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Background: Tumor spread through air spaces (STAS) is now recognized as tumor invasion. However, the
association between STAS and procedure-specific outcomes (limited resection and lobectomy) in patients
with pathologic stage I lung adenocarcinoma (ADC) is still under investigation.

Methods: To investigate whether limited resection predicts poorer survival in such patients, we
retrospectively analyzed the clinicopathologic features of a large cohort of 1,566 patients with stage I ADC
from 2017 to 2020 and classified them according to STAS status and surgical method. Kaplan-Meier,
Cox hazard proportional regression, and propensity score matching (PSM) were adopted for prognostic
evaluation.

Results: STAS-positive patients had worse recurrence-free survival (RFS) (P<0.001). There was no
significant difference in RFS and overall survival (OS) between limited resection and lobectomy, neither for
the STAS-negative nor STAS-positive group before matching. After matching, limited resection was found
to achieve comparable RFS to lobectomy in STAS-positive patients with pathologic I, IA, or IB stage tumor,
(P=0.816, P=0.576, P=0.281, respectively), but worse OS in stage I and stage IB patients (P=0.029, P=0.010,
respectively). Furthermore, in multivariable analysis, limited resection was not an independent prognostic
factor of RFS or OS. Instead, the high-grade histological subtype was the only independent prognostic factor
for RFS (P=0.001). In the subgroup analysis, adjuvant chemotherapy (ACT) did not improve the outcomes of
stage IB STAS-positive patients.

Conclusions: Limited resection was associated with worse survival than lobectomy in stage I STAS-

positive patients, but not in stage IA STAS-positive patients.
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Introduction

Globally, lung cancer remains the leading cause of cancer
death, and cases are rising (1). Surgery is the most effective
treatment for early-stage non-small cell lung cancer
(NSCLC). Lobectomy has been reputed to be the standard
of care for the management of early-stage NSCLC since
1995 (2). With the development of computed tomography
(CT) and findings of radiologic noninvasiveness patterns
for NSCLC, a wedge resection with negative margins or
a segmentectomy is also performed for these lesions as a
parenchyma-sparing alternative with a fast recovery (3).
Although some studies have reported similar recurrence-
free survival (RFS) and overall survival (OS) outcomes
of limited resection and lobectomy for early-stage lung
cancer and recommended segmentectomy as the standard
surgical treatment (4), others have found worse prognosis
with segmentectomy. The suitability of limited resection
(including wedge resection and segmentectomy) for early-
stage NSCLC remains under investigation.

Spread through air spaces (STAS) is recognized as
an additional invasive pattern of lung adenocarcinoma
(ADC) beyond the nonlepidic pattern, stroma infiltration
and invasion into adjacent structures and was first named
by Kadota and colleagues in 2015 (5). It is defined as
micropapillary clusters, solid nests, or single cells within the
air spaces in the lung parenchyma beyond the edge of the
main tumor. Studies have shown that STAS is associated
with key clinical variables and is a significant prognostic
factor for poor OS and RFS in stage I ADC (6-8), even
in stage II and III ADC (9,10). However, there have been
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conflicting findings regarding whether limited resection
could be performed when STAS is present. Several studies
showed that limited resection was associated with worse OS
and REFS of resected stage I lung ADC with STAS (11-13).
Others found that the prognosis after limited resection
was comparable with that of after lobectomy in lung ADC
with STAS (14). However, these findings have not yet been
validated in large cohorts, and subgroup analysis still needs
to be completed. Therefore, we conducted a retrospective
analysis of 1,566 patients with resected pathologic stage I
lung ADC to examine the association of limited resection
with recurrence and survival. Using the propensity score
matching (PSM), we also compared survival outcomes in
subgroups stratified by pathologic stage and histological
grade and assessed the effect of adjuvant chemotherapy
(ACT) in stage IB patients who underwent different
resection types. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-552/rc).

