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ABSTRACT

Background: Lung cancer is placed in first rows among all types of cancer in both women and men. 
Treatment options include surgical resection, chemotherapy, and radiotherapy. The main factor, which 
determines the treatment, is the stage of the disease. Several factors should be considered when assessing 
the survey ratios of the patients.

Materials and Methods: We retrospectively evaluated the patients that we performed pneumonectomy 
owing to lung cancer from January 2009 to December 2014. Classical and extended pneumonectomies 
due to non-small cell lung carcinoma were included in the study while excluding the patients who have 
given neoadjuvant chemotherapy and radiotherapy. We analyzed patients for age, gender, complaints, 
symptoms, diagnostic steps, pathological specifics, postoperative complications, and surveys.

Results: We evaluated 192 patients retrospectively. The mean age was 58 years. Eight of these patients 
were female and 184 of them were male. The most common complaint was shortness of breath. We 
operated 55 patients on right and 137 patients on the left hemithorax. 45 patients were given both 
chemotherapy and radiotherapy, 79 patients only chemotherapy, 2 patients only radiotherapy, and 66 
patients did not take any additional treatment. During the follow-up period, we determined metastases 
in 15 patients, recurrence in 20 patients, and a second primer tumor in 1 patient. The most common 
postoperative complication was empyema with fistula. The mean hospital stay was 13 days. 5 years of 
survival was 35.9%.

Conclusions: The five-year overall survival found to be significantly higher compared to the literature. 
Despite its unwilling morbidity rate and high mortality rate, pneumonectomy is a surgery to prolong 
survival in selected cases of lung cancer.
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Introduction

Lung cancer constitutes 12-16% of all cancers and is 
responsible for 18-28% of cancer-related deaths [1]. 
There are options such as surgery, chemotherapy, and 
radiotherapy in lung cancer treatment. These treatment 
methods are applied alone or in combination. The 5-year 
survival rate of lung cancer was 14% despite improved 
diagnostic methods, advanced surgical techniques, and 
non-surgical methods [2].

Even though surgery is the most important treatment 
for non-small cell lung cancer (NSCLC), curative com-
plete resection rate is 20% when diagnosed. For long-
term survival, treatment modality can only be decided 
by a correct staging [3].

In this study, we investigated the factors affecting 
the survival rate of patients who underwent pneumo-
nectomy for NSCLC.

Materials and Methods 

Between January 2009 and December 2014, 270 pa-
tients underwent pneumonectomy in Ataturk Chest 
Diseases and Chest Surgery Training and Research 
Hospital Chest Surgery Clinic. Benign causes, mesothe-
liomas, and pneumonectomies after neoadjuvant che-
motherapy were excluded from the study. While sleeve 
and completion pneumonectomies are excluded, pneu-
monectomies that caused by synchronous tumors and 
extended pneumonectomies were included in the study. 
In the end, 192 patients were examined retrospectively. 
Both the data systems of the digital environment and 
archive files have been examined.

Patients’ age at operation time, gender, complaint, 
background, family history, drug use, PET-CT (positron 
emission tomography-computed tomography), respira-
tory function tests, bronchoscopy, preoperative diag-
nosis, preoperative diagnostic methods, postoperative 
pathology and staging, chemotherapy, radiotherapy, 
survival, postoperative hospital stay, development of 
complications, relapse and metastasis were investigat-
ed. Survival information was obtained from the Min-
istry of Health Death Notification System. The study 
was approved by the local education committee (No: 
2016/529) and was designed in accordance with the 
principles of the Declaration of Helsinki. The study is 
the thesis of the first author, and the data of the patients 
managed between 2009 and 2014 we used. 

Statistical Analysis

SPSS 23.0 (IBM Corp., Amonk, NY, USA) was used for 
statistical analyses. As descriptive statistics, minimum-
maximum values and arithmetic mean ± standard devia-
tion and numbers and percentages related to qualitative 
data were calculated. The conformity of the measurable 
data to normal distribution was checked with a single 
sample Kolmogorov-Smirnov test. Mann-Whitney U 
was used for comparisons between groups and Wil-
coxon paired-sample tests were used for comparisons 
within the group. In qualitative data, Pearson chi-square 
and single example chi-square tests and Fisher’s exact 
chi-square tests were used. Survival events were evalu-
ated by Kaplan Meier analyses. P values  <0.05 were 
considered significant.

