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Abstract

Background: In recent years, research on tumor spreading through air spaces (STAS) has become a
hot topic. The presence of STAS is not only an independent risk factor for lung cancer recurrence
and prognosis, but it remains unclear whether different surgical approaches affect survival in pa-
tients with STAS-positive stage I adenocarcinoma of the lung (ADC). Methods: We conducted a ret-
rospective analysis of patients with pT1-2aNOMO0 ADC who underwent surgical resection with com-
plete excision at the Department of Thoracic Surgery, Qingdao University Affiliated Hospital, be-
tween 2019 and 2021. Among them, 528 cases were pathologically confirmed to have STAS and
were ultimately included in the study. Propensity score matching (PSM) was used to match patients
across different groups. Finally, Kaplan-Meier analysis and Cox proportional hazards regression were
used to assess whether surgical procedure type confers a survival benefit in patients with STAS. Re-
sults: Among stage I ADC patients with STAS, there was a significant difference in recurrence-free
survival (RFS) (P = 0.0019) between matched patients who underwent sublobar resection and those
who underwent lobectomy, whereas there was no significant difference in overall survival (0S) (P
= 0.61). Multivariate analysis confirmed these findings (lobectomy vs. sublobar resection, OS: HR =
0.24,95%CI, 0.10~0.56,P = 0.001; RFS: HR = 0.19, 95%CI, 0.11~0.34, P < 0.001). Conclusion: In stage
I ADC patients with STAS, lobectomy is associated with better prognostic outcomes compared to
sublobar resection.
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Figure 1. Patient selection flowchart
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Table 1. Patient clinical characteristics
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W it it
ZE P

228 (43.2) 300 (56.8)
<60 107 (46.9) 154 (51.3)

FIE (%) 0.023
>60 121 (53.1) 146 (48.7)
Eiyis 102 (44.7) 147 (49.0)

£ 51(%) 0.098
7 126 (55.3) 153 (51.0)
3 165 (72.4) 234 (78.0)

A (%) 0.172
& 63 (27.6) 66 (22.0)

Tla 48 (21.1) 9(3.0)

Tib 123 (53.9) 117 (39.0)

T (%) <0.001
Tic 42 (18.4) 129 (43.0)
T2a 15 (6.6) 45 (15.0)
HAF 209 (91.7) 278 (92.7)

HAFIRES (%) 0.355

A 19 (8.3) 22 (7.3)
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(FE P 60 (26.3) 105 (35.0)
I B2 (%) FLLA 48 (21.1) 27 (9.0) 0.007
SRR 6 (2.6) 0 (0.0)
T B 7 59 (25.9) 68 (22.7)
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Jik 2L (%) 0.005
& 6 (2.6) 15 (5.0)
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I J2 1 AR 0 (%) 0.042
2 18 (7.9) 27 (9.0)
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Table 2. Univariate and multivariate analysis

F2 BEEZERSH

oS RFS
Bl LS ZHEET BRI ZHEEST
P P HR (95%Cl) P P HR (95%Cl)
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PR BT (vs i )
LM 0.869 0.712 0.84 (0.33~2.15) 0.350 0.504 1.24 (0.66~2.32)
LS A 0.289 0.240 0.42 (0.10~1.77) 0.063 0.411 1.37 (0.65~2.92)
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Recurrence-free Survival by Surgical Method Overall Survival by Surgical Method
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Figure 2. Survival curves of patients with different surgical methods
2. FEFALFREEEFZ%

TE2 RN A AT 3RAT TR I 22 Pl R 2R AR S8 3 TS 25 e = AR 35 5, | T IR BRI B BE AN,
PSM Hi il -] B 2H 8 5 TNM 3 SIS LA B 2 i 3 = PR ME D) R 4H.(T2a: 15 (6.6%) VS 45 (15.0%)), f#4k
145 22 R o AT B FAth SCRR PP 2 B I o s DR R I RO 4 T L4288, i RRR B, . KRR

DOI: 10.12677/acm.2026.1672724

1982 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1672724

EeE 5%

DRI ZR AT X AR 43 4 8 5 HEAT PSM ILAS,  DLMCSRIR 7 FAR T X — 5 — R Z= 0 T s s, Horh 528
4 BHPATILE 53 456 2 BN TIRAVMAEAE S, B TRA 11 ILEE, WANTEHASH 228 4
B SRS XTULHED J5 1) A 3T T AR A, AR A 2.

