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Nomogram model for the preoperative
prediction of spread through air spaces
in sub-centimeter non-small cell lung cancer

Xiao Wang', Jingwei Shi*" and Zhengcheng Liu"

Abstract

Introduction To construct and validate a nomogram risk prediction model based on clinical characteristics and
radiological features to predict spread through air spaces (STAS) of stage A sub-centimeter non-small cell lung cancer.

Methods 112 patients who underwent surgical treatment in Nanjing Drum Tower Hospital with pathologically
diagnosed stage IA sub-centimeter non-small cell lung cancer were retrospectively collected. The training cohort

and the validation cohort were chosen in a 7:3 ratio. Based on the presence or absence of STAS in pathology results,
they were divided into STAS positive and STAS negative groups. The independent risk predictors of STAS in clinical
characteristics and radiological features were selected by univariate and multivariate logistic regression analysis and
then used to construct a nomogram. The sensitivity and specificity were calculated based on the Youden inde, area
under the curve (AUQ), calibration curves and decision curve analysis (DCA) were used to evaluate the performance of
the model.

Results The incidence of STAS in the training cohort was 17.9%. Univariate logistic regression analysis showed that
male, anti-GAGE7 antibody positive and mean CT value were associated with the occurrence of STAS; multivariate
logistic regression analysis showed that male (OR=7.900, 95%Cl: 1.502-41.545), anti-GAGE7 antibody positive
(OR=10.065, 95%Cl: 1.256-80.659) and mean CT value (OR=1.009, 95%Cl: 1.004—-1.014) were independent predictors
for STAS. The nomogram based on the above factors achieved good predictive performance for STAS with AUC

was 0.897 (sensitivity was 0.929, specificity was 0.781) in the training cohort and 0.860 in the validation cohort. The
calibration curve and DCA validated the good performance of the model.

Conclusion The nomogram model established in this study had good predictive performance for STAS status of sub-
centimeter lung cancer, and provide reference significance for preoperative planning of patients.
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Introduction

Lung cancer is still the malignant tumor with the great-
est incidence and death rate in China, and its occurrence
is rising annually around the world [1, 2]. Recent years
have seen an increase in the diagnosis rate of early lung
cancer, including sub-centimeter lung cancer, thanks
to the widespread use of low-dose spiral CT scanning
and increased public awareness of health examina-
tions [3]. The outcomes of the clinical trials JCOGO0804,
JCOGO0802, and CALGB140503 have demonstrated that
sublobar resection is anticipated to replace lobectomy
as the conventional procedure for peripheral early non-
small cell lung cancer with a diameter of up to 2 cm
[4-6]. Although the prognosis for sub-centimeter lung
cancer is generally favorable, some individuals may still
experience metastasis or recurrence [7]. An separate kind
of lung cancer transmission known as spread through air
spaces (STAS) refers to the air diffusion of tumor cells to
the alveolar space outside the original tumor’s margin in
the form of solid nests, micropapillary clusters, or single
cells [8]. In addition to adenocarcinoma, STAS is also
present in other forms of lung cancer such as neuroen-
docrine tumors, squamous cell carcinoma and carcinoid
carcinoma [9, 10]. Whether early non-small cell lung
cancer with STAS positive status is suitable for sublobar
resection is a research hotspot in the field of thoracic sur-
gery. According to a meta-analysis of 10,883 individuals
with stage I non-small cell lung cancer, sublobar resec-
tion was associated with a greater 5-year risk of recur-
rence (HR=3.44, 95%CI: 2.49-4.76) and mortality in
STAS-positive patients (HR=3.40, 95%CIL: 2.05-5.64)
[11]. In a retrospective study of 555 patients with stage
IA non-small cell lung cancer, Ikeda et al. found that
wedge resection was an independent risk factor for poor
recurrence free survival (RFS) and overall survival (OS)
in STAS positive patients [12]. Therefore, knowledge of
whether the tumor is accompanied by STAS before and
during the operation is of great significance to guide sur-
geons to choose the surgical procedure.

