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Gem : gémcitabine, CDDP . cisplatin, PTX : paclitaxel, VNR : vinorelbine, RT : radiotherapy,

CR : complete response, RR | response rate, MST . median survival time
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Summary Gefitinib (fressa™) is an epidermal growth factor receptor tyrosine kinase inhibitor
that has been approved for the treatment of lung cancer in Japan, however, after marketing
several cases of severe pulmonary toxicity were reported. The West Japan Thoracic Oncol-
ogy Group conducted an independent survey of acute pulmonary toxicity and interstitial lung
disease (ILD) caused by gefitinib in its member’s institutions. The purpose of this study was to
clarify the image characteristics of ILD caused by the molecular-targeting drug gefitinib. A total
of 1976 patients had been treated with gefitinib between August and December 2002, and 102
of them were suspected of having acute pulmonary toxicity and ILD. A final definite diagnosis of
gefitinib-induced ILD was made by at least three radiologists based on a review and analysis of
the chest radiography and CT findings plus the clinical data in the medical records. The imaging
findings were classified into four patterns: (A) a nonspecific area with ground-glass attenuation,
(B) a multifocal area of airspace consolidations, {C} patchy distribution of ground-glass atten-
uation accompanied by interlobar septal thickening, and (D) extensive bilateral ground-glass
attenuation or airspace consolidations with traction bronchiectasis. CT as well as chest radiog-
raphy had been performed in 65 of the 102 patients at the onset of ILD, and chest radiography
alone had been performed in 26. After excluding 11 cases with insufficient data and 21 cases

Abbreviations: AEP, acute eosinophilic pneumonia; AP, acute interstitial pneumonia; BOOP, bronchiotitis obtiterans organizing pneumo-
nia; CT, computed tomography; DAD, diffuse atveolar damage; EGFR, epidermal growth factor receptor; ILD, interstitial lung disease;
IPF, idiopathic putmonary fibrosis; WJTOG, West Japan Thoracic Oncology Group
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concluded to be other pulmonary diseases, 70 patients were diagnosed with gefitinib-induced
ILD. Finally, the diagnostic image findings were classified as pattern A in 29 cases, pattern B in
7 cases, pattern C in 3 cases, pattern D in 20 cases and others in 11 cases. The CT images were
classified as pattern A, B, C, and Din 24, 7, 1, and 12 cases, respectively. The mortality rate was
significantly higher in the patients with pattern D than the other patterns. Pattern D were thought
to represent the features of diffuse alveolar damage. In conclusion, the molecutar-targeting drug
gefitinib induces putmonary toxicity at a certain rate and the imaging findings of iLD induced by
gefitinib are similar to those of pulmonary toxicity induced by conventional antineoplastic agents.
© 2006 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Lung cancer is the leading cause of cancer deaths among
both fermales and mates in Japan and worldwide. The epider-
mal growth factor receptor tyrosine kinase inhibitor gefitinib
(Iressa™) was recently approved in Japan for the treat-
ment of recurrent non-small cell lung cancer, before being
approved in the United States. Clinical trials have revealed
significant variability in response to gefitinib, showed higher
response rate in Japanese patients than in a predominantly
European-derived population (27.5% versus 10.4%, respec-
tively in a multi-institutional phase I trial) [1]. The good
responders in Japan were women, patients with adenccar-
cinoma, and non-smokers. Adverse drug reactions in the
pre-approved trials were frequent, but mild, and included
an acne-like skin rash and diarrhea. However, some cases
of gefitinib-related life-threatening interstitia! lung disease
(ILD) have been reported since the marketing of the drug
[2—~6], and the incidence of ILD was considered higher than
that of ILD caused by pre-existing anticancer drugs. Based
on these considerations, the West Japan Thoracic Oncology
Group (WJTOG) independently investigated the incidence of
acute pulmonary toxicity and ILD, the risk factors for their
development, and the outcome. The radiological diagno-
sis of acute pulmonary toxicity and ILD in that survey was
made by the participating radioclogists. The purpose of this
study was to clarify the characteristics of pulmonary toxic-
ity induced by the molecular-targeting drug gefitinib based
on an analysis of diagnostic images alone.

2. Materials and methods

We observed the guidelines for the retrospective epidemi-
ological analysis in Japan using encoded data of patients in
order to survey the incidence and risk factors of gefitinib-
related ILD, and the survey by the WJTOG was approved by
the review board of each institution.

2.1. Patients

The chest computed tomography (CT) scans and chest radio-
graphs obtained in the 102 patients with suspected gefitinib-
related LD were retrospectively reviewed. The patients
were identified as follows. '

We requested to examine the number of patients who had

begun to receive gefitinib between August 31, 2002 (when )

the drug was put on the National Health insurance Drug
List} and December 31, 2002, and the number of patients
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who were suspected of acute pulmonary toxicity and ILD to
the 112 centers that were members of the WJTOG at the
end of December 2002, and responses were obtained from
84 centers. A total of 1976 patients had been treated with
gefitinib, and 102 of them were suspected of having acute
pulmonary toxicity and iLD. In addition, a thorough clinical
history and record of the patients and their chest radiogra-
phy and CT scans taken about 1 month before the onset of
ILD, at the onset, and serially after the onset, were obtained
from each institution. Chest radiography and CT scans taken
about 1 month before the onset were obtained for 97 and 92
patients, respectively, and chest radiography and CT scans
taken at the onset were obtained for 92 and 65 patients,
respectively. Serial chest radiography and CT scans after the
onset were obtained for 89 and 32 patients, respectively.
The patients consisted of 15 females and 87 males, and their
mean age was 67 years (range, 38—90 years). All patients
had non-small cell lung cancer including adenocarcinoma in
69 patients, squamous cell carcinoma in 27 patients, large
cell carcinoma in 2 patients, and others in 4 patients. No
patients had undergone lung biopsy and/or bronchoalveotar
lavage to diagnose ILD,

2.2. Radiography and CT scanning methods

The chest radiographs obtained were the original fitms taken
at each institution and included conventional films and com-
puted radiographs. The CT scans were performed with a
CT unit at each institution. All CT scans were obtained
with 5—10mm collimation at 5—10mm intervals and with
the patient in the supine position and at maximal inspi-
ration. In 40 cases thin-section CT was performed with
1—2mm collimation at 10mm intervals at the onset of
ILD. Scanning extended from the apices of lungs to the
costophrenic angles. Thin-section CT images were recon-
structed with a high-spatial-frequency atgorithm. CT scans
were obtained with window settings for lung parenchyma
(window width, 1600—1800HU; window level, —600 to
~700HU) and mediastinum (window width, 300—350HU;
window level, 25—-40HU).

