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Abstract
In recent years, drug-induced pneumonia has attracted increased attention in Japan, following adverse effects
that were found to occur with the use of gefitinib and leflunomide. It was even determined that the same agent
might produce different imaging patterns of lung injury, and fatal lung disorders have been associated with
imaging patterns and pathologic findings of diffuse alveolar damage. Epidemiological research has revealed that
drug-induced lung disease of any type is associated with the presence of common risk factors of occurrence
and poor prognosis. For example, drug-induced lung disease is more likely to occur when there is preexisting
interstitial pneumonia. International comparisons have suggested that drug-induced lung disease is more
common in Japan than in many other countries. However, because the physicians who prescribe drugs have
a different specialty from that of those who assess the side effects of the drugs, there have been barriers to
research, and the detection of adverse events may be delayed. Gefitinib, a molecular targeting drug, has been
found to be highly effective for lung cancer that presents particular gene mutations in EGFR tyrosine kinase, and
it has been confirmed that this mutation is frequent among the Japanese population. In the globalized competition
of drug development, elucidation of the race-specificity in drug-induced lung disease is as important a topic as
the efficacy of drugs. It is necessary to ensure the safety of medical care by understanding the mechanisms of
such lung injury.
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Introduction

Since emergency safety information on lung
injury related to gefitinib (Iressa®) was issued
in October 2002, drug-induced pneumonia has
attracted a great deal of attention in Japan. Cur-
rently in Japan, drug-induced lung disease is
specified as a side effect of 1,232 drug products
and a serious side effect of 1,185 drug products,
and warnings about the possibility of such injury
are attached to 50 drug products (as of April
2004, based on information on drugs and devices
from the URL of the Pharmaceuticals and Medi-
cal Devices Agency). Drug-induced pneumonia
is a form of lung injury. It is unclear as to why the
number of new drugs that can cause lung injury is
increasing rapidly at this time (Fig. 1).

This paper provides an overview of the current
status of drug-induced pneumonia in Japan.

Recent Increases in Drug-induced
Lung Disease

The recently developed molecular-targeting
drugs have more definitive sites of action than
those developed a decade ago. Although these
drugs have potent therapeutic effects, they also
are associated with increases in serious adverse
effects.

Lung injury related to the molecular-targeting
drug gefitinib was first reported in 2002 in Japan,
and that related to the antirheumatic drug leflu-
nomide, reported one year later, raised the issue
of drug-induced lung injury and the overall safety
of drugs in this country. Currently, a variety of
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drugs have the potential to induce lung injury
(Table 1).1 In addition, it has been indicated
that the frequency of drug-induced lung injury
is higher in Japan than in other countries.

In recent years, many drugs have been devel-
oped by non-Japanese pharmaceutical companies

and imported into Japan as medicinal products of
established efficacy and safety.

The threat of drug-induced lung injury has
long been known. However, since serious side
effects associated with high fatality are rare and
not readily noticeable in comparison with the

Table 1 Changes in reported causes and number of cases of drug-induced lung disease

–1980 1981–1990 1991–

Anticancer drugs 225 66 40

Gold compounds 44 46 17

Antibiotics 9 54 49

Antituberculous drugs 1 7 9

Chinese indigenous medicines 0 3 78

Chinese indigenous medicines�IFN 0 0 22

IFN 0 3 31

Antirheumatic drugs 0 4 18

Antipyretic analgesics 0 10 30

Psychotropics 1 10 8

Antihypertensive drugs 2 3 2

Others 14 12 34

Total 296 cases 218 cases 338 cases

Whereas the causative agents of drug-induced lung disease were predominantly anticancer drugs in
the past, a wide variety of drugs are now reported to induce such lung disease.

(Drug-induced lung disease, Kekkaku, 19991)

Fig. 1 Annual changes in number of reports of drug-induced lung disease
(Produced by Professors Keishi Kubo and Nobuoki Kohno. Provided by Prof. Kubo)
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From Pharmaceuticals and Medical Devices Safety Information (issued by the Pharmaceutical and Food
Safety Bureau of the Ministry of Health, Labor and Welfare)
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efficacy of the drugs, there is a risk of allowing
the drug to enter the market without recognizing
its adverse effects during the process of clinical
trials.2 In fact, the cases of acute lung injury
caused by gefitinib in 2002 and by leflunomide in
2003 that attracted general attention in Japan
were those that occurred after the drugs’ introduc-
tion. Fatal drug-induced lung injury in particular
was frequent among the Japanese, presenting
a challenge that should be addressed as a high-
priority issue today.

