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Spread through air spaces predicts a worse survival in patients
with stage | adenocarcinomas >2 cm after radical lobectomy
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Background: The aim of this study was to evaluate the significance of spread through air spaces (STAS) in
early lung adenocarcinomas after radical lobectomy and lymphadenectomy.

Methods: A total of 242 patients with lung adenocarcinomas less than 4 cm (8th pStage I) were selected
from the lung cancer patients surgically treated from January, 2009 to September, 2011. Pathological review
focused on STAS as well as histological subtypes, blood vessel & neural invasion, pathological tumor size
etc. Recurrence or disease-free survival (DFS) and overall survival (OS) were compared between patients as
stratified by STAS and tumor size.

Results: STAS was observed in 33.47% (81/242) patients, which was significantly correlated with
histological predominant subtype (x’=25.903, P=0.093x10") and differentiation grade (3x’=23.986,
P=0.025x107"). Patients with STAS (+) showed a comparable PFS (P=0.268) and OS rates (P=0.100) in
all stage I cases, but a significant lower PFS (P=0.029) and OS (P=0.013) in tumors within 2< tumors
<4 cm. Multivariate analysis revealed STAS to be an independent worse prognostic factor in lung
adenocarcinomas within 2< tumors <4 cm, both for PFS (P=0.004) and OS (P=0.002) , while no significant
difference was found in patients with tumors <2 cm (PFS, P=0.537; OS, P=0.448), after adjusting by other
clinicopathological parameters as age, gender, smoking etc.

Conclusions: Presence of STAS was a significant worse predictor for pStage I patients with lung
adenocarcinoma >2 ¢cm who underwent radical lobectomy, while it is not significant in patients with tumor
<2 cm. These findings may be helpful in assessing postoperative therapy stratified by tumor size and STAS
status.
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Introduction

Lung cancer has become the first malignant tumor and
leading cancer-related death causes due to the air pollution
caused by industry process and increase of smoking and
aged population in China (1). A considerable progress in the
screening of lung cancer has led a tremendous increase of
early detection of patients with stage I lung cancer, surgery
is still the standard treatment for them (2). However, about
20.00% of stage I patients undergone radical resection
still have local recurrence or distant metastasis (3).
Though much effort has been reported in searching for
biomarkers that aid in predicting the prognosis of patients
with early lung adenocarcinomas (4,5), tumor size is still
an irreplaceable prognostic factor, especially in the newly
published 8" edition of the American Joint Committee on
Cancer (AJCC) Staging Manual lung cancer staging system,
which emphasizes much more on each centimeter increase
in tumor size (6,7).

In addition to the tumor size, pathological findings of
tumor spread through air spaces (STAS) has also been
reported as an invasive pattern of lung adenocarcinoma
in the newest WHO guidelines (8), which is defined as
single cancer cells, micropapillary clusters, or solid nests
that are observed within air spaces in the surrounding
lung parenchyma beyond the edge of the tumor (9).
Several studies demonstrated that STAS was a convincing
explanation for recurrence of the patients with early lung
cancers who underwent limited resections. However,
inconsistency was found in patients undertaken lobectomy.
Some authors redeemed that STAS was a worse survival
parameter in lobectomy, while others didn’t think so (10-12).
Thus, we performed a survival analysis using a single
center cohort of patients with radically resected lung
adenocarcinoma <4 cm (8th AJCC pStage I) to determine
whether STAS could further stratify the survival within
different tumor size subsets.

Methods
Case selection

This retrospective study was approved by National Cancer
Center’s Institutional Review Board (No. NCC2014ST-07).
Pathologic stage determination was primarily based on the 7
edition of the American Joint Committee on Cancer Staging
Manual (13) and reclassified according to the 8" edition
staging manual (6,7). All pathologically diagnosed pulmonary

