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PURPOSE 
We aimed to evaluate and compare the growth patterns among pathological types of inde-
terminate subsolid nodules in patients without a history of cancer as observed on computed 
tomography (CT).

METHODS 
This retrospective study included 77 consecutive patients with 80 indeterminate subsolid nod-
ules on unenhanced thin-section CT. Subsolid nodules were classified into 2 growth pattern 
groups based on volume: growth (n = 35) and non-growth (n = 42). According to the pathologi-
cal diagnosis, subsolid nodules were further subdivided into 3 groups: adenocarcinoma in situ 
(growth, n = 8 vs. non-growth, n = 22), minimally invasive adenocarcinoma (n = 14 vs. n = 15), and 
invasive adenocarcinoma (n = 13 vs. n = 5). Kaplan–Meier and Cox proportional hazards regres-
sion analyses were performed to identify the risk factors for subsolid nodules growth. The CT 
findings of the 35 subsolid nodules in the growth group were compared among the 3 pathologi-
cal groups.

RESULTS 
In the growth group, the overall mean volume doubling time and mass doubling time (MDT) 
were 811.5 days and 616.5 days, respectively. Patient’s age (odds ratio = 1.041, P = .045) and CT 
subtype of non-solid nodule and part-solid nodule (odds ratio = 3.430, P = .002) could predict 
subsolid nodule growth. The baseline volume, mass, and mean CT value were larger in the inva-
sive adenocarcinoma group than in the adenocarcinoma in situ group (all P < .01). The shortest 
volume doubling time was observed in the invasive adenocarcinoma group, followed by the 
minimally invasive adenocarcinoma group and the adenocarcinoma in situ group. A shorter 
mass doubling time was observed in the minimally invasive adenocarcinoma group than in the 
adenocarcinoma in situ group (all P < .02).

CONCLUSION 
As age increases, the risk of pulmonary subsolid nodule growth increases by 4% each year, 
and part-solid nodules have a 3 times higher risk of growth compared to non-solid nodules in 
patients with no history of cancer. Subsolid nodules with more aggressive pathological charac-
teristics grow at a faster rate.

Incidentally detected pulmonary subsolid nodules (SSNs) can commonly present as 
indeterminate nodules on chest computed tomography (CT) in routine workflows. 
Pulmonary SSNs can be divided into non-solid nodules (NSNs) and part-solid nodules 

(PSNs) according to the absence or presence of internal solid components on thin-section 
CT, respectively.1,2 Subsolid nodules can be benign or malignant; most benign SSNs can 
be radiologically diagnosed based on whether the lesion resolves on follow-up CT scans, 
while a few persistent SSNs must be surgically confirmed as focal organizing pneumonia 
and non-specific interstitial fibrosis.3 Pulmonary SSNs that persist after a follow-up period 
of 3-6 months have a high likelihood of being premalignant or malignant lesions, and many 
authors consider persistent SSNs to represent early-stage adenocarcinoma or its precur-
sor.3-5 However, it is still important to determine the following: (1) the growth patterns of 
radiologically malignant SSNs, (2) what growth patterns can be identified on imaging, and 
(3) whether the imaging pattern corresponds to the pathological type.
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Previous studies on the growth patterns 
of pulmonary SSNs have some limitations. 
Some did not observe any growth because 
of the short follow-up period,6-8 and other 
studies included patients both with and 
without a history of cancer, even though 
cancer history appears to be a risk factor 
for pulmonary SSN growth.9-11 A few studies 
did not share these limitations, but postop-
erative pathological data were obtained for 
only a limited number of patients, so the 
influence of pathological type on pulmo-
nary SSNs could not be comprehensively 
determined.12,13

The present study evaluated the risk 
of the growth of indeterminate SSNs in 
patients without a history of cancer and 
compared the growth pattern on CT with 
the pathological type.

Methods
Our study implemented measures and a 

risk management plan for the use of medi-
cal technology to guarantee patient safety 

in clinical research projects formulated by 
the institution. This study was approved 
by the ethics committee of our hospital 
(NO. 202049), and the institutional review 
committee waived the requirement for 
informed consent.

