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Abstract
Background: The relationship between the postoperative complication and prognosis in Non-Small 
Cell Lung Cancer (NSCLC) patients who have undergone surgery has not been elucidated.

Methods: Clinical data were analyzed for 549 patients with NSCLC. We divided the patients into 
preceding period (2009-2013) and late period (2014-2018). Comorbidity was evaluated by the 
Charlson comorbidity index. The postoperative complication was categorized into five grades 
according to the Clavien-Dindo classification.

Results: Preceding period included 191 patients and late period 358. There were significant 
differences in differentiation (p<0.01), Ly (p<0.01), pStage (p<0.01), operative procedure (p<0.01) 
and Clavien-Dindo grade (p<0.01). Because the patient characteristics were significantly different, 
we adjusted the patient background using propensity score matching. The RFS (p=0.55) and OS 
(p=0.40) of the propensity score matched patients classified by preceding period and late period 
were not significant prognostic differences. The RFS of the patients with Clavien-Dindo grade 
II-IIIb tended to be worse (p=0.06), and the OS was significantly lower than that of 0-I (0.02). 
Although the Clavien-Dindo grade (HR, 2.61; p=0.01) was identified as significant prognostic 
factors in the univariate analysis for propensity score matched patients, the Clavien-Dindograde 
was not significant prognostic factor in the multivariate analysis (HR, 1.60; p=0.25).

Conclusion: The severity of postoperative complication classified by the Clavien-Dindo grade 
might have a prognostic impact on the long-term outcomes in patients who have undergone surgery 
for NSCLC.
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Introduction
Although lung cancer is the leading cause of cancer-related mortality worldwide, some 

reports from high-volume centers showed improved short- and long-term surgical outcomes 
after pulmonary resection [1-4]. Furthermore, it was demonstrated improvements of survival for 
Non-Small Cell Lung Cancer (NSCLC) patients over time [5]. However, it is unclear whether these 
improvements of survival for NSCLC patients depend on improved therapy and medical care or 
improved screening work.

Several studies have shown a poor prognosis due to postoperative complications after surgery 
for gastrointestinal cancers [6-10]. Furthermore, it was reported that systemic inflammation as a 
postoperative complication may carry a risk of inducing cancer recurrence [11,12]. However, other 
studies have reported that the postoperative complication did not influence the prognosis, so the 
actual situation is controversial [13,14].

The Clavien-Dindo classification, established in 1992, is a simple and feasible grading system 
for all types of postoperative complications [15]. In 2004, the Clavien-Dindo classification was 
modified to allow for the grading of life-threatening complications and long-term disability caused 
by a complication [16]. This revised version defines five grades of severity (Grade I, II, IIIa, IIIb, IVa, 
IVb, and V), and the suffix “d” (for “disability”) is used to denote any postoperative impairment. 
This modified Clavien-Dindo classification has been used widely in clinical practice. However, the 
relationship between the postoperative complication and prognosis in NSCLC patients who have 
undergone surgery has not been elucidated.
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In the present study, we evaluated the trends of clinical 
characteristics over time and the prognostic impact of postoperative 
complication classified by the Clavien-Dindo system after surgery for 
NCSLC patients.

Materials and Methods
Patients

Eight hundred and five NSCLC patients who underwent 
complete resection with the Video-Assisted Thoracic Surgery (VATS) 
technique in Kanazawa Medical University between January 2009 
and December 2018 were identified. Among these, 549 patients with 
NSCLC had available data. These patients were therefore enrolled in 
the present retrospective study; we divided the patients into preceding 
period (2009-2013) and late period (2014-2018).

Regarding the data collected, the clinical factors were the gender, 
age, smoking history, comorbidity, Carcino Embryonic Antigen 
(CEA). The smoking history was assessed using the Brinkman index, 
which is calculated as the numbers of cigarettes smoked per day 
multiplied by the number of years for which the subject has smoked. 
The comorbidity was evaluated by the Charlson comorbidity index 
[17]. Pathological factors were the histological type, differentiation, 
Lymphatic Invasion (Ly), Vascular Invasion (V), Pathological 
stage (pStage). Perioperative factors were the operative procedure, 
postoperative complication. The postoperative complication 
was categorized into five grades according to the Clavien-Dindo 
classification.