2.3. Image analysis

The chest radiography and CT images were reviewed by at
least three chest radiologists together, and final decisions
regarding the findings were made by consensus, in confer-
ence with pulmonary physicians and medical oncotogists.
Gefitinib-related ILD was defined as an acute respiratory dis-
order that developed during gefitinib therapy in which ILD
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was suspected on the basis of the imaging findings and other
diseases, such as pneumonia, could be ruled out based on
the clinical information.

The confirmation of the diagnosis was categorized tike
this: (1) proofless ILD, as defined by no chest radiography
and CT at the onset of the disease, (2) non-ILD, as defined by
preumonia, progression of lung cancer, radiation pneumoni-
tis, organizing pneumonia, and non-gefitinib related ILD, and
(3) confirmed ILD, as defined by a confirmation of gefitinib-
related ILD.

The CT findings were assessed for distribution and pat-
terns of such as ground-glass attenuation, airspace con-
solidation, interlobular septal thickening, and traction
bronchiectasis. Ground-glass attenuation was defined as an
area of slightly increased attenuation in which the bronchial
walls and vessels remained visible. Airspace consolidation
was defined as an area of increased attenuation with obscu-
ration of the adjacent bronchial wall and vessels, and trac-
tion bronchiectasis was defined as irregular bronchial dilata-
tion within areas with ground-glass attenuation or airspace
consolidation. Based on these findings, the CT images of
gefitinib-induced ILD were classified into four patterns [7],
and we defined the plain-film findings corresponding to
them.

Pattern A was defined as a pattern of only nonspecific
area with ground-glass attenuation, and it corresponded
to diffuse and faint opacity without lung volume loss on
chest radiography. Pattern B was defined as a pattern of
multifocal areas of airspace consolidation such as in ¢crypto-
genic organizing pneumonia or bronchiolitis obliterans orga-
nizing pneumonia (BOOP), and it corresponded mainly to
peripheral consolidations on chest radiography. Pattern C
was defined as a pattern of patchy distribution of areas
with ground-glass attenuation accompanied by intertobular
septal thickening, such as in acute eosinophilic pneumonia
(AEP), and it corresponded to patchy or diffuse faint, lin-
ear opacities on chest radiography. Pattern D was defined
as a pattern of extensive bilateral ground-glass attenuation
or airspace consotidations with traction bronchiectasis, such
as in acute interstitial pneumonia {AlP), and it corresponded
to diffuse faint opacities or consolidations with tung volume
loss on chest radiography. Pre-existing lung lesions such as
emphysema, IPF, old inflammation, and lung resection, etc.,
were also recorded.

2.4. Statistical analysis

The differences in frequency of each category in each sub-
group were evaluated by the Fisher exact test or the x2-test
with continuity correction, probability vatues tess than 0.05
were considered significant.

3. Results

The images and data in the medical records of the
102 patients with suspected LD were analyzed. Sixty-five
patients had been examined by CT as well as chest radiog-
raphy at the onset of ILD, but 26 patients had been examined
by chest radiography alone. Eleven patients were considered
as indeterminate for pulmonary toxicity, because no chest
radiographs or CT scans at the onset were submitted, or they
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were insufficient. We analyzed the chest radiographs and/or
CT scans of the other 91 patients in the context of the clin-
ical course, and made a diagnosis of gefitinib-related ILD in
70 of them. The remaining 21 patients were diagnosed with
other diseases; pneumonia in 9, progression of lung cancer
in 4, radiation pneumonitis in 3, and other conditions in 5
(Table 1).

Chest radiographs of the 70 patients diagnosed with
gefitinib-related 1LD were classified as pattern A in 29
patients (43.8%; Fig. 1a), pattern B in 7 (10.0%; Fig. 2a),
pattern C in 3 (4.3%), pattern D in 20 (28.6%; Fig. 3a), and
other patterns in 11 (15.7%). The CT images were classi-
fied as pattern A, B, C, D, and other patterns in 24 patients
(47.1%; Fig. 1b), 7 patients (13.7%; Fig. 2b), 1 patient (2.0%),
12 patients (23.5%; Fig. 3b), and 7 patients (13.7%), respec-
tively. The number of deaths in each patternwas 9, 2, 0, 15,
and 5, respectively, and the mortality rate was 31.0%, 28.6%,
0%, 75.0%, and 45.5%, respectively. It was significantly higher
in patients with pattern D than in patients with other pat-
terns (75.0% versus 32.0%, p=0.001).

in addition, we analyzed associations between the fre-
quency of pre-existing fung lesions and the fatal cases.
There were 52 (74.1%) patients with various grades of
pulmonary emphysema, 14 (20.0%) with IPF, and 20

(28.6%) with old inflammation, such as pleural thicken-
ing and/or fibrous change. Thoracic irradiation was per-
formed in 16 (22.9%) patients, and lung resection in 17
(24.3%). No associations were found between the fre-
quency of pre-existing lung lesions and the fatal cases
(Tables 2 and 3).
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(@
Fig. 1

(k)

A 60-year-old male with stage IV non-small cell lung cancer who had been treated with platinum-based cherotherapy

developed mild dyspnea on day 10 after administration of gefitinib. The chest radiography reveals a mass opacity in the right hilum
and diffuse ground-glass density over the entire lung field against a background of emphysema and fibrosis {a). The CT scan shows
nonspecific areas with ground-glass attenuation throughout the lung parenchyma {b).

{a)
Fig. 2

b}

A 70-year-old male with stage 1B adenocarcinoma who had been treated with platinum-based chemotherapy was started

on gefitinib, and developed a severe cough and mild dyspnea on day 30 of gefitinib therapy. The chest radiography shows areas
of consolidation on the upper and lower field of the right lung (a), and multifocal areas of airspace consolidation are seen on the

thin-section CT scan (b).

4. Discussion

After gefitinib was approved on July 5, 2002, some cases
of severe pulmonary toxicity were come to light in Japan,
and AstraZeneca organized an Expert Committee analyzed
about gefitinib-related ILD [8]. The WJTOG also indepen-
dently conducted a survey of patients with acute pulmonary
toxicity caused by gefitinib. Then we participated in a sur-
vey and had an opportunity to review the chest radiographs
and CT images suspected gefitinib-related ILD.

