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Introduction

Lung cancer is the most commonly diagnosed cancer and 
the leading cause of cancer-related death worldwide (1). 
The significance of low-dose CT screening for lung cancer 
detection has been recognized (2), and small-sized lung 
cancers are being found more frequently. Sublobar resection 
is considered an alternative to lobectomy for early-stage 
non-small cell lung cancer (NSCLC) or compromise 

NSCLC cases. Since randomized control studies comparing 
lobectomy with sublobar resection for small-sized lung 
cancers are ongoing, and the results have not yet been 
shown (3,4), lobectomy remains the standard surgical 
treatment, based on a previous randomized control study (5).  
On the other hand, sublobar resection is associated with 
lower morbidity rates, a shorter hospital stay, and better 
preservation of pulmonary function compared with 
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lobectomy (6). 
Among the sublobar resection methods, WR is non-

anatomical resection often indicated for peripheral small-
sized lung cancers, whereas segmentectomy is anatomical 
resection, preferred for centrally located lung cancers. 
WR is associated with a shorter operation time, less 
blood loss, and fewer postoperative complications (7). 
On the other hand, WR could not dissect more lymph 
nodes than segmentectomy (7). Overall survival (OS) was 
investigated according to the surgical procedure (lobectomy, 
segmentectomy, and WR), and WR was not found to be 
superior to segmentectomy or lobectomy in terms of an OS 
benefit (8). A shortcoming of WR is that a sufficient margin 
for preventing local recurrence cannot be obtained. 

Spread through air spaces (STAS) is recognized as a 
type of lung cancer invasion (9-17). Despite some criticism 
(18,19), recent studies on NSCLC have shown that STAS 
is a significant risk factor for recurrence and a prognostic 
factor for poor OS, especially after sublobar resection 
(10,20-23). We hypothesized that because WR cannot 
obtain sufficient margins, STAS predicts a much worse 
prognosis for patients undergoing WR than for those 
undergoing segmentectomy. The purpose of this study was 
to clarify whether STAS is a risk factor for survival and 
recurrence in patients with NSCLC after WR. 

Methods

This was a retrospective study using our institution’s 
prospectively maintained database of lung cancer patients. 
The personal data of the patients were anonymized. Our 
institutional ethics committee approved this study and 
waived the need for informed consent, since the patient data 
remained anonymous (institutional review board no. 53). 

Study design

Our prospectively collected database was established in 
May 2004 for patients undergoing surgery for lung cancer 
(13,21). Our database included the following data: (I) 
patient demographics (age, sex, smoking status, medical 
history, body mass index, tumor markers, comorbidities, 
and pulmonary function tests); (II) radiological findings 
(maximum tumor size, solid tumor component size, and 
maximum standardized uptake value on positron emission 
tomography (PET)/computed tomography (CT); (III) 
preoperative diagnosis; (IV) clinical and pathological 
NSCLC stage; (V) surgical procedures; (VI) pathological 

findings; (VII) complications; and (VIII) outcomes (site of 
recurrence, death, and follow-up). We used a subset of these 
patients in our previous paper (13,21). The database was 
reviewed weekly by the authors and medical assistants.

Patients

Between May 2004 and August 2018, 1,291 patients 
underwent complete resection for lung cancer. Of 
these, 341patients were excluded based on the following 
exclusion criteria: presence of multiple lung cancers, PET/
CT data not available, underwent neoadjuvant therapy, 
STAS data not available, centrally located squamous cell 
carcinoma in situ, small cell lung cancer, carcinoids, pure 
ground grass opacity (GGO) on chest CT, and underwent 
pneumonectomy. Of the remaining patients, those who 
underwent WR and segmentectomy were selected. Figure 1  
shows the patient enrollment process for this study. A 
total of 590 patients with clinical stage IA NSCLC who 
underwent sublobar resection were eligible. Clinical staging 
was based on the eighth edition of the TNM staging  
system (24). Cases staged by the seventh edition of the 
TNM staging system were retrospectively staged using the 
eighth edition.

Surgery

Lobectomy is the standard procedure for NSCLC. If the 
patient had a poor performance status, impaired respiratory 
function, and/or severe comorbidities, segmentectomy or 
WR was indicated. Intentional WR or segmentectomy was 
performed for patients with small (≤2 cm) GGO-dominant 
tumors. WR was performed for peripheral tumors, and 
segmentectomy was performed for tumors located in the 
hilum or when sufficient surgical margins could not be 
obtained by WR. We usually performed segmentectomy via 
~10-cm thoracotomy and WR via ~5-cm mini-thoracotomy. 
Finger palpation was mandatory to obtain a sufficient 
surgical margin width and to assess the tumor location, 
and we aimed for a margin of at least 1 cm. In WR, the 
lung parenchyma was resected using a surgical stapler 
without identification of the bronchovascular structures. 
In segmentectomy, after identification and isolation of the 
tumor and separation of the bronchovascular structures, 
the intersegmental plane was resected by electrocautery or 
a surgical stapler. After WR, intraoperative lavage cytology 
was performed to evaluate the surgical margins. Lymph 
node dissection or sampling was routinely performed 



