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nodules: keep calm and carry on 

 

SUPPLEMENTARY MATERIAL 

Rationale for selecting size threshold for follow-up 

Both the Fleischner and BTS guidelines have raised the threshold for solid nodules 

triggering follow-up compared to previous recommendations [1, 2], effectively avoiding huge 

numbers of scans. The Fleischner guideline uses an (admittedly arbitrary) ≥1% risk of 

malignancy as the threshold for requiring follow-up; 6mm has thus been chosen as the 

diameter threshold since nodules with maximum diameter <6mm have a risk of malignancy 

less than 1% [3, 4]. Some patients may regard 1% as too high a risk to be comfortable with 

discharge. On the other hand, the BTS discharge threshold is based on the fact that nodules 

< 100mm3 and <5mm do not confer a statistically significantly higher risk of malignancy than 

having no nodules at all [3].  It is important to state that this is not the same as saying that 

every <5mm/ <100mm3 nodule is benign; cancer evolving from such nodules will occur, and 

this is specifically acknowledged in the BTS guideline. The BTS discharge threshold is 

hence based on a precise risk-ratio, rather than an arbitrarily selected threshold. With all 

guidelines, there is a need to ensure that they are kept up to date and relevant as new 

evidence emerges. In this regard, the BTS have incorporated the new evidence on the 

management of new nodules in their mobile application [5] and quality standard [6], 

reinforcing the need to consider follow-up for smaller nodules which are definitely new 

compared to a CT from 1-2 years previously. 

 



Volumetric analysis 

A key difference between the Fleishner and BTS guidelines is the emphasis placed 

on using volumetric assessment by the latter. Volumetry confers several advantages: firstly, 

it accurately represents the size of a pulmonary nodule by accounting for its three-

dimensional shape, whereas diameter measurement, even when the average of two 

diameter measurements is used (in an attempt to accommodate the potentially non-spherical 

shape of a nodule) can markedly over or under-estimate nodule size [7]. Secondly, provided 

that the same software package and reconstruction settings are used, volumetry allows for 

greater consistency as compared to diameter when repeated measurements of the same 

nodule are made [8-11]; as such, inter- and intra-observer variation in the definition of nodule 

size are reduced, and consistency in recommendations is higher. This advantage is arguably 

most important at baseline, when a decision needs to be made on whether or not the nodule 

reaches the size threshold for follow-up. Volumetry may potentially be also more consistent 

in measuring spiculated nodules, as defining the “solid core” to be measured (the Fleischner 

recommendation) can be quite subjective (Figure S1). However, the recommendation to 

measure the “solid core” is new and therefore this potential advantage of volumetry is 

untested. 

Finally, volumetry enables a more accurate estimation of VDT on serial follow-up, 

which in turn allows for a more reliable definition of growth and also allows distinctions to be 

made between aggressive and indolent growing nodules. Of course, a precise definition of 

growth is not always required; determining unequivocal growth, even for <8mm nodules, is 

relatively easy when a nodule has grown by >2mm in diameter (the recommended 

Fleischner threshold for growth) and will probably be visually apparent. The Fleischner 

guidelines do not use VDT to define a suspicious growth rate, but a low VDT is implied by 

the combination of the definitions of growth within the range of prescribed follow-up intervals: 

a >2mm growth of an 8mm nodule over a 12-month period would equate to VDT<400 days 

or so, while >2mm growth of a 6mm nodule over a 6-month period would indicate a more 



aggressive VDT <150 days. Thus, the Fleischner guidelines would allow the detection of 

fast-growing nodules.  

“Unequivocal stability” is more contentious: for nodules <8mm in diameter, the range 

of uncertainty (1.7mm) [12] in diameter measurement is wide relative to the size of such 

nodules, and it may also be difficult to decide whether such small nodules are “accurately 

measurable” with diameter. While such a nodule might not have grown by >2mm, a 1.5mm 

increase at 12 months would still equate to a VDT <400 days for such a perfectly spherical 

nodule. The Fleischner suggestion that nodules with “unequivocal stability” could be 

discharged earlier may thus be difficult to apply in practice. The prescription of VDT 

measurement in the BTS guidelines allows for nodules that may be growing more subtly at 

first follow-up to be detected earlier, while volumetric stability (allowing for stability of 

technical and software factors) allows earlier discharge and so earlier reassurance. It is 

worth noting that earlier follow-up may overestimate VDT, even with volumetric 

measurement  [13, 14]. 

