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Abstract:

Purpose
To compare the inter-observer reliability and diagnostic accuracy of the BTS scale and
other visual assessment criteria in the context of FDG PET-CT evaluation of solid
pulmonary nodules (SPNs).
Method
50 patients who underwent FDG PET-CT for assessment of a SPN were identified. 7
reporters with varied experience at 4 centres graded FDG uptake visually using the
British Thoracic Society (BTS) 4-point scale. 5 reporters also scored SPNs according
to 3- and 5-point visual assessment scales and using semi-quantitative assessment
(maximum standardised uptake value - SUV max ). Inter-observer reliability was
assessed with the intra-class correlation coefficient (ICC) and weighted Cohen’s kappa
Common.EditSubmissionSteps.Transform.EquationText ). Diagnostic performance was
evaluated by receiver operator characteristic (ROC) analysis.
Results
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Good inter-observer reliability was demonstrated with the BTS scale (ICC = 0.78, 95%
CI 0.69-0.85) and 5-point scale (ICC = 0.78, 95 CI 0.68-0.86), whilst the 3-point scale
demonstrated moderate reliability (ICC = 0.70, 95% CI 0.59-0.80). Almost perfect
agreement was achieved between 2 consultants
Common.EditSubmissionSteps.Transform.EquationText = 0.85), and substantial
agreement between 2 other consultants (
Common.EditSubmissionSteps.Transform.EquationText = 0.78) using the BTS scale.
ROC curves for the BTS and 5-point scales demonstrated equivalent accuracy (BTS
AUC = 0.768; 5-point AUC = 0.768). SUV max was no more accurate compared to
the BTS scale (SUV max AUC = 0.794; BTS AUC = 0.768, p = 0.43).
Conclusions
The BTS scale can be applied reliably by reporters with varied levels of PET-CT
reporting experience, across different centres and has a diagnostic performance that is
not surpassed by alternative scales.
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Response to Reviewers Comments - final

RESPONSE TO REVIEWERS' COMMENTS:
Reviewer #1:
47-49: You say: The BTS scale is the recommended method for assessment of FDG uptake in SPNs in
UK practice, and has been shown recently to have very good inter-observer agreement within single
UK institutions." Why would you think that there might be poor inter-observer agreement in other
institutions?
Response: We think that it is important to confirm that good inter-observer reliability is positively
demonstrated rather than assumed, and therefore to expand upon the published results of studies
performed in only a single institution. Good interobserver reliability in these centres could be due to
common training or reporting practices for example. We have added a sentence to the Introduction
to reflect this:
“However, in order to demonstrate that this high agreement within institutions isn’t due to common
training methods or similar reporting techniques, it would be reassuring to reproduce these results
across different institutions.”
195-197: You note that "The BTS scale has similar diagnostic performance across a range of
reporters and sites of practice compared with other assessment methods including semiquantitative FDG uptake measurement" - so what does your study really add to this?
The BTS guidelines are not produced by one society in isolation, and the BTS Guideline for the
Investigation and Management of Pulmonary has been endorsed by: The Royal College of Physicians,
London, National Lung Cancer Forum for Nurses, The Royal College of Radiologists, British Nuclear
Medicine Society, Society for Cardiothoracic Surgery in Great Britain and Ireland. Therefore, knowing
this, it would be anticipated that the guidelines would be readily usable in many institutions. What
further supports this view is the fact that the authors of the BTS guidelines themselves come from
different institutions. These detailed and practical guidelines are based on a comprehensive review
of the literature on pulmonary nodules and take into account expert opinion. This document is
intended to be used both as a summary in the day to day management of a person with a pulmonary
nodule and also a comprehensive reference text. The guidelines also cross-reference to the NICE
Guideline CG121 Lung Cancer: the diagnosis and treatment of lung cancer. It is noteworthy that the
BTS guidelines themselves discuss the use of PET and the overall accuracy of FDG PET-CT to
discriminate malignant and benign SPNs.
Response: We concur that whilst it is expected that a national guideline produced by authors across
multiple institutions would lead to recommending a visual assessment scale with good interobserver reliability, we feel that it is important to positively confirm this and compare the results
with recently published single-centre experience. At the time of peer review it is expected that
Reviewer 1 will not have been aware that the authorship of this paper includes multiple authors of
the BTS Guidelines including the lead author and the author who wrote the section on PET all of who
were keen to collaborate on this work as they agreed it was important to perform this multi-centre
validation work. In addition, as far as we understand, no other group has shown that the BTS scale is
equivalent to other 3- or 5-point visual assessment scales with respect to their inter-observer
agreement. We have added 2 sentences to the Discussion and amended the Conclusion to reflect
this:
“Although the BTS scale has been advocated in national guidance, drawn together by collaborators
across many institutions, this study confirms that multi-centre application of the BTS scale is reliable
and extends the results of single-centre studies sharing similar conclusions 12,13. Furthermore, the