583

In this study nonspecific areas with ground-glass attenua-
tion (pattern A, 47.1%) and extensive bilateral ground-glass
attenuation or airspace consolidation with traction
bronchiectasis (pattern D, 23.5%) were observed on chest
CT images in the majority of patients, and it was considered
that the molecular-targeting drug gefitinib also showed
radiological appearances of pulmonary toxicity similar to
those reported to be caused by conventional antineoplastic
drugs [9—13]. Those drugs are known to induce a variety of
pathological reactions in the lung, such as noncardiogenic
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Fig. 3

(b)

A 62-year-old male who had undergone right upper tobectomy complained of the acute onset of dyspnea on day 5 after

the start of gefitinib therapy. The anterio-posterior chest radiography shows diffuse ground-glass densities in the lung parenchyma
{(a). The CT scan shows extensive bilateral ground-glass attenuation and airspace consolidations with traction bronchiectasis {b).
The patient died 10 days after the onset of ILD despite treatment by steroid pulse therapy.

pulmonary edema, diffuse alveolar damage (DAD),
eosinophilic pneumonia, BOOP, and chronic interstitial
pneumonitis with fibrosis [9,10]. Since Akira et al. reported
that the pulmonary damage by antineoplastic drugs was
for the most part due to a direct cytotoxic effect and that
a ground-glass attenuation was often seen on diagnostic
images [10], it was assumed that the pulmonary damage
caused by gefitinib was also attributable to a direct cyto-
toxic effect in the same way, but there is still no evidence
that would make it possible to confirm that. There have
been few studies on the relationship between the imaging
findings and fatal cases in ILD caused by gefitinib [2,4]. In
the present study the mortality rate was significantly higher
in the patients with pattern D than in the patients with
the other patterns. Pattern D was thought to represent the
features of DAD, and this finding was consistent with the
report by Ichikado et al. that traction bronchiectasis was
an important prognostic LT finding in AIP {14]. On the other
hand, some patients with pattern A died. However, they
may have included patients whose findings should have been
classified as pattern D, because the CT scanning conditions
differed considerably from institution to institution and/or
because breath-holding by some of the patients may have
been insufficient. [t is also a report claiming that ground-

glass attenuation corresponds to DAD pathologicatly [12],
and for that reason it appears that it should be borne in
mind that the pattern A group may also have included cases
with a poor prognosis. On the other hand, the mortality
rate of pattern C was low, the same another report [12].

The AstraZeneca Expert Committee Meeting Report
claims that the (T findings in ILD related by gefitinib
mainly consist of patchy or diffuse ground-glass opacification
and/or consolidation, and that there were no differences
from the imaging findings in drug-related ILD that had been
reported in the past [8]. It stated that pathological examina-
tion of the fatal cases showed that DAD was the main cause
of death, and although no pathological assessment was con-
ducted, the imaging findings in our own cases with a poor
outcome suggested the same.

74.3% of the patients with gefitinib-retated ILD had pre-
existing putmonary emphysema and 20% had IPF. Most of the
patients had some pulmonary changes, including changes
associated with surgery or radiotherapy, but the pre-existing
changes were not statistically related to the imaging pat-
terns of ILD or mortality due to ILD. Takano et al. reported
that IPF was a significant risk factor for ILD according to the
results of a multivariate analysis [15], but they said nothing
in regard to associations with the outcome after the onset of
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symptoms. The AstraZeneca Expert Meeting Report, on the
other hand, states that IPF is a risk factor for ILD, and at the
same time that it might be a negative-prognostic factor [8].
While there seems to be no doubt that IPF is a risk factor
for ILD, we would like to await a future assessment of the
association with the outcome.

This study is of great significance in terms of being the
first to analyze the diagnostic images of a large number
of patients for pulmonary toxicity caused by a single drug,
because previous studies on drug-induced pulmonary toxic-
ity have been limited to a single center, or are an accumula-
tion of case report [9—~12]. However, this study had several
limitations: (1} the CT scanning and display conditions dif-
fered from center to center, (2) thin-section CT, which is
most reliable method for the diagnosis of diffuse lung dis-
ease, was performed in a small number of patients, and (3)
the diagnosis of pulmonary toxicity was based on the clas-
sification of images into known patterns in the absence of
pathological evidence. However, depending on the condi-
tion of patients with ILD, the diagnosis of ILD must often
be made on the basis of plain chest radiography alone. Ordi-
nary CT may add diagnostically important information, even
when breath-holding is poor, and be useful in indicating the
extent of the damage or whether the image pattern predicts
a high probability of death. Therefore, accurate diagnosis of
ILD in the early stage based on the clinical course as well as
the chest radiography and/or CT findings may be important
for early treatment.

In conclusion, this is the first study to demonstrate that
the molecular-targeting drug gefitinib induces pulmonary
toxicity at a certain rate and that the imaging findings of ILD
related by gefitinib are similar to those of pulmonary toxic-
ity related by conventional antineoplastic agents. Physicians
planning to use gefitinib in the future should be thoroughty
familiar with these imaging findings.
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The cxistence of an in-frame deletion mutant correlates with the
sensitivity of lung cancers to EGFR (epidermal growth factor
receptor)-targeted tyrosine kinase inhibitors. We reported pre-
viously that the in-frame 15-bp deletional mutation (delE746—
A750 type deletion) was constitutively active in cells. Kinetic
parameters are important for characterizing an enzyme; however,
it remains unclear whether the kinetic parameters of deletion
mutant EGFR are similar to those of wild-type EGFR. We ana-
lysed autophosphorylation in response to ATP and inhibition of
gefitinib for deletion mutant EGFR and wild-type EGFR. Kinetic
studies, examining autophosphorylation, were carried out using
EGFR fractions extracted from 293-pA15 and 293-pEGFR cells
transfected with deletion mutant EGFR and wild-type EGFR

respectively. We demonstrated the difference in activities between
unstimulated wild-type (K, for ATP =4.0 1+ 0.3 M) and mutant
EGFR (K., for ATP = 2.5 + 0.2 uM). There was no difference in
K. values between EGF-stimulated wild-type EGFR (K, for
ATP = 1.9+ 0.1 uM) and deletion mutant EGFR (K, for ATP =
2.2+ 0.2 uM). These results suggest that mutant EGFR is active
without ligand stimulation. The K; valve for gefitinib of the del-
etion mutant EGFR was much lower than that of wild-type EGFR.
These results suggest that the deletion mutant EGFR has a higher
affinity for gefitinib than wild-type EGFR.

Key words: autophosphorylation, epidermal growth factor re-
ceptor (EGFR), gefitinib, kinase inhibition, tyrosine kinase.

