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Original Article
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Background: Due to an increased life expectancy in a healthy aging population and a progressive incidence 

of lung cancer, curative pulmonary resections can be performed even in octogenarians. The present study 

aims to investigate whether surgery is justified in patients reaching the age of 80 years and older who 

undergo resection for non-small cell lung cancer (NSCLC). 

Methods: In this retrospective multi-centre analysis, the morbidity, mortality and long-term survival of 

88 patients (24 females) aged ≥80 who underwent complete resection for lung cancer between 2000 and 

2013 were analysed. Only fit patients with few comorbidities, low cardiopulmonary risk, good quality of 
life and a life expectancy of at least 5 years were included.

Results: Curative resections from three thoracic surgery centres included 61 lobectomies, 9 bilobectomies, 

6 pneumonectomies and 12 segmentectomies or wide wedge resections with additional systematic mediastinal 

lymphadenectomy in all cases. Final histology revealed squamous cell carcinoma [33], adenocarcinoma 

[41], large cell carcinoma [5] or other histological types [9]. Lung cancer stage distribution was 0 [1], I [53],  

II [17] and IIIA [14]. The overall 90-day mortality was 1.1%. The median hospitalisation and chest drainage 

times were 10 days (range, 5–27 days) and 5 days (range, 0–17 days), respectively. Thirty-six patients were 

complication-free (41%). In particular, pulmonary complications occurred in 25 patients (28%). In addition, 

23 patients (26%) developed cardiovascular complications requiring medical intervention, while 24 patients 

(27%) had cerebrovascular complications, urinary tract infection and others. The median survival time was 

51 months (range, 1–110 months), and the 5-year overall survival reached 45% without significance between 
tumour stages. 

Conclusions: Curative lung resections in selected octogenarians can be safely performed up to 

pneumonectomy for all tumour stages with a perioperative mortality, morbidity, and 5-year survival rate 

comparable to younger cohorts.
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Introduction

With an increasing life expectancy in western countries, 

the mean age of the population is increasing as well as the 

subgroup of individuals aged >80 years (1,2), who also suffer 

increasingly from lung cancer (3,4). Lung cancer is the 

leading cancer and second leading cause of cancer mortality in 

men and women, respectively, among women worldwide (5).  

Moreover, the diagnosis of lung cancer is made in more than 

40% of patients aged ≥75 years (6). In 2005, Dienemann et al. 

concluded that the tumour itself rather than the age affects 

the prognosis of the octogenarian patient (7). Due to the 

large variability of comorbidities, functional performance, 

nutritional status, and social resources, which are all associated 

with aging, the patient population of over 80 years represents 

a very heterogeneous group. Significant individual variations 
of such factors are poorly represented by chronological 

age. Accordingly, the European Respiratory Society, the 

European Society of Thoracic Surgeons and the American 

College of Chest Physician recommended that the decision 

for a surgical procedure should not be based solely on the 

chronological age (2,4,8-10). Despite a large body of existing 

literature, it is still strongly debated as to which patient and 

to what extent a resection should be performed in the surgical 

management of lung cancer in patients aged over 80 years.  

To contribute to filling this knowledge gap, we here analysed 
in a tri-centre, retrospective study the mortality, morbidity, 

and the short- and long-term follow-up in octogenarians 

after curative lung resection for non-small cell lung cancer 

(NSCLC). 

Methods 

Eighty-eight consecutive patients aged between 80 and 

90 years underwent curative lung resection for NSCLC 

between 2000 and 2013. The mean age at the time of 

surgery was 82±2.0 years (range, 80–88 years), with 64 male 

(73%) and 24 female patients (27%). Perioperative risk 
was classified based on the choice of surgical procedure, 

quality of life, comorbidities, pulmonary function and 

the American Society of Anesthesiologists (ASA) score. 

