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Background: Either tumor volume or folate-receptor-positive circulating tumor cells (FR+CTC) has been 
proven effective in predicting tumor cell invasion. However, it has yet to be documented to use FR+CTC 
along with artificial intelligence (AI) tumor volume to differentiate between pathological subtypes of lung 
adenocarcinoma (LUAD). Therefore, this study is aimed to evaluate the accuracy of FR+CTC and AI tumor 
volume for classifying the invasiveness of LUAD. 
Methods: A total of 226 patients who were diagnosed with LUAD were enrolled. The inclusion criteria 
were: (I) FR+CTC detection and AI imaging before anticancer therapy, and (II) definite histopathologic 
diagnosis, which is the gold diagnosis of LUAD and its subtypes. Use the CytoploRare® Detection Kit to 
quantify FR+CTC and the AI-assisted diagnosis system, ScrynPro, to measure tumor volume. The clinical 
data were used to construct univariate and multivariate logistic regression models. A nomogram was drawn 
based on the multivariate logistic regression model. The validity is evaluated by the calibration curve and 
Hosmer-Lemeshow goodness-of-fit test. 
Results: The mean age of 146 patients (96 males, 49 females and 1 gender missing) retrospectively enrolled 
was 56.6. In the cohort, 41 and 105 patients were assigned to adenocarcinoma in situ (AIS) + minimally 
invasive adenocarcinoma (MIA) and invasive pulmonary adenocarcinoma (IPA), respectively. There was 
no significant difference between the sex distribution and smoking history of the two groups (P=0.155 
and P=0.442, respectively). In univariate analysis, the nodules type, maximum density, tumor volume and 
FR+CTC level were statistically significant with the invasiveness of LUAD (P<0.05). The multivariate 
analysis showed significant differences in FR+CTC and AI tumor volume (P<0.001). The area under the 
curves (AUCs) of FR+CTC and AI tumor volume in diagnosing tumor invasiveness were 0.659 and 0.698, 
respectively. A predictive model combining FR+CTC with AI tumor volume showed a sensitivity of 86.89% 
and a specificity of 70.94%, and the AUC was 0.841. The nomogram had good agreement with actual 
observation, and the Hosmer-Lemeshow test yielded non-significant goodness-of-fit.
Conclusions: FR+CTC and/or AI tumor volume are independent indicators of the invasiveness of LUAD, 
and the nomogram based on them can be used for the preoperative screening of patients.
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Introduction

Lung cancer is one of the leading causes of cancer 
deaths worldwide, and non-small cell lung carcinoma 
(NSCLC) accounts for 85% of all lung cancer (1). As the 
most common subtype, adenocarcinoma accounts for 
40% of NSCLC (2). Adenocarcinoma is classified into 
preinvasive lesions [atypical adenomatous hyperplasia 
(AAH), adenocarcinoma in situ  (AIS)],  minimally 
invasive adenocarcinoma (MIA), and invasive pulmonary 
adenocarcinoma (IPA) (3), with each of these subtypes 
having different treatment and prognosis (4). For stage 
I lung adenocarcinoma (LUAD), the 5-year disease-free 
survival is 100% for AIS and MIA, compared with 38–86% 
for IPA (5,6). The standard surgical treatment for LUAD 
remains lobectomy, but non-IPA patients also have the 
option of limited surgical resection (7) Therefore, LUAD 
subtypes differ in their surgical approaches, follow-up 
management and prognoses. Clarifying invasive subtypes 
prior to operation is crucial (8). At present, pathological 
diagnosis has been regarded as the gold standard for the 
diagnosis of lung cancer, but its clinical application is 
limited due to the invasive procedure and it normally takes 
several days to get results (9). Imaging examinations such 
as positron emission tomography/computed tomography 
(PET/CT) shows limited sensitivity in identifying  

