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ABSTRACT

Background: Non-small cell lung cancer (NSCLC) constitutes the majority of lung cancer cases, with 
surgical resection being the main treatment for stages 1 and 2. Despite advances, postoperative recurrence 
remains a major cause of mortality. Identifying recurrence risk factors could allow individualized 
follow-up strategies.

Materials and Methods: We retrospectively analyzed 246 patients with stage 1-2 NSCLC who 
underwent surgery between 2005-2022. Stage 3 disease and neoadjuvant-treated cases were excluded. 
Clinical, laboratory, radiological, and surgical data were collected. Recurrences (locoregional or distant) 
within at least two years of follow-up were recorded. Comparisons were made using Student’s t-test or 
Chi-square test; survival was analyzed with Kaplan-Meier and Cox regression.

Results: VATS (Video-assisted thoracoscopic surgery) was more frequent in non-recurrence cases 
(p=0.017), while pneumonectomy was more common in recurrence cases (p=0.017). Advanced T 
and TNM stages, lymphatic and vascular invasion were significantly associated with recurrence. Cox 
regression identified N1 disease, pleural invasion, and lymphatic invasion as independent predictors 
of poor survival. Pneumonectomy and lymphatic invasion were significantly associated with reduced 
recurrence-free survival.

Conclusions: Recurrence after early-stage NSCLC surgery is linked to worse survival. Pneumonectomy 
and lymphatic invasion may predispose to recurrence, warranting closer follow-up and consideration 
of adjuvant therapy.
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Introduction 

Non-small cell lung cancers (NSCLC) constitute the 
majority of newly diagnosed lung cancers [1]. Correct 
staging is very important to determine the appropriate 
treatment strategy and the 8th TNM staging system 
is used [2]. Treatment for non-small cell lung cancer 
(NSCLC) varies depending on the stage. For stage 1 
and stage 2 NSCLC, surgical resection is the primary 
treatment modality, provided there are no contraindica-
tions. If surgery is contraindicated, patients are typically 
considered for conventional radiotherapy or stereotactic 
body radiotherapy (SBRT) [3]. 

In stage 3 patients and some stage 2 patients’ cispla-
tin based combination regimens are indicated as adju-
vant therapy. Furthermore, in recent years, immunother-
apy has also been introduced in these patient groups [3]. 

Today, a uniform approach is recommended for all 
patients for postoperative follow-up [4]. It is recom-
mended to conduct surveillance every six months for 
the first 2-3 years, which should include a review of the 
patient’s medical history, a physical examination, and 
ideally a contrast-enhanced spiral chest Computed To-
mography (CT) scan at the 12- and 24-month marks. 
After this period, annual follow-ups are advised, com-
prising a medical history review, physical examination, 
and chest CT to monitor for second primary tumors. 
Routine follow-up with PET-CT (positron emission 
tomography-computed tomography) is not advised [5].

Despite all advances, high recurrence rates are a se-
rious problem in the treatment of lung cancer. Recur-
rence rates after complete resection in early stage lung 
cancer ranging from %20 to %41 [6,7]. The differences 
reported in the literature can be attributed to the exami-
nation of different stages of disease, the separate evalu-
ation or exclusion of either local and distant metastases, 
and the variability in follow-up durations [8].

The majority of mortality in the post-resection period 
in non-small cell lung cancer is related to the development 
of recurrence [9]. Furthermore, the healthcare resource uti-
lization is much higher in the recurrence group [10]. 

Overall recurrence is more likely in patients with a 
PET-CT maximum standard uptake value (SUVmax) 
over 5, advanced stage disease, or those who received 
preoperative radiation therapy. Local recurrence is more 

common in patients with specific risk factors including 
larger tumor size and lymphovascular invasion, which 
facilitate cancer spread and metastasis [8].

The factors related recurrence risk for early stage 
lung cancers are poorly defined, and the available data 
cannot clearly distinguish these factors based on time 
periods and relapse sites [11]. Our main aim in our 
study is to identify predisposing factors for recurrence 
and then to highlight which cases need more aggressive 
treatment methods and to create patient-specific follow-
up options in the light of these factors.

Materials and Methods

Patients who were operated on for non-small cell lung 
carcinoma in our clinic between 2005 and 2022 were 
included in the study. 

