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Summary

Purpose: To observe the clinical features of low-dose, high-res-
olution computed tomography (LDCT) and changes in serum 
tumor markers in malignant pulmonary solid small nodules 
(MPSSN), and to analyze the difference in survival of pa-
tients with malignant and benign PSSN 3 years after surgery.

Methods: Patients were enrolled from the thoracic sur-
gery department of three hospitals. According to pathologi-
cal diagnosis, all patients were divided into the case group 
(MPSSN, n=157) and the control group (BPSSN, n=75). 
There were no significant differences in gender, smoking 
habit, and family disease history. All subjects were subject-
ed to LDCT. Four serum tumor markers (CEA, SCC, NSE, 
ProGRP) were examined simultaneously. Two independent 
sample t-tests, Mann-Whitney U rank sum test and Pearson 
chi-square test were used for comparsions. Two-category lo-
gistic regression was performed to analyze LDCT index and 
serum tumor markers levels of the two groups. ROC curve 
was used to evaluate the diagnostic sensitivity and specificity 
of relevant indicators. Kaplan-Meier method, log-rank and 
generalized Wilcoxon test were used to analyze the survival 
rate of patients after surgery.

Results: In univariate analysis, age, nodule size, bronchial 
aeration sign, bronchial truncation sign, burr sign, smooth 

sign and lobulated sign, SCC, NSE, and ProGRP were signifi-
cantly different between two groups (p<0.05 or 0.01). In the 
regression analysis, there was a significant correlation be-
tween MPSSN and age (X1) [95%CI (1.272, 5.257), p=0.009], 
nodule size (X2) [95%CI (1.066, 2.746), p=0.041], bronchial 
aeration sign (X3) [95%CI (1.384, 11.425), p=0.010], bron-
chial truncation sign (X4) [95 %CI (1.269, 13.444), p=0.018] 
and burr sign (X5) [95%CI (0.054, 0.661), p=0.009], Pro-
GRP (X10) [95%CI (1.302, 2.439), p=0.040]. The stepwise 
regression equation is Logistic(p)=-3.014+0.950 X1+0.064 
X2+1.380 X3+1.419 X4-1.666 X5+0.263 X10. Log-rank and 
generalized Wilcoxon test analysis showed no difference in 
survival rate between the two groups (log rank p=0.271, gen-
eralized Wilcoxon, p=0.139).

Conclusions: The levels of CEA, SCC, NSE and ProGRP in 
MPSSN were increased; age, nodule size, bronchial aeration 
sign, bronchial truncation sign and burr sign had predictive 
value for MPSSN. Patients with PSSN had better survival 
rates at 3 years after surgery. 

Key words: malignant pulmonary solid small nodules, com-
puted tomography, high risk factors, serum tumor markers, 
survival, case-control study

Introduction

 The mortality rate of malignancies has been 
increasing year by year, and it is becoming a com-
mon public health problem all over the world [1]. 

In the past two or three decades, lung cancer has 
been the most common malignancy in the world 
with the highest morbidity and mortality [2]. The 
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incidence of lung cancer is expected to significantly 
increase not only in developed countries, such as 
USA, but also in developing countries, such as Chi-
na [3,4]. According to the 2015 China Cancer Statis-
tics Report, the expected morbidity and mortality 
rate of lung cancer in China are both the highest 
[5]. According to the National Cancer Center regis-
tration data, the incidence of lung cancer in 2013 
was as high as 53.86/105, and the mortality rate 
was 43.41/105 [6]. The incidence of lung cancer in 
recent years shows an increasing trend [7].
 In recent years, with the continuous improve-
ment of people’s health awareness and the popular-
ization of high-resolution computed tomography 
(CT) examination, the detection rate of small nod-
ules in the lung is gradually increasing. Pulmonary 
nodules are defined as round or irregular lesions 
with a diameter ≤3 cm [8]. CT is characterized by 
increased density of opacities, which can be single 
or multiple, with clear or unclear borders. Among 
them, nodules ≤2 cm are called pulmonary small 
nodule. The percentage of malignant pulmonary 
small nodules >1 cm in diameter is as high as 50 
to 60% [9]. According to its tumor histology, lung 
cancer is divided by WHO into epithelial tissue 
origin and mesenchymal tissue origin, and the epi-
thelial tissue origin is more common. Lung cancer 
of epithelial tissue origin include adenocarcinoma, 
squamous cell carcinoma, neuroendocrine carcino-
ma, large cell carcinoma, adenosquamous carcino-
ma, other unclassified cancers, and adenomas [10]. 
In the malignant pulmonary solid small nodules 
(MPSSN), adenocarcinoma, squamous cell carci-
noma, adenosquamous carcinoma and carcinoid are 
more common. Early precise and simple diagnosis 
is the key for the diagnosis and treatment of lung 
cancer. At present, the 5-year survival rate of lung 
cancer is only 15.6%, while in patients with stage IV 
NSCLC is only 13% [11]. Therefore, the screening for 
diagnosis of early lung cancer, especially the early 
diagnosis and treatment of pulmonary malignant 
small nodules, is of great prognostic significance.
 At present, low-dose spiral CT, liquid biopsy 
of sputum or blood, and new fiberoptic bronchos-
copy techniques are mainly used for early screen-
ing of lung cancer. Serum tumor markers in liquid 
biopsies, such as CEA, CA125, CA15.3, Cyfra21-1 
[12-14], have shown high sensitivity in the diagno-
sis of middle and advanced lung cancer, but their 
sensitivity for early diagnosis of lung cancer is not 
clear [15]. Currently, the detection of circulating 
tumor cells (CTCs), and circulating tumor nucleic 
acid (including circulation tumor DNA and circu-
lating tumor RNA) in liquid biopsy has attracted 
considerable attention. CTCs are superior to tra-
ditional tumor markers in distinguishing benign 