Methods
Patient selection

The records of patients with pathologic stage I lung ADC
who underwent limited resection or lobectomy at the
Shanghai Chest Hospital between May 2017 and October
2020 were reviewed. Patients with pathologically confirmed
stage I lung ADC who received surgical treatment and had
complete follow-up data were included in this retrospective
study. Patients received neoadjuvant therapy with multiple
nodules, underwent pneumonectomy or bilobectomy,
underwent other lung cancer surgery within the 2 years
following the surgery, experienced progression of other
concurrent diseases or had positive surgical margins were
excluded from the study cohort. We identified a total of
1,348 patients according to these criteria. We categorized
any type of sublobar resection, including wedge resections
and anatomic segmentectomies, as limited resections.
Lobectomy is defined as the surgical removal of certain
lobes of the lung along with radical lymph node dissection.
Segmentectomy was performed through an anterolateral
or limited lateral thoracotomy with complete dissection
of hilar and mediastinal nodes using sentinel node
identification. Limited resection is usually indicated for
patients who are not candidates for lobectomy due to poor
lung function or other comorbidities. The clinical features,
including age at surgery, gender, smoking history, and
Eastern Cooperative Oncology Group performance status
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(ECOG PS), were examined. Figure S1 shows the patient
selection scheme and flowchart of this study. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). This retrospective study was approved by
the Institutional Review Board of Shanghai Chest Hospital,
China (No. IS22024), and informed consent requirement
was waived due to the retrospective nature of the research
design. The data analyzed and reported in our study were
obtained from existing medical records, ensuring patient
anonymity and privacy.

Pathological evaluation

After removing the tumor specimen, all soft tissues and
lymph nodes around the specimen were immediately fixed in
formalin, sectioned and stained with hematoxylin and eosin.
The sections were then analyzed by two pathologists using
a microscope with a standard 22-mm diameter eyepiece.
ADC and other lung tumors were identified in accordance
with the 2015 World Health Organization classification
criteria (15). Then, the tumors were staged according to
the eighth edition of the tumor-node-metastasis (TNM)
classification for lung cancer (16) and classified into
lepidic, mucous, acinar, papillary, micropapillary and
solid subtypes based on their predominant pattern. In
addition, we divided the tumors into three grades using the
International Association for the Study of Lung Cancer
(IASLC), American Thoracic Society (ATS), and European
Respiratory Society (ERS) classification of 2011 (17), as
follows: low grade, lepidic predominant; intermediate grade,
acinar or papillary predominant; and high grade, solid or
micropapillary predominant. The morphological definition
of STAS was consistent with that of Kadota ez 4/. (5) i.e.,
the presence of micropapillary structures in the papillary
structures without central fibrovascular cores, solid nests or
tumor islands of solid collections of tumor cells filling the air
spaces and scattered discohesive single cells (Figure 1A4,1B).
The edge of the main tumor was defined as the smooth
surface of the tumor, which was easily recognizable grossly
or by low-power field examination. The presence of visceral
pleural, lymphovascular invasion was also recorded.

Patient follow-up

Patients were regularly followed up in the outpatient
department every 3 months for the first year after surgery
and with a 6-month interval thereafter. For patients who
were examined at local health facilities, survival status and
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clinical information were collected by telephone. OS was
defined as the time from the date of surgery until the last
follow-up or death, while RFS was defined as the length
of time from surgery to recurrence or the last follow-up.
Recurrence type, including local recurrence and distant
metastasis, was assessed by CT, magnetic resonance
imaging (MRI), bone scintigraphy, ultrasonography, and
positron emission tomography (PET)-CT, if feasible.
Local recurrence was defined as evidence of a tumor
identified within the diseased hemithorax, ipsilateral lung,
or ipsilateral mediastinal or hilar lymph nodes. Distant
metastasis was defined as recurrence in any site outside the
ipsilateral hemithorax, including the contralateral lung and
hilum.