Statistical analyses
The cumulative survival rates were calculated by the Kaplan-

Meier methods, and survival curves were compared using the 
log-rank test. Univariate and multivariate analyses using the Cox 
proportional hazard model were conducted to obtain the risk factors 
for the Relapse-Free Survival (RFS) and the Overall Survival (OS). 
All statistical analyses were two-sided, and statistical significance was 
defined as a p value of less than 0.05. The statistical analyses were 
conducted using the JMP software program (Version 13.2; SAS 
Institute Inc., Cary, NC, USA).

The present study was conducted in accordance with the amended 
Declaration of Helsinki. The Institutional Review Boards of Kanazawa 
Medical University approved the protocol (approval number: I392), 
and written informed consent was obtained from all of the patients.

Results and Discussion
Patients characteristics

The clinic pathologic characteristics of the 549 included patients 
are listed in Table 1. Preceding period (2009 to 2013) included 191 
patients and late period (2014 to 2018) 358. There were significant 
differences in differentiation (p<0.01), Ly (p<0.01), pStage (p<0.01), 
operative procedure (p<0.01) and Clavien-Dindo grade (p<0.01). 
Because patient’s characteristics were significantly different, we 
adjusted the patient background using propensity score matching 
(Table 2).

Survival analyses
The RFS and OS of the all patients classified by preceding 

Figure 1: (a) The relapse-free survival is significantly higher in late period than in preceding period. (b) The overall survival is significantly higher in late period 
than in preceding period.

Generations 2009-2013 (n=191) 2014-2018 (n=358) P value

Gender (male/female) 109/82 227/131 0.14

Age, median, range (y.o.) 69 (33-83) 70 (34-89) 0.17

Charlson comorbidity index (0/1/2/3/4/5/6) 111/49/29/2/0/0/0 179/98/63/13/3/1/1 0.25

Smoking index, median, range 400 (0-3000) 600 (0-3600) 0.08

CEA, median, range (ng/ml) 3.7 (0.6-148.2) 3.6 (0.5-142.6) 0.51

Differentiation (G1/2/3/4) 92/73/23/1 112/159/58/13 <0.01

Ly (0/1) 106/85 242/116 <0.01

V (0/1) 108/83 190/168 0.43

Histology (Ad/Sq/Others) 148/39/4 267/69/22 0.1

pStage (IA/IB/IIA/IIB/IIIA) 91/50/18/14/18 229/55/26/28/20 <0.01

Operative procedure (Part/Seg/Lob/Bilob/Pneum) 27/2/151/5/6 89/30/229/3/7 <0.01

Clavien-Dindo grade (0/I/II/IIIa/IIIb) 160/2/15/13/1 242/22/35/55/4 <0.01

Table 1: Patient characteristics.

CEA: Carcinoembryonic Antigen; Ly: Lymphatic Invasion; V: Vascular Invasion; Ad: Adenocarcinoma; Sq: Squamous Cell Carcinoma; pStage: Pathological Stage; 
Part: Partial Resection; Seg: Segmentectomy; Lob: Lobectomy; Bilob: Bi-lobectomy; Pneum: Pneumonectomy
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period and late period are shown in Figure 1. There were significant 
prognostic differences in the RFS (p<0.04) and the OS (p=0.03). The 
RFS and OS of the propensity score matched patients classified by 
preceding period and late period is shown in Figure 2. There were not 
significant prognostic differences in RFS (p=0.55) and OS (p=0.40). 
The RFS and OS of propensity score matched patients classified by 
Clavien-Dindo grade is shown in Figure 3. The RFS of the patients 
with Clavien-Dindo grade II-IIIb tended to be worse (p=0.06). The 
OS of the patients with Clavien-Dindo grade II-IIIb was significantly 
lower than that of 0-I (0.02).

Univariate and multivariate analyses
The univariate and multivariate analyses of the factors affecting the 

RFS for propensity score matched patients are summarized in Table 
3. The gender (Hazard Ratio [HR], 3.55; 95% Confidence Interval 

[CI], 2.00-6.79; p<0.01), smoking status (HR, 2.97; 95% CI, 1.72-5.48; 
p<0.01), CEA (HR, 2.02; 95% CI, 1.25-3.27; p<0.01), differentiation 
(HR, 3.36; 95% CI, 1.93-6.20; p<0.01), Ly (HR, 3.69; 95% CI, 2.23-
6.32; p<0.01), V (HR, 3.58; 95% CI, 2.15-6.17; p<0.01), histologic type 
(HR, 2.16; 95% CI, 1.30-3.51; p<0.01), and pStage (HR, 4.36; 95% CI, 
2.71-7.06; p<0.01) were identified as significant prognostic factors in 
the univariate analysis. The multivariate analysis showed that Gender 
(HR, 2.86; 95% CI, 1.13-7.39; p=0.02) and the pStage (HR, 2.49; 95% 
CI, 1.43-4.36, p<0.01) were significant prognostic factor for the RFS.

