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Figure 1 Kaplan-Meier curves for disease-free survival and overall survival according to KRAS or BRAF status. A: Disease-free survival (DFS) according to
KRAS status; B: Overall survival (OS) according to KRAS status; C: DFS according to BRAF status; D: OS according to BRAF status.
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'Covariates include age (< 65 or = 65), gender, AJCC stage (I /1 /1),
adjuvant chemotherapy (Yes/No), and MSI, KRAS, and BRAF status. CI:
Confidence interval; MSI: Microsatellite instability; MSS: Microsatellite
stable; MSI-L: Micrasatellite instability-low; MSI-H: Microsatellite
instability-high.

(P = 0.10).

DISCUSSION

To our knowledge, this is the largest study to assess
the prognostic value of KRAS and BRAF mutations
for survival outcomes in CRC patients in Asian po-
pulations. Tumor specimens were prospectively
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'Covariates include age, gender, AJCC stage (I -1 /1), adjuvant
chemotherapy, and KRAS and BRAF status. HR: Hazard ratio; CI:
Confidence interval; DFS: Disease-free survival; OS: Overall survival; MSI:
Microsatellite instability; MSS: Microsatellite stable; MSI-L: Microsatellite
instability-low; MSI-H: Microsatellite instability-high.

collected from patients with curatively resected
CRC (stage I -1); KRAS and BRAF mutations
and MSI status were analyzed using a consistent
methodology at a single institution. KRAS and BRAF
mutations were associated with poor prognosis,
independent of MSI status.

Many studies have examined associations of
KRAS mutations with various clinical features, with
no consistent results®?®. KRAS mutations were
more frequent in females; however, these mutations
were not associated with any other clinical variable.
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Figure 2 Stratified analysis of KRAS or BRAF status and overall survival. Loge [adjusted hazard ratio (HR)] and 95%CI for BRAF and KRAS mutant tumors (vs
wild-type tumors) in various strata are shown. A: KRAS mutant tumors; B: BRAF mutant tumors.

Similarly, Watanabe et a/*®' found relationships
of KRAS mutations with the female gender and
older age. In contrast, the Kirsten Ras Colorectal
Cancer Collaborative Group study (RASCAL) demon-
strated that KRAS mutations were associated with
histological grade but no other variables™®. In
analysis of the PETACC-3 trial, Roth et a/'® reported
associations of KRAS mutations with histological
grade and tumor location but not gender. Such
inconsistencies may be attributed to differences in
the distribution of age, race, stage, or other factors
among subject groups.

Currently, no convincing evidence exists that
KRAS mutations are independent prognostic factors
in CRC. In a Taiwanese study by Liou et a/™*%,
KRAS mutations were not associated with inferior
05; however, the magnitude of multivariate HR
(HR = 1.61; 95%CI: 0.91-2.84) was of the same
order as that in the present study. A study from
Japan revealed that the prognostic impact of KRAS
mutations on recurrence-free survival was limited in
patients with stage II CRC, and the association of
KRAS mutations with OS was not observed!'®. Both
studies had a small sample size and heterogeneous
cohorts, including stage IV disease. In the large
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homogeneous cohort in this study, we found sig-
nificant association of KRAS mutations with inferior
DFS and OS. Because we previously found no di-
fference in survival outcomes among different KRAS
mutations, including those in exons 2, 3, and 43,
prognostic analyses of specific codons for these
mutations were not performed in the present study.
Similarly, the RASCAL study indicated that KRAS
mutations resulted in overall poorer prognosis™®,
whereas subsequent analysis (RASCAL II) showed
that only the glycine to valine substitution in codon
12 (G12V) was associated with poor prognosis in
patients with Dukes’ C disease!®. Furthermore,
recent randomized phase I trial results supported
KRAS mutations as prognostic factors; 3-year DFS
ranged from 72% to 75% across treatments for
KRAS wild-type tumors, with 65% to 67% for KRAS
mutant tumors'®!, In contrast, in the PETACC-3
trial, no association was found between KRAS
mutations and poorer relapse-free survival or OS',
Although further research of the prognaostic effect
of KRAS mutations is needed, the influence of
these mutations seems to be mild across previously
reported studies.

