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Editorial



Sublobar Resection for Early-Stage Lung Cancer: An Oncologically Valid Procedure?
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In the era of minimally invasive surgery, the role of sublobar resection comprising anatomical segmentectomy and wide wedge excision remains controversial. Its precise role from an oncological point of view still has to be exactly defined. Theoretically, a less invasive resection should lead to overall better post-operative respiratory function. However, until recently, hard evidence of survival equality or benefit over lobectomy was still lacking. Thus, lobectomy has been the preferred treatment of choice for most non-small cell lung cancer (NSCLC). Recently, two milestone trials have investigated the role of sublobar resection in the treatment of NSCLC.



The surgical goal of oncologic resections is achieving a microscopically complete resection (R0), which can be defined by free resection margins as per the latest, eighth edition of the tumour, node, metastasis (TNM) classification [1]. Correct staging is crucial as it determines treatment modalities and prognostic relevance [2]. Hence, it is concerning that local or regional recurrences still occur in R0 resected patients. Therefore, according to published guidelines, standard tumour resection and lymph node (LN) dissection are necessary to ensure true complete resection and correct evaluation in clinical trials. For this reason, the 2005 Complete Resection Subcommittee of the International Association for the Study of Lung Cancer (IASLC) proposed adding an additional stratification term, ‘uncertain resection R(un)’ [3]. R(un) is defined as a resection of a lung cancer with margins free of microscopic disease, but one of the following is present: incomplete LN dissection according to the standard systematic or lobe-specific criteria, metastasis in the highest resected mediastinal LN, carcinoma in situ confirmed at the bronchial resection margin, or positive cytology obtained during intraoperative pleural lavage [3]. The clinical significance of R(un) was confirmed by a re-analysis of 14,712 patients from the IASLC database, based on the previously mentioned criteria, whereby 57% of the R0 resections had to be reclassified to R(un). The R descriptor has an important impact on prognosis. In the conventional resection (R) status analysis, the 5-year overall survival (OS) was 73% for R0, which decreased to 36% for R1- and 28% for R2 resections. However, when the R0 dataset was reanalysed, now including R(un) with a positive highest resected LN, the 5-year OS for R0 resection was 55% while for R(un), it was only 45% [4]. The prognostic significance of the R factor is further analysed in other trials.



The first sublobar, landmark prospective randomised trial by Ginsberg et al., published in 1995, showed the inferiority of sublobar resection. The study included patients with a peripheral cT1N0 (<3 cm) lung cancer who were intraoperatively randomised between sublobar resections (n = 122, of which 82 were segmentectomies) and lobectomy (n = 125) [5]. Interestingly, 50% of NSCLC patients were excluded intraoperatively due to tumour size >3 cm, tumour location or configuration, or positive mediastinal LNs. A sublobar resection demonstrated a three-fold increase in the local recurrence rate (p = 0.008). A 30% increase in overall death rate (p = 0.08) and 50% increase in death with cancer rate were found during long-term follow-up in the lesser resection arm. Because of missing data in the original publication, a re-analysis was performed showing that overall survival was not statistically significantly different between both treatment arms, but this correction was published only one year later [6].



In the years that followed, several retrospective studies reported outcomes comparing lobectomy with sublobar resection. Kraeve et al. reported the 10-year outcomes of patients in the Surveillance, Epidemiology and End-Results (SEER) database, and found that patients undergoing lobectomy had significantly better survival rates when compared to segmentectomy in tumours <3 cm (cT1N0, stage IA) [7]. However, Kaplan–Meier survival curves remained similar in the first 3 years of follow-up. The general advice remained that lobectomy was the preferred treatment of choice for NSCLC, but a role might be present for sublobar resections in smaller, stage IA NSCLC patients. Other retrospective studies have demonstrated similar survival rates and local recurrence rates in favour of lobectomy [8,9,10,11,12,13,14,15]. A problem is that these studies frequently lacked adjustment for preoperative risk factors; thus, given the retrospective nature of these studies, it is possible that a selection bias was present, i.e., fitter patients would receive a lobectomy whilst sublobar resections were reserved for patients in poor overall health, resulting in lower OS. This was also confirmed in the systematic review by De Zoysa et al., concluding that lobectomy should be performed for early-stage NSCLC in younger patients with acceptable cardiopulmonary reserve [16]. The advantage of a decreased complication rate does not outweigh the increased locoregional recurrence rate. On the other hand, in elderly patients, a sublobar resection may yield comparable survival rates to lobectomy.



