanations
a. Some risk of bias across studies

b. Serious inconsistency across sensitivities

c. Some imprecision across sensitivities

VDT < 400 days

What is the diagnostic accuracy of a pulmonary nodule volume doubling time of less than 400 days between
interval computed tomography (CT) scans for diagnosing lung cancer?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Pulmonary nodule volume doubling time.<'400 days
Pooled sensitivity: 0.76 (95% CI: 0.59 to 0:87) | Pooled specificity: 0.94 (95% CI: 0.79 to 0.98)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (studies) (GRADE)

Prevalence 5%
Typically seen in

True positives 38 (30 to 43) 85 P00
False negatives 12 (7 to 20) (4) Lowap
True negatives 892 (752 to 935) 1485 SPO0O
False positives 58 (15 to 198) (4) LOwW ab

CI: Confidence interval

Explanations
a. Someirisk.of bias across studies

b. #Some inconsistency across sensitivities

c. . Some imprecision across sensitivities
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1311
1312

VDT < 600 days

What is the diagnostic accuracy of a pulmonary nodule volume doubling time of less than 600 days between
interval computed tomography (CT) scans for diagnosing lung cancer?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Pulmonary nodule volume doubling time < 600 days
Pooled sensitivity: 0.87 (95% CI: 0.72 to 0.94) | Pooled specificity: 0.84 (95% CI: 0.64 to 0.93)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (studies) (GRADE)

Prevalence 5%
Typically seen in

True positives 43 (36 to 47) 106 D000
False negatives 7 (3to 14) (5) VERY LOW abe
True negatives 794 (609 to 884) 1560 101010)
False positives 156 (66 to 341) (5) VERY LOW abe

ClI: Confidence interval

Explanations
a. Some risk of bias across studies

b. Some inconsistency across sensitivities and specificities

c. Some imprecision across sensitivities

Volume change

Volume change > 25%

What is the diagnostic accuracy of a pulmonary nodule volume change of greater than 25% between interval
computed tomography (CT) scans for diagnosing-lung cancer?

Patient or population: Adults aged 18+ with solid-pulmonary nodules
New test: Pulmonary nodule volume change > 25%
Pooled sensitivity: 0.90 (95% CI: 0.84 to 0.94) | Pooled specificity: 0.88 (95% CI: 0.71 to 0.96)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (studies) (GRADE)

Prevalence 5%*
Typically seen in

True positives 31 (16 to 43) 38 ePpO0O
False negatives 19 (7 to 34) (2) Lowap
True negatives 767 (447 to 863) 123 411010
False positives 183 (87 to 503) 2) LOwW ab

CI: Confidence interval

Explanations
a. .Some inconsistency across sensitivities

b... Some imprecision across sensitivities
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1313

1314

1315
1316
1317

1318

1319
1320
1321

1322
1323

Recommendation Tables

Question Details

POPULATION:

INDEX TESTS:

GOLD STANDARD:

OUTCOME:

Adults (18+) with solid pulmonary nodules
Strategies used to detect change between interval computed tomography (CT) scans
Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy of strategies used to detect change for diagnosing lung cancer

Volume doubling time (VDT)

VDT < 400 days
SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies KNoW
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate EHITELD accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies KNowW
UNDESIRABLE N . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncIUQed
studies
Does not
BALANCE OF Favours the Probably .favour the PRI Favours the . Don't
. favours the intervention | favours the | . h Varies
EFFECTS comparison f . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against.the against the either the intervention the intervention the intervention
intervention intervention or the comparison
0 O O O
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1324  CONCLUSIONS

Recommendation

A solid pulmonary nodule volume doubling time of less than 400 days may indicate a diagnosis of lung
cancer. (Conditional)

Justification

A solid pulmonary nodule volume doubling time of < 400 days provides a moderate sensitivity and a very
high specificity for detecting change between interval computed tomography (CT) scans for diagnosing lung
cancer in solid pulmonary nodules. (Low)

Subgroup considerations

There were not enough data to consider subgroups (consolidation and peri-cystic lesions)

Research priorities

Further research is needed to determine the optimal volume doubling time for diagnosing lung cancer in solid
pulmonary nodules.

1328
1329 VDT < 600 days
1330 SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no |~Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Inacculgge CEHITELR accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies KNow
IR ol Very low Low Moderate High inc:\tlj(éed
EVIDENCE y 9 :
studies
Does not
BALANCE OF Favours the Probably .favour the FrEleR i Favours the . Don't
EFFECTS comparison favours. the intervention .favours t-he intervention Varies Know
comparison or the intervention
comparison
1331
1332
1333 TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O O

65



1334

1338
1339
1340

1341

1342
1343

CONCLUSIONS

Recommendation

A solid pulmonary nodule volume doubling time of less than 600 days may indicate a diagnosis of lung

cancer. (Conditional)

Justification

A solid pulmonary nodule volume doubling time of < 600 days provides a high sensitivity and a high specificity.
for detecting change between interval computed tomography (CT) scans for diagnosing lung cancer in solid
pulmonary nodules. (Very low)

Subgroup considerations

There were not enough data to consider subgroups (consolidation and peri-cystic lesions)

Research priorities

Further research is needed to determine the optimal volume doubling time for.diagnosing lung cancer in solid

pulmonary nodules.

Volume change

Volume change > 25%

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no _|=Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Ingceyate I accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies KNow
EERDAININACH Very low Low Moderat High inc:\LlJ(c)ied
EVIDENCE erylo ° oderate 9 ,
studies
Does not
BALANCE OF Favours the Probably .favour the Pl Favours the . Don't
. favours the intervention | favours the | . h Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O O
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1344

1348
1349
1350

1351
1352
1353

1354
1355

1356
1357

1358
1359
1360

1361
1362
1363

1364
1365

1366
1367
1368

1369
1370
1371

1372
1373

CONCLUSIONS

Recommendation

There is insufficient evidence to determine if a solid pulmonary nodule volume change of greater than 25%
may indicate a diagnosis of lung cancer.

Justification

A solid pulmonary nodule volume change of 25% provides a low sensitivity and a high specificity for detecting
change between interval computed tomography (CT) scans for diagnosing lung cancer in solid pulmonary.
nodules. (Low)

Subgroup considerations

Subgroups (consolidation and peri-cystic lesions) were not considered as there were not'enough data.

Research priorities

Further research is needed to determine if solid pulmonary nodule volume change is a useful strategy for
diagnosing lung cancer.
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1375

Question Protocol

_

Review Question

Type of review question

Objective of the review

Eligibility criteria —
population / disease /
condition / issue /
domain

Eligibility criteria — index
test(s)

Eligibility criteria=.gold
standard

Outcomes and
prioritisation

Eligibility criteria — study
design

In adults with solid pulmonary nodules, what is the diagnostic accuracy of
strategies™ used to detect change between interval computed tomography (CT)
scans for diagnosing lung cancer?

* Computer-aided measurement of specific nodule parameters (e.g. volume, mass) NOT
artificial-intelligence tools where multiple parameters are computed to give an overall risk
assessment.

Diagnostic accuracy review

Where the initial index of suspicion of cancer in a solid pulmonary nodule is low,
the preferred strategy is often to repeat the CT scan after a defined interval to
determine whether the nodule is changing. This question seeks to clarify the
optimal strategy for measuring and defining that change in order to tell apart
malignant from benign nodules.

Adults with solid pulmonary nodules (18+ years of age)

Visual analysis
Diameter change
Volume doubling time
Mass doubling time
Volume change

Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy

RCTs, comparative studies, case series (>50 cases)
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Other inclusion
/exclusion criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative

analysis = combining
studies-and exploring
(in)consistency

Non-English language excluded unless full English translation
Conference abstracts, Cochrane reviews, systematic reviews, reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Adults with solid pulmonary nodules
- Consolidation
- Peri-cystic lesions

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline group and a decision will be made by consensus

RevMan5 Pairwise meta-analyses (if data. in‘the correct format)
Evidence review/considered judgement.
Storing Guideline:text, tables, figures, etc.

MetaDTA Data meta-analyses

Gradepro Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 diagnostic accuracy full review template (based on QUADAS?2)

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

If 3 or more relevant studies:
RevMan5 for forest plots, summary ROC plots

MetaDTA to combine studies (pooled specificity, sensitivity, likelihood ratios,
diagnostic odds ratio and confidence intervals) and calculate RevMan parameters
for summary ROC plot

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)
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1376
1377

1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399

Meta-bias assessment —
publication bias,
selective reporting bias

Rationale / context —
what is known

GRADEpro Diagnostic accuracy quality of evidence assessment for each
index test

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

If the initial index of suspicion of cancer in a solid pulmonary nodule is low,
surveillance is usually the preferred strategy, where the CT scan is repeated after.
a time interval (usually at least 3 months) to assess change in the nodule’s
appearance. The rationale is that malignant nodules will grow over time, benign
scars tend to stay unchanged, and nodules that are due to inflammation or
infection may resolve. In addition to growth, some nodules can alter their
appearance (called morphological change) albeit without increasing in size. This
question aims to determine the best way of measuring ‘and defining what
constitutes change in order to identify those nodules under surveillance that
represent cancer.
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Online Supplementary Appendix 5 Question 5 Evidence Review and Protocol

Q5 What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation
for diagnosing lung cancer in a sub-solid pulmonary nodule?
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Question 5 Evidence Review

Q5 What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation
for diagnosing lung cancer in a sub-solid pulmonary nodule?

Background

CT is the cornerstone imaging modality for assessment of sub-solid pulmonary nodules (SSN), while PET-CT
may be considered in selected cases. However, there different methods for assessing imaging tests, and these
can often vary, for example, how pulmonary nodules are measured. This review will determine the optimal
strategy for image utilisation for diagnosing lung cancer in a sub-solid pulmonary nodule.

Outcomes

Nodule diameter; nodule volume; upper lobe location; spiculation; FDG-avidity; air bronchogram; bubble-like
lucency; clear lung/tumour interface; size of solid component; Brock risk score; Herder risk score; Mayo risk
score; Veterans Affairs (VA) risk score; UK Lung Cancer Screening (UKLS) risk score

Evidence Review

The initial literature search identified 640 potentially relevant papers, with 37 papers being deemed relevant to
the review.'3” However, relevant studies were heavily weighted to the study of adenocarcinoma spectrum
lesions. Hence, for the purposes of this review, invasive adenocarcinoma (IAC) and minimally invasive
adenocarcinoma (MIA) sub-solid pulmonary nodules were regarded.as malignant; and adenocarcinoma in situ
(AIS) and atypical adenomatous hyperplasia (AAH)) sub-solid pulmonary nodules regarded as benign. As a
result, many studies had to be disregarded as AlS and/or AAH had been included in the malignant group.

There were not enough data to consider all imaging types. (computed tomography (CT), positron emission
tomography computed tomography (PET-CT) and magneticresonance imaging (MRI)) so the evidence review
is focused on CT.

Nodule diameter

No studies reported on the diagnostic accuracy of diameter measurements for diagnosing lung cancer in sub-
solid pulmonary nodules. Instead, 15 studies directly reported on maximal diameter measurements for IAC
and MIA (malignant) and AIS .and AAH (benign) sub-solid pulmonary nodules.''s Twelve studies were
excluded because:

i) Mean diameter measurements were reported (6 studies),

ii) The measurement type (e.g., mean * standard deviation) was not defined (1 study),
iii) The study involved less than five cases (one study); and

iv) The study focused on a specific range of nodule size (4 studies).

Meta-analyses‘were performed as detailed below.

Malignant versus benign sub-solid pulmonary nodules

Meta-analysis showed that mean maximal nodule diameter was 4.01 (3.19 to 4.82) mm greater in malignant
sub-solid pulmonary nodules (IAC + MIA) compared with benign sub-solid pulmonary nodules (AIS + AAH)
(Figure Q5a and Table Q5a)." 15

Invasive adenocarcinoma (IAC) (malignant) versus benign sub-solid pulmonary nodules

Meta-analysis showed that mean maximal nodule diameter was 5.77 (4.23 to 7.30) mm greater in IAC sub-
solid nodules (malignant) compared with benign sub-solid nodules (AIS + AAH) (Figure Q5a and Table Q5a).'

3,6,7,9-13,15
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Minimally invasive adenocarcinoma (MIA) (malignant) versus benign sub-solid pulmonary nodules

Meta-analysis showed that mean maximal nodule diameter was 2.34 (1.45 to 3.23) mm greater in MIA sub-
solid nodules (malignant) compared with benign sub-solid nodules (AIS + AAH) (Figure Q5a and Table Q5a)."

3,6,7,10,12,13,15

Ground-glass nodules (GGN)

There were not enough data to consider all subgroup analyses (without recent relevant imaging, newly
appeared since recent imaging, ground-glass nodules (GGN) and part-solid nodules (PSN)), but GGN were
considered as a subgroup.'-311:12

The separate meta-analysis results for IAC and MIA GGN sub-solid nodules (malignant) versus benign GGN
sub-solid nodules (AIS + AAH) are summarised in Table Q5a and shown in Figure Q5b.

Table Q5a: Summary of meta-analysis mean maximal diameter differences between malignant (IAC'and MIA)
and benign (AIS + AAH) sub-solid pulmonary nodules and ground-glass sub-solid pulmonary. nodules (GGN)

Sub-solid nodule type(s) n Mean maximal diameter difference (Cl)

IAC + MIA (all) "5 34 4.01 (3.19 to 4.82) mm greater than benign
IAC (all) 1-367.9-13.15 16 5.77 (4.23 to 7.30) mm‘greater than benign
MIA (all) -367.10.1213,15 14 2.34 (1.45 to 3.23)'mm greater then benign
IAC (GGN) '-311.12 7 3.96 (2,38.t0.5.59) mm greater than benign
MIA (GGN) 1312 6 3.23/(1:46to 4.99) mm greater than benign

All — GGN and PSN; Cl — 95% confidence intervals; GGN = ground-glass nodules (subgroup); IAC — invasive
adenocarcinoma; MIA — minimally invasive adenocarcinoma; n. —number of datasets; PSN — part-solid nodules

Nodule volume

No studies reported on the diagnostic accuracy. of nodule volume for diagnosing lung cancer in sub-solid
pulmonary nodules. Three studies reported on nodule volume measurements in malignant (invasive
adenocarcinoma (IAC) and minimally invasive adenocarcinoma (MIA)) and benign (adenocarcinoma in situ
(AIS) and atypical adenomatous*hyperplasia (AAH)) sub-solid pulmonary nodules.*'5'6 Two studies were
excluded because the measurement.type (e.g., mean + standard deviation) was not defined. Meta-analyses
were performed as detailed below.

Malignant versus benign sub-solid pulmonary nodules

Meta-analysis showed that mean nodule volume was 0.86 (0.35 to 1.37) cm® greater in malignant sub-solid
pulmonary nodules (IAC + MIA) (pooled result) compared with benign sub-solid pulmonary nodules (AIS +
AAH) (Figure @5c). #1516

Invasive adenocarcinoma (IAC) (malignant) versus benign sub-solid pulmonary nodules

Meta-analysis showed that mean nodule volume was 2.69 (1.89 to 3.49) cm? greater in IAC (malignant) sub-
solid.nodules compared with benign sub-solid nodules (AIS + AAH) (Figure Q5c)."

Minimally invasive adenocarcinoma (MIA) (malignant) versus benign sub-solid pulmonary nodules
Meta-analysis showed that mean maximal nodule diameter was 0.46 (0.10 to 0.83) cm?® greater in MIA
(malignant) sub-solid nodules compared with benign sub-solid nodules (AIS + AAH) (Figure Q5c).15:16

Upper lobe location

Twelve studies reported on the diagnostic accuracy of upper lobe location for diagnosing lung cancer in sub-
solid pulmonary nodules.?51417-25 Meta-analysis of the results showed a pooled sensitivity of 0.63 [0.61, 0.65]
and pooled specificity of 0.43 [0.35, 0.51] [95% confidence intervals] (data shown in Figure Q5d, Table Q5j
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and summarised in Table Q5b). As there were not enough data to determine a full SROC curve (Figure Q5d ii)),
an estimated AUC could not be determined.

Ground-glass nodules (GGN)

There were not enough data to consider all subgroup analyses, but a subgroup analysis was performed on
ground-glass nodules (GGN). Meta-analysis data are shown in Figure Q5e, Table Q5k and summarised in
Table Q5b.

Table Q5b: Diagnostic accuracy of upper lobe location for diagnosing lung cancer in sub-solid nodules and
ground-glass nodules (GGN) (subgroup)

Sub-solid nodule type n Sensitivity Specificity
Posterior median [95% PI] Posterior median [95% PI]

Al 25:14.17-25 12 0.63 [0.61, 0.65] 0.43[0.35, 0.51]

GGN* 217.18,20.21,23 6 0.65 [0.60, 0.70] 0.41 [0°27,20.60]

All — GGN and PSN; GGN - ground-glass nodule; n — number of studies; Pl — posterior intervals; PSN — part-solid
nodule

* Bayesian meta-analyses

Spiculation

Twenty-two studies reported on the diagnostic accuracy of spiculation for.diagnosing lung cancer in sub-solid
pulmonary nodules.?5810.11.14-16,18,19.21-30 Meta-analysis showed: a [pooled sensitivity of 0.28 [0.18, 0.39] and
pooled specificity of 0.91 [0.86, 0.94] [95% confidence intervals] (data shown in Figure Q5f, Table Q5I and
summarised in Table Q5c). The estimated AUC was 0.755 (Figure Q5q).

Ground-glass nodules (GGN)

There were not enough data to consider all subgroup analyses, but a subgroup analysis was performed on
ground-glass nodules (GGN). Meta-analysis data are summarised in Table Q5c¢ (data shown in Figure Q5g
and Table Q5m).

Table Q5c: Diagnostic accuracy of spiculation for diagnosing lung cancer in ground-glass nodules (GGN)

Sub-solid nodule type n Sensitivity [95% Cl] Specificity [95% Cl]
Al 2:5-8,10,11,14-16,18,19,21-30 22 0.28 [0.18, 0.39] 0.91 [0.86, 0.94]
GGN 211.16,18,21,23,27,29 8 0.17 [0.07, 0.36] 0.95[0.87, 0.98]

All — GGN and PSN; Cl — confidence intervals; GGN — ground-glass nodule; n — number of studies; PSN — part-solid
nodules

FDG-avidity

No studies ‘reported on the diagnostic accuarcy of FDG-avidity for diagnosing lung cancer in sub-solid
pulmonary nodules. However, one study compared FDG-avidity in malignant and benign sub-solid nodules,
showing mean FDG-avidity was 2.80 (2.53 to 3.07) g/mL greater in malignant sub-solid nodules when
compared with benign sub-solid nodules (Figure Q5h).®

Air bronchogram

Twelve studies reported on the diagnostic accuracy of the presence of air bronchogram for diagnosing lung
cancer in sub-solid pulmonary nodules.67:10.11.15,17,18,23-25,29,30 \jeta-analysis showed a pooled sensitivity of 0.27
[0.18, 0.40] and pooled specificity of 0.88 [0.79, 0.94] [95% confidence intervals] (data shown in Figure Q5i,
Table Q5n and summarised in Table Q5d). The estimated AUC was 0.634 (Figure Qb5r).

75



1581

1582
1583

1584

1585

1586
1587

1588

1589
1590
1591
1592

1593

1594
1595

1596
1597

1598
1599

1600

1601
1602
1603
1604
1605

1606

1607
1608
1609
1610
1611

1612

1613
1614
1615

Ground-glass nodules (GGN)

There were not enough data for all subgroup analyses, but a GGN subgroup meta-analysis was performed.
Meta-analysis data are summarised in Table Q5d (data shown in Figure Q5] and Table Q50).

Table Q5d: Diagnostic accuracy of air bronchogram for diagnosing lung cancer in ground-glass nodules (GGN)

Sub-solid nodule type n Sensitivity [95% CI, or 95% PI] Specificity [95% Cl, or 95% PI]
All| 6:7.10,11,15,17,18,23-25,29,30 12 0.27 [0.18, 0.40] 0.88[0.79, 0.94]
GGN 1.17.18,29 4 0.38[0.20, 0.61] * 0.84 [0.64, 0.93] *

* Bayesian meta-analysis, posterior median [95% posterior intervals]
All — GGN and PSN; CI — confidence intervals; GGN — ground-glass nodule; n — number of studies; Pl - posterior
intervals; PSN — part-solid nodules

Bubble-like lucency

Nineteen studies reported on the diagnostic accuracy of bubble-like lucency for diagnosing lung cancer in sub-
solid pulmonary nodules.26-810.11.15,17-19.21,24-27.29-32 \eta-analysis showed a pooled sensitivity of 0.25 [0.19,
0.31] and pooled specificity of 0.89 [0.85, 0.91] [95% confidence intervals] (data'shown in Figure Q5k, Table
Q5p and summarised in Table Q5e). The estimated AUC was 0.704 (Figure Q5s):

Ground-glass nodules (GGN)

There were not enough data to consider all subgroup analyses,:but a subgroup meta-analysis was performed
for GGN. Meta-analysis data are summarised in Table Q5e (data shown in Figure Q5I and Table Q5q).

Table Q5e: Diagnostic accuracy of bubble-like lucency. for diagnosing lung cancer in ground-glass nodules
(GGN)

Sub-solid nodule type n Sensitivity [95% ClI] Specificity [95% ClI]
Al| 2:6-8,10,11,15,17-19,21,24-27,29-32 19 0.25[0.19, 0.31] 0.89[0.85, 0.91]
GGN 211.17.18,27,29,32 7 0.23[0.13, 0.37] 0.90 [0.78, 0.95]

All — GGN and PSN; CI — confidence intervals; GGN — ground-glass nodule; n — number of studies; PSN — part-solid
nodules

Clear lung/tumour interface

Six studies reported on.the diagnostic accuracy of a clear lung/tumour interface for diagnosing lung cancer in
sub-solid pulmonary nodules.'17:24-2629 Meta-analysis showed a pooled sensitivity of 0.76 [0.52, 0.90] and
pooled specificity of 0.25 [0.15, 0.38] [95% confidence intervals] (data shown in Figure Q5m and Table Q5r).
As there were not'enough data to determine a full SROC curve (Figure Q5m ii)), an estimated AUC could not
be determined.

CT density

No studies reported on the diagnostic accuracy of CT density. Instead, 14 studies reported on the mean CT
densities of malignant and benign sub-solid pulmonary nodules.!3467.11.13151819.24-2632 Three studies were
excluded because: i) highest CT density measurements were reported (1 study); and ii) the measurement type
(e.g., mean + standard deviation) was not defined (2 studies). Meta-analyses were performed as detailed
below.

Invasive versus non-invasive sub-solid pulmonary nodules

Meta-analysis showed that CT density was 104.11 (81.44 to 126.78) HU greater in malignant sub-solid

pulmonary nodules (IAC + MIA) compared with benign sub-solid pulmonary nodules (AIS + AAH) (Figure
QSn).1’3’4’6’7’11’13'15‘18’19’24'26’32
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Invasive adenocarcinoma (IAC) versus non-invasive sub-solid pulmonary nodules

Meta-analysis showed that mean maximal nodule diameter was 142.11 (94.96 to 189.25) HU greater in IAC

sub-solid nodules (malignant) compared with benign sub-solid nodules (AlS + AAH) (Figure Q5n and Table
st)‘1,3,6,7,11,13,15,18,19,25,26,32

Minimally invasive adenocarcinoma (MIA) versus non-invasive sub-solid pulmonary nodules

Meta-analysis showed that mean maximal nodule diameter was 59.23 (41.36 to 77.10) HU greater in MIA sub-

solid nodules (malignant) compared with benign sub-solid nodules (AIS + AAH) (Figure Q5n and Table
Q5f)_1,3,6,7,13,15,18,19,25,26,32

Ground-glass nodules (GGN)

There were not enough data to consider all subgroup analyses, but a subgroup analysis was performed on
ground-glass nodule (GGN). Meta-analysis data for IAC and MIA comparisons are summarised in Table Q5f
and shown in Figure Q5o0.

Table Q5f: Summary of meta-analysis mean CT density differences between malignant (IAC and MIA) and
benign (AIS + AAH) sub-solid pulmonary nodules and ground-glass sub-solid pulmonary nodules (GGN)

Invasive subsolid nodule subgroup n Mean CT density difference (Cl)

IAC + MIA (all) ":346.7.11.13,15,18,19,24-26,32 39 104.11 (81.44 to 126:78) HU greater than benign
IAC (all) *-36.7.11,13,15,18,19,25,26,32 19 142.11 (94.96 t0.189.25) HU greater than benign
MIA (all) *:36.7.13,15,18,19,25,26,32 18 59.28 (41.36 to 77.10) HU greater than benign
IAC (GGN) ",3.11,18,25,32 9 66196 (49.12 to 84.80) HU greater than benign
MIA (GGN) 13182632 6 46.05 (31.69 to 60.41) HU greater than benign

All — GGN and PSN; CI — 95% confidence intervals; GGN — ground-glass nodules (subgroup); HU — Hounsfield units;
IAC — invasive adenocarcinoma; MIA — minimally invasive adenocarcinoma; n — number of datasets; PSN — part-solid
nodules

Size of solid component

No studies reported on the diagnostic.accuarcy of size of solid component for diagnosing lung cancer in sub-
solid pulmonary nodules. However, four studies reported on the mean size of solid component for malignant
and benign sub-solid nodules.*&933 Meta-analysis data are summarised in Table Q5g and data shown in
Figure Q5p.

Table Q5g: Summary of meta-analysis mean size of solid component differences between malignant (IAC
and/or MIA) and benign (AIS + AAH) sub-solid pulmonary nodules (data from Figure Q5p)

Comparison n Mean size of solid component difference (Cl)
Malignant versus benign 48933 7 Malignant 3.27 (3.02 to 3.53) mm greater

IAC (malignant) versus benign °33 3 IAC 6.18 (5.52 to 6.84) mm greater

MIA (malignant) versus benign 33 2 MIA 2.30 (0.53 to 4.06) mm greater

Cl —95% confidence intervals; IAC — invasive adenocarcinoma; MIA — minimally invasive adenocarcinoma; n — number
of datasets

Risk calculator models (Brock, Herder, Mayo, VA and UKLS)

Seven studies reported data on the Brock, Mayo, VA and/or UKLS risk calculator models. There were no
available data for the Herder model; and sensitivity and specificity data were not available for the Herder, VA
and UKLS models. Available data are shown in Table Q5h.
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Table Q5h: Comparison of risk calculator models (Brock, Herder, Mayo, VA and UKLS) for identifying invasive
sub-solid nodules

Model Study AUC [95% CI] Sensitivity (%) Specificity (%)
Brock Hammer 2019 3* 0.78 [0.67, 0.85] - -
Kim 2019 3 0.78 81.6 56.7
Kim 2018 ° 0.75 82.3 53.8
Mayo Maldonado 2020 36 0.89[0.82, 0.99] - -
Zhang 2021 4 0.75 72.0 76.0
VA Maldonado 2020 3¢ 0.84 [0.76, 0.92] - -
UKLS Maldonado 2020 3¢ 0.58 [0.46, 0.70] - -
Marcus 2019 %7 0.89[0.88, 0.89] - -

Risk calculator model comparison with other diagnostic tests
The risk calculator model AUCs, sensitivities and specificities are compared with the other diagnostic tests
(upper lobe location, spiculation, air bronchogram and bubble-like lucency) in-Table Q5i.