Statistical analysis

Categorical variables were compared using the chi-square
test. Student’s ¢-test was used to compare continuous
variables between two groups. RFS and OS were estimated
using the Kaplan-Meier method, and nonparametric
group comparisons were performed using the log-rank
test. Survival curves were plotted using the Kaplan-Meier
method and drawn by GraphPad Prism for Windows
(version 9.0.0; San Diego, CA, USA). Multivariate analyses
were performed using the Cox proportional hazards
regression model to assess the prognostic value of each
factor found to be significant in univariate analysis. To
match the STAS-positive patients who underwent limited
resection and lobectomy, we used 1:2 PSM without
replacement, adjusting for patient age, sex, smoking
history, ECOG PS, pathologic stage, pleural invasion,
lymphovascular invasion and histological grade. We
performed the PSM in RStudio (version 4.2.1, The R
Foundation, Vienna, Austria) with the R packages “Matchlt”
version 4.4.0 and “foreign” version 0.8-82, and applied the
nearest neighbor matching method with a caliper of 0.01.
All statistical tests were two-sided, with a 5% significance
level. Statistical analyses were conducted using SPSS
Statistics for Windows (version 26.0; IBM Corporation,
Armonk, NY, USA).

Results
Patient characteristics

A total of 1,348 patients with pathologic stage I lung ADC
who underwent radical resection were included, and 531
of them were STAS-positive. With respect to the entire
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1,348 patients underwent surgical treatment with pathologic stage | lung
adenocarcinomas from 2017 to 2020
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Figure 1 Representative histopathologic images of lung ADC tumors with STAS and survival curves stratified by STAS and resection type.

(A) Low-power field image (hematoxylin and eosin, x50) of lung ADC. (B) High-power field image (hematoxylin and eosin, x200) of lung
ADC. (C,D) Kaplan-Meier survival analysis of STAS- and STAS+ lung ADCs for RFS and OS. (E,F) Kaplan-Meier survival analysis of RFS
and OS in patients who underwent lobectomy or limited resection with different STAS statuses. STAS, spread through air spaces; ADC,

adenocarcinoma; RFS, recurrence-free survival; OS, overall survival.

cohort, the majority of patients (1,066/1,348) underwent
lobectomy, and 282 underwent limited resection. The
distributions of general characteristics were compared
between the lobectomy group and the limited resection
group before and after PSM in the STAS-positive cohort,
as shown in Tuble 1. Before PSM, the lobectomy group had
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a significantly higher proportion of patients with higher
pathologic TNM stage (stage IA3 for 26.6% and stage
IB for 34.8%) than those in the limited resection group
(P<0.001). Patients who underwent lobectomy were more
likely to have solid nodule on CT, pleural invasion and
receive ACT than those who underwent limited resection
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Table 1 Clinicopathologic characteristics in patients with STAS
Original cohort (n=531) Matched cohort (n=309)
Variables Limited resection  Lobectomy P Limited resection  Lobectomy P
(n=103) (n=428) (n=103) (n=206)
Age at surgery (years) 0.099 0.196
<65 41 (39.8) 209 (48.8) 41 (39.8) 98 (47.6)
>65 62 (60.2) 219 (51.2) 62 (60.2) 108 (52.4)
Sex 0.778 0.629
Male 54 (52.4) 231 (54.0) 54 (52.4) 102 (49.5)
Female 49 (47.6) 197 (46.0) 49 (47.6) 104 (50.5)
Smoking history 0.209 0.214
Never 69 (67.0) 267 (62.4) 69 (67.0) 123 (59.7)
Ever 34 (33.0) 161 (37.6) 34 (33.0) 83 (40.3)
ECOG PS 0.338 0.282
0-1 89 (86.4) 353 (82.5) 89 (86.4) 168 (81.6)
>2 14 (13.6) 75 (17.5) 14 (13.6) 38 (18.4)
Pathologic stage <0.001* 0.136
Stage IA1 27 (26.2) 33(7.7) 27 (26.2) 33 (16.0)
Stage IA2 36 (35.0) 132 (30.8) 36 (35.0) 94 (45.6)
Stage IA3 15 (14.6) 114 (26.6) 15 (14.6) 29 (14.1)
Stage IB 25 (24.3) 149 (34.8) 25 (24.3) 50 (24.3)
Nodal dissection <0.001* <0.001*
No dissection 17 (16.5) 0(0.0) 17 (16.5) 0(0.0)
Hilar 62 (60.2) 25 (5.8) 62 (60.2) 16 (7.8)
Mediastinal, systematic or selective 24 (23.3) 403 (94.2) 24 (238.3) 190 (92.2)
Pleural invasion 0.045* 0.691
Absent 83 (80.6) 303 (70.8) 83 (80.6) 162 (78.6)
Present 20 (19.4) 125 (29.2) 20 (19.4) 44 (21.4)
Lymphovascular invasion 0.139 0.322
Absent 88 (85.4) 338 (79.0) 88 (85.4) 184 (89.3)
Present 15 (14.6) 90 (21.0) 15 (14.6) 22 (10.7)
Architectural histological grade 0.204 0.264
Low grade 5(4.9) 10 (2.3) 5(4.9) 4(1.9)
Intermediate grade 80 (77.7) 319 (74.5) 80 (77.7) 157 (76.2)
High grade 18 (17.5) 99 (23.1) 18 (17.5) 45 (21.8)
CEA level (ng/mL) 2.7 (1.8-4.6) 2.8 (1.8-4.4) 0.975 2.7 (1.8-4.6) 2.7 (1.8-4.5) 0.211