Whenever possible, preoperative histological diagnosis was 

obtained by transbronchial needle biopsy, bronchoalveolar 

lavage, and bronchoscopic or computer-tomography-guided 

biopsy. Mediastinoscopy and endobronchial ultrasound 

were not applied routinely. All data were prospectively 

acquired and retrospectively analysed in three different 

thoracic departments. To obtain follow-up and survival data, 

telephone interviews were performed with the patients, 

their families or the general practitioner. Variables included 

in the database were age, sex, performance status, ASA 

score, body mass index, pulmonary function tests [forced 

expiratory volume in one second (FEV1), forced vital 

capacity (FVC) and diffusing capacity of the lung to carbon 

monoxide (DLCO)], preoperative risk factors, type of 
surgery (wedge resection, segmental resection, lobectomy, 

bilobectomy, pneumonectomy), chemotherapy treatment, 

TNM tumour classification, including histology, hospital 

stay, mortality, morbidity, follow-up and development of 

tumour-recurrence. 

Every patient gave signed informed consent prior to 

surgery which was approved by the Institutional Ethic 

Board of University of Zurich. 

Statistics

All data were analysed using the Statistical Package for 
Social Science (IBM SPSS Statistics 22 for Windows). Data 

were presented as median and range. The survival data 

were analysed using Kaplan-Meier curves and log-rank 
test. The statistical frequencies were evaluated using the 

chi square test and the Fisher’s exact test. A Cox regression 

analysis was performed to analyse factors determining 

overall survival. A P≤0.05 was considered as significant. 

Results

Patient characteristics and procedures

All 88 patients underwent lung resection with curative 

intention. The detailed surgical procedures are summarised 

in Table 1. The preferred procedure was a lobectomy or 

bilobectomy, while a pneumonectomy was performed 

only for central tumours and in patients with outstanding 

performance status (ASA 1 or 2) and respiratory function 

(both, FEV1 and DLCO ≥70%). Sublobar resection was 

performed in those patients with impaired performance 

status (> ASA 3) and severe comorbidities, or in early 

tumour-stages (cT1, cN0-1). Systematic mediastinal 

lymphadenectomy was performed on a regular basis during 

all anatomic resections. The most common comorbidities 

associated with an increased perioperative risk were the 
presence of an aortocoronary bypass in eight patients (8.8%), 

coronary heart disease in five patients (5.6%) and valvular 
heart disease in four patients (4.4%). The median FEV1, 

FVC, and DLCO were 2.00 L (range, 0.82–3.66 L), 91% 

(range, 62–158%), and 69% (range, 12–124%), respectively. 

In the studied cohort, 5 patients (5.5%) had an ASA score 
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of 1, 50 (55%) an ASA score of 2, 34 (37.3%) an ASA score 

of 3 and 2 (2.2%) an ASA score of 4. The histological 

diagnosis was defined according to the criteria of the 

World Health Organization classification for NSCLC,  

7th edition (8,11,12). Adenocarcinoma was diagnosed in  

41 patients (46.6%), squamous cell carcinoma in 33 patients 

(37.5%), large cell carcinoma in 5 patients (5.6%) and other 

histological types in 9 patients (10.2%). Regarding the final 
pathological stage, 1 patient (1.1%) presented at stage 0, 53 

(60.2%) at stage I, 17 (19.3%) at stage II and 14 (15.9%) 

at stage IIIA. The definitive histology of the patient at 

stage 0 revealed adenocarcinoma in situ. In particular,  

21 patients (24%) had a positive lymph-node stage, namely 

11 patients (12.5%) with pN1 and 10 (11.4%) with pN2 

stage. Stage pT3 was found in nine patients (10.2%) 

and pT4 in two patients (2.3%). No patient received 

neoadjuvant or adjuvant therapy due to the age with 

associated risk factors or impaired lung function.

Mortality and morbidity

The 90-day mortality was 1.1%. One patient with left-sided  

pneumonectomy died 12 days after surgery due to a 

postoperative sepsis with right-sided pneumonia, and 

pulmonary and renal failure. Conversely, 36 patients 

(40.9%) had an uneventful postoperative course. Of the 

remaining 51 patients (58%), 41 (46.6%) had only a single 

complication, 9 (10.2%) had two complications whereas  

1 (1.1%) had three complications. Postoperative pulmonary 

morbidity occurred in 22 patients (25%). In addition, 

22 patients (25%) developed cardiovascular morbidity 

requiring medical—particularly antiarrhythmic—treatment. 