Study population
Consecutive patients with pathologically 

confirmed SSNs who underwent chest CT 
examinations at our hospital or the physical 
examination center from January 1, 2016, to 
December 31, 2019, were included. Patients 
who met the following criteria were 
enrolled: (1) preoperative baseline scan and 
1 or more follow-up scans; (2) time inter-
val between the baseline and final CT scan 
longer than 180 days; (3) no SSN-related 
treatment or biopsy performed during 
follow-up; and (4) no previous malignancy. 
Figure 1 presents the patient inclusion flow 
chart. One radiologist (5 years of experience 
in chest radiology) searched and recorded 
the clinical data, radiological findings, and 
pathological diagnoses of all patients.

Main points

•	 Imaging growth patterns of pathologi-
cal types of pulmonary subsolid nodules 
(SSNs) as indeterminate lesions observed 
on chest computed tomography (CT) in 
routine workflows were evaluated and 
compared among patients without a his-
tory of cancer.

•	 Pulmonary SSNs on CT scans could be 
classified into growth or non-growth 
imaging patterns; the growth pattern 
tends to have invasive pathology, while 
the non-growth pattern is indicative of 
non-invasive findings.

•	 The risk of pulmonary SSN growth 
increases with age; SSNs with more 
aggressive pathological characteristics 
grow at a faster rate, and part-solid nod-
ules are more likely to grow compared 
with non-solid nodules.

•	 The imaging growth patterns observed 
on the pre-surgical chest CT scans in 
this  study can potentially assist radi-
ologists, oncologists, and surgeons in 
managing indeterminate SSNs in clinical 
practice.

Figure 1.  Flowchart of the study population. SSN, subsolid nodule; IAC, invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma; AIS, 
adenocarcinoma in situ; AAH, atypical adenomatous hyperplasia.
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Computed tomography imaging and 
subsolid nodules subtype

Due to the updating of hospital equip-
ment, different scan protocols were applied. 
Imaging data were obtained using 2 differ-
ent CT devices, namely, LightSpeed Ultra/
Discovery HD 750 (GE Medical Systems) and 
Siemens third-generation dual-source CT 
(Somatom Force, Siemens Healthcare). All 
examinations (baseline and follow-up CTs) 
were performed in unenhanced mode with 
a slice thickness of 1.25 or 1.00 mm.

These thin-section CT images were recon-
structed by applying a high-frequency 
reconstruction kernel and a lung window 
setting (level, −700 HU; width, 1500 HU). 
The SSNs were classified into 2 subtypes 
based on their composition: nodules with-
out solid parts were classified as NSNs, and 
nodules consisting of both ground-glass 
and solid soft-tissue components based on 
attenuation were classified as PSNs.14

Pathological classification
The pathology slides of all nodules were 

reviewed initially by a primary pathologist 
and subsequently by a senior patholo-
gist, according to the 2015 World Health 
Organization classification of lung adeno-
carcinomas.15 If there was any disagree-
ment, another senior pathologist was 
consulted to make the final decision. 
According to the pathological diagnosis, 
the SSNs were divided into the adenocarci-
noma in situ (AIS) group (including atypical 
adenomatous hyperplasia, AAH), minimally 
invasive adenocarcinoma (MIA) group, and 
invasive adenocarcinoma (IAC) group.

Semiautomatic segmentation, 
subsolid nodules characteristics, and 
tumor growth patterns

The volume of each nodule was mea-
sured by 2 experienced thoracic radi-
ologists (8 and 10 years of experience in 
chest radiology) on unenhanced thin-slice 

images using semiautomatic computer-
aided volumetry software in the Syngo Via 
VB10 workstation (Siemens Healthcare). 
First, with a single click in the region of 
interest of each nodule, the radiologists 
could roughly specify the target nodule 
on axial, sagittal, and coronal images. 
Then, the program automatically seg-
mented the target nodule based on the 
target nodule’s attenuation value and the 
lung parenchymal background. If the dif-
ference between the attenuation values 
of the nodule and lung parenchyma was 
relatively small, manual adjustment of 
the extracted area was performed. These 
manual adjustments included ensuring 
that all areas of visible nodular opacity 
were included in the extracted area on 
axial, sagittal, and coronal images and that 
any adjacent structures (blood vessels and 
chest wall) were excluded. Representative 
cases of nodule segmentation are shown 
in Figure 2.