2249Journal of Thoracic Disease, Vol 12, No 5 May 2020

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(5):2247-2260 | http://dx.doi.org/10.21037/jtd.2020.04.47

with segmentectomy, but not with WR. If intraoperative 
frozen section diagnosis revealed that the hilar lymph node 
was positive during segmentectomy, this procedure was 
converted to lobectomy. 

Radiological evaluation

To measure the maximum tumor size and solid tumor 
size, we performed thin-section CT using the Aquilion 
ONE system (Toshiba Medical Systems, Tochigi, Japan) or 
Lightspeed VCT (General Electric, Milwaukee, WI, USA). 
The scanning parameters included a tube voltage of 120 
kV, tube current of 100–400 mA, and a pitch of 0.028 for 
Aquilion ONE and 1.3 for Lightspeed VCT. Thin-section 
images were reconstructed using a 0.5-mm thickness and 
0.5-mm reconstruction interval. The maximum tumor and 
solid component sizes on CT were determined by discussion 
of the results among physicians, thoracic surgeons, and 
radiologists. We defined the solid parts of the tumor as 
those areas that completely obscured the lung parenchyma 
and the non-solid parts as those areas with increased lung 
density but through which normal parenchymal structures, 
such as the bronchus and vessels, could be recognized.

Pathological examination

The surgically resected specimens were fixed in 10% 

formalin, sectioned into slices of 5–10 mm thickness, 
and stained with hematoxylin and eosin.  For the 
histopathological examination, we used the 2015 World 
Health Organization classification (25). We routinely 
examined the presence of pleural, lymphatic, and vascular 
invasion and STAS. STAS was defined as detached tumor 
cells within the air spaces of the lung parenchyma beyond 
the edge of the main tumor (11,13,21,25). We regarded 
single-cell clusters near the tumor as artificially detached 
cell clusters, and not as STAS. STAS was evaluated 
microscopically by two of the authors (S.S. and N. Y.) in the 
largest-diameter tumor section. 

Postoperative follow-up 

The postoperative follow-up schedule consisted of a visit at 
1 or 2 weeks after surgery and every month thereafter for up 
to 3 months. Follow-up was performed every 6 months for  
5 years. During the 5-year follow-up, the patients 
underwent chest CT every 6 months. PET/CT or brain 
CT imaging was performed in the patients with suspected 
recurrence with or without symptoms. The date and 
diagnosis of recurrence were determined according to the 
consensus of the multidisciplinary team. Local recurrence 
was defined as tumor recurrence in a contiguously 
anatomical site, including the ipsilateral hemithorax and 
mediastinum, after surgical resection. Distant recurrence 

Figure 1 Patient selection process. STAS, spread through air spaces; NSCLC, non-small cell lung cancer; PET, positron emission 
tomography.

NSCLC patients underwent a curative surgery, 5/2004 - 8/2018 (n=1291)

c-stage IA patients underwent lobectomy (n=373) or sublobar resection (n=217)

Patients underwent segmentectomy (n=117) and wedge resection (n=100)

n=906

Exclusion
Multiple lung cancer (n=120)
PET data N/A (n=57),
Preoperative treatment (n=47)
STAS data N/A (n=41)
Centrally located carcinoma in situ (n=3)
Small cell lung cancer (n=7)
Carcinoid (n=4),
Pure ground glass appearance (n=46)
Pneumonectomy (n=16)
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was defined as tumor recurrence in the contralateral lung 
or outside the hemithorax and mediastinum after surgical 
resection. If a biopsy specimen was available, pathological 
confirmation was performed. 

Statistical analysis

Categorical variables are presented as percentages and 
continuous variables as medians and interquartile ranges. 
The chi-squared test was used to evaluate the associations 
between categorical variables and the presence of STAS. 
Analysis of variance was used to compare continuous 
variables according to the presence of STAS. The follow-
up period was defined as the time from the date of surgery 
to the date of the last hospital visit or death from any cause. 
The median follow-up duration, OS, and freedom from 
recurrence (FR) were estimated using the Kaplan–Meier 
method. OS was measured from the date of surgery to the 
date of death from any cause, or censored at the date of 
the patient’s last hospital visit. FR was measured from the 
date of surgery to the date of recurrence, and other causes 
of death were censored. Survival differences were assessed 
using the log-rank test. Univariate and multivariate Cox 
proportional hazards regression analyses were performed 
to identify prognostic factors. Factors that were significant 
(P<0.05) in the univariate analyses were evaluated in the 
multivariate analysis. To identify preoperative factors 
predictive of STAS in the multivariate analysis, receiver 
operating characteristic analysis was performed to identify 
the appropriate cut-off values for each factor. Data were 
analyzed using JMP software, version 11.0.0 (SAS Institute 
Inc., Cary, NC, USA). A P<0.05 was considered to indicate 
statistical significance.

