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 Introduction 

 Idiopathic pulmonary fibrosis (IPF) is the most com-
mon type of idiopathic interstitial pneumonia (IP) and 
its prevalence in many developed countries appears to be 
increasing  [1] . It is a progressive fibrotic lung disease 
with a median survival of 3–5 years without a proven ef-
fective therapy. Recently, an increase in lung cancer mor-
tality among patients with IPF has been reported  [2] . IPF 
is also associated with an independent increased risk of 
lung carcinogenesis  [1–6] . Furthermore, it has been not-
ed that IPF and cancer have common pathobiological 
features  [7, 8] . To date, no prospective studies have dem-
onstrated the effect of chemotherapy in prolonging the 
survival of lung cancer patients with IPF, and there are 
only a few reports that evaluate the clinical efficacy of 
chemotherapy for lung cancer with IP  [9–11] . There are 
no specific reports on chemotherapy limited to lung can-
cer with IPF. The purpose of this study is to examine the 
clinical efficacy of chemotherapy for advanced non-
small cell lung cancer (NSCLC) in patients with IPF. In 
addition, we examined the adverse events that occurred 
during treatment.
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 Abstract 

  Background:  Idiopathic pulmonary fibrosis (IPF) is the most 
common type of idiopathic interstitial pneumonia and is as-
sociated with an independent increased risk of lung carcino-
genesis. The benefit of chemotherapy for lung cancer in cas-
es of IPF remains unknown.  Objectives:  This study was con-
ducted to elucidate the efficacy of chemotherapy for ad-
vanced non-small cell lung cancer (NSCLC) in patients with 
IPF.  Methods:  Advanced (i.e. stage IIIB and IV) NSCLC patients 
with IPF who received systemic chemotherapy were studied. 
Response rate, toxicity, overall survival and progression-free 
survival were investigated.  Results:  Between January 2000 
and December 2009, 21 patients were enrolled in this study 
and treated with chemotherapy. The overall response rate 
with the 1st regimen was 42.9%. The median overall survival 
was 11.4 months, the 1-year survival rate was 28.6% and the 
median PFS was 5.4 months.  Conclusions:  This study showed 
that advanced NSCLC patients with IPF may benefit from 
chemotherapy; well-controlled studies are still needed to 
clarify the efficacy.  Copyright © 2012 S. Karger AG, Basel 
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  Materials and Methods 

 We treated 1,230 lung cancer patients between January 2000 
and December 2009 in Tosei General Hospital (Aichi, Japan). We 
retrospectively identified patients who satisfied the following cri-
teria: (1) histologically or cytologically confirmed advanced (stage 
IIIB or IV) NSCLC, (2) accompanying interstitial pneumonia of 
IPF, (3) chemotherapy as the only therapy and (4) Eastern Coop-
erative Oncology Group performance status (PS) was within the 
range of 0–2. All clinical and laboratory data were collected retro-
spectively from medical records. Spirometry (CHESTAC-55V; 
Chest, Tokyo, Japan) and diffusing capacity of the lung for carbon 
monoxide (DLCO) (CHESTAC-55V; Chest) were measured ac-
cording to the American Thoracic Society (ATS)/European Respi-
ratory Society (ERS) recommendation as physiological assess-
ments  [12, 13] . The results of pulmonary function tests were ex-
pressed as percentages of the normal predicted values. The 
diagnosis of IPF was made in accordance with the ATS/ERS/Japa-
nese Respiratory Society/Latin American Thoracic Association 
statement  [6]  using the following criteria: (1) exclusion of other 
known causes of interstitial lung disease, (2) the presence of a usu-
al interstitial pneumonia (UIP) pattern on high-resolution com-
puted tomography (HRCT) in patients not subjected to surgical 
lung biopsy and (3) specific combinations of HRCT and surgical 
lung biopsy pattern in patients subjected to surgical lung biopsy. 
The pathological diagnosis of UIP was also based on this statement 
 [6] . Typical chest CT findings of IPF were basal predominant, sub-
pleural reticular abnormality with traction bronchiectasis and 
honeycomb cysts without findings of atypical features of IPF such 
as isolated cyst, consolidation and peribronchovascular nodules 
 [14, 15] . We evaluated the overall response rates (ORR), median 
progression-free survival (PFS), median overall survival (OS), 
1-year survival and toxicity. With regard to toxicity, we use the 
term ‘rapid deterioration’ for acute respiratory worsening  [16] . 
‘Rapid deterioration’ was defined as an acute (within 30 days) 
worsening of dyspnea requiring hospitalization and the presence 
of newly developed radiologic abnormalities  [16] ; this term there-

fore includes various conditions such as drug-induced lung dis-
ease, acute exacerbation of IPF, infection, cardiac failure and oth-
ers. Histological types of lung cancer were defined according to 
the World Health Organization Classification of 1999. Tumor re-
sponse was assessed by response evaluation criteria in solid tu-
mors (RECIST) guidelines and toxicity was evaluated by the Na-
tional Cancer Institute Common Terminology Criteria for Ad-
verse Events version 3.0. Evaluation of treatment response by CT 
scan was repeated every 4–8 weeks.

