
Abstract. Background/Aim: The purpose of this study was
to assess the prognosis of small cell lung cancer (SCLC)
based on the underlying pulmonary disease. Patients and
Methods: A total of 204 patients with SCLC were reviewed
and categorized into three groups: normal, emphysema and
fibrosis. Results: The median overall survival duration (OS)
in patients with normal lungs (n=57), with emphysema
(n=105) and fibrosis (n=42) was 21.3, 16.4 and 10.8 months
(p=0.063). In limited-stage disease (LD), the median OS in
patients with fibrosis (7.4 months) was shorter than normal
(52.7 months) or emphysema patients (26.4 months)
(p=0.034). In extensive-stage disease (ED), the median OS
in patients with fibrosis (12.7 months) was not significantly
different from normal (11.4 months) or emphysema patients
(13.5 months) (p=0.600). Conclusion: Patients with fibrosis
had a poorer prognosis than normal or emphysema patients
in LD-SCLC, but the coexistence of pulmonary fibrosis did
not affect the prognostic outcomes in ED-SCLC.

Lung cancer is the leading cause of cancer death in many
countries, and small cell lung cancer (SCLC) accounts for 12-
15% of all lung cancer cases (1). SCLC is related to smoking
and strongly associated with emphysema and pulmonary
fibrosis (1-3). Although SCLC is sensitive to chemotherapy and
radiotherapy, these treatment modalities are limited in patients
with pulmonary fibrosis, as acute lung injury frequently occurs
during chemotherapy and thoracic irradiation (4, 5). We
conducted a retrospective study to examine the prognosis of
SCLC patients according to the underlying pulmonary diseases
to evaluate the prognostic significance of pulmonary fibrosis.

Patients and Methods

Patients. The medical records for a series of consecutive patients
with SCLC treated in the Division of Respirology, NTT Medical
Center Tokyo, between August 2001 and May 2016 were
retrospectively reviewed. Patients with emphysema and fibrosis on
chest computed tomography (CT) at the diagnosis of SCLC were
prospectively identified to assess the risk of interstitial lung disease
(ILD). The study protocol was reviewed and approved by the Ethics
Committee of NTT Medical Center Tokyo. Patients were
categorized into three groups based on the chest CT findings: those
with normal lungs (except for the tumor), emphysema, or
pulmonary fibrosis, as described previously (6-8). We collected the
clinical and demographic data, including the gender, age, Eastern
Cooperative Oncology Group Performance Status (PS), smoking
history, clinical stage of SCLC, treatment, treatment-related toxicity
and survival. Patients were diagnosed with acute lung injury if the
following criteria were met: (i) new radiographic alveolar infiltrates;
(ii) evidence of hypoxemia as defined by worsened gas exchange
and (iii) exclusion of other possible causes for (i) and (ii), especially
left cardiac failure and progression of cancer.

Statistical analyses. To compare the differences in the CT findings
between the subgroups, the Kruskal–Wallis test was performed for
continuous variables, and the chi-square test or Fisher’s exact test
was used for categorical variables. The survival time was estimated
by the Kaplan-Meier method, and differences in the survival time
between the subgroups were analyzed by the log-rank test. The
length of the survival was defined as the duration (in months) from
the initial therapy until death or last follow-up. The data were
analyzed using the SPSS Statistics software program (Version 24
for Windows; SPSS Inc., Chicago, IL, USA) and p-values of <0.05
were considered to indicate statistical significance.

Results
Characteristics of SCLC patients with pulmonary fibrosis. A
total of 204 patients with histologically-proven SCLC were
reviewed. Emphysema and fibrosis were identified in 105
(51.5%) and 42 (20.6%) patients with SCLC, respectively.
Forty (95.2%) of 42 patients with fibrosis had fibrosis
combined with emphysema. The clinical characteristics of
patients according to underlying pulmonary disease are
summarized in Table I. All patients with fibrosis had a
history of heavy smoking (median of 50 pack-years), and 36
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of the 42 patients with fibrosis (85.7%) were male. There
were no significant differences between the three groups in
the PS or clinical stage (limited or extensive).