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 1 (continued)
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Original cohort (n=531)

Matched cohort (n=309)

Variables

Limited resection  Lobectomy P Limited resection ~ Lobectomy P
(n=103) (n=428) (n=103) (n=206)
Nodule type on CT <0.001* <0.001*
Part solid 52 (50.5) 92 (21.5) 52 (50.5) 49 (23.8)
Solid 51 (49.5) 336 (78.5) 51 (49.5) 157 (76.2)
ACT <0.001* 0.004*
Absent 71 (68.9) 191 (44.6) 71 (68.9) 107 (51.9)
Present 32 (31.1) 237 (55.4) 32 (31.1) 99 (48.1)

Values are median (interquartile range) or n (%). *, significant P values. STAS, spread through air spaces; ECOG PS, Eastern Cooperative
Oncology Group Performance Status; CEA, carcinoembryonic antigen; CT, computed tomography; ACT, adjuvant chemotherapy.

(all P<0.05). After PSM, most of the clinicopathologic
characteristics showed no significant difference between the
two group.

Survival analysis stratified by STAS and resection type

The 3-year OS and 3-year RFS of this study’s pathological
stage I ADC were 98.7% and 91.9%, respectively, with a
median follow-up time of 34 months. Recurrence occurred
in 33 STAS-negative patients and 77 STAS-positive
patients, with local recurrence in 16 and 48 of them,
respectively. RES was significantly different between the
STAS-positive and STAS-negative groups (Figure 1C, 3-year
REFS: 88.2% vs. 94.3%, log-rank test P<0.001), but OS was
not (Figure 1D, 3-year OS: 99.2% vs. 98.0%, P=0.056). All
enrolled cases were classified into two groups according to
resection type. Before PSM, limited resection showed no
significant difference in survival between the two groups.
Figure 1E,1F indicate no significant difference for limited
resection or lobectomy in RFS and OS in patients without
STAS (P=0.591, P=0.622, respectively) and with STAS
(P=0.883, P=0.117, respectively).

Survival analysis in the STAS-positive cobort

The matched cohort had a median follow-up of 47 months
after PSM. The recurrence rates were comparable between
the limited resection group (14.6%, n=15) and the
lobectomy group (14.1%, n=29). The frequency of distant
recurrence was also similar in both groups (n=9, 8.7% for
limited resection and n=21, 10.2% for lobectomy). Lung
cancer-related mortality was slightly higher in the limited

© Journal of Thoracic Disease. All rights reserved.

