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Abstract
Lung cancer represents the leading cause of cancer mortality worldwide. Despite improvements in preoperative staging, surgical techniques, neoadjuvant/adjuvant options and postoperative care, there are still major difficulties in significantly improving survival, especially in locally advanced non-small cell lung cancer (NSCLC). To date, surgical resection is the primary mode of treatment for stage I and II NSCLC and has become an important component of the multimodality therapy of even more advanced disease with a curative intention. In fact, in NSCLC patients with solitary distant metastases, surgical interventions have been discussed in the last years. Accordingly, this review displays the recent surgical strategies implemented in the therapy of NSCLC patients.
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Key words: Non-small cell lung cancer; Multimodality therapy; Surgical techniques; Neoadjuvant/adjuvant therapy; Solitary distant metastases

Core tip: Lung cancer represents the leading cause of cancer mortality worldwide. To date, surgical resection is the primary mode of treatment for stage I and II non-small cell lung cancer (NSCLC) and has become an important component of the multimodality therapy of even more advanced disease with a curative intention. In fact, individualized treatment options, based on clinical tumor stages, in NSCLC patients have been established in the last years that are displayed in this review.
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INTRODUCTION
Lung cancer represents the leading cause of cancer mortality worldwide, accounting for around 1.4-1.6 million deaths each year[1-4]. While this tumor entity has by far the first place in incidence and mortality among other forms of cancer in males, it is the fourth most frequently malignant tumor in women after breast, cervical and colorectal cancer but it is also the second most common cause of death in the female population[1]. Improving the survival of lung cancer patients is a major challenge for modern multimodality oncological treatment strategies, considering that the 5-year survival remains less than 15% across all stages of disease with fewer than 7% of patients alive 10 years after diagnosis[5] Even with improvements in preoperative staging, surgical techniques, neoadjuvant/adjuvant options and postoperative care, there are still great difficulties in significantly improving survival, especially in locally advanced disease while early tumor stages theoretically represent the most consistent possibility of modifying the outcome of non-small cell lung cancer (NSCLC)[5]. Indeed, similar to other malignant tumors, the therapy of NSCLC is stage related. At this, surgical resection is the primary mode of treatment for stage I and II NSCLC and an important component of the multimodality approach to stage IIIA disease with a curative intention. Standard resections include removal of the lobe involved with tumor and systematic evaluation of ipsilateral hilar and mediastinal lymph nodes. Moreover, even in NSCLC patients with solitary distant metastases, surgical interventions have been discussed in the last years. Therefore, the current review displays the recent surgical strategies implemented in the therapy of NSCLC (Figure 1). 

