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INTRODUCTION

Lung cancer is a commonly diagnosed cancer, and the leading 
cause of cancer death around the world.1 The socioeconomic 
burden of lung cancer in many countries has increased drasti-
cally. According to a survey by the European Union, lung can-
cer had the highest economic cost (€18.8 billion, 15% of overall 
cancer costs) among all cancers in 2009.2 Advances in treatment 
modalities (e.g., surgery, radiation, chemotherapy, and molecu-
lar targeted therapy) have been made, and have improved pa-

tient outcomes over the past few decades. Additionally, as a 
screening tool for lung cancer, low dose computed tomography 
has been shown to reduce the mortality of patients with lung 
cancer by up to 20%, compared with conventional radiography.3 
However, the mortality rate of lung cancer still remains high, 
and causes tremendous physical and emotional distress to pa-
tients.4,5

To develop more effective and individualized treatment for pa-
tients with lung cancer, many investigations on prognostic factors 
have been conducted. As a result, several clinical factors, includ-
ing aging, male sex, poor performance status, advanced stage dis-
ease, and smoking, have been found to be associated with poor 
prognosis.6 Most lung cancer patients have smoking history and 
accompanying chronic obstructive pulmonary disease (COPD).7 
COPD is a chronic progressive inflammatory airway disease 
that primarily occurs in smokers. COPD increases the risk of 
lung cancer, even after controlling for other important variables, 
and it is also closely related to poor clinical outcomes.8

Dyspnea is one of the most common symptoms in patients 
with lung cancer, and clinicians encounter it frequently at initial 
presentation. Moreover, with aggressive or conservative man-
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agement of lung cancer, most patients with advanced lung can-
cer usually suffer from dyspnea. The degree of dyspnea is an im-
portant and validated factor for assessment of quality of life 
(QOL) in cancer patients.9,10 In addition, improvement of health-
related QOL and symptoms, such as dyspnea, are related with 
the efficacy of chemotherapeutic regimens and favorable out-
come in lung cancer.11 Therefore, clinicians should be concerned 
with their patients’ dyspnea for improving clinical outcomes. 
However, the prognostic role of dyspnea in patients with lung 
cancer has not been studied well. 

In the present study, we investigated the association between 
the presence or degree of dyspnea and clinical outcomes to iden-
tify the prognostic role of dyspnea in patients with non-small 
cell lung cancer (NSCLC). 

MATERIALS AND METHODS

Study population and data collection
We retrospectively reviewed the lung cancer database of St. 
Paul’s Hospital at the Catholic University of Korea. From 2001 
to 2014, we recruited patients who were diagnosed with lung 
cancer histologically and/or cytologically into our lung cancer 
registry. Following inclusion, clinical data, questionnaire, pul-
monary function, and clinical outcomes from each patient were 
recorded prospectively. In this study, we enrolled patients who 
were diagnosed with NSCLC and had clinicopathological in-
formation on age, sex, smoking history, histologic type, stage, 
and Eastern Cooperative Oncology Group (ECOG) performan-
ce status in the lung cancer database.

We defined a current smoker as a patient who continued 
smoking upon diagnosis or stopped smoking less than 1 month 
before diagnosis of lung cancer. A former smoker was defined 
as a patient who had stopped smoking at least 1 month before 
the diagnosis. Patients who had never smoked or had smoked 
fewer than 100 cigarettes in their lifetime were defined as a 
never smoker. Histologic types were divided into adenocarcino-
ma, squamous cell carcinoma, large cell carcinoma, adenosqua-
mous cell carcinoma, adenocarcinoma in situ, and other lung 
cancer. TNM stage was classified according to the 7th American 
Joint Committee on Cancer tumor, node, and metastasis classi-
fication. 

At the time of diagnosis, we evaluated symptoms of dyspnea 
using questionnaires, and assessed pulmonary function pa-
rameters in each patient. Patients were categorized into two 
groups according to the presence of dyspnea at initial presenta-
tion. In patients with dyspnea, the degree of dyspnea was mea-
sured by the modified Medical Research Council (mMRC) 
dyspnea scale.12 The mMRC dyspnea scale can range from 0 to 
4 (Grade 0, breathless with strenuous exercise; Grade 1, short 
of breath when hurrying on level ground or walking up a slight 
hill; Grade 2, walks slower than people of the same age on a 
level plane because of breathlessness; Grade 3, stops for breath 

after walking about 100 yards; Grade 4, too breathless to leave 
the house or becomes breathless when dressing or undress-
ing). Pulmonary function parameters, such as forced expirato-
ry volume in 1 second (FEV1), forced vital capacity (FVC), forced 
expiratory ratio (FEV1/FVC), forced expiratory flow 25–75% 
(FEF25–75), diffusion capacity of the lung for carbon monox-
ide (DLCO), and residual volume (RV), were collected. Using 
the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) criteria, an obstructive pattern was defined as a FEV1/
FVC ratio less than 0.7. In addition, patients were categorized 
into four classes according to their airflow limitation severity: 
GOLD1 (mild) was FEV1 ≥80% predicted; GOLD2 (moderate) 
was 50%≤FEV1<80% predicted; GOLD3 (severe) was 30%≤ 
FEV1<50% predicted; and GOLD4 (very severe) was FEV1 
<30% predicted.13

