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Subsolid lung nodules are defined as focal lung lesions 
on computed tomography (CT) smaller than 3 cm with 
a ground glass component (1,2). This category includes 
nodules with only ground glass attenuation, called “pure 
ground glass nodules” or “nonsolid nodules”, and nodules 
with both a ground glass and a solid component, called 
“part-solid nodules” (1,2). Subsolid nodules on CT can 
represent various pathological entities, from benign to 
malignant lesions, in particular from the adenocarcinoma 
spectrum (3,4). However, in an overall perspective, 
malignant subsolid nodules often grow slowly, have a low 
metastatic potential and a good prognosis (5-10). Their 
risk of histological aggressiveness is related to a larger 
nodule size and both the presence and the size of a solid 
nodule component, which, in malignant lesions, often 
represents the invasive tumor component (4,11). To avoid 
over-management that could potentially cause harm to the 
patient and an economic burden on health care systems, the 
risk of malignancy of subsolid nodules is often assessed with 
longitudinal CT examinations for temporal changes (12).  
If a nodule is transient, it is assumed to be benign. If a 
nodule increases in size, develops a new solid component or 
an existing solid component increases in size, it is suspicious 

for malignant progression and, as a consequence, calls 
for action (1,8). The most commonly used guidelines for 
incidentally detected subsolid nodules, the “Fleischner 
guidelines”, recommend follow-up with CT examinations 
for at least five years for subsolid nodules with an average 
diameter of 6 mm or more that are stable without an 
increase in nodule size or development of a new solid 
component (1). For subsolid nodules smaller than 6 mm, 
follow-up is not recommended. The minimum of five years 
results from the fact that there is limited data available on 
the natural course of subsolid nodules that are stable for a 
prolonged time after discovery (1).

In this context, we read with great interest the recent 
study by Lee et al. (13). In their retrospective work, the 
authors investigated the long-term natural course of subsolid 
lung nodules (13). They included incidentally detected part-
solid and nonsolid nodules that were stable with respect to 
overall nodule size and size of a potential solid component 
over the five years after detection and followed them for 
a total of at least 10 years. First, the authors determined 
the frequency of growth, defined as “interval increase in the 
long-axis diameter of at least 2 mm or an increase of long-axis 
diameter along with the development of a new solid component”. 
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Then the authors investigated differences in baseline 
clinical characteristics and radiological features between 
nodules with and without growth to identify risk factors 
related to growth. 

The authors included 208 subsolid nodules stable over 
a 5-year period after detection with a baseline long-axis 
diameter of 4.7 mm and about 75% smaller than 6 mm. 
The nodules occurred in an Asian population with an age 
range 28–84 years and smoking history in only about 50% 
of patients. One hundred and sixty-two in 208 (78%) of the 
nodules were non-solid and 46/208 (22%) were part-solid. 
Of included nodules, 27/208 (13.0%) showed an increase 
in size on subsequent follow-ups. The median time-to-
growth from the baseline examination averaged 8.5 years, 
with a range of 5.0 to 11.8 years. On multivariate analysis, 
a history of cancer other than lung cancer, the development 
of a new solid nodule component and the presence of a 
bubble lucency were identified as statistically significant 
risk factors for nodule growth. The authors conclude that 
even if subsolid nodules are smaller than 6 mm, stable for 
5 years, and present in low-risk patients, they should not 
be ignored, notably when a new solid component appears 
during follow-up. Although we agree with the importance 
on understanding the natural course of subsolid nodules, 
we would like to comment on those findings and the 
subsequent conclusions.

The authors report on a cohort of lung nodules with 
an initial median long-axis diameter of 4.7 mm, ranging 
between 1.7 to 10.0 mm, with the majority of nodules being 
non-solid nodules. Therefore, most of the nodules included 
in the study were small. This small size likely results from 
the fact that larger, subsolid nodules are more likely to 
represent malignancies and, thus, are more likely to undergo 
further evaluation via PET-CT or resection early for a final 
diagnosis. Subsolid nodules smaller than 6 mm are often 
transient and have a risk for malignancy of less than 1% in 
screening studies (5-7,14). According to current guidelines, 
only subsolid nodules measuring 6 mm or more require 
further follow-up CT (1). Therefore, many of the nodules 
included in the current study would not require further CT 
follow-up according to those guidelines. If resected, those 
subsolid nodules frequently present early cancers from the 
adenocarcinoma spectrum—particularly adenocarcinoma in 
situ (AIS) and minimally invasive adenocarcinoma (MIA)—
frequently showing very slow growth, if any, and rarely 
contributing to patient mortality (5-10,15). The current 
study with 13% of included nodules showing growth after 
five years of stability supports that adenocarcinomas with 