For the diagnosis of STAS, intraoperative rapid pathol-
ogy has a high specificity but a low sensitivity [13, 14].
Thus, the preoperative clinical and radiological features
have become increasingly important in the prediction
of STAS in recent years. Studies have demonstrated the
tight relationship between STAS and clinical factors such
as gender, carcinoembryonic antigen (CEA), as well as
radiological aspects such as consolidation tumor ratio
(CTR), nodule type, lobulation, and spiculation [15, 16].
Liao et al. created a prediction model with a sensitivity
of 82% and a specificity of 80% to predict STAS in stage
I lung adenocarcinoma by merging radiomics technol-
ogy [17]. According to Wang et al’s analysis of the clinical
imaging features of 241 lung adenocarcinoma patients,
the generated nomogram’s area under the curve (AUC)

Page 2 of 9

was 0.860 in the training set and 0.919 in the validation
set [18].

The studies mentioned above cover a wider range of
case stages, and there is limited clinical value in predict-
ing middle and advanced stage lung cancer with STAS.
Additionally, radiomics technology is complex and not
easily adapted for clinical promotion, the prediction
model that solely relies on radiological features is mod-
erate, and similarly little research has been done on
using lung cancer autoantibodies to forecast the STAS.
Furthermore, no STAS model exists for sub-centimeter
lung cancer. Yearly increases in the number of patients
with sub-centimeter lung cancer are seen; while most
lesions were found early and the prognosis is generally
good overall, a small percentage of lesions are still quite
aggressive, and some even come with STAS. The study
aims to investigate the association between clinical and
imaging features and STAS, as well as to develop a nomo-
gram model based on preoperative clinical and imaging
data for predicting STAS in stage IA sub-centimeter non-
small cell lung cancer patients.

Materials and methods

Patients

A retrospective analysis identified 4,667 consecutive
patients who underwent surgical resection of lung nod-
ules or masses with histopathological diagnosis of non-
small cell lung cancer in Nanjing Drum Tower Hospital
from January 2022 to October 2023. The training cohort
and the validation cohort were chosen in a 7:3 ratio.
Pathological staging was performed according to the
International Association for the Study of Lung Cancer
(IASLC). The 2021 World Health Organization (WHO)
classification of thoracic tumors clearly proposed that
microinvasive adenocarcinoma was the exclusion cri-
teria for STAS [19]. Therefore, patients with microinva-
sive adenocarcinoma were excluded from this study. The
inclusion criteria were as follows: (1) pathological diag-
nosis of primary lung cancer; (2) thoracic CT examina-
tion performed before the surgery less than one month;
(3) stage IA sub-centimeter non-small cell lung cancer.
The exclusion criteria were as follows: (1) Microinvasive
adenocarcinoma; (2) Neoadjuvant chemotherapy before
surgery; (3) Presence of multiple lung cancer; (4) Lack
of lung cancer autoantibody detection after the hospital-
ization. The selection process for patients in this study is
displayed in Fig. 1.

CT imaging acquisition and interpretation

The patient underwent a preoperative thoracic CT
examination, which was performed using two types of
CT machines: the Dutch Philips IQon-Spectral 128-
row CT machine and the Dutch Philips iCT 256-row
CT machine. The parameters were set as follows: tube
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October 2023 (n=4667)

Patients who underwent surgical resection of lung nodules or
masses with histopathological diagnosis of non-small cell lung
cancer in Nanjing Drum Tower Hospital from January 2022 to

l

Assessed for eligibility (n=452):
1. Pathologically confirmed primary lung cancer

2. Preoperative thoracic CT examination within one month
3. Stage |A sub-centimeter non-small cell lung cancer

Paeients excluded (n=340):

1. Microinvasive adenocarcinoma (n=249)

2. Neoadjuvant chemotherapy before surgery (n=7)
3. Presence of multiple lung cancer (n=26)

4. Lack of lung cancer autoantibody detection (n=58)

Patients enrolled

(n=112)
I
v N3
Training cohort Validation cohort
(n=78) (n=34)
STAS+ (n=14) STAS+ (n=3)
STAS- (n=64) STAS- (n=31)

Fig. 1 Patient selection process

voltage 120kVp; automatic tube current regulation;
detector collimation 0.625 mm. Lung window observa-
tion was reconstructed using lung algorithm, section
thickness was 1.0-2.0 mm, gap was 1.0-1.5 mm (win-
dow level, -600HU; window width, 1500 HU). Soft tissue
observation was reconstructed using standard algorithm,
layer thickness was 3.0 mm, gap was 3.0 mm (window
level, 40HU; window width, 250HU).