The relative difference (RD) overall vol-
ume between the baseline and final pre-
operative CTs was calculated using the 
formula, RD = (V1−V0)/V0, where V0 is the 
volume on baseline CT and V1 is the volume 
on final CT. If the RD was ≥25%, the solid 
component in the PSN had increased by 
2 mm or more or a new solid component 
appeared within the NSNs compared with 
that at baseline, the nodules were catego-
rized into the growth group, and surgery 
was recommended. If the RD was <25% 
mm3, the nodules were categorized into the 
non-growth group, and follow-up monitor-
ing was recommended.16,17

Each nodule was categorized in terms of 
its morphological features and location on 
multiplanar reconstruction images by the 
same 2 thoracic radiologists on a Syngo Via 
VB10 workstation. Because the imaging 
features of malignant nodules are highly 
variable, especially for SSNs, indeterminate 

SSNs were defined as follows: (1) nodules 
without definite benign features, includ-
ing blurred boundaries or other inflam-
matory lesions in the lung; (2) nodules 
with a solid component ≤5 mm;2,18 and 
(3) modules with no or only 1 typical mor-
phological sign of malignancy, including 
a spiculated sign, lobulated sign, vacuole 
sign, and pleural adhesion/retraction. A 
consensus meeting was held to resolve 
any discrepancies.

Mass was calculated as M = V* 
(A + 1000)/1000, where M is the mass in mil-
ligrams, V is the volume in cubic millimeters, 
and A is the mean attenuation in Hounsfield 
units.19 Volume doubling time (VDT) and 
mass doubling time (MDT) were calculated 
for any SNNs exhibiting growth as t*log2/
log (X1/X0), where t is the interval between 
the final and baseline CT scans and X1 and 
X0 are the final and baseline volumes (or 
mass) at the corresponding time points.20,21

Statistical analysis
Data were tested for normality. Normally 

distributed data are expressed as the mean 
± standard deviation, and non-normally 
distributed data are expressed as the 
median (range). The Bland–Altman method 
was applied to quantify interobserver vari-
ability. Categorical data are presented as 
numbers (percentages). In univariate analy-
ses, the Mann–Whitney U test was used 
for nonparametric data, the independent-
sample t test was used for continuous vari-
ables, and the Pearson chi-square test or 
Fisher exact test was used for categorical 
variables. Kaplan–Meier analysis and the 
log-rank test were performed in univari-
ate analyses. Furthermore, multivariate Cox 
proportional hazards regression analysis 
with forward based on conditional param-
eter estimation selection was performed 
to identify independent predictors of SSN 
growth. All analyses were performed using 
Statistical Package for the Social Sciences 
software v. 25.0 (IBM Corp.). A two-sided 
P value < .05 was considered statistically 
significant.

Results
The present study included 24 men and 

53 women (mean age of 56 years) with 80 
resected SSNs (pathological diagnoses: 29 
cases of AIS/1 case of AAH, 29 cases of MIA, 
and 18 cases of IAC). There were 13 patients 
with a history of smoking and 64 patients 
with no history of smoking. Among the 77 

Figure 2.  Different SSN shapes were segmented manually by delineating the ground-glass margin 
slice by slice on all axial images.
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patients, 53 (68.8%) had more than 1 SSN. 
The mean follow-up period was 461.7 ± 
202.5 days, and approximately 36.4% of the 
patients had a follow-up period shorter than 
1 year; 7 SSNs from these patients showed 
growth. Forty-seven patients underwent 
lymph node dissection, and none had lym-
phatic metastasis.

Manual delineation of the extracted 
3D area of each target nodule by the 
2 thoracic radiologists took an average of 
62 seconds. The mean nodule diameter 
on baseline CT was 9.2 ± 3.0 mm, and the 
median nodule volume was 234.3 mm3 
(range, 22.5-1929 mm3). The Bland–Altman 
scatter plot was used to calculate the 95% 
CI of deviation, and the relative volume dif-
ference between the 2 readers was −5.5% 
to 12.3%.