Twenty-four (27%) patients displayed other complications 

(cerebrovascular incidents, urinary tract infection). The 

most frequent complications were atrial arrhythmia in 

15 patients (17%), pneumonia in 5 patients (5.6%) and 

delirium in 5 patients (5.6%) (Table 2).

Out of 88 patients, 9 (10%) were re-operated for 

haemothorax [4], persistent air leakage [3] bronchial 
stump insufficiency [1] or pneumothorax [1] within 7 days 

postoperatively. The patient with the bronchial stump 

insufficiency underwent an operative debridement and the 

stump was covered by the omentum. In the three patients with 

a prolonged air leakage, a surgical closing of the fistula with 
pulmonary sealant (fibrin glue) or direct suture was performed. 
The severity of the complications according to the Common 

Terminology Criteria for Adverse Events is presented in  

Table 3 (13). The median hospitalisation time was 10 days (range, 

5–27 days) and drainage time was 5 days (range, 0–17 days). 

Follow-up and survival

Patients were followed from their time of diagnosis (starting 

in 2001) to mid-2013. The median follow-up duration was 

27 months (range, 1–110 months). During this period, 

of the 33 patients (37.5%) who died, this was from local 

recurrences in 4 patients (4.5%), from metastases in  

4 patients (4.5%), from non-cancer specific causes in  

11 patients (12.5%) or from another malignancy in 1 patient 

(1.1%). In 13 patients (14.7%), the cause of mortality was 

undetermined. The median survival time was 40 months 

(range, 1–110 months) with overall survival rates at 1,  

3 and 5 years of 89%, 73% and 45%, respectively (Figure 1).  

Survival curves according to tumour stage and operative 

procedure are presented in Figures 2 and 3. Covariates 

influencing survival are summarised in Table 4. The only 

independent risk factor was the N-stage (P=0.045). When 

Table 1 Type of curative lung resection

Operative procedures No. of patients %

Limited resection  

(wedge-or segmentectomy)

12 13.6

Lobectomy 61 69.3

Left-sided 25

Right-sided 36

Bilobectomy 9 11

Pneumonectomy 6 6.1

Left-sided 3

Right-sided 3

Table 2 Number and type of postoperative complications

Number and type of complication No. of patients %

Overall morbidity 51 58

1 complication 41 46.6

>1 complication 10 11.4

Most frequent complications

Atrial arrhythmia 15 17

Pneumonia 5 5.6

Postoperative delirium 5 5.6

Pneumothorax 1 1.1

Haemothorax 4 4.5

Persistent air leakage 3 3.3
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Table 3 Complication classification according to the Common 

Terminology Criteria for Adverse Events (CTCAE) (Kluetz et al. 2016)

Grade No. of patients %

0 34 38.6

1 6 6.8

2 29 33

3 5 5.7

4 13 14.8

5 1 1.1

Figure 1 Overall 5-year survival in octogenarians undergoing 

curative lung resection for stages I–IV lung cancer.

Figure 2 Cumulative 5-year survival according to tumour stage in 

octogenarians undergoing curative lung resection for stages I–IV 

lung cancer.

Figure 3 Cumulative 5-year survival according to the operative 

procedure in octogenarians undergoing curative lung resection for 

stages I–IV lung cancer.
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using Cox multivariate analysis, preoperative FEV1 values 

and the overall survival were correlated. On the other hand, 

the significance was lost when the cohort was subdivided 

into subgroups based on a preoperative 80% FEV1 cut-off 

and chronic obstructive pulmonary disease (COPD) at stage 

II, respectively.

Discussion

In recent years, a series of studies have demonstrated that 

surgical treatment in selected patients older than 80 years 

can be successfully performed (2,4,7,14-21). The strength 

of the present study is, however, that we are able to show 

that such patients display very low postoperative mortality 

as well as relatively good early and long-term outcomes 

even in advanced tumour stages and an equal outcome even 

after extended resections, including pneumonectomy. 