NSCLC STAGE I + II (T1-2 N0-1, T3N0)
NSCLC stage I + II (T1-2 N0-1)
Patients with stage I and II NSCLC account for only 25%-30% of all patients presenting with the diagnosis of this malignant tumor[6]. For medically operable patients, lobectomy, the surgical resection of a single lobe, with mediastinal lymph node dissection (MLND) or systematic lymph node sampling (SLNS), is generally accepted as the optimal procedure for this early tumor stage[7,8]. Although the role of surgery has not been validated through randomized trials, the favorable results reported in surgical series and the relative infrequency of long-term survival in patients treated without surgery established this therapeutic approach as the treatment of choice[9,10]. The current literature describes the prognosis for stage I and II NSCLC, undergoing primary surgical resection, expressed in terms of 5-year survival rates, as 60% to 80% for stage I and 30% to 50% for stage II NSCLC[11].
In general, lung resections for NSCLC are performed through a lateral thoracotomy. However, in patients with early stage NSCLC, video-assisted thoracoscopic surgery (VATS) seems to be an acceptable alternative to the well-known open lobectomy in terms of complications and oncological value in patients with early stage NSCLC[12].
In fact, in the last years a number of retrospective studies have shown that VATS lobectomy is associated with fewer complications, and shorter length of hospital stay compared to open surgery[13-20]. These advantages were also described in elderly patients with NSCLC[13,14,19,21-23]. Furthermore, two meta-analyses and two systematic reviews revealed that patients undergoing VATS lobectomy have reduced perioperative morbidity, mortality and less postoperative pain as short-term benefits compared to patients receiving open surgical resection while the long-term results (survival and recurrence rates) were not significantly different between the two surgical procedures[12,22,24,25]. In addition, a recent study by Park et al. with more than 6000 NSCLC patients undergoing either VATS or standard open lobectomy, showed not only that VATS lobectomy had fewer complications (38% vs 44%) and a shorter length of hospital stay (5 d vs 7 d) compared to open surgical resection but rather that patients undergoing VATS at high volume hospitals had a shorter median length of hospital stay (4 d vs 6 d) compared with patients receiving surgical resection at low-volume hospitals[26].
However, the quality and efficiency of the lymphadenectomy (LAD) in NSCLS patients undergoing VATS lobectomy was controversially discussed for a long period of time. A review about 770 patients (VATS: 450 patients, open resection: 320 patients) with cN0-pN2 NSCLC by Watanabe et al. examined the total number of lymph nodes, lymph node stations and mediastinal nodes resected by VATS vs. open lobectomy, and found no difference in any of these categories[27]. Moreover, data from the recent American College of Surgery Oncology Group Z0030 trial (n: 752 patients, VATS: 66 patients; open: 686 patients) has also confirmed the efficacy of LAD by the VATS procedure with demonstrating similar number of lymph nodes removed and lymph node stations assessed by both surgical techniques[18]. 
A point for discussion regarding VATS lobectomy in NSCLC patients might be the issue of smaller resection margins compared to the open procedure, as one might suggest that the extent of the bronchial margin has clinically relevant impact on disease-free and overall survival in early-stage non-small-cell lung cancer. However, recent studies showed that the complete surgical resection (R0 resection) but not the extent of the resection margin itself is of prognostic impact[28]. 
Based on these findings VATS lobectomy is an appropriate surgical technique in the therapy of patients with early stage NSCLC in terms of morbidity, oncological value and survival compared to open surgery[12]. 
It is generally accepted that the treatment of choice in stage I and II NSCLC patients with low surgical risk is the primary surgical tumor resection by excision of the whole affected lobe. However, especially due to the progress and development in CT imaging, a growing number of ground-glass opacities and small tumors are being detected[29]. Therefore, there is an increasing number of studies dealing with the subject of a sub-lobar resection in such tumor cases. In fact, several retrospective studies have compared sub-lobar resection with complete lobectomy in patients with early NSCLC. For example, in the currently largest study performed by Whitson et al[30], using the American Surveillance Epidemiology and End Results (SEER) database, with data from 14.473 patients with stage I tumors treated by anatomical segmentectomy or lobectomy, the prognostic impact of both techniques was assessed. The authors demonstrated that the latter approach provides a statistically significant 5-year survival advantage, even after adjustment for other prognostic factors including tumour size. 
Nevertheless, sub-lobar resection might be considered especially in the following patients: (1) Compromised patients that might not tolerate a complete lobectomy; (2) Patients that could tolerate lobectomy but their tumor size itself might not demand a lobectomy. 
As data from randomized trials (other than the LCSG trial[31]) is still missing, currently it is not clear if sub-lobar resection is really safe enough in patients with contraindication for lobectomy and if it is associated with equivalent oncological long-term results. Perhaps there are some specific tumor characteristics in that a sub-lobar resection should be recommended in particularly. In addition, another point of discussion is the functional benefit achieved by sub-lobar resection compared to complete lobectomy. Interestingly, studies have shown that the difference in the mean reduction of the post-operative FEV1 and FVC ranges from 5-6%, respectively 1%-6% (Table 1)[31-33]. As long as it is not proven that the prognostic impact of sub-lobar resection in early stage NSCLC is really equivalent to complete lobectomy, the more invasive procedure should stay the treatment of choice. There are currently 2 randomised controlled trials that may clarify the role of limited resection, i.e. the Cancer and Leukemia Group B 140503 trial (segmentectomy and wedge resection) and the Japan Clinical Oncology Group 0802/West Japan Oncology Group 4607L (segmentectomy) trial[34,35]. In these trials, selection for limited resection includes tumors 2 cm or less in size, peripheral tumors close to the outer third of the lung and good functional status. Finally, sub-lobar resection should preferably be performed by a segment and not by a wedge resection as current data in early stage NSCLC patients revealed that a segment resection is associated with a higher cancer-related survival and lower local recurrence rate compared with a wedge resection[36].

