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Abstract
Background: Advances in chest computed tomography (CT) have resulted in more
frequent detection of subcentimeter pulmonary nodules (SCPNs), some of which are
non-benign and may represent invasive lung cancer. The present study aimed to
explore the correlation between pathological diagnosis and the CT imaging manifesta-
tions of SCPNs.
Methods: This retrospective study included patients who underwent pulmonary resec-
tion for SCPNs at Shandong Provincial Hospital in China. Lesions were divided into
five categories according to their morphological characteristics on CT: cotton ball,
solid-filled with spiculation, solid-filled with smooth edges, mixed-density ground-
glass, and vacuolar. We further analyzed lesion size, enhancement patterns, vascular
aggregation, and SCPN traversing. Chi-square tests, Fisher’s exact tests, and Welch’s
one-way analysis of variance were used to examine the correlation between CT imag-
ing characteristics and pathological type.
Results: There were statistically significant differences in the morphological distribu-
tions of SCPNs with different pathological types, including benign lesions and malig-
nant lesions at different stages (p < 0.01). The morphological distributions of the four
subtypes of invasive lung adenocarcinoma also exhibited significant differences
(p < 0.01). In addition, size and enhancement patterns differed significantly among
different pathological types of SCPNs.
Conclusion: Different pathological types of SCPNs exhibit significant differences
based on their morphological category, size, and enhancement pattern on CT imaging.
These CT characteristics may assist in the qualitative diagnosis of SCPNs.
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INTRODUCTION

With an estimated 2.2 million new cancer cases and 1.8 mil-
lion deaths in 2020, lung cancer has become the second
most commonly diagnosed cancer and the leading cause of
cancer death, representing approximately 1 in 10 cancers

diagnosed and 1 in 5 deaths.1 Although survival rates for all
cancers have improved in recent years, the survival rate for
lung cancer remains one of the lowest because patients are
often diagnosed at later stages, when curative treatment is
not possible. However, timely diagnosis and accurate treat-
ment strategies in the early stage of lung cancer can signifi-
cantly improve patient survival.2

Advances in imaging technology and widespread use of
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detection of small lung lesions,3 some of which present as
subcentimeter pulmonary nodules (SCPNs). Determining the
nature of SCPNs (i.e., lung nodules with a maximum
diameter ≤1 cm) remains challenging. In addition to the extra
costs and procedural risk of biopsy, these small lesions are clin-
ically difficult to puncture, and histological types are difficult to
identify based on cytology specimens.4,5 Non-invasive imaging
modalities used to evaluate SCPNs mainly include PET-CT
and CT. However, previous studies have reported that the diag-
nostic value of PET-CT for detecting SCPNs is limited.6 SCPNs
exhibit different morphologies on CT images, including differ-
ences in size, shape, edge patterns, and density. However, few
studies have analyzed SCPNs based on CT characteristics,7,8

and whether these differences are regular and useful for diag-
nosis remains to be determined.

In the present retrospective study, we aimed to investi-
gate the diagnostic value of CT imaging characteristics for
SCPNs, especially for the identification of early lung cancer.

METHODS

Patients

Between June 2018 and December 2020, a total of 462 patients
with solitary SCPNs underwent surgical resection in the
Department of Thoracic Surgery, East Hospital of Shandong
Provincial Hospital. The hospital records of all these patients
were reviewed. The study was approved by the Medical Ethics
Commission of Shandong Provincial Hospital (No. 2019-106),
and all patients signed their informed consent. This study
included 354 patients with solitary SCPNs who underwent pul-
monary resection at Shandong Provincial Hospital. Criteria for
inclusion in the analysis were as follows: (1) thin-layer chest
CT (≤1.0 mm) performed within 2 weeks before surgery;
(2) pulmonary nodules on CT imaging with a maximum dia-
meter ≤10 mm in the lung window; (3) R0 surgical resection of
solitary SCPNs; (4) complete, good quality images. The exclu-
sion criteria were as follows: (1) multiple pulmonary nodules;
(2) absence of imaging, pathological, or clinical data; (3) previ-
ous medical history of malignant tumor; (4) treatment of pul-
monary nodules with puncture or conservative therapy. Finally,
data were collected for a total of 354 consecutive patients.

