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Abstract

:

Simple Summary


This study explored how lung cancer spreads through air spaces in small tumors (up to 2 cm) and its impact on patient outcomes. Focusing on small-size and early-stage lung adenocarcinomas, the researchers analyzed medical records of patients treated between 2012 and 2022. We measured the distance of floating cancer cells spread from the main tumor through alveolar spaces and categorized patients based on whether this spread was present and its extent. Interestingly, while overall survival rates were similar across groups, patients with more extensive spread (2 mm or more) experienced a higher chance of cancer recurrence even in this very early cancer. This suggests that understanding the extent of spread through air spaces is crucial in predicting cancer recurrence in small lung tumors. Further research with a larger group of patients is needed to confirm these risk factors and improve treatment strategies.




Abstract


This study aimed to identify the clinical manifestation and implications according to the grading of tumor spread through air spaces in early-stage small (≤2 cm) pathological stage I non-mucinous lung adenocarcinomas. Medical records of patients with pathological stage I tumors sized ≤2 cm were retrospectively reviewed and analyzed. The furthest distance of the spread through air spaces from the tumor margin was measured on a standard-length scale (mm). Enrolled patients were categorized into spread through air spaces (STAS) (−) and STAS (+), and STAS (+) was subdivided according to its furthest distance as follows: STAS (+)-L (<2 mm) and STAS (+)-H (≥2 mm). Risk factors for STAS (+) included papillary predominant subtype (p = 0.027), presence of micropapillary patterns (p < 0.001), and EGFR (p = 0.039). The overall survival of the three groups did not differ significantly (p = 0.565). The recurrence-free survival of STAS (+)-H groups was significantly lower than those of STAS (−) and STAS (+)-L (p < 0.001 and p = 0.039, respectively). A number of alveolar spaces were definite risk factors for STAS (+)-H groups (p < 0.001), and male gender could be one (p = 0.054). In the patient group with small (≤2 cm) pathological stage I lung adenocarcinomas, the presence of STAS ≥ 2 mm was related to significantly lower recurrence-free survival. For identifying definite risk factors for the presence of farther STAS, more precise analysis from a larger study population should be undertaken.
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1. Introduction


The existence of isolated tumor cells floating among alveolar spaces separate from the main lesion has been observed for over two decades and has been referred to using different nomenclature in various types of cancers [1]. Two representative studies have established this in lung adenocarcinoma, denoted as tumor spread through air spaces (STAS) [2,3]. It is defined as micropapillary clusters, solid nests, or single cells beyond the edge of the tumor that has spread into air spaces in the surrounding lung parenchyma. This is referred to as the newly introduced pattern of invasion in the 2015 World Health Organization (WHO) classification of lung adenocarcinoma [4].



Although STAS is known to be a negative prognostic factor for the recurrence of both non-small cell lung cancer (NSCLC) [5] as well as small cell lung cancer (SCLC) [6] irrespective of the stages, its clinical implication could be particularly pronounced in small size (typically ≤2 m in solid component) pathological stage I lung adenocarcinoma. The potential curative role of limited resection, including segmentectomy and wedge resection [7,8], becomes questionable upon detection of STAS [9]. Numerous studies have reported a significant correlation between higher recurrence rates and the presence of STAS in early-stage lung cancer patients who have undergone limited resection, underscoring the need for careful consideration in surgical decision-making [2,9,10,11,12,13,14].



Several studies reported that the presence of STAS still had negative prognostic effects on pathologic stage I lung adenocarcinoma patients who underwent radical resection [15,16,17]. The differences in clinical results from early studies dealing with the correlation between negative prognosis and STAS could be due to the lack of quantitative or qualitative analysis on the morphology of STAS. Several subtypes exist: (1) single cells, (2) micropapillary or ring-like clusters, and (3) solid nests or tumor islands [1,18]. Quantitative differences considering the distance from the edge of the tumor margin or the amount of each STAS could be evaluated. The diversity of STAS seems to be related to recurrence rates and survival among small pathological stage I adenocarcinoma [1,19,20]; therefore, the grading of STAS should be considered in predicting the risk of recurrence.



Several methods have been designed to estimate the STAS grade. Two methods of measuring the distance from the tumor margin to a commonly used separate tumor island include the standard scale of length (mm) and the number of alveoli in between [2,3]. Moreover, a larger number of tumor clusters has been reported to be associated with worse prognoses. However, to date, no standard grading method has been developed [1,19].



In a previous study, we reported that the presence of STAS was significantly associated with lower recurrence-free survival in patients with early-stage I lung adenocarcinoma treated with standard surgical methods [17]. However, the prognostic influence of the STAS grade on surgically treated early-stage lung adenocarcinomas has not yet been examined. Therefore, this study aimed to investigate how the grading of STAS affects survival outcomes and which variables—either preoperative or histological—could be risk factors for higher grades in surgically treated small pathologic stage I non-mucinous adenocarcinoma of the lung.




2. Materials and Methods


2.1. Patient Characteristics


We retrospectively reviewed the medical records of patients who underwent surgical resection for lung adenocarcinomas between January 2012 and December 2022 at our institute. Patients with pathological stage I invasive adenocarcinoma ≤ 2 cm in diameter were included in this study. The exclusion criteria were as follows: patients with (1) adenocarcinoma in situ (AIS) or minimally invasive adenocarcinoma (MIA), (2) pathologically confirmed stage II to IV, (3) stage I but invasive tumor size > 2 cm, and (4) mucinous adenocarcinoma (Figure 1).



The enrolled patients were initially categorized into two groups according to the presence of STAS as follows: STAS (−) and STAS (+). The STAS (+) group was further subdivided according to the furthest distance of STAS from the tumor margin, with STAS (+)-L having a distance of <2 mm and STAS (+)-H having a distance of ≥2 mm. Demographic data, perioperative information, and pathological results were also examined, and survival and risk factor analyses were performed for all three groups.



This study was approved by the Institutional Review Board of Korea University Anam Hospital (IRB Number 2019AN0146). The necessity for acquiring written informed consent from the patients included in this study was waived because this was a retrospective study, and any individual information was not identifiable in the text.




2.2. Pathological Examination


All pathological slide-archived pathology reports of patients were reviewed by two specialized pulmonary pathologists (Y. Kang and J.H. Lee). These pathologists investigated the presence of STAS and measured the distance and other relevant pathological features, including the micropapillary pattern, lymphovascular invasion or inflammatory reactions, and invasion of the visceral pleura. The clinical and pathological stages of all enrolled patients were revised according to the eighth edition of the American Joint Committee on Cancers (AJCC)/Union for International Cancer Control (UICC) lung cancer staging system [21,22].



STAS was defined based on research by Kadota et al. [4] and is characterized as tumor cells within air spaces (Figure 1). They contain (1) micropapillary or papillary structures without central fibrovascular cores, (2) solid nests or tumor islands consisting of solid collections of tumor cells filling the air spaces, and (3) scattered, discohesive single cells. The distance from the edge of the tumor to the farthest STAS point was determined both by using a ruler and by counting the intervening alveolar spaces.



The definitions of AIS, MIA, differentiation, measurement of the invasive component, subtypes, and other histologic features were determined by the 2011 adenocarcinoma classification system of the International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society [21].



Tumor sizes were measured in two ways. Before surgery, the largest diameter of the total tumor size and the consolidative part were measured using chest computed tomographic imaging (chest CT). After surgery, the total tumor size and invasive tumor size (excluding the lepidic portion and including only the invasive component) were measured from surgically excised lung specimens by pathologists. The total tumor size was defined as the largest diameter of the tumor, including ground-glass opacity (GGO). The consolidation tumor ratio (CTR) was calculated as the ratio of the consolidative size to the total size, as measured by chest CT. The invasive tumor ratio represents the proportion of the invasive tumor size to the total tumor size.




2.3. Grading of Spread through Air Spaces


The distance from the edge of the tumor to the furthest STAS point was measured using a standard-length scale (mm). A higher grade of STAS denoted as STAS (+)-H, was defined as when the furthest STAS was observed to be 2 mm from the margin. In contrast, if STAS was identified only within the 2 mm boundary, it was included in the lower grade of STAS, namely STAS (+)-L (Figure 2).