AIS (10), and although perioperative frozen section 
diagnosis typically has high specificity, it has limited 
sensitivity and usually overestimates tumor invasiveness (11). 
Thus, a non-invasive, precise and responsive diagnostic 
assessment between IPA and non-IPA is greatly needed. 
Currently, circulating tumor cell (CTC) analyses are 
primarily based on the expression of epithelial cell adhesion 
molecule (EpCAM). CellSearch, the only FDA-approved 
CTC assay system, specifically captures EpCAM-positive 
CTC in peripheral blood by immunomagnetic bead  
assay (12). However, tumor cells often undergo epithelial–
mesenchymal transition (EMT) during progression, 
resulting in loss of EpCAM expression, which leads to 
missed CTC detection and affects the predictive value 
of CTC detection (13). The folate receptor (FR) is a 
transmembrane single-chain glycoprotein that is specifically 
highly expressed in most human tumor cells, such as 
ovarian, lung, and urological cancers, and rarely expressed 
in normal organs, so it can be used as an antitumor drug 
target (14). In the circulatory system, there is normally 
minimal cellular expression of FR, except for a small 
amount present on the surface of activated macrophages. 
Once epithelial cells become cancerous, its expression 
increases dramatically; 72–83% of lung tumor cells show 
high surface expression of FR, making it an ideal target 
for tumor cell screening (15). In a multicenter prospective 
study, preoperative FR+CTC testing was performed in  
484 patients with small nodules ≤2 cm. The results showed 
that among several clinical indicators and tumor markers, 
only the maximum tumor diameter (MTD) and FR+CTC 
were independent predictors of tumor invasiveness, and 
tumor size combined with CTC could effectively distinguish 
between AIS and IPA with a sensitivity and specificity of 
73–82% and 83–88%, respectively (16). A multiple linear 
regression analysis revealed that in lung adenocarcinoma 
patients, particularly in those with distant metastases, CTC 
numbers may be related to primary tumor volume (β=0.903, 
P=0.002), and it also indicated that the whole tumor volume 
was associated with disease-free survival (DFS) (17). 

The most important imaging feature to judge the 
malignant nodule is its diameter. With the increase of the 
nodule size, the degree of invasion increases (18). Since 
the pulmonary nodule is not spherical, it is impossible to 
accurately estimate the size of the nodule according to the 
lung images. Therefore, a fully automatic measurement 
based on artificial intelligence could be used to assist in 
evaluating the volume of the pulmonary nodule. Research 
shows that the volume of IAC is significantly higher than 
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that of non-invasive adenocarcinoma (18). Recent studies 
have reported artificial intelligence (AI) quantitative 
parameters based on pathologic features or CT images of 
squamous cell carcinoma, adenocarcinoma and small cell 
lung carcinoma (19,20). Further studies of AI quantitative 
parameters were based on CT images of pathological 
subtypes of LUAD with pure ground glass nodules (GGNs) 
or early LUAD (21-23). Others have reported CT-based 
deep learning models for invasiveness classification of 
LUAD (24-26). 

The CTC levels in peripheral blood is very low and it 
is difficult to enrich and detect. The quality of AI deep 
learning model is related to the learning content input. 
Both detection methods have limitations. There are also 
some studies verified the synergy of the CTC count and 
tumor volume in small cell lung cancer (SCLC), in which 
show the advantage of the incorporation of the CTC count 
and the tumor volume for the prediction of prognosis to 
control for the interference of disease stage (27). However, 
FR+CTC combined with AI quantitative parameters based 
on CT images to distinguish pathological subtypes of 
LUAD has not been reported. We conducted a single-
center, retrospective cohort to evaluate the value of FR+CTC 
combined with AI tumor volume as a predictive model 
for diagnosing the invasiveness of LUAD. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-5668/rc).

Methods

Study design

Observational clinical research was conducted. This 
retrospective diagnostic test study was done in The First 
Hospital of Lanzhou University between October 2019 
and October 2021. We enrolled a total of 226 patients who 
were diagnosed with LUAD by biopsy. The pathological 
classification was based on the International Association 
for the Study of Lung Cancer (IASLC, 2011 edition), the 
American Thoracic Society (ATS) classification in 2011, 
and the European Respiratory Society (ERS) classification 
in 2011 (28) and the WHO classification of thoracic tumors 
(5th edition) 2021 (29). The inclusion criteria were: (I) 
FR+CTC detection before anticancer therapy; (II) AI imaging 
before anticancer therapy; and (III) definite histopathologic 
diagnosis. Exclusion criteria were: (I) incomplete key 
information (FR+CTC value, AI tumor volume or the 

number of nodule ); (II) ≥2 nodules; and (III) refusal of 
consent to use medical information for research purpose. 
Finally, 146 patients were included for the predictive model 
development. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethics Committee of The First 
Hospital of Lanzhou University (No. LDYYLL2022-49). 
Individual consent for this retrospective analysis was waived.

