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Abstract
Background  Lung cancer is a typical disease of elderly patients. While there are many publications in the literature on 
factors affecting survival, there is still no consensus on the survival impact of lymph node dissection. Our objective in this 
study was to evaluate prognostic factors influencing rates of complications, mortality, and survival in geriatric patients who 
underwent surgery for non-small cell lung cancer.
Materials and methods  Data obtained from the medical records of patients aged 70 years or older with early-stage non-small 
cell lung cancer who underwent surgery between January 01, 2008 and December 31, 2015 were evaluated retrospectively.
Results  Of the 72 patients included, 57 (79.2%) were male and 15 (20.8%) were female. Complications were observed in 42 
patients (58.3%). Nineteen patients (26.4%) developed major complications. Percent predicted forced expiratory volume in 
1 s (ppFEV1) and age was found to be risk factors for complications. Thirty days days mortality rate was 8.3%. Mortality was 
not significantly associated with low CCI, physical status, and ppFEV1 values. The 5-year survival rate was 40.5%. ppFEV1 
were risk factors affecting survival, whereas radical lymph node dissection was not associated with survival.
Conclusion  The main prognostic factors affecting long-term postoperative survival in the present study was a low postop-
erative ppFEV1 value. Radical lymph node dissection did not increase the risk of postoperative complications and it did not 
affect long-term survival in patients aged 70 years or older. A key finding was that comorbidities were not associated with 
postoperative complications or long-term survival.
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Introduction

Lung cancer continues to be a global health issue, causing 
more deaths than prostate, colon, and breast cancers com-
bined [1]. For this reason, it remains the leading cause of 
cancer deaths worldwide. Lung cancer is a typical disease 
of elderly patients, with peak incidence after 60–70 years 
of age. With a growing population, the treatment approach 
to lung cancer in the elderly has become one of the most 

important current issues. Improvements in technology and 
postoperative intensive care facilities have resulted in a 
growing number of patients being referred for surgical treat-
ment. However, curative lung cancer surgery is performed 
22% less frequently among patients aged 75 years or older 
compared to their younger counterparts [2].

Surgical treatment is the best option for early non-small 
cell lung cancer (NSCLC). According to a 2005 Surveil-
lance, Epidemiology and End Results (SEER) study, early 
NSCLC was detected in 87% of patients over 75 years old 
[3]. Similarly, a study by O’Rourke et al. [4] using data 
from the Centralized Cancer Patient Data System, 15.3% 
of patients 54 years and younger had a local disease, while 
this rate increased to 25.4% among patients aged 75 years or 
older. However, although there are many publications in the 
literature regarding factors affecting survival, there is still no 
consensus on the survival impact of lymph node dissection.
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Our objective in this study was to evaluate prognostic fac-
tors influencing rates of complications, mortality, and survival 
in geriatric patients who underwent surgery for NSCLC.

Materials and methods

Early-stage NSCLC patients aged 70 years or older who 
underwent surgery in our hospital between January 1, 2008 
and December 31, 2015 were included in the study. Rou-
tinely collected data in the hospital database were evaluated 
retrospectively. The study was approved by the institutional 
review board and was conducted in accordance with the 
principles of the Declaration of Helsinki.

Patient selection

Tumor location and invasion were assessed in all patients pre-
operatively with routine thoracic computed tomography (CT). 
Positron emission tomography was used to assess distant and 
mediastinal metastases. Contrast-enhanced cranial magnetic 
resonance imaging was performed to assess cranial metasta-
ses. All patients underwent preoperative bronchoscopy. Medi-
astinal evaluations were performed with endobronchial ultra-
sound (EBUS) and/or mediastinoscopy. Pulmonary function 
tests (PFT), arterial blood gas tests, and electrocardiography 
(ECG) were routinely requested to evaluate cardiopulmonary 
capacity. Patients with cardiac comorbidities were assessed 
with ECG by the cardiology department. Patients with per-
cent predicted forced expiratory volume in 1 s (ppFEV1) of 
40% or below in preoperative pulmonary function tests were 
subjected to further pulmonary assessment with diffusing 
capacity of the lung for carbon monoxide (DLCO) testing, 
pulmonary perfusion scintigraphy, and 6-min walk test.

Performance status was assessed using the Eastern Coop-
erative Oncology Group (ECOG) performance status scale, 
in which a score of 0–1 indicates good performance status 
while scores of 2–5 correspond to poor performance sta-
tus. The comorbidity score was calculated according to the 
19-parameter Charlson Comorbidity Index (CCI), intro-
duced in 1987 [5].

After anatomic resection, patients were divided into two 
groups: those who underwent regional lymph node dissec-
tion and/or sampling (LN1) and those who underwent sys-
tematic mediastinal lymph node dissection after resection 
(LN2).

