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A lower level of forced expiratory volume in one second predicts
the poor prognosis of small cell lung cancer
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Background: The impact of impaired pulmonary function on the clinical outcome of small cell lung cancer
(SCLC) has not been examined. The objectives of this study were to compare the clinical characteristics
and prognosis of SCLC patients with and without impaired pulmonary function and investigate predictors
related to the pulmonary function of mortality in SCLC patients.

Methods: This is a retrospective multicenter study performed between January 2011 and December 2015.
In all, 170 SCLC patients that were treated with chemotherapy and/or radiotherapy and had a pulmonary
function test (PFT) were enrolled. Patients were divided into the chronic obstructive pulmonary disease
(COPD) group and the non-COPD group. The overall survival (OS) was compared and predictors of worse
OS were analyzed.

Results: COPD was present in 54.7% of all SCLC patients. There were no differences in the clinical
characteristics and treatment strategies between the COPD and non-COPD groups. OS (log-rank test,
P=0.103) was not different between the COPD and non-COPD groups. In a multivariate analysis using a
Cox regression model, extensive disease (ED) [hazard ratio (HR) =2.863; 95% CI: 1.787-4.587] and low
forced expiratory volume in 1 second (FEV,) <80% (HR =1.854; 95% CI: 1.077-3.192) were independent
risk factors for shorter survival. In a subgroup multivariate analysis, a FEV| less than 80% (HR =5.631;
P=0.018) was independently associated with poor OS in patients with ED.

Conclusions: A low FEV,, not COPD, was a predicting factor for poor treatment outcomes in SCLC
patients.
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Introduction

Small cell lung cancer (SCLC) accounts for 10-15% of all
lung cancers, although the incidence of SCLC has been
declining with the decreasing prevalence of smoking (1).
SCLC is distinct from non-small cell lung cancer (NSCLC)
by its aggressive and rapid-growing features (2). Despite its
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dramatic initial response to chemotherapy and radiation,
SCLC remains associated with poor long-term clinical
outcomes. Many putative prognostic factors have been
suggested, and the most important factors are poor
performance status, weight loss and staging of extensive
disease (ED) (3). According to Paesmans et a/., age and
gender are also independent prognostic factors in SCLC (4).
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Figure 1 Study flowchart. SCLC, small cell lung cancer; PFT,
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Smoking is a major risk factor for SCLC (5). The
proportion of smokers among SCLC patients is
approximately 95%. Chronic obstructive pulmonary disease
(COPD) mediates the higher effects of smoking behaviors on
SCLC risk. Compared with non-COPD patients, the risk of
SCLC was 1.86 times higher in COPD patients (6). Smoking
exposure and the loss of forced expiratory volume in 1
second (FEV)) are associated with the development of lung
cancer (7,8). The airway obstruction and treatment response
of lung cancer is controversial. In early-stage lung cancer,
emphysema, not airway obstruction, is associated with poor
prognostic outcomes (9). But, the combination of COPD
and cancer stage, age, gender and tumor grade improves the
prediction of treatment response in NSCLC (10). Reduced
FEV, is strongly associated with mortality in patients with
advanced NSCLC (11). However, few studies have evaluated
the impairment of pulmonary function and the presence of
COPD as a prognostic factor in SCLC, though smoking is a
very strong risk factor for the development of SCLC, which
shares common mechanistic pathway with smoking behaviors
and airway obstruction (6).

In our study, we aimed to investigate whether the
parameters of impaired lung function are associated with
clinical outcomes in patients with SCLC.

Methods

This was a multicenter retrospective study conducted in
Bucheon St. Mary’s Hospital, St. Paul’s Hospital, Uijeongbu
St. Mary’s Hospital, and Incheon St. Mary’s Hospital in
the Republic of Korea from 2011 to 2015. All consecutive
patients that were diagnosed with SCLC and treated with
chemotherapy and/or radiotherapy were included. Patients
who lacked pulmonary function test (PFT) data, died during
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staging work up, were untreated, or who transferred out to
other centers were excluded. The study flow is summarized
in Figure 1. A PFT was performed on all patients at the
time of lung cancer work up for diagnosis and staging
and a COPD diagnosis was confirmed by an incompletely
reversible airflow limitation [post-bronchodilator FEV,
to forced vital capacity (FVC) ratio of <0.7] (12). PFT
maneuver was performed to meet the repeatability
criteria (13). In our study, 93.0% of all patients met
repeatability criteria. If the criteria are not met, the test was
repeated up to 8 times. If the patient was unable to continue
the examination, or was asked not to do any further tests,
the three best tests were selected when it was judged that
the results were difficult to obtain even if the tests were
added. All data were collected from hospital databases.
The requirement for informed consent was waived by the
institutional review boards because the study was based on
retrospective chart reviews. This study was approved by the
institutional review boards of all participating centers (IRB
No. XC17REDI0038).

