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PURPOSE
To investigate the value of clinical characteristics and radiological features for predicting spread
through air spaces (STAS) in patients with clinical stage IA non-small cell lung cancer (NSCLC).

METHODS

A total of 336 patients with NSCLC from our hospital were randomly divided into two groups, i.e.,
the training cohort (n = 236) and the internal validation cohort (n = 100) (7:3 ratio). Furthermore,
69 patients from two other hospitals were collected as the external validation cohort. Eight clinical
patient characteristics were recorded, and 20 tumor radiological features were quantitatively mea-
sured and qualitatively analyzed. In the training cohort, the differences in clinical characteristics
and radiological features were compared using univariate and multivariate analysis. A nomogram
was created, and the predictive efficacy of the model was evaluated in the validation cohorts. The
receiver operating characteristic curve and area under the curve (AUC) value were used to evaluate
the discriminative ability of the model. In addition, the Hosmer-Lemeshow test and calibration
curve were used to evaluate the goodness-of-fit of the model, and the decision curve was used to
analyze the model’s clinical application value.

RESULTS

The best predictors included gender, the carcinoembryonic antigen (CEA), consolidation-to-tumor
ratio (CTR), density type, and distal ribbon sign. Among these, the tumor density type [odds ratio
(OR): 6.738] and distal ribbon sign (OR: 5.141) were independent risk factors for predicting the STAS
status. Moreover, three different STAS prediction models were constructed, i.e,, a clinical, radiologi-
cal, and combined model. The clinical model comprised gender and the CEA, the radiological mod-
el included the CTR, density type, and distal ribbon sign, and the combined model comprised the
above two models. A Delong test results revealed that the combined model was superior to the
clinical model in all three cohorts and superior to the radiological model in the external validation
cohort; the cohort AUC values were 0.874, 0.822, and 0.810, respectively. The results also showed
that the combined model had the highest diagnostic efficacy among the models. The Hosmer—
Lemeshow test showed that the combined model showed a good fit in all three cohorts, and the
calibration curve showed that the predicted probability value of the combined model was in good
agreement with the actual STAS status. Finally, the decision curve showed that the combined mod-
el had a better clinical application value than the clinical and radiological models.

CONCLUSION

The nomogram created in this study, based on clinical characteristics and radiological features, has
a high diagnostic efficiency for predicting the STAS status in patients with clinical stage IA NSCLC
and may support the creation of personalized treatment strategies before surgery.
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he global cancer incidence statistics for
T2020 reported lung cancer as one of

the leading causes of cancer-induced
death, with non-small cell lung cancer (NS-
CLC) accounting for approximately 80-85%
of lung cancers." According to the latest
National Comprehensive Cancer Network
guidelines,? lobectomy has been the stan-
dard surgical procedure for clinical-stage 1A
NSCLC; however, sublobar resection, includ-
ing segmentectomy and wedge resection, is
considered acceptable for lower-risk patients
in early stages of the disease, such as those
with a tumor diameter <2 cm, a ground-glass
opacity (GGO) component and other stan-
dards.?>®

In 2015, the World Health Organization
(WHO) formally defined “spread through air
spaces (STAS)” as tumor cells appearing in
the form of micropapillary cell clusters, solid
cancer nests, or single tumor cells in the lung
tissue surrounding the main tumor. It further
identified STAS as the fourth type of invasion
mode in lung adenocarcinoma.®Recent stud-
ies showed that STAS was a prognostic factor
of poor outcomes for sublobar resection in
patients with clinical or pathological stage
IA lung cancer.”® The presence of STAS was
an independent risk factor for recurrence in
patients with stage IA part-solid adenocar-
cinoma after sublobar resection.’ Therefore,
the use of relatively radical surgery, such as
lobectomy rather than sublobar resection,
as well as a wider surgical resection mar-
gin may be appropriate in the presence of
STAS.”'0 Effective preoperative evaluation of
the STAS status may help to improve patient
outcomes.

At present, postoperative pathological
section,® which does not facilitate preop-
erative surgical planning, remains the gold
standard for STAS diagnosis. However, pre-
operative puncture and intraoperative fro-
zen pathological examinations are limited by

* The density type and distal ribbon sign were
independent risk factors for predicting the
spread through air spaces (STAS) status in
patients with clinical stage IA non-small cell
lung cancer.

* The designed nomogram based on clinical
characteristics and radiological features has
a high diagnostic efficiency in predicting
the STAS status.

* Compared with the clinical and radiological
models, the nomogram showed a better
discriminative ability and clinical applica-
tion value.

their low sensitivity, small tissue sample size,
and short diagnosis time.""'? Therefore, accu-
rate assessment of the STAS status using pre-
operative imaging methods and other valu-
able clinical information could significantly
impact surgical plans.

Scholar-led studies on the STAS status of
lung cancer based on preoperative computed
tomography (CT) results revealed a correla-
tion between certain radiological features of
lung cancer and the STAS status.”>' Through
the use of different multiple regression mod-
els, these studies showed an association be-
tween STAS and larger tumor size,'>'* larger
solid component size,*'¢ a larger ratio of solid
component size to total tumor size [consoli-
dation-to-tumor ratio (CTR)],'>'*'¢'® air bron-
chogram sign,’ vacuole sign,” spiculation
sign,” lobulation sign,”® and notch sign."”
Additionally, Kim et al."” found that STAS was
absent in pure GG lesions. Most existing stud-
ies included lesions in any stage of lung ade-
nocarcinoma;'*"”'° only two studies included
stage IA lung adenocarcinoma,’>'® and one
study included only part-solid nodules.™ Fur-
thermore, the above-described studies only
included histologic adenocarcinoma tumors.
However, STAS was reportedly associated with
the poor prognosis of other types of lung can-
cer, such as lung squamous cell carcinoma,®
lung pleomorphic carcinoma,” and lung neu-
roendocrine tumors.? Jia et al.”® also showed
that clinical characteristics, such as age, gen-
der, and the carcinoembryonic antigen (CEA),
were predictors of STAS in lung cancer. To
the best of the present authors’ knowledge,
studies focusing on clinical stage IA NSCLC
[excluding pure GG nodules (pGGNs)] and
incorporating the relevant CT radiological
features and valuable clinical information for
predicting the STAS status are rare. Therefore,
the current study explored the risk factors of
STAS in clinical stage IA NSCLC with a focus
on clinical characteristics and radiological
features. A prediction model was constructed,
and a nomogram was produced. The model
underwent internal and external validation
to provide a basis for accurately assessing the
presence or absence of STAS in patients with
preoperative clinical stage IA NSCLC.