2.4. Estimation of Clinical Manifestation


All enrolled patients underwent careful physical examination and imaging prior to surgery, and consistent follow-ups in the outpatient department were performed postoperatively. For the initial 2 years post-surgery, patients underwent medical evaluations, including chest CT scans, every 4 months. This frequency shifted to biannual evaluations over the subsequent 3 years.



Recurrence was verified based on the radiological or pathological findings. Locoregional recurrence was defined as the detection of a tumor in the afflicted hemithorax, ipsilateral lung, or ipsilateral mediastinal/hilar lymph nodes, while distant metastasis encompassed any location of recurrence beyond the ipsilateral hemithorax, including the contralateral lung and hilum. Patients who underwent surgery for their lung adenocarcinoma were regularly followed based on the outpatient department and examined according to the follow-up protocols in our institute. The usual follow-up schedule was every 4 months for the first 2 years and then every 6 months for the subsequent 3 years after surgery.




2.5. Statistical Analysis


Preoperative clinical variables comprising demographic data as well as findings from chest computed tomography (CT) and pathologic features, including predominant patterns, micropapillary patterns, vascular and lymphovascular invasion, necrosis, and the presence of EGFR, were included in comparison.



For the evaluation of categorical variables, chi-square tests and Fisher’s exact tests (utilized when the expected data value was <5) were employed. Continuous variables were compared using Student’s t-test for parametric distributions and Mann–Whitney U tests for nonparametric distributions. ANOVA (Analysis of Variance) test was performed when more than 3 groups were used for analysis. Non-normal continuous variables are summarized with median [IQR or min,max] and Kruskal–Wallis tests.



The logistic regression methods were used to identify variables of statistical significance in relation to the grading of STAS. Consequently, odds ratios (OR) were calculated. The Cox proportional hazard models were performed to identify variables of statistical significance in relation to recurrence. For Multivariate analysis, variables that showed statistical significance (p-value < 0.005) were employed in logistic regression methods for identifying significantly related variants for the presence of STAS and Cox’s proportional hazard tests for recurrence risk factors.



The Kaplan–Meier methods were used for calculating cumulative recurrence-free and overall survival rates. Statistically significant were evaluated using log-rank tests. All survivals were investigated, assuming patients were alive with or without recurrence from the time of surgery. Statistical significances were referred to when the condition of p-value was <0.05 with a 5% significance level satisfied. All statistical analyses were conducted using R version 4.3.3 (R Foundation for Statistical Computing, Vienna, Austria).





3. Results


3.1. Patient Characteristics


In total, 218 patients were enrolled in this study, and STAS was observed in 62 (28.4%). The subgroups of STAS (+), namely STAS (+)-L and STAS (+)-H, comprised 33 (15.1%) and 29 (13.3%) patients, respectively. The mean age at diagnosis was 65.4 ± 9.92 (interquartile range, 59–73) years, while the mean follow-up period was 45.6 ± 24.71 (95% confidential interval, 42.13–48.76) months.



Clinical stage (p < 0.001), including T (p = 0.001) factor, consolidative tumor size (p < 0.001), and CT ratio (p = 0.001), were significantly different between STAS (−) and STAS (+) patients, while only male sex (p = 0.005) was significantly different between the STAS (+)-L and -H groups in univariate analysis (Table 1 and Table 2). The demographic and perioperative clinical data of the patients are summarized in Table 1, Table 2 and Tables S1–S3.




3.2. Pathological Description


Several histological features, including the predominant subtypes (p < 0.001), invasive tumor size (p < 0.001) or ratio (p < 0.001), presence of micropapillary patterns (p < 0.001), pathologic stages (p < 0.001) and the presence of EGFR (p = 0.006), showed significant differences between STAS (−) and STAS (+) groups (Table 3). No statistically significant variables differed between the STAS (+)-L and STAS (+)-H groups except a number of alveolar spaces (Table 4). The precise pathological features and comparisons among the three groups are summarized in Table 3 and Table 4.




3.3. Risk Factors Relating to the Presence and Grading of Spread through Air Spaces


Upon multivariate analysis (Table 5), the papillary predominant subtype (p = 0.027), the presence of micropapillary (MP) patterns (p < 0.001 and p = 0.001 in cases of equal or more than 10% of MP was noted), and the presence of EGFR mutation (p = 0.039).



For the presence of STAS more than or equal to 2 mm, the larger number of alveolar spaces or male gender could be possible risk factors (Table 6). The recurrence rates of each group are described in Table S4.




3.4. Survival Analysis


The overall mortality rate in this study was 6.0% (n = 13), of which 1.6% (n = 4) died of lung cancer. Moreover, the total recurrence rate was 6.4% (n = 14; Table S5). The overall survival did not differ significantly between the STAS (−) and STAS (+) groups (p = 0.696) or among the three groups (p = 0.565). However, significant differences in recurrence-free survival were observed between the STAS (−) and STAS (+) groups (p = 0.001). Those of STAS (+)-H were significantly lower than those of STAS (+)-L (p = 0.039) and the other two patient groups combined (p < 0.001). The overall survival curves were described in Figure 3 and those of recurrence-free survival in Figure 4. The 3- and 5-year overall as well as recurrence-free survival were described in Table S6. Uni- and multivariate analysis for recurrence risk factors were in Table S7.





4. Discussion


Currently, STAS is a well-known invasion pattern that has been proven to be a negative prognostic factor for the recurrence of pulmonary malignancy. It was initially adopted to describe the specific histological features of lung adenocarcinoma [4]; however, this could possibly be extended to other types of primary lung cancers, including squamous, small cell, and neuroendocrine tumors [5,12,23].



The association of STAS with poor survival has been reported extensively. In fact, both advanced-stage and appropriately treated early-stage cancers show lower survival rates when combined with STAS [13,19]. Previous studies have revealed that non-anatomical or limited resection could be related to worse prognoses [2,5]. However, several studies have also reported negative clinical outcomes in patients with STAS presenting with early-stage lung cancer treated with standard anatomical resection (lobectomy with mediastinal lymph node dissection) [24].



The two major methods for estimating the STAS include measuring its distance from the edge of the tumor margin using the standard scale of length (mm or μm) and observing the amounts of alveoli in between [2,3,19]. Larger numbers of isolated tumor cells departing from the main lesion would be assumed to have a greater tendency for relapse; however, quantitation has not been successfully established [10,25]. Moreover, although the measurement of the distance from the edge of the tumor margin seems to be more apparent, it has not been standardized [1,19].



The grading system used in our study was based on studies measuring the STAS distance using a standard scale of length [10,19,25]. In previous research, a higher grade of STAS was determined when any existence of tumor cluster ≥ 2500 μm from the margin was observed in all stages of non-small cell lung cancer. Our study cohort was confined to patients with small pathological stage I lung adenocarcinomas, with a measured invasive component of ≤2 cm; therefore, our definition of a higher STAS grade was ≤2 mm, which was also the median value of the STAS distance.



Measuring the number of alveolar spaces between the furthest point of the STAS and the tumor margin offers a more logical point of comparison because direct distance measurement may be affected by suboptimal inflation during the fixation process. Previously, Warth et al. graded STAS based on the intervening alveolar spaces and defined it as ‘limited’ when there were fewer than three spaces and ‘extended’ when there were three or more [3]. In their study, although the overall and recurrence-free survival rates of STAS-positive patients were notably lower than those of STAS-negative patients, no significant differences were discerned between the ‘limited’ and ‘extended’ groups [3]. In our study, the distance of STAS measured by the alveolar spaces showed no significance as a risk factor for recurrence in the multivariate analysis (Table 4), which was similar to our previous research.



