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Introduction
Oxaliplatin, a platinum-based chemotherapeutic agent, is effective for the treatment
of advanced colorectal cancer.1–5 Unlike other platinum derivatives, oxaliplatin does
not cause significant renal impairment or ototoxicity. The dose-limiting toxicity of
oxaliplatin is related to peripheral nerve function and the potential development of
peripheral neuropathy.6
Chemotherapy for metastatic colorectal cancer has remarkably advanced with the
introduction of folinic acid, fluorouracil, and irinotecan (FOLFIRI) and folinic acid,
fluorouracil, and oxaliplatin (FOLFOX) regimens. However, both these regimens require
the implantation of a central venous (CV) access port and treatment is occasionally
interrupted by complications associated with the CV port, such as infection, thrombosis,
and pinch-off syndrome.7 With the recent development of capecitabine plus oxaliplatin
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Background: Patients with colorectal cancer treated with oxaliplatin are at risk of
hypersensitivity reactions, with the incidence estimated to be 12%–20%. Coinfusion of dexamethasone and oxaliplatin could potentially reduce the incidence of these reactions, but oxaliplatin
is reported to be incompatible with alkaline compounds in solution. However, in a previous
retrospective study we found that the pH of a solution of dexamethasone and oxaliplatin was
less than 7.4, and that hypersensitivity to oxaliplatin could have been prevented by coinfusion
of dexamethasone. We aimed to evaluate the effectiveness of coinfusion of dexamethasone and
oxaliplatin to prevent oxaliplatin-induced hypersensitivity reactions.
Patients and methods: The AVOID trial was a prospective, multicenter, open-label, singlearm Phase II trial conducted from January to September 2013. The study included 73 patients
who received capecitabine plus oxaliplatin (XELOX) or XELOX plus bevacizumab therapy for
colorectal cancer. In all patients, oxaliplatin was administered in combination with dexamethasone. The primary outcome measure was the presence of hypersensitivity reactions.
Results: Hypersensitivity reactions occurred in three patients (4.1%); all three experienced a
cutaneous reaction (grade 1 erythema). None of the 73 patients developed respiratory symptoms, ocular symptoms, or anaphylaxis. Grade 3 or higher hemotoxicity occurred in 13.7% of
the patients and grade 3 or higher nonhematological toxicity occurred in 13.7%. The response
rate to treatment was 64.4%.
Conclusion: The coinfusion of dexamethasone and oxaliplatin effectively reduced oxaliplatininduced hypersensitivity reactions in patients with colorectal cancer. This approach should
be considered for all patients treated with oxaliplatin, allowing treatment to be completed as
planned.
Keywords: oxaliplatin, dexamethasone, hypersensitivity, allergy
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(XELOX) therapy, the implantation of a CV port can now be
avoided. However, phlebitis caused by peripheral intravenous
infusion of antineoplastic agents can limit the completion or
continuation of chemotherapy. Factors that contribute to the
development of phlebitis include the pH and osmotic pressure
of the solution, the size of the vein used, the size and material
of the catheter, and infusion periods.8 A number of methods
for reducing the risk of phlebitis have been reported, but none
are completely effective.9,10 In one study, the addition of steroids to the oxaliplatin drip infusion was useful in controlling
vascular pain.11 However, the addition of steroids can increase
the pH of the solution and affect the stability of oxaliplatin.
Furthermore, the prescribing information states that oxaliplatin
is incompatible in solution with alkaline medications or media;
therefore, it is not mixed with these solutions or simultaneously administered through the same infusion line. Because
intravenous dexamethasone (DEX) is alkaline, it is routinely
administered to patients before chemotherapy.
To date, there are limited reports on the effectiveness of
oxaliplatin combined with steroids. However, we have previously reported that the pH of a solution of DEX and oxaliplatin was less than 7.4. In that retrospective study, we found that
hypersensitivity reactions (HSRs) to oxaliplatin could have
been prevented by the coinfusion of DEX.12 Little information is available about the risk factors of oxaliplatin-induced
HSR.13 To our knowledge, only four investigations have
previously attempted to identify potential predictive factors
by multivariate analysis.14–17 Kim et al reported the possible
association between oxaliplatin-induced HSR and clinical
characteristics and found that females, younger patients,
and patients receiving oxaliplatin in salvage regimens were
more likely to experience oxaliplatin-induced HSR.16,17 On
the basis of multivariate analysis, Mori et al15 analyzed that
being young and having an oxaliplatin-free interval were
independent risk factors, whereas Shao et al14 found higher
oxaliplatin dose per infusion as an independent risk factor.
Moreover, a recent study reported that a lower dose of DEX
(20 mg) could be a positive risk factor.16
To our knowledge, there have been no reports about
prospective trials of preventing oxaliplatin-induced HSRs by
the coinfusion of DEX. The present prospective study was
undertaken to evaluate the effectiveness of DEX to prevent
HSRs caused by the administration of oxaliplatin.