A meta-analysis by Ijsseldijk et al. compared lobar resection with parenchymal sparing resections for pT1a NSCLC [17]. Five-year OS and disease-free survival (DFS) after segmentectomy were similar to lobectomy with a relative risk (RR) = 1.08 (95% CI: 0.99–1.18). In most comparisons, wedge resections were similar to segmentectomy or lobectomy. Thus, for T1a NSCLC, parenchymal-sparing surgery has similar outcomes to lobectomy; however, an important concern is the risk of nodal upstaging. Two randomised trials were initiated to obtain more evidence: JCOG0802/WJOG4607L in Japan, and CALBG 140503 in North America.



In the Cancer and Lymphoma Group B (CALBG 140503) trial, patients with a suspected or confirmed cT1aN0 peripheral NASCLC ≤ 2 cm were included. After confirmation of diagnosis and negative hilar and mediastinal LNs, patients were intraoperatively randomised to lobectomy or to sublobar resection, comprising segmentectomy and wedge resection [18,19]. Pure ground-glass opacities (GGO) were excluded. The primary endpoint was DFS with the following secondary endpoints: OS, pulmonary function and recurrence rates. In total, 357 patients were included in the lobectomy group and 340 patients in the sublobar group, of which 58.8% were wedge resections. There was no significant difference in 5-year DFS between 63.6% (sublobar resection) and 64.1% (lobar resection). For OS, non-inferiority of sublobar resection was confirmed with a one-sided p = 0.014. There was no significant difference in lung- and non-lung related deaths or disease recurrence in both arms. When comparing pulmonary functions at 6 months to the baseline function, there was a significant difference in median forced expiratory volume in one second (FEV1) change from baseline for lobectomy and sublobar resection (p = 0.0006). Change in forced vital capacity (FVC)% approached significance, but remained at p = 0.0712 in favour of sublobar resection.



Sublobar resection was not inferior to lobectomy for the primary endpoint of DFS or the secondary endpoint of OS. Disease recurrence at 30% was also similar in both study arms. Even though differences in respiratory functions were observed, in favour of sublobar resection, the clinical significance is questionable. This trial confirms the non-inferiority of sublobar resection which still entails a 30% recurrence rate.



In the Japan Clinical Oncology Group and the West Japan Oncology Group trial (JCOG 0802/WJOG4607L), patients were included with a cT1a peripheral NSCLC or suspected nodule, a maximum tumour diameter of ≤2 cm and in the case of GGO, a consolidation-to-tumour ratio (CTR) >0.5 [20]. Patients were then randomised to lobectomy or segmentectomy (wedge excisions were not allowed). The primary endpoint of 5-year OS demonstrated a better outcome for segmentectomy of 94.3% vs. 91.1% (HR 0.663 (95% CI: 0.474–0.927) p = 0.0082) for superiority. Secondary endpoints however, showed similar 5-year relapse-free survival with segmentectomy at 88.0% and lobectomy at 87.9% (HR 0.998 (95% CI: 0.753–1.323) p = 0.9889). The recurrence pattern demonstrated a significantly higher proportion of local recurrences of 10.5% in the segmentectomy arm and 5.4% in the lobectomy group (p = 0.0018). However, the total number of lung cancer deaths were similar at 4.7% for segmentectomy versus 4.1% for lobectomy. The overall mortality was higher in the lobectomy group at 14.9% vs. 10.5%. However, this was primarily due to other deaths such as other malignancies at 5.6% (lobectomy) and 2.2% (segmentectomy) and non-malignant disease at 3.8% (lobectomy) vs. 2.7% (segmentectomy). This remains to be further explored.



NCT02011997 is an ongoing Chinese randomised control trial comparing complete Video-Assisted Thoracoscopic Surgery (cVATS) lobectomy to cVATS segmentectomy. An estimated 500 patients will be included involving a stage IA NSCLC with adenocarcinoma in situ or with microinvasion. A 5-year postoperative follow-up will be performed and recurrence-free survival has been chosen as the primary endpoint. The secondary endpoints are: 5-year survival rate, pulmonary function at 6 months follow-up, postoperative complications, and quality of life assessment. Patient enrolment commenced in December 2013; however, no results have been published yet.



