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OBJECTIVES: Nonsmall cell lung cancer (NSCLC) is a multifactorial disease, and differences in the characteristics of surgical patients
may develop over the years. This study aimed to evaluate the patients who underwent curative surgical resection for NSCLC in the past
20 years at our center and analyze the changes in the treatment strategies based on demographics, surgical strategies, and histopathology.

MATERIALS AND METHODS: In this retrospective single-center cohort study, 1995 patients who had undergone lobectomy, bilobec-
tomy, or pneumonectomy for primary NSCLC from January 1997 to January 2017 were analyzed. Patients were divided into two groups:
Group | included patients operated in the first 10 years and Group Il included patients operated in the last 10 years.

RESULTS: Overall, 77% of patients were operated in the last 10 years (458 vs. 1537 patients). Sleeve lobectomies performed in Group
Il reduced the rate of pneumonectomy from 37% to 20% (p<0.001). The operation rates for adenocarcinomas increased significantly
during the study period, increasing from 31.4% to 36.2% (p=0.049). The 30- and 90-day postoperative mortality rates were 4.6% and
8.5% in Group I and 4.1% and 5.7% in Group Il, respectively (p=0.69 and p=0.037, respectively). When the groups were compared, the
median and 5-year survival rates were 44.1 months (95% confidence interval [Cl], 35.6-52.6) and 42.9% in Group | and 73.6 months
(95% Cl, 63.3-83.9) and 53.9% in Group I, respectively (p<0.001).

CONCLUSION: This study demonstrates an improvement in long-term outcomes following lung cancer surgery with an increasing rate
of surgical procedures in the last 10 years. There was an increase in the proportion of females affected and the rate of adenocarcinoma.
However, the pneumonectomy and postoperative N2 disease rates have decreased with advancing preoperative evaluation techniques
and parenchyma-saving surgical methods. Postoperative mortality has decreased, and the survival rate has increased.
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INTRODUCTION

Lung cancer is considered a public health problem owing to its ever-growing mortality rates worldwide. Several reports from
different countries have reported that lung cancer is the leading cause of all cancer-related deaths in both men and women
[1-3]. Similar observations have been noted in Turkey; according to the results of a Turkish unified database in 2014, the
detection rate of new lung cancer was 52.5/100,000 individuals in men and 8.7/100,000 individuals in women [4].
Anatomic surgical resection and mediastinal lymph node dissection are the most effective methods for treating early-stage
nonsmall cell lung cancer (NSCLC) [5, 6]. Lobectomy and pneumonectomy are the standard procedures for patients sched-
uled to undergo surgical resection. Success in surgical treatment depends on appropriate patient selection and cancer stag-
ing. In addition, the performance and physiological status of patients, as well as appropriate evaluation of pulmonary and
cardiac functions, are factors affecting early and late treatment outcomes. However, only few studies have reported the
long-term follow-ups details in large patient series following surgery for NSCLC [7-9]. Therefore, the present study reviewed
institutional surgical treatment strategies for NSCLC and the changes in these strategies over the past 20 years.

MATERIALS AND METHODS

The study’s ethics committee approval was provided by Dr. Suat Seren Chest Diseases and Thoracic Surgery Training and
Research Hospital’s institutional review board (03.09.2018-9910) and conducted in accordance with the principles of the
Declaration of Helsinki. Informed consent was not obtained from the patients due to the retrospective nature of the study
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design. A total of 1995 patients who underwent lobectomy,
bilobectomy, or pneumonectomy with a mediastinal lymph
node dissection for primary NSCLC from January 1997 to
January 2017 were included in the study. Patients’ age, sex,
operation method, operation type, 30- and 90-day postopera-
tive mortalities, histopathology, and survival rates were record-
ed. Patients were divided into two groups each covering 10
years chronologically, and all variables between the groups
were evaluated. Patients operated from January 1997 to
January 2007 were included in Group I, and those operated
from January 2007 to January 2017 were included in Group II.