Results

Patient demographics

The demographic characteristics of all patients who 
underwent sublobar resection are shown in Table S1. Of 
the 217 patients, 100 (46.1%) underwent WR and 117 
(53.9%) segmentectomy. Among the WR cases, lymph 
node evaluation was not performed in 93, hilar lymph node 
dissection in 3, and lymph node sampling in 4. Among the 
segmentectomy cases, mediastinal lymph node dissection 
was performed in 34, hilar lymph node dissection in 82, 
and lymph node sampling in 1. Of the 217 total patients, 
4 (1.8%) had hilar lymph node metastasis, and none had 

mediastinal lymph node metastasis. STAS was detected in 
34 of the 217 (15.7%) cases.  

Table  1  shows the patient demographics of  the 
patients according to the surgical procedure (WR 
versus segmentectomy). The patients who underwent 
segmentectomy comprised more females, were younger in 
age, and had a lower serum carcinoembryonic antigen level, 
lower standardized uptake value, and smaller solid tumor 
component size compared with the patients who received 
WR. The patients who underwent segmentectomy had 
earlier-stage disease, higher rate of adenocarcinoma, and 
smaller invasive component size. The frequency of STAS 
was the same between the groups. The clinicopathological 
characteristics of the patients according to the presence of 
STAS are provided in Table 2. There was no difference in 
the frequency of WR or segmentectomy between patients 
with STAS and those without STAS. Patients with STAS 
had a larger solid component size on chest CT and a larger 
pathological tumor size. Pathological invasive factors were 
more common in patients with STAS than in those without 
STAS. Whereas STAS was not present in the clinical T1mi 
(solid tumor size ≤ 5 mm) cases, it was present in 11 of 37 
(29.7%) clinical T1c (solid tumor size 2.1–3 cm) cases. 

Surgical outcomes and recurrence

No mortalities were observed after surgery. Of the 217 
patients, 36 (16.6%) developed recurrence: 26 (26.0%) 
after WR and 10 (8.5%) after segmentectomy. The rate 
of recurrence was significantly higher in the WR than 
segmentectomy group (P<0.001). Recurrence was local 
in 21 (21.0%) and 5 (4.3%) patients of the WR and 
segmentectomy groups, respectively, and this difference 
was significant (P<0.001). In the distant metastasis, there 
was no difference in the rate of recurrence between the two 
procedures (Table S2). According to the presence of STAS, 
local recurrence occurred in 9 (26.5%) patients with STAS 
and 17 (9.3%) without STAS, with a significant difference 
in the rate of local recurrence according to the presence 
of STAS (P=0.005). In the distant metastasis, there was 
no difference in the rate of recurrence according to the 
presence of STAS (P=0.402) (Table S3).

Prognostic factors for OS and FR

The median follow-up of the 217 patients was 54 months. 
Among all study patients, the 5-year OS rate was 70.4% 
and the 5-year FR rate 76.8%. The 5-year OS rates in the 
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Table 1 Patient characteristics according to surgical procedure

Factor Wedge resection, n (%) Segmentectomy, n (%) P

Sex

Male 72 (72.0) 66 (56.4) 0.017

Female 28 (28.0) 51 (43.6)

Median age [IQR], years 79 [73–83] 73 [67–79] <0.001

Performance statusa

0 88 (89.8) 109 (94.8) 0.169

1, 2 10 (10.2) 6 (5.2)

Smoking status

Current or former 70 (70.0) 72 (61.5) 0.190

Never 30 (30.0) 45 (38.5)

Location

Rt. upper lobe 26 (26.0) 20 (17.1) 0.054

Rt. middle lobe 3 (3.0) 0 (0)

Rt. lower lobe 27 (27.0) 30 (25.6)

Lt. upper lobe 24 (24.0) 42 (35.9)

Lt. lower lobe 20 (20.0) 25 (21.4)

Median CEA level (IQR), ng/mL 3.3 (2.2–5.2) 2.3 (1.6–3.6) 0.049

Maximum preoperative tumor size (IQR), cm 1.8 (1.3–2.2) 1.7 (1.5–2.0) 0.673

Maximum solid component size (IQR), cm 1.6 (1.2–2.1) 1.5 (1.0–1.8) 0.036

Median SUV max (IQR) 3.2 (1.8–7.3) 2.1 (1.3–4.5) 0.005

Clinical T factor

T1mi 3 (3.0) 6 (5.1) 0.020

T1a 15 (15.0) 13 (11.1)