Despite well-established studies proving the clinical implications of STAS [1,19,24,26] and its insignificant relationship with invasive procedures [27,28], criticism remains regarding the origin of STAS. It is believed that STAS can be induced by external mechanical forces, either in vivo or ex vivo. For example, preoperative diagnostic techniques such as percutaneous needle biopsy or any localization method for identifying the precise location of nodules may be involved in the in vivo separation of tumor cells through needle tracks. Moreover, tissue manipulation or palpation during surgery may induce the detachment of loose fragments [29], similar to preoperative diagnostic procedures [30,31].



In our study, performing localization procedures using wire before surgery under CT guidance was significantly related to the presence of STAS (p = 0.010, Table S1), while percutaneous needle biopsy was associated with high-grade STAS (p = 0.046, Table S1). Moreover, frozen section analysis showed a higher association with the STAS (−) or low-grade STAS groups (p = 0.015, Table S3). This might suggest that the presence of STAS could potentially be due to pre-surgical stimulation; however, none of these factors were significant risk factors for the presentation of STAS. The higher relevance of the frozen procedure with no or low STAS might be an indirect reflection that STAS could be induced by mechanical forces on unresected malignant lesions rather than from the handling of resected specimens.



The detachment of malignant loose fragments during the histological tissue handling process also commonly occurs [30,32], in which artifacts are often called STAKS (tumors spread through knife surfaces) [31]. It was previously suspected that the isolated malignant cells could be biologically isolated; however, recent studies using three-dimensional reconstructed microtomographic images have demonstrated that small malignant cell nests can detach from the main lesion, float in the air, reattach to the alveolar wall, and survive [33,34].



In our study, the recurrence-free survival of patients with small, pathological stage I lung adenocarcinomas with high-grade STAS was notably lower, whereas those with negative or low-grade STAS showed no significant differences. In addition, high-grade STAS was more associated with the male sex, larger invasive components, and micropapillary patterns than the other groups. Therefore, although no standardized grading system has been established yet, the measurement of the distance of the furthest STAS point could have significant prognostic predictive value.



The presence of STAS was associated with wild-type EGFR in our study, which is consistent with previous studies [3,35,36]. Although our data on molecular characteristics were limited to EGFR mutations, other molecular features such as KRAS mutation, ALK and ROS1 rearrangements, BRAF mutations, and wild-type HER2 have been reported to be related to the presence of STAS [1,35,37,38]. Several studies have reported no significant relationship between STAS and EGFR mutations [6,10,39].



This study had several limitations. First, this was a retrospective single-center study comprising a small study population. Therefore, the interpretation or implications of the conclusions may be restricted due to inevitable disadvantages such as data selection, confounding, and information bias. Before starting the statistical analysis, we performed power calculations using the chi-square test. In cases of comparison of STAS (−) and STAS (+) group analysis, the result of the test was 1.000. The result of power calculation was also 1.000 for the subdivision of STAS (+) groups. However, the relatively small study population in the subdivision group of STAS (+) might severely restrain the clinical implication of our results.



Due to the small sample size, the influence of surgical methods (limited or extended, and non-anatomical or anatomical) on survival for each STAS (+) group could not be fully evaluated. All of the enrolled patients underwent VATS (Video-assisted thoracoscopic surgery) procedures, no robotic-assisted procedures were performed, and no open conversions were enforced. The extents of surgical resection along locations were described in Supplementary Materials (Table S3). No statistical significances were found between STAS subgroups. Therefore, we did not refer to the results. The association between procedures and the presentation of STAS were possibly not fully examined in this study.



The small study population might be affective for the recurrence risk factor analysis. Visceral pleural invasion, along with the presence of lymphatic, vascular invasion, has been frequently referred to as recurrence risk factors for stage I lung adenocarcinomas [40,41,42]. In our study, no aforementioned factors seemed to have significance both in uni- and multivariate analysis (Supplementary Materials, Table S7).



Further prospective studies related to this topic should be designed to achieve more valid results.



Second, the observation periods (mean value of 45.6 ± 24.71 months) for detecting recurrence may not be sufficient to identify differences within each STAS subgroup. Given that all included patients were at pathological stage I, stratified survival analysis with more extensive long-term follow-up is necessary to precisely evaluate the quantitative effects of STAS.



The enrolled patients span over a decade, leading to potential discrepancies in surgical techniques, pathological diagnoses, and medical treatment regimens. Standard VATS procedures have been performed since 2010 at our institutions, and no pulmonary resections were conducted using robotic-assisted thoracoscopic surgery (RATS) during the study period. Thirty-four patients (15.6%) underwent adjuvant chemotherapy, showing no significant statistical differences between STAS subgroups in survival analysis.



The 8th edition of the American Joint Committee on Cancer (AJCC) and Union for International Cancer Control (UICC) lung cancer staging system has been in use since 1 January 2018. Consequently, we revised all the pathological and clinical stages of patients who underwent surgery before 2018 according to the new staging system.



Finally, uncertainties regarding STAS remain, and the discrimination of artifacts depends on the expert skills of pathologists. Although the slides we examined were prepared following standard pathological protocols, including gross inspection, measurement, sectioning, and histological processing, it is possible that STAS could exist in relevant parenchyma that was excluded from sectioning and mapping. Future standard guidelines for detecting STAS, including differential diagnoses from artifacts through immunohistochemistry and molecular analyses, may provide useful tools for identifying this phenomenon.



Future standard guidelines for detecting STAS and differential diagnoses from artifacts, including immunohistochemistry and molecular analyses, may be useful.




5. Conclusions


The presence of STAS equal to or more than 2 mm from the margin of the tumor in small (≤2 cm of invasive component) pathologic stage I lung adenocarcinoma implied significantly lower recurrence-free survival. Further prospective studies comprising a larger study population should be conducted to identify valid prognostic risk factors for those patients.
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Author Contributions


Conceptualization, J.H.L., Y.K. and E.Y.; methodology; J.H.L., S.L. and E.Y.; software, E.Y.; validation, J.H.L., S.K. and E.Y.; formal analysis; J.H.L. and E.Y.; investigation, Y.K., S.K., Y.J. and J.H.L.; resources, J.H.C. and S.L.; data curation, Y.K., S.K., Y.J. and J.H.C.; writing—original draft preparation, J.H.L., Y.K. and E.Y.; writing—review and editing, J.H.L., S.L. and E.Y.; visualization, J.H.L., S.K. and E.Y.; supervision, S.L. and E.Y.; project administration, S.L.; funding acquisition, J.H.L., S.L. and E.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean government (MSIT) (Grant numbers 2021R1A2C1014276) and Korea University Anam Hospital, Seoul, Republic of Korea (Grant numbers K2211781 and K2319681); The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the Korea University Anam Hospital (IRB number: 2019AN0146, approval date; 15 April 2019).




Informed Consent Statement


The necessity for acquiring written informed consent from the patients included in this study was waived because this was a retrospective study, and any individual information was not identifiable in the text.




Data Availability Statement


The authors confirm that the data supporting the findings of this study are available in the Supplementary Materials.




