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Background: Establishing risk-based follow-up management strategies is crucial to the
surveillance of subsolid pulmonary nodules (SSNs). However, the risk factors for SSN
growth are not currently clear. This study aimed to perform a systematic review and meta-
analysis to identify clinical and CT features correlated with SSN growth.

Methods: Relevant studies were retrieved from Web of Science, PubMed, Cochrane
Library, and EMBASE. The correlations of clinical and CT features with SSN growth were
pooled using a random-effects model or fixed-effects model depending on heterogeneity,
which was examined by the Q test and F test. Pooled odds ratio (OR) or pooled
standardized mean differences (SMD) based on univariate analyses were calculated to
assess the correlation of clinical and CT features with SSN growth. Pooled ORs based on
multivariate analyses were calculated to find out independent risk factors to SSN growth.
Subgroup meta-analysis was performed based on nodule consistency (pure ground-
glass nodule (pGGN) and part-solid nodule (PSN). Publication bias was examined using
funnel plots.

Results: Nineteen original studies were included, consisting of 2444 patients and 3012
SSNs. The median/mean follow-up duration of these studies ranged from 24.2 months to
112 months. Significant correlations were observed between SSN growth and eighteen
features. Male sex, history of lung cancer, nodule size > 10 mm, nodule consistency, and
age > 65 years were identified as independent risk factors for SSN growth based on
multivariate analyses results. Eight features, including male sex, smoking history, nodule
size > 10 mm, larger nodule size, air bronchogram, higher mean CT attenuation, well-
defined border, and lobulated margin were detected to be significantly correlated with
pPGGNs growth. Smoking history showed no significant correlation with pGGN growth
based on the multivariate analysis results.
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Conclusions: Eighteen clinical and CT features were identified to be correlated with SSN
growth, among which male sex, history of lung cancer, nodule size > 10 mm, nodule
consistency and age > 65 years were independent risk factors while history of lung cancer
was not correlated with pGGN growth. These factors should be considered when making
risk-based follow-up plans for SSN patients.

Keywords: subsolid nodule, clinical features, CT features, interval growth, meta-analysis

INTRODUCTION

Subsolid pulmonary nodules (SSNs) refer to both part-solid
nodules (PSNs) and pure ground-glass nodules (pGGNs) (1),
and they are defined as nodules that contain components higher
than normal lung tissue but less opaque than consolidated
bronchovascular margins (2). The widespread availability
of high-resolution computed tomography (CT) and the
promotion of low-dose chest CT (LDCT) screening programs
have increased the detection rate of SSN. Especially because of
the COVID-19 epidemic, people are actively undergoing CT
scans, so the probability of finding SSNs in the lungs has
greatly increased.

The majority (60%-90%) of persistent SSNs have a more
indolent clinical course than solid nodules during 5 to 10 years of
observation (3-6), and these nodules often represent precursors
of invasive adenocarcinoma. A prospective study suggested that
SSN growth often indicated a higher risk of invasive
adenocarcinoma (7). For pGGNs, the transition to mixed
GGNs (solid component within the ground-glass nodule by
thin-section CT at a lung window setting) indicates more rapid
growth (8). Moreover, it was reported in two studies that 2% and
13% of SSNs showed growth after 5 years of stability (6, 9). The
complex growth characteristics and potential malignant
properties of SSNs lead to challenges in clinical management.
The current guidelines for SSNs take nodule growth as the basis
to adjust the follow-up plan and recommend definitive therapy
(10). Although there is no consensus on the duration and
frequency of SSN follow-up in the guidelines, the 2017
Fleischner Society guidelines, the American College of Chest
Physicians guideline (ACCP) and the National Comprehensive
Cancer Network (NCCN) all recommend further evaluation
and/or consideration of resection if solid component(s) or
growth develops in SSNs (11, 12). Considering the risk of a
missed diagnosis of lung cancer and worse prognosis, many
patients with persistent SSN(s) may switch to more frequent CT
surveillance or definitive treatment. This leads to more
overexamination and overtreatment in clinical practice. If we
can predict whether a nodule will grow, we can adopt different
follow-up schemes for different patients to ease their anxiety and
solve these problems.

CT surveillance is the sole effective approach for evaluating
SSN growth at present. Although studies have revealed that long-
term surveillance of SSN(s) with LDCT is a safe strategy,
repeated CT scans over several years have nonnegligible
consequences, such as anxiety, radiation exposure, false-
positive results and unnecessary costs (13). Therefore, risk-

based follow-up management for these patients is greatly
desired. Several studies have shown that nodule size and
history of lung cancer are important risk factors for SSN
growth (14, 15). Other studies have shown that lobular
margins and a bubble-like appearance are correlated with the
growth of SSN (16). Due to the lack of large-sample data
comparisons and analyses of clinical and CT features of SSN
growth, we retrieved relevant studies up to December 2021 and
carried out a meta-analysis, which aimed to clarify the risk
factors correlated with SSN growth and provide information
for establishing risk-based follow-up strategy for SSN(s) patients.

METHODS

This meta-analysis was carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (17, 18). The primary procedures are
outlined in the following sections.

Literature Search

We performed a systematic literature search of Web of Science,
PubMed, Cochrane Library and EMBASE up to December 31,
2021. The search terms “non-solid nodule”, “part-solid nodule”,
“subsolid nodule” and their synonyms combined with “growth” or
“follow-up” were used without language restriction, and medical
subject headings (MeSH) were applied if available. The reference
lists of the retrieved articles and review articles were manually
searched for other relevant studies. Two authors (L.Z. and
M.W.L.) independently performed the search and reviewed all
identified publications for inclusion using predetermined criteria.

Inclusion Criteria

Studies were included when they met the following criteria: (a)
studies published in English or Chinese; (b) the cases included in
the studies were of SSNs; (c) clinical or CT features were
analyzed in the studies; and (d) nodule growth was defined as
the whole nodule growing by > 2 mm in diameter, the emergence
of a solid component in a pGGN or the solid area growing by >
2 mm in diameter in a PSN. Reports of lectures, conference
papers, and reviews were excluded.

Data Extraction and Quality Assessment

For each eligible study, two authors independently extracted the
following data: (a) general information of the studies, (b) mean
value and standard deviation of numerical clinical and CT
features included in univariate analysis, (c) number of negative
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and positive cases for categorical clinical and CT features
included in univariate analysis, and (d) odds ratio (OR) value
with 95% confidence interval of clinical and CT features in
multiple logistic regression model. The Newcastle-Ottawa
Scale (NOS) was used to assess the methodological quality of
the included studies (19).