Methods

Patients

The present study was approved by the
Ethics Committee of Changzheng Hospital,
Naval Medical University (decision number:
CZ-20220712-03). Due to the retrospective
nature of this study, the need for informed
consent was waived.
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A retrospective patient analysis was per-
formed; the included patients (1) had a clin-
ical stage IA NSCLC status assessed by post-
operative pathology and (2) had undergone
a preoperative chest CT examination one
week before surgical resection at our hospi-
tal and two other hospitals between Septem-
ber 2019 to September 2022. The authors
collected 290 patients presenting as pGGNs,
none of which were positive for STAS. As re-
ported in the references,'” these pGGNs were
excluded.

The inclusion criteria were as follows: pa-
tients with (i) a thin-slice (1.5 mm) chest CT
with no artifacts within one week before sur-
gery; (ii) complete clinical and pathological
data; (iii) clinical stage IA NSCLC (cT1NOMO,
with a maximum tumor diameter of <3 cm);
and (iv) solid or mixed GG nodules (MGGNs).

The exclusion criteria were as follows:
patients with (i) poor image quality; (ii) in-
complete clinical and pathological data; (iii)
a maximum tumor diameter of >3 cm; (iv) tu-
mors with lymph node or distant metastasis;
(v) a pathological type other than NSCLG; (vi)
a history of preoperative neoadjuvant treat-
ment and chemotherapy; and (vii) pGGNSs.

A total of 336 patients from our hospital
(hospital 1) were included in the study and
randomly divided into two groups, i.e., the
training cohort (n = 236) and the internal
validation cohort (n = 100) (7:3 ratio). Fur-
thermore, 69 cases from two other hospitals
(hospital 2 and hospital 3) were used as the
external validation cohort, including 30 pa-
tients from hospital 2 and 39 patients from
hospital 3. The detailed patient inclusion pro-
cedure is shown in Figure 1.

If multiple lesions in the same patient
were surgically removed and met the inclu-
sion criteria, the research conducted by Der-
cle et al.** was referred to for the selection of
a representative lesion with the largest tu-
mor size for analysis.

Clinical and pathological data collection

Patient data were collected, including
gender, age, clinical symptoms, smoking
status, family history of lung cancer, history
of malignant tumors, history of multiple pri-
mary lung cancer, surgical type, pathological
type, and CEA levels.

Equipment and parameters

Patients from hospital 1 underwent pre-
operative chest CT examinations with four
types of CT machines, including the Toshiba
Aquilion16 row, GE Light Speed VCT64 row,
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Philips Ingenuity 64 row, and Brilliance iCT
128 row CT machines, from three vendors.
In the external cohort, patients from hospi-
tal 2 were assessed with the American Light
Speed 16, Light Speed VCT64 row, and Dutch
Philips iCT 256-row CT machines. Hospital 3
utilized the German SOMATOM Definition
Flash and SOMATOM Drive 64-row CT ma-
chines. The patients were instructed to lie
down during the scan. The scanning range
was set from the thoracic inlet to the middle
portion of the kidneys; the tube voltage was
set to 120 kVp, with a tube current of 150-
250 mAs or automatic tube current regula-
tion; the scanning slice thickness and slice in-
crement were 5 mm; the reconstruction slice
thickness and slice increment were (1) T mm
in hospital 1 and hospital 2 and (2) 1.3 mm in
hospital 3. The lung or standard algorithm re-
construction was selected, and non-contrast
enhanced images were used for analysis.

Image evaluation

The CT images were imported into soft-
ware (RadiAnt DICOM Viewer 4.2.1, Medix-
ant, Poland) and analyzed by two indepen-
dent radiologists with 2 and 10 years of
experience, respectively, who were blinded
to the pathological information. The lung
window [width: 1500 Hounsfield scale (HU),
level: =500 HU], mediastinal window (width:
300 HU, level: 50 HU), multiplanar reforma-
tion (MPR), and maximal intensity projection
were used to analyze the lesion. For quanti-
tative measures, the average measurements
of two independent radiologists were used
as the final data. For qualitative indicators,
disagreements were discussed until a con-
sensus was reached.

First, the longest diameter of the entire
tumor and the consolidation part were mea-
sured at the lung window on the MPR imag-
es, and the proportion of the consolidation
part (CTR) was calculated.” Clinical T-staging
was performed according to the maximum
diameter of the solid components of the tu-
mor.»

Second, the following qualitative CT ra-
diological features were assessed: the tumor
location, density type (solid and mGGN),
shape (round and irregular), tumor-lung in-
terface (well-defined and ill-defined), margin
(lobulation and spiculation), internal features
(vacuole sign and cavity/cystic airspace), and
external features (vascular convergence,
bronchial change, pleural tags, pleural in-
dentation, halo sign, satellite lesions, distal
ribbon sign, and combination with emphy-
sema).

The definitions of CT radiological features
are described in Supplementary Table 1, and
the CT radiological features are shown in
Supplementary Figures 1-4. Most of the defi-
nitions concerning the pulmonary nodules’
radiological features have previously been
reported.'”262

Pathological diagnosis

The pathological diagnosis of each pa-
tient included in the present study was es-
tablished, respectively, by two pathologists,
a junior pathologist and a senior pathologist
with more than 10 years of work experience
collectively, based on the 2015 WHO defini-
tion of STAS.® The classification of lung can-
cer was based on the WHO's classification of
lung cancer (2015 edition),® and the clinical
and pathological staging was based on the
TNM staging standard of lung cancer (8"
edition),” as the pathological diagnosis was
determined as part of routine clinical prac-
tice, and the specimens were not reviewed
specifically for this study.