Data collection and outcome definition

Clinicopathologic characteristics, including age, sex, 
nodule type, maximum density, smoking history, FR+CTC, 
tumor volume (by AI) and histologic type, were collected 
retrospectively from medical records. AIS + MIA and IPA 
patients were assigned as the non-invasion and invasion 
group, respectively.

Assessment of the pathological subtypes of LUAD

The pathological examination of the specimens was 
completed in the Department of Pathology of The 
First Hospital of Lanzhou University. The specimens of 
pulmonary nodules were fixed in formalin, embedded 
in paraffin, and stained with special methods. The final 
pathological diagnosis was determined by two pathologists 
with the title of attending physician or above. Among them, 
the invasive subtypes of lung adenocarcinoma include: 
AAH, mild to moderate atypical epithelial hyperplasia, no 
interstitial inflammatory reaction and fibrous hyperplasia; 
AIS showed that the tumor cells grew along the alveolar 
wall without interstitial, vascular or pleural infiltration; 
MIA adherent growth, showing isolation and invasion range 
≤0.5 cm; IAC is lung adenocarcinoma with the invasion of 
interstitial, vascular and pleura, and invasion range >0.5 cm.

FR+CTC analysis

The GenoSaber Biotech Co. Ltd. (Shanghai, China) 
CytoploRare® Detection Kit was used to identify FR+CTC 
as previously described (30). In brief, 3 mL preoperative 
blood samples were collected into EDTA-containing 
anticoagulant tubes for each participant. The negative 
depletion method was used to collect rare FR+CTC. And 
the red and white blood cells in the sample were removed 
consecutively by a lysing buffer and immunomagnetic beads 
composed of anti-CD45 and anti-CD14. An FR-targeting 
oligonucleotide probe was subsequently used to label the 

https://atm.amegroups.com/article/view/10.21037/atm-22-5668/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5668/rc
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enriched FR+CTC. FR+CTC were then quantified by the 
proprietary ligand-targeted polymerase chain reaction 
(PCR) technique (31). A standard curve for FR+CTC 

qualification was constructed using a set of standard 
calibrators that contained oligonucleotides [10−14 to 10−9 
M, equivalent to 2–2×105 folate receptor units (FU) per 3 
mL of peripheral blood]. The standard curve was used to 
generate the FU/3 mL blood value, which was utilized to 
represent the FR+CTC level in each sample.

AI tumor volume

Tumor volume was obtained by AI using the AI diagnostic 
system described previously (32,33), in brief, chest CT 
data and clinical data were imported into the Intelligent 
Auxiliary Screening system for the Pulmonary Nodules 
system (ScrynPro, Dianei Biotechnology Co., Ltd.) in 
the DICOM format for calculation of the pulmonary 
GGN image microfeatures, including nodule location, 
standard nodule volume (mm3), long nodule diameter (cm), 
short nodule diameter (cm), pure and solid ratio, nodule 
calcification (%), maximum nodule density [Hounsfield 
units (HU)], minimum nodule density (HU) and nodule 
center density (HU), and microvascular cluster (%). We 
choose standard nodule volume as “AI tumor volume”.

Statistical analysis

The normality test was first applied to the data. Normally 
distributed data are shown as mean ± standard derivation 
(SD), and non-normally distributed data are shown as 
median, interquartile range (IQR). Student’s t-test was 
used to analyze normally distributed data between groups. 
Categorical data are presented as counts and percentages 
and compared using the Chi-square test. Non-normally 
distributed data were analyzed by the Mann-Whitney U 
test. The receiver operating characteristic (ROC) curve 
was used to evaluate the diagnostic value of hematologic 
biomarkers based on the area under the curve (AUC).

The clinical data were used to construct univariate 
logistic regression and multivariate logistic regression 
models. A nomogram was drawn based on the multivariate 
logistic regression model, and its validity was evaluated by 
the calibration curve and Hosmer-Lemeshow goodness-of-
fit test. Statistical analysis was conducted using R software 
version 4.1.0 (The Free Software Foundation, Boston, MA, 
USA). The “pROC” and “ggplot2” package were used to 
draw the ROC and calibration curves. The “generalhoslem” 

package was used to conduct the Hosmer-Lemeshow test. A 
two-sided P<0.05 was considered significant. 

