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Differentiation of persistent pulmonary subsolid nodules
with a solid component smaller than 6 mm: to be invasive
adenocarcinoma or not to be?
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As the utilization of low-dose chest computed tomography
(LDCT) has increased in daily clinical practice, many
physicians and radiologists often encounter persistent
pulmonary subsolid nodules (SSNs) (1,2). Extensive
research has explored the clinical, radiological, and
pathological characteristics of SSNs, significantly advancing
our knowledge of this category of pulmonary nodules (3-5).
As a prime theme on pulmonary SSNs, accurately
differentiating pulmonary invasive adenocarcinomas (IACs)
from minimally invasive adenocarcinoma (MIA)/preinvasive
lesions using CT examinations is of vital importance,
since this distinction can determine the management of
patients with those nodules. Specifically, early-stage lung
cancers, which pathologically represent MIA/preinvasive
lesions and radiologically manifest as SSNs with a solid
component <6 mm in most cases, may be removed through
limited resection instead of lobectomy, which is the surgical
standard for lung cancer (6,7). Furthermore, the policy
of conservative management with regular CT followup as long as SSNs remain stable, with surgical resection
performed if they grow, is increasingly accepted in medical
communities (3,8,9). The key issue in this management
strategy is that only highly invasive lesions such as IACs
should be surgically resected, while MIA/preinvasive
lesions may be managed through follow-up examinations,
eventually improving patients’ prognosis and avoiding
unnecessary surgery (3,9). However, it is challenging to
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distinguish between IACs and MIA/preinvasive lesions
through imaging studies alone because substantial overlap
exists between these two categories (10,11). A large body of
research has explored this topic, using a variety of analytic
methods including qualitative and quantitative assessments
(12-14), radiomics-based assessments (15,16), and in recent
years, deep-learning algorithms (17,18).
Recently, Qi et al. published an interesting study on
the differentiation of IACs from MIAs/preinvasive lesions
in SSNs with a solid component <6 mm, including pure
ground-glass nodules (PGGNs) and part-solid nodules
(PSNs), using both qualitative and quantitative imaging
features on CT (19). They evaluated 316 surgically-resected
SSNs (260 PGGNs, 47 PSNs with a solid component <
6 mm, and 9 SSNs with cystic airspaces) from 287 patients.
Excluding the SSNs with cystic airspaces, 307 SSNs were
dichotomized according to whether they were IACs (n=195)
or MIA/preinvasive lesions (n=112). The authors found
that the mass of SSNs was the only significant feature
differentiating IACs from MIA/preinvasive lesions, and
283.2 mg was the optimal cutoff value for distinguishing
IACs from MIA/preinvasive lesions.
The result that the mass of SSNs was the only significant
factor differentiating IACs from MIA/preinvasive lesions (19)
is in line with previous studies (20,21). However, there are
substantial differences in the optimal cutoff value among
those studies (283.2 mg in the study of Qi et al. vs. 386 mg
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in the study of Liu et al., and 472 mg in the study of Lim et al.)
(19-21). As Qi et al. commented (19), it can be speculated that
this discrepancy is due to differences in the populations of each
study. While Qi et al. included SSNs with a solid component
<6 mm, including both PGGNs and PSNs, Liu et al. and
Lim et al. only included PGGNs in a mass-related analysis;
in particular, Lim et al. analyzed SSNs measuring 10 mm or
larger (19-21). However, it is well known that the CT features
of IACs and MIA/preinvasive lesions can overlap substantially
(10,11). In fact, IACs can appear as SSNs <10 mm,
and MIA/preinvasive lesions can present as PSNs (4).
Therefore, studies dealing with IAC, MIA, and preinvasive
lesions should include all SSNs regardless of size and type, and
the study of Qi et al. has strength in this point (19). However,
as every study has its own strengths and weaknesses, Qi et al.
study also had their weaknesses. One of them is the lack of
validation of their results with independent test cohorts. So,
they still need more work to confirm whether the mass value of
SSNs on CTs would differentiate IAC from MIA/preinvasive
lesions (19).
Despite the non-significant findings of the multivariate
binary logistic analysis, morphological features (lobulated
or spiculated margins, the presence of vacuoles or airbronchograms, and pleural tag/pleural indentation) and SSNs’
mean diameter were significantly different between IACs
and MIA/preinvasive lesions in the univariate analysis (19).
Concordantly, these characteristics are well-known
differentiators of IACs from preinvasive lesions (3,12).
However, it should be kept in mind that intra- or inter-reader
variability was not evaluated for these factors by Qi et al.,
even though evaluations of morphological features and
measurements of nodule diameter are vulnerable to interand intra-reader variability, especially for small SSNs (22). In
contrast, three-dimensional (3D) image features are known
to be less sensitive to intra- or inter-reader variability (22),
and fortunately, the mass of the nodules, which was the only
significant differentiating factor between IACs and MIA/
preinvasive lesions found by Qi et al., is one of these 3D
image features.
Meanwhile, for studies dealing with nodule measurement,
it should be emphasized that researchers should consider
potential factors resulting in image variability, and readers
should understand the possibility of variability between or
within the studies. The prime examples are measurement
methods (e.g., handcraft measurements, semi-automatic
measurements, and automatic measurements), the type of
software used for measurement or segmentation, the use
of contrast media, image data reconstruction (e.g., section
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thickness), and display window settings (3,22). In this study,
SSNs were automatically measured with a commercially
available software in the lung window setting and the
reconstruction thickness was 1.0–1.25 mm, which is the
optimal section thickness for analyzing SSNs (19). However,
CT images both with and without contrast media were
analyzed by Qi et al. (19), and this heterogeneity should be
understood as a cause of imaging variability between SSNs.
Interestingly, Qi et al. compared the associations of
pathological subtypes of IACs with various clinical and
radiological features. Papillary IACs had a higher mass
than that of lepidic or acinar IACs, though the difference
did not reach statistical significance (19). Since patients
with papillary IACs were found to have shorter diseasefree survival than those with lepidic or acinar IACs (23), the
mass of SSNs may be correlated with patients’ outcomes,
demonstrating its potential as a prognostic factor. This
hypothesis is supported by the results that IACs had a
higher mass than that of preinvasive lesions (19), and the
proportion of the solid component, which is a prognostic
indicator in SSNs, was significantly different between IAC
subtypes in a prior study (24). Further analyses need to be
conducted to determine the relationship between the mass
of SSNs and patients’ survival.
With advances in computer science, various state-ofthe-art technologies have been applied to differentiate
IACs from MIA/preinvasive lesions (15,16). One of
these technological frameworks is radiomics, which is a
method of quantitative imaging analysis that investigates
the attenuation values of each voxel and their distribution
within target lesions, translating the results into clinical
meaningfully conclusions (15,16). In prior studies, smaller
nodule mass was a significant differentiator for MIA/
preinvasive lesions from IACs in both PSNs and PGGNs
(15,16). In addition, higher kurtosis in the PSN group
and lower entropy and higher homogeneity in the PGGN
group were reported as having a significant ability to
differentiate MIA/preinvasive lesions from IACs (15,16).
Recently, as a state-of-the-art analytical method, a deeplearning technique has also been adopted to differentiate
IACs from MIA/preinvasive lesions. Multiple studies have
shown that a deep-learning algorithm was superior both to
radiologists and to a size-based logistic regression model
for this specific task (17,18). However, several important
questions still remain unanswered, and future research
should be conducted to address the following questions:
Which would be better between deep-learning technique
and 3D measurements including mass for differentiating
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IACs from MIA/preinvasive lesions? Will adding clinical
characteristics to an image-based deep-learning algorithm
provide additional value? How exactly can radiologists
differentiate IACs from MIA/preinvasive lesions with the
assistance of a deep-learning algorithm? We are cautiously
expecting that ever-evolving deep-learning approaches can
have a chance to outperform the existing analytic methods,
especially when clinical information is added, and ultimately
improve radiologists’ performance to differentiate IACs
from MIA/preinvasive lesions.
In conclusion, the differentiation of IACs from MIA/
preinvasive lesions on preoperative CT examinations is
clinically relevant and will continue to be investigated with
various radiological technologies. It should be stressed
that studies using existing techniques should be designed,
performed, and interpreted with due consideration of image
variability, and research on the latest techniques should be
developed through comparisons with existing methods and
careful weighing of the advantages and disadvantages of
each technique.
Acknowledgments
Funding: This work was supported by the Seoul National
University Hospital Research Fund (grant number 032019-0190).
Footnote
Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/jtd-20-1645). The authors have no conflicts
of interest to declare.
Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.
Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the noncommercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).