resection group (3.9%, n=4) than in the lobectomy group
(1.0%, n=2). We found comparable RFS (P=0.816) between
limited resection and lobectomy group but worse OS
(P=0.029) in the limited resection group (Figure 24,2B). We
also investigated the effect of the type of surgery on survival
in stage IA and IB STAS-positive patients in the matched
cohort. Kaplan-Meier analysis revealed that the 3-year RFS
and 3-year OS for patients who underwent limited resection
were not significantly different from those for patients
who underwent lobectomy in stage IA tumors (3-year
REFS, 96.2% vs. 90.9%; P=0.576; 3-year OS, 100.0% uvs.
100.0%; P=0.486, respectively) (Figure 2C,2D). The RFS at
3 years for patients who received limited resection was not
significantly different from that for lobectomy patients with
stage IB tumors (3-year RFS, 70.2% vs. 79.5%; P=0.281)
(Figure 2E). However, patients who received limited
resection in this cohort had a significantly lower OS at
3 years compared to those who received lobectomy (3-year
08, 91.6% vs. 100.0%; P=0.010) (Figure 2F). Furthermore,
we observed that among the patients who underwent
limited resection, 43 had wedge resection and 59 had
segmentectomy, and most of them were stage IA patients
(75.5%). Survival analysis comparing the outcomes of these
two subgroups of patients revealed no significant difference
(Figure S2).

Univariable and multivariable analysis

The results of univariable analyses for all survival endpoints
of interest are shown in 7able 2. Poor RFS was significantly
associated with solid nodules on CT, ACT, advanced
pathologic TNM stage and high-grade histological subtype
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Figure 2 Survival analyses on different stages in the matched cohort. (A,B) RFS and OS curves for stage I disease. (C,D) RFS and OS curves

for stage IA disease. (E,F) RFS and OS curves for stage IB disease. RFS, recurrence-free survival; OS, overall survival.

(all with P values less than 0.05). Factors significantly
associated with a higher risk of recurrence also included
pleural invasion (P=0.001). However, those factors were
not independent prognostic factors for a worse RES in the
multivariate Cox proportional hazards model except for
the high-grade histological subtype [hazard ratio (HR):
1.982, 95% confidence interval (CI): 1.047-3.753, P=0.001]
(Table 2). Univariate analysis showed that only high-grade
histological subtype was found to be significantly associated

© Journal of Thoracic Disease. All rights reserved.

with poor OS (HR: 6.463, 95% CI: 1.176-35.516, P=0.032);
thus, multivariate analysis was waived. Limited resection
was not an independent prognostic factor of OS or RFS.

Subgroup analysis

To further identify the feasibility of limited resection for
STAS-positive ADC, we divided the matched STAS-positive
patients into groups based on histological grade. According
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Table 2 Univariate and multivariate analyses of factors associated with RFS and OS in STAS-positive patients

RFS oS
Variables Univariate analysis Multivariate analysis Univariate analysis
HR (95% CI) P value HR (95% Cl) P value HR (95% CI) P Value

Age (>65 vs. <65 years) 1.113 (0.613-2.021) 0.725 5.547 (0.075-40.931) 0.233
Sex (female vs. male) 0.856 (0.473-1.550) 0.608 0.240 (0.028-2.059) 0.193
Smoking history (ever vs. 0.983 (0.536-1.805) 0.957 7.312 (0.853-62.659) 0.070
never)
ECOG PS (=2 vs. 0-1) 0.942 (0.420-2.115) 0.886 0.039 (0.001-81.600) 0.523
Pathologic stage 0.010* 0.272 0.474

Stage IA1 Ref. Ref. Ref.

Stage 1A2 1.591 (0.524-4.834) 0.413 1.598 (0.514-4.971) 0.418 - 0.957

Stage IA3 2.433 (0.712-8.312) 0.156 1.970 (0.557-6.973) 0.293 - 0.953

Stage IB 4.200 (1.429-12.349)  0.009* 2.565 (0.598-11.002) 0.205 - 0.950
Nodal dissection 0.742 0.346

No dissection Ref. Ref. Ref.