In total, 63 NSNs and 17 PSNs were 
detected on baseline CT, and only 1 devel-
oped a new solid component. Three SSNs 
showed newly developed morphologic 
features on follow-up CT, namely, spicula-
tion, vacuole signs, or pleural adhesion/
retraction. The detailed characteristics of 
the 80 SSNs are listed in Table 1. Finally, 
35 SSNs were classified into the growth 
group (growth in volume with/without the 
development of solid components), and 
the remaining 45 SSNs were observed to be 
stable or to show a decrease in volume and 
were classified into the non-growth group. 
Figure 3 shows a PSN from the growth 
group, and Figure 4 shows an NSN from the 
non-growth group.

There were statistically significant dif-
ferences in patient’s age (P = .018), mor-
phologic features (P = .013), CT subtype 
(P < .001), diameter (P = .027), mean CT 
value (P = .009), volume (P = .032), and mass 
(P = .015) at baseline between the growth 
and non-growth groups. Patient’s age (odds 
ratio [OR] = 1.041, P = .045) and CT subtype 
(OR = 3.430, P = .002) were predictors for 
SSN growth. In the growth group, the over-
all mean VDT and MDT were 811.5 days 
and 616.5 days, respectively. The results of 
the univariate and multivariate analyses to 
identify risk factors for SSN growth are sum-
marized in Table 2.

The time until SSN growth is shown in 
Figures 5 and 6. The 360- and 720-day cumu-
lative percentages of SSN growth were 
8.75% and 35%, respectively (Figure 5). The 
cumulative percentages of growing SSNs 
were significantly different among the 
3 pathological groups (P = .003), with the 

Table 1.  Thin-section CT characteristics of the 80 SSNs

SSN characteristics Baseline CT Final CT

Subtypes

  NSNs 63 (78.8) 62 (77.5)

  PSN 17 (21.3) 18 (22.5)

Morphologic features

  Smooth 35 (43.8) 33 (41.3)

  Spiculated sign 4 (5) 5 (6.3)

  Lobulated sign 24 (30) 24 (24.1)

  Vacuole sign 5 (6.3) 6 (7.5)

  Pleural adhesion/retraction 12 (15) 13 (16.2)

Diameter (mm) 9.2 ± 3.0 10.1 ± 3.6

Final maximum size of the solid component within 
PSNs (mm)

3.5 ± 1.6 7.2 ± 3.4

Volume (mm3) 234.3 (22.5, 1929) 289.8 (21.5, 3066)

Mean CT value (HU) −613.4 ± 104.6 −604.6 ± 103.8

Mass (mg) 84.0 (6.6, 730.7) 127.3 (6.77, 1645.8)

Values are expressed as number (%), mean ± standard deviation, or median range.
SSN, subsolid nodule; NSN, non-solid nodule; PSN, part-solid nodule, CT, computed tomography.

Figure 3.  Representative axial CT imaging and pathologic findings (eosin staining; ×100, ×200): a 
part-solid nodule confirmed as minimally invasive adenocarcinoma in the growth group. Growth of 
the solid component and an increase in overall volume was observed during the preoperative 
follow-up period of 195 days. The volume and mass were 357.5 mm3 and 136.5 mg on baseline CT vs. 
1142.0 mm3 and 487.63 mg on the final preoperative CT.
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IAC group showing the highest cumulative 
growth percentage (Figure 6).