The frequency of BRAF mutations (5%) and
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MSI-H (8%) in our cohort was lower than that in
Western populations (BRAF: 8%-20%, MSI-H:
11%-17%)©8911131516] ang comparable with that
in Asian populations (BRAF: 4%-7%, MSI-H:
6%-12%)1****%®) Generally, BRAF mutations and
MSI-H are frequently observed in females, proximal
tumors, and poorly differentiated tumors. In a
systematic review including 9885 CRC patients,
a BRAF mutation was associated with a proximal
tumor location, poor differentiation, and female
sex®1. Consistent with this observation, BRAF mu-
tations were more frequent in proximal tumors,
poorly differentiated tumors, and females. Previous
Western cohorts showed more patients with
proximal and poorly differentiated tumors compared
with Asian cohorts, including the current cohort.
Thus, the discrepancy in BRAF mutations and MSI-H
status between Western and Asian populations may
be attributed to the different distribution of patients’
characteristics such as gender, tumor location,
histological grade, or racial and/or environmental
differences.

Most previous studies found associations of
BRAF mutations with poorer survival®'®*?, In meta-
analysis of 26 independent studies (11773 patients),
BRAF mutations increased the risk of mortality in
CRC patients (HR = 2.25; 95%CI: 1.82-2.83)1%%,
However, this evidence is mainly based on studies
in Western populations; little is known regarding
the prognostic role of BRAF mutations in Asian po-
pulations. In a Taiwanese study'*, BRAF mutations
were associated with reduced OS, but MSI status
was not estimated. In a Japanese study, Nakanishi
et al'"® found no such association because of the
insufficient number of patients with BRAF mutations.
In the present study with larger sample size and
homogeneous cohorts, we found associations of
BRAF mutations with poorer DFS and OS in CRC
patients with stage I-1I disease, with the same order
of magnitude of HR for OS as in the above meta-
analysis. The prognostic effect of BRAF mutations
on survival seems to be even stronger than that of
KRAS mutations.

In contrast to previous reports®®®***”}, our analysis
did not show that patients with MSI-H tumors
exhibited better survival than those with MSS/MSI-L
tumors. However, the number of patients with
MSI-H tumors was too small to draw meaningful
conclusions regarding the prognostic effect of MSI
_status. Therefore, additional larger studies are
needed to clarify the prognostic impact of MSI
status. Inconsistent results were reported regarding
the prognostic effect of BRAF mutations according
to MSI status!®*®*l, Samowitz et a/*? found as-
sociations of BRAF mutations with poor survival
in MSS/MSI-L, but not MSI-H tumors. Meanwhile,
French et al** reported associations of BRAF mu-
tations with poor survival in MSI-H tumors. In
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our analysis, associations of BRAF mutations with
reduced OS were limited in MSS/MSI-L tumors.
However, the BRAF by MSI interaction test was not
significant; statistical power was considerably limited
due to the small number of patients with MSI-H and
BRAF mutant tumors. Larger studies are needed to
clarify the modifying effect on the relation between
BRAF mutations and survival outcome according
to MSI status. Advantages of this study include
comprehensive analysis of molecular markers using
consistent methodology at a single institution, large
sample size, and homogeneous cohort of Japanese
patients. These results suggest that constitutive
activation of the RAS/RAF/MAPK signaling pathway
may be closely associated with clinical prognosis
in CRC. Prognostic effects of KRAS and BRAF mu-
tations seem to be consistent across most strata of
clinical variables, while the adverse effect of BRAF
mutations on OS may be attenuated in stage I -1
CRC patients, with marginal statistical significance.
The interaction of BRAF mutations with tumor stage
warrants further research.

In conclusion, we found that Japanese CRC
patients with KRAS or BRAF mutations have poorer
survival, independent of MSI status. Additional
investigations are warranted to clarify the interaction
between these mutations and potential relevant
factors, such as MSI status and tumor stage.