Stage IIB (T3N0M0)
Tumor invasion of the chest wall is an uncommon event in NSCLC with only around 5% of all patients. Interestingly, recent studies suggest that a long term survival rate after surgical en bloc R0 resection of 40%-50% in case of a T3N0M0 tumor stage can be achieved[37]. Similar results (40% five-year survival rate in case of a T3N0 status) have been presented by Doddoli et al[38] in 212 patients with stage IIB tumors. At this, the two most important prognostic factors affecting the survival of this patient subgroup are the complete tumor resection and the pathologic nodal status[39,40]. 


STAGE IIIA (T1-2 N2, T3 N1-2, T4N0-1) 
Stage IIIA (T1-2 N2)
Stage III NSCLC includes a heterogeneous population with disease presentation ranging from apparently resectable tumors with occult microscopic nodal metastases to unresectable bulky nodal disease. Patients with T1-2 pN2 tumor stage can be divided into 3 groups: (1) Patients with an unexpected intraoperative finding of a pN2 stage despite the preoperative staging. The reported incidence of an unexpected N2 lymph node status ranges from 4.7% to 26 %[41-43]. In this subgroup of patients, the surgical resection should be continued, with a lobectomy and LAD. Cerfolio et al. reported a 5-year survival rate in patients with unexpected N2 disease who underwent complete resection followed by adjuvant therapy of 35% while patients with single station N2 disease had even a better outcome[44]; (2) Patients with preoperative evidence of N2 disease based on the CT or PET-CT findings and histopathological confirmation. In this group of patients a multimodality therapy is preferable [45]. Interestingly, Ripley and Rusch have recently published a review about the role of induction therapy in NSCLC patients. The authors suggest in this review that a multimodality therapy should be the standard care for stage IIIA (N2) NSCLC patients with resection being offered to patients suitable for complete resection[46]; (3) Bulky N2 disease. Patients with extensive (bulky) N2 disease should receive a combined radiochemotherapy and only selected cases with good tumor down-sizing should be evaluated for surgical resection However, for this group of patients just little data about the optimal therapy is currently available[47].

Stage III A (T3N1-2, T4 N0-1)
In case of a chest wall infiltration (T3) a N2 lymph node status should not be considered as a contraindication for surgical resection in terms of lobectomy with partial chest wall resection and MLND or SLNS. The reported 5-year survival rate after complete resection is 21% in T3N2 disease patients[48].
In case of T4 tumors with invasion of the main carina a sleeve pmeumonectomy can be considered and has become an established procedure in carefully selected patients in experienced centers[49]. While in patients with a complete resection and a post-operative N0 lymph node status the 5-year survival rate ranges between 25%-45%, it is less than 15% in patients with a post-operative N2 disease[50]. 

LUNG CANCER SURGERY IN PATIENTS WITH SOLITARY BRAIN OR ADRENAL METASTASIS
Several studies have shown that patients with T1-2 tumors and simultaneously solitary brain or adrenal metastases seem to benefit from a surgical resection[51-55]. This special group of patients can undergo a removal of the solitary brain/adrenal metastasis followed by surgical resection of the primary lung tumor. For example, Read et al[51] revealed in 92 NSCLC patients with solitary brain metastases that the 5-year survival rate after curative resection of the lung tumor and brain metastasis was 21%. Similar data were reported by Billing et al[52] in a retrospective analysis of 28 NSCLC patients with solitary brain metastasis undergoing surgical removal of both tumor locations. Also in NSCLC patients with synchronous solitary adrenal metastasis a surgical treatment with resection of the adrenal and lung mass seems to be beneficial especially for patients with a negative lymph node status[52,54,55]. 