Postoperative complications were defined as complica-
tions occurring while in a hospital or within the first 30 
days after surgery. Complications were classified as major 
or minor. Major complications included acute renal failure, 
pneumonia (newly developed shadow on chest X-ray and 
purulent sputum both treated with antibiotics), bronchop-
leural fistula (BPF), and empyema; minor complications 

included prolonged air leak (PAL; lasting 7 days or longer), 
arrhythmia (atrial arrhythmia, fibrillation, flutter tachycar-
dia, and bradyarrhythmia), hoarseness, chylothorax, and 
lobar atelectasis.

Mortality was evaluated as deaths that occurred within 
the first 30 days after surgery. Patients were followed post-
operatively for an average of 45 months.

The patients were analyzed in terms of demographic data, 
morbidity, length of hospital stay, mortality, and histopatho-
logical characteristics. All cases were restaged according to 
the 8th edition of the TNM classification system [6].

Table 1   Patients demographic characteristics

Variables n (%)

Gender (male/female) 57/15 79.2/20.8
Age 73.82 ± 3.39
 70–75 45 62.5
 > 75 27 37.5

Smoking history
 No/yes 12/68 15/85
 Packet/year 38.7 ± 17.03

CCI
 0 28 38.9
 1 13 18.1
 2 6 8.3
 3 10 13.9
 4 8 11.1
 5 3 4.2
 6 2 2.8
 7 1 1.4
 8 1 1.4

ppFEV1 < 40 76.6 ± 15.9
ECOG
 0 11 15.3
 1 38 52.8
 2 13 18.1
 3 10 13.9

Side (right/left) 37/35 51.4/48.6
Resection type
 Segmentectomy 8 11.1
 Lobectomy 56 77.8
 Pneumonectomy 8 11.1

Lymph node
 LN-1 18 25
 LN-2 54 75

Histopathology
 Adenocarcinoma/squamous 

cell carcinoma/others
35/28/9 48.6/38.9/12.5

Tumor stage
 1 29 40.3
 2 43 59.7
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Statistical analysis

SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA) was used 
for statistical analyses. The chi-squared (χ2) test was used to 
calculate frequency values as descriptive statistics. A t test 
was used to compare the means of independent groups and 
the Mann–Whitney U was used to compare medians. Sur-
vival analysis was conducted according to the Kaplan–Meier 
method and curves were compared using the log-rank test. 
The statistical significance level was accepted as p < 0.05 
for all analyses.

Results

Fifty-seven (79.2%) of the 72 patients in the study were 
male and 15 (20.8%) were female. The mean age was 
73.82 ± 3.39 years (range 70–84 years) and the patients’ 
mean smoking history was 38.7 ± 17.03 pack-years. The 
mean length of hospital stay was 8.67 ± 7.50 days (range 
4–49 days). Forty-four (61.1%) of the patients had comor-
bidities. The most common were pulmonary comorbidities, 
present in 38.9% of the patients. The patients’ demographic 
characteristics are shown in Table 1.

Complications were observed in 42 patients in the 
study (58.3%). Nineteen patients (26.4%) developed major 

complications and 44 (61.1%) developed minor complica-
tions. Arrhythmia was the most common complication, 
occurring in 41 patients (56.9%). Of the 15 patients (20.8%) 
who developed atelectasis, 6 underwent secretion clear-
ance with fiberoptic bronchoscopy. Seven patients (9.7%) 
experienced hemorrhage, which was controlled surgically 
in 3 cases. Chylothorax was detected in 2 patients (2.8%), 
both of whom improved with somatostatin treatment. Five 
patients (6.9%) developed ARDS and all of them died. 
Pneumonia developed in 9 patients (12.5%), 1 of whom had 
undergone segmentectomy while the other 8 had lobectomy 
(p = 0.520). Two patients (2.8%) had permanent hoarseness 
and 13 patients (18.1%) had PAL. Blood pleurodesis was 
performed in 8 patients. Of these, 3 patients showed sponta-
neous regression of the leak, 2 patients died, and 3 patients 
(4.2%) developed BPF. Two of the patients with BPF were 
reoperated (completion pneumonectomy) and died postop-
eratively. A stoma was created in 1 patient due to micro 
fistulas. In the univariate analysis age, ppFEV1 value and 
radical lymph node dissection were found to be risk factors 
for complications. And risk factors for major complications 
were poor performance status and low ppFEV1. However, 
in multivariate analysis, only ppFEV1 was effective in the 
major complications (Table 2).

Although there was no intraoperative mortality, 6 
patients (8.3%) died within the first 30 days postoperatively. 