from malignant pulmonary nodules [16]. One study 
has shown that CTCs can be detected in peripheral 
serum in early lung cancer even before the forma-
tion of small lesions [17]. CTCs can also be used to 
guide clinical medication and analysis of patient 
prognosis [18,19]. However, the diagnostic sensitiv-
ity of CTCs is unclear.
 Currently, low-dose high-resolution thin-layer 
CT has been widely used in early screening pro-
gram for lung cancer in China, especially for pul-
monary nodules with a diameter ≤3 cm. Proper 
treatment following early detection of pulmonary 
small nodules (including ground glass nodules 
(GGNs), partial solid nodules, and fully solid nod-
ules) may improve the 5-year survival rates of 
patients with early-stage lung cancer. The life ex-
pectancy of these patients even exceeds 10 years 
[20]. However, studies have shown that there is a 
high trend towards malignancy in pulmonary small 
nodules. More than half of the small pulmonary 
nodules >1cm in diameter are prone to malignant 
transformation [21], non-calcified solid nodules 
(without typical benign nodular features), with a 
diameter greater >8 mm or a volume greater >300 
mm [22]. Burrs on the boundary, are more likely to 
be malignant [23], and some pGGNs also have the 
potential for growth and malignant transformation 
[24,25]. In addition, there is a positive correlation 
between age, nodule size and MPSSN.
 At present, serum tumor markers for lung 
cancer are mainly CEA, NSE, SCC, CYFRA21-1 and 
ProGRP. CEA is an acidic glycoprotein that is syn-
thesized in the small intestine, liver, and pancreas 
during the embryonic period. The level of serum 
CEA in adults is extremely low, but it is elevated 
in many tumors. CEA has a high positive rate for 
the diagnosis of lung cancer, and has good moni-
toring values for tumor invasion and metastasis 
[15]. Its sensitivity as a marker for lung cancer is 
35 to 77% [26]. NSE is present in nerve tissue and 
the neuroendocrine system. Small cell lung can-
cer (SCLC) is a neuroendocrine tumor that secretes 
NSE. Therefore, NSE has certain value for the diag-
nosis and treatment monitoring of SCLC [27]. SCC 
is an antigen produced and secreted by squamous 
cell carcinoma and is highly specific for patients 
with advanced lung squamous cell carcinoma. CY-
FRA21-1 is an acidic polypeptide mainly present in 
the cytoplasm of lung tumor epithelium, which can 
be degraded by protease or released into the blood 
as dissolved fragments after cell dead. Especially in 
the diagnosis of lung squamous cell carcinoma, CY-
FRA21-1 has good sensitivity and specificity and is 
a new tumor marker for clinical use in recent years 
[28]. ProGRP has high diagnostic sensitivity and 
specificity for SCLC and can be used as a marker for 
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SCLC to reflect the condition and treatment effect 
of SCLC [29].
 However, there is still no ideal marker for early 
clinical diagnosis, especially the sensitivity of a 
single marker is not high. Blind joint detection of 
all tumor markers will inevitably increase the eco-
nomic burden and waste medical resources. There-
fore, the performances of different combinations of 
markers should be tested. Currently, nodular biop-
sy, CT guided puncture and thoracoscopic surgery 
are often used in the early detection of pulmonary 
nodules. Compared with traditional methods of di-
agnosis and treatment, thoracoscopic techniques 
have many advantages such as small trauma and 
quick recovery. The key for the application of thora-
coscopic techniques in the diagnosis and treatment 
of pulmonary small nodules is the accurate locali-
zation of small nodules. The purpose of diagnosis 
and treatment of benign lesions can be achieved 
once, and for malignant lesions, radical surgery 
is performed to achieve early diagnosis and early 
treatment. However, postoperative distant recur-
rence may occur, which causes long-term pain or 
other complications. In addition, misdiagnosis also 
happens [20].
 In this study, the clinical features of low-dose, 
high-resolution CT and tumor markers CEA, SCC, 
NSE, ProGRP, and CYFRA21-1 for malignant trans-
formation of PSSN were analyzed. The survival rate 
of patients with MPSSN for 3 years was observed, 
and complications affecting the quality of life and 
causing deaths were analyzed.

