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Objective: We investigated the incidence and clinical features of drug-induced lung injury
during cetuximab therapy in Japanese patients with colorectal cancer in a prospective multicen-
ter registry based on a central registration system.

Methods: We investigated and followed up patients with or suspected of having drug-induced
lung injury among 2006 patients with cetuximab-treated colorectal cancer. A subcommittee of
medical oncologists, pulmonologists and a radiologist evaluated and discussed each case of
drug-induced lung injury that occurred during cetuximab therapy.

Results: Sixty-six patients were identified and further examinations of drug-induced lung injury
were conducted during the registration period. We analyzed time to onset, patient characteris-
tics and factors associated with mortality. Cetuximab-related drug-induced lung injury occurred
in 24 (1.2%) patients, and was rated as Grade 3 or worse in 15 (0.7%) patients. Fourteen
patients received steroid pulse therapy. Ten patients with drug-induced lung injury died, of
whom eight received steroid pulse therapy. The incidence of drug-induced lung injury was sig-
nificantly higher in elderly patients, and in patients with prior interstitial lung disease. There was
no particular trend in the time to onset. Patients with early onset of drug-induced lung injury
(within 90 days) after starting cetuximab therapy had higher mortality than patients with later
onset (over 90 days).

Conclusions: The incidence of drug-induced lung injury in cetuximab-treated patients was
1.2%. Because drug-induced lung injury is potentially serious, it is important to promptly initiate
appropriate treatments. Considering that early onset drug-induced lung injury during cetuximab
therapy is associated with a poor prognosis, close monitoring is mandatory for these patients.

Key words: biological therapy — cetuximab — chemotherapy — colorectal cancer — drug-induced lung
injury

© The Author 2014. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the

original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com



INTRODUCTION

Severe drug-induced lung injury (DLI) occurring during
chemotherapy can result in respiratory failure, and may be
fatal. Accurate diagnosis is complicated because it is difficult
to distinguish DLI from cancer progression, infection or
drug-induced heart failure (1). In addition, treatment with mul-
tiple drugs makes it difficult to identify the responsible drug.

The consequences of DLI are broadly classified into two
categories: a direct cytotoxic effect in which the drug or an
intermediate metabolite affects lung tissue directly, and an in-
direct cytotoxic effect in which the host’s inflammatory re-
sponse and immunological factors affect lung tissue (2,3).
However, the etiology of DLI is unknown in many cases
because its pathology varies between different drugs.

The incidence of DLI, including interstitial lung disease
(ILD), during treatment with gefitinib, leflunomide and bleo-
myecin, is higher in Japan than in the USA and Europe (4,5),
suggesting there are racial differences in the risk of these lung
disorders. Because ILD during gefitinib treatment occurred
more frequently after its approval and marketing in Japan (6),
physicians and the Pharmaceuticals Medical Devices Agency
(PMDA) of Japan were interested in clarifying whether epi-
dermal growth factor receptor (EGFR) inhibitors are asso-
ciated with DLI in Japanese patients. The West Japan
Thoracic Oncology Group retrospectively analyzed 1976
patients treated with gefitinib (7) and the incidence of
gefitinib-induced ILD was 3.5%. Another prospective multi-
center study reported that ILD occurred in 122 of 1872 (6.5%)
of gefitinib-treated patients (6).

Cetuximab (Erbitux®) is a monoclonal antibody that specif-
ically binds to EGFR and inhibits its downstream signaling.
Clinical data for cetuximab as first-, second- and third-line
therapy have been reported (§8—12). In July 2008, cetuximab
was approved in Japan for the treatment of EGFR-positive,
curatively unresectable, advanced or recurrent colorectal
cancer (CRC). This approval was granted on the condition
that all patients scheduled for cetuximab treatment from
September 2008 were to be included in a prospective registry
study to evaluate the safety profile of this drug in clinical prac-
tice (13). Therefore, the safety data accumulated in the central
registration system were collated and analyzed in a timely
manner to determine the characteristics of DLI occurring
during cetuximab therapy.