Results

The mean age of the patients (n = 192) was 58. Patients 
were between 38 and 80 years old .184 patients were 
male (95.8%) and 8 were female (4.2%). The most fre-
quent complaint was the shortness of breath with a rate 
of 35.9%. 10.4% (n = 20) of the patients had no history 
of using cigarettes, 2.4% (n = 5) of them had used less 
than 20 packets per year while 72.4% (n = 139) of the 
patients (n = 28) had used more than 20 packets per 
year and 14.6% (n = 28) of them had stopped using. 
While there was no sign of any malignancy in family 
history in 89.6% of the patients (n = 172), respiratory 
malignancies were detected in 7.3% (n = 14), family, 
and non-respiratory malignancies in 3.1% (n = 6). The 
Charlson comorbidity score was zero in 64.1% of the 
patients (n = 123).

72.9% of the patients (n = 140) were diagnosed by 
flexible bronchoscopy. The most common lesion was 
found in the left upper lobe bronchus with 34.4% (n = 
66). Left pneumonectomy was performed in 71.4% (n 
= 137) and right pneumonectomy in 28.6% (n = 55) of 
all patients. The average hospital stay was 13 days. In 
94.8% of patients (n = 182) bronchial surgery border 
was negative.

While 34.4% (n = 66) of the patients did not receive 
chemotherapy and radiotherapy, 41.1% received che-
motherapy, 1% received radiotherapy and 23.4% re-
ceived chemoradiotherapy. 

One month, 1, 2, 3,  4, and 5 years survival of patients 
were evaluated. Since not all of the patients completed a 
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5-year postoperative period, the number of patient groups 
assessed at 3, 4, 5-year survival rates varied (Table 1).

Table 1. 5-year of survival.
Number %

Exitus 66 64.1
Alive for >5 year 37 35.9
Total patients 103 100

When we compared the survival times with the opera-
tion side, we could not obtain a meaningful result.

Survival was compared according to their histopatho-
logical diagnosis. There was no significant difference be-
tween the groups (Table 2). 

Similarly, no statistically significant difference was 
found between the histopathologic groups by the rates 
of metastasis, relapse and secondary primer develop-
ment (p = 0.9) (Table 3). 

A significant difference was observed in the first 30 days when patients with and without chemoradiotherapy were 
compared (Table 4).
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Table 2. Distribution of postoperative histopathologic diagnosis and survival.
n (%) 30 day 1 year 2 years 3 years 4 years 5 years

Adenocarcinoma 17 (8.9) 17 14 8 7 5 3
Squamous cell carcinoma 136 (70.8) 132 107 82 60 48 26
Adenoid cystic carcinoma 1 (0.5) 1 1 1 1 1 1
Atypical carcinoid 2 (1,0) 2 2 2 2 2 2
Typical carcinoid 1 (0.5) 1 1 1 1 1 1
Combination of squamous and giant cell 1 (0.5) 1 1 1 1 1 1
Large cell carcinoma 7 (3,6) 7 4 4 3 1 0
Adenosquamous carcinoma 23 (12.0) 22 16 10 7 4 3
Mix germ cell carcinoma 1 (0.5) 1 0 0 0 0 0
Pleomorphic carcinoma 3 (1.6) 3 3 2 1 1 0
Total 192 (100) 187 149 111 83 64 37
P value 0.9 0.4 0.5 0.4 0.1 0.09

Table 3. Survival according to recurrence-metastasis-secondary primary status.
No Recurrence/ metastasis (n=156) Metastasis (n=15) Recurrence (n=20) Secondary primary (n=1) p

30 day 151 (96.8%) 15 (100%) 20 (100%) 1 (100%) 0.7
1year 118 (75.6%) 11 (73.3%) 19 (95.0%) 1 (100%) 0.2
2 years 89 (57.1%) 8 (53.3%) 13 (65.0%) 1 (100%) 0.7
3 years 70 (53.0%) 4 (28.6%) 8 (42.1%) 1 (100%) 0.2
4 years 55 (46.2%) 2 (16.7%) 6 (37.5%) 1 (100%) 0.1
5 years 33 (38.4%) 1 (16.7%) 2 (20.0%) 1 (100%) 0.2

Table 4. Survival by chemotherapy and radiotherapy.
No CT-RT (n=66) (%) CT (n=79) (%) RT (n=2) (%) Both CT-RT (n=45) (%) Total (n=192) (%) p

