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To decrease the number of false-positive screen results 
without losing sensitivity for lung cancer diagnosis, 
accurate lung nodule management is crucial in low-dose 
CT lung cancer screening. Since nodule management 
is mainly based on nodule size and growth rate (1,2), 
precise and reproducible size measurements are the key 
elements to accomplish optimal results. In our recent 
paper, we recommend the use of semi-automated volume 
measurements instead of manual diameter measurements 
for nodule size estimation, based on observations 
in intermediate-sized nodules in the Dutch-Belgian 
randomized controlled lung cancer screening trial (Dutch 
acronym: NELSON) (3).

We recognize the issues on implementation of semi-
automated nodule volume measurements addressed by both 
de Margerie-Mellon et al. and Kim et al. (4,5). The problem 
of variation between different software packages (6), and 
different CT scanner parameters or CT scanner vendors 
could be overcome by always using the same software 
package and CT scanner parameters in a screening setting 
for comparison of two subsequent CT scans. Subsolid 
nodules are a relatively common finding on chest CTs 
in an Asian population, and although pure ground glass 
nodules usually are relatively slow growing and rarely lethal, 
probability of invasive disease increases after development 
of a solid component (7). Future developments in semi-

automated pulmonary nodule software should focus on 
improvement of segmentation of the solid component in 
such a nodule. 

In response to the letter by de Margerie-Mellon and 
colleagues (4), we note their comments regarding the 
definition on “intranodular diameter variation”. In our 
study, we calculated this variation by subtracting the 
minimum and maximum nodule diameter in any plane (3).  
Clearly, this is not directly comparable with manually 
measured mean axial diameter, as recommended in 
different diameter-based nodule management guidelines. 
However, it does give insight in the extent of non-sphericity 
in pulmonary nodules. This non-sphericity might be 
the explanation of substantial inter- and intra-reader 
variability in lung nodule measurements, when measuring 
a nodule only in the axial plane, because a non-spherical 
nodule has an infinite number of diameters, but only one  
volume (8,9). There are proposals for three-dimensional 
manual diameter measurements, with an additional third 
diameter measurement in the Z-plane on top of the axial 
diameter measurements, but this is more cumbersome than 
a volume approach. 

In a recent publication, inter- and intra-reader 
variability in manual and semi-automated pulmonary 
nodule measurements were directly compared (9). Inter-
reader variability in mean manual diameter measurements 
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exceeded the 1.5-mm cut-off for nodule growth as used 
in Lung-RADS (1) for all morphological categories  
[smooth: ±1.9 mm (+27%), lobulated: ±2.0 mm (+33%), 
spiculated: ±3.5 mm (+133%), irregular: ±4.5 mm  
(+200%)] (9). This effect was found to be much smaller for 
semi-automated volume measurements of the same group 
of nodules, also suggesting that semi-automated volume 
measurements should be preferred over manual diameter 
measurements for nodule size and growth determination in 
CT lung cancer screening.

Another issue addressed by de Margerie-Mellon and 
colleagues is the calculation of lung nodule volume based 
on semi-automatically determined nodule diameters. These 
measurements might not be independent, however, they 
do illustrate the non-sphericity of lung nodules. Previously, 
it was shown that software for semi-automated nodule 
volume measurements slightly overestimates “real” nodule 
volume for very small irregular-shaped nodules with volume 
of less than 88 mm3 by 39%±21%. However, volume 
underestimation for smooth nodules was significantly 
smaller, up to 10% (10), so much smaller than the  
47.2–85.1% overestimation of diameter-based nodule 
volume in our study (3). It is doubtful whether using nodule 
diameter as “worst case scenario” for nodule size estimations 
should be encouraged given the very high rate of false-
positive screen results, even in patients at a particularly high 
risk for lung cancer.

We recognize many of the drawbacks of semi-automated 
volume measurements, such as the need to, in some cases, 
manually adapt the segmented volume increasing the risk of 
variability. However, these drawbacks also apply to manual 
diameter measurements. Nodule attachment to adjacent 
structures will potentially also increases variability in manual 
diameter measurements between different radiologists, just 
like different CT parameters or different kernels used. 

In this study, we focused on comparison of size-
estimation performance of manual and semi-automated 
measurements, not on the influence on patient outcome. 
However, Han et al. recently showed that manual diameter 
measurements potentially lead to an increase in false-
positives in terms of growth determination (9). Since lung 
cancers usually grow according to exponential growth 
patterns, volume-doubling time instead of a fixed increase 
in (mean) nodule diameter should be the preferred method 
to describe nodule growth (11). In a retrospective analysis 
on management optimization for baseline nodules detected 
in the NELSON study, Horeweg et al. showed that an 
optimized protocol based on semi-automated nodule 

volume led to highest specificity and positive predictive 
value with comparable negative predictive value as the 
optimized diameter-based protocols (12). Sensitivity was 
comparable for the optimized diameter-based protocol, 
although this protocol was based on the most optimal, 
simulated, nodule diameter semi-automatically assessed by 
three-dimensional software, and it is therefore expected that 
a protocol based on manual diameter measurements would 
have performed worse (12).

In summary, our study reflects the non-sphericity of 
pulmonary nodules, and we argue that two-dimensional 
manual diameter measurements are therefore error-
prone. Although improvements in nodule volume software 
especially in case of subsolid nodules are desirable, we feel 
that manual diameter measurements only have limited 
value in the management of intermediate-sized pulmonary 
nodules when compared to semi-automated volume 
measurements. Therefore, future management of solid 
nodules detected with CT screening should preferably 
be based on semi-automated nodule volume and volume-
doubling time. Nodule diameter measurements should only 
be used where volumetry is not technically possible (2).
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