CT scan protocol

CT scans were performed during deep inspiration at total lung
capacity from the thoracic inlet to the upper portion of the kid-
neys using a Toshiba Aquilion One 640 CT scanner (Toshiba
Corporation). The protocol parameters were as follows: tube
voltage, 120 kVp; tube current, 40–60 mAs; and slice thickness,
1.0 mm. For contrast-enhanced CT, a 60–80 ml bolus of
ioversol (350 mg/ml) (Jiangsu Hengrui Pharmaceutical
Co. Ltd) was injected into a cubital fossa vein at a flow rate of
3.0–3.5 ml/s using a power injector (Ulrich GmbH & Co.).
Image acquisition started 65 s after completion of the injection.

Images were reconstructed using high-resolution lung tissue
and mediastinal soft tissue algorithms.

Pathological diagnosis

All pathological specimens were obtained after surgical re-
section (including wedge and pulmonary segment resections,
and pulmonary lobectomy). The specimens were fixed in 10%
neutral formalin, embedded in paraffin, and stained with
hematoxylin and eosin. Pathological diagnosis and categoriza-
tion of atypical adenomatous hyperplasia (AAH), adenocarci-
noma in situ (AIS), minimally invasive adenocarcinoma
(MIA), and invasive adenocarcinoma (IAC) were made based
on the new pulmonary adenocarcinoma classification (2011
edition).9 Two pathologists with more than 15 years working
experience determined the pathological diagnosis, and any dis-
agreement was resolved through mutual consultation.

Nodule evaluation

SCPNs in the lung window (window width, 1500 HU; win-
dow level, �500 HU) and mediastinal window (window
width, 350 HU; window level, 50 HU) were located for
observation. Based on their density, pulmonary nodules
were divided into pure ground-glass nodules (pGGNs),
mixed ground-glass nodules (mGGNs), and solid nodules
(SNs). Ground-glass nodules (GGNs) were defined as those
with hazily increased attenuation in the lung with preserva-
tion of contour in the bronchial and vascular structures. SNs
were defined as soft tissue densities obscuring lung texture
as well as the bronchial and vascular contours, while
mGGNs were defined as those with increased focal density
containing both ground glass and solid components.10

We analyzed two categories of CT features for SCPNs:
overall morphological features and detailed image features.
According to the classification method of previous studies,11–13

combined with the data collected at our hospital, nodules were
divided into five morphological characteristics types (Figure 1):

• Type I (cotton ball): lesions presenting as round or oval
nodules, pGGNs, or mGGNs, with a shape similar to that
of a cotton ball. For mGGNs, small amounts of solid com-
ponents located in the center and surrounded by GGO
can also present cotton ball–like morphology.

• Type II (solid-filled with spiculation): lesions presenting as
round or oval SNs with spiculations visible at the edges.

• Type III (solid-filled with smooth edges): solid circular or
elliptical lesions with smooth edges.

• Type IV (mixed-density ground-glass nodules): lesions
mainly composed of ground glass components in the lung
window, with some solid components distributed in the
center or periphery of the nodule, or in the form of gran-
ular distribution.

• Type V (vacuolar): lesions characterized by single or mul-
tiple vacuoles (i.e., cavities of air density).
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Radiographic details of SCPNs including size, degree of
enhancement on contrast-enhanced CT, and the relationship
between nodules and blood vessels were also analyzed. SCPN
size was evaluated based on two-dimensional length. Data were
obtained using the semi-automatic measurement software Cen-
tricity RIS/PACS Web Report (General Electric Medical Sys-
tems Co., Ltd). Nodules were located in the pulmonary window
(window width, 1500 HU; window level, �500 HU), and the
length and width measurements were made on the magnified
image that represented the largest cross-sectional area of the
nodule, following which the two-dimensional length of the
nodule was calculated as the average of its length and width.14

Nodules were considered significantly enhanced if any of
the images obtained after the injection of ioversol exhibited
enhancement greater than 15 HU.15 If SCPNs contained ves-
sels traversing or gathering blood vessels, the relationship
between SCPNs and blood vessels was defined as positive,
abbreviated as BV (+). Otherwise, it was defined as BV (�).

All nodules were evaluated by two radiologists with
more than 15 years of radiology experience. Any disagree-
ment was discussed and resolved through mutual
consultation.