The univariate and multivariate analyses of the factors affecting 
the OS for propensity score matched patients are summarized 
in Table 4. The gender (HR, 23.69; 95% CI, 5.08-421.85; p<0.01), 
smoking status (HR, 11.29; 95% CI, 3.40-69.86; p<0.01), CEA (HR, 
4.66; 95% CI, 2.21-10.68; p<0.01), differentiation (HR, 4.47; 95% CI, 

(b)

Figure 2: (a) The relapse-free survival of propensity score matched patients is not significantly different by preceding and late period. (b) The overall survival of 
propensity score matched patients is not significantly different by preceding and late period.

Generations 2009-2013 (n=169) 2014-2018 (n=169) P value

Gender (male/female) 93/73 102/67 0.51

Age, median, range (y.o.) 69 (33-83) 69 (41-86) 0.83

Charlson comorbidity index (0/1/2/3) 102/41/24/2 91/51/27/0 0.27

Smoking index, median, range 400 (0-3000) 540 (0-3600) 0.42

CEA, median, range (ng/ml) 3.6 (0.6-148.2) 3.7 (0.5-128.5) 0.72

Differentiation (G1/2/3/4) 74/73/22/0 69/69/26/5 0.13

Ly (0/1) 102/67 104/65 0.82

V (0/1) 94/75 98/71 0.66

Histology (Ad/non-Ad) 131/38 124/45 0.37

pStage (IA/IB/IIA/IIB/IIIA) 83/44/17/11/14 101/27/12/15/14 0.12

Operative procedure (Part/Seg/Lob/Bilob/Pneum) 27/2/132/3/5 21/9/133/2/4 0.23

Clavien-Dindo grade (0-I/II- IIIb) 149/29 140/29 1

Table 2: Propensity score match.

CEA: Carcinoembryonic Antigen; Ly: Lymphatic Invasion; V: Vascular Invasion; Ad: Adenocarcinoma; pStage: Pathological Stage; Part: Partial Resection; Seg: 
Segmentectomy; Lob: Lobectomy; Bilob: Bi-lobectomy; Pneum: Pneumonectomy

Figure 3: (a) The relapse-free survival tends to be higher in patients with postoperative complications classified as Clavien-Dindo grade O or I than in grade II 
to IIIb. (b) The overall survival is significantly higher in patients with postoperative complications classified as Clavien-Dindo grade O or I than in grade II to IIIb.
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1.86-13.23; p<0.01), Ly (HR, 2.83; 95% CI, 1.36-6.28; p<0.01), V (HR, 
5.61; 95% CI, 2.46-15.12; p<0.01), histologic type (HR, 2.55; 95% CI, 
1.22-5.18; p=0.01), pStage (HR, 9.75; 95% CI, 4.54-23.29; p<0.01), 
operative procedure (HR, 5.32; 95% CI, 1.14-94.84; p=0.039, and 
Clavien-Dindo grade (HR, 2.61; 95% CI, 1.21-5.37; p=0.01) were 
identified as significant prognostic factors in the univariate analysis. 
The multivariate analysis showed that gender (HR, 10.64; 95% CI, 
1.38-233.09; p=0.02), CEA (HR, 2.67; 95% CI, 1.25-6.20, p=0.01), and 
the pStage (HR, 5.48; 95% CI, 2.21-15.27, p<0.01) were a significant 
prognostic factor for the OS.

Discussion
Although the survival of NSCLC patients received surgery seemed 

to be improved over time, it was considered that the improvement of 
prognosis was affected by the change of patient characteristics in the 
present study. Because the proportion of early-stage NSCLC patients 
has been increasing by progress of screening work, the RFS and OS 
of NSCLC patients received surgery were significantly improved over 
time. However, the RFS and OS of propensity score matched NSCLC 
patients dividing into preceding period and late period were not 
significantly different in the present study. In other word, the progress 
of surgical techniques and Perioperative managements were not 
improved the survival of NSCLC patients received surgery over the 
last decade in the present study. Although previous study suggested 