adenocarcinoma with radical surgical resection were
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consecutively collected from the Department of Pathology of
National Cancer Center/Cancer Hospital, Chinese Academy
of Medical Sciences from January 2009 to September
2011. All patients with lung adenocarcinomas diagnosed
as pathological stage I disease underwent radical resection
were reviewed. Inclusive criteria were limited to: (I) tumor
size <4 cm; (II) solitary nodule; (III) no neoadjuvant therapy;
(IV) curative-intent lobectomy with sufficient lymph node
dissection (>3 of mediastinal lymph node stations including
subcrinal station and a total resected lymph nodes number
>6); and (V) precise preoperative evaluation including
computed tomographic scans, head magnetic resonance
imaging (MRI) and bone scan prior to surgical resection
in order to exclude clinical stage II or above. Exclusive
criteria were: (I) multiple nodules; (II) clinically reported or
suspicious of any lymph node or distant metastasis status, (I1I)
patients who received preoperative radiation/chemotherapy,
(IV) patients died of postoperative complications, (V) patients
had other malignancy except for lung cancer, (VI) patients
without sufficient following-up information, and (VII) no
available tumor slides for review. According to these criteria,
a total of 242 patients were eventually selected from the
database. All recurrences were confirmed by clinical and
radiological/ pathological assessment. The medical records
and database were reviewed for updating patients’ follow-up
information till December 30", 2015.

Histologic evaluation

Tumor slides were reviewed by two experienced pathologists
(L Yang and PQ Ma) who were blinded to patient clinical
outcomes. Elastic staining was done for suspicious visceral
invasion cases. Tumor STAS was defined as tumor cells
within air spaces in the lung parenchyma beyond the edge of
the main tumor, which was composed of three morphological
patterns (micropapillary structures, solid nests or tumor
islands, and single cells) within air spaces beyond the second
alveolar layer from the edge of main tumor. Tumor cells
of STAS were distinguished from alveolar macrophages or
artifacts according to Kadota ez 4/. (9) and immunostaining of
AE1/AE3 in some of the difficult cases.

According to the histological classification of lung cancer
published by World Health Organization published in
2015 (8), the percentage of each histological pattern (lepidic,
acinar, papillary, solid, and micropapillary) was recorded
in 5.00% increments and tumors were classified by their
predominant pattern. In addition to STAS and subtype of
histological classification, other pathological parameters
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were recorded, such as presence of visceral pleural
involvement, lymph-vascular invasion, bronchial invasion,
neural invasion, etc. If disagreement occurred, discussion
was performed before reaching a consensus between the
two pathologists.

Other clinicopathological data were extracted from
medical archives, including gender, age, smoking history,
family history, tumor size, postoperative treatment, and
so on.

Immunobistochemistry and elastin staining

AE1/AE3 immunohistochemistry staining was applied
when there was difficultly in distinguishing STAS with
macrophages in some cases, using the EnVision Plus
detection system (DAKO, Carpinteria, CA, USA) with
controls. Also, elastin staining was adopted for confirmation
of visceral pleural involvement, staining process was
done according to Zhao er al. (14). Totally, there were
38 slides underwent elastin staining and AE1/AE3
immunohistochemistry staining.

Follow-up

All enrolled patients were conducted a follow-up from the
date of surgery to December 30®, 2015, with a follow-up
interval of 49 to 78 months. Disease-free survival (DFS)
period was calculated from the date of surgery to the date
of surgical treatment failure (local recurrence or distant
metastasis confirmed by image scan or pathological biopsy).
Overall survival (OS) period was defined from the date of
surgery to death or last follow-up (due to December, 30",
2015).

Statistical analysis

Chi-square test or Fisher’s exact test were used to compare
frequency of clinicopathological characters between
STAS (+) and STAS (-) groups. DFS and OS curves were
estimated using the Kaplan-Meier method. Log rank test,
Cox univariate and multivariate proportional hazards
regression were used for adjusting associated confounding
factors. The statistical analyses were conducted using
SPSS version 23.0 software (SPSS, Chicago, IL, USA), and

statistical significance was set as P<0.05.
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Results

Patient characteristics and their correlation with STAS
status

All included 242 cases were listed in Table 1, stratified by
STAS, with 47 recurrence or metastasis and 25 death cases.
The mean age of all enrolled patients was 58.73 yrs, with a
female/male ratio of 1.18 (131/111). STAS morphology and
AE1/AE3 immunohistochemical staining was also showed
in the Figure 1. Clinical features were compared between
STAS (+) and STAS (-) groups, no significant difference was
found in such parameters as age, gender, smoking, family
history, tumor location, tumor size with lem increment,
8"pStage (P>0.05, seen in Tuble 1). Further analysis stratified
by 8" AJCC staging system, there’s no significant difference
between STAS (+) and STAS (-) patients in OS and PFS
(P>0.05). Neither significant findings were observed on
pleural invasion, bronchus & vessel & neural involvement

in STAS (+) and STAS (-) groups (P>0.05, seen in Tuble 1).