T1b 58 (58.0) 66 (56.4)

T1c 24 (24.0) 32 (27.4)

Pathological stage

0 6 (6.0) 13 (11.1) 0.064

IA1 32 (32.0) 52 (44.4)

IA2 41 (41.0) 36 (30.8)

IA3 9 (9.0) 5 (4.3)

IB 11 (11.0) 7 (6.0)

IIB 1 (1.0) 4 (3.4)

Pathology

Adenocarcinoma 63 (63.0) 93 (79.5) 0.008

Squamous cell carcinoma 29 (29.0) 23 (19.7)

Table 1 (continued)
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Table 1 (continued)

Factor Wedge resection, n (%) Segmentectomy, n (%) P

Adenosquamous carcinoma 3 (3.0) 0 (0)

Large cell carcinoma 3 (3.0) 0 (0)

Large cell neuroendocrine carcinoma 2 (2.0) 1 (0.9)

Pathological tumor size (IQR), cm 1.5 (1.2–1.9) 1.5 (1.2–1.8) 0.240

Invasive component size (IQR)b, cm 1.0 (0.4–1.4) 0.6 (0.1–1.1) 0.007

Lymph node metastasis

Present 1 (1.0) 4 (3.4) 0.377

Absent 99 (99.0) 113 (96.6)

Lymphatic invasion

Present 5 (5.0) 4 (3.4) 0.736

Absent 95 (95.0) 113 (96.6)

Vascular invasion

Present 6 (6.0) 5 (4.3) 0.758

Absent 94 (94.0) 112 (95.7)

Pleural invasionc

Present 10 (10.0) 7 (6.0) 0.263

Absent 89 (90.0) 110 (94.0)

STAS

Present 17 (17.0) 17 (14.5) 0.618

Absent 83 (83.0) 100 (85.5)
a, data were not available in four cases; b, 51 cases could not be evaluated for the invasive component size; c, 1 case could not be  
evaluated for pleural invasion. IQR, interquartile range; CEA, carcinoembryonic antigen; SUV, standardized uptake value; STAS, spread 
through air spaces.

segmentectomy and WR groups were 77.7% and 60.4%, 
respectively, with a significantly better OS rate in the 
segmentectomy than WR group (P=0.002). The 5-year FR 
rates in the segmentectomy and WR groups were 85.8% and 
60.8%, respectively, with a significantly better FR rate in the 
segmentectomy than WR group (P<0.001) (Figure S1).

We assessed the relationships between OS and 
clinicopathological factors according to surgical procedure. 
Tables 3,4 show the results of univariate and multivariate 
analyses of prognostic factors for OS and FR, respectively, 
in the WR and segmentectomy groups. Multivariate 
analysis revealed that age, histology, and STAS were 
significant factors predicting OS in the WR group (Table 3). 
However, in the segmentectomy group, none of the factors 
evaluated in the multivariate analysis were significant 

(Table 3). Regarding FR, only STAS was identified as a 
significant predictor of recurrence in the WR group, 
whereas the solid tumor component size on CT and pleural 
invasion were significant factors predicting recurrence in 
the segmentectomy group (Table 4). STAS was marginally 
significant as a predictive factor in the univariate analysis, 
but was not significant in the multivariate analysis (P=0.145), 
for FR in the segmentectomy group. We categorized the 
patients according to both the surgical procedure (WR 
versus segmentectomy) and the presence versus absence of 
STAS. Figure 2 shows Kaplan-Meier curves for OS (Figure 
2A) and FR (Figure 2B) rates for NSCLC patients after 
surgery according to the presence or absence of STAS and 
according to the surgical procedure, and the patients with 
STAS who underwent WR had the worst OS (Figure 2A) 
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Table 2 Patient characteristics according to the presence of STAS

STAS present, n (%) STAS absent, n (%) P

Sex

Male 25 (73.5) 113 (61.2) 0.181

Female 9 (26.5) 70 (38.3)

Median age [IQR], years 76 [68–83] 76 [69–80] 0.488

Performance status

0 27 (84.4) 113 (61.2) 0.083

1 or 2 5 (15.6) 70 (38.3)

Smoking status

Current or former 24 (70.6) 118 (64.5) 0.487

Never 10 (29.4) 65 (35.5)

Location

Rt. upper lobe 6 (35.3) 20 (24.1) 0.137

Rt. middle lobe 0 3 (3.6)

Rt. lower lobe 4 (23.5) 23 (27.7)

Lt. upper lobe 4 (23.5) 20 (24.1)

Lt. lower lobe 3 (17.7) 7 (20.5)

