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Abstract
Postoperative recurrence occurs in approximately half of patients with non-small cell lung cancer (NSCLC), even after complete resection. Disease recurrence after surgical resection reduces the patient’s life expectancy sharply. The prognosis after postoperative recurrence is considered to largely depend on both the mode of first recurrence (distant, locoregional or combined) and the treatment modality: (1) The majority of cases of postoperative recurrence involve distant metastasis with or without locoregional recurrence. Platinum-based systemic chemotherapy is practically accepted as the treatment for these diseases on the basis of evidence for original stage IV disease. The advent of both pemetrexed and molecular-targeted drugs has improved the survival of nonsquamous NSCLC and changed the chemotherapeutic algorithm for NSCLC; (2) Among patients with distant metastatic recurrence without locoregional recurrence at the primary tumor site, the metastasis is often limited in both organ and number. Such metastases are referred to as oligometastases. Local therapy, such as surgical resection and radiotherapy, has been suggested to be the first-line treatment of choice for oligometastatic recurrence; and (3) While locoregional recurrence is likely to cause troublesome symptoms, it is a potentially limited disease. Therefore, providing local control is important, and radiation is usually beneficial for treating local recurrence. In order to obtain better control of the disease and provide treatment with curative intent in patients with limited disease, the administration of concurrent platinum-based chemoradiotherapy is recommended according to the results of originally nonresectable stage IIIA and IIIB disease. 
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Core tip: The postrecurrence survival in non-small cell lung cancer (NSCLC) is considered to largely depend on both the mode of first recurrence (distant, locoregional or combined) and the treatment modality. Therefore, the therapeutic strategy for treating postoperative recurrence in patients with NSCLC should be considered according to the mode of first recurrence. In this way, proper treatment specific to the mode of recurrence will be developed and improvements of the postrecurrence survival can be obtained.
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INTRODUCTION
Primary lung cancer is currently the leading cause of cancer-related mortality worldwide. Despite progress in both chemotherapy regimens and radiotherapy, surgical resection still remains the first choice of treatment for locally limited non-small cell lung cancer (NSCLC). Although the results of surgery for NSCLC have improved, this is mostly attributed to improvements in diagnostic techniques and early detection of the disease. In fact, the outcomes of surgical resection for locally advanced stages (II or IIIA) of disease are not acceptable, when a complete resection can be performed. According to the international database of the IASLC Lung Cancer Staging Project in 2007, the five-year-survival rate after complete resection is 73% for pathologic stage IA disease, 58% for IB disease, 46% for IIA disease, 36% for IIB disease, and 24% for IIIA disease[1]. 
Postoperative recurrence occurs in approximately 45% of patients, even after complete resection of NSCLC[2]. Disease recurrence after curative surgery reduces the patient’s life expectancy sharply. The median postrecurrent survival time ranges from 8.1 to 17.7 mo in the literature[3-5]. The postrecurrence survival is considered to largely depend on both the mode of recurrence (Figure 1) and treatment modality[6,7]. To date, however, there have been few studies regarding the treatment of postoperative recurrence according to the mode of recurrence. 
In this review article, the authors would like to propose a perspective treatment strategy according to the mode of postoperative recurrence, which is expected to prolong postrecurrence survival in patients with a good performance status.  

FIRST SITE OF POSTOPERATIVE RECURRENCE
Information regarding the first recurrence site after surgery is useful for patient management. The mode of postoperative recurrence is usually classified into distant recurrence, locoregional recurrence and combined recurrence. From the point of view of the selection of treatment modality, local recurrence is defined as recurrent disease within the ipsilateral hemithorax and mediastinum, excluding pulmonary lesions. Postoperative recurrence in the ipsilateral lung or even the contralateral lung was previously classified as intrathoracic local failure. However, in view of the pathophysiological analysis and selection of treatment modalities, pulmonary lesions appearing after surgery should be differentiated into hematogenous distant metastases, locoregional recurrent tissues at the surgical margin or second primary cancer tumors. Therefore, ipsilateral pulmonary lesions including the surgical margin should be diagnosed as lesions of local recurrence. 
It was first reported in 1994 that the mode of recurrence does not differ with respect to the pathological stage at the time of surgery (Figure 2) and that the first site of recurrence is distant organs in 73.4% of cases, locoregional sites in 19.0% of cases, and combined sites in 7.6% of cases[2]. Common sites of distant metastasis include the brain, bone and lungs[8]. Recently, both whole-body 18fluorine deoxy-2fluoro-D-glucose positron emission tomography (FDG-PET) and brain magnetic resonance imaging (MRI) have become commonly included for meticulous preoperative screening. Consequently, the incidence of distant metastasis after surgery has decreased due to better preoperative staging and improved selection of surgical patients. Hence, the incidence of distant metastases as the first site of recurrence site has decreased substantially[6,9]. 
 
