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ABSTRACT
Objective: To investigate the prognostic importance of pulmonary functions and their effect on survival in patients with operable
non-small cell lung cancer (NSCLC), who underwent surgical resection and/or received medical treatment.
Study Design: Cohort study.
Place and Duration of Study: University of Health Sciences, Diskapi Training and Research Hospital, Ankara, Turkey, between
June 2013 and March 2020.
Methodology: The study included a total of 70 patients diagnosed with non-small cell lung cancer (NSCLC), comprising 35 who
underwent  surgical  treatment  and 35 who were treated medically.  The effects  of  age,  gender,  additional  comorbidities,  smoking
status, complications after surgery and/or radiotherapy, and pulmonary function test values ​​on survival were investigated.
Results: The median overall survival time of the patients was 1973±769.1 (466-3.480) days. According to the univariate Cox
regression analysis, the preoperative and postoperative values of the forced expiratory volume in 1 second were not important risk
factors affecting survival (p=0.752 and p=0.878) respectively. A statistically significant difference was observed in survival proba-
bility between the patients with and without coronary artery disease (CAD) (p=0.005). There was also a statistically significant differ-
ence between the Eastern Cooperative Oncology Group (ECOG) performance groups in terms of survival probability (p<0.001).
Conclusion: There was no relationship between pulmonary functions and survival in patients with operable NSCLC, but this evalua-
tion should be undertaken in larger patient groups. This study demonstrated the importance of patients’ performance status and
comorbidities, such as CAD in survival.
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INTRODUCTION
Lung  cancer  is  one  of  the  leading  causes  of  cancer-related
mortality in the world.1 According to the World Health Organisa-
tion (WHO) data, every year approximately 1.2 million new lung
cancer cases are diagnosed. It is estimated that this number will
have reached 26 million by 2030. Despite advances in screening,
diagnosis, and molecular genetics, the overall five-year survival
remains around 18%.2 In patients with non-small cell lung cancer
(NSCLC),  which  is  considered  to  be  resectable,  the  accurate
preoperative  staging  of  mediastinal  lymph  nodes  is  of  great
importance in the success of treatment.3
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In staging, non-invasive (computed tomography, positron emis-
sion  tomography-computed  tomography,  and  magnetic  reso-
nance imaging) and invasive (mediastinal lymph node sampling)
methods are used. Currently, the most effective method in the
treatment of early-stage NSCLC is surgery. Surgical treatment is
preferred for locally advanced tumors in selected patients with
NSCLC.  Metastasis  to  ipsilateral  mediastinal  and/or  subcarinal
lymph  nodes  (N2  disease)  constitutes  15%  of  NSCLC  cases.4

However, the treatment of N2 disease is still controversial, and a
multidisciplinary approach is important in the treatment of these
patients. In induction therapy, better response rates and survival
outcomes  are  achieved  with  concomitant  chemoradiotherapy
compared  to  chemotherapy  alone.  It  is  stated  that  long-term
survival is better when complete resection is achieved in patients
who have benefited from induction therapy. Therefore, diagnosis
and treatment modalities in lung cancer are very important.

Many different prognostic factors have been revealed in patients
with NSCLC.5 Lung function has been shown to be an important
prognostic determinant in patients with NSCLC who have under-
gone surgery.
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Figure 1: Right: relationship between surgery type and survival/Left: Relationship between non-surgical treatment method and survival.

Figure 2:  Right:  Relationship  between eastern cooperative  oncology group (ECOG)  performance status  and survival/Left:  Relationship
between coronary heart disease and survival.

In  some  of  the  previous  studies  in  the  literature,  increased
mortality  was  demonstrated  in  patients  with  a  lower  than
expected pulmonary function test value, which is an indicator of
poor lung function. The pulmonary function test is a standard
method used to evaluate lung reserve and risk preoperatively in
patients recommended for surgery. Previous research has also
shown  that  this  test  is  a  determining  factor  in  mortality  in
patients  treated  with  chemotherapy.  The  forced  expiratory
volume in one second (FEV1), which is determined by spirometry,
is a parameter used in the physiological determination of pulmo-
nary  function,  and  has  been  reported  to  be  successful  in
predicting mortality in the evaluation of lung reserve in patients
who have undergone surgery and received chemotherapy.6,7

In light of this information, the aim of this study was to evaluate
the importance of prognostic factors by examining the relation-
ship between survival and FEV1, a spirometric parameter that is
reported  to  change  after  surgery  in  patients  with  operable
NSCLC.