study confirms that a 4-point BTS scale is not improved, with respect to its inter-observer
agreement, by using a 3- or 5-point visual assessment scale.”

289-292: Your conclusions that the BTS guidelines can be consistently applied by reporters working
at different centres is what should be expected from BTS guidelines. The guidelines were introduced
in 2015 and any problems should have come to light before now. It is good to be reassured that an
audit reporting standards shows good standards as expected.

Response:
Whilst a high level of inter-observer agreement should be expected across multiple observers
working at different institutions, this should be confirmed through research such as ours.
“Our study confirms recent single-centre experiences and extends this to demonstrate that the BTS
scale can be applied consistently in the assessment of SPNs by observers working at different
centres and by individuals with limited prior PET-CT interpretation experience. The BTS scale is
advocated in national guidance for evaluation of SPN’s and although it would be expected that the
scale is easily reproducible across multiple institutions, our study confirms that this is the case.”
Reviewer #2: Decent paper with decent methodology
Response: Thank you for your positive comment.
Reviewer #3: This is a well-conducted study on a clinical issue relevant to most nuclear medicine,
chest radiology and lung MDTs. This study confirms the value of using the BTS scale for
characterising solitary pulmonary nodules.
It would have been good to have a larger number of patients for more robust validation.
Response: Thank you for your positive review. We agree a larger dataset would have been
preferable but this was not practical for an unfunded study such as this.
ADVISORY EDITOR'S COMMENTS:
Thank you for submitting this well-written paper.
The only additional comment I would make is to add a brief description for the 3 point and 5 point
scale. As a non nuclear medicine physician I would value a brief explanation of the "semiquantitative assessment". The only description of the 3 and 5 point scale is in Table 2. The legend
describes these as visual assessments.
Response:
Additional sentences have been added to the image analysis section of the methods that will
hopefully help a non-nuclear medicine reader understand the visual and semi-quantitative
assessment process:
“Each nodule was scored by visually comparing the uptake of FDG within the nodule to background
tissues, including the lung parenchyma, the mediastinal blood pool (lumen of the aortic arch) and
the liver, and its score assigned according to the definitions provided in Table 2.”

“Semi-quantitative assessment consisted of drawing a region of interest (ROI) around the SPN, and
the maximum FDG uptake within this was calculated by the reporting software.”
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ABSTRACT
AIM: To compare the interobserver reliability and diagnostic accuracy of the British
Thoracic Society (BTS) scale and other visual assessment criteria in the context of
2-[18F]-fluoro-2-deoxy-D-glucose