From a prognostic point of view, pulmonary resection 

remains the best treatment modality for elderly patients 

with early stage NSCLC (13,22) provided that the mortality 

is kept low. Advances in pre- and postoperative management 
of patients, anaesthesia and surgical techniques have 

led, over recent years, to a significant reduction in the 

postsurgical mortality and morbidity and increased long-

term survival rates. Indeed, Takamochi and colleagues (16)  

demonstrated equivalent morbidity and mortality rates 

for elderly patients (over 70 years) compared to younger 

cohorts. In this series, lobectomy was performed in 

85% of the younger group of patients and in 80% of the 

elderly population. Multivariate analysis revealed that 

smoking, hypertension, renal insufficiency and DLCO 
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Table 4 Details of covariates influencing survival

Parameters Hazard ratio 95% confidence interval P value

Sex 1.3 0.28–6.22 0.71

FEV1 1.2 0.97–1.02 0.04

DLCO 0.98 0.96–1.02 0.31

ASA 0.89 0.2–3.54 0.86

Cardiac risk factors 1.6 0.5–5.1 0.42

Operative procedure 1.0 0.5–1.9 0.98

Histology 0.6 0.2–1.3 0.28

Tumor stage 0.16 0.21–1.3 0.95

T-stage – – 0.16

N-stage 0.8 0.79–1.23 0.045

Postoperative complications (all) 1.0 0.48–2.19 0.92

Pulmonary complications 1.3 0.38–4.85 0.63

FEV1, forced expiratory volume in one second; DLCO, diffusing capacity of the lung to carbon monoxide; ASA, American Society of 

Anesthesiologists.

were significant risk factors for the postoperative morbidity 
among the elderly (16). 

Since 2000, the reported perioperative mortality rates 

have ranged between 0 and 12.5%, mostly dependent on 

the distribution of TNM stages and the type of surgery 

performed (14). Compared to these data, our perioperative 

mortality of 1.1% (in patients aged ≥ 80 years) is extremely 

low. Dell'Amore et al. reported a perioperative mortality 

of 6.0 % in 83 patients older than 75 years (2). Rivera et al.  

reported a 30-day mortality of 6.5% in 622 patients aged 

over 80 years entered in the French registry (4). Shiono 

et al. reported in 2013 that no mortality occurred in 

119 patients older than 75 years (17). However, patients 

included in the final study underwent only a lobectomy, 

thus lowering the risk of operation-related mortality. 
There is a general consensus that the main causes of 

perioperative mortality are related to postoperative cardiac or 

pulmonary complications (2,4,14,16-18). In addition, there is 

broad evidence that pneumonectomy, particularly on the right 

side, is a major risk factor for perioperative mortality (2,20,21). 

We could confirm this trend of complications in as many 

as 44 patients (50%) who developed cardiac or pulmonary 

adverse reactions. Likewise, Dell'Amore et al. reported 

a morbidity rate of 48.6%, with cardiac and pulmonary 

complications, including postoperative atrial fibrillation, 

atelectasis, air leakages and prolonged ventilation, as the 
predominant causes (2). Furthermore, Takamochi et al. (16)  

described a 42% morbidity rate in 409 septuagenarians; 

again, the older cohort of patients more frequently developed 

atrial fibrillation and pneumonia during the postoperative 

period. Atrial fibrillation was also reported by Dominguez-
Ventura to be the most frequent postoperative complication 

in a population of 379 patients (18).

With regard to possible predictors of postoperative 

pulmonary morbidity in elderly patients, there are still 

some inconsistencies: Fanucchi et al. (20) reported that a 

preoperative FEV1 <1.5 L was not associated with a higher 

incidence of mortality or morbidity. In contrast, the study 

by Dell'Amore et al. (2) found FEV1 to be a risk factor for 
the perioperative mortality. Although, in our study, FEV1-

values correlated with the overall survival, the significance 
was lost when the cohort was divided into subgroups 

according to the 80% cut-off value.