METHODOLOGY

The  files  of  70  patients  who  presented  to  the  Chest  Diseases
Clinic  of  Health  Sciences  University  Ankara  Diskapi  Yildirim
Beyazit Training and Research Hospital, between June 1, 2013
and March 1, 2020, received a diagnosis of lung cancer, and
had complete records, were retrospectively analyzed.
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Figure 3: Left: Relationship between forced expiratory volume in 1 second (FEV1) and survival in the operated group/Right: Relationship
between FEV1 and survival in the non-operated group.

Table I: Demographic characteristics of the patients included in the
study.

 Total n
(%)

Operated
n (%)

Non-operated
n (%)

Gender    
Female 6 (8.6) 4 (11.4) 2 (5.7)
Male 64 (91.4) 31 (88.6) 33 (94.3)
Age    
≤60 years 23 (32.9) 15 (42.9) 8 (22.9)
>60 years 47 (67.1) 20 (57.1) 27 (77.1)
ECOG performance status    
Group 1 (ECOG 0 and 1) 64 (91.4) 35 (100.0) 29 (82.9)
Group 2 (ECOG 2 and 3) 6 (8.6) 0 (0.0) 6 (17.1)
Active smoker    
No 4 (5.7) 1 (2.9) 3 (8.6)
Yes 66 (94.3) 34 (97.1) 32 (91.4)
Type of cancer    
Squamous carcinoma 45 (64.3) 19 (54.3) 26 (74.3)
Adenocarcinoma 25 (35.7) 16 (45.7) 9 (25.7)
Treatment method    
Chemotherapy 22 (31.4) 19 (54.3) 3 (8.6)
Radiotherapy 8 (11.4)  8 (22.9)
Chemoradiotherapy 25 (35.7) 2 (5.7) 23 (65.7)
None 15 (21.5) 14 (40.0) 1 (2.9)
Type of surgery    
Lobectomy 27 (38.6)   
Pneumonectomy 8 (11.4)   
None 35 (50.0)   
ECOG: Eastern cooperative oncology group.

Patients  with  early-stage  and  selected  locally  advanced
NSCLC, who agreed to participate in the study and under-
went spirometry evaluation at the time of diagnosis were
included in the study. Patients under 18 years, those with
neurodegenerative disease, those diagnosed with small cell
lung cancer (SCLC) or advanced metastatic lung cancer were
excluded from the sample. Ethics committee approval was

obtained with the decision numbered 106/15 from the Plan-
ning and Coordination Committee of the hospital.

The histological  diagnosis  of  NSCLC was made based on
pathological  analysis  of  tumor  tissue  obtained  through a
biopsy,  and  the  staging  of  the  patients  was  performed
following the International Association for the Study of Lung
Cancer staging system, which is the eighth edition of stage
classification.8  Accordingly,  Stage  I  and  Stage  II  cases  were
included in Group 1 and Stage 2 cases in Group 2.  The
patients were also evaluated in two groups depending on
the  severity  of  airflow  limitation  considering  the  percent  of
predicted FEV1 being ≥80% and <80%. The median value of
the  difference  in  FEV1  before  and  after  the  operation  was
compared according to the survival times. The total survival
time (lifetime) of the patients was calculated in days. Body
mass index (BMI) was calculated by dividing weight in kilo-
grams by the square of height in meters. The patients were
evaluated in two BMI groups as <25 Kg/m2 and ≥25 Kg/m2.
Patients,  age, gender,  BMI,  Eastern Cooperative Oncology
Group  (ECOG)  performance  status,  exposure  to  tobacco
smoke, tumor histology and stage, lung function measure-
ments,  treatment  method,  post-treatment  complications,
and comorbidities  [chronic  obstructive pulmonary disease
(COPD),  diabetes  mellitus,  hypertension,  coronary  artery
disease (CAD), and heart failure] were recorded. The oper-
ated  patients  were  followed  up  at  three-month  intervals
after  surgery,  and  the  non-operated  patients  receiving
medical treatment were followed up at varying intervals of
15-30 days. The data from all the visits of our patients from
2013 to 2020 were retrospectively reviewed.
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Table II: Results of the Cox regression analysis.