Most cases of drug-induced lung disease
present imaging findings of interstitial pneumo-
nia characterized by bilateral diffuse, extensive
patchy, reticular, or ground-glass appearance,
with a pattern of infiltration in some cases.
Accompanying thickening of the interlobular
septum and an intralobular reticular pattern
often occur, presenting varying distributions of
lesions. These lesions can be classified into at

least 4 patterns: (1) diffuse alveolar damage
(DAD)-like pattern, (2) acute eosinophilic pneu-
monia (AEP)-like pattern, (3) hypersensitivity
reaction (HR)-like pattern, and (4) organizing
pneumonia (OP)-like pattern (Fig. 2).3 Fatal lung
disorders have the DAD-like pattern in common,
and the prognosis is poor regardless of the drug
used. The characteristic features of drug-induced
lung disease that should be noted here include:
1) the presence of imaging patterns associated
with particular drugs; 2) poor prognosis for the
DAD pattern regardless of which drug is used;
3) the likelihood that the DAD pattern will be
limited to a particular category, namely, those
with underlying interstitial pneumonia.

International Comparison in
a Globalized Era

Is it true that Japanese people are especially

Fig. 2 Four patterns of leflunomide-induced lung injury

Diffuse alveolar damage (DAD)-like pattern

Acute eosinophilic pneumonia (AEP)-like pattern

Hypersensitivity reaction (HR)-like pattern

Cryptogenic organizing pneumonia (COP)-like pattern

(Leflunomide-related lung injury in patients with rheumatoid arthritis: imaging features, Modern Rheumatology, 20053)
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prone to drug-induced lung disease?
Taking bleomycin as an example, the inci-

dence of bleomycin-induced lung injury obtained
through dividing the number of reported
bleomycin-induced lung injury cases by an esti-
mated number of patients who used this drug
based on deliveries from warehouses (assuming
the use of 200 mg per patient) is 0.66% in Japan
and 0.01% worldwide, showing a distinct differ-
ence (in-house estimation).4 Similarly, the inci-
dence of gefitinib-induced lung injury is 3.98% in
Japan (case-control study, AstraZeneca), which is
about 13-fold higher than the corresponding rate,

0.3%, in the USA (FDA Approval Letter).5 The
incidence of leflunomide-induced lung injury in
Japan was 1.81%, about 100-fold higher than the
overseas rate of 0.017%6 (Table 2). The mortality
rate from these drug-induced lung diseases was
as high as 40%, with all deaths related to the
DAD pattern.

On the other hand, cases of idiopathic pulmo-
nary fibrosis (IPF) found in Japan have a high
risk of acute exacerbations and often result in
fatal outcome.7 However, acute exacerbations of
IPF have not been well recognized in Western
countries, showing a different clinical picture
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Table 2 Comparison of the incidence rates of drug-induced lung disease in Japan and abroad

Japan Overseas

3.98% 0.3%
Gefitinib (4,473 Japanese cases, (23,000 US cases,

AstraZeneca’s cohort study) FDA Approval Letter)

Leflunomide
1.81% 0.017%

(3,867 Japanese cases) (861,860 overseas cases)

Bleomycin
0.66% 0.01%

(3,772 Japanese cases) (295,800 global cases)

The incidence rate is markedly higher in Japan than abroad for any of the causative agents.