INTRODUCTION

EGFR [EGF (epidermal growth factor) receptor] is among the
most important targets for lung cancer therapy, and many EGFR-~
targeted inhibitors have been developed [1]. These EGFR-tar-
geted compounds inhibit the tyrosine kinase activity of EGFR
by competing at the ATP-binding site [2]. Many EGFR-targeted
tyrosine kinase inhibitors such as gefitinib and erlotinib have been
assessed clinically {3,4]. Recently, an EGFR mutation was found
in patients who responded 1o gefitinib, and mutamt EGFR has
been reported to be a determinant of the response to EGFR
tyrosine kinase inhibitors [5,6]. To date, over 30 EGFR mutations
including delE746-A750, L858R and dell.747-P753insS, have
been reported in lung cancer. These EGFR mutations, except for
T790M, are considered to be of the ‘gain-of-function’ type. Dif-
ferences exist among them; for example, constitutively active in
delE746-A750 compared with hypcrresponsive to ligand stimul-
ation in L858R and delL747-P753insS, although these mutant
EGFRs increase sensitivity to EGFR-targeted tyrosine kinase
inhibitors [7-9). In general, the observation of hyperresponsive-
ness to ligand stimulation, as in the case of L858R, raises the pos-
sibility of high affinity for ATP. We reported previously that
deletion mutant EGFR was constitutively phosphorylated under
unstimulated conditions, whereas wild-type EGFR was not phos-
phorylated until ligand stimulation {7]. The differences in cellular
phenotype and scnsitivity to gefitinib between deletion mutant
EGFR and wild-type EGFR raise the possibility that the enzymatic
properties of the deletion mutant EGFR may differ from those of
wild-type EGFR. However, it remains unclear whether the kinetic
parameters of deletion mutant EGFR are different from those

of wild-type EGFR. In the present study, we focused on the
autophosphorylation of deletion mutant EGFR, and investigated
the inhibition constant of gefitinib. Technically, we used deletion
mutant EGFR and wild-type EGFR extracted from ectopically
expressed HEK-293 (human embryonic kidney) cells. The auto-
phosphorylation assay reflects the native behaviour of EGFR in
maintaining cellular functions.

MATERIALS AND METHODS

Reagents
Gefitinib (Iressa®, ZD1839) was provided by AstraZeneca.

Cell culture

The HEK-293 cell line was obtained from thc AT.C.C.
(Manassas, VA, U.S.A.) and was cultured in RPMI 1640 medium
(Sigma) supplemented with 10 % heat-inactivated foetal bovine
serum {Life Technologies).

Plasmid construction and transfection

Construction of the expression plasmid vector of wild-type EGFR
and the 15-bp deletion mutant EGFR (delE746-A750 type del-
etion), which has the same deletion site as that observed in detail in
PC-9 cells, has been described elsewhere [7,10,11]. The plasmids
were transfected into HEK-293 cells and the transfectants were
selected using Zeosin (Sigma). The stable transfectants (pooled
cultures) of the wild-type EGFR and its deletion mutant were
designated 293-pEGFR and 293-pA 15 cells respectively.

Abbreviations used: EGF, epidermal growth factor; EGFR, EGF receptor; HEK-293, human embryonic kidney; 293-pEGFR, HEK-293 cells ransfected
with wild-type EGFR; 283-pA 15, HEK-293 cells transiected with deletion mutant EGFR; TBS-T, Tris-buffered saline with Tween 20; TGF-a, transforming

growth factor-a.

' To whom correspondence should be addressed (email knishio@gan2.res.nce.go.ip).
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Immunoblotting

The 293-pA 15 and 293-pEGFR cells were treated with or without
gefitinib for 3 h, stimulated with EGF (100 ng/ml) under serum-
starvation conditions and then lysed for immunoblot analysis.
Immunoblot analysis was performed as described previously [12].
Equivalent amounts of protein were separated by SDS/PAGE (2~
15 % gradient) and transferred to a PYDF membrane (Millipore).
The membrane was probed with a mouse monoclonal antibody
against EGFR (Transduction Laboratories), a phospho-EGFR
antibody (specific for Tyr'®®) (Cell Signaling Technology) as the
first antibody, followed by a horscradish-peroxidase-conjugated
secondary antibody. The bands were visualized with ECL®
(enhanced chemiluminescence) (Amersham Biosciences).

Determination of tigand secretion by ELISA

The 293-pAlS and 293-pEGFR cells were cultured in 12-well
plates under serum-starvation conditions. The ccll culture super-
natant was collected for each cell line and stored at —80°C
for further analysis. Amounts of EGF and TGF-« (transforming
growth factor @) in the culture medium from cach cell line were
determined with a DuoSet ELISA development kit (R&D Sys-
tems). The assay was performed in triplicate according to the
manufacturer’s instructions.

Preparation of cell lysates for EGFR autophasphorylation

Cultivated cells, after reaching 70-80 % conflucnce, were starved
in serum-free medium for 24 h, with or without EGF (100 ng/ml)
stimulation. The cells were washed twice with ice-cold PBS
containing 0.33 mM MgCl, and 0.9 mM CaCl, [PBS(+)], then
lysed with lysis buffer [SO mM Tris/HCI, pH 7.4, 50 mM NaCl,
0.25% Triton X-100, 5 mM EDTA, protease inhibitor (Roche
Diagnostics) and phosphatase inhibitor (Sigma)). For the prep-

aration of gefitinib-trcated cell lysates, cultivated cells were
starved in serum-free medium for 24 h, and were then pre-incub-
ated with 2 uM gefitinib for 3 h. Either with or without EGF
stimulation (100 ng/ml), the cells were washed twice with ice-
cold PBS(+) and lysed with lysis buffer. The cell lysate was
centrifuged at 20000 g for 10 min, and the protein concentratior
of the supernatant was measured with a BCA (bicinchoninic acid)
protein assay (Pierce).

Autophosphorylation assay

The amount of EGFR in 293-pA 15 and 293-pEGFR cells was
determined by quantitative immunoassay (R&D Systems) accord-
ing to the manufacturer’s instructions. The autophosphorylation
assay was carried out with a quantitative immunoassay system.
Wells in a 96-well immunomodule (Nalge Nunc Internationat)
were incubated with 0.8 1g/m] goat anti-thuman EGFR) antibody
in PBS (provided with the EGFR quantitative immunocassay sys-
tem) and incubated at 4°C overnight. The plates were washed
three times with TBS-T (Tris-buffered saline with Tween 20;
20mM Tris/HCl, pH74, 150mM NaCl and 005%
Tween 20} and were then filled with blocking buffer (PBS con-
taining 1 % BSA and 5 % sucrose) and incubated for 2 h at room
temperature (25°C). The wells were washed three times with
TBS-T and incubated with cell lysates of 293-pEGFR or 293-
pA135 including equal amounts of EGFR (130 ng of EGFR/well)
diluted with lysis buffer. After a 2 h incubation at room temper-
ature, the 96-well plate was washed with TBS-T. Autophos-
phorylation of EGFR was initiated by addition of ATP (0~32 uM
in 50mM Tris/HC), pH 7.5, 20mM MgCl, and phosphatase
inhibitor) followed by incubation for 5 min. In some experiments,
various concentrations of gefitinib were added to the wells
before the addition of ATP. Following the autophosphoryl-
ation reaction, the wells were washed with TBS-T. Next,
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Figure 1  Autephosphorylation reactions of deletion mulanf EGFR and wild-type EGFR