Patients and methods
Study design
The AVOID trial was a prospective, multicenter, open-label,
single-arm Phase II trial in Japan. This study was performed
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in accordance with the ethical guidelines for clinical studies.
The institutional review board at Fukuoka University
approved the protocol and the study is registered with the
University Hospital Medical Information Network Clinical
Trials Registry (ID: UMIN000009742).
This study evaluated the effectiveness of coinfusion of
DEX and oxaliplatin to prevent oxaliplatin-induced HSRs.
The primary endpoints were to document the incidence of
oxaliplatin HSRs of all grades. Secondary endpoints were
objective tumor response rate and safety. The target sample
size was 70 patients, assuming that the expected HSRs and
threshold HSRs were 4% and 12%, respectively, with a onesided alpha-level of 5% and a power of 80%.

Patients and eligibility criteria
Seventy-three patients were enrolled in this study between
January and September 2013. Patients were recruited from
Fukuoka University Hospital, Fukuoka Sanno Hospital,
Fujita Health University Hospital, Kansai Medical University
Hirakata Hospital, Sano Hospital, and Kanazawa Medical
University Hospital. Eligible patients were $20 years of
age, with histologically confirmed colorectal cancer without prior chemotherapy for metastatic disease, and with at
least 6 months elapsed from completion of any adjuvant
therapy. They also met the following criteria: Eastern
Cooperative Oncology Group performance status 0–2, life
expectancy $12 weeks, neutrophil count $1,000/mm3,
platelet count $75,000/mm3, hemoglobin $8.0 g/dL, total
bilirubin #2.0 mg/dL, and serum creatinine #1.5 times the
upper limit of normal. The institutional review boards of all
participating institutions approved the clinical study. Written
informed consent was obtained from each patient.
Patients with any of the following conditions were
excluded: severe peripheral sensory neuropathy (PSN),
a history of serious hypersensitivity to drugs, active infection, paralytic or mechanical bowel obstruction, uncontrolled
hypertension, uncontrolled diabetes, cirrhosis, clinically
significant cardiovascular disease, history of myocardial
infarction within the previous 3 months, uncontrolled angina
pectoris or arrhythmia, multiple primary cancers within
the past 5 years, pleural effusion requiring drainage ascites
or pericardial effusion, uncontrolled diarrhea, clinically
significant mental or psychological disease, and any other
condition making a patient unsuitable for this study.

Treatment
The 73 study patients received either XELOX or XELOX plus
bevacizumab therapy (oxaliplatin 130 mg/m2 ± bevacizumab
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7.5 mg/kg on day 1, plus capecitabine 1,000 mg/m2 twice
daily on days 1–14, every 3 weeks) for advanced or recurrent
colorectal cancer. All patients received intravenous DEX
(6.6 mg) and a selective 5-hydroxytryptamine-3 receptor
antagonist before oxaliplatin infusion. In addition, DEX
(6.6 mg) was administered in combination with oxaliplatin
(Figure 1).18–20 Dose reductions were required for all grade 3
or 4 toxicities attributed to the study medications. The dose
of bevacizumab was not reduced. Treatment was continued
until disease progression, unacceptable toxicities, or withdrawal of consent.
Study treatment was delayed if any of the following
criteria were applicable on the day when administration
was scheduled or the previous day: a neutrophil count
of 1,000/mm3, a platelet count of 75,000/mm3, active infection with fever $38.0°C, grade 2 or worse diarrhea, grade 3
or worse PSN, and other grade 2 or worse nonhematological
toxicities. The oxaliplatin dose was reduced to 100 mg/m2
if grade 3–4 neutropenia or thrombocytopenia, persistent
grade 2 or reversible grade 3 PSN, or any grade 3–4 nonhematological toxicities occurred. The study was terminated if
grade 3 toxicity persisted after a 21-day washout period or if
grade 4 PSN or a grade 2–4 allergic reaction occurred. The
study was also terminated if the patient required longer than
3 weeks to recover from an adverse event.