Methods 

Subjects and groups

 Enrolled patients were from the department car-
diothoracic surgery of Guangxing Hospital Affiliated to 
Zhejiang Chinese Medical University, the First Affiliated 
Hospital of Zhejiang University and Peking University 
People’s Hospital from June 2014 to June 2017. All pa-
tients were subjected to low dose, high-resolution CT and 
the tumor markers CEA, SCC, NSE, ProGRP, CYFRA21-1 
were examined. Patients with pathologically diagnosed 
MPSSN composed the case group, and patients with 
pathologically confirmed benign pulmonary solid small 
nodules (BPSSN) composed the control group.

Diagnostic criteria

 Diagnosis of the case group (patients with MPSSN) 
was performed according to the “stage of lung cancer” 
in the “Guidelines for the diagnosis and treatment of 
primary lung cancer (2011 edition)” established by the 
China Society of Clinical Oncology (CSCO) Guidelines 
Working Committee [30]. TNM stages were determined 
according to the criteria established by International 
Association for the Study of Lung Cancer (IASLC) 2009 
(7th Edn): “T1a: maximum tumor diameter ≤2 cm, T1b: 
maximum tumor diameter >2 cm and ≤3 cm”, “N0: no 
regional lymph node metastasis” and “M0: no distant 
metastasis” [31]. The control group was diagnosed as 
benign pulmonary solid nodules by CT and pathol-
ogy [8]. Measurement of solid ingredients was per-
formed according to the standards established by the 
Fleischner Society [32]. CT features of PSSN (complete 
solid nodules and partial solid nodules) are shown in
Figure 1.

Figure 1. Low-dose CT imaging features of pulmonary solid small nodules. Typical features of common locations in 
MPSSN. A: 48-year-old woman has MPSSN. The CT image shows an elliptical shape with a well-defined heterogeneity 
mass (arrow) with significant partial solid enhancement. B: 67-year-old woman with MPSSN. The CT image shows a 
clearly enhanced elliptical shape with a clear solid mass (arrow).
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Inclusion and exclusion criteria

 Age >18 years and <80 years, Karnofsky perfor-
mance status (PS) score>80, and patients volunteered 
to participate in the study and could cooperate with 
the researchers. Patients with pathological diagnosis as 
MPSSN were excluded in the control group. Patients 
with ground-glass nodules and history of previous 
malignancy were excluded from both groups. Patients 
underwent tumor-related treatment, and those with a 
history of lobectomy or pneumonectomy were excluded. 
Patients with serious infection, severe heart disease and 
stent placement, serious primary diseases such as liver 
and kidney, hematopoietic system, nervous system, men-
tal illness and pregnant women were excluded. 

Ethical review

 This project passed the ethical review of the Ethics 
Committee of Guangxing Hospital Affiliated to Zhejiang 
Chinese Medical University (Examination Approval No. 
2014 LL001).

Information extraction and specimen collection

 General data were answered by the respondents, 
such as gender, age, ethnicity, marital status, educational 
level and dietary habits, smoking and drinking habits, ex-
ercise habits, and past history and family history of other 
cancer. All patients were subjected to low-dose, high-res-
olution (512*512 matrix) 128-row 256i CT examinations. 
Four mL fasting venous blood were taken from each 
patient. The blood was naturally agglutinated for 30 min, 
and then was centrifuged at 2300 g for 8 min at 8 °C to 
separate serum. Serum was stored at -80 °C until use.