Compared to their appearance on 
baseline CT, 72.2% (13/18) of IACs, 48.3% 
(14/29) of MIAs, and 25% (8/32) of AISs (but 
not the AAH) showed growth on final CT. 
The baseline volume, mass, and mean CT 
value in the IAC group were 341.0 mm3, 
179.8 mg, and −509.7 ± 108.8 HU, which 
were significantly higher than those in 
the AIS group (101.8 mm3, 41.9 mg, and 
−669.0 ± 62.2 HU, all P < .015), but no sig-
nificant differences were found between 
the IAC and MIA groups or between the 
MIA and AIS groups. The VDT and MDT were 
607.1 ± 346.7 days and 502.0 days in the 
IAC group, respectively, which were signifi-
cantly shorter than those in the AIS and MIA 
groups (1300.8 ± 684.6 days, 1153.5 days 
and 730.6 ± 413.9 days, 516.1 days, respec-
tively), with significant differences 
observed between the AIS and MIA groups 
(P < .015). Further detailed characteristics 
of the growth group are shown in Table 3. 
In addition, in the MIA group, one of the 
2 PSNs developed a solid component. In 

the IAC group, 6 of the 16 PSNs developed 
a solid component, and only 1 showed NSN 
in baseline CT but a new solid component 
during follow-up CT. None of the nodules in 
the AIS group presented as PSNs or devel-
oped new solid components on follow-up 
CT.

Growth curves were plotted for the 
19 SSNs showing growth with 3 or more 
available CT scans for comparison among 
the 3 pathological groups (Figure 7). 
Eleven nodules showed ascending curves, 
all of which were in either the IAC or MIA 
group, but the upward slope varied at 
each stage, with 6 showing a steep upward 
slope, 4 showing a gradual increase, and 
1 showing a downward trend. Eight nod-
ules showed a plateaued curve, all of which 
were in the AIS group, but the curve fluctu-
ated slightly relative to the X-axis.

Discussion
The growth patterns of SSNs are still 

unclear, and whether the growth pat-
terns are influenced by a previous history 
of malignancy remains unknown.22 Some 

studies have aimed to investigate the 
growth patterns of SSNs; among the stud-
ies including both cancer survivors and 
patients without a history of cancer, the 
authors concluded that a previous history of 
malignancy could be a predictor of nodular 
tumor growth.10,23-25 Some studies did not 
mention whether the enrolled patients had 
a previous history of malignancy.26,27 One 
study explicitly excluded patients who had 
a history of lung cancer but did not clearly 
state whether their patients had a history of 
malignancies in other organs.28 In the pres-
ent study, the proportion of PSNs that grew 
(87.5%) was similar to that reported in some 
previous studies. However, the proportion 
of NSNs that grew (37.5%) was higher than 
that in Tang et al.’s27 study (10%) but lower 
than that in Qi  et  al.’s10 study (62.1%). We 
are concerned that a history of any cancer 
might potentially impact SSN growth pat-
terns, especially NSN growth. Therefore, 
only patients without any previous malig-
nancy were included in the present study. 
We believe that this additional criterion 
could help to better clarify SSN growth 
patterns, which could potentially assist 
radiologists, oncologists, and surgeons 
in managing incidental SSNs in clinical 
practice.

An accurate nodular volume measure-
ment is a prerequisite for accurate assess-
ments of nodular growth patterns. The 
latest nodule management guidelines from 
both the Fleischner Society2 and the British 
Thoracic Society29 recommend the use of 
volume-based measurements as the first 
tool for the measurement and management 
of pulmonary nodules. Previous studies 
have mostly used semiautomatic volume 
measurement packages to measure the 
volume of SSNs, and authors have reported 
that the combination of the semiautomatic 
method with radiologist input can lead to 
improvements in the initial automatic seg-
mentation to separate the SSN, with good 
repeatability.30,31 However, semiautomatic 
measurements require time and effort. In 
the present study, the average processing 
time for a nodule was 62 seconds, with the 
longest duration reaching nearly 3 minutes. 
Although this method is time consuming, 
good interobserver agreement for SSN vol-
ume measurements was observed in our 
study. Thus, we conclude that the semiau-
tomatic method could be reliable for SSN 
segmentation.