(FDG)

positron-emission

tomography

(PET)-

computed tomography (CT) evaluation of solid pulmonary nodules (SPNs).
MATERIALS AND METHODS: Fifty patients who underwent FDG PET-CT for
assessment of a SPN were identified. Seven reporters with varied experience at four
centres graded FDG uptake visually using the British Thoracic Society (BTS) fourpoint scale. Five reporters also scored SPNs according to three- and five-point visual
assessment scales and using semi-quantitative assessment (maximum standardised
uptake value [SUVmax]). Interobserver reliability was assessed with the intra-class
correlation coefficient (ICC) and weighted Cohen’s kappa (κ). Diagnostic
performance was evaluated by receiver operator characteristic (ROC) analysis.
RESULTS: Good interobserver reliability was demonstrated with the BTS scale
(ICC=0.78, 95% confidence interval [CI]: 0.69–0.85) and five-point scale (ICC=0.78,
95 CI 0.68–0.86), whilst the three-point scale demonstrated moderate reliability
(ICC=0.70, 95% CI: 0.59–0.80). Almost perfect agreement was achieved between
two consultants (κ=0.85), and substantial agreement between two other consultants
(κ=0.78) using the BTS scale. ROC curves for the BTS and five-point scales
demonstrated equivalent accuracy (BTS area under the ROC curve [AUC]=0.768;
five-point AUC=0.768). SUVmax was no more accurate compared to the BTS scale
(SUVmax AUC=0.794; BTS AUC=0.768, p=0.43).
CONCLUSIONS: The BTS scale can be applied reliably by reporters with varied
levels of PET-CT reporting experience, across different centres and has a diagnostic
performance that is not surpassed by alternative scales.
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INTRODUCTION
Risk stratification of patients found to have a solid pulmonary nodule (SPN) on
imaging helps guide optimal management, allowing improved identification and
treatment for malignant lesions whilst reducing intervention and harm in patients with
benign

disease.

2-[18F]-fluoro-2-deoxy-D-glucose

(FDG)

positron-emission

tomography (PET)-computed tomography (CT) is widely used to non-invasively
evaluate SPNs1,2 and can improve the accuracy of risk prediction models when
combined with clinical risk factors3.

In UK practice, the investigation and management of patients with pulmonary
nodules is based upon the 2015 British Thoracic Society (BTS) guidelines, which
recommend a clinicoradiological approach to risk stratification4,5. Following the
detection of a SPN on initial CT, the estimated likelihood of malignancy is
determined using the Brock model6, stratifying patients into either < or >10% risk of
malignancy based upon CT findings (nodule size, count, type, location, spiculation,
emphysema) and patient risk factors (age, gender, history of lung cancer). Those
with >10% risk of malignancy undergo further assessment with FDG PET-CT, and
risk stratification using the Herder model. The combination of SPN FDG uptake
assessment and other clinico-radiological risk factors in the Herder model has been
shown to improve diagnostic accuracy 3, which has been validated and confirmed in
a UK population7.

The Herder model requires SPN FDG uptake to be classified according to a fourpoint ordinal scale (none, faint, moderate and intense); the BTS guideline
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development group adapted the Herder model four-point visual assessment scale by
providing definitions for the categories of FDG uptake with reference to background
uptake in the lungs and mediastinal blood pool (MBP) 4,8,9. The BTS scale is the
recommended method for assessment of FDG uptake in SPNs in UK practice10,11,
and has been shown recently to have very good interobserver agreement within
single UK institutions 12,13; however, in order to demonstrate that this high
agreement within institutions is not due to common training methods or similar
reporting techniques, it would be reassuring to reproduce these results across
different institutions. Given that the BTS scale is widely used across centres in the
UK, it is necessary to establish whether interobserver agreement is of a sufficiently
high standard across different UK institutions and between reporters with varying
levels of PET-CT reporting experience, to confirm that the BTS scale is likely to be
consistently applied nationwide. In addition, other visual assessment scales have
been proposed to assess FDG uptake in SPN8, which have not been compared to
the BTS scale, between reporters working across different UK institutions.

To the authors’ knowledge, the BTS scale has not been assessed with regard to its
interobserver agreement between reporters working in different UK institutions, nor
compared against other visual assessment scales. The aims of the present study
were to evaluate the interobserver agreement across multiple reporters at four
different UK centres and assess the relative diagnostic accuracy of three visual
assessment scales of FDG uptake: (1) BTS scale, (2) a five-point scale modified
from Fletcher et al.8, and (3) a novel three-point visual assessment scale.