Data Analysis

In the univariate analyses, pooled ORs and pooled standardized
mean differences (SMDs) were used to detect the strength of each
correlation between binary and continuous features and SSN
growth, respectively. To facilitate the analyses, we converted
ordered categorical variables in some studies into binary
variables. Then, we used Pearson’s chi-square test or Fisher’s
exact test to detect if there was a significant difference in the
fourfold table for each study and pooled the corresponding ORs.
We also estimated the means and standard deviations based on the
corresponding medians, ranges and sample sizes for continuous
variables whose means and standard deviations were absent (20).
Then, we used Student’s t test to detect if there was a significant
difference for each study and pooled the corresponding SMDs. In
the multivariate analyses, pooled adjusted ORs obtained from
multiple logistic regression models were used to assess the strength
of each correlation of a CT or clinical feature with nodule growth.
P-values < 0.05 was considered statistically significant. Statistical
heterogeneity was determined using the Q test and I test (21). If
P < 0.1 or I? > 50%, the random-effects model (DerSimonian—
Laird model) was used. Otherwise, the fixed-effects model
(Mantel-Haenszel model/inverse variance model) was used.
Subgroup meta-analysis was performed based on nodule
consistency (pGGN and PSN). Publication bias was evaluated by
Begg’s funnel plot. P-values > 0.05 was considered to indicate that
no publication bias existed (22). Statistical analyses were
performed with R version 4.0.5 and the Meta package.

RESULTS
Study Selection

Figure 1 provides an overview of the literature search and study
selection process. Nineteen original studies (5, 6, 8, 9, 14-16, 23—
34) were retrieved from 827 potential publications that assessed
the relationship between SSN growth and CT or clinical features.

Study Characteristics and
Quality Assessment
All included studies were case—control studies. The group with
nodule growth was the case group, and the group without nodule
growth was the control group. Among the 19 included studies, 2
analyzed SSNs after 5 years of stability, 2 analyzed SSNs after 3
years of stability, and the remaining analyzed SSNs at baseline. The
characteristics of the included studies are shown in Table 1. In
total, 2444 patients with 3012 SSNs were included. The frequency
of SSN growth ranged from 2.13% to 51.61% on a per-nodule basis.
According to the NOS, 14 studies (74%) were high quality
(more than five stars), and the other 5 (26%) were low quality
(Supplementary Appendix, Part 1, Table S1).

Categorization of Clinical and CT Features
Eighty-six descriptions were used to describe CT or clinical
features in the 19 studies. One CT feature (emergence of a
solid component) was removed because it is one of the criteria
for SSN growth. After merging and subsuming similar
descriptions that referred to the same CT findings as a single
CT characteristic, 74 features remained. Among them, 11
features were investigated in both one single study for
multivariate analysis and more than one study for univariate
analysis, 47 features were only investigated in one single study,
and 16 features were only investigated in more than one study.
Finally, 27 clinical and CT features were included in the meta-

Studies excluded because not

relevant (n=827)

Studies excluded (n=10)
. No clinical /CT features analyzed (n=3)

. No clear definition of growth (n=3)

. Lack of credibility (n=1)
—> . Growth definition different from the

inclusion criteria (n=3)

Volume increase >20% (n=1)

Linear mass density >11.3% (n=1)

Diameter increase > lem (n=1)

FIGURE 1 | Flow chart shows summary of the literature review process.
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TABLE 1 | Study characteristics.

First Year Country/ Data Follow-up Total Nodule Number of Analyzed by Number of CT Scan Slice Definition
author Region  period duration number  consistency nodules nodule CT Detec- DOSE thickness of nodule
(months) (patients/ (PGGN/  consistentcy tor Rows (mm) growth?
nodules) PSN)
Haruhisa 2013 Japan Jan 29 (1-136) 174/174  SSN 98/76 Yes 4, 64 Standard- 1 or 0.5 a, b, c
Matsuguma 2000 - dose
etal. (15) Jun
2008
Takashi 2014 Japan Sep 57 (24.1- 124/124  pGGN 124/0 No NA Low-dose 1.25 a, b
Eguchi et al. 1998 - 113.6) or
(24) Sep standard-
2018 dose
Shotaro 2012 Japan Apr 66 + 25 111/150 pGGN 150/0 No 4,64 Standard- 2 a
Takahashi 1999 - dose
etal. (16) Jun
2010
Hyun Woo 2019 South Jan 136 (120- 160/208  SSN 162/46 No 16,256  Low-dose 1or2 a
Lee et al. (9) Korea 2003 - 179)
Dec
2017
Jaeyoung 2016 South May 77.5(38.1- 218/453  SSN 438/15 No 64,256 NA 1t03 a, b, c
Cho et al. Korea 2003 - 117.1)
(28) Jun
2015
Yuki Sato 2017 Japan Apr 44 (24.1- 187/187  SSN 134/53 No NA NA 0.625t0 2 a, b, c
etal. (31) 2008 - 87.0)
Dec
2014
Boksoon 2013 South Jun 59 (25- 89/122 pGGN 122/0 No 64 Low-dose torb a
Chang et al. Korea 1997 - 140)
(14) Sep
2006
Jong Hyuk 2016 South May days:849 213/213  SSN 136/77 Yes 16, 64 Low-dose <125 a, b, c
Lee et al. Korea 2005 -  (90-2900) or
(29) Feb standard-
2013 dose
Masaya 2014 Japan Oct 26.1 +4.6 53/63 pGGN 63/0 No NA NA 2 a, b
Tamura 2008 -
et al. (26) Oct
2012
Miyako 2008 Japan 1999-  days: 1048 125/125  SSN 95/30 No NA Standard- 1.25 or 2 a, b, c
Hiramatsu 2006  (177-3269) dose
etal. (23)
So Hyeon 2016 South Jan 242 + 49/54 pGGN 54/0 No 64 Standard- 2to2.5 a, b
Bak et al. Korea 2004 - 16.9 (2.2- dose
27) Jan 64.9)
2014
Zhe Shi 2019 China Jan 52 (32-69) 59/101 pGGN 101/0 No 64 Standard- 1 a, b
etal. (34) 2011 - dose
Dec
2012
Xianqun Xu 2017 China Jan NA 69/69 SSN NA No 16 Standard- 1 a
etal. (33) 2010 - dose
May
2016
Yoshihisa 2014 Japan Jan NA 67/120 SSN NA No NA NA NA a
Kobayashi 1999 -
et al. (25) Feb
2013
Sei Won 2013 South Apr 48 (24-99) 114/175  SSN 143/32 No 64,256  Standard- 3ori a
Lee et al. (8) Korea 2004 - dose
Jul 2011
Wu Fang 2016 China Jun NA 100/108  pGGN 108/0 No 256 Standard- 1.5 a, b
et al. (30) 2008 - dose
(Continued)
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TABLE 1 | Continued