Statistical analysis

SPSS 25.0 (IBM Corporation) was used for statistical analysis.
A chi-square test was used to determine the distribution of the
five morphological types of nodules, degree of enhancement,
and relationship between nodules and blood vessels for differ-
ent pathological types. If any lattice count was less than 5, Fish-
er’s exact test was used. A Fisher-Freeman-Halton’s test was
calculated via Monte Carlo sampling. For pairwise compari-
sons of preinvasive lesions, MIA, IAC, and the four subtypes of
IAC, Chi-square or Fisher’s exact test was used with a
Bonferroni’s correction of p-value. Quantitative data are
expressed as the mean � standard deviation, and the Shapiro–
Wilk test was used to verify the normality of continuous
variables (i.e., lesion sizes for different pathological types).
One-way ANOVA was used if the data displayed a normal dis-
tribution, otherwise the nonparametric test was used. Levene’s
homogeneity of variance test was applied, and if the variance
was homogeneous, a classical one-way ANOVA was used. If
the variances were not homogenous, Welch’s one way analysis
of variance test was used. Pairwise comparisons were per-
formed using the Games-Howell post hoc test. p < 0.05 was
considered statistically significant.

RESULTS

Basic characteristics

A total of 354 patients with SCPNs were included in the
study, including 121 men and 233 women. All participants
ranged from 20 to 80 years of age, with a median age of
52 years. There were 47 smokers and 307 non-smokers.

F I G U R E 1 Five different morphological types. The left side of each
line is the image, and the right side is the paraffin pathology. (a) Type I,
cotton ball. (b) Adenocarcinoma in situ. (c) Type II, solid filled with
spiculation. (d) Invasive adenocarcinoma. (e) Type III, solid filled with
smooth edges). (f) Pulmonary hamartoma. (g) Type IV,mixed density
ground glass nodule, solid components distributed in the center.
(h) Inflammatory pseudotumor. (i) Type IV, mixed density ground glass
nodule, solid components distributed in the periphery. (j) Invasive
adenocarcinoma. (k) Type IV, mixed density ground-glass nodule,
solid components are in the form of granular distribution. (l) Invasive
adenocarcinoma. (m) Type V, vacuolar. (n) Invasive adenocarcinoma
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There were no statistically significant differences in sex dis-
tribution or smoking history between patients with benign
lesions and those with malignant lesions (p > 0.05). No cases
of lymph node metastasis were observed in patients with
malignant lung nodules. The clinical characteristics and his-
topathological classifications for the included patients are
shown in Table 1.

Morphological distribution of different
pathological types

Pathological types of SCPNs were distributed as follows:
twenty-six cases of inflammatory pseudotumor (IP), four
cases of pulmonary tuberculosis (TB), three cases of
intrapulmonary lymph nodes, two cases of small cell lung
cancer (SCLC), six cases of pulmonary hamartoma (HT),
four cases of bronchial adenoma (BA), and 309 cases of vari-
ous types of lung adenocarcinoma and premalignant lesions.
The morphological classification data for SCPNs with differ-
ent pathological types are shown in Table 2.

Type I (cotton ball) lesions were the most common type of
SCPN (179 cases, 50.6%). Almost all cases of this morphologi-
cal type were lung adenocarcinoma and premalignant lesions
(173 cases, 96.6%). Type II (solid-filled with spiculation) lesions
were observed in 57 cases (16.1%), the majority of which were
IAC (34 cases, 59.6%). Type III (solid-filled with smooth edges)
were observed in 22 cases (6.2%), most of which were benign
(14 cases, 63.6%), although there were two cases of SCLC in
this group. Type IV (mixed-density ground-glass nodules)
were observed in 72 cases, 65 of which were lung adenocarci-
noma and premalignant lesions, and infiltrating lesions (MIA
+ IAC) were observed in 48 cases. Type V (vacuolar) lesions
were observed in 24 cases (6.8%), most of which were lung
adenocarcinoma and premalignant lesions (21 cases, 87.5%).
The remaining three cases were benign (inflammatory
pseudotumor, n = 2; tuberculosis, n = 1).