A total of 272 patients with stage 1-2 disease were in-
cluded in our study. Twenty-six patients were excluded 
due to a history of neoadjuvant treatment. 246 patients 
with stages 1 and 2 were identified. 

The patient’s clinical, laboratory and respiratory data, 
radiological features of the tumor and surgical features 
were recorded retrospectively. Patients were further 
stratified by histological subgroups, resection types, 
stages, comorbidities and operation method (VATS/
Thoracotomy). Patients were followed for a minimum 
of 2 years, with a median follow-up duration of 59.5 
months for recurrence evaluation. Recurrence was de-
fined as the appearance of locoregional or distant re-
lapses, with sites and timing categorized according to 
the disease stage. Locoregional recurrence was defined 
as the development of tumors within the surgical field 
or adjacent lymph node stations, including bronchial 
stump recurrence, hilar or mediastinal lymph node in-
volvement, and recurrence within the ipsilateral lung 
parenchyma. Distant recurrence was classified as the 
presence of lesions in the contralateral lung parenchy-
ma or involvement of extrathoracic organs.

Recurrence was verified through radiological imaging 
and/or histopathological examination. In our clinical 
practice, asymptomatic patients were followed post-
operatively with thoracic computed tomography ev-
ery three months for the first two years, and every six 
months for the subsequent three years. In the presence 
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of additional clinical symptoms, Magnetic Resonance 
Imaging (MRI) and PET-CT were utilized for further 
investigation. All recurrences were histopathologically 
verified, except in cases where the anatomical location 
was not amenable to biopsy. 

The study was approved by the Institutional Ethics Re-
view Board of Istanbul University-Cerrahpasa (Number 
and Date: E-83045809-604.01.01-712053; 15/06/2023). 
Informed consent received. All patient data were anony-
mized and confidentiality was maintained.

Statistical Analysis

Patients were divided into two groups: those with recur-
rence (Group 1) and those without (Group 2). Groups 
were analyzed for parametric data with the Student-t 
test, and non-parametric data with the Chi-square test. 
Kaplan-Meier test was used for survival analysis, and 
multivariate analysis was performed for survival with 
Cox regression analysis. SPSS 27.00 was used. p<0.05 
was considered statistically significant. 

Results

This study includes 246 patients, comprising 73 women 
and 173 men. Among all patients, 87 (35.3%) experi-
enced recurrence. The recurrence rate in male and fe-
male patients were 66 (75.8%) and 21 (24.1%), respec-
tively. The mean age of patients without recurrence was 
60.9 ± 10.4 years, while those with recurrence had a 
mean age of 62.1 ± 9.3 years (p=0.348) (Table 1). 

Table 1. Table containing demographic data of the groups.
No Recurrence
n=159

Recurrence
n=87 p

Gender
-Male
-Female

107 (67.2%)
52 (32.7%)

66(75.8%)
21(24.1%)

0.160

Age 60.9 ± 10.4 62.1 ± 9.3 0.348

In terms of smoking, patients without recurrence had 
a mean smoking duration of 41.4 ± 37.6 years, whereas 
those with recurrence had a mean duration of 43.6 ± 
29.3 years (p=0.093). Furthermore, regarding postop-
erative hospital stay, patients without recurrence had an 
average stay of 6.0 ± 3.0 days, in contrast to those with 
recurrence, who had a significantly longer stay of 7.0 ± 
5.0 days (p<0.001) (Table 2).

Table 2. Table containing parametric data of the groups.
No Recurrence
n=159 

Recurrence
n=87 p

Smoking 
(Pack Year) 41.1 ± 37.6 43.6 ± 29.3 0.093

Postoperative 
Hospital Stay 
(Days)

6.0 ± 3.0 7.0 ± 5.0 <0.001

 In stage 1, local relapses were the most frequent, 
occurring in 25.4% of total cases, followed by distant 
relapses at 23.7%, and combined local and distant re-
lapses at 6.8%. For stage 2, local relapses were ob-
served in 18% of total cases, distant relapses in 22.7%, 
and combined relapses in only 3.4% (Table 3).