Table Q5i: Area under the curve (AUC), sensitivity and specificity. comparisons of risk calculator models (Brock,
Herder, Mayo, VA and UKLS) and other Guideline diagnostic tests.for identifying invasive sub-solid nodules

Model / Test AUC Sensitivity (%) Specificity (%)
Brock 53435 0.77+0.02* 82.0 + 0.49* 3435 55.2 + 2.0* 3435
Mayo 4.3 0.82 + 0.10* 72.0 % 76.0 14

VA 36 0.84 - -

UKLS 3637 0.74 £ 0.22* - -

Upper lobe location 2514.17-25 - 63.1 42.8
Spiculation 25810.11.14-16,18,19,21-30 0.76 27.6 90.6

Air bronchogram ©7,10.11,15,17,18,23-25,29,30 0.68 27.3 88.5
Bubble-like lucency 28:8,10.1115,17-19,21,24-27,29-32 0.70 24.8 88.6
Clear lung/tumour interface 1517:24-26.29 - 76.3 24.8

* Mean + SD

Evidence statements

Malignant sub-solid pulmonary nodules (invasive adenocarcinoma (IAC) and minimally invasive
adenocarcinoma (MIA)) appear to have a greater maximal nodule diameter than benign sub-solid pulmonary
nodules (adenocarcinoma in situ (AlS), atypical adenomatous hyperplasia (AAH)) (Very low)

Invasive adenocarcinoma (IAC) sub-solid pulmonary nodules appear to have a greater maximal nodule
diameter than minimally invasive adenocarcinoma (MIA) sub-solid pulmonary nodules (Very low)

Invasive adenocarcinoma (IAC) sub-solid pulmonary nodules (malignant) may have a greater nodule volume
than benign sub-solid pulmonary nodules (adenocarcinoma in situ (AlS) and atypical adenomatous
hyperplasia (AAH)) (Low)

Upper lobe location appears to have a low sensitivity and a low specificity for diagnosing lung cancer in sub-
solid pulmonary nodules (Moderate)
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Upper lobe location appears to have a moderate sensitivity and a low specificity for diagnosing lung cancer in
ground-glass pulmonary nodules (Low)

Spiculation appears to have a low sensitivity and a very high specificity for diagnosing lung cancer in sub-solid
pulmonary nodules (Very low)

Spiculation appears to have a low sensitivity and a very high specificity for diagnosing lung cancer in ground-
glass pulmonary nodules (Low)

There is insufficient evidence to determine if FDG-avidity can determine lung cancer in sub-solid pulmonary
nodules.

The presence of air bronchogram appears to have a low sensitivity and a high specificity for diagnosing lung
cancer in sub-solid pulmonary nodules (Very low)

The presence of air bronchogram appears to have a low sensitivity and a high specificity for diagnosing lung
cancer in ground-glass pulmonary nodules (Moderate)

The presence of bubble-like lucency appears to have a low sensitivity and a high specificity, for diagnosing
lung cancer in sub-solid pulmonary nodules (Low)

The presence of bubble-like lucency appears to have a low sensitivity and a very high.specificity for diagnosing
lung cancer in ground-glass pulmonary nodules (Low)

The presence of a clear lung/tumour interface appears to have a moderate sensitivity and a low specificity for
diagnosing lung cancer in sub-solid pulmonary nodules (Very low)

Invasive sub-solid pulmonary nodules (invasive adenocarcinoma (IAC) and minimally invasive
adenocarcinoma (MIA)) appear to have a greater CT density than benign sub-solid pulmonary nodules
(adenocarcinoma in situ (AIS) and atypical adenomatous hyperplasia (AAH)) (Very low)

Invasive adenocarcinoma (IAC) sub-solid pulmonary nodules appear to have a greater CT density than
minimally invasive adenocarcinoma (MIA) sub-solid pulmonary nodules (Very low)

Invasive sub-solid pulmonary nodules (invasive. adenocarcinoma (IAC) and minimally invasive
adenocarcinoma (MIA)) appear to have a greater size of solid component than benign sub-solid pulmonary
nodules (adenocarcinoma in situ (AlS) and atypical adenomatous hyperplasia (AAH)) (Very low)

There is insufficient evidence to determine.the diagnostic accuracy of risk calculator models (Brock, Herder,
Mayo, VA and UKLS) for diagnosing lung cancer in sub-solid nodules.
Recommendations

» For adults with sub-solid pulmonary nodules, maximal nodule diameter (Conditional), increased CT
density (Conditional), spiculation (Conditional), size of solid component (Conditional), presence of air
bronchogram (Conditional) and presence of bubble-like lucency (Conditional) can be considered when
determining invasive lung cancer in a sub-solid pulmonary nodule.

» For adults'with ground-glass pulmonary nodules (GGN), the Ground-glass nodule pathway (Algorithm 4)
should be used for determining lung cancer in GGN. (Conditional — by consensus)

» For adults with sub-solid pulmonary nodules with a solid component, the Part-solid nodule pathway
(Algorithm 5) should be used for determining lung cancer in part-solid pulmonary nodules. (Conditional —
by consensus)

Good Practice Points

v' Sub-solid pulmonary nodules should be reviewed on both mediastinal and lung windows to determine if
the nodule is of increased density.

v' Diameter rather than volumetry should be used to determine the size of sub-solid pulmonary nodules.

v' The maximum diameter of the solid component should be measured on lung windows and a lung kernel.

79



1711

1712
1713
1714

1715
1716

1717
1718

1719
1720
1721

1722
1723

1724
1725

1726
1727

1728
1729

Research Recommendations

Further research is needed to determine the diagnostic accuracies of maximal nodule diameter, nodule
volume and CT density for diagnosing lung cancer in sub-solid nodules and sub-solid nodule subtypes
(ground glass nodules and part solid nodules)

Further research is needed to determine the diagnostic accuracies of upper lobe location, spiculation and
presence of bubble lucency for diagnosing lung cancer in part solid pulmonary nodules.

Further research is needed to determine the diagnostic accuracy of the presence of air bronchogram for
diagnosing lung cancer in part solid and ground glass pulmonary nodule subtypes.

Further research is needed to determine the diagnostic accuracy of clear lung/tumour interface presence
for diagnosing lung cancer in sub-solid pulmonary nodules and sub-solid nodule subtypes (ground glass
nodules and part solid nodules)

Further research is needed to determine the diagnostic accuracy of risk calculator models (Brock, Mayo,
VA and/or UKLS) for diagnosing lung cancer in sub-solid pulmonary nodules.

Further research is needed to determine if imaging-defined malignant sub-solid nodules represent clinically
significant invasive lung cancer requiring intervention.

Research is needed to determine the relative value of imaging biomarkers compared with clinical risk
prediction models for guiding management decisions for sub-solid pulmonary-nodules.
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1730  Algorithm 4 Ground-glass nodule (GGN) pathway

[ Pure ground-glass nodule diameter ]

<5 mm 5—-30 mm =30 mm

¥

Scan at 3 months
(after baseling)

No Stable
- Scan at 1 year
? a
Solitary? (after baseling) No O growing?

Yes Yes
solid component Yes
> 2 mm, altered morphology T,
or =30 mm? ¥ +
New solid Altered
No component morphology 1
=2 mm or = 30 mm
1
Scan at 2 years [ I |
(after baseline) |
Y
1
1
L}
i y
1
Stable or Growing but solid MNew solid ! Altered
smaller component still 0 - 2 mm, component T maorphology T
no altered morphology 1, =2 mm i or > 30 mm
or diameter < 30/ mm H ! |
————
i
i
Scan at 3 years ,ir
(after baseline) |
| !
]
1
i
Growing but solid New solid I Altered
component still 0 - 2 mm, component ir morphology f
no altered morphology T, =2 mm i or = 30 mm
or diameter < 30 mm H ! |
—— —}— — |

1
i
Y
1
i
Scan at 4 years after i
baseline, then at Y
6, 8 and 10 years GO TO THE PART- CONSIDER
after baseline if SOLID ALGORITHM DEFINITVE
[ DISCHARGE ] stable* (ALGORITHM 5) ¢ MANAGEMENT
1731
1732 * Length of follow-up:
1733 - After 10 years of follow-up, consider CT every 5 years if patient remains suitable for definitive management.
1734 - Atany point at or after 4 years, if changes in the lesion occur, manage as per the steps for a scan at 2 years from

1735 baseline.

T Altered morphology: air bronchograms, bubble-like lucency, increased CT density, distortion of fissure.

+ Definitive management should be a shared decision-making process taking into account patient choice, age, co-
morbidities, and fitness for treatment.
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1736  Algorithm 5 Part-solid nodule pathway

[ Solid component diameter ]

Y
<6 mm =6 mm
Scan at 6 months Scan at 3 months
(after baseling) (after baseling)

Resolved
and no other nodules
requiring follow-
up?t

Stable, No

Yes )
or growing?

_ = " Newsolid™~~ _
<~ componentina GGN .-
~ ~ _(from Algorithm 4) _ —

Tl -7 Yes
I"

Y
Resolved and

Yes no other nodules
requiring follow-up

Solid
component now
=6 mm?

Growth = 2 mm
in solid component

No

Scan at 1 year
(after baseline)

component now
=6 mm?
¥
DISCHARGE Scanat2, 3, 4,6, CONSIDER
8 and 10 years DEFINITIVE
) after baseline * MANAGEMENT 1§

1737 —
1738 *Length of follow-up:
1739 - After 10 years of follow-up, consider CT every 5 years if patient remains suitable for definitive management.
1740 - At any point at or after 4 years, if changes in the lesion occur, manage as per the steps for a scan at 2 years from

1741 baseline.

T PET-CT not required for further nodule characterisation or staging if solid component < 10 mm.
* If multiple GGNs and still persistent — see Ground-glass nodule pathway (Algorithm 4)
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1743

1744

1745

1746
1747
1748
1749
1750

1751

Meta-analyses

Nodule diameter

Figure Q5a: Comparison of malignant versus benign sub-solid pulmonary nodule maximal diameter

Malignant Benign Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
IAC
Egquchi 2014 {vs AIS) 1548 36 24 11 36 47 3.2% 4 50[2.73,6.27] —
Hsu 2021 (ws AAH) 82 34 a8 B3 24 14 33% 1.80[0.33, 3.47] —
Hsu 2021 (v AlS) 82 34 a8 6 1.4 28 3.8% 2.2010[1.048,3.39] I
Ichinose 2020 (vs AAH; 18 g T 10 2 ] 1.2% 8.00[1.93,14.07]
Ichinose 2020 {vs AIS) 18 a8 T 12 5 108 1.2%  EB.O0[-0.00,12.00]
Liz0z0 ME 52 93 1058 38 s 34%  1110[9.69, 12.51] I
Liu 2024 itest) 14 a2 26 84 33 31 2.9% 5.60([3.29, 7.91] _—
Liu 2024 {rainindg 137 53 G 8.6 3 7a 3.4% 5.10[3.61, 6.59] e
Mimae 2014 20 6 513 16 ] £l 53 3.5% 400([2.87,4.13] I
iU 2016 {ws AIS) 0 ar A5 144 g 12 1.8% 5.80[1.40,9.60]
Yang 2019 126 38 28 98 32 24 3% 2.80([0.92, 4.88] ——
YU 2020 {vs AIS) 14 41 29 T2 0148 149 3.1% §.80[5.00, 8.60] D
Zhang 2020 (vs AAH) 164 48 a0 93 17 7 3.2% FA0[5.24, 8.95] —
Zhang 2020 (vs AIS) 164 48 a0 949 449 12 2.5% §.50[3.41,9.48]
Fou 2023 (ws AAH) 1 73 M2 104 24 a 3.0% Q.70 [7.56, 11.84] —
Zou 2023 (s AlS) 201 73 112 12F¥7 ar 14 2.3% TAO0[4.12,10.68]
Subtotal (95% CI) 1280 569 44.9% 5.77[4.23,7.30] -
Heterageneity: Tau?= 8.04; Chi*= 14936, df=15 (F = 0.00001}; F= 90%
Test for averall effect: Z=7.37 (P = 0.00001)
MIA
Egquchi 2014 {vs AIS) 147 76 30 11 386 a7 2.6% 3.70[0.79, 6.61]
Hsu 2021 (vs AAH) T1oar a5 B3 24 14 3.4% 0.80 [-0.68, 2.249)] T
Hsu 2021 (v AlS) T1 2T a5 14 5 3E6% 1.10([0.07,2.13] —
Ichingse 2020 (vs AAH; 16 g ak 10 2 ] 31% 5.00[3.96, 8.04] —_—
Ichingse 2020 (vs AIS) 16 g ak 12 5 108 3.1% 4.00([217,5.83] I
Liz0z0 142 4497 a5 108 38 o=} 3.3% 3.70[2.09,8.31] ——
Liu 2024 itest) 99 32 48 84 33 31 3.4% 1.50[0.03, 2.97] ——
Liu 2024 itraining) 103 37 112 a6 3 Th 3.E6% 1.70[0.74, 2.66] -
QiU 2016 {ws AIS) 149 4545 14 1445 g 12 1.8% 0.40 [-4.05, 4.89] I —
Y2020 (vs AIS) 118 483 22 T2 18 19 2.8% 4 60[2.24, 6.96] E—
Zhang 2020 (vs AsH) 116 48 38 93 17 T 3% 2.30[0.32, 4.28] E—
Thang 2020 (v AIS) 116 48 38 99 449 12 2.4% 1.70[-1.46, 4 86] ]
Zou 2023 (vs AAH) 112 4.3 19 104 24 a 7% 0.80 [-1.94, 3.54] I ma—
Zou 2023 (vs AlS) 112 4.3 15 127 &7 14 21%  -1.80[F519,2.19] -
Subtotal (95% CI) 609 449 409% 2.34[1.45,3.23] &
Heterageneity: Tau=1.72; Chi®= 4041, df=13 (P =0.0001), F= G8%
Testfor overall effect: Z= 514 (P = 0.00001)
IAC + MIA, or undefined
ke 2023 1068 32 137 BES 149 104 3T% 4.00[3.35, 4.65] -
Kim 2018a 142 54 a8 111 441 42 3.2% 3107[1.25, 4.95] I
Lu 2020 123 24 48 86 349 70 3.6% 370267, 4.73] -
Zhang 2021 12 4 518 ] 3 104 37% 3.00[2.33, 3.67] -
Subtotal (95% CI) 813 320 141% 3.52 [2.96, 4.08] »
Heterogeneity, Tauf= 012, Chi*=4.72, df=3{F=019); F= 36%
Testfor averall effect: Z=12.30 (P = 0.00001)
Total (95% CI) 21338 100.0% 4.01[3.19, 4.82] &
Heterogeneity: Tau®= 4.55; Chi®= 283.65, df= 33 (F = 0.00001); F= 38% _150 55 b % 150

Test for averall effect: Z=9.64 (P = 0.00001)
Testfor subaroup differences: Chi*=14.74, df= 2 (P =0.0006), = 86.4%

Favours benign

Favours malignant

AAH - atypical adenomatous hyperplasia; AIS — adenocarcinoma in situ; Benign — AAH and/or AIS; IAC — invasive
adenocarcinoma; MIA — minimally invasive adenocarcinoma; undefined — study does not indicate malignant sub-solid

nodule type(s); test — test set; training — training set
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1752 Ground-glass nodules (GGN)

1753 Figure Q5b: Maximal diameter subgroup analyses of malignant versus benign ground-glass nodules (GGN)
1754 and mixed sub-solid nodules (GGN and part-solid nodules (PSN))

1755 i) IAC
Malignant Benign Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% Cl IV, Random, 95% CI
IAC (GGN)
Eguchi 2014 {vs AIS) 1948 36 24 11 386 a7 5.9% 4,50 [2.73, 6.27] I
Hsu 2021 (vs AAH) 82 34 a8 A3 24 14 1% 1.90[0.33, 3.47] —
Hsu 2021 (ws AIS) 82 34 a8 E 18 5 7.3% 2.20[1.08 3.39] -
Ichinose 2020 {vs AAH) 18 a ¥ 10 2 ] 3.8% 5.001[1.93,14.07] —_—
Ichinose 2020 {vs AI5) 18 a ¥ 12 i 108 3.8% B.00[-0.0012.00] I —
Yang 20149 126 38 28 98 32 24 5.8% 280[0.92 468 ——
YU 2020 {vs AIS) 14 41 25 T 18 19 £.9% 5.80 [5.00, 8.60] E—
Subtotal (95% CI) 208 246  42.0% 3.96 [2.33, 5.59] -4

Heterageneity: Tau®= 319, Chi*= 2618, df=6 (F = 0.0002); P=¥7%
Test for averall effect 2= 476 (F = 0.00001)

IAC {mixed)

Li 2020 ME 52 93 105 349 s 34%  1110[9.69, 12.51] -
Liy 2024 itest 14 482 26 g4 33 31 5.9% 5,60 [3.29, 7.91] I

Liu 2024 itraining) 137 453 B a6 3 7h 1% a0 [3.61, 6.59)] —

Mimae 20145 20 G &13 16 b 96 7.3% 4.00[2.87 5173 -

QiU 2016 (v AlS) 20 8r 85 1445 4 12 4.9% 5.50 [1.40, 9.60] —
Zhang 2020 (vs AAH) 164 448 a0 93 17 7 5.9% 70 [5.25 8.99] —
Fhang 2020 (ws AIS) 164 448 a0 99 44 12 5.8% G.50[3.41, 8.59] —
Zou 2023 (ws AsH) 201 73 M2 104 24 a 5.65% Y.70[7.96,11.84] ——
Zou 2023 (ws AIS) 01 73 M2 12¥ a7y 14 5.7% 740412 10.68] —
Subtotal (95% CI) 1072 323 58.0% 6.92 [4.95, 8.89] e

Heterageneity: Tau®= 762, Chi®= 7318, df=8 (P = 0.00001); F= 89%
Test for averall effect Z=6.89 (P = 0.00001)

Total (95% CI) 1280 569 100.0% 5.77[4.23,7.30] -
Heterageneity: Tau®= 8.05, Chi®= 14936, df= 15 (P = 0.000013; IF= 90% _150 :5 b % 1:0
Test for averall effect Z=7.37 (P = 0.00001)

i ) Favours benign Favours malignant
1756 Testfor subgroup differences: Chi®= 515, df=1 (P = 0.02), F=806%

1757 i) MIA

Malignant Benign Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl I/, Random, 95% C1
MIA (GGN)
Equchi 2014 {vs AIS) 147 76 30 11 36 a7 5.3% 3.70[0.79, 6.61]
Hsu 2021 (vs AAH) 127 a5 A3 24 14 9.0% 0.80 [-0.68, 2.28] T
Hsu 2021 (ws AIS) T1 27 a5 E 18 25 10.4% 1.10[0.07, 2.13] Il
Ichinose 2020 {vs AAH) 16 G a6 10 2 q 7.4% 6.00 [3.96, 8.04] —_—
Ichinose 2020 {vs AI5) 16 fi a6 12 5 108 5.0% 400 [2.17,5.83] —
YU 2020 {vs AIS) 118 &3 22 T 18 19 6.6% 4 B0 [2.24, 6.96] I
Subtotal (95% CI) 274 222 46.7T% 3.23[1.46,4.99] -

Heterageneity: Tau®= 3.86; Chi*= 2948 df=4(F =0.0001); F= 83%
Test for averall effect Z= 358 (F = 0.0003)

MIA {mixed)

Li 2020 142 4497 55 105 349 s B.7% 3T70[2.08 531] B
Liy 2024 itest 949 32 48 g4 33 31 Y9.1% 1.50 [0.03, 2.97] —
Liu 2024 itraining) 103 37 M2 a6 3 7 10.6% 1.70[0.74, 2.6(] -
2iu 2016 (vs AIS) 149 55 14 145 3 12 3.0% 0.40[4.05 485 I —
Fhang 2020 (ws AAH) 116 48 38 93 17 T T.E% 230[0.32 4.28)] —
Zhang 2020 (vs AIS) 116 4.8 38 449 449 12 4.8% 1.70 [1.46, 4.86] I —
Zou 2023 (ws ASH) 112 43 15 104 24 a 5.7% 0.80 [1.94, 3.54] I
Fou 2023 (ws AIS) 112 43 15 127 A&7 14 38%  -1.50[518 219 -1
Subtotal (95% CI) 335 227  53.3% 1.82 [0.99, 2.66] L 3
Heterogeneity: Tau®*= 038, Chi*=9.73, df =7 (P=020); F=28%

Test for averall effect Z=4.30 (F = 0.0001)

Total (95% CI) 609 449 100.0% 2.34[1.45,3.23] &

Heterogeneity: Tau?=1.72; Chi*= 40,41, df= 13 (P = 0.0001); F= 63% -1=D ’5 0 5 1=D
Testforaverall effect 2= 5.14 (P < 0.00001) Favours benign  Favours malignant
1758 Testfor subgroup differences: Chi®=1.99. df= 1 (P = 0.16), F= 43.6%

1759 AAH — atypical adenomatous hyperplasia; AlS — adenocarcinoma in situ; Benign — AAH and/or AIS; GGN — ground-glass

1760 nodule; IAC — invasive adenocarcinoma; MIA — minimally invasive adenocarcinoma; mixed — PSN + GGN; PSN — part-
1761 solid nodule; test — test set; training — training set
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1762 Nodule volume

1763 Figure Q5c: Comparison of malignant versus benign sub-solid pulmonary nodule volume

Malignant Benign Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
IAC
Zou 2023 ws AsH 3.308 a9 112 04 0385 g 10.7% 291 [1.78,4.03] I —
Fou 2023 ws AIS 3.308 a9 112 0843 054 14 10.6% 246 [1.33, 3.60] -
Subtotal (95% CI) 224 22 21.3% 2.69 [1.89, 3.49] B
Heterogeneity: Tau®= 0.00; Chi*=0.30, df=1 (P=0.59); F=0%
Test for overall effect, 2= 6.59 (P = 0.00001)
MIA
Wang 2017 069 066 28 018 009 3l MaA% 081 [0.26, 0.7H] -
Zou 2023 ws AdH 0.248 0493 15 004 0.385 2 17.9% 0.81[0.27,1.38] —
Zou 2023 ws AlS 0.848 0453 15 0843 04889 14 17.6% 0.01 [0.56, 0.57] -
Subtotal (95% CI) 58 61 56.7% 0.46 [0.10, 0.83] s 2
Heterogeneity: Tau®= 0.06; Chi*= 420, df=2 (P=012), F=52%
Test for overall effect 2= 248 (P=0.01)
IAC + MIA
ke 2023 0432 0158 137 0301 0802 104 21.9% 013003, 029 ;
Subtotal (95% CI) 137 104 21.9% 0.13[-0.03, 0.29]
Heterogeneity: Mot applicable
Test for overall effect £=1.64 (P =010}
Total (95% CI) 419 187 100.0% 0.86 [0.35, 1.37] -
Heterogeneity: Tau®=0.30; Chi*= 46,27 df=45 (P = 0.00001}; F= 849% ; f

-4 -2 0 2 4

Testfor owerall effect 2= 3.28 (P = 0.001) Favours henign Favours malignant

1764 Testfor subgroup differences: Chi®= 39.27, df= 2 (P = 0.000017, F=94.9%
1765 (Please note data displayed as cm?® not mm?)

1766 AAH — atypical adenomatous hyperplasia; AlS — adenocarcinomain situ; Benign — AAH and/or AIS; GGN — ground-glass

1767 nodule; IAC — invasive adenocarcinoma; MIA — minimally invasive adenocarcinoma; mixed — PSN + GGN; PSN — part-
1768 solid nodule; test — test set; training — training set
1769

1770 Upper lobe location

1771 Figure Q5d: Forest plot and SROC plot of upper lobe location for diagnosing lung cancer in sub-solid nodules

1772 iii) Forest plot

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI)  Specificity (95% CI)
Chang 2024 52 21 26 14  O0G7[055 077  0.40[0.24, 0.58 —.— ——
Chu 2020 B9 46 30 27 070(060,0.79]  0.37 [0.26, 0.49] —a ——
Cui 2020 144 37 895 15  0.60[0.54,067]  0.29[0.17, 043 - —-—
Fu 2021 213 88 101 30 068062073  0.25[0.18,0.34] - -
Hsu 2021 58 55 40 2% 050(0.49,059]  0.34[0.24, 0.45] —- —-—
Hu 2024 39 11 19 32 0ET[054,079]  0.74[0.59, 0.86] —a—
Kim 2018 21237 130 3 062 [0.57,0.67)  0.46[0.33, 0.58] - —-—
Walter 2018 1 16 0 43  1.00[003,1.00]  0.73[0.60,0.84] u
Wang 2018 89 47 BB 38 0G0[052 0B8]  0.45[0.34, 0.56] - —-—
‘Yan 2025 B53 304 420 222 061 (058, 0.64]  0.42[0.38,047] = -
Zhan 2019 155 38 100 19 061[054, 067  0.33[0.21,0.46] - —-—
-

Zhang 2021 345 59 174 45 0.66[0.62, 0.71] 0430034, 083 | -
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Table Q5j: Pooled results of upper lobe location for diagnosing lung cancer in sub-solid nodules

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.631
0.428
1.104
0.861
1.282

[0.608, 0:654]
[0:347, 0.514]
[0.950, 1.283]
[0.703, 1.055]
[0.901, 1.825]

Ground-glass nodules (GGN)

Figure Q5e: Forest plot of upper lobe location for diagnosing lung cancer in ground-glass nodules (GGN)

i) Forest plot

Study TP
Chang 2024 a2
Chu 2020 4t
Fu 2021 M3
Hsu 2021 a8
Hu 2024 34
Wang 2018 99

FP
21
4B
88
55
11
47

FN
26
a0
101
40
19
il

TN Sensitivity (95% CI) Specificity (95% CI)

14
27
30
28
32
38

0.67 [0.55
0.70[0.60
0.68[0.62
0.59[0.49
067 [0.54
0.60[0.52

L 0.77] 0.40[0.24
,0.79] 0.37 [0.26
,0.73] 0.251[0.18
, 0.69] 0.34 [0.24
,0.79] 0.74 [0.59
, 0.65] 0.45 [0.34

Sensitivity (95% Cl)  Specificity (95% CI)
,0.59] —— —a—

,0.49] - —.—

,0.34] - -

,0.45] - -

_0.88] —a— —.—

1 DSE] I ] ] _F_ ] 1 | ] _I._I 1 ]l
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Table Q5k: Pooled results of upper lobe location for diagnosing lung cancer in ground-glass nodules (GGN)

Bayesian meta-analysis, data displayed as
posterior median [95% posterior interval]

Pooled Sensitivity 0.651 [0.596, 0.697]

Pooled Specificity 0.416 [0.272, 0.600]

LR+ 1.114 [0.872, 1.637]

LR- 0.841 [0.573, 1.319]

DOR 1.328 [0.657,2.826]
Spiculation

Figure Q5f: Forest plot and SROC plot of spiculation for diagnosing lung cancer in sub-solid nodules

Study

Chu 2020
i 2020
Gao 2018

Heuvelmans 2018

Hsu 2021
Hu 2021
Hu 2024
Kim 20148
Li 2020
Liang 2022
Liuz2024
Lu 2020
Qiy 2016
Wang 2017
Wang 2018
Wi 2017
Hiong 2024
Yan 2024
Yang 2019
Zhan 2019
Zhang 2021
Zou 2023

P
11
69
17
0
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7T
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a0
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a4
G
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0,38 [0.33, 0.47]
0.65 [0.57, 0.73]
0.08 [0.04, 0.173]
0.32 [0.27, 0.39]
0.37 [0.27, 0.47]
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0.9 [0.11, 0.29]
0,23 [0.19, 0.27]
0.36 [0.33, 0.39]
0.03 [0.00, 0.18]
0.73 [0.67, 0.78]
0.34 [0.30, 0.38]
0.81 [0.74, 0.88]

0.9 [0.93, 1.00]
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0.8% [0.78, 0.94]
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1.00 [0.95, 1.00]
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0.1 [0.78, 0.97]
0.973 [0.84, 0.95]
0.82 [0.71, 0.91]
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0.79[0.70, 0.87]
0.94 [0.86, 0.95]
0.92 [0.62, 1.00]
0.97 [0.87, 1.00]
0.74[0.63, 0.8
0.84 [0.73, 0.92]
0.96 [0.93, 0.95]
0.81[0.77, 0.84]

1.00[0.86,1.00] ®—

0.721[0.58, 0.83]
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047 [0.38, 0.63] |
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Table Q5I: Pooled results of spiculation for diagnosing lung cancerin sub-solid nodules

LR+
LR-
DOR

Pooled Sensitivity

Pooled Specificity

0.276
0.906
2.926
0.799
3.659

[0.182, 0.394]
[0.858,'0:939]
[2:245, 3.812]
[0.712, 0.898]
[2.626, 5.099]

Ground-glass nodules (GGN)

Figure Q5g: Forest plot:and SROC plot of spiculation for diagnosing lung cancer in ground-glass nodules

(GGN)

i) Forest plot

Study TP
Chu 2020 11
Hs=u 2021 4
Hu 2021 T
Hu 2024 17
Wang 2017 3
YWang 2018 129
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1815  iv) SROC plot
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1817  Table Q5m: Pooled results of spiculation for diagnosing lung.cancer in ground-glass nodules (GGN)

Pooled Sensitivity 0.169 [0.067, 0.363]
Pooled Specificity 0.952 [0.873,00.983]
LR+ 3.482 [1.729, 7.010]
LR- 0.874 [0:758, 1.007]
DOR 3.985 [1.844, 8.613]