PATIENTS AND METHODS
PATIENTS

Following the launch of cetuximab on 19 September 2008, all
patients to be treated with cetuximab were enrolled in a
central registration system in advance. Overall, 2126 patients
across 637 institutions were registered between September
2008 and January 2009. Of these, 120 patients who did not
receive cetuximab treatment were excluded from this study.
Therefore, 2006 patients were included in the safety
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population. The median age of these patients was 64 years
(range, 18—87 years), the male:female ratio was 1:0.6, and the
median duration of treatment was 15.3 weeks (range, 1—73.9
weeks). CRC was EGFR positive in 98.5% of patients; 61.6%
of patients had primary tumor sites in the colon and 38.6% in
the rectum (including overlapping patients). In total, 93.2% of
the patients received cetuximab as third-line or later therapy,
and 99.7% had an Eastern Cooperative Oncology Group
Performance Status (PS) score of 0 or 1. Furthermore, 405
patients (20.2%) had a history of other relevant diseases, in-
cluding prior ILD in four patients (0.2%) and allergy in 306
patients (15.3%) (13). Except for four patients with prior ILD,
the other patients had no evidence of interstitial changes
before starting treatment, as determined from computed tom-
ography (CT) images and the medical history recorded on
case-report forms. Twenty-three cases of lung injury occurred
during treatment with cetuximab and were reported by the
primary physicians. Four-hundred and forty patients devel-
oped respiratory disorders, categorized by system organ class,
and were further evaluated to identify possible cases of DLI.

EvarLuaTtioN oF ILD

For patients who developed respiratory disorders during treat-
ment, the physicians completed a case report form designed
to evaluate the clinical characteristics of DLI. To exclude
non-respiratory responses and respiratory events associated
with infusion reactions as causative events, we assessed the
following factors in these patients: causal relationship with
cetuximab, patient characteristics and disease course. Based
on these assessments, 43 of 440 patients were suspected of
having DLI.

The 43 suspected and 23 reported cases were then reviewed
by a DLI subcommittee. The DLI subcommittee, which con-
sisted of two pulmonologists, one radiologist and two medical
oncologists, convened seven times between April 2009 and
September 2010 to review the patient data recorded in the
registry and case report forms completed by the primary phy-
sicians. The committee members reviewed chest X-ray and
CT images, occurrence of pulmonary metastasis, smoking
history, results of consultation with a pulmonologist, measure-
ment of interstitial pneumonitis markers (KL-6 and SP-D),
blood gas measurements, tests for bacterial and fungal infec-
tion, bronchoalveolar lavage, lung biopsy and autopsy. DLI
was diagnosed based on a combination of clinical symptoms
(e.g. coughing, dry cough, shortness of breath/exertional
dyspnea, and fever), clinical laboratory test results and chest
X-ray and CT findings (revealing ground-glass opacities or
infiltrates) during cetuximab therapy.

STATISTICAL ANALYSIS

Calculations and analyses of collected data were performed
using SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA).
Fisher’s exact test or Wilcoxon’s two-sample test was used to
analyze the relationship between patient characteristics and the
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onset of DLI during cetuximab therapy. Factors associated with
DLI mortality were also examined. Multivariate analysis using
Cox’s proportional hazard model was also performed in which
the occurrence of DLI was used as the dependent variable and
patient characteristics were used as independent variables.
Values of P < 0.05 were considered statistically significant.

RESULTS
PATIENTS

Figure 1 summarizes the disposition of patients and how they
were diagnosed with DLI. Of 2006 patients included in the
safety population, 23 were reported by their physician to have
lung disease and were further assessed by the DLI subcommit-
tee. Of these patients, one was thought to have pneumonia not
related to DLI. Of the 43 patients suspected of having DLI,
two patients were diagnosed with cetuximab-related DLI, al-
though they were originally reported by their primary physi-
cians to have lymphangitis carcinomatosa and radiation
pneumonitis. Therefore, 24 patients were ultimately diagnosed
with cetuximab-related DLI, and data for these patients were
further analyzed (Fig. 1).

INCIDENCE OF CETUXIMAB-RELATED DLI AND PATIENT
CHARACTERISTICS

The incidence of DLI during treatment with cetuximab was
1.2% (n = 24/2006 patients). Grade 3 or worse DLI occurred
in 0.7% of patients (n = 15). The characteristics of patients
with DLI are shown in Table 1. DLI occurred in 18 males and

six females, and the median age was 70 years (range, 45—80
years). PS score was 0 in 19 patients and 1 in five patients.