{A) The 293-pA15 and 293-pEGFR cells were treated with or withowut EGF (100 ng/mi) for 10 min after serum-starvation. EGFR was extracted from the cells and immobilized on wells with anli-EGfH
antibody. Autophosphorylation reactions ware inifiated by the addition of ATP, and autophosphorylation was detected using horseradish-peroxidase-conjugated phospholyrosine antibody, measuring
the absorbance (‘optical density’) at 450 nm. Autophosphorylation was seen for unstimulated (O) and EGF-stimulated { @) deletion mutant EGFR, and unstimulaled (A) and EGF-stimulated (A)
witg-type EGFR. Resulls are representative of at feast three independent experiments. {B) The 293-pA15 and 293-pEGFR cells were lreated with or without EGF (100 ng/mi} for the indicated times
after serum-starvation. Phosphorylation of EGFR and total EGFR was defermined by immuncboiling. (C) The 293-pa15 and 293-pEGFR cells were exposed lo gefitinib {0.002-2 M) for 3 b under
serum-starvation conditions, and stimulaled with EGF {100 ng/mi) for 10 min. The cells were then lysed and subjected to immunoblot analysis.

© 2006 Biochemical Society

587



Autophosphorylation of an EGFR in-frame deletion 539

s
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Autophosphorylation Detection

Figure 2 Schematic illustration of the cell-based autophosphorylation
assay

The 293-pA15 and the 293-pEGFR cells overexpressing deletion mutant EGFR and wild-type
EGFR respectively were trealed with 2 M gefitinib for 3 b and stimulated wilh or wilhout EGF
(100 ng/ml) under serum-starvation conditions. EGFR was extracled from cells and immobitized
on wells with anti-EGFR antibody. The autophosphorylation reaction was initiated by the addition
of ATP with or without gefilinib, and horseradish-peroxidase-conjugated anti-phospholyrosing
antibody was used to detect the phosphorylation of EGFR. TKI, tyrosine kinase inhibilor.

horseradish-peroxidase-conjugated anti-phosphotyrosine anti-
body, PY-99-HRP (0.4 ug/ml in PBS containing 1% BSA
and 0.1% Tween 20) (Santa Cruz Biotechnology) was added
to the wells for 2h at room temperature. The wells were
washed three times with TBS-T. Bound phosphotyrosine anti-
body was detected colorimetricaily after adding 100 ul of
substrate (tetramethylbenzidine and H,0,) to each well. After
a 10 min incubation, the colour reaction was quenched by the
addition of 100 ul of 1M H,SO,. The absorbance readings for
each well were determined at 450 nm with Delta-soft on an Apple
Macintosh computer interfaced to a Bio-Tek Microplate Reader
EL-340 (BioMetallics). .

Data anzlysis

For kinetic analysis, an Eadie—Hofstee plot was applied for the
calculation of K, (Michacelis constant) and V., (maximum velo-
city). The data obtained were plotted as velocity against velocity/
substrate concentration (V/ATP). The slope of the line is equal to

A Deletion mutant EGFR
3.0
201 ;
}
> i
1.0}
0.0 . r - r -
00 02 04 06 08 10 1.2

VIATP

O No stimulation
@ EGF-stimulation

— K, and the x-intercept is V .,,. The K; value was calculated as
follows:

K = (Koo X I/ (Kena — Kn) (1)
in which K, is the Michaelis constant for ATP, K, is the
Michaelis constant for ATP in the presence of gefitinib and [I}

is the concentration of gefitinib. The statistical analysis was per-
formed using KaleidaGraph (Synergy Software).

RESULTS

Autophosphorylation of deletion mutani EGFR and wild-type EGFR

We performed the autophosphorylation assay and immunoblot
analysis using lysates extracted from 293-pAl15 and 293-
PEGFR cells under unstimulated and EGF-stimulated conditions
(Figures 1A and 1B). Under unstimulated conditions, delction
mutant EGFR was highly phosphorylated in the abscnce of ATP.
Addition of ATP did not affect the autophosphorylation of deletion
mutant EGFR. On the other hand, autophosphorylation of wild-
type EGFR was barely detectable without ATP, and proceeded
in an ATP-dependent manner. In the EGF-stimulated case, wild-
type EGFR was phosphorylated to a greater extent in the ab-
sence of ATP than unstimulated wild-type EGFR. The autophos-
phorylation of EGF-stimulated wild-type EGFR additively
increased with the addition of ATP. These findings indicate that
the delction mutant retains the constitutive activity in our auto-
phosphorylation assay. In the immunoblot analysis, phosphoryl-
ation of deletion mutant EGFR was dctected in 293-pA1S cells
without ligand stimulation. Addition of EGF incrcased phos-
phorylation of EGFR in the 293-pEGFR ceclls. Taken together,
these results indicate that the deletion mutant has constitutive
autophosphorylation activity.

In addition, we examined the secretion of major ligands for
EGFR such as EGF and TGF-« from transfected HEK-293 cells
by ELISA. No detectable EGF and TGF-o secretion was ob-
served in the cultivation medium used for HEK-293 transfectants
(results not shown), indicating that these transfectants are not
activated via EGF-mediated autocrine loops. We considered
that autophosphorylation using unstimulated EGFR represents a

Wild-type EGFR

B 3.0

20

0.0 . . . - Y
00 02 04 06 08 10 %12

VIATP
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@ EGF-stimulation

Figure 3  Autophosphorylation activities of deletion mutant EGFR and wild-type EGFR

Plots of absarbance {‘oplical densily) against ATP concenlration {inset) were filled to an Eadie-Hofstee plol to calculate the values of kinelic perameters (Ke, and Vi) for deletion mutant EGFR (A}
and wild-type EGER (B) under unstimulaied (O) and EGF-stimutated conditions (@). Resulls are sepresentative of at least three independent experiments wilh similar results.

© 2005 Biochemical Sociely

588



540 K. Sakai and others

Tabte 1 Kinetic parameters tor ATP

The aulophosphorylation reaction was perlormed using the indicated enzyme and gefitinib (0.5-5 nM). The steady-state kinetic parameters for ATP wese determinad from the Eadie—Hofstee plol in

Figure 5. Resuils are means + S.D. for three independent duplicate experiments.