subsolid pattern on CT often originate from small nodules 
with a slow growth and some degree of early stability in size. 
The authors then state that “it is necessary to follow subsolid 
nodules for longer periods, even those smaller than 6 mm”.  
As subsolid nodules can also be of benign etiology 
this statement requires caution. Following every small 
subsolid nodule increases radiation dose for patients, 
patient anxiety and costs for health care systems (16).  
Therefore, the decision of following a subsolid smaller 
than 6 mm has to be carefully weighed against the cancer 
risk of an individual patient, among which Asian ethnicity 
might be a determinant. However, the individual cancer risk 
is currently is not fully understood and additional data is 
warranted to better characterize this risk. 

Lesion growth was defined by the authors as an 
increase in long-axis diameter of 2 mm or more. Two mm  
increase is consistent with what is considered growth 
in the current literature taking technical and observer 
variability into account (1,17). However, this margin of 
variability was determined in solid nodules and might be 
different in subsolid nodules, notably given their often 
irregular shape and indistinct margins (16). In contrast to 
current guidelines (18) but similar to the TNM staging  
approach (19), the authors only present the long-axis 
diameter in the transverse plane and do not give the average 
of long- and short-axis diameter. Using the average diameter 
of long- and short axis results in not perfectly spherical 
nodules is a more conservative estimate of nodule size and 
subsequent growth (18,20). Additionally, growth may not 
be evenly distributed thought the nodule or along its long-
axis, and, thus, might not be detectable, when measuring 
the long-axis only. Finally, maximum growth might not 
occur in the two dimensions assessed on the transvers CT 
images but in a craniocaudal direction depicted only in 
coronal or sagittal CT images (21). It is unclear if nodule 
measurements for the current study were performed by the 
authors on transverse CT images only. It would, therefore, 
be interesting to know how using the average of long- and 
short-axis as well as three dimensional measurements would 
have impacted the authors’ results. 

In univariate analyses, the authors identified female 
gender and non-smoking as a risk factor, which, however, 
were not verified in the multivariate analysis. A subset 
of lung adenocarcinomas, often presenting as subsolid 
nodules, occurs in patients without the classical risk factors, 
particularly cigarette smoking. These patients without the 
classical risk factors are typically Asian women who are 
non-smokers (22,23). In this particular demographic, the 
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prevalence of EGFR-mutated lung cancers is higher than in 
North American or European cohorts (24). In early studies, 
EGFR mutations were associated with cancers manifesting 
as subsolid lung nodules on CT (25), thus, again supporting 
the notion that there are probably more EGFR-mutated 
lung adenocarcinomas in the current study. It is, therefore, 
likely that this subset of adenocarcinomas with a potential 
enrichment of EGFR-driven lung cancers shows a specific 
natural course, which might not be representative for any 
high-risk patient population with an extensive smoking 
history, limiting broad the recommendations made by the 
authors until studied in other cohorts. 

As a third clinical risk factor, the authors identified a 
history of previous malignancy other than lung cancer, 
which remained significant on multivariate analysis. Patients 
with a history of previous malignancy represent a complex 
patient population with a higher risk of lung cancer 
depending on their initial cancer histology, cancer stage and 
treatment, even if this was a malignancy other than lung 
cancer (26). Because of the limited amount of data available 
for this particular population, patients with a history of 
malignancy are excluded by current guidelines (1). Because 
of this exclusion by guidelines, follow-up recommendations 
are at the discretion of the reporting radiologist with 
a history of previous cancer, substantially influencing 
their follow-up recommendations (27). Additionally, a 
study on long-term outcome in lung cancer screening 
has shown that, despite subsolid lung nodules themselves 
being indolent, patients do die from lung cancer arising 
somewhere else in the lung or from cancer other than lung 
cancer (8). Therefore, future guidelines taking into account 
the previous history of malignancy could facilitate decision 
making and potentially improve outcome.