1818

1819

1820

1821

1822  FDG-avidity

1823 Figure Q5h: Comparison of malignant versus benign sub-solid pulmonary nodule FDG-avidity
1824

Malignamt Benign Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight N, Random, 95% CI I, Random, 95% Cl
Mimae 2015 38 24 513 1 049 96 100.0% 2.80([2.43,3.07] .
Total (95% CI) 513 96 100.0% 2.80[2.53, 3.07] &
Heterogeneity: Mot applicable 5_4 52 ] é 45
Test for overall effect: £=15.97 (P = 0.00001) Favours henign Favours malignant
1825
1826
1827 Benign — adenocarcinoma in situ (AlIS); Malignant — invasive adenocarcinoma (IAC)
1828
1829
1830
1831
1832
1833
1834
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1835  Air bronchogram
1836 Figure Q5i: Forest plot and SROC plot of air bronchogram for diagnosing lung cancer in sub-solid nodules
1837 i) Forest plot
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)
Chang 2024 17 5 BT 30 022013, 033 0.86 [0.70, 0.94]
Chu 2020 10 4 89 D 00[0.05, 0.18] 0.95 [0.87, 0.95]
Li 2020 T8 71 a4 0.52[0.44, 0.60] 0.87 [0.76, 0.94]
Liu 2024 40 6 207 100 016012, 0.21] 0.94 [0.838, 0.98]
Qiu 2016 16 1 &3 11 0.23[014,0.35] 082062, 1.00]
Wang 2018 44 34 121 51 027 [0.20,0.34] 060 [0.49, 0.70]
W 2017 22 21 Bl 4B 0.27[0.17,0.37] 0.69 [0.56,0.79]
Hiong 2024 124 13 405 246 0.23[0.20,0.27] 0.95[0.92, 0.97]
Yan 2024 96 8 877 5148 0.09[0.07, 0.11] 0.92 [0.97, 0.949]
Yang 20149 6 1 23 13 0.21 [0.08, 0.40] 0.96 [0.79,1.00]
Zhan 2014 120 12 135 46 0.47[0.41,0.483] 0.79[0.67, 0.849]
Zouy 2023 110 34 25 35 0.81[0.74,0.89] 0.51 [0.38, 0.63]
1838
1839 ii) SROC plot
1 -
eer P
08t - T
07+ ,r"/ )/,, :,J
el rrJ’.r ,/,f ;JJ
go.s—— ;'r © ;’,
S e .
03t )
:’ /S0 o
' e ,/ ol
0 D?Q D?S 0.7 0?6 0?5 0?4 0?3 0?2 0?1 1]
1840 Specificity
1841 Table-Q5n; Pooled results of air bronchogram for diagnosing lung cancer in sub-solid nodules
Pooled Sensitivity 0.273 [0.175, 0.400]
Pooled Specificity 0.885 [0.790, 0.940]
LR+ 2.378 [1.514, 3.736]
LR- 0.821 [0.732, 0.921]
DOR 2.897 [1.733, 4.844]
1842
1843
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1844

Ground-glass nodules (GGN)

1845  Figure Q5j: Forest plot and SROC plot of air bronchogram for diagnosing lung cancer in ground-glass nodules
1846  (GGN)
1847 i) Forest plot
Study TP FP FN TH Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% CI)
Chang 2024 17 5 61 230 0.22[0.13,0.33] 0.86 [0.70, 0.959] —— —&
Chu 2020 10 4 B9 B3 0.10([0.04, 0.18] 085087, 0485 —=
Wiy 2017 22 21 B1 4B 0.27[017, 0.37] 0.69 [0.596, 0.79] & ——
Yang 2018 B 123 23 021[0.080400 096079100 | P o o, L L @
0o2o0406081 0020406081
1848
1849 i) SROC plot (not enough data to determine curve)
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1850 Specificity
1851 Table Q50: Pooled results of airibronchogram for diagnosing lung cancer in ground-glass nodules (GGN)
Pooled Sensitivity 0.273 [0.175, 0.400]
Pooled Specificity 0:885 [0.790, 0.940]
LR+ 2.378 [1.514, 3.736]
LR- 0.821 [0.732, 0.921]
Bayesian meta-analysis, data displayed as
DOR 2.897 [1.733, 4.844] posterior median [95% posterior interval]
1852
1853
1854
1855
1856
1857
1858
1859
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1860
1861

1862

1863

1864

1865
1866

Bubble-like lucency

Figure Q5k: Forest plot and SROC plot of bubble-like lucency for diagnosing lung cancer in sub-solid nodules

i) Forest plot

Study
Chang 2024
Chu 2020
Cui 2020
Gao 20149
Hsu 2021
Hu 2021

Hu 2024

Li 2020

Liu 2024
Lu 2020
iy 2016
Wiy 2017
Hie 2024
Hiong 2024
Yan 2024
Yang 20149
Zhan 20149
Zhang 2017
£ou 2023

i) SROC plot

P
33
25
109
14
34
84
9
53
47
36
28
27
T
72
233
2
a8

1
59

FP

(8]

11

15

10
16

19

20
46

et B = e}

FN
45
74
130
71
78
184
53
54
200
62
41
56
e
457
240
a7
217
33
76

TH Sensitivity (95% CI}) Specificity (95% CI)

an
G2
43
69
53
71
41
62
96
a4
a
43
33
234
420
24
52
20
G2

0.42 [0.31, 0.54]
0.25[0.17, 0.35]
0.46 [0.38, 0.57]
047 [0.10, 0.27]
0.31 0,22, 0.40]
0.31 [0.26, 0.37]
0.09 [0.02, 0.149]
0.36 [0.28, 0.44]
019 [0.14, 0.24]
0.37 [0.27, 0.47]
0.41 [0.28, 0.53]
0.33 0,23, 0.44]
0.28[0.18, 0.38]
014011, 0.17]
0.22[0.18, 0.24]
0.07 [0.01, 0.29]
015 [0.11, 0.20]
0.03 [0.00, 0.14]
0.44 [0.35, 0.53]

0.86 [0.70, 0.95]
0.85 [0.75, 0.97]
0.83 [0.70, 0.97]
0.92 [0.83, 0.97]
0.78 [0.66, 0.87]
0.93 [0.85, 0.98]
0.95 [0.24, 0.99]
0.91 [0.82, 0.97]
0.91 [0.63, 0.95]
0.77 [0.66, 0.86]
0.75 [0.43, 0.95]
0.72 [0.58, 0.87]
0.82 [0.67, 0.93]
0.92 [0.68, 0.95]
0.91 [0.88, 0.94]
1.00 [0.86, 1.00]
0.90 [0.74, 0.96]
0.95 [0.76, 1.00]
0.90 [0.50, 0.96]

0.9

0.8

0.7

=
o
|

=
i
|

Sensitivity

0.4

0.3

0.2

0.1

06

[
Specificity

04 03

0.2

01 ]

Sensitivity (95% CI)

-

_._
-

_._
_._
-
_._

-m
-
—-
-

-m—

Specificity (95% CI)

$l+¢-++¥+++¢ﬁ+ﬁ+*$

0020406081 0020406081

92



1867  Table Q5p: Pooled results of bubble-like lucency for diagnosing lung cancer in sub-solid nodules

Pooled Sensitivity 0.248 [0.192, 0.314]
Pooled Specificity 0.886 [0.851, 0.913]
LR+ 2171 [1.746, 2.672]
LR- 0.849 [0.797, 0.904]
DOR 2.557 [1.985, 3.294]
1868
1869
1870 Ground-glass nodules (GGN)
1871 Figure Q5I: Forest plot and SROC plot of bubble-like lucency for diagnosing lung cancer in ground-glass
1872 nodules (GGN)
1873 i) Forest plot
Study TP FP FN TH Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
Zhang 2024 33 5 45 30 0.42[0.31, 0.54] 0.86 [0.70, 0.94] —— —&
Chu 2020 25 11 74 B2 0.25[0.17, 0.34] 0.85[0.75, 0.937] —— —&
Hsu 2021 34, 15 78 A3 0.31[0.23, 0.40] 0.78[0.66,0.87] —— —
Hu 2021 24 4 184 71 0.31 [0.26, 0.37] 0.93 [0.85, 0.94] = —&
Wi 2017 27 19 A6 48 0.33[0.23, 0.44] 0.72[0.58, 0387 —— —i—
Yang 2014 2 0 27 24 0.07 [0.01, 0.23] 1.00[0.86,1.00] =— —a
Zhang 2017 1 1 33 20 0.03[0.00,0.14] 0.95 [0.76, 1.00] .F_I : : : | —t : : I_.I
po2o406081 0020406081
1874
1875 ii) SROC plot (not enough data to determine curve)
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1880

1881

1882

1883
1884

1885

1886
1887

1888
1889

Table Q5q: Pooled results of bubble-like lucency for diagnosing lung cancer in ground-glass nodules (GGN)

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.229
0.895
2.188
0.861
2.541

[0.133, 0.336]
[0.781, 0.953]
[1.201, 3.985]
[0.766, 0.967]
[1.291, 5.001]

Clear lung/tumour interface

Figure Q5m: Forest plot and SROC plot of clear lung/tumour interface for diagnosing lung cancer in sub-solid

nodules

i) Forest plot

Study TP FP
Chang 2024 45 24
Gao 20149 7¥  BA
Wil 2017 oM
Yan 2024 220 2486
Zhan 2014 218 449
Zouy 2023 124 61
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853 280
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0.58 [0.46, 0.6]
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0.86 [0.76, 0.92]
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0.92 [0.86, 0.96]

i) SROC plot (not enough data to determine full curve)
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1890  Table Q5r: Pooled results of clear lung/tumour interface for diagnosing lung cancer in sub-solid nodules

Pooled Sensitivity 0.763 [0.522, 0.905]
Pooled Specificity 0.248 [0.149, 0.384]
LR+ 1.015 [0.868, 1.188]
LR- 0.954 [0.569, 1.599]
DOR 1.064 [0.543, 2.087]

1891
1892 CT density

1893 Figure Q5n: Comparison of malignant versus benign sub-solid pulmonary nodule CT density

Malignant Benign Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Rantdom, 95% CI IV, Random, 95% CI
IAC
Chu 2020 {vs AAH) -61845  FBY 3 -BH01 825 14 27% 71.60[20.64, 122 5E] I—
Chu 2020 {vs AIS) -6184  YBT 3 -BEY.3 B2.3 a4 3.0% 4380 [17.47, 80.13] -
Cui 2020 {vs AAH) -1FFE 1342 20 -614.2 1294 10 2.2% 436.60([351.18, 522.07] E—
Cui 2020 (vs AIS) -17TE 1342 a0 -489.5 1391 42 2.7% 311.90[260.57, 363.23] —_—
Equchi 2014 {vs AIS) -5B0.2  B9.3 24 -G49.8 884 47 2.9% 89.60[52.08,127.12] -
Ichinose 2020 (vs AAH) -533 126 ¥ -B60 84 9 1.8% 127.00[18.72, 235.28]
Ichinose 2020 {vs AIS) -533 126 ¥ -6B05 96 108 2.0% 72.00[-23.08, 167.08] T
Li 2020 -333.3 1508 93 -5803 12749 68 2.8% 257.00([213.83, 30017 -
Liu 2024 itest -358.4 18041 26 -A75 1239 M 23% MB.60([134.78, 208.47] —
Liu 2024 itraining) -3229 2327 61 -5441 1474 75 2.5% 221.20[153.95 288.45] I—
W 2017 (s AAH) -487.3 142 45 -A41 6 125 5 2.48% A4.30[-9.80, 118.50] T
Wiy 2017 (vs AlS) -487.3 142 45 -aA06.2 1415 42 2.45% 18.80 [42.91,80.71] T
Yang 20149 -4854 1224 29 -BO08 1245 24 245% 105.40[38.85 172.259] —
Zhan 2019 (w5 AIS) -386.3 14496 66 -58245 1104 a8 2.8% 206.20[160.27, 252.13] I
Zhang 2017 ivs AIS) -476.5 1881 15 -6627 1.2 al 2.0%  86.20[11.94 184.34] 7
Zhang 2020 {vs AlIS) -B00.A5 84 A0 -B435 61 T 2T7% 43.00 [-7.83,93.83] —
Zhang 2020 ws AlS -600.45 84 a0 -634.1 43 12 2.9% 3360 [-2.17, 69.37] —
Zou 2023 (vs AnH) -4A876 1867 112 -6296 1132 kS 2.2% 172.00[36.28, 257.71]
Zou 2023 {vs AlS) -4487.6 1867 112 -GO75 4974 14 28% 149.90[38.22, 211.58] —_—
Subtotal (95% CI) 964 674 47.3% 142.11[94.96, 189.25] . 2

Heterogeneity: Tau®= 9843.09; Chi*= 247 .84, df=18 (P = 0.00001); F=93%
Test for overall effect: Z=5.91 (P = 0.00001)

MIA

Chu 2020 {vs AAH) -6151  B57 68 -G901 824 14 2.8% 75.00[29.05, 120.95] —
Chu 2020 {vs AIS) -615.1  B57 68 -667.3 B2.3 59 3.0% 52.20[29.92, 74.48] -

Cui 2020 {vg AH) -401.3 1625 1589 -614.2 1294 10 2.2% 212.90[128.82, 296.98] E—
Cui 2020 (vs AIS) -401.3 1625 159 -489.5 1391 42 27% 89.20[39.13,137.27] -
Equchi 2014 (vs AIS) -625.8 B84 30 -G498 884 47 2.8% 24.00 [-16.49, 64.49] ™
Ichinose 2020 {vs AAH) -B7T 123 56 -BB0 84 9 28% 83.00 [19.36, 146.64] —
Ichinose 2020 {vs AIS) -B7T 123 A6 -B05 96 108 2.9% 28.00 [-8.95, 64.95] -'—

Li 2020 -473.2 147 55 -5903 1274 68 27% 1170[67.F7, 166.43] i
Liu 2024 (tesf -501.4 1587 48  -575 1234 il 2.8% 73.60[10.80,136.40] I
Liu 2024 {training) -478.5 1676 112 -5441 1474 7a 2.8% 65.60[20.03,111.17] I

W 2017 {vs AAH) -488.3 1122 38 5416 125 4 2.6% 5330 [-7.31,113.91] ——

Wi 2017 {vs AIS) -488.3 1122 38 -506.2 1514 42 2.6% 17.80 [-40.17, 75.97] T

Zhan 2019 (vs AS) -514.8 1332 189 -5925 1104 58 2.8% 77.70[43.53,111.87] -
Zhang 2017 (vs AIS) -527.4 0 544 19 -5627 131.2 21 2.4%  35.30[-34.98, 105.58] T
Zhang 2020 (vs AIS) -622.8 15 38 -G435 61 TO28% 20.70 [-26.70, B8.10] T
Zhang 2020 (vs AIS) -612.8 45 38 6341 48 12 3.0% 11.30 [-19.40, 42.00] T

Zou 2023 (vs AAH) -547.9 1808 18 -G296 1132 8 1.6% B1.70[-42.70, 206.10] ]

Zou 2023 {vs AIS) -547.9 1808 19 -G075 8974 14 1.8%  59.60[-49.63, 168.83] I —
Subtotal (95% CI) 1201 650 46.6% 59.23 [41.36, 77.10] +
Heterogeneity: Tau®= 773.99; Chi*= 41.26, df= 17 (P = 0.0009); F= 549%

Test for overall effect: Z= 650 (P = 0.00001)

IAC + MIA, or undefined

Ke 2023 -334 1395 104 -50989 97 137 3.0% 175.80[144.55 207.25] -
Yan 2024 -542.8 1208 1073 -6352 1012 4826 31% 92.40[81.13, 103.67] -
Subtotal (95% CI) 1M77 663 6.1% 132.82[51.03, 214.60] -l
Heterogeneity: Tau®= 3341.69; Chi*= 24,14, df=1 (P = 0.00001), F = 96%

Test for overall effect: Z= 318 (F = 0.001)

Total (95% CI) 3342 1987 100.0% 104.11[81.44, 126.78] L
Heterogeneity: Tau®= 4274.43; Chi*= 391.33, df= 38 (P = 0.00001); F=90% = _2%0 b 2%0 560

Test for overall effect: Z=9.00 (P = 0.00001)

Favours benign  Favours malignant
1894 Test for subgroup differences: Chi*= 12 58, df= 2 (P= 0.002), F=84.1% ! an ra !

1895 AAH — atypical adenomatous hyperplasia; AlIS — adenocarcinoma in situ; Benign — AAH and/or AIS; IAC — invasive
1896 adenocarcinoma; MIA — minimally invasive adenocarcinoma; undefined — study does not indicate malignant sub-solid
1897 nodule type(s); test — test set; training — training set
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1898 Ground-glass nodules (GGN)

1899 Figure Q50: CT density subgroup analyses of analyses of malignant versus benign ground-glass nodules
1900 (GGN) and mixed sub-solid nodules (GGN and part-solid nodules (PSN))

1901 i) IAC
Malignant Benign Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
IAC (GGN)
Chu 2020 {ve AAH) -618.5 TAT 31 -6901 8245 14 55% 71.60[20.64, 122.56] i
Chu 2020 {vs AIS) -618.5 TFAT 31 -B673  B23 59 57% 48.80[17.47,80.13] -
Equchi 2014 {vs AIS) -560.2  B9.3 24 -G498 884 47 5T7% 89.60 [52.08,127.12] -
Ichinose 2020 {vs AfH) -533 126 7 -BBO a4 9 45% 127.00[18.72, 235.28] —
Ichinose 2020 {vs AIS) -533 126 7 -BO5 96 108  47%  72.00[23.08 167.08] I E—
WL 2017 {vs AAH) -487.3 142 45 5416 125 25 89.3% 54,30 [-9.90, 118.50] —
W 2017 (vs AIS) -487.3 142 45 -506.2 1491.5 42 5.3% 18.90 [[42.91, 80.71] T
Yang 2019 -495.4 1225 29 -G00B 1245 24 53% 105.40[38.55, 172.25] I
Zhang 2017 (vs AIS) -476.5 15491 18 -862F 131.2 21 4T7%  BE20[-11.94 184.34] b
Subtotal (95% CI) 234 349  46.7% 66.96 [49.12, 84.80] L 2

Heterngeneity: Tau®= 0.00; Chi®=¥.80, df= 8 (P =045}, F= 0%
Test for overall effect: Z= 7.36 (P = 0.00001)

IAC (mixed)

Cui 2020 (vs AAH) S1776 1342 80 -6142 1294 10 4.9% 436.60[351.18, 522.02] -
CUi 2020 (s AIS) S1776 1342 a0 -489.5 1391 42 55% 311.90[260.57, 363.23] -
Li 2020 -333.3 15808 93 -5903 1279 63 9.6% 257.00[213.83 300.17] -
Liu 2024 est -358.4 1801 26 -575 1239 31 5.0% 216.60[134.78, 208.42] -
Liu 2024 {training) -3229 2327 61 -5441 1474 78 85.3% 221.20[153.95, 288.458] —
Zhan 2019 (vs AIS) -386.3 1496 66 -592.5 1104 58  65.6% 206.20 [160.27,252.13] -
Zhang 2020 (vs AIS) -600.5 84 a0 -G43.5 61 TO85% 43.00 [-7.83, 93.83] —

Zhang 2020 ws AlS -600.5 84 a0 -G34.1 43 12 57% 3360 [2.17, 69.37] —

Zou 2023 (vs AAH) -4576 1867 112 -6296 1132 8 49% 172.00[86.28, 257.72] —

Zou 2023 {vs AlS) -457.6 1867 112 -GO75 974 14 53% 149.90[38.22, 211.58] I
Subtotal (95% CI) 730 325 53.3% 202.83[127.37, 278.30] B

Heterogeneity: Tau®= 13802.50; Chi*= 168.32, df=9 (P = 0.00001); F=95%
Test for overall effect: 2= 5.27 (F = 0.00001)

Total (95% CI) 964 674 100.0%  142.11[94.96, 189.25] <
Heterogeneity: Tau®= 9843.09; Chi*= 247 .84, df=18 (P = 0.00001); F=93%
Test for overall effect: Z=5.91 (P = 0.00001)

-500 -250 0 250 500
Favours benign Favours malignant

1902 Testfor subgroup difierences: Chif= 11.79, df= 1 (P = 0.0008Y, = 91.5%

1903

1904 i) MIA

Malignant Benign Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
MIA (GGN)
Chu 2020 {vs AAH) -615.1  BST 68 -B90.1 8245 14 B.3% 75.00([29.05, 12095 i
Chu 2020 (vs AIS) -6151  B5T B8 -BBT.3 623 59  9.2% 52.20[29.92, 74.48] -
Eguchi 2014 (vs AIS) -G25.8 884 30 -649.8 B84 47 B.A9% 24,00 [-16.49, 64.49] ™
lchinose 2020 {vs AAH) SETT 123 86 -B&0 a4 9 4.5% 23200 [19.36, 146.64] I
lchinose 2020 {ys AIS) SETT 123 86 -BO5 96 108 TA% 28.00 [-2.95, 64.95] ~
WL 2017 (vs AAH) -488.3 1122 38 -5416 125 25 4.8% 53.30 [7.31,113.81] —
Wi 2017 (vs AIS) -488.3 1122 38 -506.2 15814 42 5.0% 17.80 [40.17, 75.97] T
Zhang 2017 (vs AlS) -627.4 441 19 -562.7 1312 al 4.0%  35.30[-34.928 1056.58] T
Subtotal (95% CI) 373 325 48.2% 46.05 [31.69, 60.41] [ ]

Heterogeneity: Tau®=0.00; Chi*= 622, df= 7 (P=051); F=0%
Testfor overall effect 2= 6.28 (P = 0.00001)

MIA (mixed)

Cui 2020 (vs AAH) -401.3 1625 159 -614.2 1294 10 3.2% 212.90[128.82, 296.98] —_—
Cui 2020 (ws AIS) -401.3 1625 159 -4895 1391 42 59% 88.20([39.13,137.27] -
Li 2020 -473.2 147 54 -590.3 1279 B3 58% MTA0[ET.77 166.43] —
Liu 2024 {test) -a01.4 149497 43 -575 1239 kil A4.6% T3E0[10.80,136.40] -
Liu 2024 {training) -478.58 1676 112 -9441 1474 78 B.3% B5.60[20.03, 111.17] I
Zhan 2019 (vs AIS) -514.8 1332 189 -5925 1104 58 T.7% TT.70([43.53,111.87] -
Zhang 2020 (vs AIS) -622.8 45 38 -643.5 61 TOB1% 2070 [-26.70, 68.10] T
Zhang 2020 (vs AIS) -622.8 45 38 -634. 43 12 8.2% 11.30 [-19.40, 42.00] T

Zou 2023 (vs AAH) -547.9 1908 16 -B20.6 1132 8 1.7%  81.7O[42.70,206.100 ]

Zou 2023 (vs AIS) -547.9 1908 16 -B07.5 975 14 21% 5960 [-49.63 168.83] T
Subtotal (95% CI) 828 325 51.8%  75.27 [43.22, 107.32] &

Heterogeneity: Tau®=1730.83; Chi®= 32.72, df=9 (F = 0.0001); F= 72%
Testfor overall effect: £=4.60 (F = 0.00001)

Total (95% CI) 1201 650 100.0% 59.23[41.36, 77.10] L
Heterogeneity; Tau®= 773.99; Chi*= 41.26, df= 17 (F = 0.0009); F= 59%
Testfor overall effect: Z=6.50 (P = 0.00001)

1905 Testfor subgroup differences: Chi®= 266, df=1 (P =0.10), F= 62.4%

-500 -250 0 250 500
Favours benign Favours malignant

1906 AAH — atypical adenomatous hyperplasia; AlS — adenocarcinoma in situ; Benign — AAH and/or AIS; GGN — ground-glass
1907 nodule; IAC — invasive adenocarcinoma; MIA — minimally invasive adenocarcinoma; mixed — PSN + GGN; PSN — part-
1908 solid nodule; test — test set; training — training set
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1909
1910

1911

1912
1913
1914

1915

1916
1917
1918

1919

1920

1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931

Size of solid component

Figure Q5p: Comparison of malignant versus benign sub-solid pulmonary nodule size of solid component

Malignant Benign Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
IAC
Duan 2022 {ws AAH)  11.3 3.4 134 65 26 24 4 6% 480 [3.61, 5.94] I
Duan 2022 {vs AIE) 11.3 3.4 134 B9 23 26 5.9% 4.40[3.35, 5.49] -
Mirmae 2015 13 8 513 3 5 96 44% 1000878 11.22] —
Subtotal (95% CI) 781 146 15.0%  6.18[5.52, 6.84] &

Heterogeneity: Chi*= 5400, df= 2 (P = 0.00001); F= 95%
Test for overall effect: £=18.30 {F = 0.00001)

MIA

Duan 2022 {vs AAH) 9 585 22 65 2.6 24 1.0% 2450002 5.02]

Duan 2022 (vs AlS) 9 55 22 68 23 26 11%  210[-0.36, 4.56] A
Subtotal (95% CI) 44 50 2.1%  2.30[0.53, 4.06] e

Heterogeneity: Chi*=0.08, df=1 (P =0.82); F= 0%
Testfor overall effect: Z= 2455 (P =0.01)

IAC + MIA, undefined

Ke 2023 49 1.5 137 23 07 104 209% 260([2.32 2.88] [ |
Lu 2020 16 8 98 f 4 70 1.8% 10.00[3.16,11.84] I
Subtotal (95% CI) 235 174 829%  2.77[2.49,3.05] +

Heterogeneity: Chi*= 6066, df=1 (P = 0.00001); F= 98%
Test for overall effect; 2= 19.30 {(F = 0.00001)

Total (95% CI) 1060 370 100.0%  3.27[3.02,3.53] 1

Heterogeneity: Chi®= 202,20, df= 6 (P = 0.00001); F= 97% -1’0 % 1 % 1=E|
Testfor overall effect: Z= 2503 (P = 0.00001) Favours benign Favours malignant
Testfor subgroup diferences: Chi®=87.49, df= 2 (P = 0.00001), F=97.7%

\J

AAH - atypical adenomatous hyperplasia; AIS — adenocarcino %J Benign — AAH and/or AIS; IAC — invasive
adenocarcinoma; MIA — minimally invasive adenocarcinom\\' d — study does not indicate malignant sub-solid

nodule type(s); test — test set; training — training set Q

Spiculation

Area under the curve (AUC) OQ

Figure Q5q: AUC of spiculation f{{@osing lung cancer in sub-solid nodules
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Air bronchogram

Figure Q5r: AUC of air bronchogram for diagnosing lung cancer in sub-solid nodules

1

0.9+

08

0.7+

06

=
2

Sensitivity

0.4+

0.3+

0.2

0.1

09

(IR

0r

Bubble-like lucency

Figure Q5s: AUC of bubble-like lucency for diagno
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The estimated AUC is 0.704.
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1984
1985

1986
1987
1988
1989

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

GRADE analyses

Nodule diameter

In adults with sub-solid pulmonary nodules, does maximal nodule diameter indicate lung cancer in sub-solid
nodules?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Malignant sub-solid nodules, invasive adenocarcinoma (IAC), minimally invasive adenocarcinoma (MIA)
Comparator: Benign sub-solid nodules (adenocarcinoma in situ (AIS), atypical adenomatous hyperplasia (AAH))

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIEES))

. 4040 4.01 (3.19 to 4.82) mm greater in the OO0
Nodule diameter (IAC + MIA) (34 datasets) invasive nodule group VERY LOW 2b

. 1849 5.77 (4.23 to 7.30) mm greater in the S000
Nodule diameter (IAC) (16 datasets) IAC nodule group VERY LOW ab

. 1058 2.34 (1.45 to 3.23) mm greater in the SO00
Nodule diameter (MIA) (14 datasets)  MIA nodule group VERY LOW =4

Explanations
a. Some risk of bias across the studies
b. Serious inconsistency across the studies

c. Some inconsistency across the studies

d. Some imprecision, Cls cross one MID

Ground-glass nodules (GGN)
IAC (ground-glass nodules (GGN))

In adults with sub-solid pulmonary nodules, does maximal nodule diameter indicate lung cancer in sub-solid
nodules?