Ke (2M) Viray (2M - min—)
Deletion mutant Wild-type Deletion mutant Wild-type
Getitinib (nM) EGF stimutation... — + - + - + - +
0 25+02 22+02 40+03 19401 19401 21+0.1 20400 19+00
05 56+05 57+04 41404 23401 19401 19402 20+01 19401
1 98+28 109+30 46+12 25+0.1 20401 19+00 20+02 18401
5 26.1+54 302+42 70+23 48+09 18+0.1 18+02 20+01 18402
A o _Deetion mutant EGFR C o Deletion mutant EGFR
No stimulation / EGF-stimulation
5 8l
6 6L
2 4 /1
4 = &b
2 2l /
e -
0 )
0.5 056 0.0 05 1.0
1IATP
B © Wild-type EGFR D 10 Wild-type EGFR
o No stimulation EGF-stimuiation
I 8
6| 8i
2 2
a o4
P 4 O0nM
2 /,.// 2 /‘,,/ . 05 nM
’ 0 e A1OM
0 0 M A5nM
0.5 0.0 05 10 05 0.0 05 1.0
1IATP 1/IATP

Figure 4 Mechanism of inhibition of deletion mutant EGFR by gefitinib

Autophosphorylation of unstimulated deletion mutant {A), unslimulated wild-type (B), EGF-stimulated delelion mutant (C) and EGF-stimulated wild-type (0) EGFR was measured with or without
gefitinib at concentrations of 0 (O), 0.5 (@), 1 {A) and 5 {A) nM. Reciprocal velocily against reciprocal ATP concentrations (0.5-32 1M} were plotied. Data are representative of at least Ihree

independent experiments.

low level of EGF-independent basal phosphorylation, whereas
autophosphorylation using EGF-stimulated EGFR represents
EGF-induced phosphorylation.

Kinetic parameters of autephosphoerylation

The deletion mutant EGFR is constitutively phosphorylated under
unstimulated conditions. Measuring the autophosphorylation
activity of deletion mutant EGFR requires unphosphorylated
tyrosiae residues of EGFR. An autophosphorylation assay was
reconstructed to determine the kinetic parameters of deletion
mutant EGFR. The method is summarized in Figure 2. The con-
centrations of gefitinib used (2 uM) completely inhibited phos-
phorylation of both the deletion mutant and wild-type EGFR, as
demonstrated by immunoblot analysis (Figure 1 C). We performed
autophosphorylation assays with various amounts of EGFR (re-

© 2006 Biochemical Society

sults not shown). In our autophosphorylation assay, a constant
amount of EGFR (130 ng/well) was adopted to measure its auto-
phosphorylation, because this amount of EGFR was found to
be appropriate for detecting changes in the absorbance of both
wild-type and deletion mutant EGFR. The autophosphorylation
of deletion mutant EGFR and wild-type EGFR was analysed by
comparison with unstimulated and EGF-stimulated EGFR (Fig-
ure 3). The higher phosphorylation of deletion mutant EGFR
shown in Figure 1(A) was lowered by using gefitinib-treated
lysates, while the autophosphorylation reaction was initiated by
addition of ATP. The ATP-dependent autophosphorylation re-
actions of deletion mutant EGFR and wild-type EGFR in crude
cellular extracts were monitored (Figure 3, insets). The data
were transformed into an Eadie-Hofstee plot, and the kinetic
parameters were detcrmined as apparent K, and V., values
for ATP (Figure 3 and Table 1). Under unstimulated conditions,
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Inhibition constant of gefitinib for autophosphorytation activity of defetion mutant EGFR

The same dataset as shown in Figure 4 was filled to an Eadie-Holstee plot, and kinetic parameters from this {it are summarized in Table 1. Shown arg the resulls for the unstimulaled (A} and
EGF-stimutated (G} deletion mutant EGFR and unstimulated (B) and EGF-stimufated (D) witd-lype EGFR in response to ATP wilh or wilhout gelitinib at concentrations of 0 (O), 0.5 (@), 1 {A}

and 5 {A) nM. Resulls are representative of at least three independent experiments.

differences in activities were seen between unstimulated wild-type
(K, for ATP=4,0+0.3 uM) and deletion mutant EGFR (K, for
ATP=2.5+0.2 uM). Under EGF-stimulated conditions, there
was no difference in K, values between EGF-stimulated wild-type
EGFR (K, for ATP=1.9 £ 0.1 uM) and deletion mutant EGFR
(K, for ATP=2.240.2 uM). The V., values of wild-type
EGFR and deletion mutant EGFR were cqual under both
conditions. These results suggest that the wild-type EGFR is
conformationally activated by EGF stimulation, and that the
mutant EGFR is active without ligand stimulation.

Gefitinib inhibits autophosphorylation of deletion mutant EGFR

We examined the inhibitory effect of gefitinib (0.5, 1 and 5 nM)
on the autophosphorylation of deletion mutant EGFR in com-
parison with wild-type EGFR under unstimulated and EGF-
stimulated conditions. The data were transformed into a
Linewcaver—Burk plot for estimation of the mode of inhibition
(Figure 4). Lineweaver—Burk plot analysis showed that gefitinib
competitively inhibited the autophosphorylation of dclction
mutant EGFR as well as that of wild-type EGFR, The data were
transformed into an Eadie—Hofstee plot for determination of kin-
ctic parameters (Figure 5). Eadie—Hofstee plot analysis revealed
the apparent X, and V,, values for ATP in the presence of various
gefitinib concentrations, and the kinetic parameters are summar-
ized in Table 1. The K; for deletion mutant EGFR and wild-type
EGFR was calculated using cqn 1 (sce the Materials and methods
section). The K; value of gefitinib for deletion mutant EGFR (X
for gefitinib = 0.5 + 0.1 nM) was 26-fold lower than that for wild-

type EGFR (X for gefitinib=13.3 - 5.1 nM) under unstimulated
conditions (Figure 5). Under EGF-stimulated conditions, the K;
valuc of gefitinib for dciction mutant EGFR (0.3 1+ 0.1 nM) was
10-fold lower than that for wild-type EGFR (3.010.6 nM)
(Figure 5). Based on these comparative studies, we concluded
that gefitinib binds delction mutant EGIFR more strongly than
wild-type EGFR. In addition, we calculated the inhibitory effect
of gcfitinib for both types of EGFR in the presence of 2 uM ATP
(Figure 6). Relatively strong inhibitory activity was detected for
deletion mutant EGFR as compared with wild-type EGFR. These
results suggest that gefitinib had a high affinity (low K; value) for
deletion mutant EGFR compared with wild-type EGFR.