MATERIALS AND METHODS
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Patient selection
The reporting data set comprised initial pre-treatment FDG PET-CT examinations
performed in 50 patients with SPNs, who were selected randomly from an
institutional database of patients at a single tertiary referral centre and who were
subsequently assessed in nodule follow-up clinics between 2008 and 2013. Patients
were included in this study if they had a SPN, and the diameter of their dominant
SPN was between 8 and 30 mm; 8 mm is the minimum threshold size for resolving
FDG uptake with a SPN4, and this range of nodule size reflects the standard
practice of nodule assessment for UK departments7. Patients with part-solid or
ground-glass nodules were not included. Patients with a history of extra-pulmonary
sites of malignancy and a new SPN were included as the Herder model accounts for
a history of extra-pulmonary malignancy in the assessment of a SPN, and this also
reflects the reality of SPN evaluation practice.

Final diagnosis was considered benign when histopathology demonstrated a benign
condition, the SPN remained stable over 2 years of radiological follow-up, or the
SPN decreased or resolved spontaneously without treatment. A SPN was
considered malignant when histopathology confirmed primary lung cancer, there was
serial interval growth of the SPN on imaging and treatment for malignancy was
instigated, or the patient was known to have a histologically confirmed extrapulmonary malignancy and new lung nodules were consistent with metastases
radiologically. If patients had multiple nodules, only the largest SPN was considered
for the study.

5

Prospective consent was obtained from all patients at the time of imaging for use of
their anonymised FDG PET-CT imaging data in research and service development
projects. All patients were entered prospectively into a departmental database used
for retrospective identification and audit. Formal ethics committee approval was
waived for this study, which was considered by the institutional review board to
represent evaluation of a routine clinical service.

Imaging acquisition and reconstruction
A standard protocol was used for FDG PET-CT examinations with half-body
acquisition from the skull base to upper thighs. Scans prior to June 2010 were
performed on a 16-section Discovery STE PET-CT machine (GE Healthcare,
Chicago, IL, USA) and from June 2010 to December 2013 on a 64-section Philips
Gemini TF64 scanner (Philips Healthcare, Best, Netherlands). The CT component
was acquired with the following settings: 140 kV, 80 mAs, 0.5 seconds per rotation
tube rotation time, 3.75 mm section thickness. Patients were asked to maintain
normal shallow respiration during the CT acquisition. Contrast material was
administered. Serum blood glucose was checked routinely and if blood glucose was
>10 mmol/l scanning was not performed. Patients fasted for 6 h prior to intravenous
FDG injection (dose varied according to patient body weight). All scans used iterative
reconstruction (details are outlined in Table 1), CT for attenuation correction, applied
scatter and randoms correction. Each scanner used consistent reconstruction
settings and matrix and voxel sizes.

Image analysis

6

PET-CT images for each patient were anonymised and distributed to each
participating centre. Each reporter scored the FDG uptake within the dominant SPN
independently, using the three visual assessment scales, blinded to all clinical
information about the patient including eventual diagnosis. SPNs were scored using
the scales outlined in Table 2. Each nodule was scored by visually comparing the
uptake of FDG within the nodule to background tissues, including the lung
parenchyma, the mediastinal blood pool (lumen of the aortic arch) and the liver, and
its score assigned according to the definitions provided in Table 2. Examples of
pulmonary nodules from each of the categories using the five-point scale are
illustrated in Fig. 1. Mediastinal blood pool FDG uptake was determined by visually
assessing uptake within the aortic arch lumen, taking care to ignore uptake in the
vessel wall. Liver FDG uptake was determined by assessing the uptake within right
lobe hepatic parenchyma, ignoring uptake clearly within a focal lesion (e.g., cyst), or
within the vasculature.