The accuracy and precision of volumetric analysis is influenced by a plethora of 

software variables, scan parameters, and patient factors, as detailed comprehensively in a 

recent publication [15]. The exact interactions between various factors affecting volumetry 

repeatability and reproducibility are still being elucidated and quantified. Nevertheless, it is 

safe to say that the variation produced when only one acquisition factor is varied on thin-

section CT and using the same software package is no more than 30% for most relevant 

incidentally detected nodules based on current evidence [15]- just over the 25% increase 

required to determine growth in the BTS guidelines.  Volumetry nodule segmentation, 

however, is not always reliable and in this setting BTS guidelines recommend use of 

diameter measurements. The estimation of what constitutes good or poor segmentation 

relies on visual- and therefore subjective- assessment of mismatch between the segmented 

nodule and its visualised boundary. Volumetric analysis has still not been universally and 

efficiently integrated into a radiologist’s workflow, almost always requiring third party 

applications, whereas diameter measurement with electronic callipers can be performed on 



any Picture Archiving and Communications System (PACS) workstation. The BTS 

recommendation for volumetry can thus be viewed as partly aspirational. That said, most, if 

not all CT departments in the UK will have access to such third party software for volumetry.  

Conversely, the Fleischner guidelines acknowledge a role for volumetry but, given 

the concerns regarding the availability of volumetry and the consistency of variables required 

to ensure its reproducibility, retain their previous cardinal recommendation of using diameter 

measurement. They note that diameter measurements are imprecise and mitigate this by 

their recommendation to use the average of two maximum measurements rounded to the 

nearest whole millimetre. There is some evidence for average diameter use in screening 

[16], as a closer approximation of three-dimensional volume. The BTS recommendation to 

use maximum diameter if volumetry is unavailable or unreliable may seem counterintuitive, 

as the average, not maximum, of diameters would seem a closer approximation of volume 

[7]. However this recommendation is derived from a number of screening trials where 

maximum diameter measurements were used [3, 4, 17].  

 

Rounding diameter measurements 

The Fleischner recommendation to round diameter measurement, meanwhile, could 

lead to variation in the assignment of nodules to particular categories.  A recent study 

suggests that the proportion of larger (>8mm) nodules affected by rounding in this way is 

likely to be small; such nodules are more likely to be rounded up, and this would alter 

management category in only 3% of solid nodules, with subsolid nodules unaffected [18]. 

However, the effect of rounding on nodules at the 5-6mm threshold, and consequently on 

the need for their surveillance or discharge, is unknown. The BTS guideline deals with such 

small nodules by recommending follow-up in 12 months when diameter measurements are 

used. The logic of rounding to the nearest millimetre could be challenged considering that 

significant growth can be detected by more than a 1.7mm change; it could be argued that 



any nodule measured at 5mm could easily be 6mm, which would bring the two guidelines 

into agreement with respect to nodule threshold. 

 

Risk assessment  

 The two guidelines diverge quite markedly in their use of risk assessment. Although 

there is some evidence that mathematical risk prediction models are not always superior to 

clinical judgement in assessing the pre-test probability of malignancy [19, 20], clinical 

judgement tends to overestimate the risk of benign nodules [19, 21]. The lack of a prescribed 

risk assessment in the Fleischner guideline is, therefore, simultaneously an advantage and a 

limitation: physician and patient choice are catered for at the expense of consistency and a 

readily auditable approach. The value of risk assessment for patients with a sub-8mm solid 

nodule is also debatable, since the only difference in Fleischner recommendations is for an 

optional CT at 12 months for <6mm nodules, and evidence suggests that the risk of 

malignancy at this size (measured as a single maximum diameter) is similar to background 

risk even in high-risk patients [3].  