30 day 61 (92.4) 79 (100) 2 (100) 45 (100) 187 (97.3) 0.02
1 year 44 (66.7) 66 (83.5) 2 (100) 37 (82.2) 149 (77.6) 0.06
2 years 21 (81.8) 51 (85.4) 2 (100) 27 (90.4) 111 (57.8) 0.1
3 years 22 (40.0) 40 (58.8) 1 (50) 20 (48.8) 83 (50.0) 0.2
4 years 17 (25.7) 31 (51.7) 1 (50) 15 (41.7) 64 (43.2) 0.3
5 years 12 (30) 14 (6.8) 0 (0) 11 (45.8) 37 (%5.9) 0.5
Abbrev.; CT; chemotherapy, RT: radiotherapy



No statistically significant difference was found be-
tween the patients who did not develop recurrence or 
metastasis and those who developed one of these.

When the survival rates of 40 patients who under-
went extended resection were examined, the survival 
rates of 30 days, one, two, three, four, and five years 
were found 100%, 62.5%, 50%, 36.1%, 32.4%, 32%, 
respectively. Two of the patients (1%) underwent pneu-
monectomy due to synchronous tumor. One of the two 
patients was lost within the first 3 years while the other 
patient was lost in the fourth year.

The tumor size of 191 of 192 patients could mea-
sured in the pathology laboratory and 77.0% of them (n 
= 147) were over 30 mm and 23.0% of them (n = 44) 
were 30 mm and below. There was no significant differ-
ence between these two groups in terms of the survival 
rates according to 30-day, 1-year, 2-year, 3-year, 4-year 
and 5-year. (p = 0.3, p = 0.8, p = 0.3, p = 0.5, p = 0.6, p 
= 0.5, respectively).

No statistically significant difference was found be-
tween sexes in terms of sex-specific survival (Figure 1).

Figure 1. Survival by sex (female, male). 

According to the history of smoking, there was no 
significant difference between the groups in the 30-day, 
1-year, 2-year, 3-year, 4-year and 5-year survival of the 
four groups (p values are p = 0.8, p = 0.5, p = 0.1, p = 
0.2, p = 0.7, p = 0.1, respectively). 

Relation between the status of bronchial surgical 
margin and recurrence, metastasis, and secondary prim-
er is shown in Table 5. 

While complications did not develop in 84.6% (n = 
154) of patients with bronchial surgical margin nega-
tive (n = 182), bleeding in 2.2% (n = 4), empyema in 
1.1% (n = 2), fistula in 4.4% (n = 8), fistula in 3.8% (n = 
2) wound infections, 0.5% (n = 1) bleeding and fistula, 
0.5% (n = 1) tracheoesophageal fistula, 1%, empyema 
and wound infections in 1 (n = 2), empyema and bleed-
ing in 0.5% (n = 1) developed (p = 0.6).

In comorbidity rating, zero points in 64.1% (n = 
123), 1 point in 24.0% (n = 46), 2 points in 9.4% (n = 
18) and 3 points in 2.6% (n = 5) were scored. When the 

comorbidity scores were taken into consideration, there 
was no significant difference between groups.

In terms of the distribution of patients according to 
their stages, 8.3% (n = 16) of patients (n = 16) were stage 
1a, 13.0% (n = 25) were stage 1b, 23.4% (n = 45) were 
stage 2a and 18%, 8 (n = 36) stage 2b, 34.4% (n = 66) 
stage 3a and 2.1% (n = 4) stage 3b. There was no statis-
tically significant difference between the groups in the 
30-day, 1-year, 3-year and 5-year survivals, whereas the 
2-year survival (p = 0.05) and 4-year survival (p = 0.04) 
were significantly different between the groups (Table 6).  
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Table 5. The relation of the bronchial surgical margin with recurrence/metastasis.
No recurrence/ me-
tastasis (%)

Metastasis 
(%)

Recurrence 
(%)

Second primer 
(%)

Total 
(%)

Negative bronchial margin 147 (94.2) 15 (100) 19 (95) 1 (100) 182 (94.8)
Positive bronchial margin 9 (5.8) 0 (0) 1 (5) 0 (0) 10 (5.2)
Total 156 (81.3) 15 (7.8) 20 (10.4) 1 (0.5) 192 (100)

Table 6. Survival evaluation according to the stage.
Stage 1a 1b 2a 2b 3a 3b Total P

n=16 n=25 n=45 n=36 n=66 n=4 n=192
30 days 14 25 44 35 65 4 187 0.2
1 year 13 21 40 25 48 2 149 0.1
2 years 8 14 33 21 35 0 111 0.05
3 years 5 9 24 18 27 0 83 0.1
4 years 5 3 20 15 21 0 64 0.04
5 years 3 1 10 9 14 0 37 0.3
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In this study, there are stage 1 non-small cell lung 
cancer patients who performed pneumonectomy be-
cause of the localization, intraoperative complication, 
and accompanied benign status. Despite the histopath-
ological diagnosis was carcinoid in three patients, we 
performed pneumonectomy due to the main bronchial 
localization that results in destroyed lung.