Table 2   Evaluation of factors affecting complications

*Complications p value
**Major complications p value

Variables Complication*
n (%)

Major complication**
n (%)

Univariate analysis Multivariate analysis

p value* p value** p value* p value**

Age (year) 74.83 ± 3.62 74.58 ± 3.50 0.003 0.205 0.02 ns
Gender
 Male/female 35 (83.3)/7 (16.7) 16 (84.2)/3(15.8) 0.303 0.528 ns

ppFEV1 < 40% 10 (23.8) 7 (36.8) 0.004 0.001 0.022
ECOG
 Good performance 26 (63.9) 9 (47.4) 0.185 0.024 ns
 Poor performance 16 (38.1) 10 (52.6)

CCI
 0–1 23 (54.8) 8 (42.1) 0.658 0.128
 > 2 19 (45.2) 11 (57.9)

Lymph node
 LN-1 7 (16.7) 2 (10.5) 0.050 0.089
 LN-2 35 (83.3) 17 (89.5)

Side (right/Left) 19 (45.2)/23.8 (54.8) 11 (57.9)/8 (42.1) 0.217 0.508
Resection Type
 Segmentectomy 5 (11.9) 1 (5.3) 0.556 0.360
 Lobectomy 31 (73.8) 17 (89.5)
 Pneumonectomy 6 (14.3) 1 (5.3)

8th stage
 1 16 (38.1) 7 (36.8) 0.655 0.722
 2 26 (61.9) 12 (63.2)
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Mortality was not associated with sex, smoking, number of 
lymph nodes removed, or the side and type of operation. 
Significant associations were observed between mortality 
and low CCI, performance status, and ppFEV1 values in uni-
variate analysis. However, in multivariate analysis, no factor 
affecting mortality was found (Table 3).

The 5-year survival rate was 40.5% and median survival 
was 51 months. Pathologically, 49% of the patients had stage 
I and 34% had stage II disease (p = 0.959). Among patients 
with low ppFEV1, 2-year survival was 60% and there was 
no 5-year survival (p = 0.003) (Fig. 1; Table 4).

There was no statistical association between operation 
type and survival time in the LN1 or LN2 group (p = 0.129, 
p = 0.076). There was also no significant relationship 
between disease stage and survival in the LN1 or LN2 group 
(5-year survival in LN1: 55.6% for stage I, 61% for stage 
II patients [p = 0.710]; 5-year survival in LN2: 46.2% for 
stage I, 27.9% for stage II [p = 0.235]). Survival was not 
statistically associated with ECOG performance status in 
the LN1 group (p = 0.656). In the LN2 group, however, the 
5-year survival rate of patients with the good performance 
was 43.7%, compared to 20.7% among those with poor per-
formance (p = 0.014).

Discussion

Middle East Cancer Consortium study in lung cancer inci-
dence in Turkey is observed at 0.32%. The rate of newly 
diagnosed cancer patients under 70 is 68.6%. 25.5% in the 
70–79 age group and 5.6% in the 80 age group. The inci-
dence of squamous cell cancer is 28.2% and the adenocar-
cinoma is 23.1% [7].

The prevalence of radical surgical treatment is increas-
ing among elderly patients. The important question is how 
aggressive these surgeries should be. Acceptable oncologic 
results after surgery have been reported for geriatric patients 
[8–13]. The size of the resection does not affect oncologic 
outcomes. However, larger resections are associated with 
a higher risk of postoperative complications and mortality 
[14]. For this reason, limited resections are recommended to 
reduce the risk of postoperative complications [15]. In addi-
tion, it is stated that in limited resections, survival outcomes 
of segmentectomy and lobectomy are similar, while radi-
cal lymph node dissection and the size of surgical resection 
affect survival [3, 15, 16].

The most common postoperative complications observed 
in the patients aged 70 years or older in this study were 
arrhythmia, PAL, and pneumonia. Saji et al. [17] reported 

Table 3   Evaluation of factors 
affecting mortality

Variables Mortality Univariate analysis Multivariate 
analysis

No
n (%)

Yes
n (%)

p value p value

Age (Year) 73.58 ± 3.19 76.50 ± 4.59 0.111 n.s
Gender
 Male/female 51 (77.3)/15 (22.7) 6 (100)/0 0.333

ppFEV1 < 40 6 (9.1) 4 (66.7) 0.001
ECOG
 Good performance 49 (74.2) 0 < 0.001
 Poor performance 17 (25.8) 6 (1009

CCI
 0–1 41 (62.1) 0 0.003
 > 2 25 (37.9) 6 (100)

Resection type
 Segmentectomy 51 (77.3) 5 (83.3) 0.627
 Lobectomy 8 (12.1) 0
 Pneumonectomy 7 (10.6) 1 (16.7)

Lymph node
 LN-1 17 (25.8) 1 (16.7) 0.622
 LN-2 49 (74.2) 5 (83.3)

Histopathology
 Adenocarcinoma 34 (59.6) 1 (16.7) 0.080
 Squamous cell carcinoma 23 (40.4) 5 (83.3)