Correlation of STAS with predominant histological pattern
and differentiation grade

All enrolled cases were reviewed according to the 2015
WHO histological classification and the predominant
histological subtypes were recorded, including 23 cases
of lepidic subtype, 34 papillary, 137 acinar, 27 solid, 11
micropapillary, and 10 mucinous adenocarcinomas. STAS
was observed in 81 cases of this series (33.47%) which
was the lowest in lepidic subtype (4.35%, 1/23), 29.41%
(10/34) in papillary subtype, 35.04% (48/137) in acinar
subtype, 51.85% (14/27) in solid predominant subtype, and
the highest in micropapillary predominant ones (72.73%,
8/11). There was a significant difference in STAS positive
status among different predominant subtypes (x’=25.903,
P=0.093x107) (Table 1).

Differentiation grade was also recorded and the
correlation with STAS positive status was analyzed. In short,
highly differentiated subtype was defined as lepidic (9.50%,
23/242), moderately differentiated subtypes included
papillary and acinar predominant (70.67%, 171/242),
and poorly differentiated subtype refers to micropapillary
or solid (15.70%, 38/242). The poorly differentiated
subtype showed the highest STAS positive rate (x’=23.986,
P=0.025x10") (seen in Tble 1).
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Table 1 Characteristics of all stage I patients stratified by spread through air spaces

STAS X P
Variables Patients
No (%) Yes (%)
Cases 242 161 (66.53) 81 (33.47) - -
Age group 0.580 0.446
<65 169 115 (68.05) 54 (31.95)
>65 73 46 (63.01) 27 (36.99)
Gender 0.346 0.556
Female 131 85 (64.89) 46 (35.11)
Male 111 76 (68.47) 35 (31.53)
Smoking 0.017 0.898
Non-smoker 154 102 (66.23) 52 (33.77)
Current or exsmoker 88 59 (67.05) 29 (32.95)
Family history 0.055 0.814
No 180 119 (66.11) 61 (33.89)
Yes 62 42 (67.74) 20 (32.26)
Tumor location 1.968 0.742
Right upper lobe 74 53 (71.62) 21 (28.38)
Right Middle lobe 15 10 (66.67) 5(33.33)
Right lower lobe 45 31 (68.89) 14 (31.11)
Left upper lobe 64 40 (62.50) 24 (37.50)
Left lower lobe 44 27 (61.36) 17 (38.64)
Tumor size (cm) 2.019 0.568
0-1 33 22 (66.67) 11 (33.33)
1-2 93 58 (62.37) 35 (37.63)
2-3 83 56 (67.47) 27 (32.53)
3-4 33 25 (75.76) 8 (24.24)
8" stage 0.719 0.869
IA1 15 11 (73.33) 4 (26.67)
A2 31 22 (70.97) 9 (29.03)
IA3 20 13 (65.00) 7 (35.00)
B 176 115 (65.34) 61 (34.66)
Pleural invasion 1.039 0.308
No 73 52 (71.23) 21 (28.77)
Yes 169 109 (64.50) 60 (35.50)

Table 1 (continued)
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Table 1 (continued)
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STAS X P
Variables Patients
No (%) Yes (%)
Bronchus involvement 0.767 0.381
No 202 132 (65.35) 70 (34.65)
Yes 40 29 (72.50) 11 (27.50)
Vessel & Neural involvement 0.286 0.593
No 231 155 (67.10) 76 (32.90)
Yes 11 6 (54.55) 5 (45.45)
Predominant subtype 25.903 0.093x10"**
Lepidic 23 22 (95.65) 1(4.35)
Papilary 34 24 (70.59) 10 (29.41)
Acinar 137 89 (64.96) 48 (35.04)
Solid 27 13 (48.15) 14 (51.85)
Micropapillary 11 3(27.27) 8 (72.73)
Mucinous adenocarcinoma 10 10 (100.00) 0 (0.00)
Differentiation grade’ 23.986 0.025x10™
Low-grade 23 22 (95.65) 1(4.35)
Intermediate-grade 171 113 (66.08) 58 (33.92)
High-grade 38 16 (42.11) 22 (57.89)
Mucinous adenocarcinoma 10 10 (100.00) 0 (0.00)

*, The difference had statistical significance. t, Differentiation grade: low-grade (lepidic predominant); intermediate-grade (papillary or
acinar predominant); high-grade (solid or micropapillary predominant); Mucinous adenocarcinoma.