R ¥ Kaplan-Meier A= 17 734 7, Jili U] 40 -5 S fifi i ) B 4 VT i J5 2B 5 4F RFS (10.0% VS 21.9%,
P =0.0019) 777 23 7 R 1E 5 4F 0S (7.3% VS 8.3%, P = 0.919) i £ & ¥ % 7, I HAE FiRZ A&
HPUESE Tl IR A — IR R R .
4. ¥1ig

£ 2015 4 WHO it 4336 STAS #iffie A— MV IR R A, BEV 2 R D& Wi,
STAS [IfE1E & ADC FE 3 A 5 5 RS S8 I AN A A7 I 1) 4 40 1Y) B B2 ma PR 3 [22] [23]. AT, F AR
ARG HAHBIE TR | B3 STAS BH W s 2535 TS B s M A5 AN B AR . FRAT BRI F 45 SR El/r T DUA
Ht—E 5% ., ZHE PP A(OS:HR = 0.24, 95%CI1 0.10~0.56, P = 0.001; RFS:HR = 0.19, 95%Cl
0.11~0.34, P < 0.001)F I H B2 A ORI IR 32 o T ARG 2 A FEE ARV oy 1940 2 A DA% I 80 AR AU R i AR A0 A %2
R Hr R R I T AR —1H, X5 Z 8TV 2 R Fi—350[24] [25]. HEBINA EE LA, 718
ZRPANFI T 5 TS AR R 2R i e e 2R A | B Rk A =0 AR R P 45 [26]-[28], BTN T ¥H B
Foh PR Z0 T B UG s, DLACE t b AN [R) T R 7 AEAAAE STAS HIEE TS E 3L, 141
D51 N [0 45 02 e M 73 VLY WO 225 O D AT e - e e S s o Vi = O W LR R YT S W 7
BRARI 13 ADC £ STAS & A AZ SR8 J2 5 4F RFS (P = 0.0019)fk TAT WAlim- Dbk R it 2, {2
& OS (P = 0.61)JFA MBI R 20, FATR XA B 5 BLYE it E 17 A K 2 Fhdl BhiG 7 R AN 40 1, 1
& H T HE 2T e A1 e o AR AE R AR T, 145 5 4FW OS JF L E R, BFrfREHE KM
BEUTI [ A e tH I ZE 7 o DA EEERE R R AT AR STAS B & v DL DI BR R 3k 25
MARBZ AT DAL IS AEANAELE STAS (1835 it 8O b Be IS AR TG . 3 B T2
VLT DIBR A B 8 . A AR RBR R T, 5 26 i T 3R AT B0 702 Bl Bt e B 7, AT RE s IR
I AR, AP REEZAR TR EENREAIR, LRI E AV T X i 7528 247
T PSM, A Al REAFAE — 2 Ikt s HHT-BEVII RIEBR, OS Hd AN e, L IH 1 45 S v REJR T 46
AL o BT IRATIT T MIRf 2 T STAS BIAFAE XS B TS = A 5 M, (R el 76 A Hi st RE A
5E STAS BIAETE H BIATIAR A HERF 1) 7 1250 A2 WP A A J 1) B 2 A

5. &

STAS [AF4ES | I e 88 AN RBUSAHSS, B RATRIBT UL, STAS FHTER | ]84T fiti
H-DIER AR B TR 45 R AT WA DIBRR 85, I EA TR O T8 R EAX T | W HAF/E STAS
(B BEAT A BT SR VARG BB AR YR . (ER L rh - LS 7 R B B U 1A B i ) HdiE 1 2>

DR
REMERAERE

TR I R BE 16 T 2% SR St 7 AL, o TR B BF S BT, SobR 1 A S0t R R O R
1E&

TN SR AT BT DR R AR T DTk EERE . IR EBAS S TR E
e A EE BRSO R R ZR S, B E AR PR .