TREATMENT OF POSTOPERATIVE DISTANT METASTASIS WITH OR WITHOUT LOCOREGIONAL RECURRENCE
The majority of recurrent NSCLC patients after surgery involve distant metastasis with or without locoregional recurrence[2,6,8,10]. Although there are no definitive therapeutic guidelines for the treatment of recurrent disease after complete resection, the administration of systemic chemotherapy is practically accepted as the treatment for these diseases on the basis of evidence for original stage IV disease (Figure 3). 
As to the first-line treatment for distantly metastatic stage IV disease, platinum-based chemotherapy is known to prolong survival, compared with the administration of best supportive care alone[11]. The median overall survival (OS) of NSCLC patients with clinical stage IV disease has been reported to be about one year with a median progression-free survival (PFS) of about five months in those treated with platinum-doublets chemotherapy consisting of platinum and third-generation cytotoxic drugs including paclitaxel, docetaxel, gemcitabine, vinorelbine and CPT-11[12,13]. The advent of both pemetrexed and molecular-targeted drugs has improved the survival of patients with nonsquamous NSCLC and drastically changed the chemotherapeutic treatment algorithm for NSCLC (Figure 4). Since pemetrexed has been identified to be more effective for nonsquamous NSCLC than squamous cell carcinoma[14], regimens of platinum plus pemetrexed are now standard first-line treatments for nonsquamous NSCLC. Furthermore, it is evident that both the PFS and OS are prolonged by treatment with platinum plus pemetrexed followed by continuous maintenance chemotherapy with pemetrexed alone[15]. In addition, the combined use of bevacizumab, anti-VEGF (vascular endothelial growth factor) antibodies prolongs the PFS in both the induction phase of platinum-doublet regimens and the continuous maintenance phase in the setting of nonsquamous NSCLC[16-19]. 
Recently, on the other hand, various types of molecular-targeted drugs have been developed in addition to conventional cytotoxic agents. It is now well-known that the response to epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs), such as erlotinib and gefitinib, is largely limited to specific mutations of the EGFR gene (EGFR) at exons 18 through 21[20-22] and that EGFR-TKIs thereby achieve a longer PFS (9.2-13.7 mo) than can be obtained with standard platinum-based chemotherapy (4.6-5.4 mo) for EGFR mutational NSCLC[23-26]. In patients with EGFR mutations, EGFR-TKIs are now preferentially administered as first-line treatment (Figure 4). In the subgroup analysis of a phase II study of first-line erlotinib, the MST of the patients with postoperative recurrence who exhibited EGFR mutations was 18.2 mo[27].
Following the identification of the EGFR mutation, the echinoderm microtubule-associated protein-like 4 (EML4)-anaplastic lymphoma kinase (ALK) fusion gene was discovered to be a driver oncogene for nonsquamous NSCLC in 2007[28]. Crizotinib, an ALK inhibitor, has been identified to be effective for EML4-ALK-positive NSCLC, with both a response rate of 60.8% and a PFS of 9.7 mo[29,30].
Since novel driver oncogenes have been extensively explored, it is essential to properly preserve surgical specimens for the future evaluation of biomarkers of molecular-targeted therapy.

TREATMENT OF OLIGOMETASTATIC RECURRENCE
Among patients with distant metastatic recurrence without locoregional recurrence at the primary tumor site, the metastasis is often limited in both organ and number. Such limited metastases are referred to as oligometastases. Local therapy, such as surgery and radiotherapy, has been applied successfully in appropriately selected patients, especially for patients with either brain metastasis alone or those with adrenal metastasis alone[31-34]. Recently, Yano et al. reported a retrospective study reviewing their therapeutic experience with postoperatively recurrent NSCLC patients and demonstrated that a histology of adenocarcinoma, a longer disease-free interval (≥ 1 year) and the use of local therapy are significantly preferable prognostic factors for the postrecurrence OS of patients with distant metastasis alone[6]. It has been suggested that local control of the metastatic tumor prolongs both the PFS and OS when distant metastases are limited in organ and number without local relapse at the primary site. These investigators subsequently reported findings of a prospective observational study that showed that 54.8% of postoperatively recurrent patients with distant metastasis alone exhibit oligometastatic metastasis without primary site recurrence and that the administration of local therapy, such as surgical resection or radiotherapy, results in a relatively long PFS of the patients with oligometastasis [35]. In that study, patients with only brain metastasis were excluded from the survival analysis since stereotactic radiotherapy is already practically accepted as the standard treatment for these limited brain metastases. In the oligometastatic patients who received local treatment, the median PFS was 20 months. In that series, patients with metastasis to the lungs or bone were present among the long-term progression-free survivors. 
Prior to application of local treatment for postoperative oligometastatic recurrence, it is essential to rule out both locoregional recurrence at primary site (in the locoregional lymph nodes) and other systemic metastasis. Therefore, for an accurate clinical diagnosis of oligometastases, FDG-PET examinations should be performed at the time of postoperative recurrence, as this modality has a high ability to detect asymptomatic recurrence[36]. 