Statistical analysis

The SPSS (v.20.0) and R (v.4.2.2) statistical
software programs were used for analyzing
all statistical tests. The classified data were
represented by the number of cases, and the
comparison between the two groups was
performed using Pearson’s chi-square test,
Yate’s correction for continuity, or Fisher’s
exact test. A P value of <0.05 was considered
statistically significant in the univariate anal-
ysis. Variables with P < 0.1 in the univariate
analysis were included in the multivariate lo-
gistic regression analysis, backward stepwise
selection was applied using the likelihood
ratio test, with Akaike’s information crite-
rion as the stopping rule to select the best
combination of variables for building the
prediction model in the training cohort, and
a corresponding nomogram was construct-
ed. The interobserver agreement of numeric
and categorical variables was assessed using
intraclass correlation coefficients (ICCs) and
K-statistics, respectively. The receiver op-
erating characteristic (ROC) curve with the

Patients with NSCLC who underwent surgical
treatment between September 2019 and August
2022 in our hospital (n = 843)

Patients with NSCLC who underwent surgical treatment
between December 2019 and March 2020 in hospital 2 (n =41)
between April 2022 and September 2022 in hospital 3 (n = 50)

Inclusion criteria:

(i) Thin-slice chest CT with slice thickness <
1.5mm and no artifacts within 1 week before
surgery

(ii) Complete clinical and pathological data

(iii) Clinical stage TA NSCLC (¢TINOMO, the
maximum length of tumor < 3 cm)

(iv) Solid or mixed ground glass nodules (mGGNs)

Exclusion criteria:

(1) Poor image quality (n = 9)

(ii) Incomplete clinical and pathological data (n = 98)
(iii) Maximum diameter of tumor > 3cm (n = 120)

(iv) Lymph node or distant metastasis (n = 6)

(v) Pathological type was not NSCLC (n=4)

(vi) Preoperative neoadjuvant and chemotherapy (n = 2)
(vii) pGGNs (n = 290)

Hospital 1 (n =3306)

Hospital 2 (n=30) Hospital 3 (n=39)

| I
Training cohort Internal validation cohort External validation cohort
(n=236) (m=100) (n=169)
:I: [ R ’—l;
STAS (+) STAS (-) STAS (+) STAS (-) STAS (+) STAS (-)
(n=59) n=177) (n=29) n=71) (n=30) (n=139)

Figure 1.The flow chart for patient selection. NSCLC, non-small cell lung cancer; CT, computed tomography;

STAS, spread through air spaces.

0 1 2 3 4 5 6 7 8 9 10

Points
Male
Gender Female
25

CEA (ug/L) : '

<5 250
CTR (%) '

<50 Solid
Density Type ) '

mGGN Present

Distal Ribbon Sign  apgent I
Total Points 0 5 10 15 20 25 30 35 40 45
Linear Predictor _'4 _'3 _'2 -'1 (') i é é ;
STAS Risk 041 02 0304050607 08 09

Figure 2. The nomogram for the preoperative prediction of the spread through air spaces status based
on clinical characteristics and radiological features in clinical stage IA non-small cell lung cancer. CEA,
carcinoembryonic antigen; CTR, consolidation-to-tumor ratio; STAS, spread through air spaces, mGGN,

mixed ground-glass nodule.
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corresponding area under the curve (AUQC)
value was used to evaluate the discrimina-
tive ability of the prediction models for pre-
dicting STAS in the training and validation
cohorts. The DeLong test was used to assess
AUC differences between models. Calibration
curves and the Hosmer-Lemeshow test were
used to evaluate the goodness-of-fit of the
prediction model; a P value of >0.05 indicat-
ed a high goodness-of-fit. The decision curve
analysis (DCA) was used to evaluate the clin-
ical utility of the nomogram. Multivariate bi-
nary logistic regression, nomograms, and cal-
ibration plots were performed with the “rms”
package of the R software. The ROC was per-
formed using the “pROC” package. Validation
was performed by the “rms” package. DCA
was performed using the “gg.DCA” function.

Results

Clinicopathological characteristics of the
study cohorts

Of the 405 patients with NSCLC included
in the present study, 118 were STAS-positive
and 287 were STAS-negative. Statistically sig-
nificant gender differences were observed in
the training and external validation cohorts
(P < 0.05). Furthermore, the surgical method
showed statistically significant differences in
the training and internal validation cohorts
(P < 0.05), whereas smoking status, CEA, and
pathological type demonstrated statistically
significant differences in the training cohort
(P < 0.05). Additionally, there were statistical-
ly significant differences concerning clinical
symptoms in the external validation cohort
(P < 0.05) (Table 1).

Univariate and multivariate logistic regres-
sion analysis

For radiological features, good consis-
tency was observed in terms of quantitative
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parameters between two observers (ICC:
0.934-0.935), with a strong consistency in
qualitative indicators (Kappa value: 0.852-
1.000). The interobserver agreement assess-
ment results of each index are shown in Sup-
plementary Table 2.

In the training cohort, univariate analysis
showed statistically significant differences in
gender, smoking status, CEA, clinical T-stage,
CTR, density type, spiculation, bronchial
change, vascular convergence, halo sign,
distal ribbon sign, pleural indentation, and
pleural tags between the STAS-positive and
the STAS-negative groups (P < 0.05) (Table
2). No multicollinearity was observed (see
Supplementary Table 3). The best combi-
nation of variables selected by multivariate
logistic regression analysis included gender,
the CEA, CTR, density type, and distal ribbon
sign, among which the tumor density type
[odds ratio (OR: 6.738] and distal ribbon sign
(OR: 5.141) were independent risk factors for
predicting the STAS status (Table 3).

Model development and evaluation

Based on the best combination of vari-
ables selected by multivariate logistic regres-
sion analysis, three different models were
constructed: (1) a clinical model comprising
gender and the CEA; (2) a radiological model
comprising the CTR, density type, and dis-
tal ribbon sign; and (3) a combined model
including of all the above variables. Then,
predictive diagnostic efficacy was compared
among the different models. The results in-
dicated that the AUC values in the three
cohorts were 0.874, 0.822, and 0.810 in the
combined model, 0.862, 0.821, and 0.738
in the radiological model, and 0.639, 0.505,
and 0.685 in the clinical model. The predic-
tive efficacy is shown in Table 4, and the ROC
curves are shown in Figures 3-5. The DelLong
test demonstrated that the combined mod-
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el was superior to the clinical model in the
three cohorts (Z = 6.315, 4.969, and 2.085;
P < 0.05) and that the combined model was
superior to the radiological model in the
external validation cohort (Z = 2.529; P <
0.05). The radiological model was superior
to the clinical model in the training cohort
and the internal validation cohort (Z = 5.065
and 4.306; P < 0.05). Based on the regres-
sion coefficients of the variables selected
by multivariate logistic regression analysis, a
nomogram was constructed to evaluate the
STAS risk intuitively, as shown in Figure 2. The
regression equation was In (P/1-P) = —-3.97
+ 0.74 x gender + 1.25 x CEA + 1.49 x CTR
+ 1.90 x density type + 1.64 X distal ribbon
sign, where P represents the probability of
predicting the occurrence of STAS. The Hos-
mer-Lemeshow test showed that the com-
bined model was a good fit in all three co-
horts (P = 0.22, 0.94, and 0.51, respectively).
Moreover, the calibration curve showed that
the predicted probabilities of the combined
model were in acceptable agreement with
the actual probabilities in the three cohorts
(Figures 6-8). The DCA showed that the com-
bined model had a better clinical application
value than the clinical and radiological mod-
els (Figures 9-11).