Figure 1 Morphologic features of STAS. (A) Morphologic observation of tumor (see bottom) and STAS (indicated by red arrows) (original

magnification, x200); (B) STAS is defined as tumor cells or clusters observed within air spaces in the surrounding lung parenchyma beyond

the edge of the main tumor (indicated by red arrows) (original magnification, x200); (C) AE1/AE3 immunohistochemistry for distinguishing

STAS (labelled by red arrows) and macrophages (labelled by black arrow) (original magnification, x400). STAS, spread through air spaces.
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Figure 2 STAS (+) vs. STAS (-) showed a difference trend but no significance both for PFS (P=0.268) and OS (P=0.100). STAS, spread

through air spaces; PFS, progression-free survival; OS, overall survival.

Tumor STAS affected survival in adenocarcinoma
stratified by tumor size

All enrolled cases were classified into two groups according
to tumor size: 0-2 cm (0< tumors <2.0 cm) or 2—4 cm (2<
tumors <4 cm) .Univariate analysis of all enrolled patients
showed that tumor size (0< tumors <2.0 cm vs. 2< tumors
<4 c¢m) was an independent parameter both for PFS
(P=0.016x10", 95% CI, 0.159-0.501) and OS (P=0.054x107,
95% CI, 0.061-0.294). STAS positive rate was 36.51%
(46/126) in the group with tumor size <2 cm and 30.17%
(35/116) in the group with tumor size of 24 cm (2< tumors
<4 cm). Among all stage I patients, a worse survival trend of
PFS and OS was found in the STAS (+) group than in the
STAS (-) group, but without statistical significance (PFS,
P=0.268; OS, P=0.100) (Figure 2, Table SI).

STAS status showed different survival significance in the
two groups stratified by tumor size as 0-2 cm (0< tumors
<2 cm vs. 2-4 cm (2< tumors <4 cm). Figure 34,B indicated
no significant difference for STAS (+) or STAS (-) status in
PES (P=0.537) and OS (P=0.448) in patients with tumors
<2 cm. However, STAS significantly affected PFS (P=0.029,
95% CI, 0.214-0.919) and OS (P=0.013, 95% CI, 0.130-
0.784) in patients with tumors between 2.0 to 4.0 cm (Figure
3C,D). Multivariate analysis showed STAS (+) status was
an independent factor affecting both PFS (P=0.004, 95%
CI, 0.177-0.723) and OS (P=0.002, 95% ClI, 0.088-0.563)
in patients with tumors within 2-4 cm (2< tumors <4 cm).
Detailed results are presented in Tubles 2,3. Further analysis
for correlation of STAS status with the time to recurrence
and metastasis or death showed no significant difference
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both in overall patients (PFS, P=0.779; OS, P=0.920) and
group 2-4 cm (PFS, P=0.727; OS, P=0.082).

Discussion

In this series, STAS was found in 81 (33.47%) among 242
patients who underwent radical lobectomy and adequate
hilar and mediastinal lymphadenectomy. The presence
of STAS was significantly associated with pathologically
invasive major subtypes and a poor differentiation such as
micropapillary or solid predominant subtypes, and STAS
(+) patients showed a significant lower DFS and OS in the
patients with a larger tumor size of 2-4 cm (2< tumors
<4 cm). Our findings were consistent with the previous
reports (9-11), which indicated that a subset of stage I
adenocarcinoma with STAS might need more intensive
follow-up or adjuvant treatment after surgical resection.
The TNM staging system has been the gold standard
parameter for predicting survival and guide to treatment
strategy for primary lung cancer (6). The newly revised
8™ AJCC lung cancer staging system stratified tumor
size with lem increment in early lung cancers unless
pleural involvement, which is directly classified into T2a
irrespective of tumor size in which the precisely sub-
grouping may be more valuable in early-stage tumors for
making a decision whether sub lobectomy or lobectomy is
adequate (15). For stage I lung cancer, TNM staging seems
not to be a strong predictor for recurrence or long-term
survival (16). Instead, tumor size was found in the current
study to be an independent predictor for both PFS and OS.
In recent years, STAS attracted more attention since