Regarding the Cardiac Risk Index, the majority of 
patients with recurrence (79, or 90.8%) had a score of 
1, compared to 136 (85.5%) of patients without recur-
rence. 15 (9.4%) patients with Cardiac Risk Index Score 
2 were without recurrence whereas, 8 (9.1%) patients 
were with recurrence.  For scores of 3 and 5, recurrence 
was less common, with no patients in the recurrence 
group having a score of 3, and only one patient with 
a score of 5 in the no recurrence group. The difference 
of Cardiac Index scores between two groups was not 
statistically significant (p=0.079) (Table 3).

 As for the Pulmonary Risk Index, 56 (35.2%) patients 
with recurrence had a score of 0, in contrast to 15 (7.2%) of 
patients without recurrence. 70 (44%) patients with score 
1 experienced recurrence, same as without a recurrence. A 
score of 2 was seen in 25 patients (15.7%) with recurrence 
and 21 patients (24.1%) without recurrence. Moreover, 8 
(5%) patients had a score of 3, compared to 2 (2.2%) pa-
tients without recurrence. The distinction between recur-
rence and without recurrence in terms of Pulmonary Risk 
Index was not statistically substantial (Table 3).

Five different surgical resection methods were uti-
lized; lobectomy, bilobectomy, pneumonectomy, wedge 
resection and segmentectomy. These procedures were 
performed using video-assisted thoracoscopic surgery 
(VATS) or thoracotomy. 

Most of the patients had stage 1 cancer (n:171 
69.5%), whereas only %30.5 (n:75) had stage 2 can-
cer. The recurrence rate was 35.3%, with 87 out of 246 
patients experiencing relapse. Among stage 1 patients, 
the recurrence rate was 30% (n=52), whereas it was 
significantly higher in stage 2 patients at 46.6% (n=35, 
p=0.014) (Table 3). 
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Table 3. Table containing non-parametric data of the groups.
No Recurrence
n=159 

Recurrence
n=87 

p 

Diabetes 33 (20.7%) 10 (11.4%) 0.067
Cardiac Risk Index
1
2
3
5

136 (85.5%)
15 (9.4%)
7 (4.4%)
1 (0.6%)

79 (90.8%)
8 (9.1%)
0
0

0.079

Pulmonary Risk Index
0
1
2
3

56 (35.2%)
70 (44%)
25 (15.7%)
8 (5%)

15(17.2%)
49(56.3%)
21(24.1%)
2(2.2%)

0.066

Charlson Comorbidity Index
2
3
5

117 (73.5%)
42 (26.4%)
0

72(82.7%)
14(16.09%)
1(1.1%)

0.128

Vats 
Thoracotomy

91 (57.2%)
68 (42.7%)

36 (41.4%)
51(58.6%)

0.017

Resection Method
-Lobectomy
-Bilobectomy
-Pneumonectomy
-Wedge
-Segmentectomy

132 (83.0%)
4 (2.5%)
2 (1.3%)
12 (7.5%)
9 (5.7%) 

71 (81.6%)
1 (1.2%)
8 (9.2%)
6 (6.9%)
1 (1.1%)

0.017

Pathologic Diagnosis
-Adenocarcinoma
-Squamosus Cell Carcinoma
-Other 

88 (55.4%)
50 (31.5%)
21 (13.1%)

54 (62.1%)
21 (24.1%)
12 (13.8%)

0.464

N0 143 (89.9%) 72 (82.7%) 0.107
N1 16 (10.1%) 15 (17.2%) 0.184
T Staging
-1A
-1B
-1C
-2A
-2B
-3

19 (11.9%)
47 (28.5%)
24 (15.2%)
46 (28.9%)
16 (10.1%)
7 (4.4%)

9 (10.3%)
12 (13.8%)
13 (14.9%)
31 (35.6%)
10 (11.5%)
12 (13.8%)

0.021

TNM Staging
-1A1
-1A2
-1A3
-1B
-2A
-2B

18 (11.3%)
44 (27.6%)
17 (10.6%)
40 (25.1%)
13 (8.1%)
27 (16.9%)

8 (9.2%)
11 (12.6%)
13 (14.9%)
20 (22.1%)
8 (9.2%)
27 (31%)