  The median OS and PFS were estimated using the Kaplan-
Meier method. The median OS was measured as the period from 
diagnosis of lung cancer to death. The median PFS was measured 
as the period from the start of treatment to the identifiable time 
for progression. Survival was assessed up to June 12, 2010. Deaths 
were identified by reviewing the hospital-chart records. Because 
all of the patients had been visiting our hospital once a month and 
were then admitted when their condition became worse, docu-
mentation of their survival could be obtained. All values were 
given as mean  8  standard deviation (SD). The institutional re-
view board of the hospital approved this study and for chemo-
therapy, written informed consent was obtained from all patients.

  Results 

 Patient Selection 
 Of 1,230 patients, 90 (7.3%) suffered from lung cancer 

with IP (idiopathic IP n = 83 and IP associated with con-
nective tissue disease n = 7) ( fig. 1 ). Of these 90 patients, 
64 had NSCLC, and in 37 of these, this was in an ad-
vanced stage (stage IIIB or IV). Eight patients were treat-
ed with best supportive care, these were patients with 
poor PS. Twenty-nine received chemotherapy: 1 of these 
was PS 3 and 7 did not have IPF (IP associated with con-
nective tissue disease n = 3 and idiopathic IP other than 
IPF n = 4). As a consequence, the remaining 21 patients 
(18 males and 3 females) diagnosed with IPF in this way 
were included in this study.

  Diagnosis of IPF 
 To exclude other known causes of interstitial lung dis-

ease, during the diagnosis of IPF, all 21 patients under-
went a careful examination focusing on comorbidities, 
medication use, environmental exposures, family history 
as well as a physical examination. Eighteen patients were 
diagnosed as having IPF with a pattern of UIP on HRCT, 
and 3 were diagnosed as having IPF with a possible UIP 
pattern on HRCT and a histological UIP pattern by surgi-
cal lung biopsy. 

  Patient Characteristics and Physiological Data 
 Patient characteristics are shown in  table 1 . Eight of 21 

patients (38.1%) were already diagnosed with IPF before 

Table 1. C haracteristics of all patients

Male:female 18:3
Age, years 68.485.5
Smoking (pack-years) 52.8826.1
Histology

Adenocarcinoma 14
Squamous-cell carcinoma 5
Undifferentiated 2

Stage
IIIB 11
IV 10

PS
0 8
1 10
2 3

D ata are presented as mean 8 SD or number. 
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the diagnosis of NSCLC. The mean interval between the 
time of diagnosis of both diseases was 1.8  8  2.8 years. 
Before being diagnosed with lung cancer, 2 patients had 
received treatments for IPF; one with oral prednisolone 
and the other with oral prednisolone and cyclosporine A. 
The baseline physiological data are shown in  table 2 . The 
mean arterial oxygen tension was 80.1  8  12.0 mm Hg at 
rest. In the pulmonary function test, the percent of pre-
dicted vital capacity (%VC) was 91.6  8  18.6%, and the 
percent of predicted DLCO (%DLCO) was 56.2  8  17.5%. 
DLCO was not obtained in 2 patients. VC and/or DLCO 
were less than 80% of the predicted value in 17 patients. 
Both DLCO and VC were normal in 3 patients. VC was 
normal and DLCO was not obtained in 1 patient.

  First-Line Chemotherapy and Its Response 
 In  table 3 , the ORR of the 1st regimen is shown. The 

most frequently selected regimen was carboplatin com-
bined with weekly paclitaxel (76.2%). The ORR was 42.9%. 
Stable disease was observed in 8 patients and progressive 
disease was observed in 4 patients. Mean cycles of applied 
1st-line chemotherapy were 3.9  8  1.7 (range: 1–6 cycles). 
No patients had received maintenance therapy, and 11 pa-
tients had received 2nd-line or later treatment. 