Two patients received cetuximab as second-line therapy,
while 22 received it as third-line therapy. One patient had
prior ILD, and 13 had other medical histories. Twenty-two
patients received cetuximab in combination with chemother-
apy, including 17 who received cetuximab in combination
with CPT-11 alone.

Of the 24 patients, 10 had a history of smoking and 10 were
never smokers; smoking status was unknown in four patients.
Image patterns of DLI were categorized according to the
image findings evaluated by the DLI subcommittee. Images
were classified as diffuse alveolar damage in eight patients
and as ground-glass opacities in 14 patients; the images could
not be determined in the other two patients.

Subgroup analyses based on patient characteristics revealed
that the incidence of DLI was significantly higher in elderly
patients (>65 years) and in patients with prior ILD (Table 1).
Therefore, we performed a multivariate analysis using Cox’s
proportional hazard model to investigate the relationship
between DLI and patient characteristics, including sex, age
(<65 vs >65 years old), treatment line (second-line vs
third-line or later), PS (0 vs 1), prior ILD and combination
chemotherapy (with vs without). The analysis showed that the
incidence of DLI was significantly higher in patients with
prior ILD (HR, 19.49; 95% CI, 1.22—311.73; P = 0.036).

TimME TO ONSET

The median time to the onset of DLI from the start of cetuxi-
mab therapy was 101 days (range, 17—431 days; Fig. 2). DLI

Safety analysis set for cetuximab in the
prospective multicentre registry
n=2,006

Patients reported as having DLI
by primary physicians n = 23
|
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Patients suspected
of having DLI n = 43
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DLI Review Subcommittee
(Two medical oncologists, two pulmonologists,
and one diagnostic imaging specialist)
Comprehensive evaluation of DLI was conducted based on the following:

+ Image (chest x-ray, CT)

+ Additional information collected (presence or
absence of pulmonary metastasis, smoking history,
results of consultation with a pulmonoclogist,
measurement of markers for DLI, blood gas
measurement, tests for bacteria and fungi,
bronchoalveolar lavage, lung biopsy, and autopsy).
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Figure 1. Registry profile and identification of patients with drug-induced lung injury (DLI).



Table 1. Incidence of drug-induced lung injury (DLI) during cetuximab
therapy according to patient characteristics

Patient characteristic Safety Number of Incidence P
population patients of DLI value
with DLI
n 2006 24 1.2%
Sex Male 1234 18 1.46% 0.2083
Female 772 6 0.78%
Age <65 years 1032 6 0.58% 0.0122
>65years 971 18 1.85%
Unknown 3 0 0.0%
PS 0 1370 19 1.39% 0.3762
1 630 5 0.79%
2 2 0 0%
Other 4 0 0%
Treatment line Second 133 2 1.50% 0.6711
line
Third line 1869 22 1.18%
or later
Other 4 0 0%
Prior interstitial —— 1955 21 1.07% 0.0442
lung disease
(ILD) + 4 1 25%
Unknown 47 2 4.26%
Complications — 1019 11 1.08% 0.6833
+ 974 13 1.33%
Unknown 13 0 0%
Combination — 460 2 0.43% 0.2083
chemotherapy 1546 2 1.42%
CPT-11 1255 17 1.35%
alone
FOLFIRI 256 4 1.56%
Other 35 1 2.86%
89 1o :
Median (range): 101 (17—-431) days
6 .
‘U_')
[=%
B 4
e}
=
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Figure 2. Time to the onset of DLI from the start of cetuximab administra-
tion.

occurred within 30 days of starting cetuximab therapy in three
patients, from 31 to 60 days in five patients, from 61 to
90 days in four patients, and on Day 91 or later in 12 patients.
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TREATMENT OF DLI

Steroid pulse therapy was administered to 14 of 24 patients.
The time from the onset of DLI (initial symptoms) to the start
of steroid pulse therapy was 3 days in six patients, 4—7 days in
six patients and >8 days in two patients.

OUTCOMES

In terms of the outcomes of DLI, 10 patients (41.7%) died,
two patients showed full recovery, six patients had partial re-
covery, five patients showed no recovery, and the outcome
was unknown in one patient. Eight of the patients who died
had received steroid pulse therapy.