0.035
for Stage 1 and 2, p=0.014 

Pleural Invasion 58 (36.4%) 40 (45.9%) 0.135
Perineural Invasion 44 (27.6%) 33 (37.9%) 0.199
Lymphatic Invasion 102 (64.2%) 74 (85.1%) 0.001
Vascular Invasion 70 (44.0%) 54 (62.1%) 0.008

Table 4. Survival of the patients.
5-Year Survival Rate (%) Median Survival (Months) 95 % Confidence Interval

No recurrence 83.6 164.7 ± 6.9 151.2-178.2
Recurrence 59.8 131.3 ± 9.9 111.9-150.7
Overall 75.2 154.2 ± 6.3 141.9-166.5
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The VATS surgery rate was statistically significantly 
higher in the group without recurrence (p=0.017). There 
were statistically significantly more pneumonectomies 
performed in the relapse group (p=0.017). Regard-
ing histopathological distribution, the non-recurrence 
group comprised 55.4% adenocarcinoma and 31.5% 
squamous cell carcinoma, whereas the recurrence group 
showed 62.1% and 24.1%, respectively. There was no 
statistically significant difference in histopathological 
types between the two groups (p=0.464). 

The relapse group had statistically significantly more 
advanced T stage and TNM stage (p=0.021, p=0.035, re-
spectively). Statistically significant lymphatic invasion 
and vascular invasion were observed more frequently 
in the relapse group (p=0.001, p=0.008, respectively). 
Smoking history and number of postoperative hospital 
stay days were higher in the recurrence group (p=0.093, 
p<0.001, respectively) (Table 3).

For the non-recurrence group with operated stage 1 
and stage 2 cancers, it was 164.7 months (±6.9; 95% 
CI: 151.2 - 178.2). In contrast, the recurrence group had 
a mean survival time of 131.3 months (±9.9; 95% CI: 
111.9 - 150.7) (Table 4). The group in which relapse 
was monitored was statistically significantly worse in 
terms of survival data (p=0.002) (Figure 1).

 In Cox regression analysis, the group with recur-
rence had a statistically significantly worse survival 
(p<0.001). In Cox regression analysis, the presence of 
N1, pleural invasion and lymphatic invasion were as-
sociated with poor survival as independent risk factors 
(p=0.019, p=0.005, p=0.004, respectively). The pres-
ence of N1 and pleural invasion were not statistically 
significant on relapse-free survival (p=0.125, p=0.111, 
respectively) (Figure 2,3). Pneumonectomy and the 
presence of lymphatic invasion were statistically sig-
nificant on recurrence-free survival (p=0.023, p=0.001, 
respectively) (Table 5) (Figure 4,5).

Table 5. Multivariate Cox regression analysis of survival.
Hazard 
Ratio p Value 95 % Confi-

dence Interval
N1 16.4 0.019 1.6-167.9
Pleural Invasion 6.25 0.005 0.04-0.56
Lymphatic Invasion 6.25 0.004 0.05-0.57

Figure 1. Survival graph of recurrence and non-recurrence groups in 

early stage non-small cell lung cancer patients.

Figure 2. Survival graph showing the effect of the N factor on re-

currence-free survival.

Figure 3. Survival graph showing the effect of the pleural invasion 

on recurrence-free survival.

Figure 4. Survival graph showing the effect of the resection types on 

recurrence-free survival.
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Figure 5. Survival graph showing the effect of the lymphatic inva-

sion on recurrence-free survival.

Discussion

In this study, we retrospectively analyzed factors affect-
ing recurrence in primary early stage lung cancer patients 
who were treated in our hospital between 2005 and 2022. 
Higher T and TNM stages, positive lymphatic and vas-
cular invasion were significantly more common in the 
recurrence group. In contrast, the non-recurrence group 
showed a significantly higher rate of VATS surgery.

The Cox regression analysis confirmed recurrence 
as an independent predictor of poor survival (p<0.001). 
Additionally, the presence of N1, pleural invasion 
and lymphatic invasion were identified as significant 
risk factors for reduced survival (p=0.019, p=0.005, 
p=0.004, respectively). These findings highlight the 
importance of closely monitoring patients with these 
high-risk features and providing targeted interventions 
to help improve their outcomes [12].