CT imaging analysis was conducted on the Picture
Archiving and Communication System (PACS) using
lung window and soft tissue window. Two residents with
over 2 years of experience in thoracic imaging diagnosis
each independently analyzed the radiological features,
including lesion location, lobulation, spiculation, and
mean CT value. Prior to reading, they were blinded to
analyzing the STAS results from the pathology depart-
ment. The mean CT value was measured using the lung
window setting in the maximum transverse section of
the nodule to minimize interference from small pulmo-
nary vessels, small bronchi, and calcification foci as much
as possible. The intraclass correlation coefficients (ICC)
were used to evaluate the consistency between the two
readers. Any discrepancies were resolved by two associ-
ate chief physicians.

Histopathological evaluation

Tumor specimens were fixed in a 10% neutral formalin
solution for 12—48 h prior to sampling, paraffin embed-
ding, sectioning, hematoxylin/eosin staining, and obser-
vation by light microscopy. Postoperative lung resection
specimens were assessed by two experienced pathologists

in accordance with the WHO definition. Consensus was
reached for cases with inconsistent results after discus-
sion. STAS was defined as the airborne diffusion of
tumor cells in the form of micropapillary clusters, solid
nests, or individual cells into the alveolar space outside
the margin of the primary tumor. Immunohistochemical
staining was utilized to differentiate lung alveolar macro-
phages from bona fide STAS.

Lung cancer autoantibodies detection

Venous blood (about 4 ml) was collected from the patient
on an empty stomach before the pulmonary operation.
The serum was separated by a serum coagulant tube of
3500r/min and centrifuged for 10 min. The serum was
stored in a refrigerator at -80 °C. Serum concentrations of
seven kinds of tumor-associated autoantibodies (TAABs)
were measured by enzyme linked immunosorbent assay
(ELISA), and anti-p53, PGP9.5, SOX2, GAGE7, GBU4-5,
MAGEA1 and CAGE antibodies were detected. The nor-
mal reference intervals for the 7 TAABs were obtained
from the kit instructions and verified by the laboratory.

Statistical analysis

SPSS 29.0 software and R statistical software (R ver-
sion 4.2.3) were used for statistical analysis. Mea-
surement data were tested for normality using the
Shapiro-Wilk test. If the normal distribution is followed,
the mean + standard deviation and the independent sam-
ple t-test, otherwise the median (interquartile range) and
the Mann-Whitney U test were used for group compari-
son. The counting data were statistically described by
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frequency and percentage, and statistical inference was
performed by chi-square test. Independent predictors
of predicting STAS in clinical and radiographic features
were screened by univariate and multivariate logistic
regression. The variance inflation factor (VIF) is used
to assess whether there is multicollinearity between the
independent variables. VIF<5 suggests no collinear-
ity interference between the independent variables. The
“rms” package builds the nomogram model based on
independent predictors, and the model was evaluated
by drawing calibration curve, receiver operating charac-
teristic (ROC) curve and decision curve analysis (DCA).
The Bootstrap method repeated sampling 1000 times for
internal verification to reduce the overfitting bias of the
model. Two-sided test was used, and P<0.05 was consid-
ered a statistically significant difference.