J Thorac Dis 2018;10(9):5308-5317
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Figure 3 When stratified by tumor size as 0-2 vs. 2—4 cm, there showed a significant difference in group of 2-4 cm for PFS and OS (PFS,

P=0.029; OS, P=0.013). STAS, spread through air spaces; PFS, progression-free survival; OS, overall survival.

it was first reported as a specific invasion pattern for lung
adenocarcinoma in 2015 (8), and was presented as a risk
factor of disease recurrence according to types of surgical
procedures (lobectomy or limited resection) and location
of recurrence (locoregional or distant) (9). Later on, a
growing number of studies have reported their findings
and supported the preliminary conclusions as a negative
predictor of survival for patients with lung adenocarcinomas
(9,11). In this study, we found that STAS was more
frequently seen in the highly invasive adenocarcinoma
such as solid and micropapillary adenocarcinoma, and less
frequently in lepidic predominant adenocarcinomas. This
is consistent with the previous studies (12). In the initial
report, STAS was reported as a risk factor in the prognosis
of patients who underwent limited resection, but not those
who underwent radical lobectomy (9). Another study from
Japan also indicated that STAS was significantly associated
with a lower OS in the limited resection group, while no
significant correlation was found between STAS and the
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OS in the lobectomy groups (12). In the current study, all
enrolled patients underwent radical lobectomy and standard
lymphadenectomy, and no statistically significant difference
in the survival was found between STAS (+) and STAS (-)
groups in the whole series, which is consistent with the
above studies. However, when stratified both by STAS in
different pathological stages, our data showed no significant
difference, on which we presumed that STAS was not
correlated with tumor stage but correlated with tumor
subtypes or differentiation grade. Further, when stratified
by tumor size with a cut-off 2 cm, we found that STAS in
the 2-4 cm (2< tumors <4 c¢m) group was an independent
worse survival parameter, which was consistent with the
recent study reported by Dai et /. In the study reported
by Dai’s, 95.00% of patients underwent lobectomy and
the results showed STAS significantly affecting recurrence
and survival, especially in tumor size larger than 2 cm (11).
Therefore, the significance of STAS in small-sized
pulmonary adenocarcinomas treated with radical lobectomy

J Thorac Dis 2018;10(9):5308-5317
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Table 2 Univariate analysis of the factors affecting survival
All patients (n=242) Tumor size (2-4 cm) (n=116)
Variables PFS oS PFS (O]
P 95% ClI P 95% ClI P 95% Cl P 95% ClI
Age group* (<65 vs. =65) 0.321 0.389-1.362 0.003*  1.596-9.035 0.025*  0.208-0.898 0.001*  0.083-0.502
Gender 0.074  0.333-1.052 0.053  0.208-1.010 0.071 0.282-1.054 0.077  0.216-1.081
Smoking 0.019*  0.268-0.891 0.009*  1.308-6.758 0.150  0.312-1.195 0.049*  0.193-0.998
Family history 0.875  0.551-2.013 0.806  0.457-2.739 0.886  0.453-1.983 0.749  0.468-2.880
Tumor location 0.514  0.505-3.176 0.892  0.197-4.844 0.694  0.450-3.410 0.479  0.240-2.123
Tumor size (0-2 vs. 2-4 cm) 0.000*  0.159-0.501 0.000*  0.061-0.294 - - - -
8th stage (IA vs. IB) 0.059  0.292-1.023 0.400  0.285-1.650 0.621 0.359-1.843 0.888  0.326-2.642
Pleural invasion 0.108  0.328-1.117 0.799  0.382-2.101 0.623  0.393-1.750 0.896  0.417-2.723
Bronchus involvement 0.000*  0.056-0.283 0.000*  0.028-0.245 0.001*  0.127-0.592 0.005* 0.107-0.678
STAS (no & yes) 0.268  0.385-1.303 0.100 0.215-1.144 0.029* 0.214-0.919 0.013* 0.130-0.784
Vessel & neural involvement ~ 0.018*  0.039-0.733 0.000*  0.002-0.117 0.104  0.066-1.287 0.015*  0.193-0.658
Lymph node removed 0.716  0.627-1.974 0.831 0.496-2.393 0.859  0.549-2.054 0.736  0.512-2.583
Postsurgery treatment 0.529  0.459-1.492 0.759  0.507-2.536 0.980  0.522-1.945 0.426  0.621-3.097
Differentiation gradeT 0.617  0.200-2.114 0.114  0.041-1.466 0.683  0.193-3.421 0.969  0.080-9.791
Major subtype 0.555  0.215-2.035 0.126  0.041-1.465 0.568  0.216-2.401 0.108  0.015-1.403