With regard to postoperative long-term survival, our 

5-year survival rate matches well those of other studies 

ranging from 27% to 57.7% (2,15,17,20,21). The wide 

range of 5-year survival reported is most likely due to the 
different proportions of early and late stages of NSCLC as well 

as the extent of surgical resections. Other confounding factors 

are selection bias, limited number of patients, incomplete 

follow-up and the different interpretations of ‘elderly’ (2). The 

5-year survival reported by Dell'Amore et al. was at 38% in a 

cohort of 319 patients with a mean age of 78.1 years (2). In this 

series, 53.3% of patients had a pathological stage I and 14.7% 

a pathological stage III NSCLC. 

In addition, the long-term survival decreased significantly 
with increasing tumour stage. Furthermore, Shiono et al. (17)  
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reported a 5-year survival of 57.7% in 119 patients with a 

mean age of 77 years and a proportion of 71.4% stage I and 

15.1% stage III NSCLC. Finally, Okami et al. (15) achieved 

a 5-year survival of 55.7% in a patient population of  

367 clinical stage I patients with a mean age of 82.3 years. 

Except for patients who had stages IIA and IIIA lung 

cancer and did not survive 5 years, our data compare well 

to the general patient population (14). However, this bias in 

our study might be due to the small numbers of patients in 

these cohorts (4 in stage IIA and 14 in stage IIIA).

In our study, the type of surgical treatment, histology, 

pathologic T-stage, gender and perioperative risk factors 
showed no correlation with overall survival. Whereas 

Dienemann et al. (7) and Voltolini et al. (21) reported the 

tumour stage to be the most important prognostic factor for 

long-term survival in the elderly, we found only the N-stage 

as a significant prognostic factor. In addition to tumour 

stage, long-term survival is influenced by other factors, 

including pneumonectomy, which is a major risk factor 
for both perioperative mortality and long-term survival 

(2,18,20,21). In this context, Voltolini et al. discouraged the 

performance of pneumonectomy in octogenarians given a 

significant 25% mortality rate observed in their series (21). 

Likewise, Dell'Amore et al. (2) reported a mortality rate 

of 23.3%, with no patient reaching a survival of 5-years. 

Dominguez-Ventura et al. (18) concluded from their data 

that patients undergoing pneumonectomy had a poorer  

long-term survival, with a 10.6% 5-year survival. Accordingly, 

in our series, no patient who had pneumonectomy survived  

5 years. In contrast to Voltolini et al. (21), we attempt to avoid 

a pneumonectomy whenever possible but do not exclude 

it a priori. The statistically relevant poorer mortality and 

long-term survival rates of pneumonectomy may be partially 

explained by covarying the data with advanced tumour stages 

as described by Dominguez-Ventura et al. (18).

Maintaining the quality of life constitutes another 

important issue in octogenarians. Ferguson et al. (23) 

examined the quality of life of septuagenarians after major 

lung resection and found that this was not different in such 

patients compared to younger cohorts, despite a higher 

number of postoperative complications in the elderly 

patient population. Stereotactic radiotherapy (SBRT) is 

the mainstay of alternative therapy in patients who are 

inoperable and in those who refuse surgery, and this therapy 

could even be discussed as a curative treatment alternative 

to surgical resection (24). However, a comparison between 

surgical and radiotherapy treated patients remains difficult 
because of the lack of pathologic confirmation of the 

specimen on radiotherapy treatment. Despite SBRT being 

usually a well-tolerated treatment, it was not comparable to 

surgery in different studies (25,26). The European Society 

for medical oncology clinical guidelines consider SBRT as a 

first-line treatment in non-operable patients (27). Haasbeek 
et al. demonstrated an improvement in overall survival 

in the surgical and radiotherapy groups compared to the 

patients without treatment (25). Consequently, the decision 

to subject octogenarians to SBRT is to be made within a 

dedicated multidisciplinary team with balanced expertise. 

If possible, a pre-treatment pathological proof, preferably 

obtained by biopsy, is recommended. If this is not possible 

and if malignancy is highly likely based on the described 
criteria, immediate SBRT without histopathological 

confirmation could be a treatment option (27). 

In conclusion, our study demonstrates that curative 

lung resection should be considered in octogenarians as a 

first-line therapy. This can be performed up to the extent 

of pneumonectomy irrespective of the tumour stage, thus 

offering the best curative therapeutic modality. 
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