TREATMENT OF LOCOREGIONAL RECURRENCE
While locoregional recurrence is likely to cause troublesome symptoms, it is a potentially limited disease. Therefore, providing local control is important, and the administration of local treatment, such as radiotherapy, is usually beneficial for local recurrence after complete resection in patients without pleural dissemination or effusion (Figure 3). In a study by Yano et al.[2], half of the locoregionally recurrent patients who received radiation treatment exhibited a good local response, resulting in a prolonged survival, with a median survival time (MST) of 27 mo. On the other hand, the MST of the patients with uncontrolled disease was only six months. The administration of modern three-dimensional conformal radiotherapy with a curative dose of 60–66 Gy has been reported to achieve approximately 90% response rate (65% complete response and 24% partial response) for postoperative thoracic lymph node recurrence[37]. As a result, the five-year PFS and OS rates are 22.2% and 36.1%, respectively,
Postoperative locoregional recurrence is considered to be pathophysiologically the same as originally nonresectable stage IIIA and IIIB diseases, although the MST after treatment of a curative dose of radiation is longer for patients with postoperative locoregional recurrence (ranging from 14 mo to 19 mo[38-40]) than for nonresectable stage IIIA and IIIB diseases (ranging from 8.5 to 14.1 mo[41]). The therapeutic outcomes of the nonresectable stage IIIA and IIIB disease have been improved with recent developments in chemoradiotherapy, particularly platinum-based regimens, compared with that achieved with radiation alone[41]. In patients with a good performance status, the administration of concurrent chemoradiotherapy improves survival compared with the use of sequential chemoradiotherapy. Therefore, postoperative locoregional recurrence should be treated with concurrent chemoradiotherapy in order to obtain better control of the disease and provide curative treatment in patients with limited disease. 
The potential of radiotherapy to control localized lesions is clearly best with small-volume disease[37]. Furthermore, in patients with small-volume disease which potentially remains localized without any hematogenous distant metastasis, curative radiotherapy is considered to be the treatment of choice. When deemed feasible, surgical resection is also another potential treatment of choice. However, early small-volume locoregional recurrence, especially in the hilar and mediastinal lymph nodes, is rarely detected on chest X-rays. Therefore, in addition to periodically obtaining chest X-rays, chest computed tomography should be performed annually for the first two years during the postoperative period[42]. 

CONCLUSION
In conclusion, the therapeutic strategy for treating postoperative recurrence in patients with NSCLC should be considered according to the mode of first recurrence. In this way, proper treatment specific to the mode of recurrence will be developed and improvements of the postrecurrence survival can be obtained. Based on the treatment algorithm shown in Figures 3 and 4, a multi-institutional prospective cohort study on treatment modalities for postoperative recurrence is currently proceeded by the Kyushu University Lung Surgery Study Group (KLSS). 
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Figure 1 Postrecurrence survival according to the mode of postoperative recurrence. From 1994 through 2004, 418 consecutive patients with NSCLC underwent complete resection at Kyushu University Hospital.  Of these patients, 138 experienced postoperative recurrence by December 2005, and were followed until the end of 2009. 


Figure 2 Mode of postoperative recurrence in reference to the initial stages of disease.


Figure 3 Mode of postoperative recurrence and treatment modality.


Figure 4 Chemotherapeutic algorithm. PEM: Pemetrexed; GEM: Gemcitabine; CDDP: Cisplatin; CBDCA: Carboplatin; DOC: Docetaxel; EGFR-TKIs: Epidermal growth factor receptor tyrosine kinase inhibitors; ALK: Anaplastic lymphoma kinase fusion gene. 
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From 1994 through 2004, 418 consecutive patients with NSCLC underwent complete resection at Kyushu University Hospital.  Of these patients, 138 experienced postoperative recurrence by December 2005, and were followed until the end of 2009. 
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Chemotherapeutic algorithm

PEM: pemetrexed, GEM: gemcitabine, CDDP: cisplatin, CBDCA: carboplatin, DOC: docetaxel, EGFR-TKIs: epidermal 

growth factor receptor tyrosine kinase inhibitors, ALK: anaplastic lymphoma kinase fusion gene
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From 1994 through 2004, 418 consecutive patients with NSCLC underwent complete resection at 

Kyushu University Hospital.  Of these patients, 138 experienced postoperative recurrence by December 

2005, and were followed until the end of 2009. 