Detection reagents and instruments

 Philips 128 row 256iCT. CEA, NSE kit and DiaSorin-
XL Chemiluminescence Immunoassay (DiaSorin, Italy). 

SCC, ProGRP kit and i2000SR chemiluminescence im-
munoassay analyzer (Abbott, USA).

Specimen detection and quality control

 The 128-row 256iCT line was tested by low-dose 
FBP/IR method. The other parameters were: tube volt-
age 120 Kvp, collimation 128×0.625 mm, pitch 0.915, 
0.5 s/Rot, layer thickness 5 mm, FOV 300-330 mm; the 
layer thickness of scanning was 5 mm, the reconstruc-
tion layer was 1.5 mm thick, and the 512*512 matrix was 
reconstructed. Enhanced CT examination was performed 
in partial solid nodules.

Concentrations of CEA and NSE were measured by Di-
aSorin-XL automatic chemiluminescence immunoassay 
analyzer. Values of NSE, SCC and ProGRP were detected 
by i2000SR chemiluminescence immunoassay analyzer.

Establishing database

 A database was established, including patient gen-
eral information (gender, age, ethnicity, marital status, 
educational level, etc), smoking and drinking preference, 
past history and family history of other cancer, CT find-
ings (nodule type, the nodule site, nodule size and lesion 
signs), and 4 serum lung cancer markers (CEA, SCC, NSE, 
ProGRP).

Data processing and statistical analysis

 The missing data were filled by the Multiple Im-
putation (MI) and Mean/Mode Completer methods of 
the SAS 13.0 software. Data were analyzed by SPSS 
version 23.0 for Windows (SPSS Inc, Chicago, IL, USA). 
Chi square test and t-test were used to determine the 
consistency of baseline data between the two groups. 
The continuous variables were compared using pairwise 
analysis. The Dunnett method was used when the vari-
ance was homogeneous, and the Mann Whitney U test 

Variables Categorical variables Cases Case group
(n=157)

Control group
(n=75)

x2 p value

Sex Male 101 65 36 0899 0.396

Female 131 92 39

Age, years <60 136 77 59 18.360 0.000

≥60 96 80 16

Ethnicity Han nationality 215 145 70 0.071 0.521

Minority 17 12 5

Marriage status Married 208 140 68 0.006 0.571

Unmarried and divorced 22 15 7

Education Junior high school and below 115 77 28 5.87 0.053

High school, technical secondary 76 45 31

College and above 51 35 26

Smoking Yes 66 48 18 1.077 0.189

No 166 109 57

Family history of cancer Yes 36 22 14 0.920 0.220

No 196 135 61

Table 1. Baseline data analysis of two groups of patients
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was used when the variance was not uniform. Count data 
were subjected to x2 test or the rank sum test. Multi-
variate correlation analysis was performed using logistic 
regression analysis, and correlation heat maps between 
indicators were drawn using R software. Continuous 
variables with normal distribution were presented as 
mean±standard deviation (SD), non-normal variables 
were reported as median, p<0.05 was considered sta-
tistically significant. Reactive oxygen species (ROC) 
curve was used to analyze the diagnostic sensitivity 
and specificity of low-dose computed tomography and 
tumor markers for MPSSN based on the cut off value. 
Sensitivity=true positive number / (true positive number 
+ false negative number) × 100%; specificity=true nega-
tive number / (true negative number + false positive 
number) × 100%. Kaplan-Meier method was used to plot 
survival curves, and the log rank test and the generalized 
Wilcoxon test were used to compare survival curves.

Results

General information

 There were 65 males and 92 females in the case 
group, and 36 males and 39 females in the control 
group. After the x2 test, gender, ethnicity, marital 
status, education level, smoking history, and fam-
ily history of cancer were balanced in the case and 
the control group. The p values were 0.396, 0.521, 
0.571, 0.053, 0.189 and 0.220, respectively. There 
were significant differences in age between the two 
groups (p=0.000), as shown in Table 1. In addition, 
the average nodule size of the patients in the case 
group was 13.649±4.481 mm, while the average 
nodule size of the control group was 11.266±5.129 
mm (p=0.043). In the case group, adenocarcinoma, 

squamous cell carcinoma, large cell carcinoma, 
small cell carcinoma, and carcinoid were 59, 27, 
15, 18 and 11 cases, respectively. Most cases in the 
control group were hamartomas and chondromas. 
There were 84 cases of complete solid nodules and 
73 cases of partial solid nodules in the case group, 
while there were 32 cases of complete solid nod-
ules and 43 cases of partial solid nodules in the 
control group. 