With the new evidence provided, sublobar resection should be the new standard treatment modality in patients with peripheral small stage IA NSCLC tumours (≤2 cm) without lymph node metastases. There might be a place for tumours up to 3 cm in the outer third of the lung parenchyma; however, compelling evidence is lacking. Further subgroup analysis with the merging of data from recent randomised trials might contribute to outcome differences in the type of sublobar resection (wide wedge excision and anatomical segmentectomy), NSCLC histology, secondary cancers, and comorbidity.






Author Contributions


Writing—original draft preparation, I.D.; writing—review and editing, M.D.; writing—review and editing, P.E.Y.V.S.; supervision, P.E.Y.V.S. All authors have read and agreed to the published version of the manuscript.




Conflicts of Interest


P.E.Y.V.S. reports external expert and/or honoraries for lectures of AstraZeneca, Roche, BMS, MSD and Janssen. P.E.Y.V.S. is also unpaid Treasurer of Belgian Association for Cardiothoracic Surgery and unpaid President-elect of International Association for the Study of Lung Cancer. The other authors have no conflicts of interest to declare.




References


	



Brierley, J.D.; Gospodarowicz, M.K.; Wittekind, C.; Union International Cancer Control. TNM Classification of Malignant Tumours, 8th ed.; John Wiley & Sons: Hoboken, NJ, USA, 2017; pp. 1–272. [Google Scholar]

	



Smeltzer, M.P.; Lin, C.C.; Kong (Spring), F.M.; Jemal, A.; Osarogiagbon, R.U. Survival impact of postoperative therapy modalities according to margin status in non-small cell lung cancer patients in the United States. J. Thorac. Cardiovasc. Surg. 2017, 154, 661–672. [Google Scholar] [CrossRef] [PubMed]

	



Rami-Porta, R.; Wittekind, C.; Goldstraw, P. Complete resection in lung cancer surgery: Proposed definition. Lung Cancer 2005, 49, 25–33. [Google Scholar] [CrossRef] [PubMed]

	



Edwards, J.G.; Chansky, K.; Van Schil, P.; Nicholson, A.G.; Boubia, S.; Brambilla, E.; Donington, J.; Galateau-Sallé, F.; Hoffmann, H.; Infante, M.; et al. The IASLC Lung Cancer Staging Project: Analysis of Resection Margin Status and Proposals for Residual Tumor Descriptors for Non-Small Cell Lung Cancer. J. Thorac. Oncol. 2020, 15, 344–359. [Google Scholar] [CrossRef] [PubMed]

	



Ginsberg, R.J.; Rubinstein, L.V. Randomized trial of lobectomy versus limited resection for T1 N0 non-small cell lung cancer. Ann. Thorac. Surg. 1995, 60, 615–623. [Google Scholar] [CrossRef] [PubMed]

	



Rubinstein, L.V.; Ginsberg, R.J. Lobectomy versus limited resection in T1N0 lung cancer. Ann. Thorac. Surg. 1996, 62, 1249–1250. [Google Scholar]

	



Kraev, A.; Rassias, D.; Vetto, J.; Torosoff, M.; Ravichandran, P.; Clement, C.; Kadri, A.; Ilves, R. Wedge resection vs lobectomy: 10-year survival in stage I primary lung cancer. Chest 2007, 131, 136–140. [Google Scholar] [CrossRef] [PubMed]

	



Landreneau, R.J.; Sugarbaker, D.J.; Mack, M.J.; Hazelrigg, S.R.; Luketich, J.D.; Fetterman, L.; Liptay, M.J.; Bartley, S.; Boley, T.M.; Keenan, R.J.; et al. Wedge resection versus lobectomy for stage I (T1 N0 M0) non-small-cell lung cancer. J. Thorac. Cardiovasc. Surg. 1997, 113, 691–700. [Google Scholar] [CrossRef] [PubMed]

	



Koike, T.; Yamato, Y.; Yoshiya, K.; Shimoyama, T.; Suzuki, R. Intentional limited pulmonary resection for peripheral T1 N0 M0 small-sized lung cancer. J. Thorac. Cardiovasc. Surg. 2003, 125, 924–928. [Google Scholar] [CrossRef] [PubMed]

	



Okada, M.; Koike, T.; Higashiyama, M.; Yamato, Y.; Kodama, K.; Tsubota, N. Radical sublobar resection for small-sized non-small cell lung cancer: A multicenter study. J. Thorac. Cardiovasc. Surg. 2006, 132, 769–775. [Google Scholar] [CrossRef] [PubMed]