Using reliable semiautomatic volume 
measurements, all pulmonary SSNs in the 

Figure 4.  Representative axial CT imaging and pathologic findings (eosin staining; ×100, ×200): a 
non-solid nodule confirmed as minimally invasive adenocarcinoma in the nongrowth group. The 
volume and mass were 131.5 mm3 and 38.00 mg on baseline CT vs. 134.0 mm3 and 39.8 mg on final 
preoperative CT.
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Table 2.  Univariate and multivariate analyses to identify risk factors for SSN growth

Univariate analysis Univariate analysisf Multivariate analysis*

Growth group 
(n = 35)

Non-growth  
group (n = 42) P P HR (95% CI) P

Patient characteristics

  Sex .653a

    Female 25 (71.4) 28 (66.7)

    Male 10 (28.6) 14 (33.3)

  Age (years) 58.5 ± 9.8 54.2 ± 9.4 .055b .018 1.041 (1.001, 1.084) .045

  History of smoking .956a

    No 29 (82.9) 35 (83.3)

    Yes 6 (17.1) 7 (16.7)

CT characteristics

  No. of SSNs .151a

    Solitary 8 (22.9) 16 (38.1)

    Multiple 27 (77.1) 26 (61.9)

  Morphologic features <.001c .013

    Smooth 7 (20) 25 (59.5)

    Spiculated sign 3 (8.6) 1 (2.4)

    Lobulated sign 17 (48.6) 7 (16.7)

    Vacuole sign 1 (2.9) 4 (9.5)

    Pleural adhesion/retraction 7 (20) 5 (11.9)

  Subtype .036a <.001 .002

    NSN 24 (68.6) 37 (88.1) Reference

    PSN 11 (31.4) 5 (11.9) 3.430 (1.603, 7.342)

  Location .869c

    RUL 15 (42.9) 17 (40.5)

    RML 3 (8.6) 3 (7.1)

    RLL 6 (17.1) 7 (16.7)

    LUL 5 (14.3) 10 (23.8)

    LLL 6 (17.1) 5 (11.9)

Baseline mean diameter (mm) 9.4 ± 2.9 9.4 ± 3.1 .074f .027

Final maximum size of the solid 
component among SSNs (mm)

0.0 (0.0-18.6) 0.0 (0.0-7.8) <.001d

Baseline mean CT value (HU) −587.5 ± 107.4 −632.0 ± 102.0 .002f .009

Baseline volume (mm3) 237.5 (43, 1929) 238.3 (22.5, 1495) .092f .032

Baseline mass (mg) 85.5 (12, 679) 84 (6.6, 558) .065f .015

Interval time 509.7 ± 195.6 426.6 ± 207.1 .076b

VDT (days) 811.5 ± 528.2 -- NA

MDT (days) 616.5 (106.2, 15471.4) -- NA

Pathologic group .008c

  AAH/AIS 0 (0)/8 (22.9) 1 (2.4)/21 (50) NA

  MIA 14 (40) 15 (35.7) NA

  IAC 13 (37.1) 5 (11.9) NA

Values are expressed as number (%), mean ± standard deviation, or median (range).
HR, hazard ratio, CT, computed tomography, SSN, subsolid nodule; NSN, non-solid nodule; PSN, part-solid nodule; RUL, right upper lobe; RML, right middle lobe; RLL, right lower 
lobe; LUL, left upper lobe; LLL, left lower lobe; VDT, volume doubling time; MDT, mass doubling time; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ; MIA, 
minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma. One SSN per patient (choosing the more malignant one when the patient had 2 SSNs) was used for the 
analysis.
aPearson chi-square, bindependent-sample t test, cFisher exact test, dMann–Whitney U test, fKaplan–Meier analyses with the log-rank test.
*Univariate Cox proportional hazards regression analysis with forward based on conditional parameter estimation selection.
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present study were classified into a growth 
group (growth in volume with or without 
the development of solid components) and 
a non-growth group (stable or decrease 
in volume). We found that the risk of SSN 
growth increased with age, and PSNs were 
more likely to show growth than NSNs, 

which is consistent with some previous 
studies.10,13,32

In this study, the growth group was 
divided into 3 pathological groups 
(AIS, MIA, and IAC) according to the 
2015 World Health Organization classifica-
tion of lung adenocarcinomas. A previous 

study10 classified SSNs into only 2 patho-
logical groups: the non-IAC group (AIS and 
MIA) and the IAC group. We found that in 
the growth group, it was difficult to distin-
guish between MIA and AIS with regard to 
volume, mass, and CT value on baseline CT; 
however, there were significant differences 
between the AIS and MIA groups in VDT 
and MDT. We hope that our pathological 
grouping could improve imaging and treat-
ment approaches for indeterminate SSNs in 
routine workflows.