FACTORS ASSOCIATED WITH MORTALITY

Univariate analyses were performed to investigate potential
associations between mortality and patient characteristics, in-
cluding sex, treatment line, PS, combination chemotherapy,
pulmonary metastasis, time to onset, steroid pulse therapy in-
cluding the timing and history of smoking. As a result,
patients with early onset of DLI (within 90 days of starting
cetuximab) had significantly higher mortality than those with
later onset (over 90 days).

There were no significant associations between mortality
and other characteristics, including smoking history and the
time to the start of steroid pulse therapy. However, it is worth
noting that two of the six patients who started steroid pulse
therapy within 3 days died, compared with six of the eight
patients who started steroid pulse therapy after 4 days
(Table 2).

CASE REPORT

A female patient in her 60s had primary colon cancer with
liver and lymph node metastases (Fig. 3A) that was previously
treated with FOLFOX (folinic acid, fluorouracil and oxalipla-
tin) and FOLFIRI (folinic acid, fluorouracil and irinotecan).
Cetuximab (initial dose of 400 mg/m® with subsequent
weekly doses of 250 mg/m?) in combination with CPT-11
(140 mg/m?, biweekly) was then started (Day 1). The patient
experienced breathing difficulties 3 days after the sixth dose
of cetuximab (~Day 57). Three days later (Day 60), chest
X-ray and CT images showed ground-glass opacity (Fig. 3B
and C), and she was diagnosed with DLI. The patient was
hospitalized and treated with supplemental oxygen, anti-
bacterial drugs and antifungal drugs (micafungin sodium,
sulfamethoxazole-trimethoprim). On Day 61, treatment with
methylprednisolone (1 g) was started. Piperacillin was added
at a dose of 4 g/day on Day 62, and cyclophosphamide was
added at a dose of 250 mg/day on Day 67. Despite these treat-
ments, her symptoms did not improve (Fig. 3D), and signs of
diffuse alveolar damage were found on Day 68 (Fig. 3E). The
patient died 22 days after the onset of symptoms (Day 79).
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Table 2. Univariate analysis of mortality among 24 patients with DLI during
cetuximab therapy

Number of Numberof P

patients deaths value
(of 24) (of 10)
Sex Male 18 7 0.6653
Female 6 3
Treatment line Second line 2 1 1.000
Third line or later 22 9
PS 0 19 8 1.000
1 5 2
Combination Cetuximab alone 2 0 0.4928
chemotherapy In combination 22 10
with CPT-11 or
FOLFIRI
Lung metastasis - 10 5 0.6785
+ 14 5
Classification of Diffuse alveolar 8 5 n/a
images damage
Ground-glass 14 5
opacity
Unable to be 2 0
classified
Time to onset of DLI <90 days 12 8 0.0361
cetuimab estment 29145 12 2
Steroid pulse therapy — 10 2 0.1041
+ 14 8
Timg to the start of Within 3 days 6 2 0.2744
e b o 86
Smoking history - 10 5 1.000
+ 10 4
Unknown 4 1

DISCUSSION

This was the first registry to analyze and investigate the inci-
dence and risk of DLI during cetuximab-based therapy in
patients with CRC. In recent years, lung disease associated
with EGFR inhibitors (gefitinib and erlotinib) used to treat
non-small cell lung cancer (NSCLC) has become a social
concern in Japan (4,6). As a condition for the approval of
cetuximab in Japan, the PMDA requested to continuously
monitor and analyze cases of DLI occurring during cetuximab
therapy. Therefore, we examined all Japanese patients who
had received cetuximab-based therapies between September
2008 and January 2009.

DLI occurred in 24 of 2006 patients (1.2%) included in the
present registry, while 10 of these 24 patients died. In contrast,
the incidence of cetuximab-related ILD ranged from 0.2 to
0.6% in clinical studies performed in other countries
(Table 3). Based on these clinical trials, it seems that the

incidence of DLI, including ILD, is greater in Japan than in
other countries, suggesting that there is a racial difference in
this disease. A good example of this difference is that the inci-
dence of ILD during gefitinib treatment in the US was ~0.3%
among 23 000 patients (FDA Approval Letter) while the inci-
dence of ILD during gefitinib treatment was as high as 3.5—
5.8% in Japan (7,14,15). As another example, the incidence of
ILD in patients with leflunomide, a treatment for rheumatoid
arthritis, was 0.02% (of 400 000 patients) and 1.2% (of 5054
patients) worldwide and in Japan, respectively (16,17). These
results also highlight the differences in the incidence of ILD
in Japan and other countries (5).

