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ABSTRACT

Introduction: The purpose of this study was to evaluate the
natural course of the progression of pulmonary subsolid
nodules (SSNs).

Materials and Methods: Eight facilities participated in this
study. A total of 795 patients with 1229 SSNs were assessed
for the frequency of invasive adenocarcinomas. SSNs were
classified into three categories: pure ground-glass nodules
(PGGNs), heterogeneous GGNs (HGGNs) (solid component
detected only in lung windows), and part-solid nodules.

Results: The mean prospective follow-up period was 4.3 ±
2.5 years. SSNs were classified at baseline as follows: 1046
PGGNs, 81 HGGNs, and 102 part-solid nodules. Among the

1046 PGGNs, 13 (1.2%) developed into HGGNs and 56
(5.4%) developed into part-solid nodules. Among the 81
HGGNs, 16 (19.8%) developed into part-solid nodules. Thus,
the SSNs at the final follow-up were classified as follows:
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977 PGGNs, 78 HGGNs, and 174 part-solid nodules. Of the
977 PGGNs, 35 were resected (nine minimally invasive
adenocarcinomas [MIAs], 21 adenocarcinomas in situ [AIS],
and five atypical adenomatous hyperplasias). Of the 78
HGGNs, seven were resected (five MIAs and two AIS). Of the
174 part-solid nodules, 49 were resected (12 invasive ad-
enocarcinomas, 26 MIAs, 10 AIS, and one adenomatous
hyperplasia). For the PGGNs, the mean period until their
development into part-solid nodules was 3.8 ± 2.0 years,
whereas the mean period for the HGGNs was 2.1 ± 2.3 years
(p ¼ 0.0004).

Conclusion: This study revealed the frequencies and pe-
riods of development from PGGNs and HGGNs into part-
solid nodules. Invasive adenocarcinomas were diagnosed
only among the part-solid nodules, corresponding to 1% of
all 1229 SSNs.

� 2016 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
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Introduction
With the introduction of computed tomography (CT)

screening for lung cancer,1–4 pulmonary subsolid nodules
(SSNs) have emerged as a possible indicator of lung
cancer.5–9 SSNs are classified into pure ground-glass
nodules (PGGNs) and part-solid GGNs. PGGNs are focal
nodular areas of increased lung attenuation, including
both well and poorly defined lesions through which
normal parenchymal structures, including airways and
vessels, can be visualized; part-solid GGNs include a
combination of ground-glass and solid components, the
latter obscuring the underlying lung architecture.10

Although some SSNs are transient,11,12 persistent SSNs
have a high likelihood of being malignant.7,13 However,
the natural history of SSNs has not yet been clarified
thoroughly.10,14 Regarding the causes of SSNs, transient
SSNs have been mainly caused by inflammation,11,15,16

whereas most of the persistent SSNs have been pre-
invasive or invasive adenocarcinomas.17 Although various
algorithms have been developed to address these le-
sions,10,18–22 to our knowledge, these algorithms have not
been based on prospective follow-up results for SSNs.

Thus, the purpose of this prospective multicenter
study was to evaluate the natural course of the pro-
gression of pulmonary SSNs.

Materials and Methods
Ethics Statement

This study was conducted with the approval of the
institutional review boards of each of the eight

participating institutions. Informed consent was ob-
tained from the patients.

Participating Institutions
The eight institutions that participated in this study

were as follows: Kanagawa Cancer Center, National Can-
cer Center Hospital East, National Cancer Center Research
Center for Cancer Prevention and Screening, Niigata
Cancer Center, Osaka Medical Center for Cancer and
Cardiovascular Diseases, Shiga University of Medical Sci-
ence, Shikoku Cancer Center, and Tochigi Cancer Center.

Nodule-Related Entry Criteria
The inclusion criteria for SSNs were as follows. First,

the persistence of the SSNs for 3 months was confirmed
after the initial CT examination. Second, the included
GGNs had a long axial diameter of 3 cm or less.23 Third,
the included part-solid nodules had a long axial diameter
of 3 cm or less and a solid component with a long axial
diameter of 5 mm or less when viewed using a medi-
astinal window. Finally, each SSN had been evaluated
using thin-section CT images with a section thickness of
1.25 mm or less.

Numbers of Patients and SSNs
A total of 845 patients with 1325 SSNs agreed to

participate in this study between April 2009 and
December 28, 2011. However, 57 SSNs in 50 patients
were excluded because of the following reasons: avail-
ability of thick-section CT images only (31 nodules in 26
patients [21 with one nodule and five with two nod-
ules]), resection within 2 months after the first CT scan
(seven nodules in five patients [three with one nodule
and two with two nodules]), a decrease in maximal
diameter of 2 mm or more (six nodules in six patients), a
maximal diameter of the solid component larger than
5 mm (five nodules in five patients), fluctuation in
maximal diameter (three nodules in three patients, with
fluctuating defined as an increase in diameter after a
decrease in diameter or vice versa, as a result of which
an increase in maximal diameter of 2 mm or more from
the baseline CT could not be determined), a diameter of
an SSN larger than 3 cm (two nodules in two patients),
disappearance after persistence for at least 3 months
(two nodules in two patients), and hospital transfer (one
nodule in one patient). In addition, 30 other SSNs in
patients with multiple SSNs were excluded because of
the following reasons: availability of thick-section CT
images only (20 nodules in 20 patients), diameter of
solid component larger than 5 mm (five nodules in four
patients [three with one nodule and one with two nod-
ules), and diagnosis of inflammation on the basis of the
conclusions of a radiology panel (five nodules in one
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