Preoperative chest radiography, biochemistry tests, and pulmo-
nary function tests were completed in all the patients, and
fiberoptic bronchoscopy was performed by the surgical team
preoperatively. Contrast-enhanced thoracic computed tomog-
raphy (CT) and brain magnetic resonance imaging and/or CT
were performed in all the patients, and positron emission
tomography—CT (PET-CT) was routinely performed in the sec-
ond 10-year period. In the first 10 years where PET-CT was
not performed, cranial CT/MRI, bone scintigraphy, and
abdominal CT were performed to scan distant metastases.
Sufficient pulmonary function was defined as having an esti-
mated postoperative forced expiratory volume in 1 second
(FEV,) value of >800 mL or 40%. Patients with restrictive pul-
monary function tests underwent additional examinations
such as the ladder-climbing test and maximal oxygen con-
sumption (VO, max). Sufficient pulmonary function was
defined as having >VO, max value of 15 mlL/kg/min.
Transbronchial fine-needle aspiration biopsy or mediastinos-
copy and endobronchial ultrasonography (EBUS) were per-
formed before and after 2011, respectively, in patients with
clinical suspicion of N2 disease. Patients with pathological N2
diseases preoperatively received neoadjuvant chemotherapy
and/or radiotherapy. Restaging was performed after treatment,
and patients who were downstaged underwent surgery.
Suitable patients who did not have N2 diseases preoperatively
were scheduled for lobectomy or bilobectomy; however,
pneumonectomy was performed when necessary.
Postoperatively, the patients underwent CT examinations every
three months for the first year and six months for the second
year and then annual follow-up. Survival was calculated based
on the time from the operation until the date of death.

MAIN POINTS

e The rate of pneumonectomy and postoperative N2 disease
has decreased with the advances in thoracic surgery over
the past decade.

e  Both postoperative mortality has decreased and overall
survival has increased after lung cancer surgery over the
past decade.

e The overall 5-year survival rate is over 50% for surgically
treated non-small cell lung cancer.

e The finding that women had a higher incidence of
surgically treated non-small cell lung cancer than men
over the past decade. Also, the rate of adenocarcinoma
increased during this period.

e  Surgical treatment is increasing rapidly for non-small cell
lung cancer.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences 20.0 software program (SPSS
IBM Corp.; Armonk, NY, USA). Fischer's exact test or
Pearson’s chi-squared test was used to analyze the groups
and age, and the t-test was used to determine the tumor size.
A survival analysis was performed using the Kaplan-Meier
method. Survival was defined as the time from surgery to
death any cause or last follow up. The groups were com-
pared using the log-rank method. Cox and logistic regression
methods were used for multivariate analysis. A p-value of
<0.05 was considered statistically significant.

RESULTS

Overall, 77% of the patients were operated in the last
10-year period (458 vs. 1537 patients). The overall mean age
was 60.5+8.9 years (range: 31-84), and the mean age of the
operated patients was higher in Group Il than in Group |
(59.4 and 60.8 years, respectively; p=0.004) (Table 1). In the
last 10-year period, the proportion of patients aged >60 years
increased by approximately 5%. The overall incidence rate
was 9.2% in females, and the male-to-female ratio was 13.8
in Group I and 9.1 in Group II; the increase in the proportion
of female patients was statistically significant (p=0.043).

Sleeve resection has not been performed in Group |, whereas
6.9% of the patients in Group Il underwent sleeve lobectomy.
The rate of pneumonectomy decreased significantly from
37% to 20% in the last 10-year period (p<0.001). The fre-
quency of video thoracoscopic pulmonary resections, which
were not performed in the first 10-year period, has been
increasing in the recent years, and the frequency rate was
21.8% in the last year of the study (ie 2016) and 5.1% in the
last 10 years. Histopathologically, the most frequent type of
cancer was squamous cell cancer at 55.4% in the whole
study period (Table 2). However, the incidence rate of adeno-
carcinoma increased almost significantly in comparison with
the incidence rate of nonadenocarcinoma (31.4% and
36.2%, respectively; p=0.06) in Group Il. The proportion of
patients operated for tumors of <3 cm was higher in Group Il
than in Group | (p=0.003), whereas the mean tumor size was
smaller (p=0.002) (Table 3). The complete resection rate was
95.6% in Group | and 96.7% in Group II. Although there was
no significant difference between the groups in terms of a
postoperative N status, the incidence rates of pathological
N2 diseases (17.3% vs. 13.9%) and skip N2 diseases (8.3%
vs. 5.5%) decreased in Group Il (Table 4).

