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Abstract: Objective To summarize the clinical and molecular pathological characteristics of malignant
pulmonary nodules and improve understanding of the disease. Methods The study focuses on patients
who underwent surgical resection of small pulmonary nodules in Thoracic Surgery of Jiangsu Province
Hospital of Chinese Medicine from March 2018 to December 2021 and were pathologically confirmed to
have malignant specimens. Retrospective analysis of clinical data and molecular pathological features of
surgical specimens was conducted. Results A total of 371 patients were included, including 39 cases of
carcinoma in situ(CIS), 164 cases of microinvasive adenocarcinoma(MIA) and 168 cases of invasive
adenocarcinoma(IA); 69.8% of females, 30.2% of males, with a majority of females.87.6% of patients did not
smoke; The upper lobe of the right lung had the most malignant nodules (37.5%), followed by the lower lobe
of the left lung (18.6%). In comparion among different pathological types, the ages of CIS, MIA and IA were
(54.1±10.9), (52.2±12.6) and (59.1±9.9) years (F=16.05, P<0.01), the smoking rates were 10.3%, 3.7% and
21.4% ( χ 2=24.47, P<0.01), the median tumor diameter was 0.55, 0.60 and 0.80 cm (H=76.13, P<0.01),
respectively,with IA all being the highest, and the differences were statistically significant. The mutation
frequency of exons 19 and 21 of epidermal growth factor receptor (EGFR), and tumor suppressor protein
p53 (TP53) in IA was higher than those in CIS and MIA (P<0.05), while the mutation frequency of human
epidermal growth factor receptor 2 (HER2, 20ins), mitogen-activated protein kinase (MAP2K1) and
serine/threonine protein kinase (BRAF) was lower than those in CIS and MIA, and the differences were
statistically significant (P<0.05). Conclusions Patients with malignant pulmonary nodules may have the
following characteristics: more common in women, non-smoking, located in the upper lobe of the right
lung. There were differences in age, smoking rate, tumor diameter and driving gene mutation frequency
among the three pathological types of malignant nodules.
Keywords: Small pulmonary nodules, malignant; Carcinoma in situ; Microinvasive adenocarcinoma; Invasive
adenocarcinoma; Molecular pathological feature
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Lung cancer is a common malignant tumor
in clinical practice, which seriously affects
human health. Timely and accurate
determination of the nature of pulmonary
nodules and multi-disciplinary comprehensive
treatment with surgery are of positive
significance for improving the prognosis of
pulmonary malignant tumors. In recent years,
with the popularity of physical examination, the
detection rate of pulmonary nodules has
increased significantly.

1 Objects and Methods

1.1 Study objects

A total of 371 patients who underwent
surgical resection of small pulmonary nodules in
Cardiothoracic Surgery Department of Jiangsu
Province Hospital of Chinese Medicine from
March 2018 to December 2021 were
retrospectively selected as the study objects.

Inclusion criteria:
(1) The diameter of the surgical specimen

was less than 3 cm, and the pathological
examination showed it was lung cancer.

(2) The patient has complete clinical
information, has undergone molecular
pathological testing for lung cancer, and the data
is complete.

Exclusion criteria: metastatic or recurrent
lesions.
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1.2 Survey Methods

The clinical data was collected from the
inpatient records database, including gender, age,
smoking status, lung nodule site, pathological
type of lung nodule, tumor diameter of lung
nodule, and mutated gene detection.

Ethical review This study adopts
retrospective study method to analyze the
clinicopathological data in the patient's inpatient
medical records, which did not cause harm to the
human body nor involve the privacy rights or
commercial interests of patients' sensitive
personal information. With reference to the Note
on Exemption from Ethical Review of Nanjing
University of Chinese Medicine, this study
qualified for ethical review exemptions.