  Overall Survival and Progression-Free Survival of 
First-Line Chemotherapy  
 We performed a survival analysis on June 12, 2010, the 

data for which are shown in  figures 2  and  3 . The median 
OS was 11.4 months [95% confidence interval (CI) 8.2–
14.6] and the 1-year survival rate was 28.6% ( fig. 2 ). Nine-
teen patients had died, with progression of the lung cancer 
in 11 and a rapid deterioration in 8. The median PFS of the 
1st regimen was 5.4 months (95% CI 4.0–6.8) ( fig. 3 ).  

 Toxicity 
 Among 21 patients, 9 experienced rapid deterioration 

after chemotherapy and 8 of these 9 died. In 1 patient, ge-
fitinib was used as a 2nd-line treatment, and a rapid dete-
rioration occurred 16 days later. The median time from the 
final treatment to this rapid deterioration was 12.0 days 
(95% CI 0.0–26.7). The median survival time from the on-
set of rapid deterioration was 17.0 days (95% CI 0.0–39.4).

  Treatment-related adverse events other than a rapid de-
terioration are listed in  table 4 . The most common hema-
tological grade 3 or 4 adverse event was neutropenia 
(38.1%), although febrile neutropenia was observed in only 
1 patient (4.8%). The only nonhematological adverse event 
of grade 3 or 4 observed was peripheral neuropathy. No 
adverse events other than rapid deterioration were fatal.

Table 2.  Baseline physiological data

Pulmonary function test
VC, l 2.8780.70
%VC 91.6818.6
FEV1, l 2.2780.54
FEV1, % 79.087.73
FEV1, % predicted 100.6822.5
%DLCO (n = 19) 56.2817.5

Arterial blood gas
PaO2, mm Hg 80.1812.0
PaCO2, mm Hg 39.183.21
pH 7.4380.02

Laboratory data
WBC, /mm3 7,90082,233
LDH, IU/l 264897
KL-6, U/ml 1,0208638
SP-D, ng/ml 131.2871.9

D ata are presented as mean 8 SD. n = 21, except for DLCO,
n = 19. FEV1 = Forced expiratory volume in 1 s; LDH = lactate 
dehydrogenase; PaCO2 = partial pressure of carbon dioxide;
PaO2 = partial pressure of oxygen; SP-D = surfactant protein D; 
WBC = white blood cells.

Table 3.  Response to 1st-line chemotherapy

Regimen n ORR DCR

Carboplatin=paclitaxel 16 56.3% (9/16) 87.5% (14/16)
Carboplatin=docetaxel 3 0.0% (0/3) 33.3% (1/3)
Vinorelbine 2 0.0% (0/2) 100.0% (2/2)

Total 21 42.9% (9/21) 81.0% (17/21)

D CR = Disease control rate; n = number of patients.

Table 4.  Adverse events other than ‘rapid deterioration’

Toxicity Grade 3 Grade 4 Grade 3 or 4 (%)

Anemia 6 0 6 (28.6)
Leukocytopenia 7 0 7 (33.3)
Neutropenia 2 6 8 (38.1)
Febrile neutropenia 1 0 1 (4.8)
Thrombocytopenia 2 0 2 (9.5)
Peripheral neuropathy 1 0 1 (4.8)

D ata are presented as a number or proportion.
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  Fig. 2.  OS. Circles indicate censored cases at the data cut-off point. 
The median survival time (MST) was 11.4 months and 1-year sur-
vival was 28.6%. 
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  Fig. 3.  PFS. The median PFS was 5.4 months. 

Consecutive cases with lung cancer
n = 1,230

Lung cancer patients with IP
n = 90

Lung cancer patients without IP
n = 1,140

Diagnosis other than NSCLC
n = 26

Diagnosis other than stage IIIB or IV
n = 27

Best supportive care 
n = 8

Poor PS
n = 1

Diagnosed as IP other than IPF
n = 7

NSCLC patients with IP
n = 64

Stage IIIB or IV NSCLC patients with IP
n = 37

Patients who received chemotherapy
n = 29

Enrolled cases with IPF
n = 21  Fig. 1.  Analysis profile. All 21 enrolled cas-

es were advanced (stage IIIB or IV) NSCLC 
patients with IPF. 
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  Discussion 

 This is the first report, to our knowledge, in which the 
benefit of chemotherapy was indicated in subjects limited 
to patients with NSCLC and IPF. We evaluated the clinical 
efficacy of systemic chemotherapy for advanced NSCLC 
with IPF. The ORR of the 1st regimen, the median PFS, 
the median OS and the 1-year survival rate were 42.9%, 
5.4 months, 11.4 months and 28.6%, respectively. These 
comparatively good results suggest that chemotherapy for 
advanced NSCLC with IPF is indeed efficacious.