Population: Adults aged 18+ with.sub-solid pulmonary nodules
Intervention: Invasive adenocarcinoma (IAC) (GGN) (malignant)
Comparator: Benign GGN (AIS; AAH)

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIERES))
. 454 3.96 (2.33 to 5.59) mm greater SO00
Nodule diaglter{(5)F, GGN) (7 datasets) in the IAC GGN group VERY LOW 2b

Explanations
a. Some risk of bias across the studies
b.« Serious inconsistency across the studies
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2000

2001
2002
2003
2004

2005
2006
2007
2008
2009
2010
2011
2012

MIA (ground-glass nodules (GGN))

In adults with sub-solid pulmonary nodules, does maximal nodule diameter indicate lung cancer in sub-solid
nodules?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Minimally invasive adenocarcinoma (MIA) (GGN) (malignant)
Comparator: Benign GGN (AIS, AAH)

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(datasets)
. 496 3.23 (1.46 to 4.99) mm greater DO00O
Nodule diameter (MIA, GGN) (6 datasets) in the MIA GGN group VERY LOW 20

Explanations
a. Some risk of bias across the studies
b. Serious inconsistency across the studies

c. Some imprecision, Cls cross one MID

Nodule volume

In adults with sub-solid pulmonary nodules, does nodule volume indicate lung cancer in sub-solid nodules?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Malignant sub-solid nodules, invasive adenocarcinoma (IAC), minimally invasive adenocarcinoma (MIA)

Comparator: Benign sub-solid nodules (adenocarcinoma in situ (AlS), atypical adenomatous hyperplasia (AAH))

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIERES))

606 0.86 (0.35 to 1.37) cm? greater in the SO00
Nodule volume (IAC + MIA) (6 datasets) invasive nodule group VERY LOW 2b

246 2.69 (1.89 to 3.49) cm?3 greater in the e larlO]0)
Nodule volume (IAC) (2 datasets) IAC nodule group LOW od

119 0.46 (0.10 to 0.83) cm?® greater in the SeOoO00O
Nodule volume (MIA) (3 datasets) MIA nodule group VERY LOW bcde

Explanations
a. Serious inconsistency across the studies

b. Some imprecision;:Cls cross one MID
c. Downgraded.as data from single study
d. Downgraded as data from retrospective study/studies

e. Some inconsistency across the studies
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2013

2014
2015
2016
2017

2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Upper lobe location

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Upper lobe location
Pooled sensitivity: 0.64 (95% CI: 0.61 to 0.65) | Pooled specificity: 0.43 (95% CI: 0.35 to 0.51)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 32 (30 to 33) 3241 EhBO
False negatives 18 (17 to 20) (12) MODERATE *
True negatives 407 (330 to 488) 1304 PPPRO
False positives 543 (462 to 620) (12) MODERATE @

ClI: Confidence interval

Explanations
a. Some risk of bias across the studies

Ground-glass nodules (GGN)

What is the diagnostic accuracy of imaging tests, and the optimal ‘strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Upper lobe location
Pooled sensitivity: 0.65 (95% CI: 0.60 to 0.70) | Pooled specificity: 0.41 (95% CI: 0.27 to 0.60)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 33 (30'to 35) 812 SPpO0
False negatives 17.(15 to20) (6) LOwW 2
True negatives 395 (258 to 570) 437 141010
False positives 5557380 to 692) (6) LOwW ab

CI: Confidence interval

Explanations
a. Some risk of bias across the studies

b. Some inconsistency across the specificities
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2031

2032
2033
2034

2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047

Spiculation

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Spiculation
Pooled sensitivity: 0.28 (95% CI: 0.18 to 0.39) | Pooled specificity: 0.91 (95% CI: 0.86 to 0.94)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 14 (9 to 20) 4740 o000
False negatives 36 (30 to 41) (22) VERY LOW 2
True negatives 861 (815 to 892) 2115 OO0
False positives 89 (58 to 135) (22) VERY LOW @b

CI: Confidence interval

Explanations
c. Some risk of bias across the studies

d. Serious inconsistency across the sensitivities

Ground-glass nodules (GGN)

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Spiculation
Pooled sensitivity: 0.17 (95% CI: 0.07 to 0.36) | Pooled specificity: 0.95 (95% CI: 0.87 to 0.98)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 8.(3:t0"18) 843 00
False negatives 42'(32 to 47) (8) LOw b
True negatives 904 (829 to 934) 475 1190
False positives 46 (16 to 121) (8) LOw ab

ClI: Confidence interval

Explanations
a. Some risk of bias'across studies

b. Some inconsistency across the sensitivities and specificities
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2048

2049
2050
2051
2052

2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064

Air bronchogram

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Air bronchogram
Pooled sensitivity: 0.27 (95% CI: 0.18 to 0.40) | Pooled specificity: 0.88 (95% CI: 0.79 to 0.94)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 14 (9 to 20) 2910 BeOo000
False negatives 36 (30 to 41) (12) VERY LOW:=°¢
True negatives 841 (751 to 893) 1382 [418]0]0)
False positives 109 (57 to 199) (12) VERY LOW abec

ClI: Confidence interval

Explanations
c. Serious risk of bias across the studies

d. Some inconsistency across the sensitivities and specificities

e. Some imprecision across the specificities

Ground-glass nodules (GGN)

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Air bronchogram
Pooled sensitivity: 0.38 (95% CI: 0.20 to 0.61) | Pooled specificity: 0.84 (95% CI: 0.64 to 0.93)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 14 (9 to 20) 289 SDheO
False negatives 36 (30 to 41) (4) MODERATE @
True negatives 841 (751 to 893) 199 SPRO
False positives 109 (57 to 199) (4) MODERATE @

CI: Confidence.interval

Explanations
a. Some risk of bias across studies
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2065

2066
2067
2068
2069

2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082

Bubble-like lucency

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Bubble-like lucency
Pooled sensitivity: 0.25 (95% CI: 0.19 to 0.31) | Pooled specificity: 0.89 (95% CI: 0.85 to 0.91)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 12 (10 to 16) 3737 SPOO
False negatives 38 (34 to 40) (19) LOw ar
True negatives 842 (808 to 867) 1742 PPpO0O
False positives 108 (83 to 142) (19) LOow ab

ClI: Confidence interval

Explanations
a. Some risk of bias across the studies

b. Some inconsistency across the sensitivities

Ground-glass nodules (GGN)

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Bubble-like lucency
Pooled sensitivity: 0.23 (95% CI: 0.13 to 0.37) | Pooled specificity: 0.90 (95% CI: 0.78 to 0.95)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 11(7t0"17) 704 ]100)
False negatives 39(33 to 43) @) Low 2>
True negatives 850 (742 to 905) 364 BPpO0O
False positives 100 (45 to 208) (7) LOwW b

CI: Confidence interval

Explanations
a. Some risk of bias'across studies

b. Some inconsistency across the sensitivities
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2083

2084
2085
2086
2087

2088
2089
2090
2091
2092

Clear lung/tumour interface

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Patient or population: Adults aged 18+ with sub-solid pulmonary nodules
New test: Clear lung/tumour interface
Pooled sensitivity: 0.76 (95% CI: 0.52 to 0.90) | Pooled specificity: 0.25 (95% CI: 0.15 to 0.38)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 38 (26 to 45) 1710 BeOo000
False negatives 12 (5 to 24) (6) VERY LOWabc
True negatives 236 (142 to 365) 830 OO0
False positives 714 (585 to 808) (6) VERY LOW &be

ClI: Confidence interval

Explanations
c. Some risk of bias across the studies

d. Serious inconsistency across the sensitivities and specificities

e. Some imprecision across the specificities

CT density

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Malignant sub-solid nodules, invasiveiadenocarcinoma (IAC), minimally invasive adenocarcinoma (MIA)
Comparator: Benign sub-solid nodules (adenocarcinoma in situ (AIS), atypical adenomatous hyperplasia (AAH))

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIEREE))
. 5329 104.11 (81.44 to 126.78) HU greater D000
CT density (IAC + MIA) (39 datasets) in the invasive nodule group VERY LOW 2°
i 1638 142.11 (94.96 to 189.25) HU greater SeOoO00O
CT density (IAC) (19 datasets)  in the IAC nodule group VERY LOW 2°
. 1851 59.23 (41.36 to 77.10) HU greater in OO0
CT density (MIA) (18 datasets) the MIA nodule group VERY LOW acd

Explanations
a. Somerrisk.of bias across the studies

b._¢Sefrious inconsistency across the studies
c. . Some inconsistency across the studies

d. Some imprecision, Cls cross one MID
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2093
2094 Ground-glass nodules (GGN)
2095 IAC (ground-glass nodules (GGN))

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Invasive adenocarcinoma (IAC) (GGN) (malignant)
Comparator: Benign GGN (AIS, AAH)

Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIEES))
. 583 66.96 (49.12 to 84.80) HU greater in P00
CT density (IAC, GGN) (9 datasets) the IAC GGN group LOw ap

Explanations
a. Some risk of bias across the studies
b. Downgraded as data from retrospective study/studies

2096
2097
2098  MIA (ground-glass nodules (GGN))

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer in a sub-solid pulmonary nodule?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Minimally invasive adenocarcinoma (MIA) (GGN) (malignant)
Comparator: Benign GGN (AIS, AAH)

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIERES))
. 698 46.05 (31.69 to 60.41) HU greater in 000
CT density (MIA, GGN) (6 datasets)”  the MIA GGN group VERY LOW 2b

Explanations

a. Serious risk of bias across the:studies
b. Some imprecision, Cls cross.one MID

2099
2100
2101
2102 Size of solid component

What is the diagnostic accuracy of imaging tests, and the optimal strategy for image utilisation, for diagnosing
lung cancer.in a sub-solid pulmonary nodule?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Invasive sub-solid nodules, invasive adenocarcinoma (IAC), minimally invasive adenocarcinoma (MIA)
Comparator: Benign sub-solid nodules (adenocarcinoma in situ (AIS), atypical adenomatous hyperplasia (AAH))

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(CEIERES))
. 1430 3.27 (3.02 to 3.53) mm greater in the OO0
Solid component (IAC + MIA) 7 jatasets)  invasive nodule group VERY LOW 2P

Explanations
a. Serious inconsistency across the studies
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2103
2104
2105

2106

2107

2108

2109

2110
2111
2112
2113

2114
2115

b. Downgraded as data from retrospective study/studies

Recommendation Tables

Question Details

POPULATION:

INDEX TESTS:

GOLD STANDARD:

OUTCOME:

Nodule diameter

Adults (18+) with sub-solid pulmonary nodules

Strategies for image utilisation for diagnosing lung cancer in a sub-solid pulmonary nodule
Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy of strategies for image utilisation for diagnosing lung cancer.

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluqed
studies
Does not
BALANCE OF Favours the Probably .favour the Probably Favours the . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison ) . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention or the intervention the intervention
intervention intervention the comparison
O O O |
CONCLUSIONS

Recommendation

For adults with sub-solid pulmonary nodules, maximal nodule diameter can be considered when determining
lung cancer risk. (Conditional)

Justification
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2116
2117

2118

2119
2120

2121
2122
2123

Malignant sub-solid pulmonary nodules (invasive adenocarcinoma (IAC) and minimally invasive
adenocarcinoma (MIA)) appear to have a greater maximal nodule diameter than benign sub-solid pulmonary
nodules (adenocarcinoma in situ (AlS), atypical adenomatous hyperplasia (AAH)). (Very low)

Invasive adenocarcinoma (IAC) sub-solid pulmonary nodules appear to have a greater maximal nodule
diameter than minimally invasive adenocarcinoma (MIA) sub-solid pulmonary nodules (Very low)

Subgroup considerations

Invasive adenocarcinoma (IAC) ground-glass nodules (malignant) appear to have a greater maximal nodule
diameter than benign ground-glass nodules (adenocarcinoma in situ (AlS), atypical adenomatous
hyperplasia (AAH)). (Very low)

There was not enough evidence to consider part-solid nodules and other sub-solid nodule subgroups:

Research priorities

Further research is needed to determine the diagnostic accuracy of maximal nodule diameter for diagnosing
lung cancer in sub-solid nodules and sub-solid nodule subtypes (ground-glass ‘nodules’and part-solid
nodules).

Upper lobe location

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably.yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate AU accurate Varies know
DESIRABLE - . Don't
e Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluqed
studies
Does not
BALANCE OF Favours the Probably _favour “.‘e Probably Favours the . Don't
. favours the | intervention | favours the | . ) Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
| O O O
CONCLUSIONS

Recommendation
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2127
2128

2129

2130
2131

2132
2133
2134

For patients with sub-solid pulmonary nodules, upper lobe location should not be considered for determining
invasive lung cancer in sub-solid pulmonary nodules. (Conditional)

Justification

Upper lobe location appears to have a low sensitivity and a low specificity for diagnosing lung cancer in sub-
solid pulmonary nodules. (Moderate)

Subgroup considerations

Upper lobe location appears to have a moderate sensitivity and a low specificity for diagnosing lung cancer
in ground-glass pulmonary nodules. (Low)

There was not enough evidence to consider part-solid nodules and other sub-solid nodule subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy of upper lobe location for‘diagnosing lung
cancer in sub-solid nodules and sub-solid nodule subtypes (ground-glass nodules and part-solid nodules).

Spiculation
SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM No Probably no | ' roaply Yes Varies | DOnt
yes know
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate Accuiaid accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluqed
studies
Does not
APl Favolrs the | ropably | favourthe Probably 1 . vours the . Don't
. favours the intervention favours the . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE.OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O O
CONCLUSIONS

Recommendation
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2138

2139

2140

2141

2142
2143
2144
2145
2146

For adults with sub-solid pulmonary nodules, spiculation can be considered when determining invasive lung
cancer in a sub-solid pulmonary nodule. (Conditional)

Justification

Spiculation appears to have a low sensitivity and a very high specificity for diagnosing lung cancer in sub-
solid pulmonary nodules. (Very low)

Subgroup considerations

Spiculation appears to have a low sensitivity and a very high specificity for diagnosing lung cancer in ground-
glass pulmonary nodules. (Low)

There was not enough evidence to consider part-solid nodules and other sub-solid nodule subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy of spiculation for diagnosing lung cancer in
sub-solid nodules and sub-solid nodule subtypes (ground-glass nodules and part-solid.nodules).

Air bronchogram

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably.yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate AENe accurate Varies know
DESIRABLE . . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE . . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low. Low Moderate High mcIuQed
studies
Does not
SINWN e Xl Favours the | ropdbly | favourthe | Probably e o o e . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O O
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2147

2151
2152
2153

2154

2155
2156

CONCLUSIONS

Recommendation

For adults with sub-solid pulmonary nodules, the presence of air bronchogram can be considered when
determining invasive lung cancer in a sub-solid pulmonary nodule. (Conditional)

Justification

The presence of air bronchogram appears to have a low sensitivity and a high specificity for diagnosing lung
cancer in sub-solid pulmonary nodules. (Very low)

Subgroup considerations

The presence of air bronchogram appears to have a low sensitivity and a high specificity for diagnosing lung
cancer in ground-glass pulmonary nodules. (Moderate)

There was not enough evidence to consider part-solid nodules and other sub-solid nodule subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy of the presence-of air bronchogram for
diagnosing lung cancer in sub-solid nodules and sub-solid nodule subtypes (ground-glass nodules and part-
solid nodules).

Bubble-like lucency

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no’ | Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Ingacuralc Accurate accurate Varies know
DESIRABLE . . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE . . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High mcIuclied
studies
Does not
SINWN Xl Favoursthe | L ropaply | favourthe | Probably e o o e . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O O
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2157

2161
2162

2163

2164
2165
2166
2167

CONCLUSIONS

Recommendation

For adults with sub-solid pulmonary nodules, presence of bubble-like lucency considered when determining
invasive lung cancer in a sub-solid pulmonary nodule. (Conditional)

Justification

The presence of bubble-like lucency appears to have a low sensitivity and a high specificity for diagnosing
lung cancer in sub-solid pulmonary nodules. (Low)

Subgroup considerations

The presence of bubble-like lucency appears to have a low sensitivity and a very high specificity for
diagnosing lung cancer in ground-glass pulmonary nodules. (Low)

There was not enough evidence to consider part-solid nodules and other sub-solid nodule subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy of presence of bubble-like lucency for
diagnosing lung cancer in sub-solid nodules and sub-solid nodule subtypes (ground-glass nodules and part-
solid nodules).

Clear lung/tumour interface

SUMMARY OF JUDGEMENTS
JUDGEMENT

. Don't

PROBLEM No Probably no ~|~Probably yes Yes Varies Know

TEST Very Very . Don't

ACCURACY inaccurate Inaccura Accurate accurate Varies know

DESIRABLE - . Don't

EFFECTS Trivial Small Moderate Large Varies Know

UNDESIRABLE - . Don't

EFFECTS Large Moderate Small Trivial Varies Know

CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluqed
studies
Does not
BALANCE OF Favours the Probably -favour tl.1e Probably Favours the . Don't
. favours the | intervention | favoursthe | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
the intervention the intervention
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2168
2169
2170

2174
2175

2176

2177
2178
2179

against the against the either the intervention
intervention intervention or the comparison
a a a O
CONCLUSIONS

Recommendation

For patients with sub-solid pulmonary nodules, upper lobe location should not be considered for determining
invasive lung cancer in sub-solid pulmonary nodules. (Conditional)

Justification

The presence of a clear lung/tumour interface appears to have a moderate sensitivity and a.low 'specificity
for diagnosing lung cancer in sub-solid pulmonary nodules. (Very low)

Subgroup considerations

There were not enough data to consider subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy of clear lung/tumour interface presence for
diagnosing lung cancer in sub-solid pulmonary nodules and sub-solid nodule subtypes (ground-glass
nodules and part-solid nodules).

CT density
SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluqed
studies
Does not
BALANCE OF Favours the Probably .favour the Probably Favours the . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison . . R intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention or the intervention the intervention
intervention intervention the comparison
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2180
2181

2185
2186

2187

2188

CONCLUSIONS

Recommendation

For adults with sub-solid pulmonary nodules, increased CT density can be considered when determining
invasive lung cancer in a sub-solid pulmonary nodule. (Conditional)

Justification

Invasive sub-solid pulmonary nodules (invasive adenocarcinoma (IAC) and minimally ~invasive
adenocarcinoma (MIA)) appear to have a greater CT density than benign sub-solid pulmonary.nodules
(adenocarcinoma in situ (AIS) and atypical adenomatous hyperplasia (AAH)). (Very low)

Subgroup considerations

Invasive adenocarcinoma (IAC) ground-glass nodules (malignant) appear to have a greater CT density than
benign ground-glass nodules (adenocarcinoma in situ (AlS), atypical adenomatous, hyperplasia (AAH)).
(Low)

Minimally invasive adenocarcinoma (MIA) ground-glass nodules (malignant).appear to have a greater CT
density than benign ground-glass nodules (adenocarcinoma in situ (AIS), atypical adenomatous hyperplasia
(AAH)). (Very low)

There was not enough evidence to consider part-solid nodules and other sub-solid nodule subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy of CT density for diagnosing lung cancer in
sub-solid nodules and sub-solid nodule subtypes (ground-glass nodules and part-solid nodules).

Size of solid component

SUMMARY OF JUDGEMENTS
JUDGEMENT

. Don't

PROBLEM No Probably no | Probably yes Yes Varies Know

DESIRABLE - 4 . Don't

EFFECTS Trivial Small Moderate Large Varies Know

UNDESIRABLE . . Don't

EFFECTS Large Moderate Small Trivial Varies Know

CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluqed
studies
Does not
YW Xl Favoursthe | ropably | favourthe - Probably oo oo . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention or the intervention the intervention
intervention intervention the comparison
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2190
2191

2195
2196
2197
2198
2199
2200
2201
2202
2203

CONCLUSIONS

Recommendation

For adults with sub-solid pulmonary nodules, size of solid component can be considered when determining
invasive lung cancer in a sub-solid pulmonary nodule. (Conditional)

Justification

Invasive sub-solid pulmonary nodules (invasive adenocarcinoma (IAC) and minimally, invasive
adenocarcinoma (MIA)) appear to have a greater size of solid component than benign sub-solid pulmonary
nodules (adenocarcinoma in situ (AlS) and atypical adenomatous hyperplasia (AAH)). (Very low)

Subgroup considerations

There were not enough data to consider subgroups.

Research priorities

Further research is needed to determine the diagnostic accuracy_of the size of solid component for
diagnosing lung cancer in sub-solid nodules and sub-solid nodule subtypes (ground-glass nodules and part-
solid nodules).
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2300 Question Protocol

_

Review Question What is the diagnostic accuracy of imaging tests, and the optimal strategy for
image utilisation* for diagnosing lung cancer in a sub-solid pulmonary nodule?

* Computer-aided measurement of specific nodule parameters (e.g. volume, mass) NOT
artificial-intelligence tools where multiple parameters are computed to give an overall-risk
assessment.

Type of review question  Diagnostic accuracy review

Objective of the review Sub-solid pulmonary nodules are first assessed on non-invasive imaging tests —
initially CT, sometimes supplemented by other imaging investigations. The way
imaging tests are assessed (for example, how pulmonary nodules are measured)
can vary. This question aims to clarify the optimal'way to assess the likelihood of
lung cancer using these various modalities and determine the overall diagnostic
accuracy of these approaches.

Eligibility criteria — Adults with solid pulmonary nodules (18+ years of age)
population / disease /

condition / issue /

domain

Eligibility criteria —index  Nodule diameter
tesi(s) Nodule yolume

Upper:lobe location
Spiculation

FDG-avidity

Air bronchogram
Bubble-like lucency

Clear lung/tumour interface
Size of solid component
Brock score

Mayo score

Herder score

VA
UKLS
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Eligibility criteria — gold
standard

Outcomes and
prioritisation

Eligibility criteria — study
design

Other inclusion
/exclusion criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy

RCTs, comparative studies, case series (>50 cases)

Non-English language excluded unless full English translation
Conference abstracts, Cochrane reviews, systematic reviews,; reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Adults with sub-solid pulmonary nodules

- Without recent relevant imaging

- Newly appeared since recent imaging

- Ground-glass nodule (GGN)/non-solid nodule
- Part-solid nodule (PSN)

Imaging types
- Computed tomography (CT)

- Positron emission tomography computed tomography (PET-CT)
- Magnetic resonance imaging (MRI)

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline group and a decision will be made by consensus

RevMan5 Pairwise meta-analyses (if data in the correct format)
Evidence review/considered judgement.
Storing Guideline text, tables, figures, etc.

MetaDTA Data meta-analyses

Gradepro Quality of evidence assessment

2301
2302

121



2303
2304
2305
2306
2307
2308
2309
2310
2311
2312

Information sources -
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment —
publication bias,
selective reporting bias

Rationale / context —
what is known

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 diagnostic accuracy full review template (based on QUADAS?2)

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)")

If 3 or more relevant studies:
RevMan5 for forest plots, summary ROC plots

MetaDTA to combine studies (pooled specificity, sensitivity; likelihood ratios,
diagnostic odds ratio and confidence intervals) and calculate RevMan parameters
for summary ROC plot

(follow instructions in ‘BTS Guideline Process-Handbook — Diagnostic Accuracy
(June 2020)")

GRADEpro Diagnostic accuracy. quality of evidence assessment for each
index test

(follow instructions in ‘BTS«Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

As with solid nodules, the initial diagnostic assessment of a sub-solid pulmonary
nodule is made on the basis of CT images, with other imaging tests sometimes
providing additional information. Sub-solid nodules are morphologically different
on CT scans, and when due to lung cancer can behave differently from cancers
presenting as solid pulmonary nodules (in that they are often slower growing).
This question aims to review the optimal way to assess sub-solid pulmonary
nodules using these imaging modalities, and the overall diagnostic accuracy of
each of them for diagnosing lung cancer.
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2314
2315
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2317

2318

2319
2320
2321
2322
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2325

2326

2327
2328

2329

2330
2331
2332

2333

2334

2335
2336
2337

2338

2339
2340
2341

2342

2343

2344

Online Supplementary Appendix 6 Question 6 Evidence Review and Protocol

Q6 In adults with sub-solid pulmonary nodules, what is the diagnostic accuracy of strategies used
to detect change between interval computed tomography (CT) scans for diagnosing lung
cancer?
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Question 6 Evidence Review

Q6 In adults with sub-solid pulmonary nodules, what is the diagnostic accuracy of strategies used
to detect change between interval computed tomography (CT) scans for diagnosing lung
cancer?

Background

When the likelihood of invasive malignant tumour is felt to be low, CT surveillance of sub-solid nodules.is
favoured to determine if the nodule is changing (growing or changing in appearance). Sub-solid nodules differ
from solid nodules in that they may consist of two distinct components: an outer ground-glass component and
an inner solid component; and sometimes malignant sub-solid nodules can change their overall appearance
(morphology) without necessarily getting larger. This review aims to determine the optimal strategies for
detecting change in sub-solid pulmonary nodules between interval CT scans for diagnosing lung cancer.

Outcomes

Visual analysis; diameter change; volume doubling time; mass doubling time; volume change

Evidence Review

The initial literature search identified 123 potentially relevant papers, and 10 papers were deemed relevant to
the review.''° Relevant studies were heavily weighted to the study of adenocarcinoma spectrum lesions, so,
for the purposes of this review, invasive adenocarcinoma (IAC) and.minimally invasive adenocarcinoma (MIA)
sub-solid pulmonary nodules were regarded as malignant; while adenocarcinoma in situ (AIS) and atypical
adenomatous hyperplasia (AAH)) sub-solid pulmonary nodules were regarded as benign. As a result, many
studies had to be disregarded as AlS and/or AAH had been included in the malignant group.

Visual analysis

There are currently no data to support a conclusion on changes in visual characteristics for diagnosing lung
cancer in sub-solid nodules.

Diameter change

Four studies reported on the use of diameter change for identifying lung cancer in sub-solid nodules at interval
CT scans.'* Two studies defined'an.increase as = 2 mm"#, one studied used = 1.5 mm? and the final study
was undefined®. Meta-analysis shows diameter change has a pooled sensitivity of 0.63 [0.37, 0.83] and a
pooled specificity of 0.39+[0.22, 0.61] [95% confidence intervals] for diagnosing an invasive sub-solid
pulmonary nodule (Figure Q6¢ and Table Q6e).

Four studies also reported on baseline and follow-up diameter measurements in sub-solid nodules.?* Due to
limited diagnostic accuracy data, an intervention type meta-analysis was also performed. Data are shown in
Figure Q6b and summarised in Table Q6a.

Table Q6a:*Summary of diameter differences between baseline and follow-up CT scans in malignant and
benign. sub-solid pulmonary nodules (data from Figure Q6d)

Sub-solid nodule type  Follow-up time n Mean diameter difference (Cl)

Malignant 24 < 2 years 4 Follow-up 1.53 (-0.46 to 3.51) mm greater
Benign 48 < 2 years 4 Follow-up 0.72 (-0.78 to 2.22) mm greater
Malignant 246 > 2 years 2 Follow-up 2.48 (0.98 to 3.98) mm greater
Benign 48 > 2 years 2 Follow-up 0.80 (-2.17 to 3.77) mm greater
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Volume doubling time (VDT)

No studies reported on the diagnostic accuracy of volume doubling time (VDT) for diagnosing lung cancer in
sub-solid pulmonary nodules. Instead, two studies compared VDT between different sub-solid nodule types.
The first study compared the MDT of malignant versus benign sub-solid nodules (Table Q6b). ”® The malignant
and benign datasets in Table Q6b included data from ground-glass nodules (GGN) and part-solid nodules
(PSN).”

Table Q6b: Comparison of volume doubling time (VDT) between malignant and benign sub-solid nodules

Sub-solid nodule type n VDT (days) (median, IQR)
Malignant* 187 552 (344, 725)
Benign* 2508 621 (458, 801)

* Data from ground-glass nodules (GGN) and part-solid nodules (PSN)
IQR - interquartile range; n — number of subjects; VDT — volume doubling time

A more comprehensive study of VDT in sub-solid nodule types was done in the second study (Figure Q6a).®
The bottom three rows in Figure Q6a plot shows the VDT median and interquartile'range (IQR) of GGN, PSN
with a solid component <5 mm and PSN with a solid component > 5mm; andthe.top three rows show the VDT
(median and IQR) of invasive adenocarcinoma (IAC) (malignant) and minimally invasive adenocarcinoma
(MIA) (malignant) and adenocarcinoma in situ (AlS) (benign) sub-solid nodules. Atypical adenomatous
hyperplasia (AAH) sub-solid nodules (benign) were also assessed butthere was no measurable difference in
volume between baseline and follow-up CT scans.?