1.3 Pathological and genetic testing

Pathological examination of surgical
specimens was performed in the Department of
Pathology of Jiangsu Province Hospital of
Chinese Medicine. Pathology was performed
using HE staining method, and diagnostic results
were issued after independently read and agreed
upon by two pathologists. Genetic mutation
testing of the specimens was carried out by
Nanjing Geneseeq. All 371 nodules underwent
genetic mutation testing, including epidermal
growth factor receptor (EGFR, including exons
18,19,20,21), Kirsten mouse sarcoma virus
oncogene (KRAS), mesenchymal epithelial
transition factor (MET), anaplastic lymphoma
kinase (ALK), rearranged during transfection
(RET), serine/threonine kinase (BRAF), mitogen
activated protein kinase (MAP2K1), human
epidermal growth factor receptor 2 (HER2),
oncogenic factor 1 receptor tyrosine kinase
(ROS1) and tumor suppressor protein p53
(TP53). The test results were reported to the
Department of Pathology, and the diagnostic
results were issued after review by the molecular
pathologist of Nanjing University of Chinese
Medicine.

1.4 Statistical Methods

IBM SPSS 26.0 was used for statistical

testing. The measurement data conforming to
normal distribution were expressed as mean±SD.
One-way ANOVA was used for multiple groups
of measurement data conforming to normal
distribution and homogeneity of variance. Turky
method was used for two comparisons. Welch
analysis of variance was used for data with
inconsistent variance, and Games-Howell test
was used for pairwise comparison.

Measurement data that did not conform to
normal distribution were expressed as M (Q1,
Q3), Kruskal-Wallis H test was used for multiple
groups, and Wilcoxon's signed-rank test was
used for multiple comparisons.

The statistical data were represented by
case (%). The gender of the patient, the location
of pulmonary nodules and the distribution
difference between smokers and non-smokers
were measured by Chi-square goodness-of-fit
test. The statistical data among the three
pathological types were compared by chi-square
test with R × C contingency tables and its
segmentation. Test standard α=0.05.

2 Results

2.1 Demographic characteristics of patients
with malignant pulmonary nodules

Among the 371 patients, 69.8% were
female and 30.2% were male. Gender
distribution did not conform to the equal
proportion distribution (χ2=58.245, P<0.01). The
age of female patients was (55.1±12.1) years,
and age of male patients was (57.5±10.6) years.
There was no significant difference in age
between males and females (t=1.82, P=0.07).
There were 201 cases (54.2%) aged 55 years and
above, and 170 cases (45.8%) aged below 55
years. The difference of age between patients
with preinvasive carcinoma, microinvasive
adenocarcinoma and invasive adenocarcinoma
was statistically significant (F=16.05, P<0.01).
There was no statistical difference in the age of
patients with preinvasive carcinoma and
microinvasive adenocarcinoma (P=0.34), but the
age of patients with invasive adenocarcinoma
was higher than that of patients with preinvasive
carcinoma and microinvasive adenocarcinoma
(P<0.05). Table 1.
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Tab.1 Clinical characteristics of 371 patients with malignant pulmonary nodules

2.2 Pathological types of malignant nodules

Carcinoma in situ accounted for 10.5%,
microinvasive adenocarcinoma 44.2%, invasive
adenocarcinoma 45.3%, mainly microinvasive
adenocarcinoma and invasive adenocarcinoma.

2.3 Smoking status of patients with
malignant pulmonary nodules

Among 371 patients with malignant
pulmonary nodules, 46 (12.4%) were smokers or
former smokers, and 325 (87.6%) were
non-smokers. The smoking distribution did not
conform to the equal proportion distribution
(χ2=209.814, P<0.01). Among the three
pathological types, the smoking rate of invasive
adenocarcinoma patients was the highest, and
the difference was statistically significant
(χ2=24.31, P<0.01). See Table 1.

2.4 Location of malignant nodules

Malignant nodules in the upper lobe of the
right lung were the most common in 139 cases
(37.5%). The second was the left inferior lobe of
lung, 69 cases (18.6%), the site distribution was
not consistent with the equal proportion
distribution (χ2=79.660, P<0.01). There was no
significant difference in lesion sites among the
three pathological types (χ2=12.25, P=0.140).
See Table 1.