Studies showed a strong association between locore-
gional recurrence and both visceral pleural invasion 
and N1 lymph node involvement [13,14]. Various stud-
ies have frequently discussed visceral pleural invasion 
concerning the prediction of postoperative recurrence. 
However, its prognostic significance is mostly confirmed 
through univariate analysis or found to be affected by tu-
mor size [15,16]. However, a randomized controlled trial 
by Altorki et al. reported an increased recurrence rate 
and decreased disease-free survival in the presence of 
visceral pleural invasion [13]. In our study, the presence 
of pleural invasion was found to be an independent risk 
factor for survival, which is consistent with the literature, 
and it should be considered that additional treatment or 
close follow-up may be required in this patient group.

The presence of lymph node metastases (N1, N2) has 
been shown in multiple previous studies to significantly 
increase the risk of recurrence [17,18]. Furthermore, 
advanced N Stage (N1 compared to N0) and T stage 
(T3-T4 compared to T1-T2) have been found associated 
with loco-regional failure [19]. Similar to the literature, 
the presence of N1 was found to be an independent poor 
prognostic factor for survival. This highlights the im-
portance of perioperative lymph node sampling.

In our study, the VATS surgery group had signifi-
cantly lower recurrence rates compared to the Thora-
cotomy group. While other studies have also reported 
lower recurrence rates with VATS, even in larger tumors, 
the reasons for this remain unclear, particularly when 
considering the criteria used to determine the choice be-
tween VATS and thoracotomy [20,21]. Li et al., in their 
study presenting long-term outcomes after surgery for 
stage 1-3 NSCLC, demonstrated the advantage of VATS 
over thoracotomy in terms of overall and disease-free 
survival. However, when performing propensity score 
matching according to TNM stage, they found that VATS 
superiority in disease-free survival was observed only 
in stage 2 [22]. In our study, T stage was higher in the 
group that experienced recurrence. The lower recurrence 
observed in VATS patients may be due to the higher like-
lihood of performing thoracotomy in patients with larger 
tumors and more advanced T stage. However, this bias 
in incision selection should not be interpreted as recur-
rence caused by the type of incision [22].

Pneumonectomies were performed more frequently 
in the relapse group, and the number of postoperative 
hospital stay days was higher among the recurrence 
group. This may reflect the inclusion of patients with 
more advanced disease or worse overall health condi-
tions in the relapse group, which could contribute to 
poorer survival outcomes and an increased likelihood 
of recurrence. In addition to advanced-stage disease, the 
necessity of a central pneumonectomy may also influ-
ence recurrence rates. Furthermore, pneumonectomy 
carries inherent risks of increased morbidity and mor-
tality, which often result in prolonged hospitalizations 
and diminished overall health. Consequently, extended 
hospital stays likely reflect a more complex postop-
erative recovery driven by the patient’s compromised 
health status or the presence of advanced-stage disease.
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Limitations of the Study

Being a retrospective study conducted at a single in-
stitute, there are several limitations. First of all the study 
was conducted at a single center, which may limit the 
findings to broader population and variability in out-
comes. Moreover, time-related bias was unavoidable due 
to our 17-year time interval. In order to mitigate this bias, 
we excluded the majority of patients (n = 506, 69%) with 
inconsistent, missing, or unexplainable data. Addition-
ally, patients with advanced-stage disease were also ex-
cluded from the analysis. Although the study focused on 
stage I and II patients, these early-stage cases still exhibit 
significant heterogeneity and the variability within these 
groups may affect the interpretation of prognostic factors 
and outcomes. Despite these limitations, the strict exclu-
sion of incomplete data and the long follow-up period 
enhance the reliability of our findings.

The TNM staging as well as the presence of lym-
phatic and vascular invasion were significantly linked to 
higher recurrence rates. Moreover, recurrence was more 
frequent in individuals with a smoking background and 
an extended hospital stay post-surgery. According to 
Cox regression analysis, lymphatic invasion was rec-
ognized as an independent factor associated with both 
lower survival rates and higher recurrence risk. Ad-
ditionally, patients with pleural invasion, N1 involve-
ment, advanced tumor stage, and those who underwent 
pneumonectomy also demonstrated a higher risk of re-
currence and lower survival rate. Therefore, we recom-
mend closer monitoring of these patient groups and a 
thorough assessment of adjuvant therapy strategies to 
enhance their prognosis.