DOI: 10.12677/acm.2026.1672724 1983 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1672724

EeE 5%

SE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, I., Jemal, A., et al. (2021) Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 71, 209-249. https://doi.org/10.3322/caac.21660

Bade, B.C. and Dela Cruz, C.S. (2020) Lung Cancer 2020: Epidemiology, Etiology, and Prevention. Clinics in Chest
Medicine, 41, 1-24. https://doi.org/10.1016/j.ccm.2019.10.001

Travis, W.D., Brambilla, E., Noguchi, M., Nicholson, A.G., Geisinger, K.R., Yatabe, Y., et al. (2011) International
Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society International Mul-
tidisciplinary Classification of Lung Adenocarcinoma. Journal of Thoracic Oncology, 6, 244-285.
https://doi.org/10.1097/jt0.0b013e318206a221

Travis, W.D., Brambilla, E., Nicholson, A.G., Yatabe, Y., Austin, J.H.M., Beasley, M.B., et al. (2015) The 2015 World
Health Organization Classification of Lung Tumors. Journal of Thoracic Oncology, 10, 1243-1260.
https://doi.org/10.1097/jt0.0000000000000630

Kadota, K., Nitadori, J.1., Sima, C.S., Ujiie, H., Rizk, N.P., Jones, D.R., et al. (2015) Tumor Spread through Air Spaces
Is an Important Pattern of Invasion and Impacts the Frequency and Location of Recurrences after Limited Resection for
Small Stage | Lung Adenocarcinomas. Journal of Thoracic Oncology, 10, 806-814.
https://doi.org/10.1097/jt0.0000000000000486

Yi, E., Lee, J.H., Jung, Y., Chung, J.H., Lee, Y. and Lee, S. (2020) Clinical Implication of Tumour Spread through Air
Spaces in Pathological Stage | Lung Adenocarcinoma Treated with Lobectomy. Interactive CardioVascular and Tho-
racic Surgery, 32, 64-72. https://doi.org/10.1093/icvts/ivaa227

Toyokawa, G., Yamada, Y., Tagawa, T. and Oda, Y. (2018) Significance of Spread through Air Spaces in Early-Stage
Lung Adenocarcinomas Undergoing Limited Resection. Thoracic Cancer, 9, 1255-1261.
https://doi.org/10.1111/1759-7714.12828

Vaghjiani, R.G., Takahashi, Y., Eguchi, T., Lu, S., Kameda, K., Tano, Z., et al. (2020) Tumor Spread through Air Spaces
Is a Predictor of Occult Lymph Node Metastasis in Clinical Stage IA Lung Adenocarcinoma. Journal of Thoracic On-
cology, 15, 792-802. https://doi.org/10.1016/j.jtho.2020.01.008

Landreneau, R.J., Normolle, D.P., Christie, N.A., Awais, O., Wizorek, J.J., Abbas, G., et al. (2014) Recurrence and
Survival Outcomes after Anatomic Segmentectomy versus Lobectomy for Clinical Stage | Non-Small-Cell Lung Cancer:
A Propensity-Matched Analysis. Journal of Clinical Oncology, 32, 2449-2455. https://doi.org/10.1200/jc0.2013.50.8762

Saji, H., Okada, M., Tsuboi, M., Nakajima, R., Suzuki, K., Aokage, K., et al. (2022) Segmentectomy versus Lobectomy
in Small-Sized Peripheral Non-Small-Cell Lung Cancer (JCOG0802/WJOG4607L): A Multicentre, Open-Label, Phase
3, Randomised, Controlled, Non-Inferiority Trial. The Lancet, 399, 1607-1617.
https://doi.org/10.1016/s0140-6736(21)02333-3

Eguchi, T., Kameda, K., Lu, S., Bott, M.J.,, Tan, K.S., Montecalvo, J., et al. (2019) Lobectomy Is Associated with Better
Outcomes than Sublobar Resection in Spread through Air Spaces (STAS)-Positive T1 Lung Adenocarcinoma: A Pro-
pensity Score-Matched Analysis. Journal of Thoracic Oncology, 14, 87-98. https://doi.org/10.1016/j.jth0.2018.09.005

Kagimoto, A., Tsutani, Y., Kushitani, K., Kai, Y., Kambara, T., Miyata, Y., et al. (2021) Segmentectomy vs Lobectomy
for Clinical Stage IA Lung Adenocarcinoma with Spread through Air Spaces. The Annals of Thoracic Surgery, 112, 935-
943. https://doi.org/10.1016/j.athoracsur.2020.09.020