Results 

Patients’ characteristics

According to the inclusion and exclusion criteria, 44 patients 
were excluded for missing key information, 12 for having  
≥2 nodules, and 24 patients for refusing to consent to the 
usage of their medical information for research purposes. 
Of the 146 patients retrospectively enrolled, 41 and  
105 had the pathologic classification of AIS + MIA and IPA, 
respectively. Most were >60 years old (41.1%). There were 
96 males, 49 females and 1 without sex information. No 
significant difference was noted between the proportion 
of sexes and smoking history in the two groups (P=0.155, 
P=0.442, respectively). Nodule type, maximum density 
(HU), tumor volume (by AI), and FR+CTC showed 
significant differences between the AIS + MIA and IPA 
groups (P<0.05) (Table 1). 

Relationship between FR+CTC expression/AI tumor 
volume and tumor invasiveness

For the FR+CTC analysis, the median levels in patients with 
AIS + MIA and IPA were 9.35 [95% confidence interval (CI): 
7.50–13.75] and 12.80 FU/3 mL (95% CI: 9.20–18.00). 
Also, a significant difference was shown between the 
FR+CTC levels of the AIS + MIA and IPA groups (P=0.0033, 
Figure 1A). For the AI tumor volume analysis, the median 
levels in patients with AIS + MIA and IPA were 274 (95% 
CI: 81.0–618.5) and 527 mm3 (95% CI: 230.5–2,457.0), 
showing a significant difference between the two groups 
(P=0.035, Figure 1B). 

Diagnostic value of FR+CTC or/and AI tumor volume for 
tumor invasiveness

To assess the value of FR+CTC and AI tumor volume in 
diagnosing tumor invasiveness, patients with AIS + MIA 
and IPA were assigned as non-invasion and invasion groups, 
respectively. The AUCs of FR+CTC and tumor volume 
in diagnosing tumor invasiveness were 0.659 (95% CI: 
0.560–0.759) and 0.698 (95% CI: 0.585–0.810), respectively  
(Table 2; Figure 2A,2B). A predictive model combining 
FR+CTC with AI tumor volume showed a sensitivity  
of 86.89% and specificity of 70.94%, and the AUC was 
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Table 1 Clinicopathological characteristics

Characteristic AIS + MIA (N=41) IPA (N=105) P value Overall (N=146)

Age, years 0.103

Mean (SD) 53.7 (11.0) 57.7 (10.0) 56.6 (10.4)

<60 29 (70.7%) 57 (54.3%) 86 (58.9%)

≥60 12 (29.3%) 48 (45.7%) 60 (41.1%)

Sex 0.155 　

Female 18 (43.9%) 31 (29.5%) 　 49 (33.6%)

Male 23 (56.1%) 73 (69.5%) 　 96 (65.8%)

Missing 0 (0%) 1 (1.0%) 　 1 (0.7%)

Nodule type 　 　 0.035 　

Solid 13 (31.7%) 40 (38.1%) 　 53 (36.3%)

mGGO 9 (22.0%) 16 (15.2%) 　 25 (17.1%)

GGO 9 (22.0%) 6 (5.7%) 　 15 (10.3%)

Missing 10 (24.4%) 43 (41.0%) 　 53 (36.3%)

Maximum density (HU) 　 　 <0.01 　

Mean (SD) −158 (271) 18.7 (240) 　 −40.1 (263)

Missing 10 (24.4%) 43 (41.0%) 　 53 (36.3%)

Smoking history 　 　 0.442 　

Non-smoker 35 (85.4%) 77 (73.3%) 　 112 (76.7%)

Former smoker 0 (0%) 2 (1.9%) 　 2 (1.4%)

Smoker 5 (12.2%) 20 (19.0%) 　 25 (17.1%)

Missing 1 (2.4%) 6 (5.7%) 　 7 (4.8%)

Tumor volume (mm3) 　 　 <0.001 　

Median (25–75% IQR) 274 (81, 619) 527 (231, 2,457) 486 (171, 1,336)

<118 12 (29.3%) 4 (3.8%) 　 16 (11.0%)

≥118 19 (46.3%) 58 (55.2%) 　 77 (52.7%)

Missing 10 (24.4%) 43 (41.0%) 　 53 (36.3%)