Conflicts of Interest


The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Jia, M.; Yu, S.; Gao, H.; Sun, P.-L. Spread through air spaces (STAS) in lung cancer: A multiple-perspective and update review. Cancer Manag. Res. 2020, 12, 2743–2752. [Google Scholar] [CrossRef] [PubMed]

	



Kadota, K.; Nitadori, J.-i.; Sima, C.S.; Ujiie, H.; Rizk, N.P.; Jones, D.R.; Adusumilli, P.S.; Travis, W.D. 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 I lung adenocarcinomas. J. Thorac. Oncol. 2015, 10, 806–814. [Google Scholar] [CrossRef] [PubMed]

	



Warth, A.; Muley, T.; Kossakowski, C.A.; Goeppert, B.; Schirmacher, P.; Dienemann, H.; Weichert, W. Prognostic impact of intra-alveolar tumor spread in pulmonary adenocarcinoma. Am. J. Surg. Pathol. 2015, 39, 793–801. [Google Scholar] [CrossRef] [PubMed]

	



Travis, W.D.; Brambilla, E.; Nicholson, A.G.; Yatabe, Y.; Austin, J.H.; Beasley, M.B.; Chirieac, L.R.; Dacic, S.; Duhig, E.; Flieder, D.B. The 2015 World Health Organization classification of lung tumors: Impact of genetic, clinical and radiologic advances since the 2004 classification. J. Thorac. Oncol. 2015, 10, 1243–1260. [Google Scholar] [CrossRef] [PubMed]

	



Liu, H.; Yin, Q.; Yang, G.; Qie, P. Prognostic impact of tumor spread through air spaces in non-small cell lung cancers: A meta-analysis including 3564 patients. Pathol. Oncol. Res. 2019, 25, 1303–1310. [Google Scholar] [CrossRef] [PubMed]

	



Toyokawa, G.; Yamada, Y.; Tagawa, T.; Kinoshita, F.; Kozuma, Y.; Matsubara, T.; Haratake, N.; Takamori, S.; Akamine, T.; Hirai, F. High frequency of spread through air spaces in resected small cell lung cancer. Anticancer Res. 2018, 38, 1821–1825. [Google Scholar] [PubMed]

	



Na, K.J.; Kim, Y.T. Optimal Resection Strategies for Small-Size Lung Cancer: Is a Wedge Enough? Is Lobectomy too Much? JTCVS 2023, 16, 17–21. [Google Scholar] [CrossRef]

	



Diebels, I.; Dubois, M.; Van Schil, P.E. Sublobar resection for early-stage lung cancer: An oncologically valid procedure? J. Clin. Med. 2023, 12, 2674. [Google Scholar] [CrossRef] [PubMed]

	



Toyokawa, G.; Yamada, Y.; Tagawa, T.; Oda, Y. Significance of spread through air spaces in early-stage lung adenocarcinomas undergoing limited resection. Thorac. Cancer 2018, 9, 1255–1261. [Google Scholar] [CrossRef]

	



Toyokawa, G.; Yamada, Y.; Tagawa, T.; Kozuma, Y.; Matsubara, T.; Haratake, N.; Takamori, S.; Akamine, T.; Oda, Y.; Maehara, Y. Significance of spread through air spaces in resected pathological stage I lung adenocarcinoma. Ann. Thorac. Surg. 2018, 105, 1655–1663. [Google Scholar] [CrossRef]

	



Shih, A.R.; Mino-Kenudson, M. Updates on spread through air spaces (STAS) in lung cancer. Histopathology 2020, 77, 173–180. [Google Scholar] [CrossRef] [PubMed]

	



Chen, D.; Mao, Y.; Wen, J.; She, Y.; Zhu, E.; Zhu, F.; Zhang, Y.; Fan, M.; Chen, C.; Chen, Y. Tumor spread through air spaces in non-small cell lung cancer: A systematic review and meta-analysis. Ann. Thorac. Surg. 2019, 108, 945–954. [Google Scholar] [CrossRef] [PubMed]

	



Shiono, S.; Endo, M.; Suzuki, K.; Yarimizu, K.; Hayasaka, K.; Yanagawa, N. Spread through air spaces is a prognostic factor in sublobar resection of non-small cell lung cancer. Ann. Thorac. Surg. 2018, 106, 354–360. [Google Scholar] [CrossRef] [PubMed]

	



Chae, M.; Jeon, J.H.; Chung, J.-H.; Lee, S.Y.; Hwang, W.J.; Jung, W.; Hwang, Y.; Cho, S.; Kim, K.; Jheon, S. Prognostic significance of tumor spread through air spaces in patients with stage IA part-solid lung adenocarcinoma after sublobar resection. Lung Cancer 2021, 152, 21–26. [Google Scholar] [CrossRef] [PubMed]

	



Yang, Y.; Xie, X.; Wang, Y.; Li, X.; Luo, L.; Yao, Y.; Li, J. A systematic review and meta-analysis of the influence of STAS on the long-term prognosis of stage I lung adenocarcinoma. Transl. Cancer Res. 2021, 10, 2428. [Google Scholar] [CrossRef] [PubMed]

	



Shimomura, M.; Miyagawa-Hayashino, A.; Omatsu, I.; Asai, Y.; Ishihara, S.; Okada, S.; Konishi, E.; Teramukai, S.; Inoue, M. Spread through air spaces is a powerful prognostic predictor in patients with completely resected pathological stage I lung adenocarcinoma. Lung Cancer 2022, 174, 165–171. [Google Scholar] [CrossRef] [PubMed]

	



Yi, E.; Lee, J.H.; Jung, Y.; Chung, J.H.; Lee, Y.; Lee, S. Clinical implication of tumour spread through air spaces in pathological stage I lung adenocarcinoma treated with lobectomy. Interact. CardioVascular Thorac. Surg. 2021, 32, 64–72. [Google Scholar] [CrossRef] [PubMed]

	



Xie, H.; Su, H.; Zhu, E.; Gu, C.; Zhao, S.; She, Y.; Ren, Y.; Xie, D.; Zheng, H.; Wu, C. Morphological subtypes of tumor spread through air spaces in non-small cell lung cancer: Prognostic heterogeneity and its underlying mechanism. Front. Oncol. 2021, 11, 608353. [Google Scholar] [CrossRef]

	



Han, Y.B.; Kim, H.; Mino-Kenudson, M.; Cho, S.; Kwon, H.J.; Lee, K.R.; Kwon, S.; Lee, J.; Kim, K.; Jheon, S. Tumor spread through air spaces (STAS): Prognostic significance of grading in non-small cell lung cancer. Mod. Pathol. 2021, 34, 549–561. [Google Scholar] [CrossRef]

	



Zombori-Tóth, N.; Paróczai, D.; Lantos, J.; Almási, S.; Sejben, A.; Tiszlavicz, L.; Cserni, G.; Furák, J.; Zombori, T. The more extensive the spread through air spaces, the worse the prognosis is: Semi-quantitative evaluation of spread through air spaces in pulmonary adenocarcinomas. Pathobiology 2023, 90, 104–113. [Google Scholar] [CrossRef]

	



Travis, W.D.; Asamura, H.; Bankier, A.A.; Beasley, M.B.; Detterbeck, F.; Flieder, D.B.; Goo, J.M.; MacMahon, H.; Naidich, D.; Nicholson, A.G. The IASLC lung cancer staging project: Proposals for coding T categories for subsolid nodules and assessment of tumor size in part-solid tumors in the forthcoming eighth edition of the TNM classification of lung cancer. J. Thorac. Oncol. 2016, 11, 1204–1223. [Google Scholar] [CrossRef] [PubMed]

	



Edge, S.; Byrd, D. AJCC Cancer Staging Manual, 8th ed.; The American College of Surgeons: Chicago, IL, USA, 2017. [Google Scholar]

	



Aly, R.G.; Rekhtman, N.; Li, X.; Takahashi, Y.; Eguchi, T.; Tan, K.S.; Rudin, C.M.; Adusumilli, P.S.; Travis, W.D. Spread through air spaces (STAS) is prognostic in atypical carcinoid, large cell neuroendocrine carcinoma, and small cell carcinoma of the lung. J. Thorac. Oncol. 2019, 14, 1583–1593. [Google Scholar] [CrossRef] [PubMed]

	



Mino-Kenudson, M. Significance of tumor spread through air spaces (STAS) in lung cancer from the pathologist perspective. Transl. Lung Cancer Res. 2020, 9, 847. [Google Scholar] [CrossRef] [PubMed]

	



Uruga, H.; Fujii, T.; Fujimori, S.; Kohno, T.; Kishi, K. Semiquantitative assessment of tumor spread through air spaces (STAS) in early-stage lung adenocarcinomas. J. Thorac. Oncol. 2017, 12, 1046–1051. [Google Scholar] [CrossRef] [PubMed]

	



Warth, A.; Beasley, M.B.; Mino-Kenudson, M. Breaking new ground: The evolving concept of spread through air spaces (STAS). J. Thorac. Oncol. 2017, 12, 176–178. [Google Scholar] [CrossRef] [PubMed]

	