Figure Q6a: Comparison of volume doubling times (VDT) between:malignant and benign sub-solid nodules

(n =16, GGN=8,PSN<5mm=7,PSN>5mm=1)

AIS : O

MIA 0
L (n =3,GGN=1,PSN<5mm=1,PSN>5mm=1)
=
@ IAC HO—
= (n =7,GGN=2,PSN<5mm=2 PSN>5mm = 3)
g
=
$  PSN>5mm ——O0—
e (n =)
®  psN=5mm

(n =23)
GGN : O
(n =63)
0 1000 2000 3000 4000 5000

VDT (days) (median, IQR)

AlIS.—adenocarcinoma in situ; GGN — ground-glass nodule; IAC — invasive adenocarcinoma; IQR - interquartile range;
MIA — minimally invasive adenocarcinoma; n — number of nodules; PSN < 5 mm — part-solid nodule with solid component
less than, or equal to 5 mm; PSN > 5 mm — part-solid nodule with solid component greater than 5 mm; VDT — volume
doubling time

Mass doubling time (MDT)

Only one study reported data that could be used to assess the diagnostic accuracy of mass doubling time
(MDT) for diagnosing lung cancer in sub-solid pulmonary nodules.® The study reported on MDT <400 days
and >400 days for ground-glass nodules and part-solid nodules. Meta-analysis of the data is shown in Figure
Q6e and Table Q6f and summarised in Table Q6¢ below.
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Table Q6c¢: Sensitivity and specificity of mass doubling time less than 400 days for diagnosing lung cancer in
sub-solid nodules

Sub-solid nodule type n Sensitivity [95% ClI] Specificity [95% Cl]
GGN 1 0.50 [0.07, 0.93] 0.13[0.00, 0.53]
PSN 1 0.93[0.68, 1.00] 0.80[0.28, 0.99]
Pooled results 2 0.76 [0.34, 0.94] 0.43[0.14, 0.81]

GGN - ground-glass nodule; PSN — part-solid nodule

Two further studies compared MDT between different sub-solid nodule types.”® One study directly.compared
the MDT of malignant versus benign sub-solid nodules (Table Q6d).2 The malignant and benign datasets in
Table Q6d included data from ground-glass nodules (GGN) and part-solid nodules (PSN).”

Table Q6d: Comparison of volume doubling time (VDT) between malignant and benign sub-solid nodules

Sub-solid nodule type n VDT (days) (median, IQR)
Malignant* 187 488 (321, 630)
Benign* 2508 623 (463, 799)

* Data from ground-glass nodules (GGN) and part-solid nodules (PSN)
IQR - interquartile range; n — number of subjects; VDT — volume doubling

The second study compared MDT in differing sub-solid nodule types (Figure Q6b).2 The MDT (median, IQR)
of GGN, PSN with a solid component <5 mm and PSN with a solid component > 5 mm is shown in the bottom
three rows of Figure Q6b; while the MDT (median, IQR) of invasive adenocarcinoma (IAC) and minimally
invasive adenocarcinoma (MIA) sub-solid nodules (both:malignant) and adenocarcinoma in situ (AlS) sub-
solid nodules (benign) is shown in the top three rows. ‘Atypical adenomatous hyperplasia (AAH) sub-solid
nodules (benign) were also assessed but there was.no measurable difference in mass between baseline and
follow-up CT scans.®

Figure Q6b: Comparison of mass doubling times (MDT) between malignant and benign sub-solid nodules

(n =16, GGN=8,PSN<5mm =7 PSN>5mm=1)
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AIS — adenocarcinoma in situ; GGN — ground-glass nodule; IAC — invasive adenocarcinoma; IQR — interquartile range;
MDT — mass doubling time; MIA — minimally invasive adenocarcinoma; n — number of nodules; PSN < 5 mm — part-solid
nodule with solid component less than, or equal to 5 mm; PSN > 5 mm — part-solid nodule with solid component greater
than 5 mm
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Volume change

Two studies reported on the use of volume change to diagnose lung cancer in a sub-solid pulmonary nodule
at interval CT scans. Meta-analysis shows volume change has a pooled sensitivity of 0.60 [0.32, 0.84] and a
pooled specificity of 0.72 [0.34, 0.92] [95% confidence intervals] (data shown in Figure Q6f and Table Q6g).8'°

Evidence Statements

There is insufficient evidence to support the use of visual analysis to detect change between interval computed
tomography (CT) scans for diagnosing lung cancer in sub-solid pulmonary nodules.

Diameter change may have a low sensitivity and low specificity for detecting change between interval
computed tomography (CT) scans for diagnosing lung cancer in sub-solid pulmonary nodules. (Very.low)

A diameter change of = 2 mm between interval CT scans may indicate lung cancer in a sub-solid.pulmonary
nodule. (Very low)

There is insufficient evidence to support the use of volume doubling time (VDT) to detect-change between
interval computed tomography (CT) scans for diagnosing lung cancer in sub-solid pulmonary.nodules.

A mass doubling time (MDT) of < 400 days may have a moderate sensitivity and a low specificity for detecting
change between interval computed tomography (CT) scans for diagnosing lung cancerin sub-solid pulmonary
nodules. (Very low)

Volume change may have a low sensitivity and a low specificity for detecting change between interval
computed tomography (CT) scans for diagnosing lung cancer in sub-solid pulmonary nodules. (Very low)

There is insufficient evidence to consider ground-glass nodule (GGN) and part-solid nodule (PSN) subgroups.

Recommendations

v" For adults with pure ground-glass pulmonary nodules (GGN), the Ground-glass nodule pathway (Algorithm
4) should be used for determining lung cancer in-progressing GGN. (Conditional — by consensus)

» For adults with sub-solid pulmonary nodules with a solid component, the Part-solid nodule pathway
(Algorithm 5) should be used for determining:lung cancer in progressing part-solid pulmonary nodules.
(Conditional — by consensus)

Good Practice Points

v' Comparison to the earliest available CT should be performed at each evaluation of sub-solid pulmonary
nodule.

v' The following changes on interval CT scans may be suggestive of invasive lung cancer in sub-solid
pulmonary nodules:.increase in the maximal diameter of the solid component, distortion of fissure,
development of air bronchograms, development of bubble-like lucency, increased CT density.

Research Recommendations

= Furtherresearch is needed to determine the diagnostic accuracy of visual characteristic changes between
interval computed tomography (CT) for diagnosing lung cancer in sub-solid pulmonary nodules.

= Further research is needed to determine the diagnostic accuracy of volume doubling time for diagnosing
lung cancer in sub-solid pulmonary nodules.

» Further research is needed to confirm the diagnostic accuracy of diameter change and volume change
between interval computed tomography (CT) for diagnosing lung cancer in sub-solid pulmonary nodules.

= Further research is needed to confirm the diagnostic accuracy of mass doubling time for diagnosing lung
cancer in sub-solid pulmonary nodules.

= Research is needed to determine the likelihood of invasive tumour in growing pure ground-glass nodules,
with particular focus on the risk of overdiagnosis and overtreatment of these lesions.

127



2472

2473

2474
2475

2476
2477

Algorithm 4

Ground-glass nodule (GGN) pathway

[ Pure ground-glass nodule diameter ]

<5 mm

No
<olitary?

5—-30 mm

Scan at 1 year

=30 mm

¥

Scan at 3 months
(after baseling)

(after baseline)

No wwing?

[ DISCHARGE ]

* Length of follow-up:
After 10 years of follow-up, consider CT every 5 years if patient remains suitable for definitive management.

L .

L .

Scan at 4 years after
baseline, then at
6, 8 and 10 years

after baseline if
stable™

€ ——— - ——

Yes
solid component Yes
> 2 mm, altered morphology T,
or =30 mm? ¥ +
New solid Altered
No component morphology 1
=2 mm or = 30 mm
1
Scan at 2 years [
(after baseline) |
Y
1
1
L}
]
i
Stable or Growing but solid MNew solid ! Altered
smaller component still 0 - 2 mm, component T maorphology T
no altered morphology 1, =2 mm i or > 30 mm
or diameter < 30/mm H !
-
i
i
Scan at 3 years ,ir
(after baseline) |
| !
]
1
i
Growing but solid New solid 1 Altered
component still 0 - 2 mm, component ir morphology f
no altered morphology T, =2 mm i or = 30 mm
or diameter = 30 mm H !
—— —}— — |

L .

Stable

Yes

GO TO THE PART-
SOLID ALGORITHM

(ALGORITHM 5) #

CONSIDER
DEFINITVE
MANAGEMENT

At any point at or after 4 years, if changes in the lesion occur, manage as per the steps for a scan at 2 years from

baseline.

T Altered morphology: air bronchograms, bubble-like lucency, increased CT density, distortion of fissure.

+ Definitive management should be a shared decision-making process taking into account patient choice, age, co-
morbidities, and fitness for treatment.
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Algorithm 5

Yes

Part-solid nodule pathway

[ Solid component diameter ]

<6 mm

Scan at 6 months
(after baselineg)

:

Resolved
and no other nodules
requiring follow-
up?#

Growth = 2 mm
in solid component

No

Scan at 1 year

Scan at 3 months
(after baseling)

Stable,
or growing?

No

_ = " Newsolid~~ < _
.r__‘_' component in a GGN S
~ ~ _(from Algorithm 4) _ -

-
-

Yes

Y
Resolved and

no other nodules
requiring follow-up

Solid
component now
=6 mm?

Yes

(after baseline)

Solid
component now
=6 mm?

Yes

Y

[ DISCHARGE ]

8 and 10 years

kL

after baseline *

Scanat 2, 3, 4, 6,

CONSIDER
DEFINITIVE
MANAGEMENT T8

* Length of follow-up:
After 10 years of follow-up, consider CT every 5 years if patient remains suitable for definitive management.

A

At any point at or after 4 years, if changes in the lesion occur, manage as per the steps for a scan at 2 years from

baseline.

T PET-CT not required for further nodule characterisation or staging if solid component < 10 mm.
* If multiple GGNs and still persistent — see Ground-glass nodule pathway (Algorithm 4)
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Meta-analyses
Diameter change

Diagnostic accuracy

Figure Q6c¢: Forest plot and SROC plot of diameter change for diagnosing lung cancer in sub-solid nodules
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Table Q6e:Pooled results of diameter change for diagnosing lung cancer in sub-solid nodules

Pooled Sensitivity 0.633
Pooled Specificity 0.391
LR+ 1.042
LR- 0.937
DOR 1.111

[0.370, 0.834°
[0.219, 0.6866

[0.583, 1.755h7
[0.375, 2.03598

[0.295, 4.7%1?9

2500

Bayesian meta-analysis, data displayed
posterior median [95% posterior interval]

as
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Intervention-type analysis

Figure Q6d: Difference between baseline and follow-up diameter size in malignant and benign sub-solid

nodules

Follow-up

Study or Subgroup Mean SD Total Mean

Baseline
SD Total Weight
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IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

1.1.1 Malignant { <2 years)
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Figure Q6e: Forest plot and SROC plot of MDT <400 days for diagnosing lung cancer in sub-solid nodules
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Table Q6f: Pooled results of VDT <400 days for diagnosing lung cancer in solid nodules

Pooled Sensitivity 0.764
Pooled Specificity 0.432
LR+ 1.284
LR- 0.578
DOR 2.399

[0.339, 0.9372]
522
[0.138,:0.809]

[0:512,4.196P23
[0:116, 2.726P%4

[0.190, 27.3%@%2

Volume change

Bayesian meta-analysis, data displayed as
posterior median [95% posterior interval]

Figure Q6f: Forest plot and SROC plot of volume change for diagnosing lung cancer in sub-solid nodules
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2538 i) SROC plot (not enough data to determine curve)
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2539 Specificity
2540

2541 Table Q5g: Pooled results of volume change for diagnosing lung cancer in solid nodules

Pooled Sensitivity 0.602 [0.319, 0.839P42
Pooled Specificity 0.722 [0.341, 0.927p43
LR+ 2.111 [0.741, 7.763p44

LR- 0.570 [0.233, 1.335]
2545 Bayesian meta-analysis, data displayed as
DOR 3.968 [0.544, 26.2QBU6 | posterior median [95% posterior interval]
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Risk of bias summaries

Diagnostic accuracy analyses

Intervention analyses
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2569 GRADE analyses
2570 Diameter change
2571 Diagnostic accuracy
What is the diagnostic accuracy of pulmonary nodule diameter change between interval computed tomography
(CT) scans for diagnosing lung cancer?
Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Pulmonary nodule diameter change
Pooled sensitivity: 0.63 (95% CI: 0.37 to 0.83) | Pooled specificity: 0.39 (95% CI: 0.22 to 0.61)
Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (studies) (GRADE)
Prevalence 5%
Typically seen in
True positives 32 (19 to 42) 127 DO00O
False negatives 18 (8 to 31) (4) VERY LOW 2°
True negatives 371 (208 to 576) 53 - ]0]0]e)
False positives 579 (374 to 742) 4) VERY LOW abe¢
Cl: Confidence interval
Explanations
a. Serious risk of bias across studies
b. Serious inconsistency across sensitivities
c. Serious imprecision across sensitivities and specificities
2572
2573
2574 Intervention type analysis

In adults with sub-solid pulmonary nodules; does nodule diameter change indicate malignant sub-solid
nodules?

Population: Adults aged 18+ with sub-solid pulmonary nodules
Intervention: Malignant or benign sub-solid nodule baseline diameter
Comparator: Malignant or benign sub-solid nodule follow-up diameter

Outcome Number of Estimate of effect Quality of the Evidence
participants (GRADE)
(datasets)

. 826 1.51 (0.62 to 2.41) mm greater in SO00
Nodule diameter change (all) (12 datasets) the follow-up group VERY LOW ab¢
Nodule diameter change 134 1.53 (0.46 to 3.51) mm greater in o000
(malignant, < 2-year follow-up) (4 datasets) the follow-up group VERY LOW 2¢
Nodule diameter change 444 2.48 (0.98 to 3.98) mm greater in 10]0]®)
(malignant, > 2-year follow-up) (2 datasets) the follow-up group VERY LOW 2cd
Nodule diameter change 66 0.72 (0.78 to 2.22) mm greater in OO0
(benign, < 2-year follow-up) (4 datasets) the follow-up group VERY LOW a¢
Nodule diameter change 182 0.80 (2.17 to 3.77) mm greater in 006
(benign, > 2-year follow-up) (2 datasets) the follow-up group VERY LOW acd

Explanations
a. Serious risk of bias across the studies

b. Serious inconsistency across the studies

c. Serious imprecision, Cls within the MID

d. Some inconsistency across the studies
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Mass doubling time (MDT)
MDT < 400 days

What is the diagnostic accuracy of a pulmonary nodule mass doubling time of less than, or equal to 400 days
between interval computed tomography (CT) scans for diagnosing lung cancer?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Pulmonary nodule mass doubling time < 400 days
Pooled sensitivity: 0.76 (95% CI: 0.34 to 0.94) | Pooled specificity: 0.43 (95% CI: 0.14 to 0.81)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 38 (17 to 47) 19 DOOO
False negatives 12 (3 to 33) 2) VERY LOW abe
True negatives 410 (131 to 769) 13 410]0]0)
False positives 540 (181 to 819) (2) VERY LOW abec

ClI: Confidence interval

Explanations
a. Serious risk of bias across datasets

b. Serious inconsistency across sensitivities and specificities

c. Serious imprecision across sensitivities and specificities

Volume change

What is the diagnostic accuracy of pulmonary.nodule volume change between interval computed tomography
(CT) scans for diagnosing lung cancer?

Patient or population: Adults aged 18+ with solid pulmonary nodules
New test: Pulmonary nodule volumechange
Pooled sensitivity: 0.60 (95%:Cl:-0.32 to 0.84) | Pooled specificity: 0.72 (95% CI: 0.34 to 0.92)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (studies) (GRADE)

Prevalence 5%*
Typically seen in

True positives 30 (16 to 42) 16 0106
False negatives 20 (8 to 34) (3) VERY LOW abe
True negatives 686 (324 to 875) 83 [410]0]0)
False positives 264 (75 to 626) 3) VERY LOW ab¢

Cl: Confidence interval

Explanations
a. Serious risk of bias across studies

b. Serious inconsistency across sensitivities and specificities

c. Serious imprecision across sensitivities and specificities
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2587

2588

2589
2590
2591

2592
2593
2594

2595
2596

Recommendation Tables

Question Details

POPULATION:

INDEX TESTS:

GOLD STANDARD:
OUTCOME:

Diameter change

Diagnostic accuracy

SUMMARY OF JUDGEMENTS

Adults (18+) with sub-solid pulmonary nodules

Strategies used to detect change between interval computed tomography (CT) scans
Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy of strategies used to detect change for diagnosing lung cancer

JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies KNoW
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate EHITELD accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies KNowW
UNDESIRABLE . . Don't
EFFECTS Large Moderate Small Trivial Varies Know
G2y (el Very low Low Moderate High inc:\tljcc)ied
EVIDENCE b 9 :
studies
Does not
BALANCE OF Favours the Probably .favour the PRI Favours the . Don't
. favours the intervention | favours the | . h Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O
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2597

2601
2602
2603

2604
2605

2606
2607

CONCLUSIONS

Recommendation

There is insufficient evidence to determine if a sub-solid pulmonary nodule diameter change indicates a
diagnosis of lung cancer.

Justification

Diameter change may have a low sensitivity and low specificity for detecting change between interval
computed tomography (CT) scans for diagnosing lung cancer in sub-solid pulmonary nodules. (Very low)

Subgroup considerations

There was not enough evidence to consider ground-glass nodule/non-solid nodule and part-solid nodule
subgroups.

Research priorities

Further research is needed to confirm the diagnostic accuracy of diameter change between interval
computed tomography (CT) for diagnosing lung cancer in sub-solid pulmonary nodules.

Intervention-type analysis

SUMMARY OF JUDGEMENTS

JUDGEMENT

PROBLEM No Probably Probably yes Yes Varies Don't
no know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies KNoW
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncIu<_:|ed
studies
Does not
BALANCE OF Favours the falilr(()):;btlr{e intfear\\,/%l:lrtit:neor fanrc())l?ribtlze Favours the Varies Don't
EFFECTS comparison comparison the intervention intervention know
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O X | |
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2608

2612
2613
2614
2615
2616

2617
2618

CONCLUSIONS

Recommendation

There is insufficient evidence to determine if a sub-solid pulmonary nodule diameter change indicates a
diagnosis of lung cancer.

Justification

A diameter change of 2 2 mm between interval CT scans may indicate lung cancer in a sub-solid pulmonary
nodule. (Very low)

Subgroup considerations

There was not enough evidence to consider ground-glass nodule/non-solid nodule and part-solid nodule
subgroups.

Research priorities

Further research is needed to confirm the diagnostic accuracy of diameter.change between interval
computed tomography (CT) for diagnosing lung cancer in sub-solid pulmonary nodules.

Mass doubling time (MDT)
MDT < 400 days
SUMMARY OF JUDGEMENTS

JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate jraceurate (IR accurate Varies know
DESIRABLE . . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies KNOW
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncluc_ied
studies
Does not
Probably favour the Probably .
e Ol Favours_ the favours the intervention | favours the !:avours Fhe Varies Don't
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
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2619 TYPE OF RECOMMENDATION

Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention

intervention intervention or the comparison
O O O O

2620
2621 CONCLUSIONS

Recommendation

There is insufficient evidence to determine if a sub-solid pulmonary nodule mass doubling time of less than,
or equal to 400 days indicates a diagnosis of lung cancer.

Justification

A mass doubling time (MDT) of 400 days may have a moderate sensitivity and a low specificity for detecting
change between interval computed tomography (CT) scans for diagnosing lung cancer in sub-solid
pulmonary nodules. (Very low)

Subgroup considerations

There was not enough evidence to consider ground-glass nodule/non-solid nodule and part-solid nodule
subgroups.

Research priorities

Further research is needed to confirm the diagnostic accuracy of mass doubling time for diagnosing lung
cancer in sub-solid pulmonary nodules;

2625
2626
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2627

2628

2629
2630

2631
2632

2635
2636

Volume change

SUMMARY OF JUDGEMENTS

JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies KNOW
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate GECHItS accurate Varies know.
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies KROW
UNDESIRABLE . . Don't
EFFECTS Large Moderate Small Trivial Varies KNoW
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncIu<_1ed
studies
Does not
SN S Favours the | Fropably | favourthe | Probably g0 1 ihe . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison - . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for | recommendation for | recommendation for
against the against the either the intervention the intervention the intervention
intervention intervention or the comparison
O O O O
CONCLUSIONS

Recommendation

There is insufficient evidence.to determine if a sub-solid pulmonary nodule volume change indicates a
diagnosis of lung cancer:

Justification

Volume change may have a low sensitivity and a low specificity for detecting change between interval
computed tomography (CT) scans for diagnosing lung cancer in sub-solid pulmonary nodules. (Very low)

Subgroup considerations

There was not enough evidence to consider ground-glass nodule/non-solid nodule and part-solid nodule
subgroups.

Research priorities

Further research is needed to confirm the diagnostic accuracy of volume change between interval computed
tomography (CT) for diagnosing lung cancer in sub-solid pulmonary nodules.
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2642
2643

2644
2645
2646

2647
2648
2649
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2651

2652
2653
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2662 Question Protocol

_

Review Question In adults with sub-solid pulmonary nodules, what is the diagnostic accuracy of
strategies™ used to detect change between interval computed tomography (CT)
scans for diagnosing lung cancer?

* Computer-aided measurement of specific nodule parameters (e.g. volume, mass) NOT
artificial-intelligence tools where multiple parameters are computed to give an overall risk
assessment.

Type of review question  Diagnostic accuracy review

Objective of the review Where the initial index of suspicion of cancer in a sub-solid pulmonary nodule is
low, the preferred strategy is often to repeat the CT scan after a defined interval
to determine whether the nodule is changing. This question seeks to clarify the
optimal strategy for measuring and defining that. change in order to tell apart
malignant from benign nodules.

Eligibility criteria — Adults with sub-solid pulmonary nodules (18+ years of age)
population / disease /

condition / issue /

domain

Eligibility criteria — index Visual analysis

test(s) Diameter change
Volume doubling time
Mass doubling time
Volume change

Eligibility criteria — gold Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer
standard

Outcomes.and Diagnostic accuracy
prioritisation

Eligibility criteria — study RCTs, comparative studies, case series (>50 cases)
design

2663
2664
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Other inclusion
/exclusion criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Selection process —
duplicate screening /
selection / analysis

Data
(software)

management

Information sources -
databases and dates

Methods for assessing
bias at outcome / study
level

Methods.for quantitative
analysis. = combining
studies .and exploring
(in)consistency

Non-English language excluded unless full English translation
Conference abstracts, Cochrane reviews, systematic reviews, reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Adults with sub-solid pulmonary nodules
- Ground-glass nodule (GGN)/non-solid nodule
- Part-solid nodule (PSN)

Agreement should be reached between Guideline members who.are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter.should be brought to
the Guideline group and a decision will be made by consensus

RevMan5 Pairwise meta-analyses (if data in the correct format)
Evidence review/considered judgement.
Storing Guideline text, tables, figures, etc.

MetaDTA Data meta-analyses

Gradepro Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 diagnostic accuracy full review template (based on QUADAS?2)

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

If 3 or more relevant studies:
RevMan5 for forest plots, summary ROC plots

MetaDTA to combine studies (pooled specificity, sensitivity, likelihood ratios,
diagnostic odds ratio and confidence intervals) and calculate RevMan parameters
for summary ROC plot

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)
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2666
2667
2668
2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
2680
2681
2682
2683
2684
2685
2686
2687
2688
2689

Meta-bias assessment —

publication bias,
selective reporting bias

Rationale / context
what is known

GRADEpro Diagnostic accuracy quality of evidence assessment for each
index test

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

If the initial index of suspicion of cancer in a sub-solid pulmonary nodule is low,
surveillance is usually the preferred strategy, where the CT scan is repeated after.
a time interval (usually at least 3 months) to assess change in the nodule’s
appearance. Measurement of change in sub-solid nodules differs from solid
nodules in that sub-solid nodules can have two components - an outer pure
ground-glass component and an inner solid component. Sometimes, malignant
sub-solid nodules can change their overall appearance (morphology) without
necessarily getting larger. This question will determine how to-assess change in
these various components with the aim of identifying potentially harmful cancers.

145



2690

2691
2692

2693

2694

2695
2696
2697
2698
2699
2700
2701

2702

2703
2704
2705
2706

2707

2708

2709
2710
2711
2712

2713

2714
2715
2716

2717

2718

2719
2720
2721
2722
2723
2724

Online Supplementary Appendix 7 Question 7 Evidence Review and Protocol

Q7 In adults with pulmonary nodules, what is the diagnostic accuracy of biopsy of a pulmonary
nodule for diagnosing lung cancer?
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2749

Question 7 Evidence Review

Q7 In adults with pulmonary nodules, what is the diagnostic accuracy of biopsy of a pulmonary
nodule for diagnosing lung cancer?

Background

The decision to biopsy a pulmonary nodule is often complex. Deciding which modality to choose is based on
both patient and nodule characteristics. There are several modalities available to clinicians to obtain a
diagnostic biopsy, and these can be broadly categorised into:

i) Bronchoscopic biopsy (flexible bronchoscopy, navigational bronchoscopy or robotic~assisted
bronchoscopy)

i) Percutaneous biopsy (USS or CT guided biopsy); and
i) Surgical biopsy.

This review aims to assess the diagnostic accuracy of these biopsy modalities in diagnosing lung cancer in
pulmonary nodules.

Outcomes

Diagnostic accuracy of biopsy (percutaneous, bronchoscopic, surgical)

Evidence Review

The initial literature search identified 430 potentially relevant papers, and 36 papers were deemed relevant to
the review.™*® A predominance of studies reporting percutaneous biopsies and low number reporting
bronchoscopic biopsies is likely due to publication bias. There were also very few randomised studies
assessing different pulmonary nodule biopsy modalities. Evidence for this question also primarily relied on
observational real-world data.

For all meta-analyses, there were not enough datato consider solid nodules and sub-solid nodules as separate
subgroups. Details of the pulmonary nodule types, sizes and diagnostic yields within the included studies is
shown in Table Q7a.

Table 7a: Nodule types, sizes and diagnostic yields

Study Nodule types Nodule sizes (mm) Diagnostic yield (%)

Bronchoscopic biopsy

Bondue 2023 * SPN 76% Solid <30 61
14% PSN 16.3 £ 5.3
10% GGN
Dibardino 2023 2 SPN Undefined 19.5 (7 to 47)t 87
Folch2018 3 SPN Undefined < 20 (49%) 75
> 20 (51%)
Herath-2023 4 SPN Undefined 23 (8 to 60)* 85
lwamoto 2023 ° SPN Undefined <5 (4%) 100

5-10 (28%)
> 10 (74%)

Kim 2023 ¢ PPL 84% Solid <30 79
14% PSN
2% GGN
Kunimasa 2016 7 PPL +GGN Undefined 65
Pritchett 2018 & SPN Undefined 16 (7 to 55)t 84

(continued on next page)
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Pritchett 2024 °
Styrvoky 2022 10

SPN
SPN

Mean * SD (bronchoscopic)

Percutaneous biopsy

Guralnik 2015 1

He 2022 "2

Hirose 2000 '3
Huang 2019 ™
Huang 2021 '°
Huang 2021 "6

Hui 2022 7

Kim 2011 18
Laurent 2000 *°
Lee 2014 20

Li 2013 2
Li 2017 22
Li 2020 %
Liu 2013 2

Liu 2015 %
Liu 2017 2¢

Liu 2020 %/
Liu 2022 28

Portela 2020 %®
Santambrogio 1997 3°
Tsukada 2000 3

Xu 2018 32
Zou 2024 33

SPN

SPN

SPN
SPN
PPL
SPN

SPN

SPN
SPN
SPN

SPN
SPN
SPN
SPN

SPN
SPN

SPN

PPL

SPN
SPN
Undefined

SPN
SPN

Mean * SD (percutaneous)

(continued on next page)

Undefined
Undefined

74% Solid
23% PSN
3% GGN

90% Solid
9% PSN
1% GGN

Undefined
Undefined
Undefined

>80% solid
component

95% Solid
5% SSN

Undefined
Undefined

93% Solid
7% GGN

Undefined
Undefined
Undefined
Undefined

Undefined
Undefined

99% Solid
1% SSN

Undefined

Undefined
Solid
Undefined

Undefined
Undefined

19 (7 to 48)t

22.6 +13.3*
19 (7 to 73)f

32 (6 to 149)

<20 (30%)
20-40 (34%)
>40 (36%)

>10
Undefined

<20

<30

<10 (47%)
> 10 to 207(53%)

Undefined
<20
Undefined

<20
<20
29+1.0*

5to 10 (22%)
>10 to 20 (78%)

Undefined

< 20 (48%)
> 20 (52%)

5to<20
16.6 + 3.6*

2.5+ 0.4* (52%)
3.4 % 0.5* (48%)

<10
<30

23.0+12.0
(6 to 70)

<20

< 20 (30%)
>20 to < 30 (70%)

88
91

82112

100

90

96
100
83
71

100

84
94
80

89
62
42
95

99
97

92

86

93
90

97

8814
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Surgical biopsy

Lin 2013 34 SPN Undefined 18+6* 100
Mack 1993 35 Undefined  Undefined Undefined 100
Murasugi 2001 36 PPL Undefined 14 (3 to 38)* 100
Mean * SD (surgical) 1000

+GGN - dataset includes ground-glass nodules; GGN — ground-glass nodules; PPL — peripheral pulmonary nodules;
PSN — part solid nodules; Solid — solid pulmonary nodules; SPN — solitary pulmonary nodules; SSN — sub-solid nodule;
Undefined — nodule type (solid, part solid or GGN) breakdown not defined

* Mean + SD
T Median (range)
* Mean (range)

Biopsy

Thirty-six studies reported on the diagnostic accuracy of biopsy for diagnosing.lung cancer in pulmonary
nodules.’% Meta-analysis shows a pooled sensitivity of 0.93 [0.90, 0.95] and.pooled specificity of 1.00 [0.99,
1.00] [95% confidence intervals] (data shown in Figure Q7a and Table Q7b).