Discussion

With the extensive application of low-
dose CT screening for lung cancer, the de-
tection and surgical rates of the disease
have been continuously improving.?® STAS is
a risk factor for postoperative tumor recur-
rence and metastasis in patients with early
lung cancer, and lobectomy can achieve a
better clinical prognosis than sublobecto-
my.”831 Therefore, an accurate prediction of
the STAS status before surgery has import-
ant guiding significance for the selection of
the surgical procedure. This study revealed
that the tumor density type and distal

Clinical model:.685

Radiological model:0.738

Specificity (%)

Figures 3-5. The receiver operation characteristic curve analysis of the clinical, radiological, and combined models in the three cohorts. (Figure 3) The training
cohort, (Figure 4) the internal validation cohort, and (Figure 5) the external validation cohort. AUC, area under the curve.
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Table 1. The clinical and pathological characteristics of patients in the training cohort and the two validation cohorts

Training cohort (n = 236) Internal validation cohort (n = 100) External validation cohort (n = 69)
Characteristics STAS (-) STAS (+)  Pvalue STAS (-) STAS (+)  Pvalue  STAS(-) STAS (+)  Pvalue
(n=177) (n=59) (n=71) (n=29) (n=39) (n=30)

Gender
Male 66 (37.3%) 32 (54.2%) 49 (69.0%) 21 (72.4%) 12 (30.8%) 20 (66.7%)

0.0222 0.736* 0.0032
Female 111 (62.7%) 27 (45.8%) 22 (31.0%) 8 (27.6%) 27 (69.2%) 10 (33.3%)
Age (year)
<65 125(70.6%) 35 (59.3%) 50(70.4%) 17 (58.6%) 30 (76.9%) 19 (63.3%)

0.108* 0.2552 0.2172
>65 52 (29.4%) 24 (40.7%) 21 (29.6%) 12 (41.4%) 9 (23.1%) 11 (36.7%)
Clinical symptoms
Absent 124 (70.1%) 47 (79.7%) 49 (69.0%) 16 (55.2%) 31 (79.5%) 17 (56.7%)

0.1532 0.1882 0.0412
Present 53 (29.9%) 12 (20.3%) 22 (31.0%) 13 (44.8%) 8 (20.5%) 13 (43.3%)
Smoking status
Non-smoker 151(85.3%) 42 (71.2%) 62 (87.3%) 25 (86.2%) 34(87.2%) 21 (70.0%)

0.0152 1.000° 0.079?
Smoker 26 (14.7%) 17 (28.8%) 9(12.7%) 4 (13.8%) 5(12.8%) 9 (30.0%)
Family history of lung cancer
Absent 164 (92.7%) 57 (96.6%) 67 (94.4%) 28 (96.6%) 39(100.0%) 30 (100.0%)

0.441° 1.000° N/A
Present 13 (7.3%) 2 (3.4%) 4 (5.6%) 1 (3.4%) 0 (0.0%) 0 (0.0%)
History of malignancy
Absent 151(85.3%) 51 (86.4%) 60 (84.5%) 25 (86.2%) 35(89.7%)  29(96.7%)

0.831° 1.000° 0.528°
Present 26 (14.7%) 8 (13.6%) 11 (15.5%) 4 (13.8%) 4(10.3%) 1 (3.3%)
History of multiple primary lung cancer
Absent 145 (81.9%) 51 (86.4%) 55 (77.5%) 25 (86.2%) 32 (82.1%) 26 (86.7%)

0.4232 0.321° 0.851°
Present 32 (18.1%) 8 (13.6%) 16 (22.5%) 4 (13.8%) 7 (17.9%) 4(13.3%)
CEA (ug/L)
<5 173 (97.7%) 49 (83.1%) 67 (94.4%) 26 (89.7%) 36 (92.3%) 25 (83.3%)

<0.001° 0.685° 0.438°
>5 4 (2.3%) 10 (16.9%) 4 (5.6%) 3(10.3%) 3(7.7%) 5(16.7%)
Surgery type
Sublobectomy 80 (45.2%) 14 (23.7%) 25 (35.2%) 3(10.3%) 12 (30.8%) 3(10.0%)

0.004* 0.023 0.075°
Lobectomy 97 (54.8%) 45 (76.3%) 46 (64.8%) 26 (89.7%) 27 (69.2%) 27 (90.0%)
Pathological type
MIA 14 (7.9%) 0 (0.0%) 7 (9.9%) 0 (0.0%) 1 (2.6%) 0 (0.0%)
1A 154 (87.0%) 53 (89.8%) 64 (90.1%) 28 (96.6%) 37 (94.8%) 28 (93.3%)
IMA 5 (2.8%) 4 (6.8%) 0 (0.0%) 0 (0.0%) 1 (2.6%) 0 (0.0%)

0.021¢ 0.069¢ 0.588¢
SCC 3(1.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
ASC 1 (0.6%) 2 (3.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (3.4%)
NSCLC-NOS 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (3.4%) 0 (0.0%) 1 (3.4%)

The P value represents the univariate analysis; data are presented as n (%). 3, Pearson’s chi-square; ®, Yates’ correction for continuity; <, Fisher’s exact test; STAS, spread through air
spaces; STAS (), STAS-negative; STAS (+), STAS-positive; CEA, carcinoembryonic antigen; MIA, minimally invasive adenocarcinoma; IMA, invasive mucinous adenocarcinoma; SCC,
squamous cell carcinoma; ASC, adenosquamous carcinoma; NSCLC-NOS: non-small cell lung cancer, not otherwise specified.
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Table 2. Radiological features of the tumor in the training cohort and the two validation cohorts

Training cohort (n = 236)

Internal validation cohort (n = 100)