Kameda, K.; Eguchi, T.; Lu, S.; Solomon, S.; Bott, M.; Jones, D.; Rekhtman, N.; Travis, W.; Adusumilli, P. PUB019 preoperative needle biopsy and tumor spread through alveolar spaces (STAS) in resected lung adenocarcinomas. J. Thorac. Oncol. 2017, 12, S1458. [Google Scholar] [CrossRef]

	



Lee, G.Y.; Chung, J.-H.; Cho, S.; Han, Y.B.; Park, Y.M.; Kim, H.-J.; Song, M.J.; Kwon, B.S.; Lim, S.Y.; Lee, Y.J. Impact of Preoperative Diagnostic Biopsy Procedure on Spread Through Airspaces and Related Outcomes in Resected Stage I Non-Small Cell Lung Cancer. Chest 2022, 162, 1199–1212. [Google Scholar] [CrossRef] [PubMed]

	



Ren, Y.; Xie, H.; Dai, C.; She, Y.; Su, H.; Xie, D.; Zheng, H.; Zhang, L.; Jiang, G.; Wu, C. Prognostic impact of tumor spread through air spaces in sublobar resection for 1A lung adenocarcinoma patients. Ann. Surg. Oncol. 2019, 26, 1901–1908. [Google Scholar] [CrossRef] [PubMed]

	



Blaauwgeers, H.; Flieder, D.; Warth, A.; Harms, A.; Monkhorst, K.; Witte, B.; Thunnissen, E. A prospective study of loose tissue fragments in non–small cell lung cancer resection specimens. Am. J. Surg. Pathol. 2017, 41, 1226–1230. [Google Scholar] [CrossRef]

	



Thunnissen, E.; Blaauwgeers, H.J.; de Cuba, E.M.; Yick, C.Y.; Flieder, D.B. Ex vivo artifacts and histopathologic pitfalls in the lung. Arch. Pathol. Lab. Med. 2016, 140, 212–220. [Google Scholar] [CrossRef]

	



Blaauwgeers, H.; Russell, P.A.; Jones, K.D.; Radonic, T.; Thunnissen, E. Pulmonary loose tumor tissue fragments and spread through air spaces (STAS): Invasive pattern or artifact? A critical review. Lung Cancer 2018, 123, 107–111. [Google Scholar] [CrossRef]

	



Onozato, M.L.; Klepeis, V.E.; Yagi, Y.; Mino-Kenudson, M. A role of three-dimensional (3D)-reconstruction in the classification of lung adenocarcinoma. Anal. Cell. Pathol. 2012, 35, 79–84. [Google Scholar] [CrossRef]

	



Yagi, Y.; Aly, R.G.; Tabata, K.; Barlas, A.; Rekhtman, N.; Eguchi, T.; Montecalvo, J.; Hameed, M.; Manova-Todorova, K.; Adusumilli, P.S. Three-dimensional histologic, immunohistochemical, and multiplex immunofluorescence analyses of dynamic vessel co-option of spread through air spaces in lung adenocarcinoma. J. Thorac. Oncol. 2020, 15, 589–600. [Google Scholar] [CrossRef]

	



Lee, J.S.; Kim, E.K.; Kim, M.; Shim, H.S. Genetic and clinicopathologic characteristics of lung adenocarcinoma with tumor spread through air spaces. Lung Cancer 2018, 123, 121–126. [Google Scholar] [CrossRef]

	



Kim, S.K.; Kim, T.J.; Chung, M.J.; Kim, T.S.; Lee, K.S.; Zo, J.I.; Shim, Y.M. Lung adenocarcinoma: CT features associated with spread through air spaces. Radiology 2018, 289, 831–840. [Google Scholar] [CrossRef]

	



Kadota, K.; Kushida, Y.; Kagawa, S.; Ishikawa, R.; Ibuki, E.; Inoue, K.; Go, T.; Yokomise, H.; Ishii, T.; Kadowaki, N. Limited resection is associated with a higher risk of locoregional recurrence than lobectomy in stage I lung adenocarcinoma with tumor spread through air spaces. Am. J. Surg. Pathol. 2019, 43, 1033–1041. [Google Scholar] [CrossRef]

	



Jia, M.; Yu, S.; Yu, J.; Li, Y.; Gao, H.; Sun, P.-L. Comprehensive analysis of spread through air spaces in lung adenocarcinoma and squamous cell carcinoma using the 8th edition AJCC/UICC staging system. BMC Cancer 2020, 20, 705. [Google Scholar] [CrossRef]

	



Dai, C.; Xie, H.; Su, H.; She, Y.; Zhu, E.; Fan, Z.; Zhou, F.; Ren, Y.; Xie, D.; Zheng, H. Tumor spread through air spaces affects the recurrence and overall survival in patients with lung adenocarcinoma > 2 to 3 cm. J. Thorac. Oncol. 2017, 12, 1052–1060. [Google Scholar] [CrossRef]

	



Nitadori, J.-i.; Bograd, A.J.; Kadota, K.; Sima, C.S.; Rizk, N.P.; Morales, E.A.; Rusch, V.W.; Travis, W.D.; Adusumilli, P.S. Impact of micropapillary histologic subtype in selecting limited resection vs lobectomy for lung adenocarcinoma of 2 cm or smaller. J. Natl. Cancer Inst. 2013, 105, 1212–1220. [Google Scholar] [CrossRef]

	



Nentwich, M.F.; Bohn, B.A.; Uzunoglu, F.G.; Reeh, M.; Quaas, A.; Grob, T.J.; Perez, D.; Kutup, A.; Bockhorn, M.; Izbicki, J.R. Lymphatic invasion predicts survival in patients with early node-negative non–small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2013, 146, 781–787. [Google Scholar] [CrossRef]

	



Lakha, S.; Gomez, J.E.; Flores, R.M.; Wisnivesky, J.P. Prognostic significance of visceral pleural involvement in early-stage lung cancer. Chest 2014, 146, 1619–1626. [Google Scholar] [CrossRef]








[image: Cancers 16 02218 g001] 





Figure 1. Flowchart of patient enrollment. 
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Figure 2. Measurement of the distance from the furthest point of the STAS to the edge of the tumor margin. Low-grade STAS (STAS (+)-L): furthest STAS point of <2 mm. High-grade STAS (STAS (+)-H): furthest STAS point of ≥2 mm. Scale bar: 200 μm (upper, middle); 500 μm (bottom). 
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Figure 3. Overall survival (OS) curves. (a) OS between STAS (−) and STAS (+), (b) OS among three groups, STAS (−), STAS (+)-L, and STAS (+)-H. No significant differences were observed. (c) OS between STAS (+)-L and STAS (+)-H, (d) OS between STAS (+)-H and other patient groups. No significant differences were identified. 
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Figure 4. Recurrence-free survival (RFS) curves. (a) RFS between STAS (−) and STAS (+), significant differences were observed (p = 0.001). (b) those among three groups, STAS (−), STAS (+)-L, and STAS (+)-H. (c) RFS between STAS (+)-L and STAS (+)-H, (d) RFS between STAS (+)-H and other patient groups. STAS (+)-H groups showed significantly lower RFS than other patient groups. 
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Table 1. Demographic and preoperative characteristics of STAS (−) and STAS (+) groups. Clinical staging was determined based on the medical examination, including imaging studies before surgery. Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; CT, computed tomography; CTR, consolidation tumor ratio; cT; cN; GGO, ground glass opacity; PPY, pack per year; SD, standard deviation; STAS, spread through air spaces; SUVmax, maximum standardized uptake value. Data are presented as n(%) and mean ± SD (95% CI).
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Variables

	
STAS (−)

	
STAS (+)

	
p-Value

	
Total




	
n (%)

	
n (%)

	

	
n (%)




	
Mean ± SD (95% CI)

	
Mean ± SD (95% CI)

	

	
Mean ± SD (95% CI)






	

	
Number

	
156 (71.6)

	
62 (28.4)

	

	
218 (100.0)




	

	
Age

	
65.2 ± 1.0 (63.6–66.7)

	
65.9 ± 9.9 (63.4–68.4)