Based on the degree of infiltration, the 309 cases of lung
adenocarcinoma and premalignant lesions were divided into
three groups (Table S3): preinfiltrating lesions including
AAH and AIS, MIA, and IAC. Pairwise comparisons
(Table S1) were corrected by using Bonferroni’s correction
of p-value, and p < 0.0167(0.05/3) was considered statisti-
cally significant. There were statistically significant morpho-
logical differences in the pairwise comparison among the

T A B L E 1 Clinical characteristics and histopathological classification

Characteristics Overall

Sex Male 121 (34.2%)

Female 233 (65.8%)

Age (years old) Median (range) 52 (20–80)

Smoking Yes 47 (13.3%)

No 307 (86.7%)

Tumor location Right upper lobe 108 (30.5%)

Right middle lobe 30 (8.5%)

Right lower lobe 66 (18.6%)

Left upper lobe 90 (25.4%)

Left lower lobe 60 (17.0%)

Histopathology AAH 28 (7.9%)

AIS 103 (29.1%)

MIA 86 (24.3%)

IAC 92 (26.0%)

Benign lesions 43 (12.1%)

SCLC 2 (0.6%)

Histological subtype Acinar-predominant 59 (64.1%)

Lepidic-predominant 19 (20.7%)

Papillary-predominant 10 (10.9%)

Mucinous adenocarcinoma 4 (4.3%)

T A B L E 2 Morphological classification data of different pathological types

Group

Morphological type

TotalType 1 Type 2 Type 3 Type 4 Type 5

AAH 17 (60.7%) 4 (14.3%) 0 (0.0%) 5 (17.9%) 2 (7.1%) 28 (100%)

AIS 82 (79.6%) 1 (1.0%) 0 (0.0%) 12 (11.7%) 8 (7.8%) 103 (100%)

MIA 60 (69.8%) 5 (5.8%) 1 (1.2%) 18 (20.9%) 2 (2.3%) 86 (100%)

IAC 14 (15.2%) 34 (37.8%) 5 (5.4%) 30 (33.8%) 9 (6.8%) 92 (100%)

IP 4 (15.4%) 12 (46.2%) 4 (15.4%) 4 (15.4%) 2 (7.6%) 26 (100%)

PH 0 (0.0%) 1 (16.7%) 5 (83.3%) 0 (0.0%) 0 (0.0%) 6 (100%)

BA 1 (25.0%) 0 (0.0%) 1 (25.0%) 2 (50.0%) 0 (0.0%) 4 (100%)

LN 0 (0.0%) 0 (0.0%) 3 (100.0%) 0 (0.0%) 0 (0.0%) 3 (100%)

TB 1 (25.0%) 0 (0.0%) 1 (25.0%) 1 (25.0%) 1 (25.0%) 4 (100%)

SCLC 0 (0.0%) 0 (0.0%) 2 (100.0%) 0 (0.0%) 0 (0.0%) 2 (100%)

Total 179 (50.6%) 57 (16.1%) 22 (6.2%) 72 (20.3%) 24 (6.8%) 354 (100%)

Note: Type I, cotton ball; type II, solid filled with spiculation; type III, solid filled with smooth edges; type IV, mixed density ground-glass nodule; type V, vacuolar.
Abbreviations: AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ; BA, bronchial adenoma; IAC, invasive adenocarcinoma; IP, inflammatory pseudotumor;
LN, lymph nodes; MIA, minimally invasive adenocarcinoma; PH, pulmonary hamartoma; SCLC, small cell lung cancer; TB, tuberculosis.
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three groups, except for the comparison between MIA and
preinfiltrating lesions (p = 0.115).

Morphological distribution of different IAC
subtypes

A total of 92 SCPNs examined in this study were IAC. The
pathological subtypes included acinar-predominant adeno-
carcinoma (59 cases, 64.1%), lepidic-predominant adenocar-
cinoma (19 cases, 20.7%), papillary-predominant
adenocarcinoma (10 cases, 10.9%) and invasive mucinous
adenocarcinoma (4 cases, 4.3%) (Table 3). Fourteen of the
92 IACs were type I (cotton ball) lesions, most of which
were lepidic-predominant adenocarcinoma (11 cases,
78.6%). Type II (solid-filled with spiculation) lesions were
observed in 34 cases, most of which were acinar-
predominant adenocarcinoma (25 cases, 73.5%). There were
five type III lesions, including three cases of mucinous ade-
nocarcinoma and two cases of acinar-predominant adeno-
carcinomas. Type IV (mixed-density ground-glass nodules)
lesions were observed in 30 cases, the majority of which
were acinar-predominant adenocarcinoma (20 cases 66.7%).
Type V lesions were observed in nine cases, all of which
were acinar-predominant adenocarcinoma. Pairwise com-
parisons (Table S2) were corrected using Bonferroni’s cor-
rection of p-value; p < 0.0083(0.05/6) was considered
statistically significant. There were statistically significant

morphological differences in the pairwise comparison
among the four subtypes, except for the comparison
between the acinar-predominant and papillary-predominant
types (p = 0.588).