Median CEA level (IQR), ng/mL 3.7 (2.4–6.1) 3.5 (1.7–4.0) 0.830

Maximum preoperative tumor size (IQR), cm 1.9 (1.5–2.2) 1.7 (1.4–2.0) 0.105

Maximum solid component size (IQR), cm 1.8 (1.5–2.2) 1.5 (1.0–1.8) 0.001

Median SUV max (IQR) 4.1 (2.5–6.5) 2.3 (1.4–5.3) 0.315

Clinical T factor

T1mi 0 (0) 9 (4.9) 0.009

T1a 3 (8.8) 44 (24.7)

T1b 20 (58.8) 104 (56.8)

T1c 11 (32.4) 26 (14.2)

Surgical procedure

Segmentectomy 17 (50.0) 100 (54.6) 0.618

Wedge resection 17 (50.0) 83 (45.4)

Pathological stage

0 0 (0) 19 (10.4) <0.001

IA1 6 (17.7) 78 (42.6)

IA2 15 (44.1) 62 (33.9)

IA3 4 (11.8) 10 (5.5)

IB 5 (14.7) 13 (7.1)

IIB 4 (11.8) 1 (0.6)

Table 2 (continued)
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Table 2 (continued)

STAS present, n (%) STAS absent, n (%) P

Pathology

Adenocarcinoma 26 (76.5) 130 (71.0) 0.511

Non-adenocarcinoma 8 (23.5) 53 (29.0)

Pathological tumor size (IQR), cm 1.8 (1.5–2.3) 1.5 (1.2–1.8) 0.002

Invasive component size (IQR), cm 1.3 (0.8–1.6) 0.6 (0.2–1.2) <0.001

Lymphatic invasion <0.001

Present 6 (17.7) 3 (1.6)

Absent 28 (82.4) 180 (98.4)

Vascular invasion 0.016

Present 5 (14.7) 6 (3.3)

Absent 29 (85.3) 177 (96.7)

Pleural invasion 0.038

Present 6 (17.7) 11 (6.0)

Absent 28 (82.4) 171 (94.0)

IQR, interquartile range; CEA, carcinoembryonic antigen; STAS, spread through air spaces, SUV, standardized uptake value.

Table 3 Prognostic factors for overall survival according to surgical procedure

Factors

Wedge resection Segmentectomy

Univariate  
analysis, risk ratio 

(95% CI)
P

Multivariate  
analysis, risk 
ratio (95% CI)

P
Univariate  

analysis, risk ratio 
(95% CI)

P
Multivariate  
analysis, risk 
ratio (95% CI)

P

Male 4.24 (1.65–14.4) 0.002 1.54 (0.11–18.3) 0.743 7.63 (2.22–47.9) <0.001 3.46 (0.25–67.2) 0.400

Age 1.08 (1.02–1.14) 0.009 1.07 (1.00–1.15) 0.037 1.07 (1.01–1.14) 0.023 1.03 (0.94–1.13) 0.460

Performance status 1 or 2 1.93 (0.70–4.56) 0.185 5.44 (1.25–16.5) 0.027 1.07 (0.03–30.1) 0.968

Smoking history 3.75 (1.46–12.7) 0.004 2.52 (0.26–34.6) 0.445 6.45 (1.88–40.7) 0.002 1.07 (0.06–21.9) 0.967

CEA level 1.02 (0.97–1.04) 0367 1.01 (0.79–1.25) 0.927

Maximum preoperative tumor size 2.25 (1.14–4.49) 0.020 2.11 (0.66–6.13) 0.613 2.27 (0.81–5.87) 0.116

Maximum preoperative solid tumor size 2.69 (1.45–4.96) 0.002 1.82 (0.38–16.0) 0.491 3.31 (1.53–7.25) 0.002 1.35 (0.28–1.13) 0.718

SUV max 1.08 (1.00–1.16) 0.048 0.92 (0.89–1.05) 0.212 1.11 (1.03–1.18) 0.011 1.00 (0.75–1.25) 0.100

Non-adenocarcinoma 2.67 (1.29–5.44) 0.009 3.38 (1.16–10.2) 0.025 2.96 (1.17–7.06) 0.024 − 0.865

Pathological tumor size 2.42 (1.33–4.37) 0.004 2.11 (0.66–6.13) 0.199 2.46 (1.03–5.42) 0.043 1.22 (0.14–9.75) 0.855

Invasive component size 1.08 (1.03–1.13) 0.002 0.97 (0.87–1.09) 0.616 1.17 (1.08–1.27) <0.001 1.11 (0.99–1.26) 0.071

Lymphatic invasion 2.48 (0.39–8.68) 0.280 5.56 (0.86–20.5) 0.067

Vascular invasion 5.03 (1.14–15.8) 0.035 1.33 (0.24–5.58) 0.722 2.42 (0.38–8.46) 0.291