When the lymph node involvement of the patients 
(n = 192) was examined 42.7% (n = 82) were detected 
as N0, 41.7% (n = 80) as N1 and 15.6% as N2 (n = 30). 
There was a significant difference between the groups 
at 1 year, 2 years, 3 years, 4 years and 5 years survival 
when no difference was detected between the groups in 
the first 30 days survival.

Metastasis was detected in 7.3% (n = 6) of patients 
with N0 (n = 82), recurrence was found in 8.5% (n = 7) 
and second primer was detected in 1.2% (n = 1). Me-
tastasis in 7.5% (n =6) of patients with N1 (n = 80) and 
recurrence in 10% (n = 8). Metastasis in 10% (n = 3) of 
patients with N2 (n = 30) and recurrence in 16.7% (n = 
5) were found (p = 0.7).

75% of all patients (n = 144) did not have any early 
or late complications. Bleeding in 4 patients (2.1%), em-
pyema in 2 patients (1.0%), fistula in 8 patients (4.2%), 
fistula and empyema in 9 patients, 4.7% (0.5%) bleeding 
and fistula in 1 patient (0.5%), tracheoesophageal fistula 
in 1 patient (0.5%), empyema and wound infection in 2 
patients (1.0%), empyema bleeding was seen. The 30-
day, 1-year, 2-year, 3-year, 4-year, and 5-year survival 
rates of patients with complications were significantly 
different only in the first 30-day survival (p = 0.0001).

Discussion

Lung cancer is one of the most common causes of death 
in males and females. Non-small cell lung cancer consti-
tutes more than 80% of all lung cancers [4]. Treatment of 
early stage non-small cell lung cancer is surgery, while 
advanced stage and when surgery is not possible non-
surgical treatment is in the form of chemotherapy and 
radiotherapy [5]. The most important factor determining 
the prognosis is the tumor’s stage [6]. The early diagnosis 
affects the survival of the patient positively [7].

Pneumonectomy for surgical treatment in lung can-
cer is a form of treatment that is characterized by itself 
and possible complications increase morbidity and mor-
tality significantly [8].

We retrospectively evaluated 192 patients in our 
study. The patients were scattered around the age of 60 
years. The proportion of male patients is higher than 
that of female patients.

When the patients were evaluated for 30-day, 1-year, 
2-year, 3-year, 4-year and 5-year survival rates, 97.4%, 
77.6%, 57.8%, 50%, 43.2% and 35.9% was calculated. 
In the literature, the early mortality rate was 4.6% and 
a 5-year survival rate of 27-30% has been reported [9].

When the survival of patients who received chemo-
therapy, radiotherapy, chemoradiotherapy and did not 
receive treatment was evaluated, 30-day survival was 
found to be statistically significant, but additional treat-
ment protocols were applied after 3 weeks postopera-
tively in a majority of patients, so the effect of chemo-
therapy, radiotherapy or chemoradiotherapy on survival 
is controversial. Postoperative chemotherapy and ra-
diotherapy are indicated for survival benefit in the lit-
erature [10,11]. When the treatment of patients is being 
regulated, many factors such as stage and performance 
are taken into consideration, so that the patient groups 
show differences within themselves.

In our study, left pneumonectomy was applied to 
71.4% (n = 137) of 192 patients and this rate was simi-
lar to the literature [12]. There was no significant dif-
ference in survival according to the patients’ operation 
sides. However, the right pneumonectomy mortality is 
higher in the literature [13].

The 5-year survival rate of the patients without re-
currence, metastasis, and second primer was 38.4% 
while metastasis was 16.7%, recurrence was 20% and 
the second primer was 100% (p = 0.2). These rates are 
compatible with the literature [14].

Postoperative pulmonary complications have been 
reported to increase mortality risk [15]. The 5-year sur-
vival rate of patients with complications in our study 
was found to below.