Kadota, K., Kushida, Y., Kagawa, S., Ishikawa, R., Ibuki, E., Inoue, K., et al. (2019) Limited Resection Is Associated
with a Higher Risk of Locoregional Recurrence than Lobectomy in Stage | Lung Adenocarcinoma with Tumor Spread
through Air Spaces. American Journal of Surgical Pathology, 43, 1033-1041.
https://doi.org/10.1097/pas.0000000000001285

Pignon, J., Tribodet, H., Scagliotti, G.V., Douillard, J., Shepherd, F.A., Stephens, R.J., et al. (2008) Lung Adjuvant
Cisplatin Evaluation: A Pooled Analysis by the LACE Collaborative Group. Journal of Clinical Oncology, 26, 3552-
3559. https://doi.org/10.1200/jc0.2007.13.9030

Tsutani, Y., Imai, K., Ito, H., Miyata, Y., Ikeda, N., Nakayama, H., et al. (2022) Adjuvant Chemotherapy for High-Risk
Pathologic Stage | Non-Small Cell Lung Cancer. The Annals of Thoracic Surgery, 113, 1608-1616.
https://doi.org/10.1016/j.athoracsur.2021.04.108

Qian, J., Xu, J., Wang, S., Qian, F., Yang, W., Zhang, B., et al. (2019) Adjuvant Chemotherapy Candidates in Stage |
Lung Adenocarcinomas Following Complete Lobectomy. Annals of Surgical Oncology, 26, 2392-2400.
https://doi.org/10.1245/s10434-019-07366-z

Wang, C., Yang, J. and Lu, M. (2019) Micropapillary Predominant Lung Adenocarcinoma in Stage IA Benefits from
Adjuvant Chemotherapy. Annals of Surgical Oncology, 27, 2051-2060. https://doi.org/10.1245/s10434-019-08113-0

Xie, S., Liu, Q., Han, Y., Wang, S., Deng, H. and Liu, G. (2022) Adjuvant Chemotherapy Can Benefit the Survival of

DOI: 10.12677/acm.2026.1672724 1984 I IR 22 it g


https://doi.org/10.12677/acm.2026.1672724
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.ccm.2019.10.001
https://doi.org/10.1097/jto.0b013e318206a221
https://doi.org/10.1097/jto.0000000000000630
https://doi.org/10.1097/jto.0000000000000486
https://doi.org/10.1093/icvts/ivaa227
https://doi.org/10.1111/1759-7714.12828
https://doi.org/10.1016/j.jtho.2020.01.008
https://doi.org/10.1200/jco.2013.50.8762
https://doi.org/10.1016/s0140-6736(21)02333-3
https://doi.org/10.1016/j.jtho.2018.09.005
https://doi.org/10.1016/j.athoracsur.2020.09.020
https://doi.org/10.1097/pas.0000000000001285
https://doi.org/10.1200/jco.2007.13.9030
https://doi.org/10.1016/j.athoracsur.2021.04.108
https://doi.org/10.1245/s10434-019-07366-z
https://doi.org/10.1245/s10434-019-08113-0

EeE 5%

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Stage | Lung Adenocarcinoma Patients with Tumour Spread through Air Spaces after Resection: Propensity-Score
Matched Analysis. Frontiers in Oncology, 12, Article ID: 905958. https://doi.org/10.3389/fonc.2022.905958

Chen, D., Wang, X., Zhang, F., Han, R., Ding, Q., Xu, X., et al. (2020) Could Tumor Spread through Air Spaces Benefit
from Adjuvant Chemotherapy in Stage I Lung Adenocarcinoma? A Multi-Institutional Study. Therapeutic Advances in
Medical Oncology, 12, 1-13.