Univariate analysis Multivariate analysis

Variables  HR (95%CI) p-value Variables  HR (95%CI) p-value

Gender
Female 1

<0.01 Gender
Female 1

0.02
Male 3.55 (2.00-6.79) Male 2.86 (1.13-7.39)

Age
< 70y 1

0.07
    

≥ 70y 1.53 (0.95-2.50)     

CCI
0-2 1

0.61
    

3 1.75 (0.09-8.00)     

Smoking status
Never 1

<0.01 Smoking status
Never 1

0.54Former/
Current 2.97 (1.72-5.48) Former/Current 0.74 (0.30-1.95)

CEA
≤ 5 ng/ml 1

<0.01 CEA
≤ 5 ng/ml 1

0.2
> 5 ng/ml 2.02 (1.25-3.27) > 5 ng/ml 1.37 (0.83-2.25)

Differentiation
G1 1

<0.01 Differentiation
G1 1

0.28
G2-4 3.36 (1.93-6.20) G2-4 1.43 (0.75-2.89)

Ly
Absent 1

<0.01 Ly
Absent 1

0.2
Present 3.69 (2.23-6.32) Present 1.57 (0.78-3.24)

V
Absent 1

<0.01 V
Absent 1

0.46
Present 3.58 (2.15-6.17) Present 1.30 (0.64-2.70)

Histology
Ad 1

<0.01 Histology
Ad 1

0.72
Non-Ad 2.16(1.30-3.51) Non-Ad 1.10 (0.63-1.91)

pStage
I 1

<0.01 pStage
I 1

<0.01
II-IIIA 4.36 (2.71-7.06) II-IIIA 2.49 (1.43-4.36)

Procedure
Part/Seg 1

0.98
    

Lob 0.99 (0.54-2.00)     

Clavien-Dindo 
grade

0-I 1
0.61

    

II-IIIb 1.65 (0.09-8.00)     

Table 3: Cox proportional hazard analyses for factors affecting relapse free survival.

CCI: Charlson Comorbidity Index; CEA: Carcinoembryonic Antigen; Ly: Lymphatic Invasion; V: Vascular Invasion; Ad: Adenocarcinoma; pStage: Pathological Stage; 
Part: Partial Resection; Seg: Segmentectomy; Lob: Lobectomy or more

that the improved survival of NSCLC were deem attributable to 
improved therapy and medical care rather than improved screening 
work, the differences of patient characteristics were not adjusted, it 
was not unclear that therapy and medical care improved the survival 
rather than screening work [5].

We demonstrated that postoperative complications classified as 
Clavien-Dindo ≥ II tend to be worse prognosis in patients who have 
undergone surgery for NSCLC. The Clavien-Dindo classification has 
been used to evaluate the severity of postoperative complications 
in several fields of surgery, and the utility was reported in several 
reports [18-20]. A previous study reported that major infectious 
complications, such as pneumonia, empyema, and mediastinitis, 
influenced a poor prognosis in patients who had undergone lung 
cancer surgery [11]. Furthermore, postoperative complication was 
associated with the patient prognosis in gastrointestinal cancers 
[6-22]. In these reports, it was suggested that an inflammatory 
reaction might promote tumor proliferation, avoidance of apoptosis, 
progression of metastasis, and resistance to drug therapy. Although 
inflammatory complications, such as pneumonia and urinary tract 
infection, developed in only 14 patients (4%) in the present study, 
the RFS and OS in patients with postoperative complications 
classified as Clavien-Dindo ≥ II tended to be lower than in those 
without such complications. Postoperative complications classified 
as Clavien-Dindo ≥ II require additional treatment, which can cause 
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inflammatory reactions. Although the severity of postoperative 
complication was reported to have a detrimental impact on the long-
term outcomes, particularly cancer-specific outcomes, in patients 
undergoing surgery for colorectal cancer, the relationship between 
the severity of the postoperative complication and the prognosis in 
patients who have undergone surgery for NSCLC has not yet been 
revealed. Based on the present findings, the severity of postoperative 
complication classified by Clavien-Dindo grade might have some 
prognostic influence on the long-term outcomes in patients who have 
undergone surgery for NSCLC.