DISCUSSION

Wild-type EGFR is unphosphorylated, being in an inactive form,
under unstimulated conditions. The binding of ligands to the extra-
celtular domain of EGFR induces dimerization and phosphoryl-
ation of the receptor into the active form [13]. The kinetic para-
meters of wild-type EGFR in our autophosphorylation assay
are consistent with those of previous reports [14,15]. Crystallo-
graphic analysis has shown that the structure of the EGFR
kinasc domain after forming a complex with erlotinib exhibits
a conformation consistent with the active form of protein kinases
(16,17]. Previously, we reported that the deletion mutant EGFR
was dimerized and phosphorylated constitutively without ligand
stimulation, suggesting an active conformation [9]. We analysed
the enzymatic properties of the deletion mutant EGFR, and
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The percentage of absorbance compared with the control under coaditions of 2 M ATP was
calculated using the same dataset as shown in Figure 4 at a concentration of 2 M ATP. The
results shown are for unstimulated (A) and EGF-stimulated (C) deletion mutant EGFR and
unstimutated (B) and EGF-stimulated (D) wild-type EGFR in response to ATP with or without
gefitinib. Results are representative of at least three independent experiments.

determined the K value of gefitinib for deletion mutant EGFR.
The inhibition constant of gefitinib for wild-type EGFR was
similar to the value reported by Wakeling et al. {18]. We showed
that the K; valuc of gefitinib for delction mutant EGFR was much
lower than that for wild-type EGFR. The evidence of the decreased
K; valuc of gefitinib for deletion mutant EGFR means that gefitinib
binds deletion mutant EGFR more strongly than wild-type EGFR.
The high-affinity interaction between deletion mutant EGFR and
gefitinib may be attributable to structural differences between
deletion mutant EGFR and wild-type EGFR.

Our conclusion does not contradict the previous report by
Stamos et al. [16]) on a similar EGFR-targeted tyrosine kinase
inhibitor, erlotinib, which binds to the active form of EGFR [14].
This result differs from that reported clsewhere: Fabian et al. [19}]
reported that there were no differences in the binding affinity
of EGFR-targeted tyrosine kinase inhibitors between wild-type
EGFR and mutant EGFR, including the deletion mutation. They
constructed and expressed the kinase domain of EGFR on a
bacteriophage surface, followed by interaction with immobilized
inhibitors using biotin-avidin systems. Conversely, in our experi-
ments, we performed autophosphorylation assays with EGFR ex-
tracted from 293-pA 15 and the 293-pEGFR cells overexpressing
deletion mutant and wild-type EGFR respectively. We consider
our cell-based autophosphorylation assay results to reflect the
native state of deletion mutant EGFR and to possibly explain
the hypersensitivity of mutant-expressing cells to gefitinib.

We demonstrated that the deletion mutant actually binds
gefitinib more strongly than wild-type EGFR. This is likely to be
the mechanism of action of other tyrosine kinase inhibitors such as
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591

erlotinib, ZD6474 [dual inhibitor targeted to VEGFR2 (vascular
endothelial growth factor receptor 2)/KDR (kinase insert domain-
containing receptor) and EGFR] and other possible multi-targeted
tyrosine kinase inhibitors. Indeed, EGFR-specific tyrosine kinase
inhibitors AG1478 and erlotinib, as well as ZD6474, as described
in our previous report {7} showed different growth-inhibitory
activities against HEK-293 transfected with deletion mutant
EGFR (results not shown). Thus it is likely that these (ATP
competitive) tyrosine kinase inhibitors have different binding
property effects on wild-type and deletion mutant EGFR to those
of gefitinib.

In the present study, we focused on the enzymatic propertics of
in-frame deletion mutant EGFR (delE746—-A750). The inhibition
of receptor autophosphorylation in deletion mutant EGFR by
gefitinib was much greater than that in wild-type EGFR. Next,
it is necessary to examine the kinetic properties of other types of
EGFR mutants, especially L858R, and these findings may pave the
way for the discovery of different kinase inhibitors with different
inhibition profiles for EGFR.

This work was supported by funds for the Third Term Comprehensive 10-Year Strategy for
Cancer Control.
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Objective: Pretreatment computerized tomography (CT) films of the chest was studied to clarify
the influence of interstitial shadow on developing interstitial lung disease (ILD).

Methods: Eligible patienis were those lung cancer patients who started to receive first-line
chemotherapy between October 2001 and March 2004. Patients who received thoracic radio-
therapy to the primary lesion, mediastinum, spinal or rib metastases were excluded. We reviewed
pretreatment conventional CT and plain X-ray films of the chest. Ground-glass opacity, consol-
jdation or reticular shadow without segmental distribution was defined as interstitial shadow,
with this event being graded as mild, moderate or severe. If interstitial shadow was detected
on CTfilms ofthe chest, but notvia plain chest X-ray, it was graded as mild. Patients developing ILD
were identified from medial records.

Results: A total of 502 patients were eligible. Mild, moderate and severe interstitial shadow was
identified in 7, 8 and 5% of patients, respectively. A total of 188 patients (37%) received tyrosine
kinase inhibitor (TKI) treatment, namely gefitinib or erlotinib. Twenty-six patients (5.2%) devel-
oped ILD either during or after chemotherapy. Multivariate analyses revealed that interstitial
shadow on CT films of the chest and treatment history with TKI were associated with the
onset of ILD. , '
Conclusions: It is recommended that patients with interstitial shadow on chest CT are excluded
from future clinical trials until this issue is further clarified, as it is anticipated that use of

chemotherapeutic agents frequently mediate onset of ILD in this context.

Key words. interstitial lung disease — interstitial shadow — chemotherapy — lung cancer — CT

INTRODUCTION

Interstitial lung disease (ILD) is known to be an adverse event
in cancer chemotherapy and radiotherapy. Recently, ILD has
attracted considerable attention in Japan since the observation
that gefitinib caused ILD (1). Gefitinib is a tyrosine kinase
inbibitor (TKI) of epidermal growth factor receptor and is
active in patients with recurrent non-small cell lung cancer
(NSCLC) after platinum-based chemotherapy (2,3). Gefitinib
was first approved for the treatment of advanced NSCLC by
the Japanese regulatory agencies on 5 July 2002. From August
2002 to April 2003, ~28 000 patients with NSCLLC were given
gefitinib in Japan. However, 616 patients suffered from ILD
and 246 patients died of ILD, according to a report from
AstraZeneca. The West Japan Thoracic Oncology Group
conducted a retrospective survey to clarify the risk factors

For reprints and all correspondence: Seiji Niho, the Division of Thoracic
Oncology, National Cancer Center Hospital East, Kashiwanoha 6-5-1,
Kashiwa, Chiba 277-8577, Japan. E-mail: siniho@cast.nce.go.jp
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related to ILD (4). Out of 1976 patients with NSCLC who
received gefitinib across 84 institutions, 91 patients were sus-
pected of having developed ILD. This group also analyzed the
patients’ background, together with computerized tomography
(CT) films of the chest, before treatment and at the onset of
ILD in this subcohort. Five experts in thoracic radiology in
these extramural reviews diagnosed ILD in 64 patients, Mul-
tivariate analysis indicated that the predictive risk factors for
the development of ILD were as follows: male, smoking and
existence of idiopathic pulmonary fibrosis. However, this
group did not review CT films of the chest in all 1976 patients.
How much interstitial shadow on chest CT impacts ILD devel-
opment remains unknown.