Background

KRAS and BRAF mutations occur in 30%-40% and 4%-20% of colorectal
cancers (CRCs), respectively. Microsatellite instability (MSI) is characterized
by inactivation of the DNA mismatch repair system and is observed in 5%-15%
of CRCs. MSl-high tumors are less likely to metastasize compared with the
other phenotypes and have favorable survival outcomes. KRAS mutations
are well known as predictive markers of resistance to epidermal growth factor
receptor-targeted antibodies, and BRAF mutations are of current interest as a
therapeutic target in metastatic CRCs. However, their prognostic value remains
controversial for patients with curatively resected CRCs.

Research frontiers

Most previous studies investigating the prognostic role of KRAS and BRAF
mutations in CRCs are from Western countries. Genetic background and
geographical factors may influence mutation frequency and prognosis; however,
few data are available regarding the prognostic role of these genetic alterations
in Asian populations. Thus, clinical implications will be obtained by assessing
the prognostic value of these mutations in a large cohort of CRCs in Japan,
after adjustment for MSI status.

Innovations and breakthroughs

This study is the first large-scale study to demonstrate the prognostic impact
of KRAS and BRAF mutations in Asian populations. After adjustment for
relevant factors, including MS|, KRAS and BRAF mutations were independently
associated with inferior disease-free survival and overall survival in patients with
curatively resected CRCs. These findings will offer new insight into prognostic
role of KRAS and BRAF mutations in CRCs.

Applications

BRAF and KRAS mutations may be useful as molecular markers for
stratification of the clinical prognosis of curatively resected CRCs. Further
investigation on whether the prognostic impact of KRAS and BRAF mutations
could be modified by MS! status may provide more precise stratification of
clinical outcomes in CRC.
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Terminology

The protein product of the KRAS gene is a guanosine triphosphate/guanosine
diphosphate-binding protein, and KRAS mutations play a key role in the
development of various malignancies, including lung cancer, pancreatic
cancer, and CRC. The protein product of the BRAF gene, a protein called
B-Raf, is a serinefthreonine protein kinase serving as downstream effector of
the KRAS protein. BRAF mutations are involved in the development of many
malignancies, e.g., malignant melanoma, papillary thyroid cancer, and CRC.
Peer review

This is well written and illustrated paper. The authors investigate the prognostic
role of KRAS and BRAF mutations after adjustment for MS! status. And they
demonstrated that KRAS and BRAF mutations are associated with inferior
survival, independent of MSI status in Asian colorectal cancer population. As
the authors mentioned, in contrast to previous reports, their analysis did not
show that patients with MSI-high tumors exhibited better survival than those
with microsatellite-stable/MSI-low tumors.
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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
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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, Ieflunomide and bleo-
mycin, 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.

EvaLuaTion 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 | 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).

TiME 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 cetuximat;'i'ﬁnti{;?
prospective multicentre registry
n = 2,008

Patients reported as having DLI 2
by primary physicians n = 23 ;

[ R— . e
. Four-hundred and forty patients reported |
!

as having adverse events of respiratory

? diseases were pre-screened
""" Patients suspected
of having DLI n =43 |

- CRF

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 puimonary metastasis, smoking history,
results of consultation with a pulmonologist,
measurement of markers for DLI, blood gas
measurement, tests for bacteria and fungi,
bronchoalveolar lavage, lung biopsy, and autopsy).

¥ '

Non-DLIn =1 . Diin=22

DLin=2 | Non-DUin=41

Patients diagnosed with DLI

(DLI analysis set)

n=24

Figure 1. Registry profile and identification of patients with drug-induced lung injury (DLI).
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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 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 discasc
(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 22 1.42%
CPT-11 1255 17 1.35%
alone
FOLFIRT 256 4 1.56%
Other 35 1 2.86%
81 Median (range): 101 (17-431) days
6 .
‘(.L)
o
S 4
o]
z
2 4
0 4
=30 31-60 61-90 91-120 121-150 2151

Time to event (days)

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.