In conclusion, recurrence in patients operated on for 
early-stage non-small cell lung carcinoma is important 
as it is associated with worse survival. In our study, the 
presence of N1, pleural invasion and lymphatic inva-
sion were independently associated with poor survival 
in patients with early stage non-small cell lung carcino-
ma, indicating their effects as poor prognostic factors. 
The fact that pneumonectomy and the presence of lym-
phatic invasion have an impact on relapse-free survival 
shows that they are predisposing factors for relapse. In 
patients who underwent pneumonectomy and observed 
lymphatic invasion, more careful and close patient fol-

low-up can be applied in terms of recurrence. Adjuvant 
treatment options may be considered. Moreover, recur-
rences occurring after five years may be more common 
than previously recognized, highlighting the need for 
stricter and longer surveillance programs for lung can-
cer patients. Consequently, high-risk patients require 
closer clinical surveillance. Incorporating adjuvant im-
munotherapy and chemotherapy into the treatment plan 
allows for personalized management strategies, opti-
mizing patient outcomes.

Declaration of conflicting interests 

The authors declared no conflicts of interest with re-
spect to the authorship and/or publication of this article.

Funding 

The authors received no financial support for the re-
search and/or authorship of this article.

Ethics approval 

The study was approved by the institutional ethics re-
view board of Istanbul University-Cerrahpasa (Number 
and Date: E-83045809-604.01.01-712053; 15/06/2023). 

Authors’ contribution

GOI: contributed to the study’s concept, design, data 
collection or processing, analysis or interpretation, lit-
erature search, and writing. AT: played a key role in the 
concept, design, analysis or interpretation, and writing 
of the manuscript. BSA: was involved in the design, 
data collection or processing, analysis or interpretation, 
and writing. BP, BK, EE, and HVK: focused on data 
collection or processing and conducted the literature 
search. MKK: contributed to the study's concept, analy-
sis or interpretation, and final writing. All authors have 
read and approved the final version of the manuscript.

References

1.	 Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Piñeros 

M, Znaor A et al. Cancer statistics for the year 2020: An over-

view. Int J Cancer 2021; 136: E358-403.

2.	 Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura 

H, Eberhardt WE et al. The IASLC lung cancer staging proj-

ect: proposals for revision of the TNM stage groupings in the 

forthcoming (eighth) edition of the TNM classification for lung 

cancer. J Thorac Oncol 2016; 11: 39-51.

43

Ozcibik Isik et al
Recurrence in early stage NSCLC



3.	 Duma N, Santana-Davila R, Molina JR. Non-small cell lung 

cancer: epidemiology, screening, diagnosis, and treatment. 

Mayo Clin Proc 2019; 94: 1623-40.

4.	 Quadrelli S. Follow-up and surveillance of the patient with 

lung cancer after curative-intent therapy: diagnosis and man-

agement of lung cancer, 3rd ed: American College of Chest 

Physicians evidence-based clinical practice guidelines. Chest 

2013; 143: e437S-54S.

5.	 Vansteenkiste J, Crinò L, Dooms C, Douillard JY, Faivre-Finn 

C, Lim E et al. 2nd ESMO consensus conference on lung can-

cer: early-stage non-small-cell lung cancer consensus on diag-

nosis, treatment and follow-up. Ann Oncol 2014; 25: 1462-74.

6.	 Lou F, Huang J, Sima CS, Dycoco J, Rusch V, Bach PB. Patterns 

of recurrence and second primary lung cancer in early-stage lung 

cancer survivors followed with routine computed tomography 

surveillance. J Thorac Cardiovasc Surg 2013; 145: 75-81.

7.	 Sugimura H, Nichols FC, Yang P, Allen MS, Cassivi SD, De-

schamps C et al. Survival after recurrent nonsmall-cell lung 

cancer after complete pulmonary resection. Ann Thorac Surg 

2007; 83: 409-17.

8.	 Fedor D, Johnson WR, Singhal S. Local recurrence follow-

ing lung cancer surgery: incidence, risk factors, and outcomes. 

