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Persistent pulmonary subsolid nodules with a solid component
smaller than 6 mm: what do we know?
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We thank Prof. Park er /. from Korea very much for
their wonderful comments on our recent article (1). Our
group published a study in the Fournal of Thoracic Disease,
which explored the role of qualitative and quantitative
imaging features of pulmonary subsolid nodules (SSNs)
in differentiating invasive adenocarcinoma (IAC) from
minimally invasive adenocarcinoma and preinvasive
lesions (2). In this retrospective single-center study, 316
surgically resected SSNs [260 pure ground-glass nodules
(pGGNs), 47 part-solid nodules (PSNs) with solid
components <5 mm, and 9 ground-glass nodules with
cystic airspaces] from 287 patients were included. We
reported that the IAC was the most common pathological
type among these enrolled SSNs. SSN mass was a
significant predictor of IAC (odds ratio, 1.007; P<0.001),
with an optimal cutoff value of 283.2 mg (area under
curve: 0.859; sensitivity: 68.7%; specificity: 92.9%) (2).

To date, there are still dilemmas in clinical management
of pulmonary SSNs, primarily because most persistent
pulmonary SSNs pathologically represent pre-invasive
or invasive adenocarcinomas (2) and ironically showed
an indolent course (3,4). The current guidelines for
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management of incidental pulmonary nodules recommend
that long-term follow-up rather than immediate surgery
should be considered for pGGNs and PSNs with a solid
component smaller than 6 mm (5). These two previous
studies have shown that “follow-up until interval growth”
for PSNs with a solid component of <5 mm or pGGN5s
will not negatively influence the patients’ prognosis (6,7).
Additionally, we found that IACs appearing as SSNs, with
the mean volume doubling time of 1,436.0«1,188.2 days,
showed an indolent clinical course, which is under review by
European Radiology. Therefore, although our study reported
that JAC was the most common pathological type among
pGGNs and PSNs with solid components <5 mm (2), we
fully agree with the “follow-up until interval growth” policy
for SSNs with solid portion smaller than 6 mm.

However, in clinical practice, we found that many
patients with these SSNs choose surgical resection, mainly
in Asia, which may be related to the health insurance policy
and patients’ anxiety. Moreover, numerous studies have
demonstrated that pulmonary SSNs with a solid component
smaller than 6 mm could be IACs in histopathology.
Thus, prediction of IAC likelihood among these patients
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who choose surgery would be very helpful in deciding the
optimal surgical method and evaluating prognosis, which
was the purpose of many previous studies.

The proportions of IACs in SSNs were different among
various studies. Interestingly, the proportion of IACs in
pGGNs was quite high in these Asian studies (2,8-11),
ranging from 35% to 61.6%. The reasons for the higher
proportion have been explained in our article (2). However,
as mentioned in Prof. Park’s commentary (1), intra- or
inter-reader variability should also be taken into account. As
we all know, not only nodule measurement and evaluations
of morphological features, but also nodule classification
(pGGN or PSN) was vulnerable to inter- and intra-reader
variability, which will affect the interpretation of research
results. It is a pity that neither of them has been evaluated
in most previous studies, including our study. This should
arouse the attention of all scholars in the future research.
Kindly reminder, in our study, the two doctors who were
mainly responsible for image analysis had relatively rich
clinical experience and special training in pulmonary SSN;
disagreements were resolved through consultation with a
senior radiologist (2).

Numerous prediction models about pathological
classification of SSNs have been reported, but as far as
we know, only few studies took SSN mass into account
(2,8,9,11). Mass measurement can simultaneously reflect
SSN volume and density, and the variability of mass
measurement was significantly smaller than that of volume
measurement (4). Nevertheless, it is undeniable that
the use of contrast media will affect the measurement
of SSN density and mass. However, thoracic surgeons
usually use enhanced CT to clearly observe vessels and
plan sublobectomy before operation. Thus, in order to
minimize the impact of contrast media, as described in
the Image acquisition and analysis section of our article, we
excluded portions of apparent vessels to measure SSN
density and mass (2). In addition, enhanced CT images
were obtained 35 s after the intravenous injection in our
study, at which time the contrast media had relatively
little effect on the SSN analysis. Perhaps deep-learning
technique can automatically detect and eliminate blood
vessels passing through SSNs, thereby helping to
accurately measure the SSN density and mass, which
requires further study.