Jpn J Clin Oncol 2014,;44(11) 1035

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
Femalc 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
Grou»nd~glass 14 5
opacity
Unable to be 2 0
classified
Time to onsetof DLI <90 days 12 8 0.0361
(f:‘rcotr;xg:asl‘)t??ca?t;cm 251 days 12 2
Steroid pulsc therapy  — 10 2 0.1041
+ 14 8
Time to the start of Within 3 days 6 2 0.2744
B DOREY gy :
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 1LD 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 obscrved 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 therc was no obvious traction bronchiectasis, and it could not be diag-
noscd as diffuse alveolar damage from the images. (D) X-ray image taken on Day 67. The abnormal shadows in both lung ficlds 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
obscrved, 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.

105

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

Cctuximab alone
Cetuximab + CPT-11
Cetuximab + FOLFIRI
Cetuximab + CPT-11

Large prospective 2006 24 (1.20%) 15 (0.7%)
registry in Japancsc

paticnts®

Phase I1 in Japancsc 39 1(2.60%) -

patients

Phasc I BOND Cetuximab + CPT-11 327 —-

Cetuximab alone

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

Phasc [Tl 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 cvents 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
1LD 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.

106

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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Objective: Infusion reactions are common adverse reactions associated with antibody prepara-
tions. However, no studies have examined the time to onset of serious infusion reactions after
administering cetuximab. We aimed to investigate the timing and severity of IRs affectmg
Japanese patients after administration of cetuximab.

Methods: Study subjects were identified from a nationwide prospective registry of 2126 meta-
static colorectal cancer patients scheduled to receive cetuximab. Infusion reactions were exam-
ined in 2006 patients with adequate safety data.

Results: Infusion reactions of any grade occurred in 114 patients (5.7%), including Grade 3—4
infusion reactions in 22 patients (1.1%). Premedications were antihistamine plus corticosteroid
(88.9% of patients with infusion reactions), antihistamine alone (9.2%) or corticosteroid alone
(1.1%). In 95 patients (83.3%), infusion reactions occurred after the first dose. Twenty of the
22 Grade 3-4 infusion reactions occurred within 1 h of the first dose (the timing of the infusion
reaction was unknown in one patient while another infusion reaction occurred after the fourth
dose). Infusion reactions resolved in 111/114 patients (97.4%) while one patient recovered with
sequelae, one patient died and one patient failed to recover within the follow-up period.
Thirteen patients (15.7% of patients with infusion reactions) with Grade 1-2 infusion reactions
showed recurrence after readministration of cetuximab; the recurrent infusion reactions were
less severe than the initial reactions.

Conclusions: Grade 3—4 infusion reactions occurred in 1.1% of colorectal cancer patients,
and most occurred within 1 h of receiving the first dose of cetuximab. Therefore, patients should
be carefully observed following cetuximab infusion, especially during the first hour after the first
infusion.

Key words: cetuximab — chemotherapy — colorectal cancer — infusion reaction
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542 Infusion reactions to cetuximab

INTRODUCTION

Infusion reactions (IRs) are occasionally associated with
antibody preparations. In the field of anticancer therapy, IRs
caused by several molecular-targeting drugs have been
reported, including rituximab (!,2), trastuzumab (3,-!), bevaci-
zumab (5) and panitumumab (). Mild-to-moderate IRs
include chills, pyrexiaand dizziness, which are often asso-
ciated with hypersensitivity and allergic symptoms. Severe
IRs include anaphylactoid symptoms, such as dyspnea,
bronchospasm, urticaria, hypotension, loss of consciousness
and shock, or even myocardial infarction or cardiac arrest in
some patients. Therefore, IRs should be treated promptly to
avoid exacerbation. It has been suggested that patients should
be carefully observed after receiving the first dose of any anti-
body preparation (7). However, to our knowledge, no one has
examined the time to onset of IRs after administering antibody
preparations.

Cetuximab is an epidermal growth factor receptor (EGFR)
inhibitor that is used to treat unresectable advanced or recur-
rent colorectal cancer. It is a human/mouse chimeric monoclo-
nal immunoglobulin G1 antibody that inhibits the EGFR
(3,9). Serious adverse reactions to cetuximab include IRs,
cutaneous reactions and interstitial lung disease (/1 1—13).
An earlier clinical study identified Grade 3 and 4 IRs in 2%
and 5% of 1373 patients, respectively, along with one death
(10). The authors also reported that ~90% of the IRs of any
grade occurred after the first dose (10). To ameliorate and/or
prevent IRs, premedication with an antihistamine before
administering cetuximab is recommended. Indeed, the
Monoclonal Antibody Cetuximab in a European Pre-License
(MABEL) study showed that administration of a corticosteroid
combined with an antihistamine reduced the incidence of
IRs (14,13).