ILD has a high associated risk of death, even if steroid
therapy resolves ILD temporarily. Furthermore, ILD affects
salvage chemotherapy. In cases where patients are at a high
risk of developing ILD, anti-cancer drugs that tend to cause
ILD should be avoided. Previous analysis often included only
those cases developing ILD, but not all cases undergoing
chemotherapy (4,5). The frequency of interstitial shadow in
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Figure 1. Mild interstitial shadow. An X-ray film of the chest shows no obvious
intecstitiat shadow. A CT film of the chest demonstrated ground-glass opacity in
the right basal lung. Interstitial shadow is classified as mild in this case.

pretreatment CT films of the chest in patients with lung cancer
remains unknown, and also how much interstitial shadow con-
fers a risk toward ILD. To further clarify the influence of
interstitial shadow on developing ILD, we retrospectively ana-
lyzed pretreatment CT films of the chest in consecutive lung
cancer patients receiving chemotherapy.

PATIENTS AND METHODS

We retrospectively reviewed the medical records of lung can-
cer patients who began to receive first-line chemotherapy
between October 2001 and March 2004 at the Division of
Thoracic Oncology in the National Cancer Center Hospital
East. Patients who received thoracic radiotherapy to the prim-
ary lesion, mediastinum, spinal or rib metastases were
excluded. Plural pulmonologists (S.N., YHK., K.Y, and
K.G.) reviewed pretreatment conventional CT and plain
X-ray films of the chest. Whether patients had developed
ILD or not was blinded to the pulmonologists when they
read the films. Conventional spiral CT films were used in our

Figure 2, Moderate interstitial shadow. An X-ray film of the chest shows
bilateral reticular shadow in thc basal area. A CT film of the chest
demonstrated bilateral reticular shadow just below the pleura, Interstitial
shadow is distributed in 10-30% of the bifateral lower Jobes, with this being
classified as moderate.

analysis, as high-resolution CT' was not routinely conducted.
Ground-glass opacity, consolidation or reticular shadow with-
out segmental distribution was defined as interstitial shadow.
Localized low attenuation area was defined as emphysema.
The grading criteria for interstitial shadow was mild (<10%
in bilateral lower lobes), moderate (10-30% in bilateral lower
lobes) and severe (>30% in bilateral lower lobes) (Figs 1, 2, and
3). These breakpoints (10 and 30%) were chosen for conve-
nience sake. Interstitial shadow detected on CT films of the
chest, but not on plain X-ray, corresponded to mild interstitial
shadow. The grading criteria for pulmonary emphysema were
mild (<10% in bilateral lungs), moderate (10-30% in bilateral
lungs) and severe (>30% in bilateral lungs).
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Figure 3. Severe interstitial shadow. An X-ray film of the chest shows bilateral
reticular shadow. Reticular shadow is distributed in >30% of the bilateral lower
lobes, with this being classificd severe.

We identified patients developing ILD, utilizing medical
records. ILD was diagnosed on the basis of standard or
high-resolution CT findings of the chest (diffuse ground-
glass opacity, reticular shadow or consolidation without seg-
mental distribution), elevation of serum levels of lactate dehy-
drogenase (LDH) and/or KL-6, and lack of response to
antibiotics, Bronchoalveolar lavage had not been performed
to rule out infections. Most patients diagnosed as ILD were
treated with corticosteroids. We compared patients who either
had or bad not developed ILD in terms of existence and sever-
ity of interstitial shadow, emphysema and/or pulmonary bullae
on CT films of the chest, as well as patient characteristics
including age, gender, smoking history and regimens of
received chemotherapy. Comparisons between proportions
were performed using a Fisher exact test or a Pearson chi-
square test, as appropriate. Multivariate analyses were per-
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formed using the logistic regression procedure to determine
the relationship between several factors and the onset of ILD.

RESULTS

A total of 502 patients were eligible, with the relevant patient
characteristics shown in Table 1. A total of 74% of patients
were male and 84% of patients had NSCLC, while the remain-
ing 16% had small cell lung cancer; 79% of the patients were
smokers, while 21% never smoked. Platinum-based
chemotherapy was performed on 384 patients (76%). A total
of 188 patients (37%) received tyrosine kinase inhibitor (TKI)
treatment, namely gefitinib or erlotinib. TKI therapy was
administered as a first-line (n = 48), second-line (n = 68),
third-line (n = 62), fourth-line (n =9) or fifth-line (n=1)
regimen. Out of 48 patients treated with TKI as a first-line
treatment 41 had been entered into a phase II trial of single
agent treatment with gefitinib (6).

Radiological findings on this patient cohort are listed in
Table 2. Interstitial shadow was detected on chest X-ray
and CT in 13 and 20% of patients, respectively. Mild, moderate
or severe interstitial shadow was identified in 7, 8 or 5% of
patients. Pulmonary emphysema was detected in 38% of
patients. Mild, moderate or severe pulmonary emphysema
was detected in 18, 10 or 10% of patients. Pulmonary bullae
were detected in 20% of patients.

Twenty-six patients (5.2%) developed ILD either during or
after chemotherapy. The last regimen of chemotherapy
received prior to the onset of ILD included platinum plus
vinorelbine or gemcitabine (7 = 4), platinum plus taxane
(n = 4), other platinum-based chemotherapy (n = 2), vinorel-
bine plus gemcitabine (n = 2), docetaxel plus gemcitabine
(n = 2), single agent treatment with taxane (n = 2) and TKI
treatment (n = 10). Out of 26 patients who developed ILD, 14
had a history of taking TKI. Four patients developed ILD after
first- or second-line chemotherapy with TKI foliowed by com-
bination chemotherapy of cisplatin plus vinorelbine (n = 2) or
single agent treatment with docetaxel (n = 2).

Univariate analyses demonstrated that male gender
(P =0.0361) and interstitial shadow on CT films of the
chest (P = 0.0096) were significantly associated with the
onset of ILD (Tables | and 3). Multivariate analyses showed
interstitial shadow on CT films of the chest [odds ratio (OR):
3.20, 95% confidence interval (CI): 1.34-7.59] and treatment
history with gefitinib or erlotinib (OR: 3.17, 95% CI: 1.36~
7.36) were associated with the onset of ILD. Male gender was
not a significant risk factor for development of ILD in multi-
variate analysis (OR: 4.33, 95% CI: 0.97-19.38) (Table 4).
Univariate and multivariate analyses demonstrated that neither
interstitial shadow on X-ray films nor the number of
chemotherapy regimens was associated with the onset of ILD.

DISCUSSION

Pulmonary fibrosis or interstitial pneumonia is considered to
be a risk factor for ILD caused by drugs (5). In line with the