	
0.608

	
65.4 ± 9.9 (64.1–66.7)




	

	

	

	
1.000

	




	

	

	

	
<65

	
68 (43.6)

	
27 (43.5)

	

	
95 (43.6)




	

	

	

	
≥65

	
88 (56.4)

	
35 (56.5)

	

	
123 (56.4)




	

	
Gender

	

	

	
0.201

	




	

	

	
Female

	
97 (62.2)

	
32 (51.6)

	

	
129 (59.2)




	

	

	
Male

	
59 (37.8)

	
30 (48.4)

	

	
89 (40.8)




	

	
CCI

	
3.2 ± 1.7 (2.90–3.44)

	
3.4 ± 2.0 (2.86–3.85)

	
0.682

	
3.2 ± 1.8 (2.99–3.46)




	

	

	

	
0.878

	




	

	

	
≤3

	
96 (61.5)

	
37 (59.7)

	

	
133 (61.0)




	

	

	
>3

	
60 (38.5)

	
25 (40.3)

	

	
85 (39.0)




	

	
Smoking history

	

	

	
0.344

	




	

	

	

	
Never

	
109 (69.9)

	
37 (59.7)

	

	
146 (67.0)




	

	

	

	
Current

	
21 (13.5)

	
9 (14.5)

	

	
30 (13.8)




	

	

	

	
Ex ≤ 15

	
17 (10.9)

	
12 (19.4)

	

	
29 (13.3)




	

	

	

	
Ex > 15

	
9 (5.8)

	
4 (6.5)

	

	
13 (6.0)




	

	

	
PPY

	

	
9.1 ± 18.1 (6.18–11.91)

	
16.8 ± 30.6 (8.98–24.52)

	
0.067

	
11.2 ± 22.6 (8.22–14.25)




	

	
Clinical staging

	

	

	

	




	

	

	
cT

	

	

	
0.001

	




	

	

	

	
1a

	
32 (20.5)

	
1 (1.6)

	

	
33 (15.1)




	

	

	

	
1b

	
41 (26.3)

	
24 (38.7)

	

	
65 (29.8)




	

	

	

	
1c

	
1 (0.6)

	
0 (0.0)

	

	
1 (0.5)




	

	

	

	
2a

	
80 (51.3)

	
36 (58.1)

	

	
116 (53.2)




	

	

	

	
3

	
2 (1.3)

	
1 (1.6)

	

	
3 (1.4)




	

	

	
cN

	

	

	
1.000

	




	

	

	

	
0

	
152 (97.4)

	
61 (98.4)

	

	
213 (97.7)




	

	

	

	
1

	
4 (2.6)

	
1 (1.6)

	

	
5 (2.3)




	

	

	
Staging

	

	

	
<0.001

	




	

	

	

	
IA1

	
31 (19.9)

	
0 (0.0)

	

	
31 (14.2)




	

	

	

	
IA2

	
42 (26.9)

	
24 (38.7)

	

	
66 (30.3)




	

	

	

	
IA3

	
1 (0.6)

	
0 (0.0)

	

	
1 (0.5)




	

	

	

	
IB

	
77 (49.4)

	
36 (58.1)

	

	
113 (51.8)




	

	

	

	
IIA

	
3 (1.9)

	
0 (0.0)

	

	
3 (1.4)




	

	

	

	
IIB

	
2 (1.3)

	
2 (3.2)

	

	
4 (1.8)




	

	
CT findings

	

	

	

	




	

	

	
Total tumor size (mm, including GGO)

	
17.6 ± 5.1 (16.80–18.41)

	
17.5 ± 3.8 (16.55–18.46)

	
0.874

	
17.6 ± 4.7 (16.94–18.21)




	

	

	
Consolidative size (mm)

	
12.8 ± 5.0 (12.09–13.51)

	
15.6 ± 2.9 (14.82–16.30)

	
<0.001

	
13.6 ± 4.3 (13.01–14.15)




	

	

	
CTR

	
0.8 ± 0.2 (0.72–0.79)

	
15.6 ± 2.9 (14.82–16.30)

	
<0.001

	
15.6 ± 2.9 (14.82–16.30)




	

	

	

	
0.001

	




	

	

	

	
0.5≥

	
26 (16.7)

	
1 (1.6)

	

	
27 (12.4)




	

	

	

	
0.5<

	
130 (83.3)

	
61 (98.4)

	

	
191 (87.6)




	

	

	
Pleural tagging

	

	

	
0.423

	




	

	

	

	
N

	
74 (47.4)

	
25 (40.3)

	

	
99 (45.4)




	

	

	

	
Y

	
82 (52.6)

	
37 (59.7)

	

	
119 (54.6)




	

	

	
Location

	

	

	
0.580

	




	

	

	

	
Medial

	
19 (12.2)

	
10 (16.1)

	

	
29 (13.3)




	

	

	

	
Lateral

	
137 (87.8)

	
52 (83.9)

	

	
189 (86.7)




	

	
mSUV value

	
3.3 ± 3.5 (2.41–4.20)

	
3.5 ± 2.5 (2.40–4.63)

	
0.763

	
3.4 ± 3.2 (2.65–4.07)











 





Table 2. Demographic and preoperative characteristics of STAS (+)-L and STAS (+)-H groups. Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; CT, computed tomography; CTR, consolidation tumor ratio; cT, clinical Tumor stages; cN, clinical Nodal stages ; GGO, ground glass opacity; PPY, pack per year ; SD, standard deviation; STAS, spread through air spaces; SUVmax, maximum standardized uptake value. Data are presented as n (%) and mean ± SD (95% CI).
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Variables

	
STAS (+)-L

	
STAS (+)-H

	
p-Value

	
Total




	
n (%)

	
n (%)

	

	
n (%)




	
Mean ± SD (95% CI)

	
Mean ± SD (95% CI)

	

	
Mean ± SD (95% CI)






	

	
Number

	
33 (53.2)

	
29 (46.8)

	

	
62 (100.0)




	

	
Age

	
65.7 ± 8.5 (62.7–68.7)

	
66.1 ± 11.4 (61.8–70.5)

	
0.875

	
65.9 ± 9.9 (63.4–68.4)




	

	

	
Age group

	

	

	
0.947

	




	

	

	

	
<65

	
15 (45.5)

	
12 (41.4)

	

	
27 (43.5)




	

	

	

	
≥65

	
18 (54.5)

	
17 (58.6)

	

	
35 (56.5)




	

	
Gender

	

	

	
0.005

	




	

	

	
Female

	
23 (69.7)

	
9 (31.0)

	

	
32 (51.6)




	

	

	
Male

	
10 (30.3)

	
20 (69.0)

	

	
30 (48.4)




	

	
CCI

	
3.4 ± 1.8 (2.77–4.08)

	
3.3 ± 2.1 (2.48–4.08)

	
0.148

	
3.4 ± 2.0 (2.86–3.85)




	

	

	

	
0.443

	




	

	

	
≤3

	

	
18 (54.5)

	
19 (65.5)

	

	
37 (59.7)




	

	

	
>3

	

	
15 (45.5)

	
10 (34.5)

	

	
25 (40.3)




	

	
Smoking history

	

	

	
0.255

	




	

	

	

	
Never

	
23 (69.7)

	
14 (48.3)

	

	
37 (59.7)




	

	

	

	
Current

	
5 (15.2)

	
4 (13.8)

	

	
9 (14.5)




	

	

	

	
Ex ≤ 15

	
4 (12.1)

	
8 (27.6)

	

	
12 (19.4)




	

	

	

	
Ex > 15

	
1 (3.0)

	
3 (10.3)

	

	
4 (6.5)




	

	

	
PPY

	
13.8 ± 27.3 (4.09–23.43)

	
20.2 ± 34.2 (7.15–33.16)

	
0.423

	
16.8 ± 30.6 (8.98–24.52)




	

	
Clinical staging

	

	

	

	




	

	

	
cT

	

	

	
0.505

	




	

	

	

	
1a

	
1 (3.0)