Reporters received no additional training in the use of these visual assessment
scales; the BTS scale is a commonly used assessment scale in the reporting of PETCT at each of the four participating centres. Reporters varied in their prior PET-CT
interpretation experience: three “novice” reporters with <6 months’ experience, one
consultant radiologist who is a nuclear medicine expert with under 10 years of
experience, and three consultant radiologists who are nuclear medicine experts each
with over 10 years of experience. All seven reporters assessed SPNs using the BTS
scale. Due to logistical constraints, five out of initial seven reporters, including three
consultants and two novice reporters, also scored SPNs using the three- and fivepoint visual assessment scales and by semi-quantitative assessment (SUVmax) at the
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same time as using the BTS scale. Semi-quantitative assessment consisted of
drawing a region of interest (ROI) around the SPN, and the maximum FDG uptake
within this was calculated by the reporting software.

Statistical analysis
Agreement between observers was measured using two-way random effects
intraclass correlation coefficient (ICC) for multi-rater agreement and weighted
Cohen’s kappa (𝜅) for pair-wise agreement. ICC values <0.5 indicate poor reliability,
between 0.5 and 0.75 indicate moderate reliability, between 0.75 and 0.9 indicate
good reliability and >0.9 indicate excellent reliability14. Kappa values between 0.81
and 1 indicate almost perfect agreement, between 0.61 and 0.8 substantial
agreement, and between 0.41 and 0.6 moderate agreement15. Diagnostic
performance (i.e., discrimination of malignant from benign SPNs) of each visual
assessment scale and semi-quantitative assessment with SUVmax, was assessed
using the total area under the curve (AUC) from receiver operator characteristic
(ROC) curves separately averaged across all reporters and across expert reporters
only. Derivation of the averaged AUC was based on multi-rater multi-case (MRMC)
statistical analysis developed by Gallas et al. and described elsewhere16, and AUCs
for each assessment scale were compared using a t-test as outlined by Hillis et
al.;17 this analysis was performed with the freely available software package
(iMRMC: Multi-Reader, Multi-Case Analysis Methods; Version 1.2.0). Other
statistical analyses were performed using SPSS (Version25; IBM, Armonk, New
York, USA).

RESULTS
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Demographic data and nodule characteristics
Fifty patients were included in the study. Demographic information and SPN
characteristics are provided in Table 3. The median age was 67 years (IQR 62–
75 years) and 21 of the 50 patients were male (42%). Forty patients (80%) were
current or former smokers. There were 37 patients (74%) with an eventual diagnosis
of malignancy (30 patients with primary lung malignancy and seven with pulmonary
metastases from an extra-pulmonary primary malignancy) and the majority of
patients with pulmonary metastases had metastatic colorectal carcinoma (five
patients, 10%). Median SPN diameter was 16 mm (IQR 11.5–23.5 mm). The mean
SUVmax for benign SPNs was 2.5 (range 0.6–5.8), and for malignant SPNs 5.4
(range 1.2–12.4).

Interobserver agreement
Table 4 summarises the results of interobserver agreement analysis. Interobserver
reliability for the BTS scale, for all seven reporters including consultants and novices
(ICC=0.78, 95% CI: 0.69–0.85), and between all four consultants (ICC=0.77, 95%
CI: 0.67–0.85) was good. Five out of seven reporters, including three consultants
and two novice reporters, also scored SPNs using the three- and five-point visual
assessment scales and by semi-quantitative assessment (SUVmax). For the five-point
scale, agreement between all five reporters (ICC=0.78, 95 CI 0.68–0.86), and
between three consultants (ICC=0.75, 95% CI: 0.63–0.84) was good. For the threepoint scale, agreement between all five reporters (ICC=0.70, 95% CI: 0.59–0.80),
and between three consultants (ICC=0.64, 95% CI: 0.49 0.76) was moderate.
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Pair-wise analysis of agreement was performed for the BTS scale. Weighted 𝜅
demonstrated almost perfect agreement between two consultants, one with under
(expert 1), and the other with >10 years of experience (expert 2; 𝜅=0.85), and
substantial agreement between two consultants both with >10 years of experience
(expert 3 versus expert 4; 𝜅=0.78) all working across different centres. Comparison
of agreement between one consultant with >10 years of experience with reporters of
reduced experience also demonstrated substantial agreement (expert 4 versus
novice 1, 𝜅=0.71; expert 4 versus expert 2, 𝜅 =0.75).