We searched for survival data from the lung cancer database 
of St. Paul’s Hospital. The last follow-up date was July 2014. 
This study was approved by the Institutional Review Board/
Ethics Committee of St. Paul’s Hospital, the Catholic University 
of Korea (PC15RISI0053).

 

Statistical analysis
Frequencies and proportions were used to present categorical 
clinical variables. To estimate the association between dyspnea 
and other categorical clinical variables, we used the Pearson’s 
χ2 tests. The unpaired t-test was used to compare pulmonary 
function parameters between two groups according to the 
presence of dyspnea. Survival curves according to the putative 
prognostic factors were drawn using the Kaplan-Meier meth-
od, and survival differences were analyzed by the log-rank 
test. The two-sided significance level was set at p<0.05. The 
factors that were significantly associated with patient survival 
in univariate analysis, were further evaluated in multivariate 
analysis. The Cox proportional hazards modeling technique 
was applied to identify independent prognostic factors. All 
statistical analyses were performed using SPSS statistical soft-
ware, version 20.0 (IBM SPSS statistics, version 20.0 for Win-
dows; SPSS Inc., Chicago, IL, USA).

RESULTS

Clinical characteristics according to presence 
of dyspnea
Four hundred and fifty-seven patients were enrolled in this 
study. The median age thereof was 68.5 years. Symptoms of 
dyspnea were detected in 259 (56.7%) patients at initial pre-
sentation. The existence of dyspnea was significantly associat-
ed with smoking status and ECOG performance status. How-
ever, it was not associated with age, sex, and histologic type or 
stage (Table 1).
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Pulmonary functions between patients with dyspnea 
and without dyspnea 
Among 259 patients who complained of dyspnea at initial pre-
sentation, we were able to obtain mMRC scores for 150 (58%) 
patients. mMRC score showed the following distribution: 23 
patients (15.3%) with mMRC 0, 62 (41.3%) with mMRC 1, 23 
(15.3%) with mMRC 2, 27 (18.0%) with mMRC 3, and 15 (10.0%) 
with mMRC 4 (Fig. 1).

We compared pulmonary function parameters according to 
the presence of dyspnea. All spirometric values, including FVC 
(%), FEV1 (%), FEV1/FVC (%), FEF25–75 (%), and DLCO (%), 
were significantly lower in patients with dyspnea than those 
without dyspnea (Table 2). However, there was no significant 
difference in the level of RV between the two groups.

 

Missing data imputation
According to the results from initial data analysis, there was a 

Table 1. Patient Characteristics

Variables
Dyspnea

p value
(+), n=259 (-), n=198

Age 0.196
>68 162 (59.1) 112 (40.9)
≤68 97 (47.0) 86 (53.0)

Sex 0.263
Male 194 (58.3) 139 (41.7)
Female 65 (52.4) 59 (47.6)

Smoking status 0.023
Never smoker 48 (48.0) 52 (52.0)
Former or current smoker 209 (60.8) 135 (39.2)
Denial 2 11

Histology 0.526
Adenocarcinoma 89 (51.1) 85 (48.9)
Squamous cell carcinoma 154 (59.9) 103 (40.1)
Large cell carcinoma 1 (100.0) 0 (0.0)
Adenosquamous cell carcinoma 7 (70.0) 3 (30.0)
Adenocarcinoma in situ 4 (57.1) 3 (42.9)
Other 4 (50.0) 4 (50.0)

Stage 0.454
I 22 (47.8) 24 (52.2)
II 14 (58.3) 10 (41.7)
III 88 (54.7) 73 (45.3)
IV 135 (59.7) 91 (40.3)

Performance status 0.002
ECOG 0 36 (41.4) 51 (58.6)

1 114 (55.3) 92 (44.7)
2 53 (70.7) 22 (29.3)
3 21 (63.6) 12 (36.4)
4 6 (85.7) 1 (14.3)

Unavailable 29 20
ECOG, Eastern Cooperative Oncology Group. 
Values are presented as number (%).

mMRC 0
23 (15.3%)

mMRC 1
62 (41.3%)mMRC 2

23 (15.3%)

mMRC 3
27 (18.0%)

mMRC 4
15 (10.0%)

Fig. 1. Distribution of patients with dyspnea according to modified Medi-
cal Research Council (mMRC) scale.
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substantial amount of missing data on mMRC. All of the miss-
ing values were imputed by linear regression model.14 Using this 
model, we acquired a new data set that consisted of the origi-
nal data and the imputed values. The R-squared of this model 
was 0.5596.