Treatment of SCLC patients with pulmonary fibrosis. The
treatment modalities and chemotherapy regimens used as first-
line and throughout the entire treatment period are summarized
in Table I. Eleven patients received both surgery and
chemotherapy, and four received both surgery and
chemoradiotherapy. One patient with fibrosis experienced acute
lung injury after five days of surgery and received no further
treatment for SCLC. Patients with fibrosis were treated with
chemoradiotherapy (3/42, 7.1%) significantly less often than
those with normal lungs (19/57, 33.3%) or emphysematous
lungs (36/105, 34.3%). Irinotecan was used in 2 patients (4.8%)
with fibrosis as first-line chemotherapy, and in 5 patients
(11.9%) throughout the treatment period, which was less
frequent than in those with normal lungs or emphysematous
lungs (p=0.014 and p<0.001, respectively). Amrubicin was
used in 17 (40.5%) patients with fibrosis, 23 (40.4%) patients
with normal lungs and 59 (56.2%) patients with emphysema,
that was not significantly different (p=0.079). The proportion
of patients with fibrosis who received second-line chemotherapy
was similar to that of normal patients and patients with
emphysema (fibrosis: 26/42, 61.9%; normal: 31/57, 54.4%;
emphysema: 67/105, 63.8%; p=0.496). 

Survival duration of SCLC patients with pulmonary fibrosis.
The median overall survival duration (OS) in patients with
fibrosis was 10.8 months from the start of treatment (Figure
1A). The median OS in patients with fibrosis was shorter
than that in normal patients (21.3 months) and patients with
emphysema (16.4 months), but the difference was not
statistically significant (p=0.063). In limited-stage disease
(LD), the median OS in patients with fibrosis (7.4 months)
was significantly shorter than that in normal patients (52.7
months) or that in patients with emphysema (26.4 months)
(p=0.034) (Figure 1B). In contrast, in extensive-stage disease
(ED), the median OS in patients with fibrosis (12.7 months)
was not significantly different from that in normal patients
(11.4 months) or that in patients with emphysema (13.5
months) (p=0.600) (Figure 1C). 

Acute lung injury in SCLC patients with pulmonary
fibrosis. Acute lung injury was diagnosed in 10 of the 204
patients (4.9%). The incidence of acute lung injury
according to characteristics and type of treatment is
summarized in Table II. Acute lung injury occurred in 5
(11.9%) patients with fibrosis, which was significantly
more frequent than in normal patients (0/57, 0%) and
emphysema patients (5/105, 4.8%) (p=0.025). Among those
with fibrosis who experienced acute lung injury, one patient
received best supportive care only, one received surgery

only and one received surgery and chemotherapy. All
patients with acute lung injury who received
chemoradiotherapy were in the emphysema group. There
were no statistically significant differences in the incidence
rate for acute lung injury between treatment modalities and
clinical stages. There was a tendency for the incidence of
acute lung injury to increase as the number of
chemotherapeutic agents increased (p=0.019, Table II and
Figure 2). After receiving amrubicin, one patient
experienced acute lung injury. As 99 patients received
amrubicin throughout the treatment period, the incidence
rate was estimated to be 1.0%. This is rather rare compared
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Table I. Characteristics of normal patients and those with emphysema
and fibrosis.

N=204                                    Normal     Emphysema    Fibrosis   p-Value
                                                (n=57)         (n=105)        (n=42)          