Table 3 Risk factors of occurrence and prognostic factors of gefitinib-induced lung injury

AstraZeneca
WJTOG

AstraZeneca’s
expert meeting special investigation

March 2003 July 2003/June2004 August 2004

Method of
Cases of onset Retrospective, Prospective,

analysis
(spontaneous report) all cases all cases

n�152 n�1,976 n�3,322

Incidence of
interstitial 1.9% 3.8% 5.8%
pneumonia

Male, Male,
Factors of Smoking history, Smoking history,
occurrence Hypoxemia,* Interstitial lung disease

Idiopathic lung fibrosis** History of chemotherapy

Prognostic
Male, Male,** Male,

factor
Squamous cell carcinoma, PS2 or more, PS2 or more

Idiopathic lung fibrosis Early onset

Relationship between No relation between
Remarks imaging patterns the trough blood concentration

and prognosis and the incidence

* Added by the report in June 2004, ** Absent in the report in June 2004.



409JMAJ, September /October 2007 — Vol. 50, No. 5

from Japan. It is noteworthy that among cases
of dermatomyositis/polymyositis, fatal cases
with less conspicuous myositis negative for Jo-1
[amyopathic dermatomyositis (ADM)] leading
to DAD might be more frequent in East Asia.8,9,10

The difference in recognition of the clinical
picture of the same disease between Japan and
Western countries suggests the presence of
ethnic differences in drug-induced lung disease
between Japanese and Westerners.

Common Risk Factors of Lung Injury
Found in Epidemiologic Research

Risk factors for the development of lung injury
related to gefitinib include male sex, history of
smoking, preexisting pulmonary fibrosis or inter-
stitial lung disease, and history of chemotherapy,5

whereas such risk factors for leflunomide are

male sex, history of smoking, preexisting intersti-
tial pulmonary lesions, age 65 years or older, and
albumin levels of less than 3.0 g/dl.6 Thus, many
risk factors exist in common.

In Japan, preexisting interstitial pneumonia/
pulmonary fibrosis has been considered a risk
factor for anticancer drug-induced lung injury,
and patients with these conditions have been
excluded from clinical trials. It has been reported
that, for the use of gefitinib, preexisting intersti-
tial pneumonia/pulmonary fibrosis is not only a
prognostic factor after onset (expert meeting)
but also a risk factor for developing lung injury
(WJTOG survey, AstraZeneca special investi-
gation) (Table 3). For the use of leflunomide, the
incidence of lung injury in patients with and with-
out preexisting interstitial pneumonia/pulmonary
fibrosis was 10.2% and 1.2%, respectively, a 10-fold
difference.
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Table 4 Case-control study within a cohort (Nov. 2003–Feb. 2006)

Total registered cases: n�4,473 (goal n�6,000)
ILD: 155 cases (No. of cases assured by an independent evaluation committee: 122)

a: Crude cumulative incidence of ILD from a cohort analysis set

Initial registry cases Iressa Other chemotherapy Total

Total 1,482 1,677 3,159

ILD number 59 35 94

Incidence % (95% CI)
3.98 2.09 2.98

(3.05–5.11) (1.46–2.89) (2.41–3.63)

b: Incidence of ILD adjusted for imbalance between different treatments

Cumulative incidence (95% CI)

Gefitinib 4.5% (2.4–8.4%)

Other chemotherapy 1.9% (0.8–4.6%)

Cumulative incidence of ILD assuming that the whole cohort were treated by one
of the two options.

c: Vital prognosis of patients after onset of ILD

Death by ILD Surviving from ILD

Gefitinib 31.6% (n�25) 68.4% (n�54)

Other chemotherapy 27.9% (n�12) 72.1% (n�31)

Total 30.3% (n�37) 69.7% (n�85)

Once ILD occurred, the fatality was about 30%, regardless of the drug used.

(Interstitial lung disease in Japanese lung cancer patients—A cohort and nested case-control study,
Am J Respir Crit Care Med11)
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The results of a case-control study of gefitinib
within a cohort of 4,473 patients were reported in
September 2006. In this study, lung injury was
found in about 4% of patients on gefitinib, in
contrast to about 2% among patients on conven-
tional chemotherapy (Table 4a). The 3-month
cumulative incidence of interstitial lung disease
(ILD) adjusted for imbalance between different
treatments was estimated to be 4.5% for gefitinib
therapy and 1.9% for other chemotherapy (Table
4b). However, once ILD occurred, the mortality
rate was approximately 30% in any treatment
group (Table 4c).11 These results suggest that
different factors were involved in the onset and
prognosis of ILD.