Prevalence of COPD in patients with NSCLC who 
complained of dyspnea
Among the 246 patients who had dyspnea symptoms and spi-
rometric values, 145 patients (56%) had an obstructive pattern 
(FEV1/FVC <0.7). These patients were divided into four classes 
according to FEV1 (%) value using the GOLD criteria. Forty one 
patients (28%) were classified as GOLD1 (mild COPD), 76 (52%) 
as GOLD2 (moderate COPD), 26 (18%) as GOLD3 (severe 
COPD), and two (1%) as GOLD4 (very severe COPD) (Fig. 2).

Prognostic factors affecting survival in patients with 
NSCLC
The overall median survival for all patients was 10.3 months. 
The overall survival of patients with dyspnea was significantly 
lower than that for patients without dyspnea (median survival, 

7.9 months vs. 15.3 months, p<0.001). A significant difference 
in median survival was also found between patients with 
mMRC grade 0 or 1 and those with mMRC grade 2 or higher 
(12.3 months vs. 5.8 months, p<0.001) (Fig. 3). In univariate 
analysis, presence of dyspnea and the spirometric values FEV1/
FVC (%) and FEV1 (%) were significantly associated with pa-
tient survival in addition to other prognostic factors, including 
aging, poor performance status, smoking history, and ad-
vanced stage. Subsequently, we performed multivariate analy-
sis to identify independent prognostic factors of patients with 
lung cancer. Age [hazard ratio (HR), 1.60; 95% confidence in-
terval (CI): 1.195–2.137], poor performance status (HR, 3.67; 
95% CI: 2.337–5.770), advanced stage (HR, 2.85; 95% CI: 1.927– 
4.223), low FEV1 (%) (HR, 0.99; 95% CI: 0.985–0.997), and dys-
pnea of mMRC grade 2 or higher (HR, 1.84; 95% CI: 1.452–
2.339) were associated with shorter survival (Table 3).

DISCUSSION

We investigated the prognostic role of dyspnea according to 

Table 2. Comparisons of Pulmonary Function between Patients with Dyspnea and Those without Dyspnea

Lung function parameters
Dyspnea

p value
(+), n=246 (-), n=188

FVC, % predicted 79.36±21.58 86.36±20.50 0.001
FEV1, % predicted 76.22±24.93 85.88±25.86 <0.001
FEV1/FVC, % 66.17±12.92 68.64±10.81 0.035
FEF25–75, % predicted 49.09±28.11 58.19±32.54 0.002
RV, % predicted 100.58±39.33 101.06±37.32 0.899
DLCO, % predicted 83.38±23.72 96.32±23.96 <0.001

DLCO, diffusion capacity of the lung for carbon monoxide; FEF25–75, forced expiratory flow 25–75%; FEV1, forced expiratory volume in 1 second; FEV1/FVC, 
forced expiratory ratio; FVC, forced vital capacity; RV, residual volume.
Values are presented as mean±standard deviation.

Fig. 2. Prevalence of chronic obstructive pulmonary disease in patients with dyspnea. FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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the presence and degree of dyspnea in patients with NSCLC. 
The present study found the presence of dyspnea and pulmo-
nary function parameters of patients with lung cancer to be 
significantly associated with survival outcomes. 

To investigate the prognostic role of dyspnea in patients 

with lung cancer, most researchers have concentrated on the 
short-term morbidity of dyspnea after surgery, radiation, and 
chemotherapy15-17 or among long term survivors, not newly di-
agnosed patients.9,18 In the current study, we focused on dys-
pnea at initial presentation in patients with lung cancer. In ad-
dition, we measured degree of dyspnea more accurately using 
the mMRC scale. Simultaneously, we investigated objective 
parameters of lung function through pulmonary function tests. 
In doing so, our study found dyspnea to be associated with 
clinical outcomes and to hold prognostic value.