FR+CTC (FU/3 mL) 　 　 0.002 　

Median (25–75% IQR) 9.4 (7.5, 13.8) 12.80 (9.2, 18.0) 12.1 (8.5, 16.4)

<9.75 22 (53.7%) 27 (25.7%) 　 49 (33.6%)

≥9.75 18 (43.9%) 74 (70.5%) 　 92 (63.0%)

Missing 1 (2.4%) 4 (3.8%) 　 5 (3.4%)

AIS, adenocarcinoma in situ; FR+CTC, folate-receptor-positive circulating tumor cells; FU, folate receptor units; GGO, ground-glass 
opacity; HU, Hounsfield units; IPA, invasive pulmonary adenocarcinoma; IQR, interquartile range; MIA, minimally invasive adenocarcinoma.
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Figure 1 Comparison of (A) FR+CTC and (B) AI tumor volume between IPA and non-IPA groups. FR+CTC, folate-receptor-positive 
circulating tumor cells; AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IPA, invasive pulmonary adenocarcinoma; 
AI, artificial intelligence.

Figure 2 ROC curves of diagnosing tumor invasiveness by (A) FR+CTC, (B) AI tumor volume, and (C) FR+CTC and tumor volume 
combination. AUC, area under the curve; ROC, receiver operating characteristic; FR+CTC, folate-receptor-positive circulating tumor cells; 
AI, artificial intelligence.

Table 2 Diagnostic efficiency for tumor invasiveness

Characteristic Cut off Sensitivity (%) Specificity (%) AUC (95% CI)

FR+CTC (FU/3 mL) 9.75 73.27 55.00 0.659 (0.560–0.759)

Tumor volume (mm3) 118 93.55 38.71 0.698 (0.585–0.810)

Model: FR+CTC + tumor volume 0.610 86.89 70.97 0.841 (0.754–0.927)

AUC, area under the curve; FR+CTC, folate-receptor-positive circulating tumor cells; FU, folate receptor units.

0.841 (95% CI: 0.754–0.927) for the whole cohort (Table 2, 
Figure 2C). 

Univariate and multivariate analyses for distinguishing 
tumor invasiveness 

In the univariate analysis ,  age,  sex,  and smoking 
history were not significantly correlated with the 
IPA group (P>0.05). Nodule type, maximum density, 

tumor volume, and FR+CTC level showed statistically 
significant correlation with tumor invasive degree of 
LUAD (P<0.05). The highest performing characteristic 
was tumor volume [odds ratio (OR), 9.16; 95% CI: 
2 .64–31.79;  P<0.0001;  Table  3 ] .  In  addit ion,  the 
multivariate analysis identified FR+CTC (OR, 5.49; 95% 
CI: 1.75–17.29; P<0.01), and tumor volume (OR, 9.05; 
95% CI: 2.20–37.21; P<0.01) as independent predictors 
(Table 3). 



Annals of Translational Medicine, Vol 10, No 24 December 2022 Page 7 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(24):1339 | https://dx.doi.org/10.21037/atm-22-5668

Table 3 Univariate and multivariate analyses

Characteristic
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age (≥60) 2.04 (0.94–4.42) 0.07 – –

Sex (female) 1.84 (0.87–3.89) 0.11 – –

Nodule type 

Solid – – – –

mGGO 0.58 (0.21,1.62) 0.3 0.47 (0.13–1.69) 0.25

GGO 0.22 (0.06–0.72) 0.01 0.41 (0.06–2.89) 0.37

Maximum density (HU) 1 (1–1) <0.0001 1.0 (1.00–1.01) 0.07

Smoking history (non-smoker) – –

Smoking history (former smoker) 2,617,187 (0–Inf) 0.99 – –

Smoking history (smoker) 1.82 (0.63–5.24) 0.2700 – –

Tumor volume (≥118 mm3) 9.16 (2.64–31.79) <0.0001 9.05 (2.20–37.21) <0.01

FR+CTC level (≥9.75) 3.35 (1.56–7.18) <0.0001 5.49 (1.75–17.29) <0.01

FR+CTC, folate-receptor-positive circulating tumor cells; GGO, ground-glass opacity; HU, Hounsfield units.