The overall 30- and 90-day postoperative mortality rates
were 4.2% and 6.3%, respectively, and although, these rates
decreased in Group I, only the decrease in the 90-day mor-
tality rate was statistically significant (p=0.69 and p=0.037,
respectively). In a multivariate analysis, the groups were not
identified as factors affecting the 30- and 90-day mortality.
When the study was completed, the median survival dura-
tion was 63.1 months (95% confidence interval [Cl], 55.6—
70.6), and the 5-year survival rate was 50.9% at the end of
the follow-up period of 45.5+41.2 months for all the patients
(Figure 1). When the groups were compared, the median and
5-year survival rates were 44.1 months (95% Cl, 35.6-52.6)
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Table 4. Distribution of lymph node metastasis by groups

Total Group | Group Il
N status Number Rate Number Rate Number Rate p
NO 1390 69.7 312 68.1 1078 70.1 0.18
N1 313 15.7 67 14.6 246 16.0
N2 292 14.6 79 17.3 213 13.9
NO-1 1703 85.4 379 82.7 1324 86.1 0.08
N2 292 14.6 79 17.3 213 13.9

Table 5. Univariate analysis and multivariate Cox regression analysis of overall survival in patients with nonsmall cell lung cancer

Univariate analysis

Variables HR 95% Cl

Groups | and Il 0.76 0.66-0.87
Sex 0.78 0.61-0.99
Age 1.64 1.44-1.87
Operation 1.45 1.26-1.66
Neoadjuvant treatment 1.15 0.99-1.35
Histopathology 1.04 0.91-1.19
Tumor size 1.43 1.26-1.64
Nodal status 2.34 2.00-2.74
Complete resection 2.26 1.70-3.02

Values set in bold represent statistically significant outcomes
HR: hazard ratio; Cl: confidence interval

Multivariate analysis

p HR 95% CI p
<0.001 0.82 0.71-0.94 0.006
0.04 0.79 0.61-1.02 0.07
<0.001 1.76 1.54-2.01 <0.001
<0.001 1.32 1.14-1.54 <0.001
0.07 1.16 0.99-1.36 0.07
0.53 1.21 1.05-1.39 0.009
<0.001 133 1.14-1.54 <0.001
<0.001 2.19 1.86-2.58 <0.001
<0.001 2.21 1.65-2.96 <0.001

Estimated survival rate
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Figure 1. Overall survival curve of all patients

and 42.9% in Group |, respectively, and 73.6 months (95%
Cl, 63.3-83.9) and 53.9% in Group I, respectively, and the
differences were statistically significant (p<0.001) (Figure 2).
The Cox regression analysis revealed that age, surgical pro-
cedure, neoadjuvant therapy, tumor size, nodal involvement,
and complete resection as well as the groups were deter-
mined as factors affecting survival (Table 5).

DISCUSSION

The patients who underwent curative surgical resection for
NSCLC in the last 20 years were divided into two groups of ten

Figure 2. Survival curves for the first 10-year period (Group I) and the
last 10-year period (Group I) of the 20-year study period

years and the changes in the process were compared. Total
number of patients, female gender, incidence of adenocarci-
noma, mean age and survival time increased in the second
decade. On the other hand, pneumonectomy and 30 and 90
days mortality rates decreased. Sleeve resection and VATS
have been used at an increasing rate in the second decade.

Lung cancer is the leading cause of deaths among all cancer-
related deaths, accounting for 12%-16% of all the cancers
and 17.8%-28% of all cancer-related deaths [10]. Lung
cancer epidemiology has drastically changed over the past
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50 years. An increase in the number of lung cancer and
adenocarcinoma cases has been observed in women [3, 7].
Conversely, the diagnostic methods have improved and the
opportunity to use these methods has increased mainly in the
last decade. In addition, technical conditions, surgical skills,
and anesthesia management have also improved. Consistent
with these developments, the number of patients who need-
ed surgical treatment and underwent surgery increased by
3-fold during the last 10-year period of our study. With
improvements in imaging techniques, smaller tumors could
be identified at an early and operable stage.

In our study, the male-to-female ratio reduced from 13.8 to
9.1 when comparing Groups | and Il. This may be mainly
attributed to the distinct increase in smoking rates among
women. It has been stated that the changes in smoking habits
constitute the most important factor in the 3.7-fold increase
in the proportion of female patients [11]. Another study in
2004 examined 1403 patients diagnosed with primary lung
cancer and emphasized that the number of female patients
increased since 1998 when the male-to-female ratio was
10.9; this ratio was 7.5 in 2004 [12].

The primary aim of surgical treatment for NSCLC is to
achieve complete resection. Accordingly, with the increasing
surgical experience during the last 10-year period, parenchy-
ma-saving resections have gradually increased, whereas the
proportion of patients undergoing pneumonectomy has
reduced. However, it was not possible to perform resections
smaller than pneumonectomy in approximately 20% of the
patients because of the delayed symptoms of lung cancer.
This rate was even higher in other large series [9,13-15]. By
virtue of advancing technologies, the number of minimally
invasive anatomical resections was gradually increased, and
more than 20% of them were conducted using video-assisted
thoracic surgery in the recent years of the study period.