Of the 19 SSNs with plotted growth 
curves, 11 nodules were characterized 
by an ascending curve (Figure 7), but the 
upward slope varied at each stage, dem-
onstrating that the rate of SSN growth is 
not fixed but varies at different stages, 
consistent with some previous stud-
ies.33-35 Although we believe that the 
growth patterns of SSNs may vary and 
that these changes might occur at differ-
ent time points, further studies are needed 
because the number of patients with 3 or 
more preoperative CT scans in the growth 
group was small.

All enrolled patients underwent video-
assisted thoracoscopic wedge or lobec-
tomy at our hospital, of whom 16 patients 
underwent lobectomy. The median dis-
tance and quartile of the enrolled nod-
ules from the pleura was 8 mm (4 mm and 
7 mm). Of these, 59 patients underwent 
CT-guidewire localization before surgery 
to help surgeons accurately locate the 
lesions because of the distance from the 
nodules to the pleura or a low CT value. 
Five patients developed pneumotho-
rax and required treatment after surgery 
because multiple bronchopulmonary 
segments were resected at the same 
time, resulting in large surgical wounds. 
A 70-year-old patient with coronary heart 
disease died of cardiac arrest on the first 
day after surgery. Deep venous thrombo-
sis of the lower extremities occurred in 
9 patients.

There were some limitations to this study. 
First, the data came from a single center, 
and the sample size was relatively small. 
Second, the resected SSN might reflect a 
small snapshot of the growth pattern of 
each SSN. Third, we used a retrospective 
design, not a prospective design. Fourth, 
we did not assess intra-observer variability 
in SSN volume measurements.

In conclusion, as age increases, the risk 
of pulmonary SSN growth increases by 
4 % each year, and PSNs have a 3 times 

Figure 5.  Kaplan–Meier curves of the time until SSN growth. For all enrolled SSNs, the 360- and 
720-day cumulative percentages of SSN growth were 8.75% and 35%, respectively. SSNs, subsolid 
nodules.

Figure 6.  Kaplan–Meier curves of the time until SSN growth. The cumulative percentages of SSN 
growth were significantly different among the three pathological groups, and IACs showed the 
highest cumulative growth percentage. SSNs, subsolid nodules; AIS, adenocarcinoma in situ; MIA, 
minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma.
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higher risk for growth compared to NSNs in 
patients with no history of cancer. Subsolid 
nodules with more aggressive pathological 
characteristics grow at a faster rate.
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Table 3.  Thin-section CT characteristics of different pathological groups within the growth group

Characteristics

Pathological group

PAIS (n = 8) MIA (n = 14) IAC (n = 13)

Baseline volume (mm3) 101.8 (84.0, 148) * 296.5 (43, 1052) 341.0 (104.5, 
1929.0) *

.005a

Baseline mass (mg) 41.9 (24.6, 59.4) * 117.9 (12, 389.8) 179.8 (39.6, 679.0)* .009a

Baseline mean CT value (HU) −669.0 ± 62.2 * −614.6 ± 93.3 −509.7 ± 108.8 * <.001b

VDT (days) 1300.8 ± 684.6 * 730.6 ± 413.9 * # 607.1 ± 346.7 # .006 b

MDT (days) 1153.5 (405.2, 
1547.4) *

516.1 (106.2, 
911.7) *

502.0 (334.8, 
1933.5)

.020a

Values are expressed as number (%), mean ± standard deviation, or median (range). 
AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma; CT, computed 
tomography, VDT, volume doubling time; MDT, mass doubling time.
*, #significant differences between groups.
aKruskal–Wallis test, b1-way ANOVA.

Figure 7.  Growth curves by pathologic group. IAC, invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma; AIS, adenocarcinoma in situ.
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