Evaluation of chemotherapy
All patients underwent physical examination, chest radiography, and computed tomographic scans of the abdomen,
pelvis, and chest before starting the treatment. All patients
were included in safety and efficacy analyses. The severity
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Figure 1 XELOX + bevacizumab regimen in this study.
Abbreviations: BV, bevacizumab; IV, intravenous; XELOX, capecitabine plus oxaliplatin.
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hypersensitivity was confirmed if there was a recurrence of
symptoms, despite eliminating other suspected drugs.
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Results
Baseline patient characteristics
Seventy-three patients were enrolled in this study between
January and September 2013. Characteristics of the study
patients are shown in Table 1. Of the 73 patients, 31 received
XELOX and 42 received XELOX plus bevacizumab.
The median age was 64 years (range: 31–84) and 52.1% were
female. Eastern Cooperative Oncology Group performance
status scores were 0, 1, and 2 in 83.6%, 13.7%, and 2.7%
of the patients, respectively. Twenty-eight patients received
XELOX as part of adjuvant chemotherapy.

or hours. Two patients underwent oxaliplatin rechallenge.
The reason for rechallenge treatment discontinuation of two
patients was disease progression.
None of the 73 patients developed respiratory symptoms,
ocular symptoms, or anaphylaxis.

Efficacy
The tumor response was assessed in 45 of the 73 patients
because 28 patients received chemotherapy as part of
adjuvant chemotherapy. The confirmed response rate was
64.4% (95% confidence interval [CI] 48.8−78.1; CR, 8.9%;
PR, 55.6%; SD, 31.1%; progressive disease [PD], 4.4%),
and disease control rate was achieved in 95.6% (95%
CI 84.9–99.5).

Treatment

Safety

The median number of treatment cycles was eight (range:
1–33). The cumulative median dose of oxaliplatin was
851 mg/m2.
Fifty-three patients (72.6%) continued treatment until
eight cycles, while the other reasons for discontinuing
treatment were adverse events in four patients, operation
in four patients, CR in one patient, progression disease
in two patients, and refusal or personal reasons in nine
patients.
Treatment was delayed in 22 patients (30.1%) with the
delay being due to neutropenia in four patients (5.5%),
thrombocytopenia in five, fatigue in three, diarrhea in two,
PSN in one, pneumonia in one, cholangitis in one, ileus in
one, and personal reasons in two patients. Twenty-three
patients (31.5%) required dose reduction at least once within
eight cycles, with the reason being neutropenia in four and
thrombocytopenia in five.

Adverse events for 73 patients are summarized in Table 2.
Two patients refused to continue the protocol treatment after
the initial cycle. Grade 3 or higher hemotoxicity occurred
in ten patients (13.7%), and ten patients (13.7%) developed
grade 3 or higher nonhematological toxicity. There were no
other severe treatment-related adverse events and no deaths
during treatment.

Hypersensitivity reaction
Three patients (4.1%) developed HSR at five cycles, six
cycles, and ten cycles. In all three cases, the reaction was
cutaneous (grade 1 erythema) and it resolved within minutes

Discussion
The incidence of HSRs to oxaliplatin is varying from
10% to 23.8%.3,5,14–17,23–28 Identifying patients at increased
risk of oxaliplatin-induced HSRs is important and several
studies have assessed risk factors, although with variable
results.14,15,17,24,28 The mechanisms responsible for hypersensitivity to oxaliplatin remain unclear.29–32 However, it is
likely that reactions to oxaliplatin are a type I, IgE-mediated
hypersensitivity, while hemolysis and thrombocytopenia
represent type II reactions and chronic urticaria, joint pain,
and proteinuria are type III reactions.14,15,17,24,28 A review of
the literature found that HSRs usually develop after multiple
infusions of oxaliplatin, which clearly show that repeated
Table 2 Hematological and nonhematological adverse events

Table 1 Baseline characteristics of patients who received chem
otherapy
XELOX + BV/XELOX
Median age (range)
Male/female
ECOG PS 0/1/2
Primary tumor colon/rectum
Stage II/III/IV
Oxaliplatin

42/31
64 (31–84)
35/38
61/10/2
37/36
3/25/45
851±228.9 mg/m2

Abbreviations: BV, bevacizumab; ECOG PS, Eastern Cooperative Oncology Group
performance status; XELOX, capecitabine plus oxaliplatin.
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Hematological G3–4