From the assessed radiological features, the development 
of a new solid component, as well as the presence of a 
bubbly lesion were associated with growth in both the 
univariate and the multivariate analyses. In addition to 
nodule growth, the second change in nodule characteristics 
that makes a subsolid lung nodule suspicious of malignancy 
is an increase in nodule density (28). Such an increase in 
density usually manifests as the development of a new solid 
component or an increase in size of an already existing 
solid nodule component. A solid component in the subsolid 
adenocarcinoma is often the clinical CT correlate of an 
invasive component on pathology and as consequence the 
major indicator of malignancy likelihood (6,11,29-33).  
Indeed, the current 8th TNM staging classification system 
recommends to use the size of the solid nodule component 

instead of the overall nodule size, also including the ground 
glass component for determining an accurate clinical 
T-stage (11,19). In the presented study by Lee et al.,  
the development of new solid component occurred in 
the subsolid nodules exhibiting growth in 16/27 (59.3%) 
of cases. While this observation seems proof to a causal 
relation between growth and development of a new solid 
component, growth as defined by the authors has to be 
understood. 

They defined growth as “an interval increase in the long-
axis diameter of at least 2 mm or an increase of long-axis 
diameter along with the development of a new solid component”, 
therefore including the development of a new solid 
component. With this definition, the predictor variable in 
the presented regression model—development of a new 
solid component—was part of the outcome variable—
overall nodule growth. Therefore, the statistically 
significant association of the development of a new 
component with overall nodule growth is to be expected 
from a methodological point of view and caution is required 
for its interpretation. In addition to the 16 nodules with 
growth and development new solid component, a solid 
nodule component developed in 17/181 (9.4%) nodules 
without growth during the follow-up. This underlines 
findings from prior studies showing the development of 
solid nodule component while overall size is stable or even 
decreases in overall size while being of the adenocarcinoma 
spectrum (28). Those 17 nodules without growth are, 
however, worrisome for the presence of a malignancy 
with an invasive component as well. To address this high 
likelihood of malignancy, the authors should have grouped 
them separately or by included them into group of nodules 
with growth, even without an increase in the overall nodule 
size. Additionally, it would be interesting to learn if an 
increase in size was related to the development of a new 
solid component, as this might represent an early sign of 
invasiveness. 

The second radiological feature associated with nodule 
growth was the presence of a bubble lucency. An illustrative 
example of such a nodule presenting as bubbly lucency 
is shown in Figure 1. Such a bubble-like appearance has 
been previously associated with growth in pure ground 
glass lesions (10), but a recent meta-analysis showed only 
limited diagnostic value to discriminate pre-invasive from 
invasive lesions (34). However, the authors refrain from 
clearly defining their understanding of bubble lucency. 
Additionally, this radiological classification is likely to suffer 
substantially from observer variability, although data is 
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spares. Also, the number of nodules presenting as bubbly 
lesion in the current study was small, which limits any 
generalization. 

With the main outcome in the current study being 
growth, pathological correlation was only available in 3/27 
nodules with growth, and in none of the nodules that did 
not grow. Of those 3 resected nodules, pathology showed 
one AIS, one MIA, and one invasive adenocarcinoma. 
Although growth in a lung nodule is considered suspicious 
for malignancy, it neither proves the nodule to be malignant 
nor does it predict its clinical course, in particularly in 
subsolid nodules. It is, however, reassuring that during the 
available follow-up, no death was reported, thus adding to 
the evidence of long-term follow-up being a safe strategy in 
the management of selected subsolid nodules (8,31,35).

In conclusion, to date, information about small lung 
nodules is limited to solid nodules in the setting of lung 
cancer screening (29,36). Very little data is available on 
the natural course of small, subsolid lung nodules that 
were incidentally detected. The authors of the current 
study substantially add to fill this gap (13) by showing that 
a small portion of subsolid lung nodules can still grow 
after being stable for 5 years. However, it is unclear at 
that point if and how this finding can impact the broadly 
recommended clinical management of those nodules. Many 
of these nodules likely are “indolent” cancers unlikely to 
ever become of clinical relevance in light of patient age and 
comorbidities. Unfortunately, it is unlikely that the very 
long-term studies required to confirm this assumption will 

ever be performed. 
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