External validation cohort (n = 69)

pealliies STAS (-) STAS(+)  Pvalue  STAS (-) STAS(+)  Pvalue  STAS(-) STAS(+)  Pvalue
(n=177) (n=59) (n=71) (n=29) (n=39) (n=30)
Clinical T-stage
cT1mi 17 (9.6%) 0 (0.0%) 5 (7.0%) 0 (0.0%) 1(2.6%) 0 (0.0%)
cTla 75(42.4%) 11 (18.6%) 28 (39.4%) 1(3.4%) 11 (28.2%) 1(3.3%)
<0.001¢ <0.001¢ <0.001¢
cT1b 69 (39.0%) 22 (37.3%) 32 (45.1%)  9(31.0%) 25(64.1%) 18 (60.0%)
cTlc 16 (9.0%) 26 (44.1%) 6 (8.5%) 19 (65.6%) 2(5.1%) 11 (36.7%)
CTR (%)
<50 63 (35.6%) 2 (3.4%) 19 (26.8%) 1 (3.4%) 6 (15.4%) 0 (0.0%)
<0.001° 0.008° 0.032¢
=50 114 (64.4%) 57 (96.6%) 52(73.2%) 28 (96.6%) 33 (84.6%) 30(100.0%)
Density type
mGGN 154 (87.0%) 19 (32.2%) 63(88.7%) 11 (37.9%) 21 (53.8%) 3(10.0%)
<0.001° <0.001? <0.001°
Solid 23(13.0%) 40 (67.8%) 8(11.3%) 18 (62.1%) 18 (46.2%) 27 (90.0%)
Location
RUL 58(32.8%) 12 (20.3%) 19(26.8%) 11 (37.9%) 11 (28.2%) 8 (26.7%)
RML 16 (9.0%) 5(8.6%) 7 (9.9%) 3(10.5%) 4(10.3%) 2 (6.7%)
RLL 27 (15.3%) 16 (27.1%) 0.174? 17 (23.9%) 5(17.2%) 0.7832 7 (17.9%) 6 (20.0%) 0.737°
LUL 53 (29.9%) 16 (27.1%) 17 (23.9%) 5(17.2%) 10 (25.7%) 5 (16.6%)
LLL 23 (13.0%) 10 (16.9%) 11 (15.5%) 5(17.2%) 7 (17.9%) 9 (30.0%)
Shape
Irreqular 26 (14.7%) 12 (20.3%) 12(16.9%)  5(17.2%) 20(51.3%) 14 (46.7%)
0.307° 1.000° 0.704°
Round/oval 151 (85.3%) 47 (79.7%) 59 (83.1%) 24 (82.8%) 19 (48.7%) 16 (53.3%)
Tumor-lung interface
Well-defined 167 (94.4%) 51 (86.4%) 68(95.8%) 23(79.3%) 34 (87.2%) 25 (83.3%)
0.089° 0.026° 0.653°
Ill-defined 10 (5.6%) 8 (13.6%) 3 (4.2%) 6 (20.7%) 5(12.8%) 5(16.7%)
Lobulation
Absent 32 (18.1%) 6(10.2%) 18 (25.4%) 3(10.3%) 14 (35.9%) 11 (36.7%)
0.152° 0.095° 0.947°
Present 145 (81.9%) 53 (89.8%) 53 (74.6%) 26 (89.7%) 25(64.1%) 19 (63.3%)
Spiculation
Absent 156 (88.1%) 34 (57.6%) 64(90.1%) 18(62.1%) 32(82.1%) 18 (60.0%)
<0.001? 0.0012 0.042°
Present 21(11.9%)  25(42.4%) 7 (9.9%) 11 (37.9%) 7 (17.9%) 12 (40.0%)
Vacuole
Absent 127 (71.8%) 38 (64.4%) 49 (69.0%) 20 (69.0%) 31 (79.5%) 25 (83.3%)
0.287° 0.996° 0.685°
Present 50 (28.2%) 21 (35.6%) 22 (31.0%) 9 (31.0%) 8 (20.5%) 5(16.7%)
Cavity/cystic airspace
Absent 161(91.0%) 52 (88.1%) 66(93.0%) 26 (89.7%) 37(94.9%)  30(100.0%)
0.526° 0.884° 0.501¢
Present 16 (9.0%) 7 (11.9%) 5 (7.0%) 3(10.3%) 2 (5.1%) 0 (0.0%)
Bronchial change
Absent 84 (47.5%) 19(32.2%) 29 (40.8%)  9(31.0%) 19 (48.7%) 16 (53.3%)
0.041° 0.359° 0.704°
Present 93 (52.5%) 40 (67.8%) 42(59.2%) 20 (69.0%) 20(51.3%) 14 (46.7%)
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Table 2. Continued

Features

Vascular convergence
Absent

Present

Pleural tags
Absent

Present

Pleural indentation
Absent

Present

Halo sign

Absent

Present

Satellite lesions
Absent

Present

Distal ribbon sign
Absent

Present

ELLC

Absent

Present

ERL

Absent

Present

Training cohort (n = 236)

Internal validation cohort (n = 100)

External validation cohort (n = 69)

STAS (-)
(n=177)

150 (84.7%)

27 (15.3%)

97 (54.8%)
80 (45.2%)

115 (65.0%)
62 (35.0%)

175 (98.9%)

2(1.1%)

165 (93.2%)
12 (6.8%)

157 (88.7%)
20 (11.3%)

163 (92.1%)

14 (7.9%)

163 (92.1%)
14 (7.9%)

STAS (+)
(n=59)

43 (72.9%)

16 (27.1%)

18 (30.5%)
41 (69.5%)

23 (39.0%)
36 (61.0%)

54 (91.5%)

5 (8.5%)

56 (94.9%)
3(5.1%)

29 (49.2%)
30 (50.8%)

54 (91.5%)

5(8.5%)

54 (91.5%)
5 (8.5%)

P value STAS (-)
(n=71)
53 (74.6%)
0.0412
18 (25.4%)
31 (43.7%)
0.0012
40 (56.3%)
38 (53.5%)
<0.001°
33 (46.5%)
70 (98.6%)
0.015°
1 (1.4%)
63 (88.7%)
0.878°
8(11.3%)
55 (77.5%)
<0.0012
16 (22.5%)
69 (97.2%)
1.000°
2 (2.8%)
70 (98.6%)
1.000°
1 (1.4%)

STAS (+)
(n=29)

19 (65.5%)

10 (34.5%)

8(27.6%)
21 (72.4%)

12 (41.4%)
17 (58.6%)

24 (82.8%)

5(17.2%)

23 (79.3%)
6 (20.7%)

13 (44.8%)
16 (55.2%)

27 (93.1%)

2 (6.9%)