  In this study, the most frequently selected regimen was 
carboplatin combined with weekly paclitaxel  [17] . In a 
phase II study of this regimen, the 1-year survival rate 
was 64% and median survival time was 15.9 months, i.e. 
comparatively good survival was demonstrated  [17] . Che-
motherapy with carboplatin combined with paclitaxel is 
an established treatment for advanced NSCLC, and its 
clinical efficacy and safety have been reported in several 
articles  [18–20] . In these reports, ORR ranged between 32 
and 45%, and the median OS ranged between 12 and 14 
months. The results of this study are comparable to those 
of several previous reports, despite the fact that we evalu-
ated only the efficacy of chemotherapy for advanced 
NSCLC patients with IPF. 

  In a report on the efficacy of carboplatin and paclitax-
el for NSCLC with IP, Minegishi et al.  [9]  reported that the 
ORR of the 1st regimen, the median OS and the 1-year 
survival rate were 61%, 10.6 months and 22%, respective-
ly. In their report, however, IPF patients included a com-
paratively small number, only 6 patients. In our study lim-
ited to IPF, the prognosis for which is the worst among the 
idiopathic IPs, the OS and 1-year survival rate were com-
parable to the results of Minegishi et al.  [9] . This is note-
worthy. Meanwhile, comparing other baseline character-
istics, the %VC of patients in their report (82  8  20.0) was 
worse than that of our patients (91.6  8  18.6), in spite of a 
similar baseline PaO 2 ; so the patients in their study might 
have had more advanced IP. Further studies are needed to 
evaluate the impact of the severity or category of IP on the 
efficacy of chemotherapy for NSCLC patients with IP.

  With regard to toxicity other than a rapid deteriora-
tion, hematological toxicities were mostly mild and man-
ageable, and severe nonhematological toxicity was not 
observed other than peripheral neuropathy. On the other 
hand, 9 patients (42.9%) experienced a rapid deteriora-
tion and 8 of these 9 died during the study. As for the in-
cidence of interstitial lung disease associated with che-
motherapy, Kudoh et al.  [21]  showed in a cohort and nest-
ed case-control study of Japanese NSCLC patients that 

preexisting IP was an independent risk factor for devel-
oping acute interstitial lung disease, regardless of gefi-
tinib therapy or chemotherapy, and that the risk of devel-
oping interstitial lung disease was higher with gefitinib 
than with chemotherapy. In our study, rapid deteriora-
tion included various conditions such as drug-induced 
acute interstitial lung disease, infection and cardiac fail-
ure, which are often difficult to distinguish from other 
diseases. However, a rapid deterioration can include acute 
interstitial lung disease as a serious adverse event asso-
ciated with chemotherapy. Thus, increased physician 
awareness of the risk of developing acute interstitial lung 
disease and a careful surveillance of NSCLC patients with 
IPF during chemotherapy are warranted to manage risks.

  Recently, the usefulness of epidermal growth factor re-
ceptor  tyrosine kinase inhibitor (EGFR-TKI) for NSCLC 
patients has been reported. However, associated lung injury 
is also increasingly recognized. In our study, 1 patient who 
received EGFR-TKI therapy subsequently experienced rap-
id deterioration. Considering the above-mentioned report, 
it seems that considerable caution must be exercised with 
regard to the use of any chemotherapy drugs for NSCLC 
patients with IP  [21] . Furthermore, it is reasonable to as-
sume that EGFR-TKI in particular is not recommended.

  The limitations of this study are as follows. Firstly, it 
was a small, retrospective study; to confirm the efficacy 
of chemotherapy for lung cancer patients with IPF, a large 
prospective study is required in the future. Secondly, it 
included only Japanese patients and was a single-center 
analysis. Some studies of drug-induced lung injury sug-
gest ethnic differences in the susceptibility to acute pro-
gressive respiratory failure during the course of IPF  [22] . 
Multicenter, multiregional prospective studies are need-
ed to eliminate an ethnic bias and other possible biases. 
Thirdly, it is possible that there was a greater tendency for 
NSCLC patients with IPF to be treated with best support-
ive care rather than with systemic chemotherapy com-
pared to NSCLC patients without IPF.

  In conclusion, this study showed that advanced NSCLC 
patients with IPF may benefit from chemotherapy. This 
is the first report indicating the benefit of chemotherapy 
limited to cases of NSCLC with IPF. Further well-con-
trolled studies will be needed in the future in order to 
clarify the efficacy of chemotherapy.
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