Pleural invasion 2.50 (0.72–6.60) 0.133 2.80 (0.80–7.63) 0.100

STAS 4.55 (1.95–10.1) <0.001 5.77 (1.88–17.1) 0.003 1.57 (0.51–4.04) 0.399

CI, confidence interval; CEA, carcinoembryonic antigen; STAS, spread through air spaces, SUV, standardized uptake value.
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Table 4 Prognostic factors for freedom from recurrence according to surgical procedure

Factors

Wedge resection Segmentectomy

Univariate  
analysis, Risk 
ratio (95% CI)

P
Multivariate  

analysis, Risk 
ratio (95% CI)

P
Univariate  

analysis, Risk 
ratio (95% CI)

P
Multivariate  

analysis, Risk 
ratio (95% CI)

P

Male 5.19 (1.78–22.1) 0.001 1.49 (0.20–12.3) 0.707 3.26 (0.82–21.6) 0.098

Age 1.04 (0.98–1.10) 0.200 1.02 (0.95–1.11) 0.574

Performance status 1 or 2 2.01 (0.66 – 5.00) 0.198 − 0.336

Smoking history + 7.28 (2.14–45.4) <0.001 2.93 (0.39–36.3) 0.325 2.68 (0.67–17.8) 0.174

CEA level 0.99 (0.90–1.02) 0.750 1.08 (0.84–1.21) 0.446

Maximum preoperative tumor size 1.71 (0.84– 3.50) 0.138 5.42 (1.50–18.8) 0.011 − 0.282

Maximum preoperative solid tumor size 2.13 (1.13–3.98) 0.020 1.41 (0.43–4.57) 0.564 7.44 (2.50–24.2) <0.001 − 0.129

SUV max 1.10 (1.02–1.18) 0.014 1.77 (0.18–15.8) 0.621 1.11 (0.99–1.20) 0.068

Non-adenocarcinoma 2.94 (1.34–6.44) 0.008 1.80 (0.66–5.14) 0.251 0.49 (0.03–2.61) 0.457

Pathological tumor size 1.99 (1.06–3.63) 0.034 1.09 (0.25–3.93) 0.905 4.65 (1.47–13.6) 0.010 1.17 (0.07–13.9) 0.910

Invasive component size 1.08 (1.03–1.13) 0.002 1.02 (0.90–1.17) 0.789 1.17 (1.06–1.29) 0.001 1.10 (1.00–1.24) 0.046

Lymphatic invasion 2.02 (0.32–6.95) 0.389 5.25 (0.28–29.1) 0.204

Vascular invasion 4.06 (0.92–12.7) 0.061 6.57 (0.98–26.7) 0.052

Pleural invasion 1.83 (0.43–5.34) 0.365 15.5 (4.31–55.9) <0.001 6.45 (1.49–29.1) 0.015

STAS 3.47 (1.39–8.00) 0.010 3.41 (1.19–9.22) 0.024 3.92 (1.00–13.7) 0.050

CI, confidence interval; CEA, carcinoembryonic antigen; STAS, spread through air spaces, SUV, standardized uptake value.

and FR (Figure 2B) rates in four groups.

Prediction of STAS

As our results showed that the maximum size of the solid 
tumor component on CT was significantly related to 
STAS, a cut-off size of 1.7 cm was determined by receiver 
operating characteristic analysis (Figure S2). STAS was more 
likely to be present when the solid tumor size was ≥1.7 cm. 
Since the solid tumor size on CT is associated with the T 
stage (TNM classification, eighth edition) (24), the presence 
of STAS was classified by T stage (Figure 3). 

Discussion

T h e  C A L G B / A l l i a n c e  1 4 0 5 0 3  a n d  J C O G 0 8 0 2 /
WJOG4607L trials aimed to evaluate the non-inferiority 
of sublobar resection to lobectomy in terms of survival in 
patients with NSCLC (3,4). Among the sublobar resection 
methods, WR and segmentectomy are non-anatomical and 
anatomical resections, respectively. These procedures are 

not equivalent technically or oncologically. Altorki et al. 
showed that the surgical outcomes of segmentectomy and 
WR were comparable in patients with cT1N0 NSCLC (7). 
In a retrospective analysis of 6,905 stage I NSCLC patients, 
OS after lobectomy, segmentectomy, and WR was assessed 
using propensity score matching. The 5-year OS rates were 
58.1%, 78.3%, and 79.1% after WR, segmentectomy, and 
lobectomy, respectively, with a significantly worse rate after 
WR than after segmentectomy and lobectomy. However, 
after propensity score matching, the hazard ratio of survival 
for segmentectomy compared with WR was 0.67 and was 
not statistically significant (P=0.101) (8). Even though our 
study showed that segmentectomy was superior to WR 
in terms of OS and FR, WR might be comparable with 
segmentectomy if the appropriate patients are selected for 
each treatment. 