Univariate analysis of LDCT and tumor markers in 
the two groups of patients

 To compare age, CT features and serum tu-
mor markers between the two groups of patients, 
two independent sample t-tests (age, nodule size), 
Mann-Whitney U rank sum test (CEA, SCC, NSE, 
ProGRP) and Pearson x2 test (nodular site, vacuole 
sign, bronchial aeration sign, bronchial truncation 
signs, burr signs, smooth signs, lobulated signs, 
pleural indentation signs, vascular bundle signs) 
were performed. The results showed that CEA 
(Z value=-1.788, p=0.074), nodule site (x2=2.543, 
p=0.074), vacuole sign (x2=1.046, p=0.306), pleural 
indentation sign (x2=2.692, p=0.101) and vascular 
bundle sign (x2=0.449, p=0.503) were not signifi-
cantly different between the two groups of patients. 
Age, nodule size, bronchial aeration sign, bronchial 
truncation sign, burr sign, smooth sign and lobu-
lated sign, SCC, NSE, ProGRP were statistically dif-
ferent between the two groups of patients (Table 
2). Among them, SCC was increased significantly 
in squamous cell lung carcinoma, while NSE and 
ProGRP increased significantly in small cell lung 
cancer.

Age
(years)

Nodule size
(mm)

SCC
(mg/L)

NSE
(ng/ML)

ProGRP
(PG/mL)

Case group 58.847±10.883 13.649±4.481 0.936±0.429 12.388±4.203 2.714±1.005

Control group 54.546±9.294 11.266±5.129 0.784±0.372 11.798±4.149 2.369±0.889

F/Z value 4.674 4.160 -3.830 -2.789 -3.381

P value 0.032 0.043 0.000 0.005 0.001

Two independent sample t-tests and Man-Whitney U rank sum test

Bronchial aeration 
sign

Bronchial 
truncation sign

Burr sign Smooth sign Leaf sign

(-) (+) (-) (+) (-) (+) (-) (+) (-) (+)

Case group 104 53 94 63 123 34 74 83 92 65

Control group 70 5 34 41 32 43 55 20 60 15

x2 19.876 4.338 29.135 14.113 10.290

p 0.000 0.037 0.000 0.000 0.001
Pearson chi-square test was used

Table 2. Comparison of low-dose computed tomography and tumor markers in the two groups of patients
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Figure 2. Interactive heat map of low-dose computed tomography and tumor markers of MPSSN. The Figure shows 
a heat map of the selected tumor markers features. Each row of the heat map represents a tumor marker feature, with 
each column representing the patient. From the heat map, we can directly observe the distribution characteristics of the 
tumor marker features Z-Score in the dataset: there are differences in the Z scores of similar tumor marker features, and 
patients with certain specific markers are more sensitive.

Table 3. Logistic regression analysis of low-dose computed tomography and tumor markers of MPSSN

Variables B S.E Wald Odd ratio (95%CI) p value

Age (X1) 0.95 0.362 6.885 2.586 (1.272-5.257) 0.009

Nodule size (X2) 0.064 0.037 3.035 1.992 (1.066-2.746) 0.041

Bronchial aeration sign (X3) 1.38 0.538 6.573 3.977 (1.384-11.425) 0.01

Bronchial truncation sign (X4) 1.419 0.602 5.552 4.131 (1.269-13.444) 0.018

Burr sign (X5) -1.666 0.639 6.805 0.189 (0.054-0.661) 0.009

Smooth sign (X6) 0.496 0.477 1.084 1.642 (0.645-4.179) 0.298

Leaf sign (X7) 0.133 0.422 0.1 1.143 (0.500-2.612) 0.752

SCC (X8) 0.331 0.639 0.268 1.392 (0.398-4.872) 0.605

NCE (X9) 0.021 0.061 0.119 1.021 (0.906-1.151) 0.73

ProGRP (X10) 0.263 0.341 0.596 1.695 (1.302-2.439) 0.04

constant -3.014 1.072 7.901 0.049 0.005

Two-class Logistic was used
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Logistic regression analysis of MPSSN based on LDCT 
and tumor markers