Diagnostic procedure and treatment

All patients were evaluated for their performance status
to define the extent of their disease which included a
bronchoscopy, computed tomography (CT) scan of the
chest, bone scan, positron emission tomography CT, and
brain magnetic resonance imaging. Patients were classified
into either a limited disease (LD) or an ED group (14).
Treatment included chemotherapy, radiotherapy, and
concurrent chemo-radiotherapy (CCRT). First-line
chemotherapy included platinum-based chemotherapy with
etoposide or irinotecan or belotecan. The overall survival
(OS) was defined as the period of time from diagnosis to the
time of death.

Data

We extracted the following data from patients’ medical
records: patient demographics; smoking history; stage of
lung cancer; Eastern Cooperative Oncology Group (ECOG)
performance status; history of chemotherapy and/or
radiation; PFT results; survival status; and, the date of death
for patients with a follow-up loss (15).

Statistical analysis

We used Pearson’s chi-squared tests to compare discrete
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Table 1 Baseline characteristics of SCLC patients with or without COPD
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Variables Non-COPD (n=77) COPD (n=93) P value
Age, years 67.51+8.35 68.20+8.79 0.802
Male, n (%) 63 (81.8) 78 (83.9) 0.723
BMI 23.46+3.30 23.00+3.08 0.649
Smoking, n (%) 0.699
Never 10 (13.0) 10 (10.8)
Former 33 (42.9) 36 (38.7)
Current 34 (44.2) 47 (50.5)
PYs 41.23+24.48 37.13+20.56
ED, n (%) 37 (48.1) 57 (61.3) 0.084
ECOG status, n (%) 0.456
0-1 27 (35.1) 47 (50.5)
>2 1(1.3) 4 (4.3)
Treatment, n (%)
Chemotherapy 0.164
Etoposide + platinum 72 (93.5) 80 (86.0)
Irinotecan + platinum 0 (0) 3(3.2)
Belotecan + platinum 5 (6.5) 10 (10.8)
CCRT 27 (35.1) 22 (23.7) 0.126
2nd chemotherapy 36 (46.8) 44 (47.3) 0.874
Thoracic RT 33 (42.9) 28 (30.1) 0.116

COPD, chronic obstructive pulmonary disease; BMI, body mass index; PYs, pack years; ED, extensive disease; ECOG, Eastern
Cooperative Oncology Group (16); RT, radiation therapy; SCLC, small cell lung cancer.

variables and Student’s 7-tests to compare continuous
variables. A Kaplan-Meier univariate analysis for categorical
variables and a univariate Cox proportional hazards
regression for continuous variables were used to analyze the
impact of possible predictors on survival rates. Hazard ratios
(HRs) and their corresponding 95% confidence intervals
(ClIs) were calculated for the predictors that were significant
in the multivariate analysis. A two-sided P value of less than
0.05 was considered statistically significant. All statistical
analyses were performed using the SPSS for Windows
software (ver. 20.0; IBM Corp., Armonk, NY, USA).

Results

Opverall, 239 patients were diagnosed with SCLC with 69
meeting the exclusion criteria of death during staging work-
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up, no chemotherapy and/or radiotherapy, transferal to
another medical center, or lack of a PFT record. Thus, 170
patients (94 ED and 76 LD) were ultimately included in our
analysis. Of these patients, 93 and 77 patients were classified
into the COPD and non-COPD groups. We compared the
two groups and explored the clinical factors that predicted
OS based on the lung function impairment measured at
baseline.