	



Fernando, H.C.; Santos, R.S.; Benfield, J.R.; Grannis, F.W.; Keenan, R.J.; Luketich, J.D.; Close, J.M.; Landreneau, R.J. Lobar and sublobar resection with and without brachytherapy for small stage IA non-small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2005, 129, 261–267. [Google Scholar] [CrossRef] [PubMed]

	



Okada, M.; Nishio, W.; Sakamoto, T.; Uchino, K.; Yuki, T.; Nakagawa, A.; Tsubota, N. Effect of tumor size on prognosis in patients with non-small cell lung cancer: The role of segmentectomy as a type of lesser resection. J. Thorac. Cardiovasc. Surg. 2005, 129, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Schuchert, M.J.; Kilic, A.; Pennathur, A.; Nason, K.S.; Wilson, D.O.; Luketich, J.D.; Landreneau, R.J. Oncologic outcomes after surgical resection of subcentimeter non-small cell lung cancer. Ann. Thorac. Surg. 2011, 91, 1681–1688. [Google Scholar] [CrossRef] [PubMed]

	



Schuchert, M.J.; Abbas, G.; Awais, O.; Pennathur, A.; Nason, K.S.; Wilson, D.O.; Siegfried, J.M.; Luketich, J.D.; Landreneau, R.J. Anatomic segmentectomy for the solitary pulmonary nodule and early-stage lung cancer. Ann. Thorac. Surg. 2012, 93, 1780–1787. [Google Scholar] [CrossRef] [PubMed]

	



Donahue, J.M.; Morse, C.R.; Wigle, D.A.; Allen, M.S.; Nichols, F.C.; Shen, K.R.; Deschamps, C.; Cassivi, S.D. Oncologic efficacy of anatomic segmentectomy in stage IA lung cancer patients with T1a tumors. Ann. Thorac. Surg. 2012, 93, 381–388. [Google Scholar] [CrossRef] [PubMed]

	



De Zoysa, M.K.; Hamed, D.; Routledge, T.; Scarci, M. Is limited pulmonary resection equivalent to lobectomy for surgical management of stage I non-small-cell lung cancer? Interact. Cardiovasc. Thorac. Surg. 2012, 14, 816–820. [Google Scholar] [CrossRef] [PubMed]

	



Ijsseldijk, M.A.; Shoni, M.; Siegert, C.; Seegers, J.; van Engelenburg, A.K.C.; Tsai, T.C.; Lebenthal, A.; ten Broek, R.P.G. Oncological Outcomes of Lobar Resection, Segmentectomy, and Wedge Resection for T1a Non-Small-Cell Lung Carcinoma: A Systematic Review and Meta-Analysis. Semin. Thorac. Cardiovasc. Surg. 2020, 32, 582–590. [Google Scholar] [CrossRef] [PubMed]

	



Altorki, N.K.; Wang, X.; Kozono, D.; Watt, C.; Landreneau, R.; Wigle, D.; Port, J.; Jones, D.R.; Conti, M.; Ashrafi, A.S.; et al. PL03.06 Lobar or Sub-lobar Resection for Peripheral Clinical Stage IA = 2 cm Non-small Cell Lung Cancer (NSCLC): Results From an International Randomized Phase III Trial (CALGB 140503 [Alliance]). J. Thorac. Oncol. 2022, 17, S1–S2. [Google Scholar] [CrossRef]

	



Altorki, N.K.; Wang, X.; Wigle, D.; Gu, L.; Darling, G.; Ashrafi, A.S.; Landrenau, R.; Miller, D.; Liberman, M.; Jones, D.R.; et al. Perioperative mortality and morbidity after sublobar versus lobar resection for early-stage non-small-cell lung cancer: Post-hoc analysis of an international, randomised, phase 3 trial (CALGB/Alliance 140503). Lancet Respir. Med. 2018, 6, 915–924. [Google Scholar] [CrossRef] [PubMed]

	



Saji, H.; Okada, M.; Tsuboi, M.; Nakajima, R.; Suzuki, K.; Aokage, K.; Aoki, T.; Okami, J.; Yoshino, I.; Ito, H.; et al. 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. Lancet 2022, 399, 1607–1617. [Google Scholar] [CrossRef] [PubMed]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcm-12-02674


  
    		
      jcm-12-02674
    


  




  





media/file0.png