	
0 (0.0)

	

	
1 (1.6)




	

	

	

	
1b

	
14 (42.4)

	
10 (34.5)

	

	
24 (38.7)




	

	

	

	
1c

	
0 (0.0)

	
0 (0.0)

	

	
0 (0.0)




	

	

	

	
2a

	
17 (51.5)

	
19 (65.5)

	

	
36 (58.1)




	

	

	

	
3

	
1 (3.0)

	
0 (0.0)

	

	
1 (1.6)




	

	

	
cN

	

	

	

	
0.468

	




	

	

	

	
0

	
33 (100.0)

	
28 (96.6)

	

	
61 (98.4)




	

	

	

	
1

	
0 (0.0)

	
1 (3.4)

	

	
1 (1.6)




	

	

	
Staging

	

	

	
0.537

	




	

	

	

	
IA1

	
0 (0.0)

	
0 (0.0)

	

	
0.0 (0.0)




	

	

	

	
IA2

	
15 (45.5)

	
9 (31.0)

	

	
24 (38.7)




	

	

	

	
IA3

	
0 (0.0)

	
0 (0.0)

	

	
0.0 (0.0)




	

	

	

	
IB

	
17 (51.5)

	
19 (65.5)

	

	
36 (58.1)




	

	

	

	
IIA

	
0 (0.0)

	
0 (0.0)

	

	
0 (0.0)




	

	

	

	
IIB

	
1 (3.0)

	
1 (3.4)

	

	
2 (3.2)




	

	
CT findings

	

	

	

	




	

	

	
Total tumor size (mm, including GGO)

	
17.2 ± 4.1 (15.75–18.68)

	
17.8 ± 3.4 (16.56–19.11)

	
0.513

	
17.5 ± 3.8 (16.55–18.46)




	

	

	
Consolidative size (mm)

	
14.9 ± 2.8 (13.97–15.91)

	
16.3 ± 3.0 (15.12–17.40)

	
0.078

	
15.6 ± 2.9 (14.82–16.30)




	

	

	
CTR

	
0.9 ± 0.2 (0.84–0.96)

	
0.9 ± 0.1 (0.88–0.97)

	
0.564

	
0.9 ± 0.2 (0.87–0.95)




	

	

	

	
1.000

	




	

	

	

	
0.5≥

	
1 (3.0)

	
0 (0.0)

	

	
1 (1.6)




	

	

	

	
0.5<

	
32 (97.0)

	
29 (100.0)

	

	
61 (98.4)




	

	

	
Pleural tagging

	

	

	
0.536

	




	

	

	

	
N

	
15 (45.5)

	
10 (34.5)

	

	
25 (40.3)




	

	

	

	
Y

	
18 (54.5)

	
19 (65.5)

	

	
37 (59.7)




	

	

	
Location

	

	

	
0.738

	




	

	

	

	
Medial

	
6 (18.2)

	
4 (13.8)

	

	
10 (16.1)




	

	

	

	
Lateral

	
27 (81.8)

	
25 (86.2)

	

	
52 (83.9)




	

	
mSUV value

	
3.9 ± 3.0 (1.75–5.92)

	
3.2 ± 2.0 (1.86–4.54)

	
0.561

	
3.5 ± 2.5 (2.40–4.63)











 





Table 3. Pathologic features and comparison of STAS (−) and STAS (+) groups.
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Variables

	
STAS (−)

	
STA S (+)

	
p-Value

	
Total




	
n (%)

	
n (%)

	

	
n (%)




	
Mean ± SD (95% CI)

	
Mean ± SD (95% CI)

	

	
Mean ± SD (95% CI)






	

	
Predominantsubypes

	

	

	
<0.001

	




	

	

	

	
lepidic

	
42 (26.9)

	
1 (1.6)

	

	
43 (19.7)




	

	

	

	
acinar

	
102 (65.4)

	
46 (74.2)

	

	
148 (67.9)




	

	

	

	
papillary

	
4 (2.6)

	
7 (11.3)

	

	
11 (5.0)




	

	

	

	
micropapillary

	
0 (0.0)

	
1 (1.6)

	

	
1 (0.5)




	

	

	

	
solid

	
8 (5.1)

	
7 (11.3)

	

	
15 (6.9)




	

	
Tumor size

	

	

	

	




	

	

	
Including lepidic component (mm)

	
16.6 ± 4.7 (15.89–17.38)

	
16.9 ± 3.6 (15.95–17.76)

	
0.710

	
16.7 ± 4.4 (16.11–17.29)




	

	

	
Invasive component (mm)

	
12.4 ± 4.2 (11.74–13.07)

	
15.5 ± 2.7 (14.80–16.12)

	
<0.001

	
13.3 ± 4.1 (12.74–13.82)




	

	

	
Invasive tumor ratio

	
0.77 ± 0.23 (0.735–0.807)

	
0.93 ± 0.12 (0.903–0.964)

	
<0.001

	
0.82 ± 0.22 (0.789–0.846)




	

	
Visceral pleural invasion

	

	

	
0.328

	




	

	

	

	
0

	
73 (46.8)

	
27 (43.5)

	

	
100 (45.9)




	

	

	

	
1

	
82 (52.6)

	
33 (53.2)

	

	
115(52.8)




	

	

	

	
2

	
1 (0.6)

	
2 (3.2)

	

	
3 (1.4)




	

	
Micropapillary pattern

	

	

	
<0.001

	




	

	

	

	
No

	
145 (92.9)

	
29 (46.8)

	

	
154 (70.6)




	

	

	

	
Yes

	
11 (7.1)

	
33 (53.2)

	

	
64 (29.4)




	

	
Micropapillary pattern (%)

	

	

	
<0.001

	




	

	

	

	
<10

	
153 (98.1)

	
40 (64.5)

	

	
193 (88.5)




	

	

	

	
≥10

	
3 (1.9)

	
22 (35.5)

	

	
25 (11.5)




	

	
Lymphovascular invasion

	

	

	
0.676

	




	

	

	

	
No

	
150 (96.2)

	
61 (98.4)

	

	
211 (96.8)




	

	

	

	
Yes

	
6 (3.8)

	
1 (1.6)

	

	
7 (3.2)




	

	
Perineural invasion

	

	

	
1.000

	




	

	

	

	
No

	
155 (99.4)

	
62 (100.0)

	

	
217 (99.5)




	

	

	

	
Yes

	
1 (0.6)

	
0 (0.0)

	

	
1 (0.5)




	

	
Necrosis

	

	

	
0.080

	




	

	

	

	
No

	
151 (96.8)

	
56 (90.3)

	

	
207 (95.0)




	

	

	

	
Yes

	
5 (3.2)

	
6 (9.7)

	

	
11 (5.0)




	

	
Pathologic stage

	

	

	
<0.001

	




	

	

	

	
IA1

	
32 (20.5)

	
0 (0.0)

	

	
32 (14.7)




	

	

	

	
IA2

	
41 (26.3)

	
27 (43.5)

	

	
68 (31.2)




	

	

	

	
IB

	
83 (53.2)

	
35 (56.5)

	

	
118 (54.1)




	

	
EGFR (+)

	

	

	
0.006

	




	

	

	

	
No

	
62 (39.7)

	
38 (61.3)

	

	
100 (45.9)




	

	

	

	
Yes

	
94 (60.3)

	
24 (38.7)

	

	
118 (54.1)




	
Farthest distance of STAS

	

	

	

	

	




	

	
Standard length scale (mm)

	

	
1.9 ± 1.1 (1.60–2.14)

	

	




	

	
Number of alveolar spaces

	

	
7.2 ± 4.2 (6.12–8.29)

	

	











 





Table 4. Pathologic features and comparison of STAS (+)-L and STAS (+)-H groups.






Table 4. Pathologic features and comparison of STAS (+)-L and STAS (+)-H groups.