Recently, Denehy, et al.19 proposed the prognostic role of body 
mass index, airflow obstruction, dyspnea, and exercise capacity 
(BODE) index in inoperable NSCLC. In the study, which includ-
ed mMRC and FEV1 (%) as parameters of dyspnea and airflow 
obstruction, respectively, the BODE index was found to be a 
strong independent predictor of survival in inoperable NSCLC 
beyond traditional risk factors. Indeed, the BODE index is a 
multidimensional and effective scoring system to predict clini-
cal outcomes in COPD.20 Among the variables that compose 
the BODE index, mMRC is an important factor to assess degree 
of dyspnea and QOL of patients with COPD, even in the GOLD 
classification, which predicts mortality and patient clinical 
outcomes.13 In the present study, we showed dyspnea and low 
FEV1 (%) to be significantly associated with patient prognosis 
in univariate and multivariate analysis. Our study showed con-
sistent results with Denehy’s previous findings in which dys-
pnea and reduced pulmonary function suggested a poor prog-
nosis in patients with lung cancer. Therefore, individualized 
and more delicate treatments are required in these patients.

Additionally, we investigated the prevalence of COPD among 
patients who had dyspnea. Herein, 56% of patients were clas-
sified as COPD by the GOLD criteria, and severe or very severe 
COPD (GOLD 3 and 4) patients comprised up to 20%. These 

 Fig. 3. Kaplan-Meier survival curve of patients according to dyspnea (A) and modified Medical Research Council (mMRC) scale (B).
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Table 3. Prognostic Factors for NSCLC by Multivariate Logistic Regres-
sion Analysis

Variables HR (95% CI) p value
Age
≤68 1
>68 1.60 (1.195–2.137) 0.002

Performance status (ECOG)
0–2 1
≥3 3.67 (2.337–5.770) <0.001

Dyspnea
Dyspnea (-) 1
Dyspnea (+): mMRC 0–1 1.15 (0.881–1.488) 0.311

mMRC ≥2 1.84 (1.452–2.339) <0.001
Smoking status

Never smoker 1
Former or current smoker 1.23 (0.878–1.709) 0.232

Stage
I–II 1
III–IV 2.85 (1.927–4.223) <0.001

FEV1/FVC, %
≥70 1
<70 1.00 (0.731–1.366) 0.997

FEV1, % predicted 0.99 (0.985–0.997) 0.003
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; FEV1, 
forced expiratory volume in 1 second; FEV1/FVC, forced expiratory ratio; HR, 
hazard ratio; mMRC, the modified Medical Research Council; NSCLC, non-
small cell lung cancer.
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results showed that the prevalence and severity of COPD in 
patients with NSCLC is higher than that in the general popu-
lation. Similar results were observed in research by Hashimo-
to, et al.21 in Japan. However, in clinical settings, dyspnea has 
not come into the spotlight, and is even ignored sometimes. 
Zhang, et al.22 reported COPD is substantially underdiagnosed 
and undertreated in a hospitalized lung cancer population. Es-
pecially, non-respiratory doctors had a lower diagnostic rate 
and a lack of better treatment for exacerbation of COPD than 
respiratory physicians. Dyspnea in patients with lung cancer 
is an important clinical sign that could be accompanied by 
COPD. To improve patient outcomes and QOL, surveillance 
of the existence of COPD and proper management, such as 
smoking cessation and using inhalers, should be undertaken 
when clinicians diagnose lung cancer in patients with dyspnea 
at initial presentation. Nevertheless, additional prospective 
study will be needed to delineate the effects of appropriate 
monitoring and management on patients with lung cancer and 
COPD.

There were a few limitations in this study. First, we were un-
able to obtain questionnaires from all of the patients in the study 
population. Before 2008, the mMRC scale was not used fre-
quently to evaluate degree of dyspnea in patients with lung can-
cer in our hospital. To reduce predictable statistical errors due 
to the missing data, we used a linear regression model for im-
puting the missing values of mMRC. Also, since we consecu-
tively gathered mMRC scores from most patients after 2008, 
we considered that these problems caused few statistical er-
rors. Second, we did not describe other pulmonary function 
parameters, such as inspiratory capacity and functional resid-
ual capacity, which are closely associated with the severity of 
dyspnea.23 We failed to obtain these parameters at the initial 
course of data acquisition. Third, we did not record the exact 
cause of death in most patients. Thus, we assessed all-cause 
mortality instead of NSCLC-specific mortality. Finally, our study 
was conducted in a single institution retrospectively. However, 
we consecutively gathered patient data from a well-constructed, 
prospective lung cancer database, and we used validated 
questionnaires and spirometry to assess degree of dyspnea more 
precisely and objectively. 

In conclusion, this study showed that the prevalence of 
COPD and reduced pulmonary function are higher in patients 
with lung cancer who complain of dyspnea at initial presenta-
tion than in those without dyspnea. The existence of dyspnea 
and low FEV1 (%) were significantly associated with poor prog-
nosis. Additionally, the mMRC scale was found to be an inde-
pendent factor affecting patient survival. Therefore, clinicians 
should pay more attention to dyspnea and investigate the ex-
istence of COPD to improve patient outcomes and QOL.
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