Nomogram development and validation

A predictive model was established with the variables of 
nodule type, maximum density, FR+CTC and AI tumor 
volume, and the model is presented as a nomogram  

(Figure 3) for predicting the invasiveness of LUAD. A 

calibration curve was used to verify the consistency and 

predictive accuracy of the nomogram (Figure 4), and it 

showed that the predicted values estimated by the nomogram 
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Figure 3 Nomogram for classifying IPA and non-IPA patients. FR+CTC, folate-receptor-positive circulating tumor cells; GGO, ground-glass 

opacity; IPA, invasive pulmonary adenocarcinoma.
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were in good agreement with actual observations, with a 
C-index of 0.840. Also, the Hosmer-Lemeshow test yielded 
non-significant goodness-of-fit (P=0.09).

Discussion

Low-dose CT, as the most commonly used tool for lung 
cancer screening, may lead to a high false-positive rate and 
high radiation exposure (34). A study reported that lesion 
borders and lesion margins on CT images routinely used in 
clinical practice showed poor consistency (35). Currently, the 
determination of tumor invasiveness depends on biopsy or 
puncture as the gold standard. Thus, a new model of tumor 
invasiveness is highly warranted. In this study, we developed 
a predictive model combining FR+CTC and AI tumor volume. 

Firstly, we reported that the FR+CTC levels of IPA group 
were significantly higher than those in the non-IPA group. 
In a prospective study, FR+CTC detection in patients with 
different pathologic types of LUAD, the sensitivity in 
patients with AIS, MIA, invasive glands, and IA variants 
were 60%, 73.2%, 73.9%, and 75%, respectively (36).  
Zhou et al. reported that FR+CTCin patients with AIS 
+ MIA versus IPA, the sensitivity was 77.3–84.1% (16). 
In our study, the sensitivity and specificity of FR+CTC for 
differentiating the IPA and non-IPA groups were 73.27% 
and 55.00%, respectively, which is in line with the previous 
studies (16,36). Ding et al. constructed two diagnostic models 
by deep learning based on CT scans to distinguishing the 
degree of lung nodule invasiveness, and the AUC values of 
the diagnosis were 0.88 and 0.86, respectively (24). Recently, 
a study reported that in terms of artificial intelligence 
parameters, from AAH/AIS to MIA, and IAC, there was a 
gradual increase in two-dimensional mean diameter, three-

dimensional mean diameter, mean CT value, maximum CT 
value, and volume of GGNs. Two models that distinguished 
the pathologic subtypes of LUAD have been developed using 
AI, and the AUCs of the predictive model for identifying 
AAH/AIS and MIA and of the model for identifying MIA 
and IAC were 0.779 and 0.918, respectively (22). When the 
diagnostic value of the AI tumor volume was accessed, the 
AUC of tumor volume based on AI in diagnosing tumor 
invasiveness was 0.698, which was slightly lower than 
previously reported findings (22,24). Based on the FR+CTC 

level, tumor invasiveness predictive models have been 
established. Zhou et al. created a predictive model for the 
diagnosis of tumor invasiveness based on FR+CTC combined 
with MTD, with an AUC value of 0.830 (0.707–0.953), 
sensitivity of 63.6% and specificity of 73.7% (16). Our 
predictive model combining FR+CTC and AI tumor volume 
showed a sensitivity of 86.89% and a specificity of 70.94%, 
and the AUC was 0.841, which was significantly greater than 
the AUC of the single characteristics, similar to the results 
for previous models (16). Primary tumor volume might be 
related to CTC level in patients with lung cancer, because 
tumor volume better reflects cancer burden (17); however, we 
did not explore the relationship between CTC level and AI 
tumor volume. FR+CTC AI tumor volume, maximum density, 
and nodule type were included in our predictive model. The 
nomogram yielded a C-index of 0.840, suggesting potential 
clinical application value. 

This study has several limitations. First, it was a single-
center retrospective study with a small sample size, and the 
model needs to be further tested in prospective, multicenter, 
and large sample studies. Second, commonly used clinical 
serum biomarkers, such as CEA, CA125, and ProGRP, were 
not included in this model, and only tumor volume from 
among the AI parameters was included in the predictive 
model. So, this model has a lot of room for improvement. 

Conclusions

We found that FR+CTC and AI tumor volume were 
independent indicators of the invasiveness of LUAD, and 
our predictive nomogram, which included nodule type, 
maximum density, FR+CTC and AI tumor volume, can be used 
for preoperative screening of NSCLC patients and to assist 
radiologists and thoracic surgeons make their clinical decisions.
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