First Year Country/ Data  Follow-up Total Nodule Number of Analyzed by Number of CT Scan Slice Definition
author Region  period duration number  consistency nodules nodule CT Detec- DOSE thickness of nodule
(months)  (patients/ (PGGN/  consistentcy tor Rows (mm) growth?t
nodules) PSN)

Apr

2015
En-Kuei 2019 Taiwan Jan 42.84 + 128/128  SSN 93/35 No 16, 64, NA 1t025 a, b, c
Tang et al. 2002 - 35.16 256
5) Aug

2016
Bixiong 2017 China Feb 37 (24-81) 169/208  SSN 189/14 No 40 Standard- 5 and 1 a
Wang et al. 2009- dose
(32) 2016
Jong Hyuk 2020 Korea Jan 112 (84- 235/2356  SSN 212/24 No 16, 64 Standard- <15 a, b, c
Lee et al. (6) 2002 - 208) dose

Dec2018

T a, the whole nodule grew by > 2 mm in diameter; b, emergence of a new solid component; ¢, the solid area grew by > 2 mm in diameter in part-solid nodules. pGGN, pure ground-glass

nodule; PSN, part-solid nodule; SSN, subsolid nodule.

analysis, and 58 clinical and CT features which investigated in
only one study were extracted from their original studies (5, 8, 9,
16, 23, 24, 27, 28, 32-36) and summarized in Supplementary
Appendix (Part 1, Table S2). Among the 27 features included in
the meta-analysis, age was analyzed in three ways: as a
continuous variable, a binary variables with a threshold of 65
years, and a binary variables with a threshold of 60 years; nodule
size was analyzed in two ways: as a continuous variable, and a
binary variable with a threshold of 10 mm. The process of
categorizing the clinical and CT features is shown in
Supplementary Appendix (Part 1, Table S3).

Features Correlated With SSN Growth
Twenty-seven clinical and CT features were included in the
meta-analysis. Eighteen features, including male sex, history of
lung cancer, smoking history, nodule size > 10 mm, larger nodule
size, older age, nodule consistency, bubble-like appearance, air
bronchogram, spiculated margin, higher mean CT attenuation,
well-defined border, lesion below major fissure, larger volume,
larger solid component, lobulated margin, higher STD CT
attenuation and higher max CT attenuation, were detected to
be significantly correlated with SSN growth, while 9 features,
including multiple nodules, longer follow-up duration, age > 60
years, age > 65 years, emphysema, nodule shape, peripheral
distribution, pleural/fissure retraction and larger mass, showed
no significant correlation with SSN growth. Among the 27 CT
and clinical features, 13 features, including male sex, number of
nodules, history of lung cancer, smoking history, nodule >
10 mm, nodule size, age (years), follow-up duration, nodule
consistency, bubble-like appearance, air bronchogram,
spiculated margin and mean CT attenuation, were investigated
in five or more studies. The pooled OR/SMD of these features are
summarized in Table 2 and forest plots are shown in
Supplementary Appendix (Part 1, Figure S1).

Independent Risk Factors for SSN Growth

Pooled ORs of six features, including sex, history of lung cancer,
smoking history, nodule size > 10 mm, nodule consistency and

age > 65 years, were calculated based on the multivariate analysis
results. Forest plots of these six features are shown in Figure 2.
Sex, history of lung cancer, nodule size > 10 mm, nodule
consistency and age > 65 years were proven to be independent
risk factors for SSN growth. Male patients showed a 2.351-fold
higher probability of SSN growth (pooled OR 2.351, 95% CI
1.370-4.032, P = 0.002). Patients with a history of lung cancer
had a 3.030-fold higher probability of SSN growth (pooled OR
3.030, 95% CI 1.933-4.749, P < 0.001). Patients with a nodule size
> 10 mm had a 4.236-fold higher probability of SSN growth
(pooled OR 4.236, 95% CI 1.488-12.059, P = 0.002). PSNs
(nodule consistency) had a 2.951-fold higher probability of
SSN growth (pooled OR 2.951, 95% CI 1.821-4.782, P < 0.001).
Patients aged > 65 years had a 2.260-fold higher probability of
SSN growth (pooled OR 2.260, 95% CI 1.308-3.903, P = 0.003).
Smoking history showed no significant correlation with SSN
growth based on the multivariate analysis results (pooled OR
1.941, 95% CI 0.935-4.029, P = 0.075).

Subgroup Analyses on

Nodule Consistency

The nodule consistency of the 19 original studies we included
was pGGN in 7 studies and SSN in 12 studies. Among the 12
studies taking SSN as research objects, 2 studies analyzed the
correlation between features and nodule growth by nodule
consistency. In total, 9 studies analyzed the correlation
between features and pGGN growth, and 2 studies analyzed
the correlation between features and PSN. The number of studies
on PSN is too few to perform a meta-analysis. Therefore, we just
performed the meta-analysis on pGGN including a total of 16
features based on univariate analysis and 1 feature based on
multivariate analysis.

Eight features, including male sex, smoking history, nodule
size > 10 mm, larger nodule size, air bronchogram, higher mean
CT attenuation, well-defined border, and lobulated margin were
detected to be significantly correlated with pGGN growth (P =
0.03, 0.003, 0.047, 0.009, 0.001, 0.005, 0.044 and 0.001,
respectively), while 8 features, including multiple nodules,
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TABLE 2 | Clinical and CT features included in the meta-analysis in SSN.