Bronchoscopic biopsy

Ten studies reported on the diagnostic accuracy of bronchoscopic biopsy for diagnosing lung cancer in
pulmonary nodules.™° Meta-analysis shows a pooled sensitivity.of'0.91 [0.80, 0.96] and pooled specificity of
1.00 [0.77, 1.00] [95% confidence intervals] (data shown in'Figure Q7b and Table Q7c).

Percutaneous biopsy

Twenty-three studies reported on the diagnostic accuracy of percutaneous biopsy for diagnosing lung cancer
in pulmonary nodules.''-3® Meta-analysis shows.a'pooled sensitivity of 0.93 [0.89, 0.95] and pooled specificity
of 1.00 [0.96, 1.00] [95% confidence intervals]i(data shown in Figure Q7c and Table Q7d).

Three of these studies compared sensitivity-and specificity across different nodule sizes. Data are summarised
in Table Q7e.

Table Q7e: Comparison of the diagnostic accuracies of percutaneous biopsy in different pulmonary nodule
sizes

Study n Nodule size (mm) Sensitivity Specificity P
Hui 2022 7 105 <10 0.79 1.00
>0.05
117 >10 to 20 0.90 1.00
Liu 201324 25 5to0 10 0.94 1.00 0.08
71 >10 to 20 0.96 1.00 '
Liu2017 % 31 <20 0.96 1.00
> 0.05
34 > 20 0.97 1.00

n — number of participants

Surgical biopsy

Three studies reported on the diagnostic accuracy of surgical biopsy for diagnosing lung cancer in pulmonary
nodules.?*3¢ Meta-analysis shows a pooled sensitivity of 0.98 [0.78, 1.00] and pooled specificity of 0.98 [0.74,
1.00] [95% confidence intervals] (data shown in Figure Q7d and Table Q7f).
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2777 A summary of all meta-analysis data is shown in Table Q7g and distribution plots of the sensitivities and
2778 specificities across the three biopsy types is shown in Figure Q7e.

2779  Table Q7g: Comparison of the diagnostic accuracies of different biopsy techniques for diagnosing the

2780 invasiveness of pulmonary nodules

Biopsy type n Sensitivity [95% Cl] Specificity [95% Cl]
Al 1-36 36 0.93 [0.90, 0.95] 1.00 [0.99, 1.00]
Bronchoscopic 5710 10 0.91 [0.80, 0.96] 1.00[0.77, 1.00]
Percutaneous 133 23 0.93[0.89, 0.95] 1.00 [0.96, 1.00]
Surgical 34-36 3 0.98 [0.78, 1.00] 0.98 [0.74, 1.00]

2781 n — number of studies

2782 Figure Q7e: Distribution plot comparison of the sensitivity and specificity data for bronchoscopic, percutaneous
2783 and surgical biopsies.
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1.0 - —X—
> X %
S 08 S
5 1
S
A 06 ©
E
£ 04
2
2
S 02
0]
0.0
Bronchoscopic Percutaneous Surgical
=10 n=23 =3
2785 (n=10) (n=23) (n=3)
2786  ii) Specificities
1.0 —— —x— —x—
5 :
£ 0.8
g - o
&
S 06
E
2 04
(=]
=
[&]
2 02
(0]
0.0
Bronchoscopic Percutaneous Surgical
(n=10) (n=23) (n=3)

2787

2788 Evidence Statements

2789  Biopsy appears to have a very high sensitivity and very high specificity for determining invasive pulmonary
2790  nodules. (Moderate)

2791 Bronchoscopic biopsy appears to have a very high sensitivity and very high specificity for determining invasive
2792 pulmonary nodules. (Low) with a moderate interquartile range
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2793
2794

2795
2796

2797

2798

2799
2800

2801

2802
2803

2804
2805
2806
2807

2808
2809

2810
2811

2812
2813
2814
2815

Percutaneous biopsy appears to have a very high sensitivity and very high specificity for determining invasive
pulmonary nodules. (High) with a small interquartile range

Surgical biopsy appears to have a very high sensitivity and very high specificity for determining invasive
pulmonary nodules. (Low)

There is insufficient evidence to consider solid and sub-solid nodule subgroups.

Recommendation

» For patients with a suspected malignant pulmonary nodule, bronchoscopic (Conditional), percutaneous
(Strong), or surgical (Conditional) biopsy can be considered for diagnosing lung cancer.

Good Practice Points

v" Modality for tissue acquisition should consider patient choice, nodule location, need for mediastinal
staging, wait times and available services.

v' All patients should be able to access peripheral bronchoscopy (including robotic-assisted bronchoscopy),
endobronchial ultrasound (EBUS), percutaneous ultrasound/computed tomography (USS/CT) guided and
surgical biopsy.

Research Recommendation

= Further research is needed to determine the diagnostic accuracies of biopsy (percutaneous,
bronchoscopic, surgical) in solid and sub-solid pulmonary nodule:subgroups.

» Randomised studies are needed to assess the diagnostic accuracy and yield of different pulmonary nodule
biopsy modalities.
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2816

2817

2818
2819

2820

2821

2822

2823

2824

2825

2826

2827

2828

Meta-analyses

Biopsy

Figure Q7a: Forest plot and SROC plot of biopsy for diagnosing invasive pulmonary nodules

i) Forest plot
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Table Q7b: Pooled results of biopsy for diagnosing invasive pulmonary nodules

LR+
LR-
DOR

Pooled Sensitivity

Pooled Specificity

0.930
1.000
5308.716
0.070
76208.53

[0.900, 0.952]
[0.990; 1:000]
[93.643, 300955.7]
[0.048, 0.101]
[1288.609, 4506982]

Bronchoscopic biopsy

Figure Q7b: Forest plot.and SROC plot of bronchoscopic biopsy for diagnosing invasive pulmonary nodules

i) Forest plot
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Table Q7c: Pooled results of nodule diameter < 8 mm for diagnosing invasive solid nodules

06 0.5

Specificity

03

0.2 0.1 0

Pooled Sensitivity
Pooled Specificity
LR+

LR-

DOR

0.911
0.999
1262.689
0.089
14174.62

[0.803, 0.963]
[0.767, 1:000]
[3.012, 529409.8]
[0.039, 0.206]
[30.613, 6563145]
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Percutaneous biopsy

Figure Q7c: Forest plot and SROC plot of percutaneous biopsy for diagnosing invasive pulmonary nodules

i) Forest plot
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Table Q7d: Pooled results of percutaneous biopsy for diagnosing invasive pulmonary nodules

Pooled Sensitivity 0.925 [0.894, 0.947]

Pooled Specificity 1.000 [0.962, 1.000]

LR+ 3399.816 [23.325, 495559.7]

LR- 0.075 [0.053, 0.107]

DOR 45044.09 [299.973, 6763846]
Surgical biopsy

Figure Q7d: Forest plot and SROC plot of surgical biopsy for diagnosing invasive pulmonary nodules

i) Forest plot

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% CI)
Lin 2013 115 0 0 127  1.00[087,1.000  1.00[0.97,1.00] = =
Mack 1893 44 0 0 37 1.00[082,1.000  1.00[0.91,1.00] - -
Murasugi 2001 56 0 0 20 1.00[0.94,1.000 1000831000 . . . ., —"

0020406081 0020406081
i) SROC plot

1%,_ __;5-_ —

!
LR

0.8+

\ e
0.7+ "

=
]
I

Sensitivity

=
i
I

0.4+

0.3+

0.2+

01+

0.9 08 07 06 05 04 0.3 0.z 0.1 0
Specificity

Table Q7f: Pooled results of surgical biopsy for diagnosing invasive pulmonary nodules

Pooled Sensitivity 0.985 [0.783, 0.998]

Pooled Specificity 0.982 [0.743, 0.997]

LR+ 52.898 [3.639, 332.182]

LR- 0.016 [0.003, 0.241] Bayesian meta-analysis, data displayed
’ as posterior median [95% posterior

DOR 3414.015 [45.215, 48338.133] interval]
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2881

GRADE analyses

Biopsy

In adults with pulmonary nodules, what is the diagnostic accuracy of biopsy of a pulmonary nodule for
diagnosing lung cancer?

Patient or population: Adults aged 18+ with pulmonary nodules

New test: Biopsy

Pooled sensitivity: 0.93 (95% CI: 0.90 to 0.95) | Pooled specificity: 1.00 (95% CI: 0.99 to 1.00)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 47 (45 to 48) 5483 S el i®)]
False negatives 3(2to5) (37) MODERATE @
True negatives 950 (941 to 950) 2347 PPPO
False positives 0(0to9) (37) MODERATE @

CI: Confidence interval

Explanations
a. Some risk of bias across the studies

Bronchoscopic biopsy

In adults with pulmonary nodules, what is the diagnostic accuracy of bronchoscopic biopsy of a pulmonary
nodule for diagnosing lung cancer?

Patient or population: Adults aged 18+ with pulmonary-nodules
New test: Bronchoscopic biopsy
Pooled sensitivity: 0.91 (95% CI: 0.80 to 0.96) | Pooled specificity: 1.00 (95% CI: 0.77 to 1.00)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 46 (40 to 48) 1248 PPpO0O
False negatives 4 (210 10) (10) LOwW 2
True negatives 949 (729 to 950) 477 [a119]0)
False positives 1 (0 to 221) (10) LOw ab

ClI: Confidence interval

Explanations
a. Someurisk of bias across the studies

b. Some imprecision across the specificities
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2888
2889
2890
2891
2892
2893
2894
2895
2896

Percutaneous biopsy

In adults with pulmonary nodules, what is the diagnostic accuracy of bronchoscopic biopsy of a pulmonary
nodule for diagnosing lung cancer?

Patient or population: Adults aged 18+ with pulmonary nodules
New test: Percutaneous biopsy
Pooled sensitivity: 0.93 (95% CI: 0.89 to 0.95) | Pooled specificity: 1.00 (95% CI: 0.96 to 1.00)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% ClI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 46 (45 to 47) 3795 o larlaslas)
False negatives 4 (3t05) (23) HIGH
True negatives 950 (914 to 950) 1537 DODD
False positives 0 (0 to 36) (23) HIGH

ClI: Confidence interval

Surgical biopsy

In adults with pulmonary nodules, what is the diagnostic accuracy of bronchoscopic biopsy of a pulmonary
nodule for diagnosing lung cancer?

Patient or population: Adults aged 18+ with pulmonary nodules
New test: Bronchoscopic biopsy
Pooled sensitivity: 0.98 (95% CI: 0.78 to 1.00) | Pooled specificity: 0.98 (95% CI: 0.74 to 1.00)

Test result Number of results per 1,000 Number of participants Certainty of the Evidence
patients tested (95% CI) (datasets) (GRADE)

Prevalence 5%
Typically seen in

True positives 49 (39 to 50) 215 00
False negatives 1(0to11) (3) LOw =
True negatives 933,(706 to 947) 184 ]100)
False positives 17:(310'244) 3) Lowa

ClI: Confidence interval

Explanations
a. Full study details not provided in two publications
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2898

2899

2900

2901

2902
2903

2904

2905

Recommendation Tables

Question Details

POPULATION:

INDEX TESTS:

GOLD STANDARD:

OUTCOME:

Adults (18+) with pulmonary nodules

Biopsy (bronchoscopic, percutaneous or surgical)

Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer

Diagnostic accuracy of biopsy

Bronchoscopic biopsy

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate Accurate accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE [ . Don't
EFFECTS Large Moderate Small Trivial Varies KNOW
CERTAINTY OF No
EVIDENCE Very low Low Moderate High included
studies
Does . not
Probably favour the Probably .
AL (o) Favours_ the favours the intervention | favours the F avours !he Varies Don't
EFFECTS comparison : . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention or the intervention the intervention
intervention intervention the comparison
O O O |
CONCLUSIONS

Recommendation

For patients with a suspected malignant pulmonary nodule, bronchoscopic biopsy can be considered for
diagnosing lung cancer. (Conditional)

Justification

Bronchoscopic biopsy appears to have a very high sensitivity and very high specificity for determining
invasive pulmonary nodules. (Low)

Subgroup considerations

160



There was not enough evidence to consider solid nodules and sub-solid nodules separately.

Research priorities

Further research is needed to determine the diagnostic accuracy of bronchoscopic in solid and sub-solid
pulmonary nodule subgroups.

2909
2910 Percutaneous biopsy
2911 SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
TEST Very Very ‘ Don't
ACCURACY inaccurate Inaccurate Accurate accurate i know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncIUQed
studies
Does not
BALANCE OF Favours the Probably .favour the Probably Favours the . Don't
. favours the intervention “|.favours the | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
2912
2913 TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the againstithe either the intervention or the intervention the intervention
intervention intervention the comparison
O | O |
2914
2915 CONCLUSIONS

Recommendation

For patients with a suspected malignant pulmonary nodule, percutaneous biopsy can be considered for
diagnosing lung cancer. (Strong)

Justification

Percutaneous biopsy appears to have a very high sensitivity and very high specificity for determining invasive
pulmonary nodules. (High)

Subgroup considerations

There was not enough evidence to consider solid nodules and sub-solid nodules separately.
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Research priorities

Further research is needed to determine the diagnostic accuracy of percutaneous biopsy in solid and sub-
solid pulmonary nodule subgroups.

2919
2920 Surgical biopsy
2921 SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate Accurate accurate < know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies KNOW
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncIUQed
studies
Does not
BALANCE OF Favours the Probably .favour the R Coably Favours the . Don't
. favours the intervention. | favours the | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
2922
2923 TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention or the intervention the intervention
intervention intervention the comparison
O O O |
2924
2925 CONCLUSIONS

Recommendation

For patients with a suspected malignant pulmonary nodule, surgical biopsy can be considered for diagnosing
lung cancer. (Conditional)

Justification

Surgical biopsy appears to have a very high sensitivity and very high specificity for determining invasive
pulmonary nodules. (Low)

Subgroup considerations

There was not enough evidence to consider solid nodules and sub-solid nodules separately.

Research priorities
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2932
2933
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2935
2936
2037

2938
2939
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2948
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2950

2951
2952
2953

2954
2955
2956

2957
2958
2959

2960
2961

2962
2963

2964
2965
2966

2967
2968

2969
2970

2971
2972

2973
2974

Further research is needed to determine the diagnostic accuracy of surgical biopsy in solid and sub-solid
pulmonary nodule subgroups.
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3020 Question Protocol

_

Review Question In adults with pulmonary nodules, what is the diagnostic accuracy of biopsy of a
pulmonary nodule for diagnosing lung cancer?

Type of review question  Diagnostic accuracy review

Objective of the review This question aims to determine the accuracy of percutaneous image-guided
biopsy, bronchoscopic biopsy (including those using augmented techniques), and
surgical biopsy in determining whether a nodule represents lung cancer. The
diagnostic accuracy of these various biopsy techniques will be important
determining whether and which type of biopsy is indicated ‘in"the investigative
pathway, and the impact of a negative or non-diagnostic biopsy on further
management.

Eligibility criteria — Adults with pulmonary nodules (18+ years of age)
population / disease /

condition / issue /

domain

Eligibility criteria — index  Biopsy
test(s)

Eligibility criteria — gold Pathological diagnosis of invasive lung cancer or clinical diagnosis of lung cancer
standard

Outcomes and Diagnostic accuracy
prioritisation

Eligibility criteria — study = RCTs, comparative studies, case series (>50 cases)

design

Other inclusion Non-English language excluded unless full English translation

/exclusion criteria Conference abstracts, Cochrane reviews, systematic reviews, reviews
Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Proposed sensitivity / Adults with pulmonary nodules

subgroup analysis, or - Solid nodules

meta-regression - Sub-solid nodules

Biopsy

- Percutaneous
- Bronchoscopic
- Surgical

165



3021

3022
3023
3024

3025
3026
3027

Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment —
publication bias,
selective reporting bias

Rationale / context~
what is known

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline group and a decision will be made by consensus

RevMan5 Pairwise meta-analyses (if data in the correct format)
Evidence review/considered judgement.
Storing Guideline text, tables, figures, etc.

MetaDTA Data meta-analyses

Gradepro Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 diagnostic accuracy full review template (based‘on QUADAS?2)

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

If 3 or more relevant studies:

RevMan5 for forest plots, summary ROC plots

MetaDTA to combine studies (pooled specificity, sensitivity, likelihood ratios,
diagnostic odds ratio and confidence intervals) and calculate RevMan parameters
for summary ROC plot

(follow instructions«in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)")

GRADEpro Diagnostic accuracy quality of evidence assessment for each

index test

(follow instructions in ‘BTS Guideline Process Handbook — Diagnostic Accuracy
(June 2020)’)

For any test, the post-test probability of a diagnosis will be determined by the pre-
test probability and the test performance. The biopsy techniques available to
clinical teams investigating pulmonary nodules have different accuracy profiles.
Furthermore, the diagnostic accuracy may vary with the location of the nodule
within the lung (e.g. peripheral, adjacent to an airway) as well as with nodule type
and size. Understanding test performance in these clinical situations is important
in determining whether a biopsy is indicated, if so what type, and the impact of a
non-cancer or non-diagnostic biopsy result on further management.
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Online Supplementary Appendix 8 Question 8 Evidence Review and Protocol

Qs In adults with pulmonary nodules being considered for treatment for lung cancer with curative
intent, does pre-treatment biopsy provide the same clinical outcomes as no biopsy?
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Question 8 Evidence Review

Q8 In adults with pulmonary nodules being considered for treatment for lung cancer with curative
intent, does pre-treatment biopsy provide the same clinical outcomes as no biopsy?

Background

In patients with pulmonary nodules considered at high risk of malignancy, treatment with curative intent may
include surgical resection, stereotactic ablative radiotherapy, or other definitive therapies. While histological
confirmation through pre-treatment biopsy is often recommended, biopsy procedures can carry risks
associated with morbidity or may be technically not feasible. In some patients with a high clinical and
radiological probability of lung cancer, treatment may proceed without tissue confirmation. This\review
examines whether obtaining a pre-treatment biopsy influences clinical outcomes compared with proceeding
directly to curative-intent treatment without biopsy, balancing diagnostic certainty, treatment delay, procedural
risk and overtreatment.

Outcomes

Benign resection; mortality; morbidity; quality of life; recurrence

Evidence Review

The initial literature search identified 416 potentially relevant papers, but only-12 papers were deemed relevant
to the review."'?

Benign resection

Only two studies reported on benign resection following pre-treatment biopsy or no biopsy in adults with
pulmonary nodules being considered for treatment for lung cancer with curative intent.”? Two further studies
were excluded from the analysis because one had_a:high biopsy failure rate and the other included intra-
operative biopsies in the pre-treatment biopsy group:"Meta-analysis shows that benign resection was greater
in the no pre-treatment biopsy group (371 per 1000 patients) compared with the pre-treatment biopsy group
(63 per 1000 patients (33 to 119)) (Figure-Q8a).

Figure Q8a: Comparison of benign resection following pre-treatment biopsy or no pre-treatment biopsy

Pre-treatment biopsy No biopsy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl1 M-H, Fixed, 95% CI
Barta 2017 11 1349 15 A8 351% 0.31[015, 0.63] ——
Izhell 2011 3 77 48 112 EB49%  0.09[003,0.28] —il—
Total (95% CI) 216 170 100.0%  0.17 [0.09, 0.32] -
Total ewents 14 A3
Heterageneity: Chi®= 3.89 df=1 (P =0.05); F= 74% o o 0 pp

Testfor overall effect: £=5.49 (F = 0.00001} Favours no biopsy Favours biopsy

Mortality

Nine studiesreported on mortality following pre-treatment biopsy or no biopsy in adults with pulmonary nodules
being considered for treatment for lung cancer with curative intent.>'" Seven reported on mortality during or
post-biopsy, or surgical treatment (up to 30 days)*® and two studies reported on long-term mortality at 80
months 1011,

Short-term mortality

No studies directly compared short-term mortality following pre-treatment biopsy or surgical treatment. Two
single arm studies reported on short-term mortality following pre-treatment biopsy*® and five single arm studies
reported on short-term mortality following surgical treatment®%°, Comparison of the pre-treatment biopsy and
biopsy groups show no significant difference in mortality between the two groups (p = 0.16, unpaired t-test). A
summary of the data is shown in Table Q8a and full data are shown in Table Q8d.
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Table Q8a: Summary of percentage post-treatment mortality following pre-treatment biopsy or no biopsy

% Deaths within participant cohorts

With pre-treatment biopsy Without pre-treatment biopsy p
Mean + SD Median [IQR] Mean + SD Median [IQR]
0.0 (2)4° 0.0[0.0, 0.0] 0.8+1.0 (5)38° 0.7 [0.0, 0.9] 0.16*

(Study numbers in parentheses)
* Unpaired t-test
Longer-term mortality (80 months)

Two studies compared mortality at 80 months following pre-treatment biopsy or no pre-treatment biopsy.'% !
Meta-analysis shows no difference in mortality at 80 days between the pre-treatment biopsy group (153 per
1000 patients (104 to 224)) and the no pre-treatment biopsy group (113 per 1000 patients) (Figure Q8b).

Figure Q8b: Comparison of mortality at 80 days following pre-treatment biopsy or no_pre-treatment biopsy

Pre-treatment biopsy Mo biopsy Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Ding 2022 17 a8 27 345 302% 2AT[1.41, 432 L a—
Zhang 2023 14 113 58 404 B9.8% 0.86 [0.50, 1.449] —l—
Total (95% CI) 201 749  100.0% 1.35[0.92, 1.97] e
Total ewents K} a5
Heterageneity: Chi®= 7.06, df=1 (P = 0.008); F= 86% "1 0z o' 1 t 0

Testfor overall effect Z=1.54 (F=0.12) Favours no hiopsy Favours biopsy

Morbidity

Eight studies reported on morbidity following pre-treatment biopsy or no pre-treatment biopsy in adults with
pulmonary nodules being considered for treatment.for lung cancer with curative intent. 346912 Two further
study were excluded from the analysis. The first included participants in the “no biopsy” group that had
undergone a pre-treatment biopsy but did.not have a tissue diagnosis. The second reported surgical
complications rather than biopsy related.complication in the pre-treatment biopsy group. Only one study
directly compared pre-treatment biopsy morbidity with no pre-treatment biopsy morbidity. Data are summarised
in Table Q8b."?

Table Q8b: Comparison of morbidity following pre-treatment biopsy or no pre-treatment biopsy

Pretreatment biopsy. No biopsy Risk Ratio Morbidity per 1000 patients (Cl)
Events Total Events Total [95% CI] With biopsy No biopsy
13 82 23 192 0.89[0.48,1.65] 159 (86,294) 178

Cl — confidence intervals

The-remaining seven studies were single arm studies (six studies)'*%68° or intra-operative biopsy data had
been.included in the pre-treatment biopsy group, so only the “no pre-treatment biopsy” data were considered
(one study)”. Adverse events in both groups included pneumothorax and bleeding, but adverse events in the
no pre-treatment biopsy group also included air leak, pneumonia and arrhythmia.

Combining the two-arm study data from Table Q8b'? and the “single” arm study data (n = 7)'3469 a
comparison of post-treatment morbidity in participants with or without a pre-treatment biopsy shows a
significantly greater post-treatment morbidity in the pre-treatment biopsy group. Data are summarised in Figure
Q8c and Table Q8c."346-912 Fy|| data are shown in Table Q8e.
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Table Q8c: Morbidity comparison of pre-treatment biopsy versus no pre-treatment biopsy

Treatment group % participants with post-treatment morbidity n p
Mean + SD Median [IQR]

Pre-treatment biopsy 28.1+11.8 29.1[15.8,39.4] 3 1412 0.004*

No pre-treatment biopsy 9.2+4.4 7.4[6.7,12.6] 6 36912

n — study numbers
* Unpaired t-test

Figure Q8c: Morbidity comparison of pre-treatment biopsy or no pre-treatment biopsy

- p= 0.904
= r 1
@ 40
prs
o
s
@
£ 30
= X
o
2
g 20
= -
=
o
g 10 x
2
o
o
= 0
Pre-treatment biopsy No pre-treatment biopsy
(n=3) (n=06)

* Unpaired t-test

Quality of life

No studies reported on the effects of pre-treatment pulmonary nodule biopsy on quality of life.

Recurrence

Two studies reported on-recurrence following pre-treatment biopsy or no pre-treatment biopsy in adults with
pulmonary nodules being considered for treatment for lung cancer with curative intent.’®'" Both studies had
an observation time of 80 months. Meta-analysis shows increased recurrence up to 80 months post-treatment
in the pre-treatment biopsy group (340 per 1000 patients (266 to 432)) when compared with the no pre-

treatment biopsy group (185 per 1000 patients). Data are shown in Figure Q8d.

Figure Q8d: Comparison of the incidence of recurrence at 80 months following pre-treatment biopsy or no pre-

treatment biopsy

Pre-treatment hiopsy No hiopsy Risk Ratio Risk Ratio
Study or Subgroup  Events Total FEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ding 2022 22 a8 58 345 39T7% 1.49[0.97, 2.29] T
Fhang 2023 46 113 91 462 EB0.3%  2.07[1.55 2.76] —l—
Total {95% CI) 201 807 100.0% 1.84 [1.44, 2.34] -
Total events B8 149
Heterageneity: Chi*=1.86, df=1 {(F=021); F= 36% '0.2 U:E i 5'

Testfor overall effect Z=4.95 (P < 0.00001} Favours no hiopsy Favours biopsy
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Evidence Statements

Pre-treatment biopsy may reduce the incidence of benign resection in adults with pulmonary nodules being
considered for treatment for lung cancer with curative intent when compared with no pre-treatment biopsy.
(Very low)

Pre-treatment biopsy appears to have no effect on short-term mortality (up to 30-days post-treatment) in adults
with pulmonary nodules being considered for treatment for lung cancer with curative intent when compared
with no pre-treatment biopsy. (Ungraded)

Pre-treatment biopsy appears to have no effect on longer-term mortality (up to 80 months post-treatment)-in
adults with pulmonary nodules when compared with no pre-treatment biopsy. (Very low)

Pre-treatment biopsy appears to increase morbidity in adults with pulmonary nodules being considered. for
treatment for lung cancer with curative intent when compared with no pre-treatment biopsy. (Ungraded)

Pre-treatment biopsy may increase recurrence (up to 80 months post-treatment) in adults with ‘pulmonary
nodules being considered for treatment for lung cancer with curative intent when compared with no pre-
treatment biopsy (Very low)

There was insufficient evidence to consider solid and sub-solid pulmonary nodule subgroups.

There was insufficient evidence to consider bronchoscopic and percutaneous biopsy‘as separate subgroups.