BRONCHOPLASTIC LUNG RESECTION 
Pneumonectomy has been associated with higher morbidity/mortality and a worse 5-year survival rate after resection for NSCLC, compared to lobectomy or less advanced resection techniques[56-58]. This created the impression that limited anatomical resections in the form of single or double sleeve resections may be beneficial avoiding pneumonectomy related morbidity and mortality. Interestingly, two reviews indicate equivalent survival for patients undergoing either pulmonary sleeve resection or pneumonectomy [59,60]. Furthermore, there was no difference in the recurrence rate but rather a survival benefit for patients with pN0/1 disease undergoing pulmonary sleeve resection. In fact, the most common anatomical locations for bronchoplastic pulmonary resection involve tumors of the right upper lobe and the left upper lobe orifices (Figure 2)[61-63]. At this, the bronchial anastomosis is typically covered using pleura, pedicled pericardial fat or pedicled muscle flap to minimize anastomotic complications[64]. Furthermore, patients undergoing sleeve resection may experience an improved postoperative quality of life compared to patients with a pneumonectomy which was described by Deslauriers et al[65]. Finally, a recent study by Schirren et al. showed even in patients with advanced nodal disease no significant advantage for pneumonectomy over sleeve resection[66].

LYMPHADENECTOMY 
Although it is generally accepted that lymph node staging of NSCLC should be as accurate as possible, there is ongoing debate regarding the extent of mediastinal lymphadenectomy. Worldwide, surgeons use a variety of techniques including selective sampling (sampling involving only selected suspicious or representative lymph nodes), a SLNS (exploration and biopsy of a standard set of lymph node stations in each case) and MLND, which involves the removal of all node-bearing tissue within defined landmarks for a standard set of lymph node stations[67]. As data have shown that the accuracy of staging in NSCLC patients is more effective with either MLND or SLNS compared with selective sampling alone[68-70], existing guidelines recommend either one of the methods at the time of surgical resection. Studies have shown that MLND leads to a significant reduction of local and systemic recurrence[71,72]. Furthermore, another potential advantage of MLND is a more accurate tumor staging through the detection of skip- and micro-metastases[71,73-75]. Nevertheless, some researchers argue that the improved outcome after MLND is in fact just a stage migration phenomenon (“Will Rogers phenomenon”)[76,77]. In a retrospective study by Doddoli et al[72] the effect of MLND vs. SLNS on overall survival of patients with stage I NSCLC was assessed and the working group demonstrated that MLND was a favorable independent prognostic factor. Similar results were reported by Lardinois et al[71] showing a longer disease-free survival in stage I NSCLC patients who underwent MLND vs SLNS (60.2 ± 7 vs 44.8 ± 8.1 mo). 

EXTENDED RESECTIONS, ANGIOPLASTY AND MARGINAL RESECTIONS USING EXTRACORPOREAL MEMBRANE OXYGENATION 
It is hypothesized that the need for extended resection in patients with locally advanced NSCLC is associated with a higher morbidity and mortality rate. However, evidence suggests that the mortality rate is not significantly increased after extended resections[78]. For example, Izbicki et al[78] showed in patients undergoing extended resection for stage T3 or T4 NSCLC tumors that the study patients with no residual tumor had a 3-year survival rate of 33%. In addition, Spaggiari et al[79] reported a 3-year probability of survival of 39% after extended pneumonectomy with partial resection of the left atrium for advanced lung cancer. Even a study from Hillinger et al[80] revealed that patients with T4 tumors (infiltration of great vessels, trachea, esophagus, vertebral bodies, etc.) showed an increasing 5-year survival rate from 15 to 35% after radical resection with acceptable preoperative mortality if treated in experienced centres. Extended surgical resections seems also appropriate for patients with locally advanced lung cancer with limited invasion of the carina, left atrium, superior vena cava, or pulmonary artery[81]. Furthermore, in case of advanced tumor removals with the need of additional pulmonary resection, extracorporeal membrane oxygenation (ECMO) support is a considered to be a safe alternative to cardiopulmonary bypass after pneumonectomy or even carina resection after pneumonectomy[82,83]. In the event of a tumor infiltration into the pulmonary artery, a major anatomical lung resection with angioplastic procedures may achieve a similar oncological radicality with sparing distal lung parenchyma. The long term outcomes in these cases are significantly influenced by the nodal status and are comparable to those of conventional lobectomy[84,85]. Therefore, lung resections with bronchovascular reconstruction are invaluable for patients with central tumours, although they do demand more skill than pneumonectomies. The acceptable clinical results and oncological reliability promote this type of interventions, which always have to be considered for any central tumour in order to avoid pneumonectomy and its complications[86]. 