Features Studies (patients/nodules) Test of Correlation Test of Heterogeneity
Pooled OR or SMD 95% ClI P Value P (%) P Value
Sex (Male) 16 (1846/2400) 1.469 1.066-2.026 0.019 42.50 0.037
No. of nodules (Multiple) 16 (1877/2439) 0.976 0.768-1.241 0.843 0.00 0.693
History of lung cancer (Yes) 12 (1501/1980) T 1.738 1.098-2.750 0.018 54.70 0.012
Smoking history (Yes) 12 (1424/1878) 1.692 1.137-2.520 0.010 39.40 0.078
Nodule size (> 10 mm) 12 (1466/1978) T 6.386 3.514-11.605 < 0.001 65.60 0.001
Nodule size, mm 10 (1107/1517) 0.678 0.310-1.046 < 0.001 83.40 < 0.001
Age, years 8 (958/1355) 0.305 0.089-0.521 0.006 42.20 0.097
Follow-up duration, months 8 (784/936) 0.077 -0.613-0.767 0.827 94.20 < 0.001
Nodule consistency (PSN) 8 (1167/1597) T 3.682 2.655-5.107 < 0.001 22.80 0.248
Bubble like appearance (Yes) 6 (792/1216) 3.938 1.214-12.772 0.022 72.20 0.003
Air bronchogram (Yes) 5 (824/1154) 4.858 2.593-9.101 < 0.001 20.30 0.285
Spiculated margin (Yes) 5 (824/1154) 10.786 1.006-115.624 0.049 63.70 0.041
Mean of CT attenuation, HU 5 (405/465) 1.952 0.780-3.125 0.001 95.40 < 0.001
Age (> 60 years) 4 (299/385) * 1.678 0.969-2.570 0.067 37.30 0.188
Well-defined border (Yes) 4 (353/443) 0.544 0.301-0.983 0.044 0.00 0.652
Age (> 65 years) 3 (354/425) 1.738 0.792-3.812 0.168 62.70 0.068
Emphysema (Yes) 3 (506/593) 0.607 0.207-1.774 0.361 40.90 0.184
Lesion location (Below major fissure) 3 (374/455) 0.448 0.242-0.832 0.011 0.00 0.761
Nodule shape (Round) 3 (264/321) 0.559 0.263-1.187 0.130 42.70 0.175
Volume, mm3 3 (177/224) 0.988 0.041-1.936 0.041 88.90 < 0.001
Solid part size, mm 2 (288/336) 0.429 0.164-0.695 0.002 0.00 0.575
Lobulated margin (Yes) 2 (200/272) 15.081 3.050-74.575 0.001 0.00 0.650
Peripheral distribution (Yes) 2 (324/357) 3.342 0.432-25.874 0.248 0.00 0.904
Pleural/fissure retraction (Yes) 2 (453/688) 1.963 0.244-15.785 0.526 0.00 0.824
STD of CT attenuation, HU 2 (128/170) 1.067 0.693-1.440 < 0.001 0.00 0.957
Max of CT attenuation, HU 2 (128/170) 1.299 0.574-2.024 < 0.001 72.00 0.059
Mass, mg 2 (108/155) 0.715 -0.986-2.417 0.410 94.50 < 0.001

"Total number of patients in Yoshihisa Kobayashi’s study, and Bixiong Wang's study were not reported; PSN, part solid nodule; OR, odds ratio; SMD, standardized mean difference; Cl,

confidence interval.

history of lung cancer, age, longer follow-up duration, bubble-
like appearance, nodule shape, volume and larger mass, showed
no significant correlation with pGGN growth (P = 0.675, 0.366,
0.071, 0.796, 0.234, 0.130, 0.176 and 0.410, respectively) based on
univariate analysis (Table 3; Supplementary Appendix, Part 1,
Figure S2). Smoking history showed no significant correlation
with pGGN growth based on the multivariate analysis results
(P = 0.071, Figure 3).

Publication Bias

The funnel plots did not show significant publication bias for the
CT and clinical features analyzed based on both the univariate
analysis results and multivariate analysis results (P > 0.05).
(Supplementary Appendix, Part 1, Figure S3 and Figure S4)

DISCUSSION

In this systematic review and meta-analysis, 18 clinical and CT
features were found to be significantly correlated with SSN
growth, and 5 features including male sex, history of lung
cancer, nodule size > 10 mm, nodule consistency and age > 65
years were identified to be independent risk factors for SSN
growth. Eight features, including male sex, smoking history,
nodule size > 10 mm, larger nodule size, air bronchogram,
higher mean CT attenuation, well-defined border, and
lobulated margin were associated with pGGN growth. Among

the features associated with SSN growth, 11 features, including
sex, history of lung cancer, smoking history, nodule size (>
10 mm), nodule size (mm), age (years), nodule consistency,
bubble-like appearance, air bronchogram, spiculated margin and
mean CT attenuation, were investigated in 5 or more studies,
while the other 7 features were only investigated in 2 to 4 studies.
Among the features associated with pGGN growth, 5 features
including male sex, number of nodules, smoking history, nodule
size (mm) and follow-up duration, were investigated in 5 studies
or more studies, while the other 11 features were only
investigated in 2 to 4 studies. The real clinical significance of
the features investigated in less than 5 studies needs to be further
studied due to the small number of studies included.

Studies have proven that PSNs are more aggressive than
pGGNs (37, 38). In this meta-analysis, PSNs had a 2.95-fold
higher probability of SSN growth than pGGNs, which is consistent
with the previous studies. When we analyzed the characteristics of
PGGN, we found that history of lung cancer, age, bubble like
appearance, and volume, which are significantly correlated SSN
growth, are not associated with pGGN growth. Although the
including studies for these four features are very limited (only 2
to 4 studies), the results may imply that the features correlated
with the growth of the pPGGN and the PSN are different. Therefore,
to predict the growth of SSN based on risk features, it should be
identified whether the nodule is PSN or pGGN at first.

A history of lung cancer showed high correlation with SSN
growth, and it forecasted a 3.498-fold higher probability of SSN
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FIGURE 2 | Forest plots showed that male sex, history of lung cancer,
nodule size > 10 mm, PSN and age > 65 years were independent risk factors
for SSN growth. Smoking history showed no significant correlation with SSN
growth. OR, odds ratio; Cl, confidence interval; PSN, part-solid nodule.

growth. However, history of lung cancer was not associated with
PGGN growth. Multiple studies suggest that lung cancer history is
associated with SSN growth (15, 23, 28, 39), but a few studies
found that lung cancer history was not associated with pGGN
growth (24, 29). A prospective multicenter study concluded that
history of lung cancer was not a factor for SSN growth, and 85.1%
of nodules included in the study were pGGNs (7). The relationship
between the history of lung cancer and the growth of pGGN and
PSN needs further study. Shewale et al. (40) retrospectively
reviewed 210 patients with GGNs and a history of lung cancer
and demonstrated that patients with a lung adenocarcinoma
history had a 6.85-fold higher likelihood for SSN growth than
patients with other lung cancer subtypes. As we know, among
non-small cell lung cancer, adenocarcinoma is a histological
subtype prone to epidermal growth factor receptor (EGFR)
mutation, and previous studies have shown that the growth of
SSN(s) is closely related to gene mutation status. EGFR mutations
have been found to be a promoter of GGN growth in both mice
and humans (41, 42). This may be one of the reasons why SSNs are

more likely to grow in patients with lung cancer, especially those
with adenocarcinoma. The correlation between other tumor types
and SSN growth needs to be elucidated.