The clinical characteristics of COPD and non-COPD
groups were compared. Baseline characteristics, including
age, gender, body mass index, history of smoking, staging,
ECOG status, and treatment strategies, did not differ
significantly between the two groups (Zable I). Patients
with a FEV] less than 80% predicted or FVC less than 80%
predicted displayed a shorter median OS than those with a
FEV, of 80% or more predicted or FVC of 80% or more
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Figure 2 Kaplan-Meier curves for OS according to lung function at diagnosis. (A) OS stratified by FEV; (B) OS stratified by FVC; (C) OS
stratified by DLCO; (D) OS stratified by COPD. OS, overall survival; FEV,, forced expiratory volume in one second; FVC, forced vital
capacity; DLCO, diffusing capacity of the lungs for carbon monoxide; COPD, chronic obstructive pulmonary disease.

predicted (280.6£60.44 vs. 697.0£133.57 days, P=0.001;
244.0+38.27 vs. 491.0£104.01 days, P=0.001), respectively
(Figure 24,B). In addition, patients with a diffusing capacity
of the lungs for carbon monoxide (DLCO) less than 60%
demonstrated a shorter median OS than those with a
DLCO of 60% or more (295.0£59.77 vs. 480.0+150.72
days, P=0.015) (Figure 2C). However, the median OS was
not different between the COPD and non-COPD groups
(365.0£47.45 vs. 618£126.12 days, P=0.103) (Figure 2D).

A multivariate analysis revealed that ED (HR =2.935,
P<0.001) and a FEV, less than 80% (HR =1.667, P=0.023)
were independent negative prognostic factors of OS
(Table 2). In the subgroup multivariate analysis, a FEV,
less than 80% (HR =2.065, P=0.001) was independently
associated with poor OS in SCLC patients with ED (7able 3).

Discussion

This study investigated the clinical outcomes of SCLC
patients according to the impairment of lung function as
measured at baseline. A lower FEV, and ED were significant
poor prognostic factors for OS. However, COPD was not
associated with mortality. In the subgroup analysis, a lower
FEV, was the only independent poor prognostic factor for
OS in ED patients.

In our study, COPD status and OS was not significantly
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related in SCLC patients. It is known that COPD had
significantly worse clinical outcomes than those without
COPD in NSCLC patients. The prognostic effect of
COPD in squamous cell lung carcinoma was relatively
stronger than that in adenocarcinoma. The difference in
the prognostic effects according to the cell types in NSCLC
may be explained by a history of smoking and because
COPD is closely related to squamous cell lung carcinoma
than adenocarcinoma (10). Although smoking has a larger
effect on SCLC risk among COPD patients (6), to our
knowledge, the impact of COPD status on the prognosis in
SCLC patients has not been previously examined.
Regarding the lung function parameters, a lower FEV,
was associated with shorter OS in our study. A reduced
FEV, is not only the marker of severity of COPD but also
a predictor of increased risk of lung cancer, cardiovascular
disease and premature death from all causes in the general
population (17-19). In patients with lung cancer, a reduced
FEV, was strongly associated with mortality in advanced
NSCLC and a low predicted postoperative FEV, was
related to mortality in completely resected NSCLC (11,20).
An interesting finding which deserves further exploration
is that a lower FEV,, not COPD, was associated with poor
treatment in SCLC patients. This finding can be explained
by the patients with a ‘restrictive pattern’ in spirometry
(53.2%, 41/77) that were included in the non-COPD
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Table 2 Univariate and multivariate analysis to assess the prognostic factors for overall survival

Univariate analysis

Multivariate analysis

Factor

HR 95% Cls P value HR 95% Cls P value
COPD 1.396 0.933-2.090 0.105 - - -
Age 1.004 0.981-1.026 0.749 - - -
BMI 1.013 0.950-1.079 0.701 - - -
Stage (ED) 3.529 2.276-5.473 <0.001 2.935 1.860-4.632 <0.001
FEV1 <80% 2.001 1.324-3.024 0.001 1.667 1.072-2.591 0.023
FVC <80% 1.991 1.317-3.012 0.001 - - -
DLCO <60% 1.178 1.107-2.667 0.016 - - -
ECOG =2 1.144 0.277-4.734 0.852 - - -

HR, hazard ratio; Cls, confidence intervals; COPD, chronic obstructive pulmonary disease; BMI, body mass index; ED, extensive disease;
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; DLCO, diffusing capacity of the lungs for carbon monoxide;

ECOG, Eastern Cooperative Oncology Group.