SCPN size, enhancement, and relationship with
blood vessels

For this analysis, SCPNs were categorized into four groups
according to pathological diagnosis: benign lesions,
preinfiltrating lesions (AAH + AIS), MIA, and IAC. After
the Shapiro–Wilk test and Levene’s homogeneity of variance
test, Welch’s one-way analysis of variance was used. The dif-
ference in two-dimensional length among the four pathologi-
cal groups was statistically significant (Table 4) (Welch’s
F = 114.091, p < 0.01). The two-dimensional length of lung
nodules was 7.36 � 0.59 mm in the benign group,
7.95 � 0.56 mm in the preinfiltration group, 8.38 � 0.65 mm
in the MIA group, and 8.94 � 0.46 mm in the IAC group.
The Games–Howell test was applied to pairs, and the results
indicated that the difference between the groups was statisti-
cally significant (p < 0.01).

We also analyzed the degree of enhancement and the
relationship between SCPNs and blood vessels in each of the
four groups (Tables 5 and 6). There were statistically signifi-
cant differences in enhancement among the different patho-
logical types (p < 0.01). The enhancement probability in the

T A B L E 3 Morphological classification data of different pathological subtypes of IAC

Group

Morphological type

p-valueType 1 Type 2 Type 3 Type 4 Type 5

Mucinous
adenocarcinoma

0 (0.0%) 0 (0.0%) 3 (75.0%) 1 (25.0%) 0 (0.0%) <0.001

Papillary-
predominant

0 (0.0%) 7 (70.0%) 0 (0.0%) 3 (30.0%) 0 (0.0%)

Lepidic-
predominant

11 (57.9%) 2 (10.5%) 0 (0.0%) 6 (31.6%) 0 (0.0%)

Acinar-
predominant

3 (5.1%) 25 (42.4%) 2 (3.4%) 20 (33.9%) 9 (15.3%)

Total 14 (15.2%) 34 (37.0%) 5 (5.4%) 30 (32.6%) 9 (9.8%)

Note: Type I, cotton ball; type II, solid filled with spiculation; type III, solid filled with smooth edges; type IV, mixed density ground-glass nodule; type V, vacuolar.

T A B L E 4 The two-dimensional length of lesions in four groups

Group Cases Mean Standard deviation Standard error

95% CI

Minimum Maximum p-valueLow limit Upper limit

BL 43 7.36 0.59 0.09 7.18 7.54 6.05 8.37 <0.001

AAH + AIS 131 7.95 0.56 0.05 7.85 8.04 6.5 9.28

MIA 86 8.38 0.65 0.07 8.25 8.52 6.63 9.59

IAC 92 8.94 0.46 0.05 8.85 9.04 7.87 9.88

TOTAL 352 8.24 0.76 0.04 8.16 8.32 6.05 9.88

Note: BL, benign lesions; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma.
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IAC group was higher than that in the other three groups,
reaching 53.3%. The proportion reached 25.6% for benign
lesions, 12.8% for MIA, and 9.2% for preinfiltrating lesions.
There were no significant differences in the relationships of
SCPNs with blood vessels among the four groups (p > 0.05).

DISCUSSION

CT is commonly used for rapid and clear volume-based
imaging of the chest and is of unquestionable value in the
detection of small lung nodules and lung cancer. The
National Lung Cancer Screening Trial in the United States
has shown that low-dose CT screening can reduce lung can-
cer mortality in high-risk individuals by 20%.16 However,
with the more frequent identification of small pulmonary
nodules—especially SCPNs—the qualitative diagnosis of
pulmonary nodules has become a new problem. To address
this issue, we explored the correlation between pathological
diagnosis and the CT imaging manifestations of SCPNs.
Our findings indicated that different pathological types of
SCPNs exhibit significant differences based on their mor-
phological category, size, and enhancement pattern on CT
imaging. Given that most patients with SCPNs present with
no clinical manifestations, these differences may be of sub-
stantial diagnostic value.