Among the 5 independent risk factors for SSN growth, a
nodule size > 10 mm showed the highest correlation with SSN
growth, leading to a 4.236-fold higher probability of SSN growth
than nodules < 10 mm in size. Nodule size is an important factor
in both SSN follow-up guidelines and pulmonary nodule
malignancy prediction models. In the Fleischner society, ACCP
and NCCN guidelines, the management of SSN(s) differs based on
nodule size (11, 12, 43). Nodule size is also a risk factor used in the
Mayo model, PanCan model and Vancouver model to estimate
the malignancy risk of pulmonary nodules (11, 44). Several studies
also use volume to describe the size of nodules. Han et al. (45)
found that in lung cancer screening, semiautomatic volume
measurements showed higher accuracy than diameter
measurements. In this meta-analysis, three original studies were
included, and a significant correlation between volume and nodule
growth was found (pooled SMD 0.988, 95% CI 0.041-1.936, P =
0.041). However, considering the difficulties in identifying the SSN
boundary for computer-aided measurements, using diameter to
describe the size of the SSN is still a better choice.

In this meta-analysis, we also found another interesting result.
The follow-up duration showed no significant correlation with either
SSN growth or pGGN growth (P = 0.827 and 0.796 respectively).
Kobayashi et al. (4) found the tendency to grow was clear within the
first 3 years for SSNs. Lee et al. (6) followed SSNs that had been
stable for initial 5 years and found that only 5 (2.1%) of nodules
grew. The frequency of SSNs increasing in size after prolonged
stability is quite small, which is consistent to our results. Based on
the above, we speculate that the frequency of CT examination can be
reduced for SSN followed up for more than 5 years.

Studies have reported that approximately 37%-70% of
SSNs detected on CT screening are transient and resolve
spontaneously or with antibiotic therapy within 3 months of
the initial examination (46-48). Features associated with
transient SSNs include younger age, male sex, peripheral
eosinophilia, multiplicity, ill-defined margins, nonspiculated
margins, and large solid components (47, 49). Some features,
such as ill-defined margins, male sex and large solid components
coincide with the features of SSNs growth which may lead to the
determination of a transient nodule as a growing nodule.
Therefore, we suggest that the prediction of SSN growth
should be performed at least 3 months after the initial
examination. SSN growth prediction is important not only to
make follow-up plan but also to optimize surgical timing. Based
on the included studies, we found that only 49.23% stable SSNs
were invasive adenocarcinoma (IAC) while 81.01% growth SSNs
were TAC, and growth SSNs showed a 4.32-fold higher
probability of invasive adenocarcinoma than stable SSNs
(Supplementary Appendix, Part 2). These results suggest that
surgical resection after the growth of SSNs may be more
appropriate than upon detection, which needs further study.

Our study had several limitations. First, the study subjects in
the included studies were not completely homogenous. Among
the 19 included studies, 2 analyzed SSNs after 5 years of stability,
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TABLE 3 | Clinical and CT features included in the meta-analysis based on univariate analyses in pGGN.

Features Studies (patients/nodules) Test of Correlation Test of Heterogeneity
Pooled OR or SMD 95% CI P Value P (%) P Value

Sex (Male) 6 (534/658) 1.615 1.049-2.488 0.030 0.00% 0.614
Number of nodules (Multiple) 7 (634/766) 1.092 0.724-1.648 0.675 0.00% 0.474
History of lung cancer (Yes) 4 (386/435) 1.634 0.564-4.738 0.366 74.90% 0.008
Smoking history (Yes) 5 (423/508) 2.143 1.292-3.554 0.003 0.00% 0.508
Nodule size (> 10 mm) 4 (351/433) 4.975 1.024-24.164 0.047 81.80% 0.001
Nodule size, mm 6 (5632/659) 0.847 0.209-1.485 0.009 89.20% 0.000
Age, years 4 (383/497) 0.217 -0.019-0.452 0.071 0.00% 0.905
Follow-up duration, months 6 (496/600) 0.095 -0.623-0.812 0.796 91.60% 0.000
Bubble like appearance (Yes) 3 (300/380) 3.005 0.491-18.379 0.234 80.20% 0.006
Air bronchogram (Yes) 2 (211/258) 4.374 1.764-10.845 0.001 0.00% 0.492
Mean of CT attenuation, HU 4 (336/396) 2.228 0.659-3.798 0.005 96.50% 0.000
Well-defined border (Yes) 4 (353/443) 0.544 0.301-0.983 0.044 0.00% 0.652
Nodule shape (Round) 3 (264/321) 0.559 0.263-1.187 0.130 42.70% 0.175
Volume, mm3 2 (108/155) 1.149 -0.517-2.815 0.176 93.90% 0.000
Lobulated margin (Yes) 2 (200/272) 15.081 3.050-74.575 0.001 0.00% 0.650
Mass, mg 2 (108/155) 0.715 -0.986-2.417 0.410 94.50% 0.000
PGGN, pure ground glass nodule; OR, odds ratio; SMD, standardized mean difference; Cl, confidence interval.
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0.1 051 2 5 600
FIGURE 3 | Forest plots showed no significant correlation between smoking history and pGGN growth based on multivariate analysis. OR, odds ratio; Cl,
confidence interval; pGGN, pure ground glass nodule.

2 analyzed SSNs after 3 years of stability, and the remaining
analyzed SSNs at baseline. Fortunately, no significant differences
in the included features were detected in publication bias tests.
Second, most of the features had no multivariate analysis results
in the original studies, and their specific role in SSN growth
needs to be further studied. Third, compared with a large
number of clinical and CT features, the number of studies
included is so small that the meta-analysis of some features
may lack credibility. Fourth, the number of studies on PSN is too
few to perform a meta-analysis. Nevertheless, to the best of our
knowledge, our meta-analysis is the only study to investigate the
correlation of clinical and CT features with SSN growth, and this
analysis included all available literature.

In conclusion, in this meta-analysis, eighteen clinical and CT
features were detected to be significantly correlated with SSN
growth, and 5 features including male sex, history of lung cancer,
nodule size > 10 mm, nodule consistency and age > 65 years were
identified to be independent risk factors for SSN growth. For
PGGN, history of lung cancer, older age, bubble-like appearance,
and larger volume were not risk factors for growth, although

these factors were associated with SSN growth. A risk-based SSN
follow-up strategy should consider these factors and nodule
consistency, and separate strategies should be planned for each
single nodule in patients with multiple SSNs.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

(I) Conception and design: All authors; (IT) Administrative support:
None; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: LZ, MWL, ML; (V) Data analysis
and interpretation: All authors; (VI) Manuscript writing: All
authors; (VII) Final approval of manuscript: All authors

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 929174


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liang et al.