Surg Oncol 2013; 22: 156-61.

9.	 Kozower BD, Sheng S, O'Brien SM, Liptay MJ, Lau CL, Jones 

DR et al. STS database risk models: predictors of mortality and 

major morbidity for lung cancer resection. Ann Thorac Surg 

2010; 90: 875-81.

10.	 West H, Hu X, Chirovsky D, Walker MS, Wang Y, Kaushiva 

A et al. Clinical and economic impact of recurrence in early-

stage non-small-cell lung cancer following complete resection. 

Future Oncol 2023; 19: 1415-27.

11.	 Kelsey CR, Marks LB, Hollis D, Hubbs JL, Ready NE, 

D'Amico TA et al. Local recurrence after surgery for early stage 

lung cancer: an 11-year experience with 975 patients. Cancer 

2009; 115: 5218-27.

12.	 West H, Hu X, Zhang S, Song Y, Chirovsky D, Gao C et al. 

Evaluation of disease-free survival as a predictor of overall 

survival and assessment of real-world burden of disease re-

currence in resected early-stage non-small cell lung cancer. J 

Manag Care Spec Pharm 2023; 29: 749-57.

13.	 Altorki N, Wang X, Damman B, Jones DR, Wigle D, Port J 

et al. Recurrence of non-small cell lung cancer with visceral 

pleural invasion: a secondary analysis of a randomized clinical 

trial. JAMA Oncol 2024; 10: 1179-86.

14.	 Lee SH, Jo EJ, Eom JS, Mok JH, Kim MH, Lee K et al. Predic-

tors of recurrence after curative resection in patients with ear-

ly-stage non-small cell lung cancer. Tuberc Respir Dis (Seoul) 

2015; 78: 341-8.

15.	 Koo HK, Jin SM, Lee CH, Lim HJ, Yim JJ, Kim YT et al. Fac-

tors associated with recurrence in patients with curatively re-

sected stage I-II lung cancer. Lung Cancer 2011; 73: 222-9.

16.	 Hung JJ, Hsu WH, Hsieh CC, Huang BS, Huang MH, Liu JS et al. 

Post-recurrence survival in completely resected stage I non-small 

cell lung cancer with local recurrence. Thorax 2009; 64: 192-6.

17.	 Maeda R, Yoshida J, Ishii G, Hishida T, Nishimura M, Nagai K. 

Risk factors for tumor recurrence in patients with early-stage 

(stage I and II) non-small cell lung cancer: patient selection 

criteria for adjuvant chemotherapy according to the seventh 

edition TNM classification. Chest 2011; 140: 1494-502.

18.	 Choi PJ, Jeong SS, Yoon SS. Prognosis of recurrence after 

complete resection in early-stage non-small cell lung cancer. 

Korean J Thorac Cardiovasc Surg 2013; 46: 449-56.

19.	 Saynak M, Veeramachaneni NK, Hubbs JL, Nam J, Qaqish BF, 

Bailey JE et al. Local failure after complete resection of N0-1 

non-small cell lung cancer. Lung Cancer 2011; 71: 156-65.

20.	 Gao HJ, Jiang ZH, Gong L, Ma K, Ren P, Yu ZT et al. Video-

assisted vs thoracotomy sleeve lobectomy for lung cancer: a pro-

pensity matched analysis. Ann Thorac Surg 2019; 108: 1072-79.

21.	 Batihan G, Ceylan KC, Usluer O, Kaya SO. Video-assisted 

thoracoscopic surgery vs thoracotomy for non-small cell lung 

cancer greater than 5 cm: is VATS a feasible approach for large 

tumors? J Cardiothorac Surg 2020; 15: 261.

22.	 Li Y, Mei J, Yang Z, Guo C, Liu C, Liao H et al. Ten-year survival 

outcomes of video-assisted thoracic surgery vs. open major lung 

resection for stage I-III non-small cell lung cancer: a large cohort 

study in China. Transl Lung Cancer Res 2024; 13: 2162-74.

This article is an open access article distributed under 
the terms and conditions of the Creative Commons At-
tribution (CC BY) license (http://creativecommons.org/
licenses/by/4.0/).

44

Current Thoracic Surgery-Volume 11 Number 1  p: 37-44