8th stage
 1 27 (40.9) 2 (33.3) 0.717
 2 39 (59.1) 4 (66.7)
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a complication rate of 34% in octogenarian patients. They 
were most frequently followed by pneumonia in 3%. These 
results are similar to previous studies [18–21]. Complica-
tions were not found to be associated with comorbidities, 
age, sex, or type of resection in our study. In the univari-
ate analysis Low ppFEV1 value, age, radical lymph node 
dissection, and performance status were identified as risk 
factors for complications. However, in multivariate analysis 
only age risk factor was determined. Risk factors associ-
ated with complications vary in the literature. For example, 
Chida et al. [22] observed no correlation between compli-
cations and CCI score of 2 or above, whereas Birim et al. 
[23] reported that CCI score of 3 or above is a risk factor 
for major complications. In our study, we did not show the 
effect of radical lymph node dissection on complication due 
to the low number of patients aged 80 and over. However, in 
the literature, the risk of lymph node dissection should be 
required, and the risk of complication increases in octoge-
narians [24, 25].

The 30-day mortality rate among early-stage lung can-
cer patients in our study was 8.3%. Type of resection, age, 
and radical lymph node dissection was not statistically 
associated with mortality. In the univariate analysis, the 

main risk factors affecting mortality were the patients’ per-
formance status, CCI score of 2 or higher, and low ppFEV1 
value. However, multivariate analysis revealed no risk fac-
tor affecting mortality. The lack of a mortality difference 
according to resection type may be due to the better per-
formance status of pneumonectomy patients. Similarly, 
Okami et al. [25] also reported that the type of lung resec-
tion was not an independent risk factor and did not have 
an impact on mortality. In particular, the patient’s perfor-
mance status and disease stage constitute postoperative 
prognostic factors. Unlike other authors, Mizushima [26] 
reported that resection type affected mortality in patients 
aged 70 years or older. They determined a 22% mortality 
rate among patients who underwent pneumonectomy.

In our study, radical lymph node dissection and resec-
tion type were not associated with survival. Radical lymph 
node dissection was only a significant risk factor in terms 
of survival in patients with poor performance status in the 
univariate analysis. Chida et al [16] reported that radical 
lymph node dissection was associated with significantly 
greater survival. However, recent studies have shown that 
full lymph node dissection after pulmonary resection had 
no impact on long-term survival [20, 27]. Chida et al. 

Table 4   Evaluation of factors 
affecting survival

HR Hazard ratio, CI confidence interval, UA univariate analysis, MA multivariate analysis

Variables 5-year survival Median 
survival

Univariate analysis Multivariate 
analysis

95% CI p value HR p value

Age (years)
 70–74 46.1 54 46.3–61.6 0.682 ns ns
 > 75 34.2 41 23.6–58.3

CCI
 0–1 44.3 54 44.9–63 0.186
 > 2 35.7 45 33.9–56

ppFEV1 < 40 0 25 0–70.4 0.003 4.82 0.008
ECOG
 Good performance 46.7 57 41–72.9 0.029 1.46 0.488
 Poor performance 26.6 45 33.6–56.3

Resection type
 Segmentectomy 33.3 49 33.5–64.4 0.117 ns ns
 Lobectomy 44.6 54 47.1–60.8
 Pneumonectomy 23.4 30 20.6–39.3

Lymph node
 LN-1 35.5 51 37.3–64.6 0.607
 LN-2 42.4 54 46.1–61.8

8th stage
 1 49 53 42.7–63.2 0.329
 2 34 51 41.6–60.3

Histopathology
 Adenocarcinoma 38.8 49 38.3–59.7 0.825
 Squamous cell carcinoma 46.7 53 39-66.9
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[22] found that long-term survival outcomes were worse 
in early-stage lung cancer patients who underwent radical 
lymph node dissection compared to those who underwent 
lymph node sampling. We believe that sampling is suf-
ficient in elderly patients because lymph node dissection 
poses a complication risk, has not been shown to improve 
survival, and actually reduces survival in patients in poor 
general condition.

Limitations

Limitations of this study include selection bias, its retro-
spective design, small sample size, single institutional study, 
and the lack of comparative analysis between patients older 
than 70 years and those younger than 70 years. In addition, 
performance status heterogeneity in patients undergoing 
different types of resection, and the lack of performance 
analyses other than ECOG are other limitations.

Fig. 1   Kaplan–Meier curve analysis of a overall survival, b LN1 and LN2 groups, c performance status, d percent predicted FEV1
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Conclusion

The main prognostic factors affecting long-term postop-
erative survival in the present study was a low postop-
erative ppFEV1 value. Radical lymph node dissection did 
not increase the risk of postoperative complications and it 
did not affect long-term survival in patients aged 70 years 
or older. A key finding was that comorbidities were not 
associated with postoperative complications or long-term 
survival.
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