Features Correlated with SSN Growth

FUNDING

This work was supported by National Natural Science
Foundation of China (81701692); and Beijing Municipal
Natural Science Foundation (7184238).

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Godoy MCB, Naidich DP. Subsolid Pulmonary Nodules and the Spectrum of
Peripheral Adenocarcinomas of the Lung: Recommended Interim Guidelines
for Assessment and Management. Radiology (2009) 253(3):606-22.
doi: 10.1148/radiol.2533090179

. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Miiller NL, Remy J.

Fleischner Society: Glossary of Terms for Thoracic Imaging. Radiology (2008)
246(3):697-722. doi: 10.1148/radiol.2462070712

. Hasegawa M, Sone S, Takashima S, Li F, Yang ZG, Maruyama Y, et al. Growth

Rate of Small Lung Cancers Detected on Mass Ct Screening. Br ] Radiol
(2000) 73(876):1252-9. doi: 10.1259/bjr.73.876.11205667

. Kobayashi Y, Fukui T, Ito S, Usami N, Hatooka S, Yatabe Y, et al. How Long

Should Small Lung Lesions of Ground-Glass Opacity Be Followed? J Thorac
Oncol (2013) 8(3):309-14. doi: 10.1097/JTO.0b013e31827¢2435

. Tang EK, Chen CS, Wu CC, Wu MT, Yang TL, Liang HL, et al. Natural

History of Persistent Pulmonary Subsolid Nodules: Long-Term Observation
of Different Interval Growth. Heart Lung Circ (2019) 28(11):1747-54.
doi: 10.1016/j.h1c.2018.08.015

. Lee JH, Lim WH, Hong JH, Nam ]G, Hwang EJ, Kim H, et al. Growth and

Clinical Impact of 6-Mm or Larger Subsolid Nodules After 5 Years of Stability
at Chest Ct. Radiology (2020) 295(2):448-55. doi: 10.1148/radiol.2020191921

. Kakinuma R, Noguchi M, Ashizawa K, Kuriyama K, Maeshima AM, Koizumi

N, et al. Natural History of Pulmonary Subsolid Nodules: A Prospective
Multicenter Study. J Thorac Oncol (2016) 11(7):1012-28. doi: 10.1016/j.jtho.
2016.04.006

. Lee SW, Leem CS, Kim TJ, Lee KW, Chung JH, Jheon S, et al. The Long-Term

Course of Ground-Glass Opacities Detected on Thin-Section Computed
Tomography. Respir Med (2013) 107(6):904-10. doi: 10.1016/j.rmed.
2013.02.014

. Lee HW, Jin KN, Lee JK, Kim DK, Chung HS, Heo EY, et al. Long-Term

Follow-Up of Ground-Glass Nodules After 5 Years of Stability. ] Thorac Oncol
(2019) 14(8):1370-7. doi: 10.1016/j.jth0.2019.05.005

Loverdos K, Fotiadis A, Kontogianni C, Iliopoulou M, Gaga M. Lung Nodules:
A Comprehensive Review on Current Approach and Management. Ann
Thorac Med (2019) 14(4):226-38. doi: 10.4103/atm. ATM_110_19
MacMahon H, Naidich DP, Goo JM, Lee KS, Leung ANC, Mayo JR, et al.
Guidelines for Management of Incidental Pulmonary Nodules Detected on Ct
Images: From the Fleischner Society 2017. Radiology (2017) 284(1):228-43.
doi: 10.1148/radiol.2017161659

Gould MK, Donington J, Lynch WR, Mazzone PJ, Midthun DE, Naidich DP,
et al. Evaluation of Individuals With Pulmonary Nodules: When Is It Lung
Cancer? Diagnosis and Management of Lung Cancer, 3rd Ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest (2013) 143(5 Suppl):e935-e1208S. doi: 10.1378/chest.12-2351

Silva M, Prokop M, Jacobs C, Capretti G, Sverzellati N, Ciompi F, et al. Long-
Term Active Surveillance of Screening Detected Subsolid Nodules Is a Safe
Strategy to Reduce Overtreatment. ] Thorac Oncol (2018) 13(10):1454-63.
doi: 10.1016/j.jtho0.2018.06.013

Chang B, Hwang JH, Choi YH, Chung MP, Kim H, Kwon OJ, et al. Natural
History of Pure Ground-Glass Opacity Lung Nodules Detected by Low-Dose
Ct Scan. Chest (2013) 143(1):172-8. doi: 10.1378/chest.11-2501

Matsuguma H, Mori K, Nakahara R, Suzuki H, Kasai T, Kamiyama Y, et al.
Characteristics of Subsolid Pulmonary Nodules Showing Growth During
Follow-Up With Ct Scanning. Chest (2013) 143(2):436-43. doi: 10.1378/
chest.11-3306

Takahashi S, Tanaka N, Okimoto T, Tanaka T, Ueda K, Matsumoto T, et al.
Long Term Follow-Up for Small Pure Ground-Glass Nodules: Implications of
Determining an Optimum Follow-Up Period and High-Resolution Ct

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.929174/
full#supplementary-material

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Findings to Predict the Growth of Nodules. Jpn ] Radiol (2012) 30(3):206—
17. doi: 10.1007/s11604-011-0033-8

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C,
et al. The Prisma Extension Statement for Reporting of Systematic Reviews
Incorporating Network Meta-Analyses of Health Care Interventions:
Checklist and Explanations. Ann Internal Med (2015) 162(11):777-84.
doi: 10.7326/M14-2385

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred
Reporting Items for Systematic Review and Meta-Analysis Protocols (Prisma-P)
2015 Statement. Systematic Rev (2015) 4:1. doi: 10.1186/2046-4053-4-1

Wells GA, Shea B, O’Connell D, Peterson J, Welch V. The Newcastle-Ottawa
Scale (Nos) for Assessing the Quality of Nonrandomized Studies in Meta-
Analysis (2014) (2014). Available at: http://www.ohrica/programs/clinical _
epidemiology/oxfordasp.