Results

Patient clinical characteristics and radiological features

A total of 78 patients of stage IA sub-centimeter non-
small cell lung cancer were enrolled in the training cohort
of this study, including 14 patients with STAS posi-
tive rate (17.9%); there were 64 STAS negative patients,
accounting for 82.1% of the total population. The major-
ity (98.7%) of patients exhibited the pathological type of
invasive adenocarcinoma, with only one patient diag-
nosed with carcinoid. STAS positive patients were mostly
male, and most of them had clinical characteristics of
anti-CAGE7 antibody positive. In terms of radiologi-
cal features, most STAS positive patients, the mean CT
value was higher than that of STAS negative patients,
while other radiological features were not correlated with
STAS. The specific clinical characteristics and radiologi-
cal features are shown in Table 1.

Analysis of clinical characteristics and radiological features
associated with STAS

In this study, univariate and multivariate logistic regres-
sion analysis was used to determine which parameters
could be used as independent predictors of STAS. Uni-
variate regression analysis showed that male, anti-
GAGE?7 antibody positive and mean CT value were
associated with STAS positivity in stage IA sub-centime-
ter non-small cell lung cancer. Multivariate regression
analysis showed that male (OR=7.900, 95%CI: 1.502—
41.545), anti-GAGE7 antibody positive (OR=10.065,
95%CI: 1.256—-80.659) and mean CT value (OR=1.009,
95%CIL: 1.004-1.014) were independent predictors of
STAS positivity. The rest were non-independent pre-
dictors (Table 2). A collinearity analysis was conducted
on the three factors mentioned above, and the results
showed that the VIF values were 1.018, 1.045, and 1.053,
all less than 5, indicating that there is no collinearity rela-
tionship between the three factors mentioned above.
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Table 1 Clinical characteristics and radiological features in the

training cohort

Variable All Positive for  Negative for P
patients STAS(n=14) STAS(n=64) value
(n=78)

Age/year® 569+105 573+98 56.8+10.7 0.868

Gender 0.038

Male 31(39.7) (64.3) 22 (34.4)

Female 47 (60.3) 5(35.7) 42 (65.6)

Hypertension 0.627

Absent 49 (62.8) 8(57.1) 41 (64.1)

Present 29(37.2) 6(42.9) 23(35.9)

Diabetes mellitus 0.795

Absent 68 (87.2) 13(92.9) 55(85.9)

Present 10(12.8) 1(7.1) 9(14.1)

Anti-TP53 1.000

Negative 76 (974) 14 (100.0) 62 (96.9)

Positive 2(26) 0(0.0) 2(3.1)

Anti-GAGE7 0.007

Negative 72(92.3) 10(714) 62 (96.9)

Positive 6(7.7) 4(28.6) 2 (3.1

Anti-PGP9.5 -

Negative 78(100.0)  14(100.0) 64 (100.0)

Positive 0(0.0) 0(0.0) 0(0.0)

Anti-CAGE -

Negative 78 (100.0) 14 (100.0) 64 (100.0)

Positive 0(0.0) 0(0.0) 0(0.0)

Anti-MAGEA1

Negative 78 (100.0) 14 (100.0) 64 (100.0)

Positive 0(0.0) 0(0.0) 0(0.0)

Anti-SOX2 0.792

Negative 76 (97.4) 13(92.9) 63 (98.4)

Positive 2(2.6) 1(7.1) 1(1.6)

Anti-GBU4-5 0.953

Negative 75(96.2) 14 (100.0) 61(95.3)

Positive 338 0(0.0) 3(4.7)

Surgical 0.272

procedure

WR 18 (23.1) 2(14.3) 16 (25.0)

Segmentectomy 35 (44.9) 5(35.7) 30 (46.9)

Lobectomy 25(32.1) 7 (50.0) 18 (28.1)

Tumor location 0.363

Upper and 42 (53.8) 6(42.9) 36 (56.3)

middle lobe

Lower lobe 36 (46.2) 8(57.1) 28 (43.8)

Lobulation 0.089

Absent 23(29.5) 1(7.0) 22 (344)

Present 55 (70.5) 13(92.9) 42 (65.6)

Spiculation 0.127

Absent 64 (82.1) 9(64.3) 55(85.9)
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Table 1 (continued)

Variable All Positive for ~ Negative for P
patients STAS(n=14) STAS(n=64) value
(n=78)