In recent years, deep-learning techniques, which can
automatically acquire features for nodule detection and
classification, have been employed to differentiate IACs
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among pulmonary SSNs (12-15). The performance of deep-
learning techniques and quantitative CT in differentiating
TACs among SSNs is comparatively summarized in Figure 1.
We found that compared to quantitative CT, the deep-
learning technique obtained better or similar performance;
it also yielded higher performance than radiologists in
predicting IACs among SSNs (12,13). The deep-learning
technique has many advantages in this field, superior
reproducibility and not limited by the radiologists’
experience. However, the deep-learning technique also has
many shortcomings, and it needs a large amount of manual
label data to train the model and test the results, which is
expensive, time-consuming, and laborious, greatly increased
the cost of system construction.

However, most of these prediction models on this topic
have not been validated in an external cohort or an in-house
prospective cohort. As far as we know, in the current clinical
practice, differentiating TACs from minimally/pre-IACs among
SSNs is still mainly based on the size of whole nodule, solid
portion and radiologists’ experience. We will prospectively
validate the model reported by our study in future clinical
practice. For these prediction models based on traditional
3D measurements, there is still much work to be done to
apply them to clinical work. In contrast, we believe that these
prediction models based on deep-learning techniques may be
applied to clinical practice in the near future.

Additionally, many studies have explored the relationship
between the clinical and radiologic characteristics of SSNs
and the patients’ survival. However, to our knowledge, SSN
mass has not been taken into account. As mentioned in
Prof. Park’s commentary, this is an excellent direction. We
are very willing to pay close attention to the prognosis of
these enrolled patients and explore the correlation between
SSN mass and the patients’ survival. Moreover, we believe
that deep-learning technique may be another great way to
evaluate prognosis.

In summary, we believe that long-term follow-up rather
than immediate surgery should be recommended for SSNs
with a solid component smaller than 6 mm, even if some of
them will progress into IACs. In some Asian studies, IACs
accounted for a relatively high proportion in SSNs with a
solid composition smaller than 6mm, which may be due to
several reasons. A large-scale and multi-center study may be
needed to verify this, and the participation of pathologists is
also necessary. Furthermore, deep-learning techniques may
be very helpful in the detection, follow-up, classification,
and prognosis assessment of pulmonary SSNs.
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Deep-learning technique
Author, year (ref.) Enrolled nodules (number Proportion of enrolled Method AUC value Sensitivity Specificity
and type) IACs
Wang et al., 2018 (12) 1,545 SSNs 441% 3D CNN 0.892 88.5% 80.1%
Gong et al., 2020 (13) 828 SSNs 25.2% Deep CNN 0.92+0.03 NA NA
Xia et al., 2020 (14) 373 SSNs 45.0% Recurrent residual CNN 0.83+0.05 NA NA
Radiomics feature 0.87+0.04 NA NA
Fusion model (the CNN 0.90+0.03 NA NA
and radiomics)
Kim et al., 2020 (15) 530 SSNs (training and 76.4% (training and 2.5-dimensional 0.921 90% 88.2%
development sets) and development sets); 83.2% DenseNet
101 SSNs (validation set) (validation set)
Quantitative CT
Author, year (ref.) Enrolled nodules (number Proportion of enrolled Significant predictors of AUC value Sensitivity Specificity
and type) IACs IAC
Qietal., 2019 (2) 316 SSNs 64.6% SSN mass 0.859 68.7% 92.9%
Song et al., 2014 (9) 191 SSNs 48% 75th percentile CT 0.780 65.2% 90.9%
attenuation value and
entropy
Zhao et al., 2019 (10) 115 pGGNs 40.9% Relative density greater NA 72.3% 64.7%
than 1.60
Liu et al., 2017 (11) 158 pGGNs 35.4% pGGN volume 0.809 71.43% 85.54%
pGGN mass 0.829 82.14% 78.35%
Liu et al., 2017 (11) 176 PSNs 86.9% Consolidation size 0.904 76.8% 90.48%
Consolidation mean CT 0.867 82.84% 85.71%
value
Lim et al., 2013 (8) 46 pGGNs 39% SSN size, mass NA NA NA

Figure 1 The performance of deep-learning techniques and quantitative CT in differentiating IACs among pulmonary SSNs (2,8-15). CT,

computed tomography; TAC, invasive adenocarcinoma; SSN, subsolid nodule; AUC, area under the receiver operating characteristic curve;

pGGN, pure ground-glass nodule; PSN, part-solid nodule; CNN, convolutional neural network; NA, unreported value in the original article.
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