T, Differentiation grade: low-grade (adenocarcinoma in situ; minimally invasive adenocarcinoma; lepidic predominant); intermediate-grade
(papillary or acinar predominant); high-grade (solid or micropapillary predominant); mucinous adenocarcinoma. *, the items showed a
statistical significance (P<0.05). PFS, progression-free survival; OS, overall survival; Cl, confidence interval.

deserves to be further investigated in future prospective
studies stratified by tumor size.

It is a logical assumption that tumor size might be a
stratifying factor for assessing the significance of STAS on
patients’ survival, for tumor size has been reported to be
an independent survival factor both for patients underwent
curative-intent surgery or radiotherapy or chemotherapy,
especially in tumor size less than 3.0 cm (17,18). Thus,
we investigated the significance of the combination of
STAS and tumor size on the survival in pathological stage
I patient. Our result was similar to that reported by Dai
et al., in which, STAS statistically stratified the prognosis
of patients with adenocarcinomas between 2 to 3 cm
(2< tumors <3 cm), and similar to that of patients with
stage IB adenocarcinoma (11). Therefore, STAS should
be considered as a prognostic factor in the early lung
adenocarcinomas >2 cm.

Although currently lobectomy with hilar and mediastinal
lymph node dissection was still the standard treatment
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for early-stage lung cancers, for the peripheral small lung
adenocarcinomas <2 cm, limited resection such as wedge
resection or segmentectomy may be comparable to the
lobectomy in the outcome, in such case, STAS remains
to be a recurrence or metastasis risk factor. Therefore,
distinguishing of STAS on frozen diagnostic sections would
be beneficial for surgical strategy whether partial lung
resection is enough or not (19,20). In our experience, the
dilemma of frozen diagnosis for STAS is to distinguish
it from macrophages. In the current study, AE1/AE3
immunohistochemistry method was applied to differential
diagnosis, and the staining results was proved to be very
useful for identifying STAS. As far as we know, this has not
been reported in literatures for detecting STAS. A rapid
immunohistochemical method (21) of AE1/AE3 for detecting
STAS on frozen sections will be valuable for further study,
and our preliminary result is promising (data will be shown
in next study). Still, AE1/AE3 immunostaining should be
cautiously explained when sometimes the exfoliated bronchial

J Thorac Dis 2018;10(9):5308-5317
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0.088-0.563

4.495

0.004* 2.796 0.177-0.723  0.002*

0.104-0.624

3.922

0.003*

1.754 0.313-1.039

0.067

STAS (no &yes)

0.058-0.591

5.404

0.004*

6.208 0.057-0.456 0.066 2.727 0.126-1.070

0.001*

0.078 2.316 0.170-1.100

Vessel & neural involvement

*, The items showed a statistical significance (P<0.05). PFS, progression-free survival; OS, overall survival; Cl, confidence interval.

Yang et al. STAS predicts a worse survival in early lung cancer patients

epithelia are also stained with AE1/AE3, which may be the
shortcoming of AE1/AE3 for STAS identification. In this
case, the morphological identification of cell atypia should be
considered more seriously.