Variable Mortality/
Total n (%)

Univariate Multivariate
HR (95% CI of HR) p HR (95% CI) p

Gender      
Female 1 (16.7) 1    
Male 30 (46.9) 2.635 (0.359-19.368) 0.341   
Age      
≤60 years (39.1) 1    
>60 years 22 (46.8) 1.092 (0.502-2.377) 0.824   
BMI, kg/m2      
<25 15 (44.1) 1    
≥25 16 (44.4) 0.881 (0.433-0.790) 0.725   
Smoking status      
Non-smoker 1 (25.0) 1    
Smoker 30 (45.5) 1.612 (0.219-11.846) 0.639   
Type of cancer      
Squamous cell carcinoma 18 (40.0) 1    
Adenocarcinoma 13 (52.0) 1.420 (0.694-2.906) 0.338   
ECOG performance status      
Group 1 (ECOG 0+1) 0-1) 26 (40.6) 1  1  
Group 2 (ECOG 2+3) 2-3) 5 (83.3) 4.969 (1.878-13.153) 0.001* 4.786 (1.591-14.397) 0.005*
Stage      
Group 1 (1 2 1-2) 15 (37.5) 1    
Group 2 (3) 16 (53.3) 1.763 (0.871-3.570) 0.115   
Type of surgery      
Lobectomy 7 (25.9) 1 0.007* 1 0.113
Pneumonectomy 2 (25.0) 0.848 (0.174-4.126) 0.839 0.623 (0.125-3.093) 0.563
None 22 (62.9) 3.339 (1.423-7.835) 0.006* 2.105 (0.840-5.277) 0.112
COPD      
Absent 21 (40.4) 1    
Present 10 (55.6) 1.523 (0.716-3.239) 0.274   
Cardiovascular disease      
Absent 18 (35.3) 1    
Present 13 (68.4) 2.733 (1.325-5.636) 0.006* 2.994 (1.343-6.677) 0.007*
Preoperative FEV1, %      
≥80 13 (41.9) 1    
<80 18 (46.2) 1.122 (0.549-2.295) 0.752   
Postoperative FEV1, %      
≥80 7 (38.9) 1    
<80 24 (46.2) 1.068 (0.458-2.491) 0.878   
FEV1 difference**liter      
≥-0.26 12 (34.3) 1    
<-0.26 19 (54.3) 1.533 (0.741-3.171) 0.250   
BMI: Body mass index, ECOG: Eastern cooperative oncology group, FEV1: Forced forced expiratory volume in 1 second, COPD: Chronic obstructive pulmonary
disease, CI: Confidence interval, HR: Hazard ratio. *p <0.05, **Median difference between the preoperative and postoperative FEV1

In this study, quantitative variables were described as median,
while qualitative variables were shown as n (%). Survival time
was defined as the time from the patient’s arrival at the clinic
to the date of death of any cause. The Kaplan-Meier method
was used to estimate survival, and the log-rank test was used
to compare survival according to clinical parameters. The multi-
variate  analysis  was  performed using  the  Cox  proportional
hazards  regression  model  to  examine important  prognostic
factors  independently  associated  with  survival.  The  multi-
variate analysis was applied to the ECOG, operation and CAD
variables,  which  were  determined  to  be  significant  in  the
univariate  analysis.  Results  were  defined  as  hazard  ratio  and
95% confidence interval.  P  <0.05 was  considered statistically
significant.  Statistical  analyses  were  performed  using  the
Statistical Package for the Social Sciences v. 11.5 for Windows
(SPSS Inc., Chicago, IL, USA).