STAS is recognized as a type of lung cancer invasion 
and is considered a significant risk factor for recurrence 
after sublobar resection of lung cancer (10,20-23). Eguchi 
et al. investigated 1,497 patients who underwent lobectomy 
or sublobar resection for pathological T1N0M0 lung 
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Figure 2 Kaplan-Meier curves for overall survival (A) and freedom from recurrence (B) rates for NSCLC patients after surgery according 
to the presence or absence of STAS and according to the surgical procedure. STAS, spread through air spaces; SG, segmentectomy; WR, 
wedge resection. 

adenocarcinoma using propensity score matching. They 
found that the patients with STAS had higher risks of 
recurrence and cancer-specific death after sublobar  
resection (23). The major advantages of segmentectomy 
over WR are the ability to obtain greater surgical margins 
and to evaluate more lymph nodes. We hypothesized that 
because WR cannot obtain a sufficient margin width, STAS 

has a much worse prognostic impact on patients undergoing 
WR compared with segmentectomy. We showed that 
STAS was a significant prognostic factor for patients 
with clinical stage IA NSCLC who underwent WR, but 
not for those who underwent segmentectomy. A possible 
explanation for this result is that the wider surgical margin 
with segmentectomy prevents the spread of tumor cells, 
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i.e., STAS. In NSCLC with STAS, the tumor cell clusters 
floating around the primary tumor have the potential to 
attach and grow in the surgical stump or other parts of 
the lung. However, it is not understood how these floating 
tumor cell clusters survive without a blood supply. Tanaka 
et al. demonstrated intrabronchial implantation of human 
adenocarcinoma cells in a mouse model of severe combined 
immunodeficiency disease (26). Although the same 
mechanism has not been observed in the human lung, those 
findings suggest that STAS potentially promotes tumor 
implantation or metastasis. 

The greatest concern after sublobar resection is local 
recurrence, which occurs in approximately 20% of cases 
(11,27), which was similar to our results. The surgical 
margin width is thought to be related to local recurrence. 
In the present study, the surgical margin width could be 
evaluated in 65 patients, among whom the mean margin was 
0.9 cm in those with local recurrence and 1.1 cm in those 
without local recurrence (P=0.106), with no significant 
difference according to the presence of recurrence. 
Goldstein et al. investigated patients who underwent WR 
followed by lobectomy and revealed that those with residual 
adenocarcinoma after WR had a shorter surgical margin 
distance compared with those cases without residual tumor 

(0.7 vs. 2.4 mm) (28). Altorki et al. demonstrated an optimal 
cut-off margin size of ≥1.0 cm (7). Schuchert et al. suggested 
that a margin/tumor ratio < 1 is associated with a higher 
rate of recurrence (29). However, the results of ACOSOG 
Z4032 compared sublobar resection with intraoperative 
brachytherapy with sublobar resection alone showed that a 
surgical margin distance <1.0 cm, margin/tumor ratio <1.0, 
positivity on staple cytology, WR, and a clinical nodule size 
>2.0 cm were not associated with local recurrence (30). The 
lack of a standard method to measure the surgical margin 
during sublobar resection could explain the controversial 
results regarding the surgical margin. Moreover, because of 
air in the lung parenchyma, measuring the surgical margin 
width may be difficult. 

Almost all pulmonary segments can be accessed using 
segmentectomy, but WR has limited access depending on 
the tumor location. For example, deep fissures and the base 
of the tumor are located in difficult to resect regions for 
WR (31). Thus, insufficient surgical margins would lead 
to a high risk of developing local recurrence. Masai et al. 
demonstrated that a surgical margin <1.0 cm and STAS are 
significantly related to local recurrence (20).

Prediction of STAS is  essential  for preventing 
recurrence. Some studies have suggested that the size 
of the solid tumor component is related to the presence 
of STAS (13,32,33). Toyokawa et al. showed that, on 
the pulmonary nodule, the presence of notch and the 
absence of GGO on chest CT were also significantly 
associated with the presence of STAS (32). Kim et al. 
investigated adenocarcinoma of greater than T1 stage 
and revealed that the presence of STAS was significantly 
related to central low attenuation, ill-defined opacity, 
and presence of an air bronchogram on chest CT (33).  
Preoperative radiological findings such as notch or central 
attenuation were also predictive of STAS, but there 
are concerns with the consistency of these features and 
discrepancies in their evaluation among observers. Simpler 
indicators predicting STAS are needed. In the current study, 
we clearly demonstrated that a cut-off solid tumor size of 
1.7 cm was predictive of STAS. Furthermore, the patients 
with stage cT1mi on preoperative CT did not have STAS. 
Since the solid tumor size on CT is an important element 
of the eighth edition of the TNM classification (24,34), WR 
may be acceptable for resection of cT1mi NSCLC based 
on these results. In the case of clinical stage IA NSCLC 
with a solid tumor size on CT ≥1.7 cm, segmentectomy 
or lobectomy is a reasonable approach to obtain a wider 
surgical margin.