Hozo SP, Djulbegovic B, Hozo I. Estimating the Mean and Variance From the
Median, Range, and the Size of a Sample. BMC Med Res Methodol (2005) 5(1
Supplement):13. doi: 10.1186/1471-2288-5-13

Higgins JP, Thompson SG. Quantifying Heterogeneity in a Meta-Analysis.
Stat Med (2002) 21(11):1539-58. doi: 10.1002/sim.1186

Lau J, Ioannidis JPA, Terrin N, Schmid CH, Olkin I. The Case of the
Misleading Funnel Plot. BMJ (online) (2006) 333(7568):597-600.
doi: 10.1136/bmj.333.7568.597

Hiramatsu M, Inagaki T, Inagaki T, Matsui Y, Satoh Y, Okumura S, et al.
Pulmonary Ground-Glass Opacity (Ggo) Lesions-Large Size and a History of
Lung Cancer Are Risk Factors for Growth. J Thorac Oncol (2008) 3(11):1245-
50. doi: 10.1097/JTO.0b013e318189f526

Eguchi T, Kondo R, Kawakami S, Matsushita M, Yoshizawa A, Hara D, et al.
Computed Tomography Attenuation Predicts the Growth of Pure Ground-
Glass Nodules. Lung Cancer (Amsterdam Netherlands) (2014) 84(3):242-7.
doi: 10.1016/j.lungcan.2014.03.009

Kobayashi Y, Sakao Y, Deshpande GA, Fukui T, Mizuno T, Kuroda H, et al.
The Association Between Baseline Clinical-Radiological Characteristics and
Growth of Pulmonary Nodules With Ground-Glass Opacity. Lung Cancer
(2014) 83(1):61-6. doi: 10.1016/j.lungcan.2013.10.017

Tamura M, Shimizu Y, Yamamoto T, Yoshikawa J, Hashizume Y. 15-
Predictive Value of One-Dimensional Mean Computed Tomography Value
of Ground-Glass Opacity on High-Resolution Images for the Possibility of
Future Change. J Thorac Oncol (2014) 9(4):469-72. doi: 10.1097/]JTO.
0000000000000117

Bak SH, Lee HY, Kim JH, Um SW, Kwon OJ, Han J, et al. Quantitative Ct
Scanning Analysis of Pure Ground-Glass Opacity Nodules Predicts Further Ct
Scanning Change. Chest (2016) 149(1):180-91. doi: 10.1378/chest.15-0034
Cho J, Kim ES, Kim SJ, Lee YJ, Park JS, Cho Y], et al. Long-Term Follow-Up of
Small Pulmonary Ground-Glass Nodules Stable for 3 Years: Implications of
the Proper Follow-Up Period and Risk Factors for Subsequent Growth. J
Thorac Oncol (2016) 11(9):1453-9. doi: 10.1016/j.jtho.2016.05.026

Lee JH, Park CM, Lee SM, Kim H, McAdams HP, Goo JM. Persistent
Pulmonary Subsolid Nodules With Solid Portions of 5 Mm or Smaller:
Their Natural Course and Predictors of Interval Growth. Eur Radiol (2016)
26(6):1529-37. doi: 10.1007/s00330-015-4017-4

WuF, Cai ZL, Tian SP, Jin X, Jing R, Yang YQ, et al. Value of Baseline Clinical
and Ct Characteristics for Predicting the Progression of Persistent Pure
Ground-Glass Nodule 10 Mm or Less in Diameter. Zhongguo Yi Xue Ke
Xue Yuan Xue Bao Acta Acad Med Sinicae (2016) 38(4):371-7. doi: 10.3881/
j-issn.1000-503X.2016.04.001

Sato Y, Fujimoto D, Morimoto T, Uehara K, Nagata K, Sakanoue I, et al. 9-
Natural History and Clinical Characteristics of Multiple Pulmonary Nodules
With Ground Glass Opacity. Respirology (2017) 22(8):1615-21. doi: 10.1111/
resp.13089

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 929174


https://www.frontiersin.org/articles/10.3389/fonc.2022.929174/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.929174/full#supplementary-material
https://doi.org/10.1148/radiol.2533090179
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1259/bjr.73.876.11205667
https://doi.org/10.1097/JTO.0b013e31827e2435
https://doi.org/10.1016/j.hlc.2018.08.015
https://doi.org/10.1148/radiol.2020191921
https://doi.org/10.1016/j.jtho.2016.04.006
https://doi.org/10.1016/j.jtho.2016.04.006
https://doi.org/10.1016/j.rmed.2013.02.014
https://doi.org/10.1016/j.rmed.2013.02.014
https://doi.org/10.1016/j.jtho.2019.05.005
https://doi.org/10.4103/atm.ATM_110_19
https://doi.org/10.1148/radiol.2017161659
https://doi.org/10.1378/chest.12-2351
https://doi.org/10.1016/j.jtho.2018.06.013
https://doi.org/10.1378/chest.11-2501
https://doi.org/10.1378/chest.11-3306
https://doi.org/10.1378/chest.11-3306
https://doi.org/10.1007/s11604-011-0033-8
https://doi.org/10.7326/M14-2385
https://doi.org/10.1186/2046-4053-4-1
http://www.ohrica/programs/clinical_epidemiology/oxfordasp
http://www.ohrica/programs/clinical_epidemiology/oxfordasp
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.333.7568.597
https://doi.org/10.1097/JTO.0b013e318189f526
https://doi.org/10.1016/j.lungcan.2014.03.009
https://doi.org/10.1016/j.lungcan.2013.10.017
https://doi.org/10.1097/JTO.0000000000000117
https://doi.org/10.1097/JTO.0000000000000117
https://doi.org/10.1378/chest.15-0034
https://doi.org/10.1016/j.jtho.2016.05.026
https://doi.org/10.1007/s00330-015-4017-4
https://doi.org/10.3881/j.issn.1000-503X.2016.04.001
https://doi.org/10.3881/j.issn.1000-503X.2016.04.001
https://doi.org/10.1111/resp.13089
https://doi.org/10.1111/resp.13089
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liang et al.

Features Correlated with SSN Growth

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Wang B, You X, Sun X. The Associations Among Radiological Characteristics,
Growth, and Pathological Results of Pulmonary Subsolid Nodules. Biomed Res
(2017) 28(15):6829-33.