DISCUSSION
Thoracic surgery is a dynamic field with many scientific and technical changes occurred in the last years. A prominent example is the use of less invasive approaches for major resection of NSCLC patients. In fact, it has been proven in early stage NSCLC patients that VATS lobectomy as a routinely performed technical procedure is a method with equal or even better long-term results compared to the well-established open surgical resection. 
Sub-lobar resection has its value in the surgical therapy of NSCLC patients with limited lung function. Especially for patients with decreased pulmonary function or comorbid disease and clinical stage I NSCLC a sub-lobar resection should have priority over a conservative treatment. Possible criteria for sub lobar lung resection in early stage NSCLC patients seem to be: (1) limited lung function; (2) tumor diameter ≤ 2 cm; (3) N0 lymph node status; (4) Frozen section with tumor free edge resection. In case of a sub-lobar resection, segmentectomy should always be preferred rather than a wedge resection. However, a lot of reports about sub-lobar resection combine segmental and wedge resection which seems in our opinion not appropriate as segmentectomy offers the potential advantage of complete resection of lymphatic and vascular drainage.
The ongoing debate about the efficacy of LAD during VATS lobectomy originates mainly from the lack of strict technical standards. The guidelines of the American National Comprehensive Cancer Network recommend the complete dissection of at least three mediastinal lymph node stations[87]. The European Society for Thoracic Surgery (ESTS) has published similar guidelines advising the removal of at least three lymph node stations including the subcarinal station[88].
Another issue is the debate about the role of radiation therapy in postoperative N2 disease. Even though some studies suggest that postoperative radiation in case of N2 disease can improve local control, it remains controversial whether it has a prognostic effect[89]. Based on the National Cancer Institute of Canada and Intergroup Study, the postoperative radiation may be considered in selected patients to reduce the risk of local recurrence, if any of the following are present: (1) involvement of multiple nodal stations; (2) extracapsular tumor spread[90].
Finally, multimodality treatment options have been implemented for patients with locally advanced or limited metastatic disease offering more patients a potential complete surgical tumor resection as the operative therapy remains the most important and successful option to really cure NSCLC patients. 
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Figure 1 Clinical tumor stages in non-small cell lung cancer and possible surgical treatment options in operable patients.
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Figure 2 Common anatomical tumor locations for bronchoplastic pulmonary resection. Figure from Faber LP[91].


Table 1 Functional benefit after sub-lobar resection 
	Ref.
	Patients (L/SL)
	Mo (follow-up)
	Postoperative reduction of FEV1
	Postoperative reduction of FVC

	
	
	
	L
	SL
	L
	SL

	Ginsberg et al[31], 1995
	85/71
	12-18
	-11%
	-5%
	-5%
	+1%

	Keenan et al[33], 2004
	174/54
	12
	-9%
	-3%
	-4%
	-3%

	Harada et al[33], 2005
	45/38
	6
	-16%
	-11%
	-14%
	-9%


L: Lobar resection; SL: Sublobar resection; FEV1: Forced expiratory volume; FVC: Forced vital capacity.
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