Hilar 1.365 (0.308-6.048) 0.682 0.173 (0.011-2.785) 0.216

Mediastinal, systematic or
selective

1.062 (0.253-4.456) 0.934

Pleural invasion (present vs. 0.001*

absent)

2.732 (1.488-5.015)

Lymphovascular invasion
(present vs. absent)

1.584 (0.706-3.555) 0.265

Histological subtype grade 0.011*

(high vs. intermediate)

2.274 (1.209-4.275)

CEA (>5 vs. <5 ng/mL) 1.180 (0.583-2.388)  0.646

Nodule type on CT (solid vs. 2.374 (1.103-5.109) 0.027*
part solid)
ACT (present vs. absent) 1.972 (1.085-3.582) 0.026*

Surgical procedure (lobectomy 0.928 (0.497-1.735) 0.816
vs. limited resection)

1.349 (0.443-4.104) 0.598

1.982 (1.047-3.753)

1.937 (0.865-4.336) 0.108

1.524 (0.813-2.857) 0.189

0.211 (0.023-1.931)  0.168
3.070 (0.613-15.372)  0.172
1.588 (0.185-13.609)  0.673
0.001*

6.463 (1.176-35.516) 0.032*

1.749 (0.320-9.571) 0.519
0.828 (0.151-4.552) 0.829

1.274 (0.257-6.323)  0.767
0.182 (0.033-1.005)  0.051

*, significant P values. RFS, recurrence-free survival; OS, overall survival; STAS, spread through air spaces; HR, hazard ratio; Cl,
confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; Ref., reference; CEA, carcinoembryonic

antigen; CT, computed tomography; ACT, adjuvant chemotherapy.

to the grading system, we identified 9 patients with low-
grade disease, 237 with intermediate-grade disease and 63
with high-grade disease. Kaplan-Meier analysis revealed
that those with a high histological grade had significantly
worse RFS and OS than those with an intermediate grade
(3-year RFES, 79.3% vs. 91.0%; P=0.009; 3-year OS, 96.8%
vs. 100.0%; P=0.015, respectively) (Figure 34,3B). Limited

© Journal of Thoracic Disease. All rights reserved.

resection was not associated with a significantly shorter REFS
or OS than lobectomy in the intermediate-grade group
(P=0.170, P=0.463, respectively) or the high-grade group
(P=0.581, P=0.707, respectively) (Figure 3C,3D).

"To evaluate the possible effects of postoperative ACT on
the survival of stage IB STAS-positive patients, we further
stratified the matched STAS-positive patients by stage 1B
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and ACT status. Our results demonstrate that patients
who underwent ACT had a higher rate of lobectomy
and mediastinal nodal dissection than those who did not.
Furthermore, they showed a higher prevalence of elevated
CEA level (Table S1). Surprisingly, we found that ACT did
not confer any survival benefit (with ACT wvs. without ACT:
3-year RES, 74.9% vs. 79.4%; P=0.693; 3-year OS, 97.8%
vs. 96.7%; P=0.549; respectively) (Figure 44,4B). Moreover,
there was no significant difference in RES and OS between
patients who underwent limited resection and those who
underwent lobectomy, regardless of whether they received
ACT or not (Figure 4C,4D). Among the patients who
received ACT (n=45), the most frequently used regimen
was cisplatin plus vinorelbine (n=25, 55.6%), followed by
cisplatin plus pemetrexed (n=15, 33.3%).

Discussion

The definition of STAS implies that it represents an
unconventional concept of airspace invasion, which may be

© Journal of Thoracic Disease. All rights reserved.

considered on par with other established invasive patterns,
such as lymphovascular or pleural invasion, signifying that
its presence indicates a more aggressive biological potential
that is important for pathologists to recognize. Many
studies have shown that STAS is associated with aggressive
tumor behavior, such as lymph node metastasis, higher
pathological stage, vascular invasion, and high histological
grade (18-20), and is an important predictor of worse
clinical outcomes (recurrence and survival) in patients with
early-stage lung ADC who have undergone limited surgical
resection (6,14).

However, the necessity of performing lobectomy for
early-stage STAS-positive ADC, especially pathologic stage
I ADC, remains controversial. While data have shown that
the prognosis of patients with STAS-positive lung ADC
after segmentectomy is comparable with that of patients
who underwent lobectomy (14,21), some investigators
hold a contrary opinion that STAS is actually ex vivo
artifactual (22), as the coexistence of STAS with widely
known poor prognostic factors might explain why tumors
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with STAS have a poor outcome.