Xu X, Wu K, Zhao Y, Mei L. Stage I Lung Adenocarcinoma: The Value of
Quantitative Ct in Differentiating Pathological Subtypes and Predicting
Growth of Subsolid Nodules. Med (Baltimore) (2017) 96(16):e6595.
doi: 10.1097/MD.0000000000006595

Shi Z, Deng J, She Y, Zhang L, Ren Y, Sun W, et al. Quantitative Features Can
Predict Further Growth of Persistent Pure Ground-Glass Nodule. Quant
Imaging Med Surg (2019) 9(2):283-91. doi: 10.21037/qims.2019.01.04

Sato Y, Fujimoto D, Morimoto T, Uehara K, Nagata K, Sakanoue I, et al.
Natural History and Clinical Characteristics of Multiple Pulmonary Nodules
With Ground Glass Opacity. Respirology (2017) 22(8):1615-21. doi: 10.1111/
resp.13089

Tamura M, Shimizu Y, Yamamoto T, Yoshikawa J, Hashizume Y. Predictive
Value of One-Dimensional Mean Computed Tomography Value of Ground-
Glass Opacity on High-Resolution Images for the Possibility of Future
Change. J Thorac Oncol (2014) 9(4):469-72. doi: 10.1097/JTO.
0000000000000117

Oda S, Awai K, Murao K, Ozawa A, Utsunomiya D, Yanaga Y, et al. Volume-
Doubling Time of Pulmonary Nodules With Ground Glass Opacity at
Multidetector Ct: Assessment With Computer-Aided Three-Dimensional
Volumetry. Acad Radiol (2011) 18(1):63-9. doi: 10.1016/j.acra.2010.08.022
Song YS, Park CM, Park SJ, Lee SM, Jeon YK, Goo JM. Volume and Mass
Doubling Times of Persistent Pulmonary Subsolid Nodules Detected in
Patients Without Known Malignancy. Radiology (2014) 273(1):276-84.
doi: 10.1148/radiol. 14132324

de Margerie-Mellon C, Ngo LH, Gill RR, Monteiro Filho AC, Heidinger BH,
Onken A, et al. The Growth Rate of Subsolid Lung Adenocarcinoma Nodules
at Chest Ct. Radiology (2020) 297(1):189-98. doi: 10.1148/radiol.2020192322
Shewale JB, Nelson DB, Rice DC, Sepesi B, Hofstetter WL, Mehran RJ, et al.
Natural History of Ground-Glass Lesions Among Patients With Previous
Lung Cancer. Ann Thorac Surg (2018) 105(6):1671-7. doi: 10.1016/
j.athoracsur.2018.01.031

Aoki T, Hanamiya M, Uramoto H, Hisaoka M, Yamashita Y, Korogi Y.
Adenocarcinomas With Predominant Ground-Glass Opacity: Correlation of
Morphology and Molecular Biomarkers. Radiology (2012) 264(2):590-6.
doi: 10.1148/radiol. 12111337

Kobayashi Y, Mitsudomi T, Sakao Y, Yatabe Y. Genetic Features of
Pulmonary Adenocarcinoma Presenting With Ground-Glass Nodules: The
Differences Between Nodules With and Without Growth. Ann Oncol (2015)
26(1):156-61. doi: 10.1093/annonc/mdu505

43. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al.
Ncen Guidelines Insights: Non-Small Cell Lung Cancer, Version 2.2021. ] Natl
Compr Canc Netw (2021) 19(3):254-66. doi: 10.6004/jnccn.2021.0013
Al-Ameri A, Malhotra P, Thygesen H, Plant PK, Vaidyanathan S, Karthik S,
et al. Risk of Malignancy in Pulmonary Nodules: A Validation Study of Four
Prediction Models. Lung Cancer (2015) 89(1):27-30. doi: 10.1016/j.lungcan.
2015.03.018

Han D, Heuvelmans MA, Oudkerk M. Volume Versus Diameter Assessment
of Small Pulmonary Nodules in Ct Lung Cancer Screening. Transl Lung
Cancer Res (2017) 6(1):52-61. doi: 10.21037/tlcr.2017.01.05

Oh JY, Kwon SY, Yoon HI, Lee SM, Yim JJ, Lee JH, et al. Clinical Significance
of a Solitary Ground-Glass Opacity (Ggo) Lesion of the Lung Detected by
Chest Ct. Lung Cancer (2007) 55(1):67-73. doi: 10.1016/j.lungcan.2006.09.009
Lee SM, Park CM, Goo JM, Lee CH, Lee HJ, Kim KG, et al. Transient Part-
Solid Nodules Detected at Screening Thin-Section Ct for Lung Cancer:
Comparison With Persistent Part-Solid Nodules. Radiology (2010) 255
(1):242-51. doi: 10.1148/radiol.09090547

Felix L, Serra-Tosio G, Lantuejoul S, Timsit JF, Moro-Sibilot D, Brambilla C,
et al. Ct Characteristics of Resolving Ground-Glass Opacities in a Lung Cancer
Screening Programme. Eur ] Radiol (2011) 77(3):410-6. doi: 10.1016/j.ejrad.
2009.09.008

Choi WS, Park CM, Song YS, Lee SM, Wi JY, Goo JM. Transient Subsolid
Nodules in Patients With Extrapulmonary Malignancies: Their Frequency
and Differential Features. Acta Radiol (2015) 56(4):428-37. doi: 10.1177/
0284185114528325

44.

45.

46.

47.

48.

49.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liang, Liu, Li and Zhang. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 929174


https://doi.org/10.1097/MD.0000000000006595
https://doi.org/10.21037/qims.2019.01.04
https://doi.org/10.1111/resp.13089
https://doi.org/10.1111/resp.13089
https://doi.org/10.1097/JTO.0000000000000117
https://doi.org/10.1097/JTO.0000000000000117
https://doi.org/10.1016/j.acra.2010.08.022
https://doi.org/10.1148/radiol.14132324
https://doi.org/10.1148/radiol.2020192322
https://doi.org/10.1016/j.athoracsur.2018.01.031
https://doi.org/10.1016/j.athoracsur.2018.01.031
https://doi.org/10.1148/radiol.12111337
https://doi.org/10.1093/annonc/mdu505
https://doi.org/10.6004/jnccn.2021.0013
https://doi.org/10.1016/j.lungcan.2015.03.018
https://doi.org/10.1016/j.lungcan.2015.03.018
https://doi.org/10.21037/tlcr.2017.01.05
https://doi.org/10.1016/j.lungcan.2006.09.009
https://doi.org/10.1148/radiol.09090547
https://doi.org/10.1016/j.ejrad.2009.09.008
https://doi.org/10.1016/j.ejrad.2009.09.008
https://doi.org/10.1177/0284185114528325
https://doi.org/10.1177/0284185114528325
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Clinical and CT Features of Subsolid Pulmonary Nodules With Interval Growth: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Literature Search
	Inclusion Criteria
	Data Extraction and Quality Assessment
	Data Analysis

	Results
	Study Selection
	Study Characteristics and Quality Assessment
	Categorization of Clinical and CT Features
	Features Correlated With SSN Growth
	Independent Risk Factors for SSN Growth
	Subgroup Analyses on Nodule Consistency
	Publication Bias

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