There was no significant difference between groups 
according to cell type at 5 years survival (p = 0.09) but 
the distribution and survival rates of histopathological 
types are similar when compared with the literature and 
squamous cell carcinoma is the most common type [16].

When 5-year survival was evaluated according to the 
postoperative stages of the patients, stage 1a was 50%, 
stage 1b 10%, stage 2a 43.5%, stage 2b 39.1%, stage 3a 
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36.8% and stage 3b 0% (p = 0.3). The rate of stage 3 
patients was the most common stage, similar to the lit-
erature [9]. In a four-year survival analysis, 43.2% (n = 
64) of patients survived (n = 148) (p = 0.04). 50% of pa-
tients (n = 166) survived over 3 years (n = 83) (p = 0.1). 
The relationship between stage and 2-year survival was 
significant (p = 0.05). In the literature, the survival rates 
of early stage lung carcinomas are quite high and there is 
an inverse relationship between stage and survival [17].

Survival evaluations can lead to differences in the 
number of patients at each time slot. This can be ex-
plained by the fact that each patient did not complete the 
five-year postoperative period.

Postoperative complications should be considered 
when evaluating stage and survival; because the evalu-
ation of survival in early stage and advanced stage pa-
tients with complications is different. Comorbidity and 
performance status should be evaluated together with 
the stage of the disease. In our study, survival was as-
sessed according to comorbidity of the patients but it 
was not statistically significant (p = 0.8). The literature 
has examined the effects of additional diseases and 
conditions accompanying lung cancer on survival and 
found no adverse effect on the survival of all [18].

Cigarette smoking, history of respiratory tract be-
nign and malignant diseases, medications, respiratory 
function status, and the experience and physical condi-
tions of the operating center can also have important 
effects on survival. When all these factors are evaluated 
together with the stage, the survival rates may change.

The role of cigarette in lung cancer etiology is known. 
In our study, the survival benefit of patients was studied 
by considering the use of 20 cigarettes a year. The 5-year 
survival rate (45.5%) of the non-smoking patients was 
found to be higher than that of the current smokers and 
who quit smoke, as in the literature (p = 0.1) [19].

When the five-year survival rate of 40 patients who 
underwent extended pneumonectomy was examined, it 
was observed that mortality was higher than classical 
pneumonectomy (p = 0.6) [20].

There was no significant result in 5-year survival 
assessed by considering only the tumor size (p = 0.5). 
Tumor diameter and survival are inversely proportional 
in the literature [22].

In our study, no significant difference was found be-

tween bronchial surgical margin and survival (p = 0.3). 
Recurrence was seen in 10% (n = 1) of patients with 
bronchial surgical margin positive (n = 10) (p = 0.8). In 
the literature, the recurrence rate increases up to 60% 
in microscopic bronchial surgery border positivity af-
ter lung resections [22]. Complications developed in 2 
(20%) of 10 bronchial surgical borderline positive pa-
tients (p = 0.6). Postoperative complications have been 
reported in the literature in bronchial surgical borderline 
positive resections [23].

When we evaluate the histopathologic type of tumor 
together with stage, it should be kept in mind that each 
cell type may give different survival rates at different 
stages. In our study, survival rates according to cell type 
were calculated according to time intervals, but cell 
type and stage relation were not evaluated. When re-
currence and metastasis rates were evaluated according 
to histopathological types, metastasis and recurrence 
were found in 23.5% and 17.6% of adenocarcinomas. 
The 50% metastasis rate in the atypical carcinoid group 
is not statistically significant because of the limited 
number of patients. It has been reported in the literature 
that the recurrence rate in non-squamous carcinomas is 
higher than squamous cell type [24].

In the literature, it is mentioned that recurrence and 
metastasis rates are higher in N2 than N1 and are also 
higher in N1 than N0. In our study, 5 year survival ac-
cording to lymph node involvement was found to be 
significantly same as with the literature (p = 0.002) [25].

There are some limitations of this study. This study 
was a retrospective analysis and has a small sample 
size. Other limitations of this study that it consider pa-
rameters like survival, complication, recurrence and 
metastasis for just over 5 years. To have a deeper under-
standing of long-term results, patients should be moni-
tored longer. Besides, other outcomes such as quality of 
life should be considered.

In conclusion, the improvement in patient care ser-
vices and medical technologies reduced the morbidity 
and mortality rate in pneumonectomy patients to an ac-
ceptable level. Pneumonectomy still is an effective sur-
gical treatment for selected patients in lung cancer.
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