Diagnostic accuracy
Table 5 summarises the AUCs from ROC analysis for visual assessment scales and
semi-quantitative assessment (SUVmax), and Fig. 2 illustrates ROC curves for each
assessment method. ROCs for the BTS and five-point scales demonstrated
equivalent overall accuracy (BTS=0.768; five-point AUC=0.768). The BTS scale
demonstrated improved accuracy compared to the three-point scale, although did
not reach statistical significance (BTS AUC=0.768; three-point AUC=0.715, p=0.08;
Hillis, t-test). SUVmax did not demonstrate statistically significant higher accuracy
compared to the BTS scale (SUVmax AUC=0.794; BTS AUC=0.768, p=0.43).

DISCUSSION
The present study demonstrates good interobserver agreement of BTS scale, which
is not improved by using a three- or five-point scale. The BTS scale has similar
diagnostic performance across a range of reporters and sites of practice compared
with

other

assessment

methods

including

semi-quantitative

FDG

uptake

measurement. The 2015 BTS guidelines for SPN evaluation advocate the use of an
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ordinal visual assessment scale to assess FDG uptake in SPNs on PET-CT, with the
four-point BTS scale the standard assessment scale in UK reporting practice 4,5.
Murphy et al. demonstrated that the BTS scale has good interobserver agreement
within a single UK institution, using two different PET-CT reconstruction
techniques12 and the present study further corroborates this by demonstrating good
interobserver agreement when using the BTS scale across multiple reporters from
different institutions. Although the BTS scale has been advocated in national
guidance, drawn together by collaborators across many institutions, this study
confirms that multi-centre application of the BTS scale is reliable and extends the
results of single-centre studies sharing similar conclusions 12,13. Furthermore, the
study confirms that a four-point BTS scale is not improved, with respect to its
interobserver agreement, by using a three- or five-point visual assessment scale. In
addition, reporters of varying levels of experience showed good agreement in the
present study, and these results suggest that SPN risk stratification using the Herder
model is likely being applied consistently across different UK centres.

The present study used visual assessment of FDG uptake within the SPN and
reference background tissues to classify SPNs according to the different assessment
scales (Table 2). In the assessment of FDG PET-CT for response assessment in
Hodgkin’s and diffuse large B-cell lymphoma, the five-point scale, i.e., Deauville
criteria, has demonstrated high interobserver agreement18–20, utilising both visual
assessment of FDG uptake with comparison to reference background tissues, and
semi-quantitative assessment in order to confirm the results of visual assessment21.
This may overcome some of the difficulties that arise from a inhomogeneous
background tissue used for comparison that may lead to interobserver disagreement
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in visual analysis. The study by Murphy et al. demonstrated good interobserver
agreement using a similar method of visual assessment with confirmatory semiquantitative assessment of reference background FDG uptake in the liver and blood
pool. The present study shows similar results using a visual assessment of SPN
FDG uptake and reference background tissue uptake, and importantly, this was
observed in reporters with varying levels of experience in PET-CT reporting and
across different institutions, suggesting that the BTS scale is reproducible and not
due to common training in one centre alone.