Table 3 Subgroup multivariate analysis for overall survival

ED LD
Factor Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR 95% Cls P value HR 95% Cls P value HR 95% Cls Pvalue HR 95% Cls P value
COPD 1.396 0.933-2.090 0.105 - - - 1.789 0.892-3.586 0.099 - - -
Age 1.004 0.981-1.026 0.749 - - - 0.982 0.945-1.020 0.350 - - -
BMI 1.013 0.950-1.079 0.701 - - - 1.030 0.920-1.154 0.606 - - -
FEV1<80% 2.001 1.324-3.024 0.001 2.065 1.340-3.180 0.001 1.956 0.993-3.852 0.052 - - -
FVC <80% 1.764 1.183-2.631 0.005 - - - 1.543 0.766-3.109 0.225 - - -
DLCO <60% 1.718 1.107-2.667 0.016 - - - 1.691 0.777-3.678 0.185 - - -
ECOG =2 1.144 0.277-4.734 0.852 - - - 1.331 0.309-5.726 0.701 - - -

ED, extensive disease; LD, limited disease; HR, hazard ratio; Cls, confidence intervals; COPD, chronic obstructive pulmonary disease;
BMI, body mass index; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; DLCO, diffusing capacity of the lungs for

carbon monoxide; ECOG, Eastern Cooperative Oncology Group.

group (data not shown). In our study, restrictive lung
disease could not be confirmed because all patients were
not performed additional lung volume measurement. The
current definition of COPD depends on the presence of
the spirometry measures of airflow obstruction. However,
not all current and ex-smokers without airflow obstruction
in spirometry are free of disease. Patients with a smoking
history without airflow obstruction may have severe
respiratory symptoms and are at risk for poor clinical
outcomes (21).

Reduced FVC, a lung function parameter that suspect
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restrictive lung disease, was negatively associated with OS in
an univariate analysis even though FVC was not found to be
an independent prognostic predictor of long-term survival.
A reduced FVC has been known to be one of the risk
factors for total and cardiovascular disease mortality (22). A
recently published study demonstrated that a reduced FVC
is associated with arterial stiffness, one of the cardiovascular
risk factors, in both genders (23). In lung cancer, FVC is
an independent prognostic predictor for long-term survival
after curative resection (24). To investigate the relationship
between restrictive lung disease and poor clinical outcomes
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of SCLC, further study including lung volume measurement
is needed.

Alow DLCO is known to be associated with CT-detected
emphysema and a high risk of dying from lung cancer in
COPD patients (25). Chemotherapy and radiotherapy
induced pulmonary toxicity that deteriorate a DLCO
has been reported in NSCLC (26,27). The addition of
chemotherapy to RT significantly exacerbates the decrease
of DLCO in NSCLC (28). However, in our study, the Cox
regression analysis failed to show that a low DLCO is an
independent factor for mortality. Yet, HR was higher for the
subjects with a DLCO less than 60% in a univariate analysis.

This study had several limitations. First, the work was
retrospective in nature. Nonetheless, this was a multi-
center study with a large sample size, which allowed us
to have greater power to detect the relationship between
impairment of lung function and prognosis in SCLC
patients, and the risk of poorer clinical outcomes in
more homogeneous subgroups. Second, the scope of this
study was limited to PFT and did not address the role of
emphysema or an endobronchial lesion in determining the
poor clinical outcomes of SCLC (25,29). Third, additional
treatments for COPD such as inhalers or anti-inflammatory
agents were not considered. A prospective study is needed
to clarify the clinical prognostic factors for SCLC.

Despite these limitations, to the best of our knowledge,
the examination of the impact of airway obstruction
on clinical outcomes in SCLC patients has not been
previously performed. Spirometry is a simple and reliable
tool to evaluate lung functions in clinical practice and
this information could help clinicians predict treatment
outcomes in SCLC patients.

In conclusion, low FEV|, not COPD, was associated with
mortality in SCLC patients treated with chemotherapy and/
or radiotherapy. A pretreatment spirometry in SCLC may
assist in predicting the prognosis of SCLC. Further study is
needed to clarify whether additional treatments for airway
obstruction such as inhalers affect the clinical outcomes in

SCLC patients.
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