RESULTS

Seventy patients with stage I, II or III NSCLC were included in
the study. Twenty-five (35.7%) patients had adenocarcinoma
and  45  (64.3%)  had  squamous  cell  carcinoma.  Thirty-five
(50%) of  the 70 patients underwent surgery due to lung
cancer.  Pneumonectomy  was  applied  in  eight  (11.4%)
patients,  and  lobectomy  was  performed  in  27  (38.6%)
patients. Of the 70 patients, 31 (44.2%) died, of whom 9
(12.8%) were in the operated group and 22 (31.4%) were in
the non-operated group. Patient ages ranged from 45 to 89
years (median:63.5), 64 (91.4%) were male, 6 (8.6%) were
female.  The main characteristics of  the patients,  such as
age,  gender,  smoking status,  comorbidities,  ECOG perfor-
mance status, surgery status, cancer type, and additional
treatment methods are shown in Table I.

The  median  initial  measurement  values  ​ ​were  FEV1,  2.1;
forced vital capacity (FVC), 2.6 liters; and FEV1/FVC, 79.4%.
The  median  second  measurement  values  ​ ​were  FEV1,  1.6
liters; FVC, 2.3 4 liters; and FEV1/FVC, 75%.
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The median follow-up period of the 70 patients included in
the  study  was  1973.1  (95%  CI  465.578-380.422)  days.
During the follow-up period, 31 patients (44.3%) died. The
effect  of  investigated  variables  on  survival  was  analyzed
with the Kaplan-Meier  method.  In  the statistical  analysis,
there was a significant difference between the operated and
non-operated groups in relation to the probability of survival
(p  =  0.004,  Figure  1).  There  was  also  a  statistically  signifi-
cant  difference  between  the  treatment  types  in  terms  of
survival  rates  (p  = 0.042,  Figure  1).  Survival  probability
statistically  significantly  differed  between  the  patients  with
and without CAD (p = 0.005, Figure 2). There was also a
statistically significant difference between the ECOG groups
in  terms  of  survival  probability  (p  <0.001,  Figure  2).
However,  no  statistically  significant  difference was found in
FEV1  spirometry difference between the survivors and non--
survivors (p = 0.246).

Survival did not significantly differ according to the preopera-
tive percent of predicted FEV1 being ≥80% and <80% (p =
0.752).  There  was  also  no  significant  difference  in  daily
median survival between the patients with adenocarcinoma
and  those  with  squamous  cell  carcinoma  (p  =  0.335).
Survival  time  was  not  significantly  affected  by  gender,
smoking  status,  or  BMI  (p=0.725).

When the relationship between the median FEV1 spirometry
difference values ​​and survival was investigated in the oper-
ated and non-operated groups,  there  was no statistically
significant  difference  between  these  two  groups  (p  >0.05,
Figure 3).

According to the results  of  the univariate Cox regression
analysis, a patient with ECOG 2-3 had a 4.969 times greater
risk of mortality than a patient with ECOG 0-1 (p = 0.001).
The risk of death of a patient undergoing lobectomy was not
different  from  a  patient  undergoing  pneumectomy
(p=0.838),  having  no  surgery  resulted  in  3.339  times
greater  risk  of  mortality  compared  to  undergoing  pneu-
monectomy (p = 0.006). In addition, the patients with CAD
had 2.733 times higher risk of mortality than those without
this comorbidity (p = 0.006).

In the multivariate Cox regression model, only ECOG perfor-
mance status and the presence of CAD were determined to
be  significant  factors  for  survival.  Accordingly,  the  patients
with ECOG 2-3 had 4.786 times higher risk of mortality than
those with ECOG 0-1 (p = 0.005). The patients with CAD had
2.994 times higher risk of mortality than those without this
comorbidity (p = 0.007, Table II).

DISCUSSION

Several studies have investigated the effects of pneumonec-
tomy on lung function and found that the decrease in FEV1

after pneumonectomy follows the decrease in vital capacity
(VC).9 In many studies involving a small number of patients
(10-20),  permanent functional  deficit  ranged from 26.7% to

40.7% for FVC and from 22.7% to 36.1% for FEV1  at  six
months after pneumonectomy.10 It has been reported that
there  is  no  difference  in  overall  survival  between surgically
treated lung cancer patients with and without COPD.11 In the
current study, There was no significant relationship between
1% change in FEV1 before surgery and NSCLC survival with
or without surgery. The present study showed that <80%
predicted FEV1 was not an independent predictor of mortality
for advanced NSCLC according to both univariate and multi-
variate analyses. Decreased FEV1 was not determined to be
a predictor of mortality.