Present 14 (17.9) 5(35.7) 9(14.1)

Mean CT value® 2436 314(-1128, -282.3 (-425.0, <0.001
(-384.1, 112.2) -106.6)
-43.5)

WR=Wedge resection; STAS =Spread through air spaces
®Normally distributed measurement data were

mean +standard deviation

presented as the

bSkewedly distributed measurement data were presented as the median
(interquartile range)

Construction and validation of the nomogram prediction
model
Based on the independent predictors (male, anti-GAGE7
antibody positive, mean CT value), the nomogram model
predicting STAS was constructed using R statistical soft-
ware (Fig. 2A). As can be seen from Fig. 2A, each variable
has a different range of values, and the size of the score
value is related to the OR value of the regression analysis.
Each patient can be scored according to their own risk
factors, and the total score is projected into the probabil-
ity column to obtain the probability of positive STAS.
Area under the curve (AUC) of the nomogram was
0.897 (sensitivity was 92.9%, specificity was 78.1%) in
the training cohort and 0.860 in the validation cohort
(Fig. 2C-D). The calibration curve showed good agree-
ment relative to the postoperative pathology findings,
indicating the preoperative stability of nomogram in pre-
dicting STAS in early lung cancer (Fig. 2B). C-index was
0.897 (95%CI: 0.773—0.981), suggesting that this model
has a good prediction effect. The optimal cut-off value of
the model was 73.00. Using this cut-off value as a refer-
ence, the typical image analysis for the validation group
was presented in Fig. 3.

Clinical use

The DCA plot shows that the threshold probability range
of the model for predicting STAS is 0—84% and 88%-97%,
the patient had a good net benefit with clinical utility
(Fig. 4).

Discussion

To our knowledge, this is the first time that a Nomo-
gram prediction model has been developed and vali-
dated to predict STAS status in sub-centimeter stage
IA non-small cell lung cancer to weigh the feasibility
of limited resection. The majority of thoracic surgeons
and lung cancer patients agree that surgical resection is
the preferred method to treat early-stage lung cancer,
and sublobar resection has emerged as a standard clini-
cal surgical approach. Additionally, the clinical studies
JCOGO0804, JCOG0802, and CALGB140503 offer strong
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evidence-based medical evidence [4—6]. WHO officially
introduced the concept of STAS in 2015, recognizing it
as a novel lung cancer invasion mechanism. STAS is an
independent risk factor that influences the prognosis of
patients with early-stage non-small cell lung cancer [8,
19]. Numerous investigations have revealed that STAS
significantly worsens the prognosis of patients receiving
limited resection, particularly wedge resection [11, 12].
Thus, for a thorough assessment of the surgical approach,
the preoperative and intraoperative prediction of STAS
in early lung cancer is crucial.

Although some researchers have suggested using rapid
intraoperative pathological examination to identify
STAS, this approach is less sensitive than using conven-
tional pathological Sects. [13, 14]. Research has also sug-
gested using preoperative biopsies to assess STAS. In 111
patients with lung adenocarcinoma, Cao et al. retrospec-
tively examined preoperative percutaneous transthoracic
needle biopsies and postoperative resection specimens.
They discovered that desmoplasia, intratumoral bud-
ding, and micropapillary/solid histologic subtype were
independently linked to STAS [20]. Promoting invasive
operations in patients with early-stage lung cancer is
challenging, unfortunately.

Jia et al. observed that CTR was linearly linked with
STAS in the correlation analysis of CTR and STAS
through the generalized additive model. The multivari-
able regression model based on CTR revealed OR value
of 1.24 and P value of 0.015 [21]. However, the study
used a propensity score matching method, because of
the selection bias, which affected the generalization of
the model. Liao et al. used radiomics technology to build
a model to predict STAS [17]. Despite the model’s high
predictive effectiveness, radiomics technology operates
in a complex way, making it challenging to mainstream
in clinical practice. Wang et al. used clinical and imag-
ing characteristics to create a nomogram model that pre-
dicted STAS [18]. However, the stage of enrolled cases
was not restricted to the early stage, the clinical signifi-
cance of determining whether advanced lung cancer is
associated with STAS was restricted.