In Japan, the pharmaceutical regulatory authorities require
patient registration studies to be conducted for all anticancer
agents after approval is granted. The objective of such
studies is to confirm, in the real-world clinical setting, the
accuracy of the safety profile determined during the clinical
studies that were conducted to support approval. These
studies, also known as postmarketing surveillance studies,
examine the safety and efficacy of anticancer agents in con-
secutively and prospectively registered patients. Registration
commences immediately after the launch of the drug and is
continued until the required number of patients has been
enrolled. For cetuximab, a.multicenter, prospective study
was planned with a target sample size of 1800 patients. The
following parameters were designated as priority items for
assessment: IRs, cutaneous toxicity, interstitial pneumonia,
hypomagnesemia and cardiotoxicity. A summary of the
results of this study has already been reported (i¢). The
present analysis focused on the incidence, timing of
onset and severity of IRs affecting Japanese patients in the
real-world clinical setting. We also attempted to identify
risk factors for IRs occurring after the initial dose or after
readministration of cetuximab.
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PATIENTS AND METHODS
PATIENTS

A more detailed description of this registry study is provided
elsewhere (10). In brief, 2126 patients scheduled to receive
cetuximab at 637 institutions in Japan were prospectively
enrolled in a central registry between 19 September 2008 and
5 January 2009 (16). Only patients receiving cetuximab in
accordance with the approved indications were enrolled. All
of the patients had EGFR-positive colorectal cancer, no
history of hypersensitivity to any ingredients of the drug, a
performance status (PS) of 0—1, no interstitial lung disease
and a resistant/refractory tumor or intolerance of prior chemo-
therapy. Cetuximab was administered by intravenous infusion
once weekly, with no limit on the number of doses or duration
of treatment. The first dose (400 mg/mz) was infused over 2 h,
and subsequent doses (250 mg/m?) were given over 1 h (10).
When the study was planned, there were no Japanese data on
the efficacy or safety of cetuximab combined with oxaliplatin-
based regimens, so irinotecan or FOLFIRI regimens (folinic
acid, fluorouracil and irinotecan) could be used instead. The
product information for cetuximab states that an antihistamine
should be given as premedication before administration and
concomitant use of a corticosteroid may reduce the risk of
IRs. Therefore, premedication with an antihistamine and/or
corticosteroid was recommended.

EVALUATION AND ANALYSIS

The observation period was defined as the time between the
first and last doses of cetuximab. The attending physicians
were instructed to submit case report forms documenting
safety and efficacy in Weeks 4 and 16 after the first dose,
and after the final dose. The safety and efficacy results
were described in an earlier report (10). Adverse event data
were compiled by the Central Data Centre, and the severity
of adverse events was assessed according to Common
Terminology Criteria for Adverse Events (CTCAE) Version
3.0. Adverse events are described using CTCAE terminology.
Priority items included the presence or absence and severity
of IRs, cutaneous disorders, interstitial lung disease, electro-
lyte abnormalities (e.g. hypomagnesemia), cardiotoxicity,
gastrointestinal disorders, thrombosis/embolism, delayed
wound healing and ocular disorders (e.g. keratitis). Detailed
information on IRs was obtained from the case report forms,
and included seriousness, date of onset, time from starting
treatment to onset, outcome and premedication(s), and
whether or not readministration was attempted.

STATISTICAL ANALYSIS

Data were compiled and analyzed using SAS version 9.2
(SAS Institute Inc., Cary, NC, USA). The incidence of IRs
was evaluated in relation to patient characteristics (sex, age,
stage, PS, complications, previous illnesses, history of allergy,
premedication and concomitant drugs) in univariate analyses
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using the x? test, Fisher’s exact test, or Wilcoxon two-sample
test as was appropriate. In all analyses, P <0.05 was consid-
ered to indicate statistical significance.