Previous studies reported that the presence of comorbidities 
was associated with a worse survival in lung cancer patients than 
their absence [23-28]. Although the Charlson comorbidity index 
has often been used to evaluate the severity of comorbidity, with a 
good utility reported, the severity boundary is not clear [23,25,26]. 
We found no significant prognostic difference between the patients 
with a Charlson comorbidity index ≤ 2 and those with an index >2 
in the present study. Because the Charlson comorbidity index was 
not developed specifically for patients with NSCLC, it might not have 
adequately affected the prognosis in the present study. In the future, 
a new comorbidity index should be developed that emphasizes the 
different effects of certain comorbidities.

Several limitations associated with the present study warrant 

Univariate analysis Multivariate analysis

Variables  HR (95%CI) p-value Variables  HR (95%CI) p-value

Gender
Female 1

<0.01 Gender
Female 1

0.02
Male 23.69 (5.08-421.85) Male 10.64 (1.38-233.09)

Age
< 70y 1

0.88
    

≥ 70y 0.94 (0.45-1.92)     

CCI
0-2 1

N.A.
    

3-4 N.A.     

Smoking status
Never 1

<0.01 Smoking status
Never 1

0.99
Former/Current 11.29 (3.40-69.86) Former/Current 1.00 (0.19-8.48)

CEA
≤ 5 ng/ml 1

<0.01 CEA
≤ 5 ng/ml 1

0.01
> 5 ng/ml 4.66 (2.21-10.68) > 5 ng/ml 2.67 (1.25-6.20)

Differentiation
G1 1

<0.01 Differentiation
G1 1

0.47
G2-4 4.47 (1.86-13.23) G2-4 1.52 (0.50-5.52)

Ly
Absent 1

<0.01 Ly
Absent 1

0.22
Present 2.83 (1.36-6.28) Present 0.53 (0.20-1.48)

V
Absent 1

<0.01 V
Absent 1

0.29
Present 5.61 (2.46-15.12) Present 1.91 (0.58-6.83)

Histology
Ad 1

0.01 Histology
Ad 1

0.87
Non-Ad 2.55 (1.22-5.18) Non-Ad 1.06 (0.49-2.27)

pStage
I 1

<0.01 pStage
I 1

<0.01
II-IIIA 9.75 (4.54-23.29) II-IIIA 5.48 (2.21-15.27)

Procedure
Part/Seg 1

0.03 Procedure
Part/Seg 1

0.33
Lob 5.32 (1.14-94.84) Lob 2.51 (0.44-47.54)

Clavien-Dindo grade
0-I 1

0.01 Clavien-Dindo grade
0-I 1

0.25
II-IIIb 2.61 (1.21-5.37) II-IIIb 1.60 (0.70-3.45)

Table 4: Cox proportional hazard analyses for factors affecting overall survival.

CCI: Charlson Comorbidity Index; N.A: Not Available; CEA: Carcinoembryonic Antigen; Ly: Lymphatic Invasion; V: Vascular Invasion; Ad: Adenocarcinoma; pStage: 
Pathological Stage; Part: Partial Resection; Seg: Segmentectomy; Lob: Lobectomy or more

mention. First, the study is retrospective, and there is a possibility of 
unobserved cofounding and selection bias. Second, the present study 
was performed at a single institution, and the number of patients was 
small.

Conclusion
Because the progress of surgical techniques and perioperative 

managements were not improved the survival of NSCLC patients 
received surgery over the last decade, it was not unclear that therapy 
and medical care improved the survival rather than screening 
work. Our findings suggested that the severity of postoperative 
complications classified by Clavien-Dindo grade might have a 
prognostic impact on the long-term outcomes in patients who have 
undergone surgery for NSCLC. In addition, a new comorbidity index 
should be developed with emphasize on the different effects of some 
specific comorbidities.

Acknowledgement
The authors would like to thank all the doctors of Department of 

Thoracic Surgery, Kanazawa Medical University.

Availability of Data and Materials
The data sets supporting the conclusions of the present study are 

included in this published article.



Nozomu Motono, et al., Clinics in Surgery - Thoracic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2019 | Volume 4 | Article 24936

Author’s Contribution
N. M. performed the research, collected and analyzed the data 

and wrote the paper. S. I., A. F., A.S., and K. U. contributed to sample 
collection. H. U. contributed to supervision of this study and revision 
of the manuscript.

Ethics Approval and Consent to Participate
The Institutional Review Boards of Kanazawa Medical University 

approved the protocol of this study, and written informed consent 
was obtained from all patients.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 

2018;68(1):7-30.

2. Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA, Lucas FL, Batista I, 
et al. Hospital volume and surgical mortality in the United States. N Engl J 
Med. 2002;346(15):1128-37.

3. Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE, Begg CB. The 
influence of hospital volume on survival after resection for lung cancer. N 
Engl J Med. 2001;345(3):181-8.

4. Finlayson EV, Goodney PP, Birkmeyer JD. Hospital volume and operative 
mortality in cancer surgery: a national study. Arch Surg. 2003;138(7):721-
5.

5. Xia W, Yu X, Mao Q, Xia W, Wang A, Dong G, et al. Improvement of 
survival for non-small cell lung cancer over time. Onco Targets Ther. 
2017;10:4295-303.

6. Shimada H, Fukagawa T, Haga Y, Oba K. Dose postoperative morbidity 
worsens the oncological outcome after radical surgery for gastrointestinal 
cancers? A systematic review of the literature. Ann Gastroenterol Surg. 
2017;1(1):11-23.

7. Kataoka K, Takeuchi H, Mizusawa J, Igaki H, Ozawa S, Abe T, et al. 
Prognostic impact of postoperative morbidity after esophagectomy 
for esophageal cancer. Exploratory analysis of JCOG9907. Ann Surg. 
2017;265(6):1152-7.

8. Hii MW, Smithers BM, Gotley DC, Thomas JM, Thomas I, Martin I, 
et al. Impact of postoperative morbidity on long-term survival after 
oesophagectomy. Br J Surg. 2013;100(1):95-104.

9. Moonesinghe SR, Harris S, Mythen MG, Rowan KM, Haddad FS, 
Emberton M, et al. Survival after postoperative morbidity: a longitudinal 
observational cohort study. Br J Anaesth. 2014;113(6):977-84.

10. Chauhan A, House MG, Pitt HA, Nakeeb A, Howard TJ, Zyromski NJ, et 
al. Post-operative morbidity results in decreased long-term survival after 
resection for hilar cholangiocarcinoma. HPB (Oxford). 2011;13(2):139-47.

11. Andalib A, Ramana-Kumar AV, Bartlett G, Franco EL, Ferri LE. Influence 
of postoperative infectious complications on long-term survival of 
lung cancer patients: a population-based cohort study. J Thorac Oncol. 
2013;8(5):554-61.

12. McDonald B, Spicer J, Giannais B, Fallavollita L, Brodt P, Ferri LE. 
Systemic inflammation increases cancer cell adhesion to hepatic sinusoids 
by neutrophil mediated mechanisms. Int J Cancer. 2009;125(6):1298-305.

13. Climent M, Hidalgo N, Vidal Ó, Puig S, Iglesias M, Cuatrecasas M, et al. 
Postoperative complications do not impact on recurrence and survival 
after curative resection of gastric cancer. Eur J Surg Oncol. 2016;42(1):132-
9.

14. Ancona E, Cagol M, Epifani M, Cavallin F, Zaninotto G, Castoro C, et al. 
Surgical complications do not affect longterm survival after esophagectomy 
for carcinoma of the thoracic esophagus and cardia. J Am Coll Surg. 
2006;203(5):661-9.

15. Clavien PA, Sanabria JR, Strasberg SM. Proposed classification of 
complications of surgery with examples of utility in cholecystectomy. 
Surgery. 1992;111(5):518-26.

16. Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 6336 patients 
and results of a survey. Ann Surg. 2004;240(2):205-13.

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: development 
and validation. J Choric Dis. 1987;40(5):373-83.

18. Duraes LC, Stocchi L, Stteele SR, Kalady MF, Church JM, Gorgun E, et 
al. The relationship between Clavien-Dindo morbidity classification and 
oncologic outcomes after colorectal cancer resection. Ann Surg Oncol. 
2018;25(1):188-96.

19. Wang WG, Babu SR, Wang L, Chen Y, Tian BL, He HB. Use of 
Clavien-Dindo classification in evaluating complications following 
pancreaticoduodenectomy in 1,056 cases: a retrospective analysis from one 
single institution. Oncol Lett. 2018;16(2):2023-9.

20. Katayama H, Kurokawa Y, Nakamura K, Ito H, Kanemitsu Y, Masuda 
N, et al. Extended Clavien-Dindo classification of surgical complications: 
Japan Clinical Oncology Group postoperative complications criteria. Surg 
Today. 2016;46(6):668-85.

21. McSorley ST, Horgan PG, McMillan DC. The impact of the type and 
severity of postoperative complications on long-term outcomes following 
surgery for colorectal cancer: A systematic review and meta-analysis. Crit 
Rev Oncol Hematol. 2016;97:168-77.