 Conversely, the BTS decision to assess risk using the Brock model for larger nodules 

could theoretically overestimate risk in non-smokers, since the Brock model was developed 

from a screening cohort with a smoking history, and smoking is thus not a discriminatory 

factor in the model [4]. The presence of emphysema in the model does somewhat mitigate 

against the absence of smoking, especially as emphysema is mainly explained by smoking 

in multivariable models, with an independent- albeit debatable [22]- association with risk of 

lung cancer. [23]. Furthermore, the BTS guidelines could result in an oversubscription of 

PET-CT. For this reason, a raising of the 10% threshold to 17% was considered during 

guideline development, but abandoned as it could have potentially resulted in a delayed 

diagnosis of malignancy [24]. The semiquantitative nature of lesion avidity in the Herder 

model post PET-CT could also result in differing assessments of risk (Figure S2). Although 

the Brock and Herder models have, had limited validation in a UK population [25], the BTS 



algorithm’s accuracy in distinguishing benign from malignant nodules has been 

demonstrated recently [26].  

 

Management of subsolid nodules: emerging evidence 

In deciding its recommendations for the management of pure ground-glass nodules, 

The BTS guideline reviewed two case series where histological confirmation of pGGN was 

described. In one, 4% were minimally invasive adenocarcinoma (MIA) [27] and in the second 

14% were MIA and 11% invasive adenocarcinoma [28]. Two further, larger series have since 

been published: Kakinuma and colleagues found that invasive adenocarcinoma was only 

seen in pGGN that developed a solid component, and that the median time to progression 

was 3.8 years [29]. Yankelevitz and colleagues published a large case series of pGGNs from 

the International Early Lung Cancer Action Program (I-ELCAP) demonstrating 100% lung 

cancer specific survival regardless of time to treatment (median 19 months, IQR 6-41 

months) [30]. However, evidence is also mounting that even PSNs have extremely good 

outcomes and account for the majority of overdiagnosed lung cancers in the National Lung 

Cancer Screening trial, elevating further the importance of a conservative approach to all 

SSNs, not only pGGN [31].  In light of these observations it could be argued that a more 

conservative approach should be recommended by both guidelines, especially in older 

patients who may have less chance of being harmed by these slow-growing lesions. Use of 

the Brock model to predict risk of malignancy here may not be asking the right question, as 

what is really needed is a prediction of the risk of harm over benefit. 
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FIGURE LEGENDS 

Figure S1. Determining the “solid core” in a spiculate nodule can be difficult, leading to 

variation in measurement even when the spiculations are omitted from measurement. 

 

Figure S2. 75 year old man with pulmonary fibrosis and an incidentally detected 10 x 7mm 

subpleural nodule in the medial left upper lobe (A), classified as atypical in view of its rather 

large and long shape on sagittal reconstructions (B). On reliable volumetry, it measures 

843mm3 (C). The Brock score was >10% and this couple with pulmonary fibrosis led to 

higher suspicion. The patient underwent a PET-CT (D). The FDG uptake was initially 

reported as “faint”, resulting in a Herder score of 16%. On review at a dedicated nodule 

meeting, this was downgraded to no avidity, decreasing the Herder score to 2%. At 12 

months, the nodule remained stable. 

 

Box 1: 

Key headings in Fleischner Society 2017 and the British Thoracic Society 2015 
recommendations for pulmonary nodules. 
 

Fleischner 2017 BTS guideline 2015 

 General recommendations  Route of detection of pulmonary nodules 

 Recommendations for solid lung nodules  Initial assessment of the probability of 
malignancy in pulmonary nodules 

 Subsolid lung nodules  Imaging follow-up 

 Risk factors for malignancy: general 
considerations 

 Management of subsolid nodules 

 Additional considerations (includes discussion 
on apical scarring, perifissural nodules, 
incomplete thoracic scans, and partial thoracic 
CT scans for nodule follow-up 

 Further imaging in management of pulmonary 
nodules 

 Measurement recommendations  Non-imaging tests and non-surgical biopsy 

 Technical and observer-related factors affecting 
measurement 

 Surgical excision biopsy 

 Directions for future research  Non-surgical treatment without pathological 
confirmation of malignancy 

  Information and support for patients 

  Technical aspects of the imaging of pulmonary 



nodules 

  Summary of research recommendations 

  Service Organisation 
 

 

 