The incidence rates of N2 disease detected by pathological
examinations decreased in Group Il because of the wider use
of mediastinal staging methods, especially PET-CT, EBUS,
and video mediastinoscopy. Although a decrease in the rates
of postoperative adjuvant therapy was expected, there was
no obvious decrease due to the expansion of indications for
adjuvant therapy and the development of new chemotherapy
agents and radiotherapy techniques with fewer side effects.
Among the adjuvant therapy methods, the rate of chemo-
therapy tended to increase.

It is known that the proportion of squamous cell cancer was
higher among cases of NSCLCs in the past, but the rate of
adenocarcinoma has increased over time, and it has reached
and even outnumbered the rate of squamous cell cancer in
developed countries [3, 16]. In our study, the incidence rate of
adenocarcinoma increased by approximately 5% in Group II.

In this study, we found out that the 30- and 90-day postopera-
tive mortality rates had reduced over the years; in particular,
the decrease in the 90-day mortality was significant. In 1537
patients who underwent lobectomy and a larger anatomic
lung resection for NSCLC, the 30- and 90-day mortality rates
were 4.1% and 5.7%, respectively, in the last decade. This
can be attributed to the use of minimally invasive surgical

methods, a reduction in pneumonectomy rates due to per-
forming parenchyma-saving surgeries more frequently, and
improvements in postoperative care. A large multi-institution-
al study reported that the 30-day mortality rate following
major pulmonary resections in 3516 patients was 5.2%. In
addition, the 30-day mortality was reported to be 4.0% in
patients undergoing lobectomy and 11.5% in those undergo-
ing pneumonectomy [17]. Considering the findings of this
large multi-institutional study and those of the present study,
we believe that mortality rates will decline over the years
owing to the decreased need for pneumonectomy.

The greatest advantage of surgical treatment is that it provides
a higher survival rate than other treatment modalities. In our
study, the overall survival rate in Group Il had remarkably
increased. The 5-year survival rate was 42.9% in Group | and
>50% in Group Il. This is not only a proof of the successful
performance of surgical treatments but is also related to the
substantial increase in the number of patients in Group Il and
eventually in surgical experience. In addition, we believe that
tumor size is also an important prognostic factor among the
patient groups based on a previous report [18] and consider-
ing the statistically significant reduction in tumor size in the
present study. A large retrospective cohort study examined
2083 patients who underwent surgical resection for NSCLC
and reported an overall 5-year survival rate of 46.8% [9]. In
another study that examined 2118 patients at 76 different
hospitals to investigate the impact of the number of patients
on long-term survival, the survival outcomes were signifi-
cantly better at hospitals with a larger number of patients [8].
The time when this report [8] was presented coincides with
the first 10-year period of our study, and similar to the results
of our study, the 5-year survival rate at hospitals with a large
number of patients was 44% in this previous study. Another
interesting finding of this report [8] is the 30-day mortality of
3% at hospitals with a larger number of patients and 6% at
hospitals with a smaller number of patients. Based on these
data, we speculate that fatal complications that can develop
during surgical treatment for lung cancer are prevented with
a broader experience and good care.

The present study has some limitations. First, it is retrospec-
tive in nature. Second, the study groups were heterogeneous,
and this might have affected the results. Third, owing to the
study duration of 20 vyears, the treatment protocols for
patients receiving neoadjuvant or adjuvant chemotherapy
and radiotherapy were not fully available, and therefore,
specific evaluations could not be made. Finally, because the
staging system was changed three times during the study
period, survival analysis based on the stages could not be
performed.

In conclusion, this study investigated patients who underwent
lobectomy or larger resection for NSCLC during the 20-year
period at a single thoracic surgery department. As a conse-
quence of the increase in technical capacity, the diagnosis
frequency of the disease has also increased. Accordingly, the
number of patients who underwent surgery has tripled in the
last decade. There was an increase in the number of female
patients among the patients undergoing surgical treatment
and the incidence of adenocarcinoma. The pneumonectomy
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and postoperative N2 disease detection rates have decreased
with advancing preoperative evaluation techniques and
parenchyma-saving surgical methods. We believe that overall
survival and postoperative mortality is positively affected by
improvements in surgical and anesthetic techniques and post-
operative care as well as diagnostic methods that allow
detecting relatively more patients at the early stage.

Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Dr. Suat Seren Chest
Diseases and Thoracic Surgery Training and Research Hospital (date:
03.09.2018; no: 9910).