	
Variables

	
STAS (+)-L

	
STAS (+)-H

	
p-Value

	
Total




	
N (%)

	
N (%)

	

	
N (%)




	
Mean ± SD (95% CI)

	
Mean ± SD (95% CI)

	

	
Mean ± SD (95% CI)






	

	
Predominant subtypes

	

	

	
0.083

	




	

	

	

	
lepidic

	
1 (3.0)

	
0 (0.0)

	

	
1 (1.6)




	

	

	

	
acinar

	
27 (81.8)

	
19 (65.5)

	

	
46 (74.2)




	

	

	

	
papillary

	
1 (3.0)

	
6 (20.7)

	

	
7 (11.3)




	

	

	

	
micropapillary

	
1 (3.0)

	
0 (0.0)

	

	
1 (1.6)




	

	

	

	
solid

	
3 (9.1)

	
4 (13.8)

	

	
7 (11.3)




	

	
Tumor size

	

	

	

	




	

	

	
Including lepidic component (mm)

	
16.6 ± 3.9 (15.26–18.02)

	
17.1 ± 3.2 (15.87–18.33)

	
0.608

	
16.9 ± 3.6 (15.95–17.76)




	

	

	
Invasive component (mm)

	
15.1 ± 2.7 (14.12–16.00)

	
16.0 ± 2.7 (14.94–16.70)

	
0.190

	
15.5 ± 2.7 (14.80–16.12)




	

	

	
Invasive tumor ratio

	
0.93 ± 0.14 (0.878–0.975)

	
0.94 ± 1.00 (0.905–0.978)

	
0.616

	
0.82 ± 0.22 (0.789–0.846)




	

	
Visceral pleural invasion (VPI)

	

	

	
0.227

	




	

	

	

	
0

	
16 (48.5)

	
11 (37.9)

	

	
27 (43.5)




	

	

	

	
1

	
15 (45.5)

	
18 (62.1)

	

	
33 (53.2)




	

	

	

	
2

	
2 (6.1)

	
0 (0.0)

	

	
2 (3.2)




	

	
Micropapillary pattern

	

	

	
0.587

	




	

	

	

	
No

	
17 (51.5)

	
12 (41.4)

	

	
29 (46.8)




	

	

	

	
Yes

	
16 (48.5)

	
17 (58.6)

	

	
33 (53.2)




	

	
Micropapillary pattern (%)

	

	

	
0.240

	




	

	

	

	
<10

	
24 (72.7)

	
16 (55.2)

	

	
40 (64.5)




	

	

	

	
≥10

	
9 (27.3)

	
13 (44.8)

	

	
22 (35.5)




	

	
Lymphovascular_invasion

	

	

	
1.000

	




	

	

	

	
No

	
32 (97.0)

	
29 (100.0)

	

	
61 (98.4)




	

	

	

	
Yes

	
1 (3.0)

	
0 (0.0)

	

	
1 (1.6)




	

	
Perineural invasion

	

	

	
1.000

	




	

	

	

	
No

	
33 (100.0)

	
29 (100.0)

	

	
62 (100.0)




	

	

	

	
Yes

	
0 (0.0)

	
0 (0.0)

	

	
0 (0.0)




	

	
Necrosis

	

	

	
0.405

	




	

	

	

	
No

	
31 (93.9)

	
25 (86.2)

	

	
56 (90.3)




	

	

	

	
Yes

	
2 (6.1)

	
4 (13.8)

	

	
6 (9.7)




	

	
Pathologic stage

	

	

	
0.450

	




	

	

	

	
IA1

	
0 (0.0)

	
0 (0.0)

	

	
0 (0.0)




	

	

	

	
IA2

	
16 (48.5)

	
11 (37.9)

	

	
27 (43.5)




	

	

	

	
IB

	
17 (51.5)

	
18 (62.1)

	

	
35 (28.4)




	

	
EGFR (+)

	

	

	
0.886

	




	

	

	

	
No

	
21 (63.6)

	
17 (58.6)

	

	
38 (61.3)




	

	

	

	
Yes

	
12 (36.4)

	
12 (41.4)

	

	
24 (38.7)




	

	
Farthest distance of STAS

	

	

	

	




	

	

	
Standard length scale (mm)

	
1.0 ± 0.2 (0.93–1.07)

	
2.9 ± 0.7 (2.60–3.13)

	
<0.001

	
1.9 ± 1.1 (1.60–2.14)




	

	

	
Number of alveolar spaces

	
4.4 ± 1.5 (3.91–4.94)

	
10.3 ± 4.1 (8.78–11.91)

	
<0.001

	
7.2 ± 4.2 (6.12–8.29)











 





Table 5. Multivariate analysis for the presence of STAS (+). Logistic regression method was used with a 95% confidential interval.






Table 5. Multivariate analysis for the presence of STAS (+). Logistic regression method was used with a 95% confidential interval.





	
Variables

	
Crude OR (95%CI)

	
Crude p-Value

	
Adjusted OR (95%CI)

	
Adjusted p-Value






	
Smoking History

	

	

	

	




	

	
PPY

	
1.01 (1.00, 1.03)

	
0.030

	
1.01 (0.99, 1.03)

	
0.193




	
cT (ref.; 1a)

	

	

	

	




	

	

	
1b

	
18.73 (2.40, 145.96)

	
0.005

	
7.43 (0.7, 79.48)

	
0.097




	

	

	
Ic

	
0 (0, Inf)

	
0.990

	
0 (0, Inf)

	
0.994




	

	

	
2a

	
14.4 (1.89, 109.52)

	
0.010

	
9.33 (0.91, 96.14)

	
0.061




	

	

	
3

	
16 (0.71, 361.74)

	
0.081

	
33.64 (0.38, 3014.12)

	
0.125




	
CT findings

	

	

	

	




	

	
Consolidative size

	
1.17 (1.09, 1.27)

	
<0.001

	
1.02 (0.82, 1.26)

	
0.885




	

	
CTR

	
142.18 (19.8, 1020.95)

	
<0.001

	
0.43 (0, 41.41)

	
0.716




	
Pathologic features

	

	

	

	




	

	
predominant subtype (ref.; lepidic)

	

	

	

	




	

	

	
acinar

	
18.94 (2.53, 141.86)

	
0.004

	
5.71 (0.56, 58.66)

	
0.143




	

	

	
micropapillary

	
88,963,559.05 (0, Inf)

	
0.983

	
89513922.48 (0, Inf)

	
0.990




	

	

	
papillary

	
73.5 (7.13, 757.6)

	
<0.001

	
23.77 (1.43, 394.28)

	
0.027




	

	

	
solid

	
36.75 (3.96, 340.94)

	
0.002

	
8.87 (0.62, 127.05)

	
0.108




	

	
Invasive component (mm)

	
1.24 (1.14, 1.36)

	
<0.001

	
0.98 (0.77, 1.24)

	
0.856




	

	
Invasive tumor ratio

	
202.39 (20.08, 2039.73)

	
<0.001

	
30.44 (0.19, 4777.06)

	
0.185




	

	
Micropapillary pattern

	
15 (6.81, 33.06)

	
<0.001

	
10.94 (3.69, 32.48)

	
< 0.001




	

	
Micropapillary pattern (≥10%)

	
28.05 (7.99, 98.44)

	
<0.001

	
7.4 (1.7, 32.14)

	
0.008




	
EGFR (+)

	
0.42 (0.23, 0.76)

	
0.004

	
0.38 (0.15, 0.95)

	
0.039











 





Table 6. Multivariate analysis for the presence of STAS (+)-H over STAS (+)-L. Logistic regression method was used with a 95% confidential interval.






Table 6. Multivariate analysis for the presence of STAS (+)-H over STAS (+)-L. Logistic regression method was used with a 95% confidential interval.





	
Variables

	
Crude OR (95%CI)

	
Crude p-Value

	
Adjusted OR (95%CI)

	
Adjusted p-Value






	

	
Gender (Male)

	
5.11 (1.73, 15.08)

	
0.003

	
5.64 (0.97, 32.7)

	
0.054




	

	
Number of alveolar spaces

	
2.67 (1.57, 4.53)

	
<0.001

	
2.78 (1.53, 5.05)

	
<0.001
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