 Two-class logistic regression analysis was per-
formed with benign and malignant PSSN as de-
pendent variables, and age, nodule size, bronchial 
aeration sign, bronchial truncation sign, burr sign, 
smooth sign and lobulated sign, SCC, NSE and Pro-
GRP as independent variables. The logistic model 
using stepwise regression method was statistically 
significant (x2=64.562, p=0.000). The model correct-
ly explained 75.0% of the subjects. MPSSN had cer-
tain correlations with age (X1) [95%CI (1.272, 5.257), 
p=0.009], nodule size (x2) [95% CI (1.066, 2.746), 
p=0.041], bronchus inflatable sign (X3) [95% CI 
(1.384, 11.425), p=0.010], bronchial truncation sign 
(X4) [95% CI (1.269, 13.444), p=0.018] and burr sign 
(X5) [95% CI (0.054, 0.661), p=0.009], ProGRP (X10) 
[95% CI (1.302, 2.439), p=0.040]. Simultaneously, 
there was a certain intrinsic correlation between 
the indicators of CT and tumor markers (Table 3, 

Figure 2), and the stepwise regression equation is
Logistic(p)=-3.014+0.950  X1+0.064  x2+1.380 
X3+1.419  X4-1.666  X5+0.263 X10.

Reliability and validity test of diagnostic model 
variables

 The area under the ROC curve of age (X1), 
nodule size (x2), bronchial aeration sign (X3), 
bronchial truncation sign (X4) and burr sign (X5), 
and ProGRP (X10) were 0.648 (0.575-0.722), 0.638 
(0.557-0.719), 0.635 (0.564-0.707), 0.573 (0.494-
0.652), 0.678 (0.602-0.755) and 0.636 (0.558-
0.714), respectively. Sensitivity and specificity of 
age (X1), nodule size (x2), bronchial aeration sign 
(X3), bronchial truncation (X4), burr sign (X5) and 
ProGRP (X10) for the diagnosis of MPSSN were 
51.0% and 78.66%, 83.4% and 45.33%, 33.8% and 
93.33%, 54.7% and 59.87%, 57.3% and 78.34% 
and 60.5% and 81.33%, respectively (Table 4 and
Figure 3).

Figure 3. ROC curve of low-dose computed tomography and tumor markers in the diagnostic model for MPSSN. The 
area under the ROC curve of tumor markers [age (X1), nodule size (X2), bronchial aeration sign (X3), bronchial truncation 
sign (X4) and burr sign (X5), and ProGRP (X10)] were 0.648 (0.575-0.722), 0.638 (0.557-0.719), 0.635 (0.564-0.707), 0.573 
(0.494-0.652), 0.678 (0.602-0.755) and 0.636 (0.558-0.714).

Test result
Variables

Area Under 
the Curve

Std. error a Asymptotic 
Sig b

95% Confidence 
interval

Sensitivity Specificity Youden 
index

Age (X1) 0.648 0.038 0.000 0.575-0.722 0.510 0.786 0.296

Nodule size (X2) 0.638 0.041 0.001 0.557-0.719 0.834 0.453 0.287

Bronchial aeration sign (X3) 0.635 0.037 0.001 0.564-0.707 0.338 0.933 0.271

Bronchial truncation sign (X4) 0.573 0.040 0.073 0.494-0.652 0.547 0.599 0.145

Burr sign (X5) 0.678 0.039 0.000 0.602-0.755 0.573 0.783 0.356

ProGRP (X10) 0.636 0.040 0.001 0.558-0.714 0.605 0.813 0.418

The test result variables: predicted probability, predicted a under the nonparament assumption, b null hypothesis:true area=0.5

Table 4. Sensitivity and specificity of diagnostic model for MPSSN
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Survival analysis after operation in both groups

 Eighty-nine out of 157 patients with MPSSN 
completed 3-year follow-up. Among them, 4 pa-
tients died, and the survival rate was 95.51%. Of the 
4 deaths, 2 patients died of lung cancer and 2 died 
of heart disease and respiratory failure. Eighty-five 
patients with MPSSN survived, including 4 cases 
of AIS, 34 cases of invasive adenocarcinoma, and 
6 cases of MIA. CT features of 68 cases were nor-
mal. There were 3 cases of small nodules in lung 
tissue and mediastinum, and 24 cases of dyspnea, 
22 cases of cough, 19 cases of chest pain, and 12 
cases of daily activities. Seventy-five patients with 
MPSSN were followed up for 3 years after surgery, 
and 59 had valid data. Three of them died, and the 
survival rate was 94.92%. Causes of death were 
heart failure, lung failure, and 1 case had malignant 
transformation. The remaining patients showed 7 
cases of normal CT, 7 cases of dyspnea, 3 cases of 
cough and 6 cases of chest tightness and chest pain. 
The median survival of the benign and malignant 
patients was 32 and 37 months, respectively; the 
survival curve (log rank p=0.271, generalized Wil-
coxon p=0.139) showed no difference in survival 
between the 2 groups (Figure 4). 