27 (93.1%)
2 (6.9%)

Pvalue

0.356*

0.135%

0.271°

0.010°

0.360°

0.001*

0.702°

0.416°

STAS (-)
(n=39)

35 (89.7%)

4(10.3%)

14 (35.9%)
25 (64.1%)

17 (43.6%)
22 (56.4%)

37 (94.9%)

2 (5.1%)

34 (87.2%)
5(12.8%)

31 (79.5%)
8(20.5%)

38 (97.4%)

1 (2.6%)

38 (97.4%)
1(2.6%)

STAS (+)
(n=30)

18 (60.0%)

12 (40.0%)

11 (36.7%)
19 (63.3%)

13 (43.3%)
17 (56.7%)

29 (96.7%)

1(3.3%)

25 (83.3%)
5(16.7%)

19 (63.3%)
11 (36.7%)

25 (83.3%)

5(16.7%)

25 (83.3%)
5(16.7%)

Pvalue

0.009°

0.947°

0.983°

1.000°

0.653?

0.136°

0.103°

0.103°

The P value represents the univariate analysis; data are presented as n (%). 3, Pearson’s chi-square; ®, Yates' correction for continuity; <, Fisher’s exact test; STAS, spread through

air spaces; STAS (-), STAS-negative; STAS (+), STAS-positive; cT1mi, tumor with a solid component size of <0.5 cm and an entire tumor size of <3.0 cm; cT1a, tumor with a solid
component size of 0.6-1.0 cm and entire tumor size of 0.6-3.0 cm; cT1b, tumor with a solid component size of 1.1-2.0 cm and entire tumor size of 1.1-3.0 cm; cT1b, tumor with a
solid component size of 2.1-3.0 cm and an entire tumor size of 2.1-3.0 cm; CTR, consolidation-to-tumor ratio; mGGN, mixed ground-glass nodule; RLL, right lower lobe; RML, right
middle lobe; RUL, right upper lobe; LUL, left upper lobe; LLL, left lower lobe; ELLC, emphysema in the lobe of lung cancer; ERL, emphysema in the remaining lobes.
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Figures 6-8.The calibration curves of the combined model in the three cohorts. (Figure 6) The training cohort, (Figure 7) the internal validation cohort, and (Figure

8) the external validation cohort.
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ribbon sign were independent risk factors
for predicting the STAS status. The combined
model was constructed based on the best
combination of variables selected by mul-
tivariate logistic regression analysis, includ-
ing gender, the CEA, CTR, density type, and
distal ribbon sign, and had the highest diag-

{—Radiological model

it

Net Benel

High Risk Threshold

nostic efficacy of the models. The AUC val-
ues in the training cohort, internal validation
cohort, and external validation cohorts were
0.874, 0.822, and 0.810, respectively. The
accuracy of the model was 80.51%, 78.00%,
and 75.36%, respectively, the sensitivity was
83.05%, 72.41%, and 76.67%, respectively,

f—~Radiological model
F—Ciinical model
-Combined model
1

f—None

Net Benefi
01
h

High Risk Threshold

and the specificity was 79.66%, 80.28%, and
74.36%, respectively.

In the present study, the spiculation sign,
pleural indentation sign, and vascular con-
vergence sign were more common in the
STAS-positive than in the STAS-negative
group; this is consistent with previous lit-

{—~Radiological model
2 [—Clinical model
Combined model
Al

|—nNone

Net Benefit

High Risk Threshold

Figures 9-11. The decision curve shows that the combined model has better clinical application value than the clinical and radiological models in the three cohorts.
(Figure 9) The training cohort, (Figure 10) the internal validation cohort, and (Figure 11) the external validation cohort.

Table 3. Univariate and multivariate logistic regression analysis of factors in the training cohort

Univariate logistic regression analysis

Multivariate logistic regression analysis

Factors
OR (95% ClI) Pvalue OR (95% Cl) Pvalue

Gender 1.993 (1.100-3.638) 0.023 2.100 (0.977-4.585) 0.058

Smoking status 2.351(1.154-4.718) 0.017

CEA 8.827 (2.821-33.31) <0.001 3.519(0.826-17.32) 0.101

Clinical T-stage 3.576 (2.344-5.684) <0.001

CTR 15.75 (4.690-98.11) <0.001 4.441 (1.159-29.24) 0.057

Density type 14.10 (7.125-29.03) <0.001 6.738 (3.107-15.18) <0.001

Tumor-lung interface 2.620 (0.954-6.993) 0.054

Spiculation 5.462 (2.757-10.99) <0.001

Bronchial change 1.902 (1.034-3.596) 0.042

Pleural tags 2.762 (1.493-5.275) 0.002

Pleural indentation 2.903 (1.592-5.388) 0.001

Vascular convergence 2.067 (1.007-4.158) 0.044

Halo sign 8.102 (1.694-57.70) 0.014

Distal ribbon sign 8.121 (4.114-16.46) <0.001 5.141 (2.272-12.00) <0.001

OR, odds ratio; Cl, confidence interval; CEA, carcinoembryonic antigen; CTR, consolidation-to-tumor ratio.

Table 4. The predictive efficacy of the clinical, radiological, and combined models in the three cohorts

Model Cohort Cut-off AUC (95% ClI) Accuracy (%)  Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
Training 0.639 (0.574-0.700) 61.44% 61.02% 61.58% 34.62%  82.58%

Clinical Internal validation 0.231 0.505 (0.403-0.607) 70.00% 10.34% 94.37% 42.86%  72.04%
External validation 0.685 (0.562-0.792) 68.12% 70.00% 66.67% 61.76%  74.29%
Training 0.862 (0.811-0.903) 80.08% 83.05% 79.10% 56.98%  93.33%

Radiological Internal validation 0.113 0.821 (0.731-0.890) 75.00% 79.31% 73.24% 54.76%  89.66%
External validation 0.738 (0.618-0.836) 71.01% 96.67% 51.28% 60.42%  95.24%
Training 0.874 (0.825-0.914) 80.51% 83.05% 79.66% 57.65%  93.37%

Combined Internal validation 0.264 0.822 (0.733-0.891) 78.00% 72.41% 80.28% 60.00%  87.69%
External validation 0.810 (0.697-0.894) 75.36% 76.67% 74.36% 70.00%  80.56%

AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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erature reports'3? and indicates a possible
relation of STAS-positivity to the disease’s
pathological mechanism. Spiculation is as-
sociated with tumor cell infiltration into ad-
jacent blood and lymphatic vessels, suggest-
ing that lung cancer is relatively aggressive;*
meanwhile, pleural indentation arises from
intratumor reactive fibrous hyperplasia, pull-
ing the adjacent pleura and causing devia-
tion from its original position.>* The vascular
convergence sign is also caused by the reac-
tive fibrous hyperplasia of the tumor, which
pulls the adjacent pulmonary vessels to con-
verge with the tumor.®® A relatively high de-
gree of tumor infiltration is associated with
serious internal reactive fibroplasia as well as
with a higher probability of pleural indenta-

tion and vascular convergence, indicating a
greater possibility of STAS.