Our study demonstrated that STAS was a significant
prognostic factor for recurrence in stage I ADC patients,
in agreement with most of the existing literature (11,23).
Moreover, after adjusting confounding factor, we confirmed
the previous findings (13,24) that STAS-positive patients
who received limited resection had, though comparable
RFS, inferior survival outcomes compared to those
who received other surgical modalities in stage I ADC,
particularly in stage IB ADC. Limited resection for NSCLC
exceeding 3 cm is generally not indicated. Worse survival
in the limited group could be attributed to the advanced-
stage tumors and limited resection ordinarily performed
in patients with declined lung function. Another potential
factor is the surgical margin distance in the limited resection
group, defined as the distance between the surgical staple
margin and the nearest primary tumor edge. Wider surgical
margins in lobectomy may prevent the spread of tumor
cells, as data have shown that there was no local recurrence
in stage I non-small cell lung carcinoma tumors with a

© Journal of Thoracic Disease. All rights reserved.

surgical margin distance greater than 2.0 cm, irrespective
of the presence or absence of STAS (25). A recent study
by Kagimoto et 4. showed that the 5-year RFS and OS
rates of segmentectomy patients with a mean margin
distance of 10 mm were comparable to those of lobectomy
patients (14). However, our study confirmed negative margins
with proper distances on frozen sections intraoperatively to
avoid postoperative staging migration.

Interestingly, for patients with stage IA STAS-negative
ADC, a margin-to-tumor ratio of 1 or higher was a
favorable factor associated with a significantly lower risk
of recurrence than a margin-to-tumor ratio less than 1;
however, the risk of recurrence was high in STAS-positive
patients regardless of the margin-to-tumor ratio (13).
This finding suggests that the surgical margin distance
and margin-to-tumor ratio might affect the prognosis of
patients with different STAS statuses. A previous study
suggested that the grading system based on architectural
subtypes has been associated with a better prognosis for
stage I lung ADC, with high-grade tumors reflecting the

7 Thorac Dis 2023;15(9):4795-4807 | https://dx.doi.org/10.21037/jtd-23-552
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aggressive nature of ADC and having a significantly higher
risk for recurrence (26). In the present study, we found that
the 3-year RFS rate in the high-grade group was lower than
that after lobectomy, indicating that a larger surgical margin
may be warranted in high-grade ADC.

Although STAS is a prognostic factor, it is difficult to
recognize preoperatively. Toyokawa and colleagues (7)
retrospectively investigated lung cancer on CT to identify
features of STAS-positive ADC and found that it was
significantly larger and usually presented spiculated
signs, nodular notches, vascular convergence, and pleural
indentation. In our study, we found that solid nodules were
an unfavorable prognostic factor for RFS in ADC, and
while studies have already identified solid nodules as a poor
prognostic factor regardless of STAS status, the percentage
of solid components and the maximum standardized uptake
value on PET-CT have also been independently associated
with STAS in lung ADC (19,27). Therefore, it is necessary
to build a precise prognostic model for limited resection
that includes preoperative CT and PET-CT findings. It is
difficult to predict STAS intraoperatively as well. Frozen
sections were inadequate for predicting STAS, with an
overall sensitivity and specificity of 71% (95% CI: 63-78%)
and 92% (95% CI: 84-96%), respectively, as calculated
across the five pathologists using a generalized estimating
equation logistic regression model (13,28). Thus, STAS
has little influence on determining treatment strategies for
lung ADC.