© Journal of Thoracic Disease. All rights reserved.

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.
References
1.

Lee JH, Lim WH, Hong JH, et al. Growth and clinical
impact of 6-mm or larger subsolid nodules after 5 years of
stability at chest CT. Radiology 2020;295:448-55.
2. National Lung Screening Trial Research Team, Aberle
DR, Adams AM, et al. Reduced lung-cancer mortality with
low-dose computed tomographic screening. N Engl J Med
2011;365:395-409.
3. MacMahon H, Naidich DP, Goo JM, et al. Guidelines for
management of incidental pulmonary nodules detected on
CT images: from the Fleischner Society 2017. Radiology
2017;284:228-43.
4. Travis WD, Asamura H, Bankier AA, et al. The IASLC
lung cancer staging project: proposals for coding T
categories for subsolid nodules and assessment of tumor
size in part-solid tumors in the forthcoming eighth edition
of the TNM classification of lung cancer. J Thorac Oncol
2016;11:1204-23.
5. Lee JH, Park CM, Lee SM, et al. Persistent pulmonary
subsolid nodules with solid portions of 5 mm or smaller:
Their natural course and predictors of interval growth.
Eur Radiol 2016;26:1529-37.
6. Tsutani Y, Miyata Y, Nakayama H, et al. Appropriate
sublobar resection choice for ground glass opacitydominant clinical stage IA lung adenocarcinoma: wedge
resection or segmentectomy. Chest 2014;145:66-71.
7. Asamura H, Aokage K, Yotsukura M. Wedge Resection
Versus Anatomic Resection: Extent of Surgical Resection
for Stage I and II Lung Cancer. Am Soc Clin Oncol Educ
Book 2017;37:426-33.
8. Sawada S, Komori E, Nogami N, et al. Evaluation of
lesions corresponding to ground-glass opacities that
were resected after computed tomography follow-up
examination. Lung Cancer 2009;65:176-9.
9. Lee JH, Park CM, Kim H, et al. Persistent partsolid nodules with solid part of 5 mm or smaller: Can
the ‘follow-up and surgical resection after interval
growth’policy have a negative effect on patient prognosis?
Eur Radiol 2017;27:195-202.
10. Lee HJ, Lee CH, Jeong YJ, et al. IASLC/ATS/
ERS International Multidisciplinary Classification of
Lung Adenocarcinoma: novel concepts and radiologic
implications. J Thorac Imaging 2012;27:340-53.
11. Goo JM, Park CM, Lee HJ. Ground-glass nodules on