22. Artinyan A, Orcutt ST, Anaya DA, Richardson P, Chen GJ, Berger DH. 
Infectious postoperative complications decrease long-term survival in 
patients undergoing curative surgery for colorectal cancer: a study of 
12,075 patients. Ann Surg. 2015;261(3):497-505.

23. Otake S, Ohtsuka T, Asakura K, Kamiyama I, Kohno M. Impact of 
comorbidity index on morbidity and survival in non-small cell lung 
cancer. Asian Cardiovasc Thorac Ann. 2016;24(1):30-3.

24. Islam KMM, Jiang X, Anggondowait T, Lun G, Ganti AK. Comorbidity 
and survival in lung cancer patients. Cancer Epidemiol Biomarkers Prev. 
2015;24(7):1079-85.

25. Birim Ö, Kappetein AP, Waleboer M, Puvimanasinghe JPA, Eijkemans 
MJC, Steyerberg EW, et al. Long-term survival after non-small cell 
lung cancer surgery: development and validation of a prognostic model 
with a preoperative and postoperative mode. J Thorac Cardiovasc Surg. 
2006;132(3):491-8.

26. Moro-Sibilot D, Aubert A, Diab S, Lantuejoul S, Fourneret P, Brambilla E, 
et al. Comorbidities and Charlson score in resected stage I nonsmall cell 
lung cancer. Eur Respir J. 2005;26(3):480-6.

27. Uramoto H, Nakanishi R, Fujino Y, Imoto H, Takenoyama M, Yoshimatsu 
T, et al. Prediction of pulmonary complications after a lobectomy in 
patients with non-small cell lung cancer. Thorax. 2001;56(1):59-61.

28. Maeda R, Funasaki A, Motono N, Sekimura A, Usuda K, Uramoto H. 
Combined pulmonary fibrosis and emphysema predicts recurrence 
following surgery in patients with stage I non-small cell lung cancer. Med 
Oncol. 2018;35(3):31.