2.5 Tumor diameter

There was significant difference in tumor
diameter among the three pathological types of
malignant nodules (H=76.13, P<0.01). The
diameter of invasive adenocarcinoma was the
largest (P<0.01), and there was no significant
difference between in situ and microinvasive
adenocarcinoma (P>0.05). See Table 1.

2.6 Mutation frequency of driver gene
and TP53

Table 2 shows that the mutation frequency
of HER2 (20ins), MAP2K1, BRAF, TP53 and
EGFRexon21 among the three pathological
types of malignant nodules had significant
differences (P<0.05). Pair-to-pair comparison
showed that there was no difference in mutation
frequency between carcinoma in situ and
microinvasive adenocarcinoma (P>0.05).
EGFRexon19 in invasive adenocarcinoma was
significantly higher than that in preinvasive
carcinoma. Compared with carcinoma in situ
and microinvasive adenocarcinoma, the
mutation frequencies of EGFR (exon19, exon21)
and TP53 in invasive adenocarcinoma were
significantly increased, while the mutation
frequencies of HER2 (20ins), MAP2K1 and
BRAF were significantly decreased (P<0.05). In
addition, HER2 (20ins) mutations were mainly
HER2Y772_A775dup, accounting for 79.2%
(38/48). BRAF mutation, exon 15 missense
mutation V600E mutation in 3 cases, accounting
for 10.0% (3/30).

Tab.2 Frequency and mutation rates of
driving gene mutations in 371 cases of
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malignant pulmonary nodules

3 Discussion

With the wide application of chest CT examination,
especially low-dose spiral CT for screening of early lung
cancer in high-risk population, the discovery of lung
nodules is becoming more and more common [1]. The
high-density shadows lesions less than 3 cm in diameter
found by chest CT are called "pulmonary nodules".
Pulmonary nodules can be divided into ground glass
nodules, solid nodules and mixed ground glass nodules
according to the imaging findings. 95% of lung nodules
are benign, and the high-density imaging is caused by
inflammation, granuloma, or small lymph nodes [2]. The
incidence of malignant nodules is low. Based on two
large cohort data, the Pan-Canadian Early Detection of
Lung Cancer Study (PanCan) and the British Columbia
Cancer Agency (BCCA), the incidence of malignant
nodules is about 5.5% and 3.7% [3]. Timely detection of
pulmonary nodules and identification of their good and
evil properties can be timely treated in the early stage of
lung cancer, and excessive follow-up of benign
pulmonary nodules can be reduced, thus optimizing
medical costs [4]. Although more advanced imaging
techniques such as chest MR [5-6] and 18F-deoxyglucose
positron emission computed tomography (FDG PET-CT)
[7-9] are also expected to be used to improve the
accuracy of benign and malignant identification, many
studies have shown that these techniques are not superior
to chest CT at present. The chest CT image features of
pulmonary nodules were combined with independent
predictors such as age, race, smoking status, growth rate,
and underlying lung disease to build a prediction model,
which improved the accuracy of differential diagnosis
[10-11]. The application of artificial intelligence (AI) in

chest CT diagnosis has reduced the work intensity of
radiologists and improved the accuracy [12-14]. In this
study, 371 patients with malignant nodules were observed
in terms of age, gender, smoking status and other
characteristics, and it was found that the mutation
frequency of certain driver genes was different in
different pathological stages of malignant nodules. These
characteristics are helpful to accurately distinguish benign
and malignant pulmonary nodules, and also helpful to
discuss the occurrence, development and evolution of
lung cancer.