Discussion

 Early lung cancer often has no typical symp-
toms. Its imaging feature is the existence of pul-
monary nodules (high-density shadows of circular 
or irregular shapes with a diameter of less than 30 
mm in the lung field on CT or chest radiograph, 
with clear or unclear boundaries) [33]. LDCT can 
reduce lung cancer mortality by nearly 20% [34]. 

With the development of imaging technology, low-
dose, high-resolution CT examination has gradu-
ally become the main means of early lung cancer 
screening. According to the corresponding large-
scale clinical research, various countries and re-
gions around the world have established their own 
screening guidelines, such as the National Compre-
hensive Cancer Network (NCCN), American College 
of Chest Physicians (ACCP) [35,36], the guidelines 
for the assessment of Asian patients with pulmo-
nary nodules [37], and Guidelines for the Classifica-
tion, Diagnosis and Treatment of Pulmonary Nod-
ules in China (2016 Edition) [8]. These guidelines 
emphasize the screening of CT features of MPSN 
and the patient’s own risk factors.
 According to its internal density, pulmonary 
nodules are simply divided into solid nodules, par-
tial solid nodules and ground-glass nodules 3 types. 
Solid nodules are all nodules with soft tissue den-
sity inside, and the density is relatively homogene-
ous. Partial solid nodules refer to nodules contain-
ing both ground glass density and solid soft tissue 
density, and the density is not homogeneous [33]. 
As a non-specific CT manifestation, ground glass-
like nodules can be caused by a variety of lesions 
including inflammation and atypical adenomatoid 
hyperplasia. However, partial solid nodules contain-
ing ground glass density have a higher probability 
of malignancy. This is consistent with the vari-
ous guidelines, that partial solid nodules have the 
highest degree of malignancy, followed by purely 
ground glass density nodules and solid nodules.
 For partial solid nodules with the highest de-
gree of malignancy, some studies suggest that the 
larger the diameter of the actual part, the higher 
the degree of malignancy. The part of the micro-
invasive adenocarcinoma is partial solid nodules, 
and a few of them appear as solid nodules. If the 
partial solid diameter of the invasive lung cancer is 
greater than 5 mm, or the total area (consolidation-
to-tumor ratio) is larger than 25%, or the tumor 
mediastinal window disappearance rate (tumor 
disappearance ratio) is less than 50%, it often sug-
gests that the nodules have developed infiltration. 
For partial solid nodules, it can be seen that the 
larger the diameter of the actual part of the partial 
solid nodules, the more the chance of malignancy 
[22]. The size of pulmonary nodules is highly cor-
related with their pathological properties. Some 
studies have even concluded that the diameter is an 
independent risk factor for benign and malignant 
judgments, while the diameter of benign nodules is 
relatively small. This study also draws similar con-
clusions. The occurrence of lung cancer undergoes 
a series of stages such as hyperplasia - atypical hy-
perplasia - carcinoma in situ - invasive cancer, etc, 

Figure 4. Kaplan-Meier survival curves of the two groups 
of patients after surgery (Log Rank P=0.271, Generalized-
Wilcoxon p=0.139).
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which is a process in which the tumor gradually 
enlarges [38]. This study shows that the size of pul-
monary nodules is closely related to the degree of 
malignancy, and the larger the nodules, the higher 
the degree of malignancy. It was also found that 
when pulmonary nodules were ≥ 14 mm in size, the 
levels of tumor markers were significantly elevat-
ed, and LDCT was performed 3 months after screen-
ing. If a pulmonary nodule is enlarged, it is neces-
sary to have a consultation with a senior doctor 
to decide whether to enter clinical treatment [39].
 The characteristics of a pulmonary nodule 
itself are also an important basis for judging its 
pathological benign or malignant nature. The bron-
chial aeration sign is due to the adherent growth of 
tumor cells, and the alveolar bronchioles that have 
not destroyed in the lesion are still preserved, and 
the tumor cells and peripheral fibrous tissue pro-
liferate and lead to bronchiectasis [40]. Bronchial 
inflatable signs are common in malignant tumors, 
and benign tumors can also be seen [41]. Bronchial 
truncation is mainly caused by tumor cells growing 
along the bronchial wall or compressing the adja-
cent bronchi to cause bronchial stenosis or trunca-
tion. It mainly occurs in central lung cancer, less in 
SPN [42]. The burr sign is the result of tumor tissue 
infiltrating into adjacent bronchi, vascular sheath 
or regional lymph nodes, or tumor connective tis-
sue hyperplasia. The burr sign is also one of the 
characteristics of malignant pulmonary nodules, 
while smooth sign is a possible protective factor 
for pulmonary connective tissue, which is consist-
ent with previous reports in China [43]. This study 
also showed that the bronchial aeration sign and 
burr sign of pulmonary nodules closely correlated 
to their pathological properties.
 Detection of serum tumor markers plays an 
important role in the diagnosis of lung cancer. 
However, due to the lack of sufficient sensitivity 
and specificity in the diagnosis of lung cancer by 
a single marker, multiple tumor markers are of-
ten used in combined diagnosis. The levels of se-
rum CEA, NSE, CYFRA21-1 and ProGRP not only 
contribute to the early diagnosis of lung cancer 
patients, but also help to judge the prognosis of 
lung cancer [44-46]. This article also monitored 
serum CEA, NSE, SCC and ProGRP levels in be-
nign and malignant PSSN, and the results of this 
study indicate that although the levels of tumor 
markers in MPSSN patients are indeed higher than 
those in BPSSN patients, the sensitivity to lung 
cancer diagnosis is relatively low. After the vari-
able selection of logistic regression analysis, after 
introducing CEA, NSE, SCC and ProGRP variables 
in turn, the sensitivity, specificity and Youden in-
dex of computed tomography detection combined 