Previous studies on the predictive significance of serol-
ogy for STAS were often limited to CEA and ignored
the potential value of lung cancer autoantibodies. Fur-
thermore, no STAS model exists for lung cancer that is
less than one centimeter in size. Adenocarcinoma in
situ and microinvasive adenocarcinoma are the most
common lesions found in patients with sub-centimeter
lung cancer; overall prognosis is good following surgi-
cal treatment; however, a small percentage of lesions
still have high malignancy, and developed into invasive
adenocarcinoma based on sub-centimeter size, and even
develop STAS. A total of 112 stage IA sub-centimeter
non-small cell lung cancer were included in this study,
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Table 2 Univariate and multivariate logistic regression analysis of factors in the training cohort
Variables Univariate analysis Multivariate analysis
OR 95%Cl Pvalue OR 95%Cl Pvalue
Age/year 1.005 0.950-1.062 0.866
Gender (Male VS Female) 3436 1.026-11.510 0.045 7.900 1.502-41.545 0.015
Hypertension 1337 0413-4.330 0.628
Diabetes mellitus 0470 0.055-4.046 0492
Anti-TP53 - - -
Anti-GAGE7 12.400 2.001-76.842 0.007 10.065 1.256-80.659 0.030
Anti-PGP9.5 - - -
Anti-CAGE - - -
Anti-MAGEA1 - -
Anti-SOX2 4.846 0.284-82.563 0.275
Anti-GBU4-5 - - -
Surgical procedure (Segmentectomy VS WR) 1333 0.232-7.661 0.747
Surgical procedure (Lobectomy VS WR) 3111 0.563-17.196 0.193
Tumor location (Upper and middle lobe VS Lower lobe) 1.714 0.533-5.513 0.366
Lobulation 6.810 0.835-55.515 0.073
Spiculation 3.395 0.925-12.466 0.065
Mean CT value 1.008 1.003-1.012 <0.001 1.009 1.004-1.014 <0.001

Cl: Confidence interval; OR: Odds ratio; STAS =Spread through air spaces; WR=Wedge resection

and univariate regression analysis suggested that clinical
features including male, anti-GAGE 7 antibody positive
were associated with STAS, and mean CT value in the
imaging features were associated with STAS. Multivari-
ate regression analysis showed that male, anti-GAGE 7
antibody positive, and mean CT value were independent
predictors of STAS.

The incidence of STAS is higher in the male popula-
tion than in females, which has been confirmed in a
large number of literatures [12, 15, 22, 23]. However, the
underlying reasons remain unclear. We hypothesize that
this may be related to higher smoking rates among men
and genetic heterogeneity between genders. Smoking
significantly increases lung cancer risk, and the pulmo-
nary microenvironment of smokers is more conducive
to cancer cell dissemination. Thus, there is a correlation
between smoking history and STAS, potentially contrib-
uting to its higher incidence in male patients. In terms
of genes, numerous studies have explored the relation-
ship between STAS and lung cancer gene status, particu-
larly with regard to the epidermal growth factor receptor
(EGFR) [24, 25]. EGFR mutations are the most common
genetic alterations in NSCLC, affecting 45-50% of Asian
adenocarcinoma patients and 15-20% of those in West-
ern countries [26]. These mutations primarily occur in
exons 18-21 of the kinase domain, leading to sustained
activation of downstream EGFR signaling, promoting cell
proliferation and tumor development. A global prospec-
tive study on EGFR mutations in NSCLC patients indi-
cated a significant correlation between female gender and
increased likelihood of EGFR mutations [27]. Addition-
ally, patients with STAS tend to have a lower frequency of

EGFR mutations, often presenting with EGFR wild-type
[24]. Therefore, the gender differences in genetic muta-
tions may be another reason for the higher prevalence of
STAS in male patients.