Smoking is recognized a major risk factor for lung can-
cer, however, in our study, 272 of 311 patients with malig-
nant SCPNs were nonsmokers, accounting for 87.5%. Thus,
the proportion of smokers was nearly the same as that in the
benign group, in contrast to previous findings.17 This may
be because, except for the two cases of SCLC, all malignant
SCPNs in our study were adenocarcinoma. The relationship
of smoking with lung adenocarcinoma is weaker than that
with lung squamous cell carcinoma and SCLC. Additionally,
our patients were relatively young on average, and there
were only 38 patients aged 65 years or older. All patients
belonged to the Eastern Asian population, and research has
indicated that the proportion of lung cancer in never-
smokers in Eastern Asian has increased over time.18 With
the successful implementation of smoking prevention and

cessation programs, the proportion of lung cancer in non-
smokers is expected to increase continuously. Our result
may have also been influenced by the selection bias inherent
to studies with small sample sizes, highlighting the need for
additional clinical data regarding SCPNs to determine their
relationship with smoking.

“Traditional lung cancers” are mostly large, solid lung
malignant tumors.19 These lung cancers exhibit well-known
imaging characteristics such as lobulation, spiculation, air
bronchogram, pleural indentation, and vessel convergence.20–23

However, these features are of limited value for the qualitative
diagnosis of SCPNs. Importantly, our data indicate that SCPNs
exhibit certain CT imaging features that can assist in qualitative
diagnosis. In our study, most SCPNs were type I (cotton ball)
lesions (179, 50.6%). While most cases presented as AAH, AIS,
and MIA (159, 88.8%), some cases of IAC were also observed
in the type I group (14, 15.2%), with low-grade malignant his-
tological subtypes of lepidic-predominant adenocarcinoma and
acinar-predominant adenocarcinoma. These findings are con-
sistent with those of previous studies.24–26 Despite the high
probability of malignancy, prognosis in patients with type I
lesions is still rather good.27

Because their alveolar cavities are filled with cells or cel-
lular secretions, type II (solid-filled with spiculation) and
type III (solid-filled with smooth edges) lesions appear
solid.10,28.The two types differ based on the presence of spic-
ulation at the edges of lesion, which is mainly related to the
inflammatory response, connective tissue hyperplasia, or
external invasion of cancer tissue along the blood vessels
and bronchi.29,30.In the current study, type II lesions were
mainly adenocarcinoma, followed by inflammatory
pseudotumor. These two types are very similar on imaging
and can be difficult to distinguish. However, our findings
indicated that adenocarcinoma exhibited a significantly
higher proportion of enhancement on enhanced CT images,
suggesting that the enhancement pattern can assist in identi-
fying the nature of type II nodules. In contrast, most type III
lesions were benign. These small, solid nodules with smooth
edges on CT images often indicate IPs, HTs, and
intrapulmonary lymph nodes. There were five cases of IAC
(3 mucinous adenocarcinoma and 2 acinar-predominant
adenocarcinoma) that manifested as type III; it is worthy of
note that two cases of SCLC also manifested as this type.
However, for type III lesions, there was no significant differ-
ence in the enhancement ratio of benign and malignant
lesions, as HTs and intrapulmonary lymph nodes also
exhibited larger enhancement ratios. Furthermore, three
cases of type III mucinous adenocarcinoma that we collected
were all close to the chest wall and located in the lower lobe
of the lung.

T A B L E 5 Enhancement among four groups

Group BL AAH + AIS MIA IAC χ 2 p-value

Enhancement � 32 119 75 43 65.745 <0.01

+ 11 12 11 49

T A B L E 6 Relationship with blood vessels among four groups

Group BL AAH + AIS MIA IAC χ 2 p-value

BV � 29 94 56 66 1.399 0.713

+ 14 37 30 26

Abbreviations: AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ;
BL, benign lesions; IAC, invasive adenocarcinoma; MIA, minimally invasive
adenocarcinoma.

1072 HU ET AL.



SCLC is a highly malignant neuroendocrine tumor charac-
terized by rapid growth, early metastasis, and spread to
regional lymph nodes and distant sites.31 SCLC often appears
as a solid tumor with clear borders, a lobulated form, and
enhancement on CT. Such tumors are usually found late,
meaning that their volumes are relatively large. In the current
study, two type III SCPNs were SCLC and exhibited CT imag-
ing characteristics that differ from those of larger SCLCs.
According to our institution’s experience, SCPNs with smooth
edges are not necessarily benign, and they may even be highly
malignant. Given this difficulty with imaging performance,
follow-up is necessary for SCPNs that manifest as type III
lesions. We believe that 3 months is an appropriate interval for
the first follow up. In most situations, volume changes will be
observed during short-term follow-up in cases of high-grade
malignant nodules, but not in cases of benign nodules. Further-
more, short-term follow-up can avoid delays in the treatment
of malignant tumors.