The three-point visual scale had the lowest interobserver concordance. This could be
explained by a small proportion of cases being classified on opposite ends of the
three-point scale (i.e., one reporter scored a SPN as “1” and the other as “3”),
whereas they were categorised into adjacent categories for the four-point scale
(scored “2” versus “3”) or only two categories apart in the five-point scale (a score of
“2” versus “4”). This disagreement could not be attributed to lack of reporter
experience as, even when novice reporters were excluded from analysis, five cases
(10%) were categorised in this manner. Hence reliability was likely lower for the
three-point scale because of these cases being classified at opposite ends of the
scale. It should also be noted that the reduced agreement of the three-point scale
could reflect the small sample size in the present study, and that over a larger
population, a difference might not have been observed. Nevertheless, the simplified
three-point scale did not perform better than the standard BTS scale recommended
in the 2015 BTS guidelines.
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Overall accuracy of FDG PET-CT to discriminate malignant and benign SPNs, as
measured by ROC analysis, did not vary with the visual assessment scale used, and
although semi-quantitative assessment of FDG uptake performed equally to visual
assessment, it did not improve diagnostic accuracy to a statistically significant
degree. This concurs with previous data reporting that use of semi-quantitative
measurement does not improve the sensitivity of PET-CT22, but can improve its
specificity23,24. Although they may not have played a significant role in the present
study, in general, there are several factors that can limit the use of a semiquantitative measure for distinguishing malignant and benign SPNs. First, technical
factors can limit the standardisation of SUV values across different scanner and sites
where scan technique, for example, reconstruction algorithms, may vary and
therefore so too will the SUV measurements25. All the images used in the present
study were acquired in a single institution. Using an alternative reconstruction
algorithm has recently been shown to increase the Herder score for SPNs, although
not the overall diagnostic performance of the Herder scale, for example 12. Second,
studies utilising semi-quantitative measures typically use a single cut-off value to
distinguish benign and malignant nodules26, and typically do not include a validation
cohort to test their cut-off values9,27, whereas the use of visual ordinal scales can
reflect increasing likelihood that a nodule is malignant and overcome the difficulties
of semiquantitative measurement8. Lastly, the calculated SUV can be erroneous due
to tracer extravasation or inaccurate patient weight.

The diagnostic accuracy of both visual assessment scales and semi-quantitative
measurements were lower in this study than previously reported by others2,9,28.
This may be explained by the high proportion of malignant SPNs included in this

13

patient cohort, which might have influenced test sensitivity and specificity29. The
results of the present study are similar to those of Lopez et al. who also had a high
prevalence of malignant nodules in their study sample23 and to Murphy et al. whose
prevalence of malignancy was 77%12. The high proportion of current or former
smokers in the present patient cohort is also likely to have influenced the AUC, as it
is known that in higher risk patients, FDG PET-CT has reduced specificity9. Finally,
the mean SUVmax for benign SPNs in the study was 2.5, which in other studies27,30
is taken as the threshold for assigning a nodule as malignant on PET-CT, suggesting
that the present sample may have over-represented benign SPNs (i.e., inflammatory
or infective SPNs) with “false”-positive FDG uptake31 compared with other studies.
This will have further reduced the specificity of assessment. The accuracy of visual
assessment might have been improved by using semi-quantitative assessment of
uptake in reference tissues to confirm the results of visual assessment, as used in
Deauville criteria21 and by Murphy et al12.

The study had a number of important limitations. First, 50 patients is a relatively
small sample size, and it is possible that a larger cohort may have revealed
differences in accuracy and/or reliability between the BTS and five-point scales.
Second, not all diagnoses were confirmed histologically, and therefore it is possible
that this introduced inaccuracy in the classification of a SPN being definitely
malignant or benign, again which would affect the overall diagnostic accuracy;
however, each scale would be similarly affected, and this should not limit the
comparison between them. Furthermore, these criteria reflect the reality of clinical
practice, when treatment decisions are not always based on histological diagnosis.
The images used in assessment were acquired on different scanners, using different
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imaging conditions, which introduces a potential source of variation in the image
quality; however, this should not have a strong effect on the comparative
assessment of different assessment methods. Lastly, this was a retrospective
analysis on non-consecutive patients, which is potentially a source of bias; however,
this would have affected each assessment scale equally and is unlikely to affect the
present conclusions.
The present study confirms recent single-centre experiences and extends this to
demonstrate that the BTS scale can be applied consistently in the assessment of
SPNs by observers working at different centres and by individuals with limited prior
PET-CT interpretation experience. The BTS scale is advocated in national guidance
for evaluation of SPNs and although it would be expected that the scale is easily
reproducible across multiple institutions, the present study confirms that this is the
case. The BTS scale, which is being increasingly used as part of risk stratification of
SPNs has an accuracy that is not surpassed by alternative visual or semiquantitative assessment scales.
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Figure 1. Examples of pulmonary nodules demonstrating increasing FDG uptake.
Maximum intensity projection (MIP) image from five patients with SPN that
demonstrate increasing FDG uptake (from right to left), and illustrate examples of
each category using the five-point visual assessment scale. From the right-hand
image, an example of no uptake, through to the left-hand image showing uptake
above that of the liver. Black circles indicate the location of the SPN being assessed.
MBP, mediastinal blood pool.