Nonhematological G3–4

13.7%
Neutropenia: 4

13.7%
Fatigue: 3

Thrombocytopenia: 5

Diarrhea: 2

Aspartate aminotransferase: 3

Nausea: 2
Vomiting: 1
Pneumonia: 1
Cholangitis: 1
Ileus: 1
Neuropathy: 1
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exposure to the drug is a prerequisite to the induction of
an allergic immune response.33 In addition to the review,
there have been several case reports describing HSRs to
oxaliplatin.34–36
Kim et al17 reported that the antivascular epithelial
growth factor monoclonal antibody bevacizumab was not
associated with HSRs when administered with combination
chemotherapy regimens. Consistent with their results, we
found no difference in the frequency of HSRs according to the
presence or absence of bevacizumab. There have been various
approaches used to avoid HSRs to platinum-based agents,
including premedication with high-dose corticosteroid37–39
desensitization procedures,40,41 and a slower infusion rate.40,42
At present, there is no standardized method for premedication to reduce the risk of oxaliplatin hypersensitivity. One
study reported that premedication with a high-dose steroid
(DEX 20 mg) significantly lowered the occurrence of
oxaliplatin hypersensitivity and the rate of withdrawal
from chemotherapy compared with premedication with the
standard dose of steroid (DEX 8 mg).37 Therefore, an appropriate premedication steroid dose should be established for
effective management of oxaliplatin hypersensitivity.
As shown in Table 3, the findings of the AVOID trial
indicate that HSRs to oxaliplatin were low compared with
other studies. We excluded patients with drug allergy and this
could be an important bias. The 95% CI is 0.9%–11.5% and
the expected HSRs and threshold HSRs were 4% and 12%,
respectively. This has proven significantly that the HSRs
incidence is less than 12%. This may be simply because
of the higher dosage of DEX, not because of the mixture;
however, a recent study reported that a lower dose of DEX
(20 mg) could be a positive risk factor.16 The change in
pH caused by coinfusion of DEX may be one of the reasons. Histamine release was greatly influenced by pH;43–46
however, in investigating this effect it is necessary to avoid

extreme changes in pH because such changes also cause a
direct release of histamine. The curve for histamine release
in response to an antigen has a minimum at pH 6.2–6.5. The
kinetics of the alkaline hydrolysis of oxaliplatin has been
evaluated. At pH 7.4, a small fraction (maximally 0.7%)
of oxaliplatin will exist as the monodentate intermediate.
However, it could rapidly react with endogenous compounds, resulting in a continuous conversion of oxaliplatin
via the monodentate form.47 We have previously reported
changes in pH at 0, 1, 2, and 3 hours after adding DEX
(3.3 or 6.6 mg) to 250 mL of infusion solution containing
135 mg/m2 oxaliplatin. The pH without DEX was 4.78,
but increased to 6.90 and to 7.33 when DEX 3.3 and 6.6
mg, respectively, was added to oxaliplatin.12 The pH did
not exceed 7.4 even when DEX was added to oxaliplatin.
Most of oxaliplatin does not appear to be degraded when
administered in combination with DEX.47 Therefore, the
pH change caused by the coinfusion of DEX may reduce
oxaliplatin-related HSRs. The XELOX regimen with DEX
appears to be beneficial in the treatment of colorectal cancer, reducing the incidence of HSRs while maintaining an
acceptable response rate.
We performed a premedication with steroids and
palonosetron before the coinfusion of DEX and oxaliplatin.
This is to prevent nausea and vomiting not to prevent HSR
to oxaliplatin. A randomized trial that compare patients
with and without premedication is mandatory. This trial is
a single arm, but is the important trial that can lead to the
next Phase III trial.

Conclusion
This findings of the AVOID trial suggest that the coinfusion of DEX and oxaliplatin can reduce oxaliplatin-induced
HSRs. This approach should be considered for all patients
who receive oxaliplatin, allowing treatment to be completed

Table 3 Comparison with other studies
Study

No of
patients

Oxaliplatin
(mg/m2)

Hypersensitivity
all grade (%)
(95% CI)

Hypersensitivity
G3–4 (%)

Brandi et al26
Andre et al3
Gowda et al27
Siu et al24
Shibata et al28

124
1,108
169
180
125

13.7 (8.2–21.0)
10.3 (8.6–12.2)
18.9 (13.3–25.7)
15 (10.1–21.1)
16.8 (10.7–24.5)

7.3
2.9
1
2.2
4

Seki et al25
Parel et al5
Our study

108
191
73

820
FOLFOX
8 cycles
560
546
851

22.3 (14.8–31.2)
8.9 (5.3–13.9)
4.1 (0.9–11.5)

9.3
1.6
0

Abbreviations: CI, confidence interval; FOLFOX, folinic acid, fluorouracil, and oxaliplatin.
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as planned, In addition, we recommend our modified
premedication regimen to reduce HSRs in clinical practice.
However, Phase III prospective studies are warranted to
confirm the safety and efficacy of this method.
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