Type IV (mixed-density ground-glass nodules) lesions
include both solid and ground-glass components in the lung
window. Some tumor cells will grow along the alveolar wall
without completely filling the alveolar cavity, while other
cells and secreted mucus will gradually fill the cavity. At the
same time, fibrous tissue proliferation gradually increases,
and the alveolar structure collapses.11 Most type IV lesions
are lung adenocarcinoma, particularly invasive lung adeno-
carcinoma. However, in all patients with SCPNs, this type is
highly suggestive of malignancy and invasiveness. Thus, we
believe that it is necessary to increase vigilance when screen-
ing reveals type IV lesions.

Type V (vacuolar) lesions are characterized by single or
multiple vacuoles, which refer to cavities of air density. The
growth of tumor cells destroys the scaffold tissue of the cen-
tral lung, leading to the formation of vacuoles. Multiple
small vacuoles can merge to form larger or polygonal vacu-
oles.32 In the current study, 21 of 24 type V lesions were
lung adenocarcinoma, while the remaining lesions represen-
ted IP (n = 2) or tuberculosis (n = 1). Uneven thickness of
the cavity wall is a malignant sign, which is also helpful for
the diagnosis of SCPNs.

Our analysis also indicated that there were significant
differences in lesion size among the different pathological
types. Especially for malignant SCPNs, the degree of inva-
sion gradually increased with increasing size. This is consis-
tent with our previous research.33,34 The results of our study
also corroborated the finding that CT enhancement >15 HU
is statistically significant for the detection of malignant
SCPNs.35 However, enhancement combined with morpho-
logical classification has greater diagnostic value. As men-
tioned above, enhancement is valuable for qualitative
identification in cases of type II lesions, but in cases of
type III lesions. Previous studies investigating the relation-
ship between SCPNs and blood vessels have yielded incon-
sistent results.7 Our analysis indicated that vascular
aggregation and traversing were not statistically significant
for the identification of SCPNs.

In addition, we believe that follow-up is relevant in the
qualitative diagnosis of SCPNs. The National Comprehen-
sive Cancer Network (NCCN) guidelines recommend deter-
mining the risk of nodule formation based on individual
characteristics such as age; smoking, family, and exposure
history, and imaging manifestations of lung nodules.36,37

However, with the rising incidence of lung adenocarcinoma
and the increased number of non-smokers and younger
patients with lung cancer, individual characteristics are
increasingly difficult for use in determining the degree of
the risk of developing nodules. Moreover, the follow-up of
radiological factors plays an increasingly important role in
determining the degree of the risk of nodular formation.
Almost all SCPNs that received surgical treatment at our
center underwent a follow-up period of at least one month.
Short-term follow-up can identify mostly pneumonia and
assist in identifying some type III solid nodules. According
to our data, the risk of developing lung nodules differed
among the five morphological types. As types I, IV, and V
lung nodules are mostly preinvasive lesions or low-grade
malignancies, follow-up intervals of 6–12 months are appro-
priate. Meanwhile, a short-term follow-up period of 1–3 months
is appropriate for types II and III lung nodules.

Although many imaging studies have investigated the
characteristics of small lung nodules, few have focused on
SCPNs. We first classified SCPNs into five morphological
types, following which size and enhancement were incorpo-
rated for diagnosis. This method is effective and easy to
implement. Nevertheless, our study also had some limita-
tions. First, it had a clear selection bias, as we only included
patients who had undergone surgery. Second, some factors
were measured manually (enhancement, vascular aggrega-
tion), which inevitably leads to some error. In addition, the
sample size was small, highlighting the need for additional
data to determine the correlation between CT features and
pathological typing for SCPNs.

In conclusion, different pathological types of SCPNs
exhibit significant differences based on their morphological
category, size, and enhancement pattern on CT imaging.
These CT characteristics may assist in the qualitative diag-
nosis of SCPNs.
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