GAGE7 belongs to the tumor/testicular antigen gene
family, and its expression product belongs to tumor
rejection antigen, which is only expressed in malignant
tumors and testicular tissue. While anti-GAGE7 anti-
body is primarily used for early screening in lung cancer
patients, there are no reports on their predictive capabil-
ity for STAS. In this study, anti-GAGE7 antibody indicate
limited diagnostic value. However, when combined with
two variables—gender and mean CT value—the diagnos-
tic performance of the model significantly improved, with
VIF values for all three variables remaining below 5, indi-
cating no multicollinearity. This research suggests that
TAABs may possess potential clinical value in diagnos-
ing STAS. Furthermore, this represents a new serological
approach to explore STAS, following CEA and inflamma-
tory markers. Future studies could further investigate the
molecular mechanisms underlying GAGE7 and its role in
patient prognosis.

Mean CT value is an important medical radiological
parameter, mainly used to evaluate the density of the tis-
sue and the nature of the lesion. Tumor cell invasion into
alveolar tissue leads to thickening of the alveolar septa,
collapse of some alveoli, and increased capillary density.
Consequently, as the tumor progresses, the CT value of
the lesion gradually increases [28]. Patients in the STAS
positive group had a considerably higher mean CT value
than those in the STAS negative group, which may be
explained by the fact that STAS is a novel form of lung
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Fig. 2 Preoperative prediction model for STAS in stage IA sub-centimeter non-small cell lung cancer. (A) Nomogram for predicting the incidence of
STAS. (B) The calibration curve of the nomogram. (C) The ROC curve of the nomogram in the training cohort. (D) The ROC curve of the nomogram in the

validation cohort

cancer invasion and an indication of high tumor invasion.
Yamamoto et al. pointed out that mean CT value was an
independent risk factor for predicting STAS, with mean
CT value greater than - 251.8Hu was more likely to have
STAS, AUC was 0.738 (sensitivity was 80.5%, specific-
ity was 65.4%) [29]. Our study, however, found that the
optimal cut-off value of mean CT value was —43.00Hu.
The discrepancy may be due to different patient inclusion
criteria between the two studies. The subjects included
by Yamamoto et al. were lung adenocarcinoma patients
at clinical stage NO, whose tumor diameter varied widely,

and malignancy was generally higher than that of sub-
centimeter lung cancer, potentially leading to differences
in the optimal cut-off value for the mean CT value.

We built the nomogram model using the three inde-
pendent predictors mentioned above, and it had a good
predictive accuracy with an AUC of 0.897 (sensitivity
92.9%, specificity 78.1%) for predicting STAS of stage IA
sub-centimeter non-small cell lung cancer. Currently, the
number of patients with sub-centimeter lung cancer is
steadily increasing, and the choice of surgical methods
may impact the prognosis of patients with STAS. The
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Fig. 3 A 48-year-old woman (left) with lung adenocarcinoma of the right lower lobe, STAS(+). Solid nodule (green arrow), anti-CAGE7 antibody (-), mean
CT value: 166.53Hu, nomoscore: 90.73 > 73.00. A 55-year-old woman (right) with lung adenocarcinoma of the left lower lobe, STAS(-). Mixed ground glass
nodule (green arrow), anti-CAGE7 antibody (-), mean CT value: -109.97Hu, nomoscore: 65.56 < 73.00
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Fig. 4 DCA plot of the prediction model in the training cohort

prediction model designed in this study can well meet
the clinical needs. Additionally, the nomogram model
offers the advantages of visualization and ease of popu-
larization, aligning well with clinical practice.

This study has a few limitations: firstly, this study is a
single-center retrospective study, with inevitable bias in
data collection; secondly, the study only includes a small
number of patients, particularly those who are STAS
positive, the study results may be affected. In addition,
different CT devices may affect image review. Future
prospective multicenter trials are required for additional
validation.

Conclusion

In conclusion, we constructed a nomogram model to pre-
dict STAS based on preoperative clinical characteristics
combined with radiological features, and concluded that
this model had high predictive accuracy through valida-
tion. This model solves the difficulty of the preoperative
diagnosis of STAS status; it is convenient for the surgeon
to comprehensively evaluate and develop an appropriate
surgical strategy.
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