Informed Consent: Informed consent was not obtained from the
patients due to the retrospective nature of the study design.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.U,, S.G., S.Y;; Design - A.U,, S.G.,
S.Y.; Supervision - A.U., S.G., S.Y.; Data Collection and/or Processing
- AU, S.G., S.Y.; Analysis and/or Interpretation - A.U., S.G., S.Y;
Literature Search - A.U., S.G., S.Y.; Writing Manuscript - A.U., S.G.,
S.Y.; Critical Review - A.U,, S.G., S.Y.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

REFERENCES

1. Ulusan A, Sanli M, Isik AF, et al. Prognostic factors in operated T3
non-small cell lung cancer: A retrospective, single-center study of
129 patients. Turk Gogus Kalp Dama 2018;26:108-15. [CrossRef]

2. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 2015;136:E359-86. [CrossRef]

3. Scaglia NC, Chatkin JM, Pinto JA, et al. Role of gender in the
survival of surgical patients with nonsmall cell lung cancer. Ann
Thorac Med 2013;8:142-7. [CrossRef]

4. Turkey cancer statistics. Available at: http:/kanser.gov.tr/Dosya/
ca_istatistik/2014-RAPOR._uzuuun.pdf.  Accessed February
22,2018.

5.  Melek H, Medetoglu B, Demir A, et al. Mortality and morbidity
after surgical treatment in elderly patients with non-small cell
lung cancer: the role of age. Turkish ] Thorac Cardiovasc Surg
2011;19:586-92. [CrossRef]

Khullar OV, Liu Y, Gillespie T, et al. Survival after sublobar re-
section versus lobectomy for clinical stage IA lung cancer: an
analysis from the national cancer data base. ] Thorac Oncol
2015;10:1625-33. [CrossRef]

Roth K, Nilsen TIL, Hatlen E, et al. Predictors of long time sur-
vival after lung cancer surgery: A retrospective cohort study.
BMC Pulm Med 2008;8:22. [CrossRef]

Bach PB, Cramer LD, Schrag D, et al. The influence of hospital
volume on survival after resection for lung cancer. N Engl ] Med
2001;345:181-8. [CrossRef]

Pfannschmidt ), Muley T, Biilzebruck H, et al. Prognostic assessment
after surgical resection for non-small cell lung cancer: experiences
in 2083 patients. Lung Cancer 2007;55:371-7. [CrossRef]

Yildiz O, Cangir AK, Kili¢ D, et al. Importance of SUVmax
threshold in positron emission tomography-computed tomog-
raphy assessment of mediastinal and hilar lymph nodes in non-
small cell lung cancer. Turk Gogus Kalp Dama 2016;24:333-9.
[CrossRef]

Bozkurt B, Selcuk ZT, Firat P et al. Histological and epidemi-
ological evaluation of patients with lung carcinoma between
1972 and 2002 in Hacettepe University Hospital. Turk Thorac )
2004;5:148-53.

. Sulu E, Damadoglu E, Nergiz S, et al. Does tumor type and

sex distribution of primary lung cancer change? The compari-
son of the results of 2004 and previous years. Tuberk Toraks
2007;55:59-63.

. Jassem ), Skokowski J, Dziadziuszko R, et al. Results of surgical

treatment of nonsmall cell lung cancer: validation of the new
postoperative pathologic TNM classification. J Thorac Cardio-
vasc Surg 2000;119:1141-6. [CrossRef]

Fang D, Zhang D, Huang G, et al. Results of surgical resection
of patients with primary lung cancer: a retrospective analysis of
1,905 cases. Ann Thorac Surg 2001;72:1155-9. [CrossRef]

. Goya T, Asamura H, Yoshimura H, et al. Prognosis of 6644 re-

sected non-small cell lung cancers in Japan: a Japanese lung
cancer registry study. Lung Cancer 2005;50:227-34. [CrossRef]
Grapatsas K, Leivaditis V, Tsilogianni Z, et al. Epidemiology, risk
factors, symptomatology, TNM classification of non small cell
lung cancer. An overview while waiting the 8th TNM classifica-
tion. Oncomedicine 2017;2:14-23. [CrossRef]

Harpole DH, Decamp MM, Daley J, et al. Prognostic models of
thirty-day mortality and morbidity after major pulmonary resec-
tion. ) Thorac Cardiovasc Surg 1999;117:969-79. [CrossRef]
Hung JJ, Wang CY, Huang MH, et al. Prognostic factors in resect-
ed stage | non-small cell lung cancer with a diameter of 3 cm
or less: Visceral pleural invasion did not influence overall and
disease-free survival. ] Thorac Cardiovasc Surg 2007;134:638-
43. [CrossRef]

13