RESULTS
PATIENT CHARACTERISTICS

A total of 154 patients who were enrolled did not receive
cetuximab and were excluded from analysis. The remaining
2006 patients were included in the safety analysis set. Their
median age was 64 years (range: 18—87 years), and the male/
female ratio was 1: 0.6. The PS was 0 or 1 in 2000 patients
(99.7%) and 3 or 4 in six patients {0.3%). Concurrent diseases
were present in 974 patients (48.6%), including hypertension
in 447 patients (22.3%), diabetes mellitus in 284 patients
(14.2%), liver dysfunction in 93 patients (4.6%), hyperlipid-
emia in 86 patients (4.3%) and heart diseases in 79 patients
(3.9%). Overall, 405 patients (20.2%) had a history of clinically
relevant diseases, including allergy in 306 patients (15.4%),
heart disease in 27 patients (1.3%) and interstitial lung disease
in four patients (0.2%).

The median duration of cetuximab treatment was 15.3
weeks (1—-73.9 weeks), and 1869 patients (93.2%) received
cetuximab as third-line or later treatment. The number of
doses of cetuximab was <3 in 12.6%, 4—15 in 44.9%, 32—47
in 12.7% and >48 in 3.7% of patients. Four hundred and sixty
patients (22.9%) received cetuximab alone while 1546
patients (77.1%) received cetuximab in combination with
chemotherapy. The chemotherapy regimens included irinote-
can in 1255 patients (62.6%) and FOLFIRI in 256 patients
(12.8%). Premedication was given to 1991 patients (99.3%).

INCIDENCE AND SEVERITY OF IRS

IRs were reported in 114/2006 patients (5.7%) and were classi-
fled as Grade 3 in 13 patients and Grade 4 in nine patients
(Grades 3—4: 1.1%). The most common IRs were classified
(using CTCAE terminology) as general disorders and adminis-
tration site conditions (e.g. infusion-related reactions and
pyrexia), which occurred in 114 (5.7%, any grade) of patients,
including 1.1% classified as Grades 3—4. Other IRs (which
were observed in individuals who were also classified as having
general disorders and administration site reactions) included re-
spiratory, thoracic and mediastinal disorders (e.g. dyspnea) in
26 patients (1.3%; Grades 3—4: 0.4%), skin and subcutaneous
tissue disorders in 23 patients (1.1%; Grades 3—4: 0.1%), vas-
cular disorders (e.g. flushing) in 15 patients (0.7%), immune
system disorders (including anaphylactic shock and hypersensi-
tivity) in 14 patients (0.7%; Grades 3—4: 0.4%), nervous
system disorders (<0.1%), cardiac disorders (<0.1%), gastro-
intestinal disorders (0.1%) and investigations (0.3%).

TimING OF IRs

Of the 114 patients, 95 (83.3%), 6 (5.3%), 5 (4.4%), 3 (2.6%)
and 4 (3.5%) experienced IRs after the first, second, third,
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fourth and fifth or subsequent doses of cetuximab, respectively
(Fig. 1). Grade 3—4 IRs occurred in 22 patients (Grade 3 in
13 patients and Grade 4 in nine patients). Among them,
20 patients (90.9%) experienced IRs after the first dose and
one patient (4.5%) did so after the fourth dose, while the
timing was unknown for one patient (4.5%).

The timing of each symptom after the start of cetuximab in-
fusion in the 22 patients with Grade 3 or 4 IRs is shown in
Fig. 2. The median time to the onset of reactions in these
22 patients was 10 min (range: 2 min to 8 h). In 18 patients, IRs
occurred within 15 min after the start of infusion. Except for
fever at 8 h after the start of cetuximab infusion in one patient
(which was considered by the investigator to be at least partly
related to a biliary tract infection in this patient), all of the other
IRs occurred within 1 h of starting infusion. Interestingly, all of
the Grade 4 IRs occurred within 15 min of starting infusion.