Recommendation

» For patients suitable for pre-treatment biopsy, a pre-treatment biopsy. should be offered, where feasible,
to patients who are suitable for curative-intent treatment. (Conditional)

Research Recommendation

= Further specific research is needed to determine«if pre-treatment biopsy improves clinical outcomes
(benign resection, mortality, morbidity, quality of.life, recurrence) in adults with pulmonary nodules being
considered for treatment for lung cancer with.curative intent.
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Full tabulated data

Table Q8d: Comparison of post-treatment mortality following pre-treatment biopsy or no biopsy

With pre-treatment biopsy Without pre-treatment biopsy

Study Mortality  Total Mortality Mortality Total Mortality P
(n) (n) (%) (n) (n) (%)

Cho 20143 0 300 0.00

Gilbert 2012 # 0 330 0.00

Rzyman 2013 ° 0 104 0.00

Swanson 200 78 3 127 2.36

Takeda 2006 7 2 270 0.74

Ueda 20158 1 110 0.91

Whooley 2023 ° 0 100 0.00

Mean = SD 0.0+£0.0 0.8+1.0 0.16*

Median [IQR] 0.0 [0.0, 0.0] 0.7 [0.0, 0.9]

* Unpaired t-test

IQR - interquartile range; n — number of participants; SD — standard deviation

Table Q8e: Comparison of post-treatment morbidity following pre-treatment biopsy or no biopsy

Median [IQR] 29.1 [15.8,39.4]

With pre-treatment biopsy Without pre-treatment biopsy

Study Morbidity Total Morbidity Morbidity ~Total  Morbidity p
(n) (n) (%) (n) (n) (%)

Barta 2017 ° 53 182 29.12

Cho 20143 22 300 7.33

Gilbert 2012 # 130 330 39.39

Kaaki 2018 2 13 82 15.85 23 129 17.83

Swanson 2007 & 7 95 7.37

Takeda 2006 7 12 110 10.91

Ueda 20158 7 100 7.00

Whooley2023*° 16 270 5.93

Mean * SD 281118 9.2%44 0.004*

7.4[6.7,12.6]

* Unpaired t-test

IQR — interquartile range; n — number of participants; SD — standard deviation
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Risk of bias summary
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GRADE analyses

Benign resection, longer-term mortality, recurrence

In adults with pulmonary nodules being considered for treatment for lung cancer with curative intent, does pre-
treatment biopsy provide the same clinical outcomes as no biopsy?

Population: Adults (18+) being considered for-treatment for lung cancer with curative intent
Intervention: Pre-treatment biopsy
Comparator: No pre-treatment biopsy

Outcome Number of Relative effect Anticipated absolute effects Quality of the
participants (95% ClI) . . Evidence
(studies) No biopsy Pre-treatment biopsy (GRADE)

. . 386 RR0.17 63 per 1000 SO00
Benign resection™ “, i dies) (0.09 to 0.32) 371 per 1000 (330 119) VERY LOW ab
Longer-term 950 RR 1.35 153 per 1000 = 0]0]0)
mortality (2 studies) (0.92 to 1.97) 113 per 1000 (104 to 224) VERY LOW 29

1008 RR 1.84 340 per 1000 5:10]0]0)
Regdnppce (2 studies) (1.44 t0 2.34) 185 per 1000 (266 to 432) VERY LOW 2<¢

ClI: Confidence interval

Explanations

a. Some risk of bias across the studies

b. Some inconsistency across the studies
c. Serious inconsistency across the studies
d. Some imprecision, Cls cross one MID
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Recommendation Table

Question Details

POPULATION: Adults (18+) with pulmonary nodules being considered for treatment for lung cancer with
curative intent
INTERVENTION: Pre-treatment biopsy
COMPARISON: No pre-treatment biopsy
OUTCOMES: Benign resection; mortality; morbidity; quality of life; recurrence
SUMMARY OF JUDGEMENTS

JUDGEMENT

PROBLEM No Probably no | Probably yes Yes Varies Er?;v:

DESIRABLE - . Don't

EFFECTS Trivial Small Moderate Large Varies KNow

UNDESIRABLE - . Don't

EFFECTS Large Moderate Small Trivial Varies KNow
G AN 010 Very low Low Moderate High inc:\LlJ(c)ied

EVIDENCE b 9 :
studies
Does not
BALANCE OF Favours the Probably .favour the FrElaE Favours the . Don't
. favours the intervention | favours the | . h Varies
EFFECTS comparison : . X intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong

recommendation recommendation recommendation for recommendation for | recommendation for

against the against the either the intervention or the intervention the intervention

intervention intervention the comparison
O O O |

CONCLUSIONS

Recommendation

For patients suitable for pre-treatment biopsy, a pre-treatment biopsy should be offered, where feasible, to
patients who are suitable for curative-intent treatment. (Conditional)

Justification

Pre-treatment biopsy appears to reduce the incidence of benign resection in adults with pulmonary nodules
being considered for treatment for lung cancer with curative intent when compared with no pre-treatment
biopsy. (Very low)

Pre-treatment biopsy appears to have no effect on short-term mortality (up to 30-days post-treatment) in
adults with pulmonary nodules being considered for treatment for lung cancer with curative intent when
compared with no pre-treatment biopsy. (Ungraded)

Pre-treatment biopsy appears to have no effect on longer-term mortality (up to 80 months post-treatment) in
adults with pulmonary nodules when compared with no pre-treatment biopsy. (Very low)
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Pre-treatment biopsy appears to increase morbidity in adults with pulmonary nodules being considered for
treatment for lung cancer with curative intent when compared with no pre-treatment biopsy. (Ungraded)

Pre-treatment biopsy appears to increase recurrence (up to 80 months post-treatment) in adults with
pulmonary nodules being considered for treatment for lung cancer with curative intent when compared with
no pre-treatment biopsy. (Very low)

Subgroup considerations

There was not enough evidence to consider pulmonary nodule subgroups (solid or sub-solid) or different
types of pre-treatment biopsy (percutaneous or bronchoscopic).

Research priorities

Further specific research is needed to determine if pre-treatment biopsy improves clinical outcomes'(benign
resection, mortality, morbidity, quality of life, recurrence) in adults with pulmonary nodules being considered
for treatment for lung cancer with curative intent.
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Question Protocol

_

Review Question

Type of review question

Objective of the review

Eligibility criteria —
population / disease /
condition / issue /
domain

Eligibility criteria —
intervention(s)

Eligibility criteria —
comparator(s)

Outcomes and
prioritisation

Eligibility criteria — study
design

Other inclusion
/exclusion-criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

In adults with pulmonary nodules being considered for treatment for lung cancer
with curative intent, does pre-treatment biopsy provide the same clinical outcomes
as no biopsy?

Intervention review

This question aims to determine the role of non-surgical biopsy in_patients with
nodules at higher risk of lung cancer in whom treatment with curative intent is
being considered, by comparing clinical outcomes when pre-treatment biopsy is
or is not performed.

Adults with pulmonary nodules being considered for treatment with curative intent
(18+ years of age)

Pre-treatment biopsy

No biopsy

Benign resection
Mortality
Morbidity
Quality oflife
Recurrence

RCTs, comparative studies, case series (>50 cases)

Non-English language excluded unless full English translation
Conference abstracts, Cochrane reviews, systematic reviews, reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Adults with pulmonary nodules being considered for treatment with curative intent
Solid nodules
Sub-solid nodules

Pre-treatment biopsy
Percutaneous
Bronchoscopic
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Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment
— publication bias,
selective reporting bias

Rationale / context —
what is known

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline group and a decision will be made by consensus

RevMan5 Pairwise meta-analyses
Evidence review/considered judgement.

Storing Guideline text, tables, figures, etc.

Gradeprofiler Quality of evidence assessment

MEDLINE, Embase, PubMED, Central Register of Controlled Trials and Cochrane
Database of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 intervention review template and NICE risk of bias.checklist

(follow instructions in ‘BTS Guideline Process Handbook — Intervention Review
(June 2020)’)

If 3 or more relevant studies:
RevMan5 for meta-analysis, heterogeneity testing and forest plots

(follow instructions in ‘BTS Guideline Process Handbook — Intervention Review
(June 2020)’)

GRADEprofiler Intervention review quality of evidence assessment for each

outcome

(follow instructions in ‘BTS Guideline Process Handbook — Intervention Review
(June 2020))

Where a pulmonary nodule is considered high risk for lung cancer on the basis of
non-invasive imaging tests, and the patient is considered suitable for treatment
withcurative intent, clinical teams can either seek to confirm the diagnosis of
cancer with a non-surgical biopsy or alternatively proceed to treatment on the
basis of imaging without pathological confirmation. Where that treatment is
surgical, this will result in an eventual pathological diagnosis following lung
resection, whereas for non-surgical treatments no pathological diagnosis will be
available. This question seeks to compare these two approaches in terms of
clinical outcomes.
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Online Supplementary Appendix 9 Question 9 Evidence Review and Protocol

Q9 In adults with pulmonary nodules being considered for treatment with curative intent, does
FDG positron emission tomography computed tomography (PET-CT) staging provide the same
clinical outcomes as no PET-CT staging?
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Question 9 Evidence Review

Q9 In adults with pulmonary nodules being considered for treatment with curative intent, does
FDG positron emission tomography computed tomography (PET-CT) staging provide the same
clinical outcomes as no PET-CT staging?

Background

FDG-PET-CT (fluorodeoxyglucose positron emission tomography computed tomography) staging aims to
determine whether a lung cancer has metastasised to lymph nodes or distant organs. Previous guidelines
have suggested that all patients with lung cancers being considered for curative treatment should undergo
PET-CT staging. This review aims to determine if FDG-PET-CT staging provides the same clinical outcomes
as no FDG-PET-CT staging in adults with pulmonary nodules being considered for treatment with curative
intent.
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3265

3266
3267

3268
3269

3270
3271
3272
3273
3274

3275
3276
3277

3278

3279
3280
3281
3282
3283
3284

3285
3286

Outcomes

Nodal or distant metastases

Evidence Review

The initial literature search identified 48 potentially relevant papers, and 8 papers were deemed relevant to the
review.'8

Nodal/distant metastasis
Pulmonary nodules

Three studies compared FDG positron emission tomography computed tomography (FDG-PET-CT).staging
against no FDG-PET-CT staging in subjects with pulmonary nodules being considered for treatment with
curative intent. '-* Meta-analysis shows that the incidence of nodal or distant metastases is the same in the
FDG-PET-CT staging group (174 per 1000 patients) when compared with the pre-treatment biopsy group (139
per 1000 patients (87 to 224)) (Figure Q9a).

Figure Q9a: Comparison of FDG-PET-CT staging versus conventional staging (no FDG-PET-CT) on incidence
of nodal/metastatic disease in subjects with pulmonary nodules being considered for treatment with curative
intent

FDG-PET-CT staging No FDG-PET-CT staging Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Solid
Flares 2017 {solid) 11 142 21 164 44.4% 0.62[0.31,1.25] ——
Subtotal (95% CI) 142 169 44.4% 0.62 [0.31, 1.25] -
Total events 11 21

Heterogeneity: Mot applicable
Test for overall effect Z=1.33 (P=0.18)

Sub-solid

Flares 2017 {sub-salid) i 42 1 104 2.0% 0.85[0.04, 20.53]

Suh 2020 27 586 0 174 1.8% 1687 [1.03,275.11] +
Subtotal (95% CI) 628 288 3.7%  8.47[1.21,59.40] — e ——
Total events 27 1

Heterogeneity, Chi*= 223, df=1 (P=013); F= 55%
Test for overall effect: £= 215 (P =0.03)

Solid and sub-solid

Halac 2014 ] 39 129 411 51.8% 0.41[0.18, 0.84] ——
Subtotal (95% CI) 39 411 51.8% 0.41[0.18, 0.94] il
Total events b} 1249

Heterogeneity: Mot applicable
Test for overall effect: Z= 211 (P =0.03)

Total (95% CI) 209 868  100.0% 0.80 [0.50, 1.29] -

Total events 43 141

?eti;ngenemfl:l C#| T;_?ag gfﬂ:PBEPnzag.DS); F=61% Yo oh i o0
ast for overall effect: 2= 0.0 (7 = 0.37) Favours FDG-PET-CT  Favours no FDG-PET-CT

Test for subgroup diffierences: Chi*=7.88 di= 2 (P=002), F=T4 6%

As two-arm study data were limited, single arm studies were also considered. Five studies reported on FDG-
PET-CT staging in subjects with pulmonary nodules being considered for treatment with curative intent. 48
Comparing the percentage of participants with nodal or metastatic disease, there is no significant difference in
the incidence of nodal/metastatic disease when comparing FDG-PET-CT staging or no FDG-PET-CT staging
groups (7.7 £ 5.0 versus 13.1 £ 16.3 % (mean * SD) respectively, p = 0.20, unpaired t-test). Data are shown
in Figure Q9b and Table Q9a.

Figure Q9b: Comparison of nodal/metastatic disease following FDG-PET-CT staging or no FDG-PET-CT
staging of pulmonary nodules
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40
p=020"

35 '

30

25

- 20

15

10

% subjects with nodal/metastatic disease
(median, range)

FDG-PET-CT staging No FDG-PET-CT staging
(n=8) (n=3)
* Unpaired t-test
(Studies with separate solid and sub-solid nodule data combined to give “all nodule” data)

Table Q9a: Summary of nodal/metastatic disease following FDG-PET-CT staging-or no FDG-PET-CT staging
single arm data in participants with pulmonary nodules

% participants with nodal/metastatic disease

Nodule type FDG-PET-CT staging No FDG-PET-CT staging p
Mean + SD Median [IQR] Mean + SD Median [IQR]
All nodules 7.7+50" (8) 6.2 [4.5,13.1] 13.1+£16.3'3 (3) 7.9[0.0, 31.4] 0.20*

(study numbers in parentheses)
* Unpaired t-test

Solid nodules

Only one study compared FDG-RPET-CT staging against conventional staging (no FDG-PET-CT) in subjects
with solid pulmonary nodules.! Analysis suggests that the incidence of nodal or distant metastases may be
greater in the FDG-PET-CT staging group (124 per 1000 patients) when compared with the pre-treatment
biopsy group (77 per 1000 patients (39 to 155)) (data shown in Figure Q9a).

Sub-solid nodules

Two studies compared FDG-PET-CT staging against conventional staging (no FDG-PET-CT) in subjects with
sub-solid pulmonary nodules.>? Meta-analysis suggests that the incidence of nodal or distant metastases may
be less in the FDG-PET-CT staging group (3 per 1000 patients) when compared with the pre-treatment biopsy
group (29 per 1000 patients (4 to 206)) (data shown in Figure Q9a).

Solid nodules versus sub-solid nodules

As there were limited solid nodule and sub-solid nodule direct comparison data (Figure Q9a), single arm solid
pulmonary nodule only 3468 and sub-solid pulmonary nodule only ' data were considered. Due to limited
solid nodule only data, the solid nodule datasets in Figure Q9c included studies that defined their pulmonary
nodule type as “solitary pulmonary nodule” (SPN) (one study)?; or ii) the nodule type was undefined (two
studies) 88 68, Hence, these “assumed” solid nodule data may contain some sub-solid nodule data. Statistical
comparison of the “assumed” solid nodules data (Figure Q9c) showed that nodal/metastatic disease incidence
in the no FDG-PET-CT staging group was almost significantly greater than the FDG-PET-CT staging (p = 0.06,
unpaired t-test). A summary of all data, including the “true” solid nodule data, is shown in Table Q9b. Full
tabulated data are shown in Table Q9d.
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Figure Q9c: Comparison of nodal/metastatic disease following FDG-PET-CT staging or no FDG-PET-CT
staging of solid pulmonary nodules and sub-solid pulmonary nodules

45

SOLID*
40

p=006"

35 1

30

25

p, 4

- 20
SUB-SOLID

15 —

_n9gt
x p=0420
10 S
[ 1

5 —

X
0 = =

FDG-PET-CT staging No FDG-PET-CT staging  FDG-PET-CT staging No FDG-PET-CT staging
(n=5) n=2) (n=5) n=2)

% subjects with nodal/metastatic disease
(median, range)

* Solid nodule data included “solitary pulmonary nodule” data so may include sub-solid nodule data
T Unpaired t-test

Table Q9b: Summary of nodal/metastatic disease following FDG-PET-CT staging or no FDG-PET-CT staging
single arm data in participants with solid or sub-solid pulmonary nodules

% participants with'nodal/metastatic disease
Nodule type FDG-PET-CT staging No FDG-PET-CT staging P
Mean = SD Median [IQR] Mean + SD Median [IQR]
“True” solid 11.5+£53 " (2) M.5[7.7,15.3] 1241 (1) - -
Solid* 11.2+£3.9 13468 (5) 12.8[7.1, 14.5] 21.9+134"3 (2) 21.9[12.4,31.4] 0.06"
Sub-solid 1.9 £ 2.6 12487 (5) 0.0[0.0, 4.7] 05+ 0.6'2 (2) 0.5[0.0, 0.9] 0.25t

(study numbers in parentheses)

* ‘Solitary pulmonary nodules’, or undefined data included in datasets (FDG-PET-CT staging, n = 3; No FDG-PET-CT
staging, n =1)

T Unpaired t-test

When comparing solid nodules versus sub-solid nodules in both groups (FDG-PET-CT staging or no FDG-
PET-CT staging), nodal/metastatic disease is significantly greater in those with solid pulmonary nodules in the
FDG-PET-CT staging group (11.2 +3.9 versus 1.9+ 2.6 % (mean + SD), solid nodules versus sub-solid
nodules respectively, p = 0.001, unpaired t-test). For those in the no FDG-PET-CT staging group, a greater
incidence of nodal/metastatic disease in those with solid nodules is nearing significance (21.9 + 13.4 versus
0.5 £ 0.6 % (mean + SD) solid nodules versus sub-solid nodules respectively, p = 0.08, unpaired t-test) (data
summarised in Figure Q9d and Table Q9c).

Figure Q9d: Comparison of nodal/metastatic disease in participants with solid nodules versus participants with
sub-solid nodules following FDG-PET-CT staging or no FDG-PET-CT staging
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X
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FDG-PET-CT staging No FDG-PET-CT staging  FDG-PET-CT staging No FDG-PET-CT staging

(n=5) (n=2) (n=5) (n=2)

% subjects with nodal/metastatic disease
(median, range)

* Solid nodule data included “solitary pulmonary nodule” data so may include sub=solid nodule data
T Unpaired t-test

Table Q9c: Comparison of nodal/metastatic disease in solid nodules versus sub-solid following FDG-PET-CT
staging or no FDG-PET-CT

% participants with nodal/metastatic disease

Staging type Solid* nodules Sub-solid nodules P
Mean + SD Median'[IQR] Mean + SD Median [IQR]

FDG-PET-CT 11.2+£3.9 13468 (5) 12:8[7.1,14.5] 1.9+26 12457 (5) 0.0[0.0,4.7] 0.001f
No FDG-PET-CT 21.9+134'3 (2) 219[12.4,314] 05+06'? (2) 0.5[0.0,0.9] 0.08

(study numbers in parentheses)
* ‘Solitary pulmonary nodules’, or undefined data included in datasets (FDG-PET-CT staging, n = 3; No FDG-PET-CT

staging,n=1)
T Unpaired t-test

Sub-centimetre nodules

There was not enough-evidence to consider sub-centimetre pulmonary nodules as a subgroup.

Evidence Statements

FDG-PET-CT staging appears to detect unexpected nodal/metastatic disease in patients with solid pulmonary
nodules. (Ungraded)

The incidence of nodal/metastatic disease appears to be greater in patients with solid pulmonary nodules when
compared with sub-solid pulmonary nodules. (Ungraded)
Recommendations

» For patients with solid pulmonary nodules being considered for treatment with curative intent, FDG PET-
CT staging should be offered to detect occult nodal disease or metastases. (Conditional)

» Solid pulmonary nodules of = 8 mm diameter should be offered FDG PET-CT staging (depending on PET-
CT manufacturers’ resolution specifications). (Conditional — by consensus)
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3366

3367

3368

3369

» Sub-solid pulmonary nodules with a solid component = 10 mm diameter should be offered FDG PET-CT
staging. (Conditional — by consensus)
Research Recommendations

= Further research is needed to confirm the effect of FDG-PET-CT on staging solid, sub-solid and sub-
centimetre pulmonary nodules being considered for treatment with curative intent.

= Research is needed to determine the optimal size threshold at which PET-CT beneficial.

Full tabulated data

Table Q9d: Nodal/metastatic disease data following i) FDG-PET-CT staging, or ii) no FDG-PET-CT staging in
pulmonary nodules being considered for treatment with curative intent

i) FDG-PET-CT staging

Study Nodule type FDG PET-CT staging
Total Subjects with % with nodal/metastatic
subjects nodal/metastatic disease disease

Casiraghi 20114 Solid 190 29 15.3
Casiraghi 20114 SSN 26 0 0.0
Chen 2021° SSN 217 11 5.1
Flores 20171 Solid 142 11 7.7
Flores 20171 SSN 42 0 0.0
Halac 20143 SPN 39 5 12.8
Lee 2007°¢ Undefined 156 10 6.4
Song 20177 SSN 72 0 0.0
Suh 20202 SSN 629 27 4.3
Veronesi 20118 Undefined 290 40 13.8

SPN - solitary pulmonary nodule; SSN — sub-solid nodule

i) No FDG-PET-CT staging

Study Nodule type No FDG PET-CT staging
Total Subjects with % with nodal/metastatic
subjects nodal/metastatic disease disease
Flores 20171 Solid 169 21 12.4
Flores 20171 SSN 109 1 0.9
Halac 20143 SPN 226 0 0.0
Suh 20202 SSN 411 129 31.4

SPN - solitary pulmonary nodule; SSN — sub-solid nodule
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Risk of bias summary
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| .High ? Unclear .an ‘

GRADE analyses

Pulmonary nodules, solid pulmonary nodules and sub-solid pulmonary nodules

In adults with pulmonary nodules being considered for treatment for lung cancer with curative intent, does FDG
positron emission tomography computed tomography (PET-CT) staging provide the same clinical outcomes as

no PET-CT staging?

Population: Adults (18+) being considered for treatment for lung cancer with curative intent
Intervention: FDG-PET-CT staging

Comparator: No FDG-PET-CT staging

Outcome Number of Relative effect Anticipated absolute effects Quality of the
participants (95% CI) Evidence
(studies) eSS SUROUEE L e 2 (GRADE)
staging CT staging
1677 RR 0.80 139 per 1000 DO00O
Pulmonary nodules (4 studies) (0.50 to 1.29) 174 per 1000 (87 to 224) VERY LOW abec
. 311 RR 0.62 77 per 1000
Solid nqdule3 (1 study) (0.31 to 1.25) 124 per 1000 (39 to 155) -
. 916 RR 8.47 29 per 1000 OO0
SubfENE nodules (2 studies) (1.21 to 59.4) 3 per 1000 (4 to 206) VERY LOW 2b¢

Cl: Confidence interval

Explanations
a. Some risk of bias across the studies

b. Serious inconsistency across the studies
c. Serious imprecision, Cls cross both MIDs
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Recommendation Table

Solid pulmonary nodules

Question Details

POPULATION:

INTERVENTION:
COMPARISON:
OUTCOMES:

curative intent

FDG-PET-CT staging
No FDG-PET-CT staging

Nodal/metastatic disease

Adults (18+) with pulmonary nodules being considered for treatment for lung cancer with

SUMMARY OF JUDGEMENTS
JUDGEMENT
. Don't
PROBLEM No Probably no | Probably yes Yes Varies Know
TEST Very Very . Don't
ACCURACY inaccurate Inaccurate Accurate accurate Varies know
DESIRABLE - . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE ¢ . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High |ncIUQed
studies
Does not
BALANCE OF Favours the Probably _favour the Probably Favours the . Don't
. favours the intervention | favours the | . . Varies
EFFECTS comparison . . . intervention know
comparison or the intervention
comparison
TYPE OF RECOMMENDATION
Strong Conditional Conditional Conditional Strong
recommendation recommendation recommendation for recommendation for | recommendation for
against the against the either the intervention or the intervention the intervention
intervention intervention the comparison
O O O |
CONCLUSIONS

Recommendation

For patients with solid pulmonary nodules being considered for treatment with curative intent, FDG-PET-CT
staging can be considered for aiming to reduce the incidence of nodal/metastatic disease. (Conditional)
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Justification

FDG-PET-CT staging appears to detect unexpected nodal/metastatic disease in patients with solid
pulmonary nodules. (Ungraded)

The incidence of nodal/metastatic disease appears to be greater in patients with solid pulmonary nodules.
(Ungraded)

Subgroup considerations

No subgroups to consider.

Research priorities

Further research is needed to confirm the effect of FDG-PET-CT staging on solid, sub-solid and sub-
centimetre pulmonary nodules being considered for treatment with curative intent.
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Question Protocol

_

Review Question

Type of review question

Objective of the review

Eligibility criteria —
population / disease /
condition / issue /
domain

Eligibility criteria —
intervention(s)

Eligibility criteria —
comparator(s)

Outcomes and
prioritisation

Eligibility criteria — study
design

Other inclusion
/exclusion criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Selection process —
duplicate screening /
selection / analysis

In adults with pulmonary nodules being considered for treatment with curative
intent, does FDG positron emission tomography computed tomography (PET-CT)
staging provide the same clinical outcomes as no PET-CT staging?

Intervention review

This question aims to determine the impact on clinical outcomes of undertaking
PET-CT staging for different types and sizes of pulmonary nodules being
considered for treatment with curative intent.

Adults with pulmonary nodules being considered for treatment with curative intent
(18+ years of age)

FDG PET-CT

No FDG PET-CT

Nodal or distant metastases

RCTs, comparative studies, case series (>50 cases)

Non-English language excluded unless full English translation
Conference abstracts, Cochrane reviews, systematic reviews, reviews

Cochrane reviews and systematic reviews can be referenced in the text, but
CANNOT be used in a meta-analysis

Adults with pulmonary nodules being considered for treatment with curative intent
- Solid nodules

- Sub-solid nodules

- Sub-centimetre nodules

Agreement should be reached between Guideline members who are working on
the question. If no agreement can be reached, a decision should be made by the
Guideline co-chairs. If there is still no decision, the matter should be brought to
the Guideline group and a decision will be made by consensus
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Data management
(software)

Information sources —
databases and dates

Methods for assessing
bias at outcome / study
level

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment
— publication bias,
selective reporting bias

Rationale / context —
what is known

RevMan5 Pairwise meta-analyses
Evidence review/considered judgement.
Storing Guideline text, tables, figures, etc.