Kim et al.'” reported that STAS did not
exist in the pGGNs of lung adenocarcinoma.
The authors of the present study collected
290 patients presenting as pGGNs, none of
which were positive for STAS. Therefore, this
study excluded patients with pGGNs but in-
cluded those with mGGNs and solid nodules,
which are at potential risk of STAS. The strict
inclusion and exclusion criteria promoted an
objective prediction efficiency of the model
constructed in this study. Yin et al.*® showed
that STAS was more common in lung adeno-
carcinoma presenting as solid nodules than
MGGNSs or pGGNs. The results of the present
study revealed that the tumor density type

P
%

[

Figures 12, 13. A 58-year-old male patient with lung adenocarcinoma and a positive spread through air
spaces status. The sagittal non-contrast computed tomography image shows a solid nodule in the right
lower lobe of the lung (Figure 12), consolidation-to-tumor ratio >50%, with distal ribbon sign (red arrow),
lobulation sign, spiculation sign (yellow arrow), and multiple pleural tags (green arrow). (Figure 13) The
photomicrograph (hematoxylin and eosin stained, magnification x100) shows detached micropapillary
clusters of tumor cells (arrows) in the alveolar beyond the edge (dark line) of the main tumor (star).

Figures 14, 15. A 67-year-old female patient with lung adenocarcinoma and a negative spread through
air spaces (STAS) status. (Figure 14) The axial non-contrast computed tomography image shows a mixed
ground-glass nodule in the right lower lobe of the lung, with the longest interface length of the entire tumor
and solid component being 1.80 cm and 5.57 mm, respectively; consolidation-to-tumor ratio <50%, with
an irregular shape and a well-defined interface. (Figure 15) The pathological section indicated a negative
STAS status; that is, there were no free tumor cell clusters in the alveolar cavity outside the edge of the
main lesion. The photomicrograph (hematoxylin and eosin stained, magnification x40) shows clean alveolar
spaces adjacent to the boundary (dashed line) of the tumor (star).

was an independent risk factor for predict-
ing STAS. The incidence of STAS in patients
with solid nodules showing on CT was 63.4%
(85/134), while that of mGGNs was 12.1%
(33/271); this is consistent with the results of
previous studies.'®3¢

Solid components typically represent the
more aggressive part of the tumor.” Previous
studies have shown a positive correlation be-
tween CTR and STAS,>'41618 and higher CTR
values were associated with more aggressive
tumors, a higher likelihood of a STAS-posi-
tive status, and a worse patient prognosis.”
In the present study, the STAS-positive rate
in the CTR >50% group was 36.6% (115/314),
and the STAS-positive rate in the CTR <50%
group was 3.3% (3/91), indicating a high-
er STAS incidence in cases with higher sol-
id components showing on CT, which is in
agreement with existing research. This study
also found that the distal ribbon sign was
another independent risk factor for predict-
ing STAS. This can possibly be attributed to
tumor cells escaping from the primary le-
sion, redistributing through the airway, and
growing along the surrounding alveolar wall,
thus resulting in parenchymal obstruction of
the surrounding lung or obstruction of the
terminal bronchioles and reducing the gas
content in the alveoli.

Qi et al.*? proposed for the first time that
GG ribbons were an independent risk factor
for predicting STAS; a GG ribbon was defined
as a band-shaped GGO with a blurred edge
emitting from the edge of the nodule and
extending into the adjacent lung. This is sim-
ilar to the distal ribbon sign described in the
present study (Figures 12-15). In general, a
higher degree of tumor invasion is associat-
ed with a higher incidence of STAS, which is
indicated by a relatively high proportion of
tumor solid components on CT and a rela-
tively high number of malignant radiological
features. Lobectomy is recommended for
this type of early lung cancer.

The current study found STAS-positivity
correlated with gender and the CEA level.
Among the patients included in the study,
37.5% (60/160) of male patients and 23.7%
(58/245) of female patients were STAS-pos-
itive; furthermore, 26.6% (100/376) of pa-
tients with CEA <5 pg/L and 62.1% (18/29)
of patients with CEA =5 pg/L were STAS-pos-
itive. The results showed that male patients
with lung cancer and CEA =5 pg/L had a
heightened likelihood of being associated
with STAS-positivity; this is similar to the con-
clusions presented by Jia et al.?
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Many previous studies have investigated
STAS based on preoperative CT examina-
tion;'*" however, these studies only includ-
ed lung adenocarcinoma, and the variables
selected to construct the model were mostly
based on CT features. The diagnostic effi-
ciency of these models ranged from 0.726
to 0.803, and most of them lacked external
validation. Focusing on clinical stage IA NS-
CLC, this study included a wider spectrum
of lung cancer, representing relatively high
clinical significance. The best combination
of variables selected by multivariate logistic
regression analysis included preoperative
clinical characteristics and radiological fea-
tures, and a corresponding clinical model,
radiological model, and combined model
were constructed, respectively. Moreover,
this study adopted a multicenter external
dataset, which improved the generalizability
of the model. Subsequently, the diagnostic
efficacy of the different models was assessed
in the three cohorts, indicating that some
clinical characteristics and radiological fea-
tures of patients could be used to predict the
STAS status before surgery. The combined
model yielded the highest diagnostic effica-
cy and showed the best clinical application
value among the models. Furthermore, a no-
mogram was drawn to illustrate the complex
regression equation of the model in a visual
graph, providing an intuitive, easy-to-under-
stand, and convenient method to evaluate
patients. The nomogram also guides the ac-
curate judgment of the STAS status before
surgery.

The limitations of this study should be
acknowledged. First, this research represents
a retrospective study, and a degree of selec-
tion bias was inevitable. Second, this study
only analyzed the clinical characteristics and
radiological features of patients, and further
studies related to radiomics and artificial
intelligence can be performed to explore
whether the diagnostic efficiency could be
further improved. Third, due to the lack of
detailed follow-up data, whether STAS is an
independent prognostic factor, as well as its
effect on patients undergoing sublobecto-
my, should be further confirmed; the authors
aim to conduct another study in the future
when more follow-up data has been collect-
ed.