OUTCOME

The IR resolved/improved in 111/114 patients (97.4%). One
patient experienced flushing (a vascular symptom and IR) and
other symptoms associated with the infusion, although the
nature of these symptoms was not reported. This patient did
not recover from these symptoms during the follow-up period
of this survey. One patient who had pruritus recovered with se-
quelae. One patient with Grade 4 IRs died. In this patient, the
Grade 4 IRs were dyspnea and low blood pressure, which
were detected 10 min after the start of infusion. The median
time to recovery was 1 day (range: 0—366 days) in patients
with Grade 1-2 IRs and 1 day (range: 1—15 days) in patients
with Grade 3—4 IRs.

INCIDENCE OF IRS ACCORDING TO PREMEDICATION

Premedication consisted of an antihistamine plus a corticoster-
oid in 1783 patients (88.9% of the patients in the safety ana-
lysis set), an antihistamine alone in 185 patients (9.2%) and
a corticosteroid alone in 23 patients (1.1%). The incidence
of IRs was similar between patients pretreated with an
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Numbar of cetuximab administrations

' Figure 1. Timing of infusion reactions (IRs) in relation to the number of

cetuximab doses. One patient who had a Grade 3 event with unknown timing
was excluded from the analysis.
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Cetuximab

® Time to event ]

15 min

Grade 4
(n=9)

Grade 3
(n=13)

60 min

reaction
ersensitivity
® Fever**

Hyp

Figure 2. Time to onset of Grade 3—4 [Rs. The median time was 10 min (range: 2 min to 8 h). Dots indicate individual patients. Asterisks indicate multiple
cvents in the same patient. *Identical patients. **This patient had dyspnea, bronchospasm, tachycardia and nausea. ***Considered related to biliary tract infection

and liver metastasis.

antihistamine plus corticosteroid and those pretreated with an
antihistamine alone [5.9% (105/1783) versus 4.3% (8/185)].
The incidence of Grade 3—4 IRs was 1.1% (20/1783 patients)
in patients pretreated with an antihistamine plus corticosteroid
and 0.5% in those pretreated with an antihistamine alone
(1/185 patients).

RECURRENCE OF IRS AFTER CETUXIMAB READMINISTRATION

Overall, 85 of 114 patients who experienced IRs after the first
infusion underwent cetuximab readministration (83 patients
with Grade 1-2 IRs and two patients with Grade 3—4 IRs). Of
these 85 patients, 14 (16.3%) developed an IR following read-
ministration. The product information for cetuximab in Japan
and other countries states that it should be immediately dis-
continued in patients with Grade 3—4 IRs and that such
patients should not receive readministration. However, it was
readministered in two patients with Grade 3—4 IRs, but no
adverse events were observed in either patient.

Risk FacTors FOR IRsS

Univariate analysis was conducted to identify possible risk
factors for IRs. It was found that the incidence of IRs was sig-
nificantly higher in patients with a history of heart disease or
interstitial lung disease than in patients without a history of
such diseases (8.6 versus 5.0%, P = 0.0077). The incidence
of IRs was also significantly higher in patients treated with
cetuximab alone than in those treated with cetuximab plus
chemotherapy (8.0 versus 5.0%, P = 0.0158). Furthermore,
the incidence of IRs was slightly, but not significantly, higher
in patients with a history of allergy than in patients without a
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history of allergy (8.4 versus 5.3%, P = 0.0822). No associ-
ation was found with other characteristics, such as sex, age,
chemotherapy stage and PS.

DISCUSSION

The present survey showed that IRs occurred in 114/2006
patients (5.7%) included in the safety analysis set while Grade
3—4 IRs occurred in 22 patients (1.1%). The majority of
Grade 3—4 IRs were detected within 1 h of starting infusion,
which suggests that careful observation is necessary for >1 h
after first administering cetuximab in routine clinical practice.

Most of the IRs occurred after the first dose of cetuximab,
including 90% of Grade 3—4 IRs, although one patient devel-
oped a severe IR after the fourth dose. Therefore, careful ob-
servation is particularly important after the first dose but
physicians should continue to be vigilant for possible IRs after
subsequent doses of cetuximab.

With regard to the timing of IRs, all of the Grade 3—4 reac-
tions occurred within 1 h of starting infusion, except in one
patient who developed an IR at 8 h. However, that patient’s
symptom was fever, which is not a typical IR symptom and
was considered to be at least partly related to biliary tract in-
fection and liver metastasis.