Gradeprofiler Quality of evidence assessment

MEDLINE, Embase, Central Register of Controlled Trials and Cochrane Database
of Systematic Reviews

Restricted to articles published from 1990 onwards

RevMan5 intervention review template and NICE risk of bias checklist

(follow instructions in ‘BTS Guideline Process Handbook — Intervention Review
(June 2020)")

If 3 or more relevant studies:
RevMan5 for meta-analysis, heterogeneity testing and forest plots

(follow instructions in ‘BTS Guideline Process Handbook — Intervention Review
(June 2020)")

GRADEprofiler Intervention review quality of evidence assessment for each
outcome

(follow instructions in ‘BTS Guideline Process Handbook — Intervention Review
(June 2020)’)

PET-CT staging aims.to_determine whether a lung cancer has metastasised to
lymph nodes or distant organs. Previous guidelines (e.g. NICE) have suggested
that all patients with lung cancers being considered for curative treatment should
undergo PET-CT staging. This question seeks to determine whether this approach
is appropriate for all pulmonary nodules being considered for curative treatment,
or whether there are some nodules for which the pre-test probability of metastatic
spreadiis'so low that PET-CT is not indicated.
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3456

3457
3458
3459
3460
3461

3462
3463
3464
3465
3466

3467
3468

3469
3470

3471

3472
3473

Databases used

MEDLINE

EMBASE

Central Register of Controlled Trials (CENTRAL)
Cochrane Database of Systematic Reviews (CDSR)

MEDLINE and EMBASE via Ovid for Search 1 and Search 2 and Additional search

CENTRAL and CDSR Search 1 via Ovid

Summary of records retrieved

Search 1 Records Search 2 Records Additional Search Records
Database Retrieved Deduplicated Retrieved Deduplicated Retrieved Deduplicated
MEDLINE 5482 - 919 - 1282 -
EMBASE 6385 - 1728 - 2271 -
CENTRAL 334 - - - - -
CDSR 0 - - - - -
Total 12201 9041 2647 1934 3553 2332
Total records retrieved after individual search deduplication 13307
Total records retrieved after across-search deduplication 11740
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3474

3475

3476

3477
3478
3479

3480

3481
3482

3483
3484
3485
3486
3487
3488
3489
3490
3491
3492
3493
3494
3495
3496
3497
3498
3499
3500
3501
3502
3503
3504
3505
3506
3507
3508
3509
3510
3511
3512
3513
3514
3515
3516
3517
3518
3519
3520
3521
3522
3523

Database search strategies

MEDLINE

Search 1

Search via OVID
Search date 23 May 2023
Records identified = 5482

Database: Ovid MEDLINE(R) ALL <1946 to May 23, 2023>

Search Strategy

_ =2 000N WN -

- O

JEE I (I U UL QT U I (I
O© oo ~NO O WN

B W WWWWWOWWWWDNDNDNDNDNDNDNDNDNDDN
O WO NP, WN-_2 000N, WN-0

exp multiple pulmonary nodule/ (1721)

exp solitary pulmonary nodule/ (4681)

lung nodul$.ti,ab,kw. (4953)

pulmonary nodul$.ti,ab,kw. (9147)

or/1-4 (14677)

exp tomography, x-ray computed/ (490286)

(CT$ or computed tom$ or computed-tom$).ti,ab,kw. (830112)
6 or 7 (1029857)

exp tomography, emission-computed/ (132225)

(PET-CT or PET CT).ti,ab,kw. (38169)

((positron emission or positron-emission) adj2 (computed.tomography or computed-
tomography)).ti,ab,kw. (12052)

or/9-11 (145423)

exp magnetic resonance imaging/ (531117)

(magnetic resonance imag$ or MRI or MR.imag$).ti,ab,kw. (510001)
13 or 14 (719345)

8 or 12 or 15 (1650025)

exp lung neoplasm/ (273038)

(lung and (neoplasm$ or cancer$)).ti,ab,kw. (264005)
(pulmonary and (neoplasm$ or_cancer$)).ti,ab,kw. (46566)
(lung adj (cancer or tumor$.or tumour$ or neoplasm$)).ti,ab,kw. (204891)
(pulmonary adj (cancer ortumor$ or tumour$ or neoplasm$)).ti,ab,kw. (4505)
or/17-21 (398514)

"sensitivity and specificity"/ (368472)

"predictive value of tests"/ (222830)

roc curve/ (70901)

false.negative reactions/ (18296)

false positive reactions/ (28595)

(sensitivity or specificity or diagnostic$).ti,ab,kw. (2033353)
(predictive adj3 value$).ti,ab,kw. (137266)

(roc adj (curve$ or analy$)).ti,ab,kw. (68499)

receiver operating characteristic$.ti,ab,kw. (108238)

(true adj (positiv$ or negativ$)).ti,ab,kw. (11039)

(false adj (positiv$ or negativ$)).ti,ab,kw. (89704)

or/23-33 (2516868)

exp metastases/ (221227)

metast$.ti,ab,kw. (617909)

secondary.ti,ab,kw. (848589)

(node or nodal$).ti,ab,kw. (252239)

0r/35-38 (1646465)

(low dose or low-dose).ti,ab,kw. (113477)
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3524
3525
3526
3527
3528
3529
3530
3531
3532
3533
3534
3535
3536
3537
3538
3539
3540
3541
3542

3543

3544
3545
3546

3547

3548
3549

3550
3551
3552
3553
3554
3555
3556
3557
3558
3559
3560
3561
3562
3563
3564
3565
3566
3567
3568
3569
3570
3571
3572
3573

41 5 and 8 and 40 (805)

42 incident$.ti,ab,kw. (175435)

43 5and 42 (779)

44 41 or 43 (1523)

45 (previous adj (history or occurrence)).ti,ab,kw. (13063)
46 (prior adj (history or occurrence)).ti,ab,kw. (7868)
47 (earlier adj (history or occurrence)).ti,ab,kw. (391)
48 or/45-47 (21156)

49 5 and 48 (55)

50 5 and 16 and 22 and 34 (3006)

51 biops$.ti,ab,kw. (459552)

52 5and 51 (2877)

53 5and 12 and 39 (531)

54 44 or 49 or 50 or 52 or 53 (6333)

55 exp animals/ not humans/ (5123796)

56 54 not 55 (6287)

57 limit 56 to english language (5618)

58 limit 57 to yr="1990-Current" (5482)

Search 2

Search via OVID
Search date 24 March 2025
Records identified = 919

Database: Ovid MEDLINE(R) ALL <1946 to March 24, 2025>

Search Strategy

= =2 O 0O NOO P~ WN -

- O

13
14
15
16
17
18
19
20
21
22
23

exp multiple pulmonary nodule/ (2118)

exp solitary pulmonary nodule/ (5068)

lung nodul$.ti,ab,kw. (5822)

pulmonary nodul$.ti,ab,kw. (10504)

or/1-4 (16723)

exp tomography;.x=ray computed/ (520234)

(CT$ or computed tom$ or computed-tom$).ti,ab,kw. (943217)

6 or 7 (1146860)

exp tomography, emission-computed/ (141509)

(PET-CT or.PET CT).ti,ab,kw. (45534)

((positron emission or positron-emission) adj2 (computed tomography or computed-
tomography)).ti,ab,kw. (14253)

or/9-11 (158372)

exp magnetic resonance imaging/ (569730)

(magnetic resonance imag$ or MRI or MR imag$).ti,ab,kw. (575537)

13 or 14 (794655)

8 or 12 or 15 (1832246)

exp lung neoplasm/ (294625)

(lung and (neoplasm$ or cancer$)).ti,ab,kw. (300779)

(pulmonary and (neoplasm$ or cancer$)).ti,ab,kw. (52152)

(lung adj (cancer or tumor$ or tumour$ or neoplasm$)).ti,ab,kw. (233182)
(pulmonary adj (cancer or tumor$ or tumour$ or neoplasm$)).ti,ab,kw. (4704)
or/17-21 (441517)

"sensitivity and specificity"/ (378274)
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3574
3575
3576
3577
3578
3579
3580
3581
3582
3583
3584
3585
3586
3587
3588
3589
3590
3591
3592
3593
3594
3595
3596
3597
3598
3599
3600
3601
3602
3603
3604
3605
3606
3607
3608
3609

3610

3611
3612
3613

3614

3615
3616

3617
3618
3619
3620
3621

24 "predictive value of tests"/ (232510)

25 roc curve/ (78476)

26 false negative reactions/ (18392)

27 false positive reactions/ (28795)

28 (sensitivity or specificity or diagnostic$).ti,ab,kw. (2290655)
29 (predictive adj3 value$).ti,ab,kw. (156598)

30 (roc adj (curve$ or analy$)).ti,ab,kw. (88261)

31 receiver operating characteristic$.ti,ab,kw. (138061)
32 (true adj (positiv$ or negativ$)).ti,ab,kw. (12390)
33 (false adj (positiv$ or negativ$)).ti,ab,kw. (97446)
34 or/23-33 (2808730)

35 exp metastases/ (229427)

36 metast$.ti,ab,kw. (688851)

37 secondary.ti,ab,kw. (968039)

38 (node or nodal$).ti,ab,kw. (277300)

39 or/35-38 (1847767)

40 (low dose or low-dose).ti,ab,kw. (123396)

41 5 and 8 and 40 (978)

42 incident$.ti,ab,kw. (199604)

43 5 and 42 (938)

44 41 or 43 (1836)

45 (previous adj (history or occurrence)).ti,ab,kw. (14268)
46 (prior adj (history or occurrence)).ti,ab,kw. (9041)
47 (earlier adj (history or occurrence)).ti,ab,kw. (431)
48 or/45-47 (23547)

49 5 and 48 (64)

50 5 and 16 and 22 and 34 (3453)

51 biops$.ti,ab,kw. (500112)

52 5 and 51 (3286)

53 5 and 12 and 39 (598)

54 44 or 49 or 50 or 52 or 53 (7285)

55 exp animals/ not humans/ (5320597)

56 54 not 55 (7235)

57 limit 56 to english language (6534)

58 limit 57 to dt=20230526-20250325 (919)
Additional search

Search via OVID
Search date 28 March 2025
Records identified = 1282

Database: Ovid MEDLINE(R) ALL <1946 to March 28, 2025>

Search Strategy

ar ON -

exp multiple pulmonary nodule/ (2119)
exp solitary pulmonary nodule/ (5070)
lung nodul$.ti,ab,kw. (5807)
pulmonary nodul$.ti,ab,kw. (10482)
or/1-4 (16689)
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3622
3623
3624
3625
3626
3627
3628
3629
3630
3631
3632
3633
3634
3635
3636
3637
3638
3639
3640
3641
3642
3643
3644
3645
3646

3647

3648

3649
3650
3651

3652

3653
3654

3655
3656
3657
3658
3659
3660
3661
3662
3663
3664
3665
3666
3667
3668
3669
3670
3671

6
(5151188)

7 malignant.ti,ab,kw. (471111)

8 benign.ti,ab,kw. (278950)

9 7 and 8 (87478)

10 5 and 6 and 9 (907)

11 (previous adj (history or occurrence)).ti,ab,kw. (14244)

12 (prior adj (history or occurrence)).ti,ab,kw. (9012)

13 11 or 12 (23071)

14 5and 13 (64)

15 (PET-CT or PET CT).ti,ab,kw. (45316)

16 ((positron emission or positron-emission) adj2 (computed tomography or computed-
tomography)).ti,ab,kw. (14215)

17 15 or 16 (50045)

18 staging.ti,ab,kw. (104336)

19 5and 17 and 18 (155)

20 percutaneous.ti,ab,kw. (181236)

21 bronchoscopic.ti,ab,kw. (8540)

22 20 or 21 (189463)

23 treatment.ti,ab,kw. (5750518)

24 5 and 22 and 23 (198)

25 10 or 14 or 19 or 24 (1304)

26 limit 25 to yr="1990-Current" (1282)

EMBASE

Search 1

(volume or diameter or upper or spiculation or FDG-avidity or Brock or Herder or Mayo or VA or
UKLS or size or bubble or density or mass or bronchogram or visual or morphology).ti,ab,kw.

Search via OVID
Search date 25 May 2023
Records identified = 6384

Database: Embase <1974 to.2023.May 25>

Search Strategy

= © 00 NO OB WN -

11

13
14
15
16

exp pulmonary nodule/ (27909)
lung nodul$.ti,ab,kw. (9031)
pulmonary nodul$.ti,ab,kw. (15181)
or/1-3 33830

exp computer assisted tomography/ (1360605
(CT$ or computed tom$ or computed-tom$).ti,ab,kw. (1302947)

5 or 6 (1980808)

exp positron emission tomography/ (226993)
(PET-CT or PET CT).ti,ab,kw. (79850)
((positron emission or positron-emission) adj2 (computed tomography or computed-

tomography)).ti,ab,kw. (15724)
or/8-10 (254189)

exp magnetic resonance imaging/ (1227572)
(magnetic resonance imag$ or MRI or MR imag$).ti,ab,kw. (798965)

12 or 13 (1305532)
7 or 11 or 14 (2880313)
exp lung neoplasm/ (478134)
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3672
3673
3674
3675
3676
3677
3678
3679
3680
3681
3682
3683
3684
3685
3686
3687
3688
3689
3690
3691
3692
3693
3694
3695
3696
3697
3698
3699
3700
3701
3702
3703
3704
3705
3706
3707
3708
3709
3710
3711
3712
3713
3714

3715

3716
3717
3718

3719
3720
3721
3722

17 (lung and (neoplasm$ or cancer$)).ti,ab,kw. (414492)
18 (pulmonary and (neoplasm$ or cancer$)).ti,ab,kw. (76691)
19 (lung adj (cancer or tumor$ or tumour$ or neoplasm$)).ti,ab,kw. (314952)
20 (pulmonary adj (cancer or tumor$ or tumour$ or neoplasm$)).ti,ab,kw. (4957)
21 or/16-20 (628877)

22 "sensitivity and specificity"/ (483054)

23 predictive value/ (243328)

24 receiver operating characteristic/ (206311)

25 false negative result/ (25076)

26 false positive result/ (40137)

27 diagnostic test accuracy study/ (228515)

28 (sensitivity or specificity or diagnostic$).ti,ab,kw. (2723155)
29 (predictive adj3 value$).ti,ab,kw. (210092)

30 (roc adj (curve$ or analy$)).ti,ab,kw. (119752)

31 receiver operating characteristic$.ti,ab,kw. (142153)
32 (true adj (positiv$ or negativ$)).ti,ab,kw. (16992)

33 (false adj (positiv$ or negativ$)).ti,ab,kw. (125631)

34 or/22-33 (3194736)

35 exp metastases/ (785358)

36 metast$.ti,ab,kw. (914646)

37 secondary.ti,ab,kw. (1216957)

38 (node or nodal$).ti,ab,kw. (366479)

39 0r/35-38 (2434904)

40 (low dose or low-dose).ti,ab,kw. (168795)

41 4 and 7 and 40 (1654)

42 incident$.ti,ab,kw. (248144)

43 4 and 42 (2090)

44 41 or 43 (3573)

45 (previous adj (history or occurrence)).ti,ab;kw. (23403)
46 (earlier adj (history or occurrence)).ti,ab,kw. (549)

47 or/45-46 (23949)

48 4 and 47 (119)

49 4 and 15 and 21 and 34 (4959)

50 biops$.ti,ab,kw. (754928)

51 4 and 50 (8061)

52 4 and 11 and 39 (2858)

53 44 or 48 or 49.0r 51'0r 52 (14841)

54 exp animals/ not humans/ (11679073)

55 53 not 54 (10729)

56 limit 55 to english language (9903)

57 limit 56 to conference abstracts (3360)

58 56 not 57 (6543)

59 limit:58 to yr="1990-Current" (6385)

Search 2

Search via OVID
Search date 21 March 2025
Records identified = 1728

Database: Embase <1974 to 2025 March 21>

Search Strategy

1

exp pulmonary nodule/ (32811)
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3723
3724
3725
3726
3727
3728
3729
3730
3731
3732
3733
3734
3735
3736
3737
3738
3739
3740
3741
3742
3743
3744
3745
3746
3747
3748
3749
3750
3751
3752
3753
3754
3755
3756
3757
3758
3759
3760
3761
3762
3763
3764
3765
3766
3767
3768
3769
3770
3771
3772
3773
3774
3775
3776
3777

= © 0O NO O b WN

11

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

lung nodul$.ti,ab,kw. (10592)

pulmonary nodul$.ti,ab,kw. (17524)

or/1-3 (39248)

exp computer assisted tomography/ (1580292)

(CT$ or computed tom$ or computed-tom$).ti,ab,kw. (1453338)
5 or 6 (2251761)

exp positron emission tomography/ (264881)

(PET-CT or PET CT).ti,ab,kw. (91779)

((positron emission or positron-emission) adj2 (computed tomography or computed-
tomography)).ti,ab,kw. (18039)

or/8-10 (292433)

exp magnetic resonance imaging/ (1383009)

(magnetic resonance imag$ or MRI or MR imag$).ti,ab,kw. (877513)
12 or 13 (1464201)

7 or 11 or 14 (3244104)

exp lung neoplasm/ (593210)

(lung and (neoplasm$ or cancer$)).ti,ab,kw. (464763)
(pulmonary and (neoplasm$ or cancer$)).ti,ab,kw. (85853)
(lung adj (cancer or tumor$ or tumour$ or neoplasm$)).ti,ab,kw. (352316)
(pulmonary adj (cancer or tumor$ or tumour$ or neoplasm$)).ti,ab,kw. (5249)
or/16-20 (719106)

"sensitivity and specificity"/ (541874)

predictive value/ (288303)

receiver operating characteristic/ (265463)

false negative result/ (28746)

false positive result/ (46316)

diagnostic test accuracy study/ (284940)

(sensitivity or specificity or diagnostic$).ti,ab;kw. (3003325)
(predictive adj3 value$).ti,ab,kw. (233099)

(roc adj (curve$ or analy$)).ti,ab,kw. (143530)

receiver operating characteristic$.ti,ab,kw. (171182)

(true adj (positiv$ or negativ$)).ti,ab,kw. (18726)

(false adj (positiv$ or negativ$)).ti,ab,kw. (134692)
or/22-33 (3549982)

exp metastases/ (884701)

metast$.ti,ab,kw. (1005661)

secondary.ti,ab,kw. (1359799)

(node or nodal$).ti,ab,kw. (398681)

or/35-38 (2702651)

(low dose orlow-dose).ti,ab,kw. (182218)

4 and.7 and 40 (1990)

incident$.ti,ab,kw. (276418)

4.and 42 (2592)

41 or 43 (4360)

(previous adj (history or occurrence)).ti,ab,kw. (25660)
(earlier adj (history or occurrence)).ti,ab,kw. (593)

45 or 46 (26250)

4 and 47 (137)

4 and 15 and 21 and 34 (6125)

biops$.ti,ab,kw. (824628)

4 and 50 (9675)

4 and 11 and 39 (3592)

44 or 48 or 49 or 51 or 52 (17870)

exp animals/ not humans/ (5878923)

53 not 54 (17768)
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3778
3779
3780
3781

3782

3783
3784
3785

3786

3787
3788

3789
3790
3791
3792
3793
3794
3795
3796
3797
3798
3799
3800
3801
3802
3803
3804
3805
3806
3807
3808
3809
3810
3811
3812
3813
3814
3815
3816
3817
3818
3819
3820
3821

3822
3823

56 limit 55 to english language (16621)

57 limit 56 to conference abstracts (6419)

58 56 not 57 (10202)

59 limit 58 to dc=20230526-20250324 (1728)
Additional search

Search via OVID
Search date 28 March 2025
Records identified = 2271

Database: Embase <1974 to 2025 March 28>

Search Strategy

a b~ wON -

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

exp pulmonary nodule/ (32851)
lung nodul$.ti,ab,kw. (10600)
pulmonary nodul$.ti,ab,kw. (17545)
or/1-3 (39291)

(volume or diameter or upper or spiculation or FDG-avidity or Brock or:Herder or Mayo or VA or
UKLS or size or bubble or density or mass or bronchogram or visual or morphology).ti,ab,kw.

(6568179)
malignant.ti,ab,kw. (632363)
benign.ti,ab,kw. (386521)

6 and 7 (124737)

4 and 5 and 8 (1744)

(previous adj (history or occurrence)).ti,ab,kw. (25699)
(prior adj (history or occurrence)).ti,ab,kw. (19273)

10 or 11 (44578)
4 and 12 (268)
(PET-CT or PET CT).ti,ab,kw. (91925)

((positron emission or positron-emission) adj2 (computed tomography or computed-

tomography)).ti,ab,kw. (18070)

14 or 15 (97289)

staging.ti,ab,kw. (172387)

4 and 16 and 17 (503)
percutaneous.ti,ab,kw. (276440)
bronchoscopic.ti,ab,kw. (13555)

19 or 20 (289436)
treatment.ti,ab,kw. (7951213)

4 and21 and 22 (577)

9or 13 or 18 or 23 (2976)
case'report.ti,ab. (606710)

24 not 25 (2662)

review.ti,ab. (2986128)

26 not 27 (2296)

limit 28 to yr="1990-Current" (2271)
limit 29 to dc=19891231-20250324 (2271)
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3824

3825

3826
3827
3828

3829

3830
3831

3832
3833
3834
3835
3836
3837
3838
3839
3840
3841
3842
3843
3844
3845
3846
3847
3848
3849
3850
3851
3852
3853
3854
3855
3856
3857
3858
3859
3860
3861
3862
3863
3864
3865
3866
3867
3868
3869
3870
3871
3872
3873
3874

Cochrane Central Register of Controlled Trials (CENTRAL)

Search 1

Search via OVID
Search date 26 May 2023
Records identified = 334

Database: Cochrane Central Register of Controlled Clinical Trials

Search Strategy
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exp multiple pulmonary nodule/ (91)

exp solitary pulmonary nodule/ (121)

lung nodul$.ti,ab,kw. (391)

pulmonary nodul$.ti,ab,kw. (364)

or/1-4 (625)

exp tomography/ (22037)

(CT$ or computed tom$ or computed-tom$).ti,ab,kw. (70888)
6 or 7 (85753)

exp positron emission tomography/ (1907)

(PET-CT or PET CT).ti,ab,kw. (2438)

((positron emission or positron-emission) adj2 (computed tomaegraphy or computed-
tomography)).ti,ab,kw. (1258)

or/9-11 (4012)

exp magnetic resonance imaging/ (10820)

(magnetic resonance imag$ or MRI or MR imag$).ti,ab,kw. (38413)
13 or 14 (41092)

8 or 12 or 15 (109338)

exp lung neoplasm/ (10300)

(lung and (neoplasm$ or cancer$)).ti;ab,kw. (28155)
(pulmonary and (neoplasm$ or cancer$)).ti,ab,kw. (4178)
(lung adj (cancer or tumor or tumour or neoplasm)).ti,ab,kw. (23085)
(pulmonary adj (cancer or tumor$ or tumour$ or neoplasmg$)).ti,ab,kw. (59)
or/17-21 (31325)

"sensitivity and specificity"/ (10779)

"predictive value-oftests"/ (8745)

roc curve/ (1678)

false negative reactions/ (340)

false positive reactions/ (522)

(sensitivity-or specificity or diagnostic$).ti,ab,kw. (106126)
(predictive adj3 value$).ti,ab,kw. (8879)

(roc.adj (curve$ or analy$)).ti,ab,kw. (2811)

receiver operating characteristic$.ti,ab,kw. (5424)

(true adj (positiv$ or negativ$)).ti,ab,kw. (455)

(false adj (positiv$ or negativ$)).ti,ab,kw. (3273)

or/23-33 (125178)

exp metastases/ (6518)

metast$.ti,ab,kw. (48166)

secondary.ti,ab,kw. (346277)

(node or nodal$).ti,ab,kw. (16221)

or/35-38 (388235)

(low dose or low-dose).ti,ab,kw. (29863)

5 and 8 and 40 (125)

incident$.ti,ab,kw. (8513)
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3875
3876
3877
3878
3879
3880
3881
3882
3883
3884
3885
3886
3887
3888

3889

3890

3891

3892
3893

3894

3895

3896

3897

43
44
45
46
47
48
49
50
51
52
53
54
55

5and 42 (31)

41 or 43 (149)

(previous adj (history or occurrence)).ti,ab,kw. (1683)
(prior adj (history or occurrence)).ti,ab,kw. (1116)
(earlier adj (history or occurrence)).ti,ab,kw. (32)
or/45-47 (2814)

5and 48 (1)

5 and 16 and 22 and 34 (203)

biops$.ti,ab,kw. (34436)

5and 51 (120)

5 and 12 and 39 (7)

44 or 49 or 50 or 52 or 53 (348)

limit 54 to english language (334)

Cochrane Database of Systematic Reviews (CDSR)

Search 1

Search via OVID
Search date 26 May 2023
Records identified = 0

Database: Cochrane Central Register of Controlled Clinical Trials

Search strategy

The Cochrane Central Register of Controlled Clinical.Trials (CENTRAL) Search 1 strategy was used.
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Research recommendations (per Questions 1 —9)

Question 1 Investigative approach following low dose computed tomography (LDCT) screening or
incidental detection

= Further research is needed to determine whether the risk of malignancy differs between screening-
detected and incidentally detected pulmonary nodules.

Question 2 Likelihood of lung cancer following a previous history of non-lung cancer

= Further research is needed to determine whether a previous history of non-lung cancer is an independent
predictor of primary lung cancer in patients with pulmonary nodules.

Question 3 Baseline diagnostic approach — solid nodules

» Further research is needed to establish the diagnostic accuracy of nodule diameter, nodule volume, and
the Brock risk prediction model for identifying lung cancer in solid pulmonary nodules.

» Further research is needed to identify the most informative PET-CT and MRI imaging biomarkers for
diagnosing lung cancer in solid pulmonary nodules.

= Further research is needed to identify imaging biomarkers associated with malignancy in the following
solid nodule subgroups: nodules without recent relevant imaging, newly-appeared nodules since recent
imaging, peri-cystic lesions, and nodules presenting as consolidation:

Question 4 Surveillance — solid nodules

= Further research is needed to determine the optimal.volume doubling time (VDT) threshold and evaluate
its diagnostic accuracy for identifying malignant solid pulmonary nodules.

= Further research is needed to evaluate the diaghostic accuracy of interval CT changes (morphological
features, diameter change, mass doubling time (MDT), and volume change) for identifying lung cancer in
solid pulmonary nodules.

= Research is needed to compare emerging artificial intelligence (Al)-based approaches with conventional
VDT thresholds for diagnosing lung cancer in solid pulmonary nodules.

Question 5 Baseline diagnostic approach — sub-solid nodules

= Further research is needed to determine the diagnostic accuracy of maximal nodule diameter, nodule
volume, CT density; air bronchograms, and a clear lung-tumour interface for identifying lung cancer in
ground-glass pulmonary nodules.

= Further.research is needed to determine the diagnostic accuracy of maximal nodule diameter, nodule
volume, CT density, upper-lobe location, spiculation, bubble lucencies, air bronchograms, and a clear lung-
tumour.interface for identifying lung cancer in part-solid pulmonary nodules.

= Further research is needed to establish the diagnostic accuracy of risk prediction models (Brock, Mayo,
VA and/or UKLS) for diagnosing lung cancer in sub-solid pulmonary nodules.

= Further research is needed to determine whether imaging-defined malignant sub-solid nodules represent
clinically significant invasive lung cancer requiring treatment.

= Research is needed to evaluate the relative contribution of imaging biomarkers and clinical risk prediction
models in guiding management decisions for sub-solid pulmonary nodules.
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Question 6 Surveillance — sub-solid nodules

= Further research is needed to evaluate the diagnostic accuracy of interval CT changes (morphological
features, diameter growth, volume doubling time (VDT), mass doubling time (MDT), and volume change)
for identifying lung cancer in sub-solid pulmonary nodules.

» Research is needed to determine the likelihood of invasive disease in growing pure ground-glass nodules,
with particular emphasis on the risks of overdiagnosis and overtreatment.

Question 7 Pulmonary nodule biopsy for diagnosing lung cancer

= Further research is needed to establish the diagnostic accuracy of percutaneous and bronchoscopic
biopsy techniques across solid and sub-solid pulmonary nodule subgroups.

= Randomised studies are needed to assess the diagnostic accuracy and diagnostic yield of different
pulmonary nodule biopsy modalities.

Question 8 Pre-treatment biopsy versus no pre-treatment biopsy

= Further research is needed to determine whether pre-treatment biopsy improves clinical outcomes,
including rates of benign resection, mortality, morbidity, quality of life, and recurrence, in adults with
pulmonary nodules being considered for curative-intent treatment.

Question 9 FDG PET-CT staging

» Further research is needed to determine the impact of FDG<PET-CT on staging and treatment decision-
making in patients with solid, sub-solid, and sub-centimetre pulmonary nodules being considered for
curative-intent treatment.

= Research is needed to establish the minimum nodule: size threshold at which FDG PET-CT provides
clinically meaningful benefit.

Further research recommendations (across the questions)

= What are the outcomes for/solid.nodules with a Herder risk <50%, managed with CT surveillance?

= What is the risk of lung.cancer in new nodules that appear within 6 months, compared to those at 3 and
12 months?

= What is the optimal management of pericystic lesions?

» What is<the accuracy of altered morphology (bubble lucency, air bronchogram, increased density) for
diagnosing. invasive lung cancer in sub-solid nodules without a solid component?

» Does the:combination of growth and FDG avidity for solid nodules improve discrimination for invasive lung
cancer over growth alone?

= What is the incremental clinical utility of using artificial intelligence algorithms for predicting malignancy in
nodule management?

= What is the diagnostic accuracy of mass doubling time for diagnosing lung cancer in sub-solid pulmonary
nodules?

= Can nodule follow-up intervals be further personalised?

»  What is the clinical utility of early biopsy, compared to existing surveillance strategies, in diagnosis and
management of pulmonary nodules?

= Randomised studies are needed to assess the diagnostic accuracy and yield of different pulmonary nodule
biopsy modalities.
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4009

4010
4011

4012
4013

4014

Does pre-treatment biopsy improve clinical outcomes in adults with persistent sub-solid pulmonary

nodules?

What is the optimal size threshold at which PET-CT is beneficial, for solid and sub-solid pulmonary

nodules?

Decision-support studies are required to optimise how clinicians explain uncertain cancer risk, surveillance

and competing harms.
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