Figure 2. ROC curves for visual assessment scales and semiquantitative
assessment. Four ROC curves demonstrating similar diagnostic performance For
visual uptake scales and semiquantitative assessment compared to the BTS scale.

Table 1. Reconstruction parameters for each scanner
Scanner

Reconstruction Scatter
Randoms
Matrix Voxel
size
(x,y,z, mm)
correction
correction
GE
Healthcare OSEM
Convolution
Singles
128
4.7×4.7×3.3
STE
subtraction
Philips
Gemini BLOB-OS-TF
SS-Simul
DLYD
144 or 4×4×4
TF64
169
OSEM, ordered subsets expectation maximisation; BLOB-OS-TF, spherically
symmetric basis function ordered subset algorithm; DLYD, delayed event
subtraction.

Table 2. Visual assessment scale scoring criteria
Uptake
Indiscernible from background lung
Greater than lung but less MBP
Equal to MBP
Greater than MBP but less than liver

Three-point
scale
1
2
3

BTS scale
1
2
3

Five-point
scale
1
2
3
4
20

Greater than liver
MBP, mediastinal blood pool.

4

5

Table 3. Demographic data and nodule characteristics (n=50)
Demographic
Median age, years (IQR)
Male gender (%)
Smoking status (%)
Current or former smoker
Never smoked
Smoking status undocumented
Diagnosis (%)
Primary lung cancer
Metastases from extra-pulmonary primary malignancy
Colorectal adenocarcinoma
Cervical squamous cell carcinoma
Pancreatic large cell carcinoma
Benign nodule
Median nodule diameter, mm (IQR)

Value
67 (62-75)
21 (42%)
40 (80%)
7 (14%)
3 (6%)
30 (60%)
7 (14%)
5 (10%)
1 (2%)
1 (2%)
13 (26%)
16 (11.5 – 23.5)

IQR, interquartile range.

Table 4. Interobserver agreement for visual assessment scales
Agreement
Visual assessment scale All observers
Expert observers
ICC (95% CI)
ICC (95% CI)
Three-point scale
0.70 (0.59–0.80) 0.64 (0.49–0.76)
BTS scale
0.78 (0.69–0.85) 0.77 (0.67–0.85)
Five-point scale
0.78 (0.68–0.86) 0.75 (0.63–0.84)
ICC, two-way random effects intra-class correlation coefficient.

Table 5. Accuracy of visual assessment scales and semiquantitative assessment
Assessment method

Area under ROC

Three-point scale
0.715
BTS scale
0.768
Five-point scale
0.768
SUVmax
0.794
at-test, as outlined by Hillis et al.

p-Valuea
(versus four-point BTS scale)
0.08
NA
NA
0.43

21

ROC, receiver operating characteristic; NA, not applicable
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Highlights


British Thoracic Society scale of FDG uptake has good inter-observer agreement.



British Thoracic Society scale is as reliable as 3 and 5 point visual scales.



Visual assessment showed good agreement between reporters across institutions.



Semi-quantitative assessment did not improve the diagnostic accuracy.
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