It is also important to compare the incidence in Japan and
other Asian countries. In Taiwan, for example, the incidence
of ILD was reported to be 5.8% among patients with NSCLC
treated with gefitinib (18,19). Meanwhile, in a Chinese Phase
II study of gefitinib in patients with NSCLC, the incidence of
ILD was 7.5% (20). These reports suggest that Asian patients
are more susceptible to DLI, including ILD, than Caucasian
patients. In fact, a survey conducted in the USA examining the
presence of idiopathic pulmonary fibrosis (IPF) at death
between 1989 and 2007, showed that White and Black popula-
tions were less likely to die of/with IPF than Hispanic and
other ethnic/racial populations (21). Although the reason for
this racial difference has not been clarified, some studies have
suggested that genetic differences, including MUCS5B pro-
moter polymorphism and telomere shortening, may play some
roles in the onset of pulmonary fibrosis (22,23).

There have been several studies of DLI, including ILD, in
patients with CRC. In a retrospective analysis of 734 Japanese
patients with CRC given standard chemotherapy consisting of
FOLFOX or FOLFIRI, ILD occurred in 11 patients (1.5%),
four of whom died (24). In a large prospective post-marketing
registry of bevacizumab, ILD occurred in six of 3727 patients
(0.16%), and one of these patients died (24). In a post-
marketing surveillance study of oxaliplatin, ILD occurred in
13 of 5008 patients (0.26%) (24). In our registry, DLI occurred
in two patients (0.43%) treated with cetuximab alone, in 17
patients (1.35%) receiving cetuximab in combination with
CPT-11, and in four patients (1.56%) receiving cetuximab in
combination with FOLFIRI.

The variations in the occurrence rates of ILD in these
earlier studies can be explained by differences in study set-
tings. First, the retrospective analysis of FOLFOX- or
FOLFIRI-related ILD was based on data from a single central
hospital. Second, patients included in the post-marketing
surveillance study of bevacizumab received bevacizumab as
first- or second-line therapy, and the patients included in our
registry received cetuximab as third-line or later therapy.
Finally, the oxaliplatin-related ILD study suggests that the
duration of oxaliplatin treatment may have effect on onset of
ILD (24). For these reasons, the incidence rates of DLI, in-
cluding ILD, should not be directly compared among studies.

Other EGFR inhibitors, such as erlotinib and gefitinib, are
often used to treat NSCLC. Among gefitinib-treated patients,
risk factors for gefitinib-related ILD included older age (>55
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Figure 3. Case report of a female patient with recurrent colorectal cancer in her 60s. (A) Image before the onset of DLI taken at 32 days after starting cetuximab
therapy. Metastatic nodes were observed in the inferior lobe of both lungs. An infiltrate and ground-glass opacity were not observed. (B) X-ray image taken
60 days after starting cetuximab therapy, 3 days after the onset of symptoms. Ground-glass opacity was predominantly observed in the bilateral upper lung field.
(C) Computed tomography (CT) scan on Day 60. Ground-glass opacity was observed from the hilus to the middle section of both lungs. The lesion in the periphery
of the lung field was lightly spared. Hypertransradiancy of bronchi (arrow) was observed, but there was no obvious traction bronchiectasis, and it could not be diag-
nosed as diffuse alveolar damage from the images. (D) X-ray image taken on Day 67. The abnormal shadows in both lung fields had spread and were exacerbated.
(E) CT image taken on Day 68. The shadows in both lungs were exacerbated and extended to the periphery of each lung. Hypertransradiancy of bronchi with
bellows-like dilation (arrow) was observed in the shadows, and was considered to be traction bronchiectasis. The organizing stage of diffuse alveolar damage was
observed, which was considered to be a sign of lesion progression. Left pleural effusion was also observed.

years), smoking habit, poor PS (>2), and prior ILD (6). In our
registry, older age and prior ILD were the primary factors
associated with the onset of DLI. Although the sample size
was limited, the results of multivariate analysis showed that
prior ILD was the main risk factor for DLI during cetuximab
therapy. It is noteworthy that the incidence of DLI in patients
with CRC tends to be lower than that in patients with lung
cancer, but mortality was similar. The incidence and risk
factors for DLI in other cancers remain to be investigated.