The pathological types of malignant pulmonary
nodules are mainly adenocarcinoma, which is a
progressive process from in-situ carcinoma to
microinvasive adenocarcinoma and invasive
adenocarcinoma [15]. Previous studies have shown that
older age is associated with the occurrence of malignant
pulmonary nodules [3,16]. We found that the age of
invasive adenocarcinoma patients was higher than that of
orthotopic and microinvasive adenocarcinoma patients,
but there was no difference in the mean age of patients
with orthotopic and microinvasive adenocarcinoma
patients. The older the patients, the higher the malignant
degree of malignant nodules. Roy et al. [17] showed that
208 of the 243 cases of ground glass nodules suspected to
be malignant were adenocarcinoma, and multivariate
analysis showed that females were the risk factor
(OR=4.47, P=0.002). Some researchers believe that this
phenomenon is related to genetic susceptibility and
frequent indoor smoke exposure, and point out that
current guidelines do not pay enough attention to women
as an independent risk factor [18]. The author observed
that the gender distribution of malignant nodules was
unbalanced, with more females. Roy et al. [17] also found



Chin J Clin Res, January 2024, Vol.37, No.1
that Asian people had a higher incidence of malignant
nodules. Among 243 cases of ground glass nodules
suspected to be malignant, 100% of Asian women and
86% of Asian men were diagnosed with adenocarcinoma,
while 84% of non-Asian women and 77% of non-Asian
men were diagnosed in the same study. Asian women
appear to be more likely to develop malignant lung
nodules. Studies have shown that smoking or long-term
smoking is associated with the occurrence of malignant
pulmonary nodules [19]. However, a systematic review
and analysis of the prediction models of benign and
malignant pulmonary nodules found that about 50% of
the prediction models did not include smoking status as
an independent predictor, because most malignant
pulmonary nodules are adenocarcinoma, and the
occurrence of adenocarcinoma has a low correlation with
smoking [10]. The proportion of smoking patients in 371
cases of malignant nodules observed by the author is not
high. Therefore, whether smokers are more likely to
develop malignant pulmonary nodules remains uncertain,
but it should be noted that among the three pathological
types, patients with infiltrating adenocarcinoma have the
highest smoking rate. The location of malignant nodules
is not evenly distributed. BCCA validation dataset
analysis showed that the probability of malignant nodules
in the upper lobe of the right lung was the highest (1.4%),
followed by the lower lobe of the left lung (1.3%) [3].
According to the PanCan dataset, the probability of
malignant nodules appearing in the left upper lobe of lung
was the highest (1.9%), followed by the right lower lobe
(1.7%) [3]. The results of this study were similar to the
results of BCCA data set analysis, and the most malignant
nodules were distributed in the upper lobe of the right
lung.

There was no difference in the frequency of driver
mutations between the three pathological types of
malignant pulmonary nodules except exon EGFR19/21,
BRAF, HER2 (ex20ins), MAP2K1 and TP53. HER2
mutations are present in 2% to 3% of lung
adenocarcinoma patients. According to a report by The
Cancer Genome Atlas (TCGA), 4% of patients with
non-small cell lung cancer (NSCLC) have HER2
mutations [20], of which 90% are HER2 (ex20ins), with
A775_G776insYVMA being the most common.
Subramanian, Brazel et al. [21-22] showed that HER2
(ex20ins) could continuously activate HER2 kinase,
leading to cancer. Therefore, they are classified as driving
carcinogenic mutations. HER2 (ex20ins) is associated
with women and non-smokers. The study of Nagasaka et
al. [23] showed that among 134 tumor specimens with
HER2 mutation, HER2 (ex20ins) was the most common,
accounting for 69%. Similarly, Tan et al. [24] in the
second-generation sequencing of 1 252 lung
adenocarcinoma specimens from East Asian patients, the
HER2 mutation rate was 3.1%, while the exon 20
insertion mutation accounted for 2.7%. The most
common HER2 (ex20ins) is HER2Y772_A775dup at
75%, followed by HER2G776delinsVC at 13%.