Previous study reported that the administration of ACT
was a favorable predictor for prognosis in stage IB STAS-
positive patients and stage IA STAS-positive patients who
underwent segmentectomy (29). Our study showed that
ACT did not provide additional survival benefits in stage
IB patients, even when they underwent limited resection.
However, we propose that it may be advisable to consider
the use of ACT because the recurrence sites of 6 out
of 7 patients who had recurrence in the ACT-negative
group were distant from the surgical site, and five of them
underwent limited resection. Moreover, risk factors such as
pleural invasion, lymphovascular invasion, and high-grade
subtype, could effectively predict recurrence and mortality
in a prognostic model developed for invasive ADC by Liu
et al. (30). This suggests that the consensus on the use
of ACT in stage IB ADC patients should be based on a
combination of the postoperative pathological examination
results, tumor markers, and benefits of ACT on different
histological subtypes of STAS-positive ADC in future
studies.
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There are several limitations in this study, including
the possibility of type II error due to the retrospective
nature of a single-center study. Additionally, we only took
into account of the presence or absence of STAS without
performing quantitative analysis, including for the extent
or number of affected tumors, which may have an effect
on survival in STAS-positive ADC. Long-term prospective
multicenter studies are needed to confirm the acceptable
outcomes of limited resection in this population, and such
studies should include analyses of subgroups stratified by
other clinicopathological factors. Finally, our study was
limited by preoperative patient selection, inclusion criteria,
incomplete clinical information (e.g., ACT modality), and
lack of stratification, which could have introduced bias
between different subgroups. These limitations require
clarification directly in a prospective study, although our
results suggest that stage IB STAS-positive ADC may not
benefit from ACT.

Conclusions

In conclusion, our study indicates that lobectomy should
remain the standard treatment for STAS-positive stage I
ADC and limited resection may be an available option for
patients with stage IA ADC. This finding supports the
growing interest in personalized medicine and highlights
the potential benefits of minimal lung resection for selected
patients. Our analysis also suggests that ACT may not
provide an additional prognostic advantage in stage IB ADC
patients with STAS who undergo lobectomy or limited
resection. Nonetheless, our conclusions require further
validation through large-scale, prospective, multicenter
studies.
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Figure S2 Kaplan-Meier survival analysis on wedge resection and segmentectomy in the matched cohort.
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Table S1 Associations between ACT and clinicopathologic characteristics of patients in the STAS-positive cohort

ACT
Variables All (n=75) P
Without (n=30) With (n=45)

Age at surgery (years) 0.149
<65 30 (40.0) 9 (30.0) 21 (46.7)
>65 45 (60.0) 21 (70.0) 24 (53.3)

Sex 0.569
Male 42 (56.0) 18 (60.0) 24 (53.3)
Female 33 (44.0) 12 (40.0) 21 (46.7)

Smoking history 0.503
Never 44 (58.7) 19 (63.3) 25 (55.6)
Ever 31 (41.3) 11 (36.7) 20 (44.4)

ECOG PS 0.819
0-1 67 (89.3) 26 (86.7) 41 (91.1)
>2 8 (10.7) 4(13.3) 4 (8.9

Nodal dissection 0.030*
No dissection 6 (8.0) 2 (6.7) 4 (8.9)
Hilar 16 (21.3) 11 (36.7) 5(11.1)
Mediastinal, systematic or selective 53 (70.7) 17 (56.7) 36 (80.0)

Pleural invasion 0.377
Absent 15 (20.0) 4 (13.3) 11 (24.4)
Present 60 (80.0) 26 (86.7) 34 (75.6)

Vascular invasion 0.225
Absent 57 (76.0) 25 (83.3) 32 (71.1)
Present 18 (24.0) 5(16.7) 13 (28.9)

Architectural histological grade 0.594
Intermediate grade 55 (73.3) 23 (76.7) 32 (71.1)
High grade 20 (26.7) 7 (23.3) 13 (28.9)

CEA (ng/mL) 0.041*
<5 57 (76.0) 27 (90.0) 30 (66.7)
>5 18 (24.0) 3(10.0) 15 (33.3)

Nodule type on CT 0.618
Part solid 13 (17.3) 6 (20.0) 7 (15.6)
Solid 62 (82.7) 24 (80.0) 38 (84.4)

Surgical procedure 0.003*
Limited resection 25 (33.3) 16 (53.3) 9 (20.0)
Lobectomy 50 (66.7) 14 (46.7) 36 (80.0)

*, significant P values. ACT, adjuvant chemotherapy; STAS, spread through air spaces; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; CEA, carcinoembryonic antigen; CT, computed tomography.
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