Age, years                                                                                              
   Median                                    68                  72                 74         0.055
   Range                                   50-83            50-90           45-89           
Gender, n (%)                                                                                        
   Male                                  35 (61.4)      91 (86.7)     36 (85.7)  <0.001
PS, n (%)                                                                                               
   0-1                                     42 (73.7)      85 (81.0)     33 (78.6)    0.561
   >2                                      15 (26.3)      20 (19.0)      9 (21.4)         
Smoking status, n (%)                                                                          
   Ex/current                         54 (94.7)     103 (98.1)     42 (100)    0.215
Smoking history 
(pack-years)                                                                                           
   Median                                    45                  55                 50         0.122
   Range                                   0-141            0-280          7.5-200         
Clinical stage, n (%)                                                                             
   Limited disease                 26 (45.6)      40 (38.1)     17 (40.5)    0.648
   Extensive disease             31 (54.4)      65 (61.9)     25 (59.5)        
Treatment, n (%)                                                                                   
   Surgery                                1 (1.8)           8 (7.6)         7 (16.7)     0.024
   Chemotherapy                   34 (59.6)      62 (59.0)     33 (78.6)    0.069
   Chemoradiotherapy          19 (33.3)      36 (34.3)       3 (7.1)      0.003
   Best supportive care only    4 (7.0)           7 (6.7)         5 (11.9)     0.545
First-line chemotherapy, 
n (%)                                                                                                      
   Platinum+irinotecan         15 (26.3)      26 (24.8)       2 (4.8)      0.014
   Platinum+etoposide          35 (61.4)      66 (62.9)     34 (81.0)    0.075
   Platinum+amrubicin           2 (3.5)           3 (2.9)           0 (0)       0.498
   Platinum+paclitaxel            1 (1.8)            0 (0)             0 (0)       0.274
   Amrubicin                             0 (0)            3 (2.9)           0 (0)       0.238
Chemotherapy, n (%)                                                                            
   Irinotecan                          25 (43.9)      49 (46.7)       5 (11.9)    <0.001
   Amrubicin                         23 (40.4)      59 (56.2)     17 (40.5)    0.079
   Etoposide                          39 (68.4)      77 (73.3)     35 (83.3)    0.241
Number of regimens, 
n (%)                                                                                                      
   One                                    53 (93.0)      98 (93.3)     36 (85.7)    0.292
   Two                                   31 (54.4)      67 (63.8)     26 (61.9)    0.496
   Three or more                  13 (22.8)      33 (31.4)      9 (21.4)     0.330
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Figure 1. The overall survival duration (OS) in patients with small-cell
lung cancer (SCLC), according to the underlying pulmonary disease
(normal: dotted line; emphysema: dashed line; fibrosis: solid line), (A)
for the overall population, (B) in patients with limited-disease SCLC
and (C) in patients with extensive-disease SCLC. 95% CI: 95%
confidence interval; NA: not assessed.

to irinotecan- or etoposide-induced acute lung injury
(irinotecan: 3/79, 3.8%; etoposide: 3/151, 2.0%; p=0.435).
The prognosis of patients with acute lung injury was poor;
the mortality rate and median survival duration from the
onset of acute lung injury were 100% and 34.5 days
(range=2-107 days), respectively.

Discussion

The prognosis of patients with fibrosis was relatively poor in
LD-SCLC, but that in ED-SCLC was similar to that of normal
and emphysema patients in the present study. Severe acute
lung injury occurred more frequently in those with fibrosis,
irrespective of the treatment modality and clinical stage.
Small cell lung cancer is characterized by rapid growth

and early metastasis and known as one of the most fatal
malignancies (9). Cigarette smoking is a risk factor for the
development of both SCLC and ILD, such as idiopathic
pulmonary fibrosis (1, 3). Combination chemotherapy,
generally platinum-based plus etoposide or irinotecan, is the
standard first-line treatment for ED-SCLC (9, 10). For LD-
SCLC, early chemoradiotherapy of accelerated
hyperfractionated radiation therapy concurrent with platinum-
based chemotherapy is recommended (11). However, the
treatment options are limited in patients with pulmonary
fibrosis because of acute exacerbation caused by
chemotherapy and thoracic irradiation (4). Ohe et al. reported
that pulmonary fibrosis was associated with treatment-related
death from thoracic radiotherapy (5). Irinotecan is a key drug



of SCLC but is now considered contraindicated for patients
with ILD. Regardless this situation, the prognostic
significance of pulmonary fibrosis in patients with SCLC has
not been well evaluated.
Whether or not pulmonary fibrosis is a prognostic factor in