Figure 3 The distribution of STAS according to clinical T stage 
(TNM classification, eighth edition).
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Several limitations of this study must be acknowledged. 
First, although we emphasized the significance of the 
surgical margin, we were unable to show sufficient 
information on the surgical margin width. Second, because 
the background characteristics differed between the 
patients who underwent WR and those who underwent 
segmentectomy, selection bias may have been introduced, 
and the patients who underwent WR were frailer and had 
more invasive NSCLC. To confirm our results, further 
analysis of segmentectomy cases is needed. Third, this 
was a retrospective single-center study. However, we used 
a prospectively maintained database and the standard 
definition of STAS. A multi-institutional prospective study 
could provide clarification of how STAS affects the surgical 
outcome. 

In conclusion, we showed that STAS was a prognostic 
factor for patients undergoing WR. Patients with clinical 
stage IA NSCLC with a solid tumor size on CT of ≥1.7 cm 
tended to have STAS. Patient selection is important, and 
it is crucial to keep in mind that WR should be performed 
only if clearly indicated to prevent recurrence via STAS.  
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Supplementary

Table S1 Patient characteristics (n=217)

Factor n (%)

Sex

Male 138 (63.6)

Female 79 (36.4)

Median age (IQR), years 76 (69–81)

Performance statusa

0 197 (92.5)

1/2 16 (7.5)

Smoking status

Current or former 142 (65.4)

Never 75 (34.6)

Median CEA level (IQR), ng/mL 2.6 (1.8–4.2)

Maximum preoperative tumor size (IQR), cm 2.0 (1.4–2.0)

Maximum solid component size (IQR), cm 1.5 (1.0–1.9)

Preoperative solid/tumor size ratio (IQR) 1.0 (1.0–1.0)

Median SUV max (IQR) 4.8 (3.1–7.8)

Surgical procedure

Segmentectomy 117 (53.9)

Wedge resection 100 (46.0)

Pathological stage

0 19 (8.8)

IA1 84 (38.7)

IA2 77 (35.5)

IA3 14 (6.5)

IB 18 (8.3)

IIB 5 (2.3)

Pathology

Adenocarcinoma 156 (71.9)

Squamous cell carcinoma 52 (24.0)

Adenosquamous carcinoma 3 (1.4)

Large cell carcinoma 3 (1.4)

Large cell neuroendocrine carcinoma 3 (1.4)

Pathological tumor size (IQR), cm 1.5 (1.2–1.8)

Invasive component size (IQR)b, cm 0.7 (0.2–13)

Lymph node metastasis

Present 5 (2.3)

Absent 212 (97.7)

Lymphatic invasion

Present 9 (4.1)

Absent 208 (95.9)

Vascular invasion

Present 11 (5.1)

Absent 206 (94.9)

Pleural invasion

Present 17 (7.9)

Absent 199 (92.1)

STAS

Present 34 (15.7)

Absent 183 (84.3)
a, data not available from four cases; b, 51 cases could not be 
evaluated for the invasive component size. IQR, interquartile 
range; CEA, carcinoembryonic antigen; SUV, standardized  
uptake value; STAS, spread through air spaces.



Table S2 Recurrence patterns according to surgical procedures

Total, n (%) Wedge resection, n (%) Segmentectomy, n (%) P

Recurrence 181 (83.4) 74 (74.0) 107 (91.5) <0.001

Local recurrence 26 (12.0) 21 (21.0) 5 (4.3) <0.001

Distant metastasis and local recurrence 7 (3.2) 4 (4.0) 3 (2.6) 0.706

Distant metastasis 3 (1.4) 1 (1.0) 2 (1.7) 1.000

Table S3 Recurrence patterns according to STAS

Total, n (%) STAS present, n (%) STAS absent, n (%) P

Recurrence 181 (83.4) 22 (64.7) 159 (86.9) 0.002

Local recurrence 26 (12.0) 9 (26.5) 17 (9.3) 0.005

Distant metastasis and local recurrence 7 (3.2) 2 (5.9) 5 (2.7) 0.302

Distant metastasis 3 (1.4) 1 (2.9) 2 (1.1) 0.402

STAS, spread through air spaces.

Figure S1 Kaplan-Meier curves for overall survival and freedom from recurrence rates according to the surgical procedure. 

Figure S2 A cut-off solid tumor size on computed tomography of 
1.7 cm determined by receiver operating characteristic analysis. 