In our registry, the median time to the onset of DLI was 101
days (range, 17—431 days) and there was no trend in the time
to onset. In contrast, it was reported that ILD associated with
gefitinib and erlotinib tends to occur within 4 weeks. Even
though all of these drugs ultimately inhibit EGFR activity, the
time to the onset of DLI, including ILD, varies by the type of
cancer and the specific target site of each drug.

In our registry, patients with onset of DLI within 90 days
had a worse prognosis than patients with later onset. For
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Table 3. Incident rate of DLI, including ILD, in cetuximab studies

Trial Regimen n All grades >Grade 3

Cetuximab alone
Cetuximab + CPT-11
Cetuximab + FOLFIRI

Large prospective
registry in Japanese
patients”

2006 24 (1.20%) 15 (0.7%)

Phase Il in Japanese Cetuximab + CPT-11
patients

Phase I BOND

39 1(2.60%) -

Cetuximab + CPT-11 327 —

Cetuximab alone

MABEL  Cetuximab + CPT-11 1147 3°(0.30%) 1 (0.10%)
OPUS Cetuximab + FOLFOX4 170 1°(0.60%) —

Phase III EPIC Cetuximab + CPT-11 638 —
CO.17 Cetuximab alone 288 —

CRYSTAL Cetuximab + FOLFIRI ~ 600 1°(0.20%) —

Evaluated by NCI-CTC Ver. 2.0.

“Evaluated by NCI-CTC Ver. 3.0.

"Not related to cetuximab.

“Counted adverse events related to both cetuximab and chemotherapy.
(Data source: Merck Serono internal documents).

example, in a case presented in this report, the patient in her
60s developed DLI within 90 days after cetuximab adminis-
tration. Although steroid pulse therapy was initiated on the
third day of her symptom, she did not recover and later died.
The prognosis of gefitinib-treated patients with early onset of
ILD was also poor (25). Therefore, it is necessary to closely
monitor patients for the first 3 months of treatment for signs
of DLI. It is also notable that, in our registry, two of six
patients who started steroid pulse therapy early died com-
pared with six of eight patients who started the treatment
later after the onset of DLI, although this was not significant-
ly different. The response of patients with DLI to steroid
therapy varies depending on the etiology and pathogenesis of
DLI. However, it is strongly recommended that in cases of
suspected or confirmed DLI, the cetuximab-based chemo-
therapy should be discontinued immediately, and adequate
approaches including consultation with a pulmonologist and
steroid therapy (steroid pulse therapy with methylpredniso-
lone 500—1000 mg/day for 3 days), should be implemented
as soon as possible.

Our registry has several limitations. First, although this
registry was planned before approval of cetuximab, chest
X-rays or CT scans were not mandatory during treatment,
except for patients with respiratory symptoms. In addition,
although history of smoking increases the risk of DLI,
smoking status was not recorded for all patients. Second,
because this registry was conducted in 637 hospitals under the
insurance reimbursement program, the characteristics of
patients varied considerably compared with those in clinical
trials. Nevertheless, we think that the incidence, mortality and
risk factors identified in this registry will provide useful infor-
mation to guide future treatment strategies.

Conclusion

Although DLI is rare, it can result in respiratory failure and may
be fatal. Accurate diagnosis is complicated, and identifying the
drug responsible for DLI is difficult. This registry examined
2006 patients treated with cetuximab following its approval in
Japan. We reviewed all patients reported as having lung disease
by their primary physicians, as well as patients suspected of
having DLI during cetuximab therapy. The incidence of ILD in
this registry was 1.2%. Older age and prior ILD were risk
factors for the onset of DLI. Although no particular trend was
noted in the time to onset, DLI occurring within 90 days of
starting cetuximab had a poor prognosis. Therefore, we strongly
recommend patients should be closely monitored, especially
for the first 90 days of treatment with cetuximab.
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