Yoh, K., Takamochi, K., Shukuya, T., Hishida, T., Tsuboi, M., Sakurai, H., et al. (2019) Pattern of Care in Adjuvant
Therapy for Resected Stage | Non-Small Cell Lung Cancer: Real-World Data from Japan. Japanese Journal of Clinical
Oncology, 49, 63-68. https://doi.org/10.1093/jjco/hyy165

Detterbeck, F.C., Boffa, D.J., Kim, A.W. and Tanoue, L.T. (2017) The Eighth Edition Lung Cancer Stage Classification.
Chest, 151, 193-203. https://doi.org/10.1016/j.chest.2016.10.010

Dai, C., Xie, H., Su, H., She, Y., Zhu, E., Fan, Z., et al. (2017) Tumor Spread through Air Spaces Affects the Recurrence
and Overall Survival in Patients with Lung Adenocarcinoma > 2 to 3 Cm. Journal of Thoracic Oncology, 12, 1052-1060.
https://doi.org/10.1016/j.jth0.2017.03.020

Khalil, H.A., Shi, W., Mazzola, E., Lee, D.N., Norton-Hughes, E., Dolan, D., et al. (2023) Analysis of Recurrence in
Lung Adenocarcinoma with Spread through Air Spaces. The Journal of Thoracic and Cardiovascular Surgery, 166,
1317-1328.E4. https://doi.org/10.1016/j.jtcvs.2023.01.030

Onozato, M.L., Kovach, A.E., Yeap, B.Y., Morales-Oyarvide, V., Klepeis, V.E., Tammireddy, S., et al. (2013) Tumor
Islands in Resected Early-Stage Lung Adenocarcinomas Are Associated with Unique Clinicopathologic and Molecular
Characteristics and Worse Prognosis. American Journal of Surgical Pathology, 37, 287-294.
https://doi.org/10.1097/pas.0b013e31826885fb

Masai, K., Sakurai, H., Sukeda, A., Suzuki, S., Asakura, K., Nakagawa, K., et al. (2017) Prognostic Impact of Margin
Distance and Tumor Spread through Air Spaces in Limited Resection for Primary Lung Cancer. Journal of Thoracic
Oncology, 12, 1788-1797. https://doi.org/10.1016/j.jth0.2017.08.015

Kumbasar, U. (2022) Spread through Air Spaces Positivity and Extent of Resection in Patients with Stage | Non-Small
Cell Lung Cancer: A Contemporary Review. Turkish Journal of Thoracic and Cardiovascular Surgery, 30, 141-144.
https://doi.org/10.5606/tgkdc.dergisi.2022.21284

Chae, M., Jeon, J.H., Chung, J., Lee, S.Y., Hwang, W.J., Jung, W., et al. (2021) Prognostic Significance of Tumor Spread
through Air Spaces in Patients with Stage 1A Part-Solid Lung Adenocarcinoma after Sublobar Resection. Lung Cancer,
152, 21-26. https://doi.org/10.1016/j.lungcan.2020.12.001

Han, Y.B., Kim, H., Mino-Kenudson, M., Cho, S., Kwon, H.J., Lee, K.R., et al. (2021) Tumor Spread through Air Spaces
(STAS): Prognostic Significance of Grading in Non-Small Cell Lung Cancer. Modern Pathology, 34, 549-561.
https://doi.org/10.1038/s41379-020-00709-2

DOI: 10.12677/acm.2026.1672724 1985 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1672724
https://doi.org/10.3389/fonc.2022.905958
https://doi.org/10.1093/jjco/hyy165
https://doi.org/10.1016/j.chest.2016.10.010
https://doi.org/10.1016/j.jtho.2017.03.020
https://doi.org/10.1016/j.jtcvs.2023.01.030
https://doi.org/10.1097/pas.0b013e31826885fb
https://doi.org/10.1016/j.jtho.2017.08.015
https://doi.org/10.5606/tgkdc.dergisi.2022.21284
https://doi.org/10.1016/j.lungcan.2020.12.001
https://doi.org/10.1038/s41379-020-00709-2

	对接受不同术式I期STAS阳性肺腺癌患者生存分析
	摘  要
	关键词
	Survival Analysis of Stage I STAS-Positive Lung Adenocarcinoma Patients Undergoing Different Surgical Procedures
	Abstract
	Keywords
	1. 引言
	2. 方法
	2.1. 患者选择
	2.2. 组织学评估
	2.3. 术后随访
	2.4. 统计分析

	3. 结果
	3.1. 患者特征及因素分析
	3.2. 手术方式对患者生存影响

	4. 讨论
	5. 结论
	伦理批准和知情同意
	作者声明
	参考文献