In conclusion, the nomogram presented
in this study incorporating clinical character-
istics and radiological features allows for the
preoperative prediction of the STAS status in
patients with clinical stage IA NSCLC and can
assist thoracic surgeons in rationally select-
ing surgical methods.
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Supplementary Table 1. The definitions of radiological features

Feature

Tumor size

Solid component size
CTR

Location
Density

Shape

Tumor-lung interface
Marginal characteristics
Lobulation sign
Spiculation sign

Internal characteristics

Vacuole sign
Cavity or cystic airspace

External characteristics
Bronchial change
Vascular convergence sign
Pleural tags sigh

Pleural indentation sigh
Halo sigh

Satellite lesion sigh
Distal ribbon sign
ELLC

ERL

Definition

The longest diameter of the whole tumor at the lung window on the MPR image

The longest diameter of the solid component of the tumor at the lung window on the MPR image
The proportion of the solid component part (consolidation-to-tumor ratio, CTR)

Lobe of tumor originated from

mGGN, presence of ground-glass opacity and solid density component; solid, absence of ground-glass opacity, contains solid
density component only

Shape of tumor on the MPR images, including round/oval, irregular shape

Interface of the tumor-lung, including well-defined or ill-defined interface

Petaloid or wavy appearance at the tumor’s margins

Short, thin linear strands radiating around the surface of the tumor without reaching the pleural surface

A small air containing space (<5 mm) in the tumor, referring to lung tissue not invaded by the tumor

A larger air containing space (>5 mm) in the tumor because of intratumoral necrosis or represents spared parenchyma, normal
or ectatic bronchi, or focal emphysema

Air-filled bronchus manifesting as natural, dilated/distorted or cut-off within the lesions, or cut-off at the edge of the lesions
The convergence of pulmonary vessels around the tumor towards the lesion

One or multiple high-density linear strands connecting the tumor margin and the pleura

The deviation of the pleura from its original position due to tumor traction at the lung window

lll-defined peripheral ground-glass opacity or consolidation around the tumor, which should be distinguished from the well-
defined ground-glass opacity of a part-solid lesion

Smaller nodules located within 2 cm of the primary tumor
A long, thick ribbon strand extending from the distal part of the tumor into the surrounding lung tissue
Presence of emphysema in the lobe of lung cancer with visual observation

Presence of emphysema in the remaining lobes with visual observation

CTR, consolidation-to-tumor ratio; ELLC, emphysema in the lobe of lung cancer; ERL, emphysema in the remaining lobes; MPR, multiplanar reformation.
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Supplementary Table 2. Consistency analysis of radiological features among observers

Kappa (95% Cl)

ICC (95% Cl)

Density type

Distal ribbon sign
Shape

Lobulation
Spiculation
Tumor-lung interface
Bronchial change
Vacuole sign

Cavity or cystic airspace
Vascular convergence
Halo sign

Pleural tags

Pleural indentation
Satellite lesions

ELLC

ERL

0.960 (0.931-0.989)
0.968 (0.939-0.996)
0.887 (0.834-0.941)
0.949 (0.912-0.986)
0.953 (0.916-0.990)
0.886 (0.803-0.969)
0.925 (0.888-0.962)
0.963 (0.934-0.992)
0.881 (0.800-0.962)
0.875 (0.817-0.933)
0.852 (0.709-0.995)
0.960 (0.933-0.987)
0.970 (0.947-0.994)
0.925 (0.859-0.990)

1.000

1.000

Tumor size (mm)

Solid component size (mm)

0.934 (0.911-0.950)
0.935 (0.919-0.947)

Cl, confidence interval; ICC, intraclass correlation coefficient; ELLC, emphysema in the lobe of lung cancer; ERL, emphysema in the remaining lobes.

Supplementary Table 3. The training cohort included collinearity test of multivariate
logistic regression analysis variables

Collinearity test statistics

Tolerance Variance inflation factor
Gender 0.669 1.494
Smoking status 0.664 1.505
CEA 0.873 1.146
Clinical T-stage 0.400 2.502
CTR 0.528 1.895
Density type 0.601 1.663
Tumor-lung interface 0.846 1.182
Spiculation 0.663 1.508
Bronchial change 0.844 1.185
Pleural tags 0.742 1.347
Pleural indentation 0.802 1.246
Vascular convergence 0.758 1.319
Halo sign 0.814 1.228
Distal ribbon sign 0.674 1.484

CEA, carcinoembryonic antigen; CTR, consolidation-to-tumor ratio.
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Supplementary Figure 1. Show a same patient, a 53-year-old female patient with lung adenocarcinoma and positive STAS status. The axial non-contrast computed
tomography shows a solid nodule in the right middle lobe of the lung, CTR >50%, with distal ribbon sign (a, red arrow), lobulation sigh (a, green arrow), interlobar
pleura indentation sigh (b, blue arrow), bronchial change (b and ¢, yellow arrow), spiculation sigh (c, purple arrow). The maximal intensity projection (d) shows a
vascular convergence sign (black arrow), lobulation sigh (green arrow) and distal ribbon sigh (red arrow). STAS, spread through air spaces; CTR, consolidation-to-
tumor ratio.
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Supplementary Figure 2. Shows a 77-year-old
female patient with lung adenocarcinoma and
negative STAS status. The axial non-contrast
computed tomography shows a mixed ground
glass nodule in the left upper lobe of the lung
(green arrow) with satellite lesion sign (red arrow),
the distance between the nodule and the satellite
lesion is 1.03 cm. STAS, spread through air spaces.

Supplementary Figure 3. Shows a 74-year-old male
patient with invasive mucinous adenocarcinoma
and negative STAS status. The axial non-contrast
computed tomography shows a solid nodule in the
left lower lobe of the lung with halo sign (yellow
arrow) and vacuole sign (blue arrow). STAS, spread
through air spaces.

Supplementary Figure 4. Shows a 62-year-old
female patient with invasive adenocarcinoma
and negative STAS status. The axial non-contrast
computed tomography shows a mixed ground
glass nodule in the right upper lobe of the lung
with well-defined interface, pleural tags sigh (green
arrow) and cavity or cystic airspace (red arrow).
STAS, spread through air spaces.
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