with ProGRP to the diagnosis of lung cancer were 
60.5% and 81.33% respectively, and the sensitivity 
and the Youden index was larger than those of the 
individual markers. Because of the close relation-
ship between tumor markers and TNM staging of 
lung cancer, MPSSN (diameter less than 2 cm) is 
stage I lung cancer in this study. Although serum 
tumor markers were elevated, their contribution in 
early diagnosis was not significant. The elevation 
of ProGRP may be caused by interactions between 
variables. It indicated that in the early stages of 
malignancy, when CT examination has not yet been 
positive, the elevation of serum tumor markers has 
certain enlightenment value for tumor diagnosis, 
histological classification, clinical stage, prognosis 
and efficacy monitoring [47].
 A number of studies have confirmed that CT-
guided biopsy has a diagnostic accuracy of more 
than 90% for pulmonary nodules. Surgery is con-
sidered the preferred treatment for clinically cur-
ing lung cancer patients [48,49]. At present, with 
the stricter control of tobacco, the incidence of 
squamous cell carcinoma reduced significantly, and 
the incidence of lung adenocarcinoma is relatively 
increased. Pulmonary adenocarcinoma is usually 
prone to early blood metastasis, so early surgery 
is more important. In this study, all patients with 
MPSSN were treated with thoracoscopic surgery, 
and their 3-year survival rate was not different from 
BPSSN. The 5-year survival rate was only about 
50%. Although there were still different degrees of 
complications in the two groups, the survival time 
after surgery increased. It also suggests that there 
is still room for improvement in the postoperative 
follow-up and treatment.
 Based on the patient’s own risk factors com-
bined with the CT of PSSN and the characteristics 
of tumor markers, we determined the incidence of 
MPSSN to a certain extent in this study. The pa-
tients who were observed to find pulmonary small 
nodules by physical examination embodies the 
concept of “early detection, early diagnosis and ear-
ly treatment” for malignant diseases. The results 
show that the size of pulmonary nodules closely re-
lated to MPSSN and the possibility of malignancy 
increases with the increase of pulmonary nodules. 
For smaller pulmonary nodules, they also required 
to follow-up with their own risk factors. The nature 
of pulmonary nodules also correlates with the de-
gree of malignancy, and partial solid nodules have 
the highest degree of malignancy. The characteris-
tics of pulmonary nodules, such as bronchial aera-
tion and burr signs, are typical manifestations of 
early lung adenocarcinoma imaging. After 3 years 
of follow-up, the survival time of patients with pul-
monary nodules was improved. However, because 
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the sample size is relatively small and the TNM 
staging is not clear, there are some limitations 
in this study, and the results need to be further 
verified by a large prospective cohort study. At the 
same time, with the help of CT technology, patho-
logical diagnosis, tumor marker detection, molecu-
lar biology technology and large data technology, 
more risk factors for early MPSSN may be found 
from the microscopic point of view. More mature 
and sensitive lung cancer joint prediction model is 
established, so as to improve screening effective-
ness and better guide the early stage of lung cancer 
clinical evaluation and post-hospital rehabilitation.
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