We presume the existence in the Japanese
population of a subgroup of individuals who are
prone to fibrosis and susceptible to fatal lung

disorders. This group is considered especially
vulnerable to pulmonary fibrosis, characterized
by acute exacerbations of IPF, and also has a
common genetic predisposition related to drug-
induced lung disease.

Genetic Predisposition in the Japanese
Population

It has been pointed out that the high frequency
of gene mutations of EGFR tyrosine kinase in
Japanese female patients with pulmonary adeno-
carcinoma is reflected in the difference in efficacy
of gefitinib. Missense mutation (exons 18, 19) and
deletion mutation (exon 21) of EGFR tyrosine
kinase are found only in tumor cells. Gefitinib
is highly effective for tumors showing the cell
growth of EGF-EGFR dependency through
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Table 5 Autophosphorylation sites of tyrosine kinase

wild
Point Deletion

L858R L747-P753

Y845 � � �

Y992 � � �

Y1045 �� �� ��

Y1068 � � �

Y1173 �� �� ��

Phosphorylation in Y992 and Y1068 is constantly seen with both point
mutation and deletion mutation. Gefitinib acts on tyrosine kinase to exerts
therapeutic effects.

(Gefitinib-sensitizing EGFR mutations in lung cancer activate
anti-apoptotic pathways, Science, 2004.12 Activating mutations
in the EGFR underlying responsiveness of NSCLC to gefitinib,
New Engl J Med, 200413)

Table 6 Analysis of the efficacy of gefitinib in Taiwanese patients

Odds ratio 95% Confidence interval P

Female gender 10.9 1.78–67.0 0.01

BAC 9.71 1.46–64.4 0.019

BAC: bronchiolo-alveolar carcinoma
Extraction factors of EGFR mutations by logistic regression analysis.
Female gender and a histologic type of bronchiolo-alveolar carcinoma showed a close
correlation with the presence of EGFR mutations. The above results are similar to the results
of analysis in Japanese patients.

(Female sex and bronchioloalveolar pathologic subtype predict
EGFR mutations in non-small cell lung cancer, Chest, 200514)
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continuous autophosphorylation (Y992, Y1068)
resulting from these mutations. The high response
rate to gefitinib therapy among Asian patients
has been attributed to these characteristic fea-
tures (Table 5).12,13 The incidence of lung injury
related to gefitinib therapy is markedly low as
compared with the rate of its efficacy. However, it
is inferred that gene hunting, an approach rela-
tively easy to address, is useful for elucidating the
mechanisms of the efficacy and adverse effects of
molecular-targeting drugs. A study of 35 patients
in Taiwan revealed EGFR gene mutations in
17 patients, with such mutations being more
frequent among women than men [23% (4/17)
in men vs. 72% (13/18) in women]. A logistic
regression analysis also showed that female sex
(odds ratio, 10.9) and bronchiolo-alveolar carci-
noma (BAC) (odds ratio, 9.71) are important
factors related to gene mutations (Table 6).14

However, most of these EGFR gene mutations
are heterozygous, and it is unclear why such
mutations are more frequent in females and in
BAC.

On the other hand, drugs that inhibit pyrimi-
dine biosynthetic enzymes of lymphocytes, such
as leflunomide, require a multifaceted under-
standing that includes induction of infection. It

is also necessary to consider the pathogenesis
of respiratory complications besides gene muta-
tions. Investigation of common factors from a
cross-sectional viewpoint is required to better
elucidate fatal lung disorders.

Conclusion

The sensitivity of the Japanese population to
drug-induced lung disease has attracted attention
following the development of gefitinib- and
leflunomide-related adverse effects. Since the
incidence of drug-related adverse effects is not
especially high, the efficacy of a drug and its side
effects tend to be studied in different areas of
specialization, causing inevitable difficulties in
research. To ensure the use of safe drugs among
Japanese patients in a globalized market for drug
development, it is necessary to further clarify the
situation of drug-induced lung disease in Japan,
make it internationally recognized, and link it to
the development of safe and effective treatments
through sincere efforts by academic societies,
commercial enterprises, and the government.
We understand that we are at the starting line
of such action.
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