STAS is not only correlated with an increased recurrence/
metastasis rate in some patients with early stage lung
adenocarcinomas, but also is found correlated with PET-
CT features. In our another study of 121 stage I lung
adenocarcinomas (32 of which came from the current
cohort), STAS was found positive in 49 cases, and a
significant difference of STAS distribution was found among
different nodule types (solid vs. non-solid types, P=0.001) and
metabolic tumor burden parameters, the standardized uptake
value (SUVmax, P=0.020; SUVmean, P=0.002 and SUVpeak,
P=0.002) and total lesion glycolysis (TLG, P=0.004) (data to
be published). Furthermore, in our another published study,
artificial intelligence radiomics was applied in observing
the peripheral features of PET-CT scanned non-small cell
lung cancer with a hypothesis that non-invasive and invasive
tumor boundary may have different morphological patterns,
a prediction model named with “shell” was created for
predicting distant failure of lung cancer after curative-intent
surgery (22), which is a promising work for further study on
identifying STAS and other PET/CT features by artificial
intelligence for evaluating surgical method before operation
and prognosis after curative-intent surgery.

In conclusion, presence of STAS is a significant worse
predictor for the patients with lung adenocarcinoma >2
cm underwent radical lobectomy and lymphadenectomy,
while it is not significant in patients with tumor size <2 cm.
Existence of STAS reveals an increased risk of recurrence
and/or metastasis for tumors lager than 2 cm in stage I
patients. The combination of tumor size and STAS status
may be helpful in assessing the extent of surgical resection
and follow-up strategy or post surgery treatment.
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Supplementary

Table S1 The characteristics of patients in the group of tumor size 2—4 cm

STAS )
Variables Patients x P
No (%) Yes (%)

Cases 116 81 (69.83) 35 (30.17)

Age group 0.874 0.350
<65 80 58 (72.50) 22 (27.50)
>65 36 23 (63.89) 13 (36.11)

Gender 0.865 0.352
Female 62 41 (66.13) 21 (33.87)
Male 54 40 (74.07) 14 (25.93)

Smoking 0.237 0.627
Non-smoker 69 47 (68.12) 22 (31.88)
Current or exsmoker 47 34 (72.34) 13 (27.66)

Family history 0.236 0.627
No 86 59 (68.60) 27 (31.40)
Yes 30 22 (73.33) 8 (26.67)

Tumor location 2.041 0.746
Right upper lobe 27 21 (77.78) 6 (22.22)
Right Middle lobe 7 4 (57.14) 3 (42.86)
Right lower lobe 25 17 (68.00) 8 (32.00)
Left upper lobe 38 27 (71.05) 11 (28.95)
Left lower lobe 19 12 (63.16) 7 (36.84)

8" stage 0.267 0.790
I1A1 0 0 (0.00) 0 (0.00)
I1A2 0 0 (0.00) 0 (0.00)
IA3 20 13 (65.00) 7 (35.00)
B 96 68 (70.83) 28 (29.17)

Pleural invasion 0.005 0.944
No 27 19 (70.37) 8 (29.63)
Yes 89 62 (69.66) 27 (30.34)

Bronchus involvement 1.157 0.282
No 85 57 (67.06) 28 (32.94)
Yes 31 24 (77.42) 7 (22.58)

Vessel & neural involvement 0.009 0.924
No 109 76 (69.72) 33 (30.28)
Yes 7 5(71.43) 2 (28.57)

Predominant subtype 13.487 0.011*
Lepidic 12 12 (100.00) 0 (0.00)
Papilary 11 8 (72.73) 3(27.27)
Acinar 69 45 (65.22) 24 (34.78)
Solid 13 8 (61.54) 5 (38.46)
Micropapillary 4 1(25.00) 3 (75.00)
Mucinous adenocarcinoma 7 7 (100.00) 0 (0.00)

Differentiation gradet 11.518 0.006*
Low-grade 12 12 (100.00) 0 (0.00)
Intermediate-grade 80 53 (66.25) 27 (33.75)
High-grade 17 9 (52.94) 8 (47.06)
Mucinous adenocarcinoma 7 7 (100.00) 0 (0.00)

*, The difference had statistical significance. t, differentiation grade: low-grade (adenocarcinoma in situ; minimally invasive adenocarcinoma;
lepidic predominant); intermediate-grade (papillary or acinar predominant); high-grade (solid or micropapillary predominant); mucinous
adenocarcinoma. STAS, spread through air spaces.