A prospective study conducted with 688 cases reported no
difference  in  overall  survival  between  the  patients  with
normal lung function who underwent surgery for stage I and II
NSCLC and those with mild to moderate COPD.12 In another
study investigating surgically treated lung cancer cases, no
difference was found in the overall five-year survival between
the patients with and without COPD.10  Similarly,  Lee et al.
retrospectively  reviewed  the  spirometry  results  of  449
patients with stage IV NSCLC (n = 313) or SCLC (n = 136) at
the time of diagnosis and showed that the survival of patients
with metastatic  NSCLC and SCLC-extensive stage was not
related to COPD.13

In  a  different  study,  all-cause  mortality  was  investigated  in
4,439  patients,  and  it  was  emphasised  that  the  risk  of
mortality increased in those with a low FEV1 value and CAD.14

In the current study, the risk of mortality was found to be
3.341  times  higher  in  patients  with  CAD  (p  =  0.006)
compared  to  those  without  this  comorbidity.  Smoking  is
considered a risk factor for all-cause mortality. However, we
detected  no  significant  relationship  between  smoking  and
mortality in patients with NSCLC who underwent surgery. In a
similar  study,  while  no  significant  survival  difference  was
observed between smoking and non-smoking patients with
lung cancer, short survival was predicted in those with a low
FEV1 value.14

In a study evaluating 148 patients who underwent surgery
for  NSCLC,  Roth  et  al.  reported  that  according  to  the
univariate analysis of 30-day mortality and complications,
age over 70 years, advanced preoperative stage, and FEV1
<80% were predictors of long-term survival. In that study, a
significant  difference  in  survival  was  found  between  the
patients  with  FEV1  ≥80%  and  those  with  FEV1  <80%.
However,  the  authors  emphasised  that  the  study  being
conducted  in  a  small  hospital  and  some high-risk  cases
being  referred  to  the  regional  hospital  might  have
contributed to longer survival in the patient group with high
FEV1.15

In some studies, it  was observed that the survival rate of
patients with non-squamous cell  lung cancer who received
surgical treatment increased compared to those with squa-
mous  cell  lung  cancer  who  received  surgical  treatment.
According to some studies, a low BMI value can also predict a
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shorter survival time.16 Contrary to previous studies, we did
not determine age, gender and BMI to be prognostic markers
in our study. We found that the cause of mortality due to lung
cancer was not related to a lower percent of FEV1, smoking
status, age, or gender.

In a study by Rancic et al., FEV1 was shown to be an impor-
tant independent factor that could predict survival in patients
with  advanced  NSCLC  receiving  chemotherapy,  and  a
decrease in tumor size was accompanied by a statistically
significant  improvement  in  FEV1  and FVC in  these patients.17

In this study, no significant correlation was observed between
FEV1 and survival in the patients with NSCLC who received
only chemotherapy (p = 0.068).

The main limitation of our study may be the small number of
patients with lung cancer who underwent surgery. The statis-
tical  difference  between  previous  studies  and  our  study  is
related to the present sample size. Bolliger et al. performed
the functional evaluation of lobectomy and pneumonectomy
with the pulmonary function and exercise tests and showed
that three months after lobectomy, FVC, FEV1, and total lung
capacity were significantly lower compared to the preopera-
tive  values,  while  these  parameters  significantly  increased
at six months after resection. The authors observed that at
three  months  after  pneumonectomy,  all  the  parameters
were  significantly  lower  than  their  preoperative  values  and
post-lobectomy values, and there was no improvement at
six months after resection.18 In the present study, a single
pulmonary function test was performed in the preoperative
evaluation and postoperative follow-up of the patients. The
authors consider that if the relationship would be evaluated
between FEV1 and survival time by repeating this test at the
third and sixth months postoperatively,  there could have
been significant results.

CONCLUSION

Pulmonary  functions  did  not  affect  survival  in  patients  with
operable NSCLC, but the patients’ comorbidities and perfor-
mance values ​​were associated with survival. Further studies
with  more  patients  are  needed  to  clarify  the  relationship
between  operable  lung  cancer  cases  and  prognostic  risk
factors.
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