https://www.ncbi.nlm.nih.gov/pubmed/29313949
https://www.ncbi.nlm.nih.gov/pubmed/29313949
https://www.ncbi.nlm.nih.gov/pubmed/11948273
https://www.ncbi.nlm.nih.gov/pubmed/11948273
https://www.ncbi.nlm.nih.gov/pubmed/11948273
http://www.ncbi.nlm.nih.gov/pubmed/11463014
http://www.ncbi.nlm.nih.gov/pubmed/11463014
http://www.ncbi.nlm.nih.gov/pubmed/11463014
https://www.ncbi.nlm.nih.gov/pubmed/12860752
https://www.ncbi.nlm.nih.gov/pubmed/12860752
https://www.ncbi.nlm.nih.gov/pubmed/12860752
http://www.ncbi.nlm.nih.gov/pubmed/28919778
http://www.ncbi.nlm.nih.gov/pubmed/28919778
http://www.ncbi.nlm.nih.gov/pubmed/28919778
https://www.ncbi.nlm.nih.gov/pubmed/29863169
https://www.ncbi.nlm.nih.gov/pubmed/29863169
https://www.ncbi.nlm.nih.gov/pubmed/29863169
https://www.ncbi.nlm.nih.gov/pubmed/29863169
https://www.ncbi.nlm.nih.gov/pubmed/27280509
https://www.ncbi.nlm.nih.gov/pubmed/27280509
https://www.ncbi.nlm.nih.gov/pubmed/27280509
https://www.ncbi.nlm.nih.gov/pubmed/27280509
https://www.ncbi.nlm.nih.gov/pubmed/23148025
https://www.ncbi.nlm.nih.gov/pubmed/23148025
https://www.ncbi.nlm.nih.gov/pubmed/23148025
https://www.ncbi.nlm.nih.gov/pubmed/25012586
https://www.ncbi.nlm.nih.gov/pubmed/25012586
https://www.ncbi.nlm.nih.gov/pubmed/25012586
https://www.ncbi.nlm.nih.gov/pubmed/21241432
https://www.ncbi.nlm.nih.gov/pubmed/21241432
https://www.ncbi.nlm.nih.gov/pubmed/21241432
https://www.ncbi.nlm.nih.gov/pubmed/23459402
https://www.ncbi.nlm.nih.gov/pubmed/23459402
https://www.ncbi.nlm.nih.gov/pubmed/23459402
https://www.ncbi.nlm.nih.gov/pubmed/23459402
https://www.ncbi.nlm.nih.gov/pubmed/19431213
https://www.ncbi.nlm.nih.gov/pubmed/19431213
https://www.ncbi.nlm.nih.gov/pubmed/19431213
http://www.ncbi.nlm.nih.gov/pubmed/26385054
http://www.ncbi.nlm.nih.gov/pubmed/26385054
http://www.ncbi.nlm.nih.gov/pubmed/26385054
http://www.ncbi.nlm.nih.gov/pubmed/26385054
http://www.ncbi.nlm.nih.gov/pubmed/17084327
http://www.ncbi.nlm.nih.gov/pubmed/17084327
http://www.ncbi.nlm.nih.gov/pubmed/17084327
http://www.ncbi.nlm.nih.gov/pubmed/17084327
https://www.ncbi.nlm.nih.gov/pubmed/1598671
https://www.ncbi.nlm.nih.gov/pubmed/1598671
https://www.ncbi.nlm.nih.gov/pubmed/1598671
http://www.ncbi.nlm.nih.gov/pubmed/15273542
http://www.ncbi.nlm.nih.gov/pubmed/15273542
http://www.ncbi.nlm.nih.gov/pubmed/15273542
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/29116488
https://www.ncbi.nlm.nih.gov/pubmed/29116488
https://www.ncbi.nlm.nih.gov/pubmed/29116488
https://www.ncbi.nlm.nih.gov/pubmed/29116488
https://www.ncbi.nlm.nih.gov/pubmed/30008896
https://www.ncbi.nlm.nih.gov/pubmed/30008896
https://www.ncbi.nlm.nih.gov/pubmed/30008896
https://www.ncbi.nlm.nih.gov/pubmed/30008896
https://www.ncbi.nlm.nih.gov/pubmed/26289837
https://www.ncbi.nlm.nih.gov/pubmed/26289837
https://www.ncbi.nlm.nih.gov/pubmed/26289837
https://www.ncbi.nlm.nih.gov/pubmed/26289837
http://www.ncbi.nlm.nih.gov/pubmed/26330375
http://www.ncbi.nlm.nih.gov/pubmed/26330375
http://www.ncbi.nlm.nih.gov/pubmed/26330375
http://www.ncbi.nlm.nih.gov/pubmed/26330375
http://www.ncbi.nlm.nih.gov/pubmed/25185465
http://www.ncbi.nlm.nih.gov/pubmed/25185465
http://www.ncbi.nlm.nih.gov/pubmed/25185465
http://www.ncbi.nlm.nih.gov/pubmed/25185465
https://www.ncbi.nlm.nih.gov/pubmed/26567555
https://www.ncbi.nlm.nih.gov/pubmed/26567555
https://www.ncbi.nlm.nih.gov/pubmed/26567555
https://www.ncbi.nlm.nih.gov/pubmed/26065838
https://www.ncbi.nlm.nih.gov/pubmed/26065838
https://www.ncbi.nlm.nih.gov/pubmed/26065838
https://www.ncbi.nlm.nih.gov/pubmed/16935100
https://www.ncbi.nlm.nih.gov/pubmed/16935100
https://www.ncbi.nlm.nih.gov/pubmed/16935100
https://www.ncbi.nlm.nih.gov/pubmed/16935100
https://www.ncbi.nlm.nih.gov/pubmed/16935100
http://www.ncbi.nlm.nih.gov/pubmed/16135732
http://www.ncbi.nlm.nih.gov/pubmed/16135732
http://www.ncbi.nlm.nih.gov/pubmed/16135732
https://www.ncbi.nlm.nih.gov/pubmed/11120906
https://www.ncbi.nlm.nih.gov/pubmed/11120906
https://www.ncbi.nlm.nih.gov/pubmed/11120906
https://www.ncbi.nlm.nih.gov/pubmed/29411159
https://www.ncbi.nlm.nih.gov/pubmed/29411159
https://www.ncbi.nlm.nih.gov/pubmed/29411159
https://www.ncbi.nlm.nih.gov/pubmed/29411159

	Title
	Abstract
	Introduction
	Materials and Methods
	Patients
	Statistical analyses

	Results and Discussion
	Patients characteristics
	Survival analyses
	Univariate and multivariate analyses

	Discussion
	Conclusion
	Acknowledgement
	Availability of Data and Materials
	Ethics Approval and Consent to Participate
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