patients with SCLC is unknown. Miyazaki et al. reported that
15 (4.5%) out of 332 SCLC patients were diagnosed with ILD,
and the presence of ILD was an unfavorable prognostic factor
(12). Togashi et al. reported that 28 (23.0%) out of 122 SCLC
patients receiving platinum-based combination chemotherapy
had ILD, and preexisting ILD was associated with a shorter
overall survival (13). Kashiwabara et al. reported that the OS
in SCLC patients with ILD (N=7, 12.7 months) was not
inferior to that in patients without ILD (N=21, 14.8 months)
(14). In our study, the median OS in patients with fibrosis was
shorter than that in normal patients or patients with
emphysema, but the difference was not statistically significant.
In LD-SCLC, the median OS in patients with fibrosis was
significantly shorter than that in normal patients or those with
emphysema. The fact that few patients with fibrosis
underwent chemoradiotherapy might have affected this result.
The median OS in patients with fibrosis was similar to that
in normal patients or those with emphysema in ED-SCLC.
Patients with fibrosis who received second-line chemotherapy
accounted for 61.9% of our population (26/42), which was
more frequent than in the previous studies (12, 13), and the
proportion receiving second-line chemotherapy might have

affected the prognostic outcomes. The present findings suggest
that chemotherapy may be effective even for relapsed SCLC
patients with pulmonary fibrosis after sufficient consideration
of the risks and benefits.
Patients with fibrosis had a high incidence of acute lung

injury. The incidence of acute lung injury tended to increase
with the number of chemotherapeutic agents, both in patients
with emphysema and with fibrosis. A standard chemotherapy
regimen for patients with SCLC and ILD has not been
established. The incidence of acute lung injury related to
platinum-based plus etoposide was 2.0% (3/151) in this study,
which was similar to that reported previously in patients with
SCLC and ILD (15, 16). The incidence of acute lung injury
related to amrubicin ranged from 3.3%-12.5% in previous
studies (17-19). In our study, only 1 (1.0%) of 99 patients
who received amrubicin experienced acute lung injury.
Seventeen patients (40.5%) with fibrosis received amrubicin,
and the incidence of acute lung injury related to amrubicin in
patients with fibrosis was estimated to be 5.9%. Amrubicin
might be tolerable for patients with SCLC and ILD. 
The present study had several limitations. First, this was

an observational and retrospective study that was performed
at a single institution. The indications for therapy and the
selection of treatment were not uniform for all patients,
which limits the evaluation of the treatment effects. A
multivariate analysis was not performed because it was not
possible to evaluate all of the potential confounding variables
related to the survival time. 
In conclusion, the prognosis of patients with fibrosis was

relatively poor in LD-SCLC, but that in ED-SCLC was similar
to that of normal and emphysema patients. Severe acute lung
injury occurred more frequently in those with fibrosis,
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Figure 2. The incidence of acute lung injury according to the underlying
pulmonary disease (N: Normal; E: emphysema; F: fibrosis).

Table II. Incidence of acute lung injury.

                                                        Total, n        Acute lung        p-Value
                                                                           injury, n (%)

Underlying pulmonary disease                                                            
   Normal                                             57                  0 (0)                0.025
   Emphysema                                    105               5 (4.8)                   
   Fibrosis                                            42               5 (11.9)                  
Stage                                                                                                     
   Limited disease                                83                5 (6.0)              0.539
   Extended disease                            121               5 (4.1)                   
Treatment                                                                                              
   Surgery                                             14               2 (14.3)             0.442
   Chemotherapy                                 123               6 (4.9)                   
   Chemoradiotherapy                         56                2 (3.6)                   
   Best supportive care only               15                1 (6.7)                   
Chemotherapy, n (%)                                                                           
   Irinotecan                                         79                3 (3.8)              0.435
   Amrubicin                                        99                1 (1.0)                   
   Etoposide                                        151               3 (2.0)                   
Number of regimens, n (%)                                                                 
   One                                                  187               2 (1.1)              0.019
   Two                                                 124               2 (1.6)                   
   Three or more                                 55                4 (7.3)                   



irrespective of the treatment modality and clinical stage.
Further studies are necessary to evaluate the association
between SCLC and pulmonary fibrosis and to determine the
standard therapeutic options for patients with SCLC and
pulmonary fibrosis.
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