The IRs resolved/improved in 97.4% of the patients, with a
median recovery time of 1 day. IRs caused by cetuximab
appear to resolve promptly by appropriate treatment. However,
persistence of the IR, recovery with sequelae and death were
reported in one patient each. Clinicians should be fully aware of
these risks of IRs and inform patients of them before starting
cetuximab therapy.
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IRs associated with cetuximab were extensively described in
the MABEL study (14,15), a multinational, Phase 2 study that
examined the efficacy and safety of cetuximab combined with
irinotecan in 1147 patients with metastatic colorectal cancer re-
fractory to irinotecan monotherapy. A similar number of patients
received this combination in the present study (1546).
Premedication was administered to 1991/2006 patients (99.3%)
in our study and to 1122/1147 patients (97.8%) in the MABEL
study. In that study, IRs occurred in 175/1122 patients (15.6%)
and Grade 3—4 IRs occurred in 27 patients (2.4%), compared
with 5.7 and 1.1%, respectively, in our study. Although we found
no difference in the incidence or IRs between patients receiving
premedication with an antihistamine alone and those treated with
an antihistamine plus a corticosteroid, it is notable that 88.9%
of our patients received antihistamine plus corticosteroid
premedication compared with 61.0% in the MABEL study.
Therefore, it seems likely that concomitant corticosteroid use was
protective against IRs. Indeed, the lower rate of Grade 3—4 IRs
in our study (1.1%) compared with that in the MABEL study
(2.4%) may be attributable to a higher proportion of patients pre-
medicated with antihistamines combined with corticosteroids.
The lack of a difference in the incidence of IRs between patients
receiving premedication with an antihistamine alone and those
treated with an antihistamine plus a corticosteroid in the present
study is probably due to the small number of events and the
small number of patients treated with an antihistamine alone.

The incidence of IRs varies greatly among antibody pre-
parations. For example, the incidence of IRs occurring within
24 h after the start of administration is ~90% for rituximab
(chimeric), ~40% for trastuzumab (humanized) and <3% for
bevacizumab (humanized) (!,3,5). The incidence of IRs
caused by cetuximab in the present survey (5.7%) was higher
than that caused by panitumumab (3%: 43/1336 patients;
Grade 3—4 IRs: 1%, six patients) (6), which is a fully human
anti-EGFR antibody.

Regarding readministration of cetuximab after the occur-
rence of mild-to-moderate IRs (Grades 1-2), cetuximab was
readministered to 83 of 92 patients with Grade 1-2 IRs, and
13 (15.7%) developed recurrent IRs. However, none of those
IRs was more severe than the initial reactions. Based on these
results, it may be necessary to change the premedication or
reduce the infusion rate in patients with Grade 1-2 IRs who
undergo readministration of cetuximab.

Some limitations of this study should be discussed. First,
this was a nonrandomized and uncontrolled study. Therefore,
it is possible that there is a bias in the data obtained; however,
given the sample size of 2006 patients, we believe such a bias
is unlikely. Second, the case report forms did not allow the
clinicians to record the cause of death or sequelae in patients
who did not recover from IRs; therefore, it is possible that
there were serious events related to cetuximab infusion that
we were unable to identify. Likewise, because the symptoms
were reported by the investigators, those symptoms that did
not recover by the end of the follow-up period were classified
as unrecovered. Third, although the quality of the data is dif-
ferent from that of controlled prospective clinical trials, this
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prospective registry provided us with valuable information on
the safety and effectiveness of cetuximab in real-world usage.

In summary, Grade 3—4 IRs caused by cetuximab occurred
in 1.1% of patients in this prospective registry. Most Grade
3—4 IRs occurred within 60 min after the initial administra-
tion. Therefore, we think that patients should be very carefully
observed following infusion of cetuximab, especially during
the first hour after initial administration. Notably, there were
no severe IRs after readministration of cetuximab after Grade
1-2 IRs. Therefore, clinicians should consider the potential
risks/benefits when readministering cetuximab after IRs and
ensure the patients are fully informed of the possible risks of
cetuximab therapy.
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