J Thorac Dis 2020;12(5):1754-1757 | http://dx.doi.org/10.21037/jtd-20-1645

Journal of Thoracic Disease, Vol 12, No 5 May 2020

12.

13.

14.

15.

16.

17.

18.

chest CT as imaging biomarkers in the management
of lung adenocarcinoma. AJR Am J Roentgenol
2011;196:533-43.
Lee SM, Park CM, Goo JM, et al. Invasive pulmonary
adenocarcinomas versus preinvasive lesions appearing as
ground-glass nodules: differentiation by using CT features.
Radiology 2013;268:265-73.
Zhan Y, Peng X, Shan F, et al. Attenuation and
Morphologic Characteristics Distinguishing a GroundGlass Nodule Measuring 5–10 mm in Diameter as Invasive
Lung Adenocarcinoma on Thin-Slice CT. AJR Am J
Roentgenol 2019;213:W162-W170.
Kim H, Goo JM, Park CM. A simple prediction
model using size measures for discrimination of
invasive adenocarcinomas among incidental pulmonary
subsolid nodules considered for resection. Eur Radiol
2019;29:1674-83.
Chae HD, Park CM, Park SJ, et al. Computerized texture
analysis of persistent part-solid ground-glass nodules:
differentiation of preinvasive lesions from invasive
pulmonary adenocarcinomas. Radiology 2014;273:285-93.
Hwang IP, Park CM, Park SJ, et al. Persistent pure
ground-glass nodules larger than 5 mm: differentiation
of invasive pulmonary adenocarcinomas from preinvasive
lesions or minimally invasive adenocarcinomas using
texture analysis. Invest Radiol 2015;50:798-804.
Zhao W, Yang J, Sun Y, et al. 3D deep learning from
CT scans predicts tumor invasiveness of subcentimeter
pulmonary adenocarcinomas. Cancer Res 2018;78:6881-9.
Kim H, Lee D, Cho WS, et al. CT-based deep learning

1757

19.

20.

21.

22.

23.

24.

model to differentiate invasive pulmonary adenocarcinomas
appearing as subsolid nodules among surgical candidates:
comparison of the diagnostic performance with a sizebased logistic model and radiologists. Eur Radiol 2020:111. [Online ahead of print].
Qi L, Lu W, Yang L, et al. Qualitative and quantitative
imaging features of pulmonary subsolid nodules:
differentiating invasive adenocarcinoma from minimally
invasive adenocarcinoma and preinvasive lesions. J Thorac
Dis 2019;11:4835-46.
Lim HJ, Ahn S, Lee KS, et al. Persistent pure ground-glass
opacity lung nodules≥ 10 mm in diameter at CT scan:
histopathologic comparisons and prognostic implications.
Chest 2013;144:1291-9.
Liu Y, Sun H, Zhou F, et al. Imaging features of TSCT
predict the classification of pulmonary preinvasive lesion,
minimally and invasive adenocarcinoma presented as
ground glass nodules. Lung Cancer 2017;108:192-7.
Bankier AA, MacMahon H, Goo JM, et al.
Recommendations for measuring pulmonary nodules at
CT: a statement from the Fleischner Society. Radiology
2017;285:584-600.
Zugazagoitia J, Enguita AB, Nuñez JA, et al. The new
IASLC/ATS/ERS lung adenocarcinoma classification
from a clinical perspective: current concepts and future
prospects. J Thorac Dis 2014;6:S526-36.
Yanagawa M, Kusumoto M, Johkoh T, et al. Radiologic–
Pathologic Correlation of Solid Portions on Thin-section
CT Images in Lung Adenocarcinoma: A Multicenter
Study. Clin Lung Cancer 2018;19:e303-12.

Cite this article as: Lee JH, Park CM. Differentiation of
persistent pulmonary subsolid nodules with a solid component
smaller than 6 mm: to be invasive adenocarcinoma or not to be?
J Thorac Dis 2020;12(5):1754-1757. doi: 10.21037/jtd-20-1645

© Journal of Thoracic Disease. All rights reserved.

J Thorac Dis 2020;12(5):1754-1757 | http://dx.doi.org/10.21037/jtd-20-1645