Chinese scholars observed 91 lung cancer specimens
with HER2 mutation from patients in northeast China,

and found that the HER2 mutation in lung cancer mostly
occurred in adenocarcinoma, and most of them were
stage III and stage IV. There were 14 mutation sub-types,
the most common of which were HER2 copy number
change (41.76%) and HER2 (ex20ins) (36.26%) [25].
However, it has been reported that the frequency of
insertion mutation of ERBB2 in Brazilian NSCLC is very
low, and the frequency of HER2 (ex20ins) in 722 NSCLC
cases is only 0.8% (6/722), and all of them are
adenocarcinomas [26]. The HER2 (ex20ins) mutation rate
of malignant pulmonary nodules in this study was
different from that reported in the literature [24-25], and
the mutation type was mainly HER2Y772_A775dup, which
was close to that reported in the literature. [24]

Mitogen-activated protein kinase (MAPK) pathway
is an important signaling pathway, which plays an
important role in cell survival and proliferation. RAS
upstream of the pathway is activated to produce a cascade
reaction of RAF-MEK-ERK. There are three types of
RAF, namely ARAF, BRAF and CRAF, and their
downstream signaling pathways composed of MEK1/2
and ERK1/2 kinases. Genetic alterations in this pathway
are most prevalent in human cancers, including many
hotspot mutations, such as BRAFV600E [27]. The
mutated BRAF protein has elevated kinase activity,
leading to infinite cell proliferation and development into
cancer [28]. There are different reports on the mutation
frequency of BRAF in NSCLC. Roviello et al. [29]
reported that the incidence of BRAF gene mutation in
NSCLC is relatively low, ranging from 0 to 3%.
Riudavets et al. [30] reported that the mutation rate of
BRAF in NSCLC was 4%, and Leonetti et al. [31]
reported that the mutation rate was 1.5% -3.5%. In 371
cases, BRAF and TP53 were significantly higher in
preinvasive carcinoma and microinvasive
adenocarcinomas than in invasive adenocarcinomas, and
the mutation rate of BRAF was higher than that reported
in the literature. Zhang et al. [32] found that EGFR
mutation was the most common driving change in in-situ
carcinoma, microinvasive adenocarcinoma and invasive
adenocarcinoma, while TP53 was found in microinvasive
adenocarcinoma and invasive adenocarcinoma, but not in
preinvasive carcinoma. Mutations in EGFR, ERBB2,
NRAS, and BRAF are believed to be early genomic
events during carcinogenesis, while mutations in TP53
and genes associated with cell migration, gap junction,
and metastasis may be late events associated with tumor
progression. Therefore, TP53 mutation may lead to
further increase of tumor aggressiveness.

This study is a small sample of surgical samples of
malignant pulmonary nodules. The population and timing
of surgery were selected, which may increase the
selectivity bias of the study. In addition, the data reported
by pathology and molecular pathology in clinical cases
are not comprehensive and precise enough. The sample
size and comprehensive collection and analysis of
molecular biological detection data need to be expanded
to improve the accuracy of observation results.
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.>8;67! 517[07Y* +̀ÈP̂ P" )%))" ')O$'%! )=(

?

)O'E

*'+@ -̂g0660549P" M544745U0̂ B" 5̂R> L̀" 7V56Ec1>Z5Z060VR>X

-5.-710. W;64>.51R.>8;67987V7-V78 >. X019V9-177.0.UBM* +̀EF

2.U6̀ 7̂8" )%$'" '=*$$%%! *$%

?

*$*E

*(+@B1;0-/9:5./ P" AV07671K" P4771CE2[56;5V0>. >XV:79>60V51RW;63

4>.51R.>8;67* +̀E#.V71. 7̂8 "̀ )%$*" (*$'%! '%=

?

'$DE
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*$H+ B:7. d" G0h" T5>h" 7V56Ê 560U.5.-R109/ 9V15V0X0-5V0>. X>19>60V53

1RW;64>.51R.>8;67! 5-60.0-56W15-V0-7U;08760.7* +̀È 2[08 d5978

7̂8" )%))" $D$)%! $()

?

$D$E

*$*+ P15;,>3C06:>̀Pd" T56W7..R!" -̂h;587B" 7V56Ê 5.5U747.V>X
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