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ABSTRACT

Purpose: We examined the clinical data of patients
treated with oxaliplatin to determine the risk factors
of oxaliplatin-related hypersensitivity reaction (HSR).
In addition, we evaluated the efficacy of rechallenging
patients with HSRs with oxaliplatin using prophylac-
tic agents or desensitization procedures.

Methods: This study consisted of 162 patients with
colorectal cancer (88 men and 74 women) who were
treated consecutively at the outpatient chemotherapy
department at University Hospital, Kyoto Prefectural
University of Medicine. Patients underwent chemother-
apy, including oxaliplatin, between March 2006 and June
2012. We analyzed the patients’ clinical backgrounds (eg,
age, sex, performance status, disease stage, and allergic
history) to uncover any connections to the development
of HSR to oxaliplatin. In addition, we rechallenged 10
patients who had oxaliplatin-related HSR using prophy-
lactic agents or desensitization procedures.

Findings: Of 162 patients, 28 (17.2%) developed
oxaliplatin-related HSRs (16, 2, 9 and 1 patient had
grade 1, 2, 3, and 4 HSRs, respectively). The total
cumulative dose of oxaliplatin at the onset of the HSR
was 301 to 1126 mg/m2 (median, 582 mg/m2), and
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the first reactions developed in these patients after 5 to
17 infusions of oxaliplatin (median, 8 infusions).
Logistic regression analysis indicated that sex (male:
odds ratio ¼ 3.624; 95% CI, 1.181–11.122; P ¼
0.024) and eosinophil count in peripheral blood (odds
ratio ¼ 35.118; 95% CI, 1.058–1166.007; P ¼ 0.046)
were independent variables for oxaliplatin-related
HSRs. Rechallenging patients with prophylactic
agents was successful in 2 (28.6%) of 7 patients
who successfully completed their treatment. On the
other hand, all 3 patients rechallenged with oxalipla-
tin using a desensitization protocol successfully com-
pleted their treatment without new HSRs.

Implications: In this retrospective study, we ob-
served that being male and having higher counts of
peripheral eosinophil could be predictors for HSR to
oxaliplatin. In addition, this study confirms that
oxaliplatin desensitization protocol allows patients
who developed HSRs to continue with their treatment.
However, the optimum desensitization protocol for
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oxaliplatin administration in terms of tolerability and
efficacy needs to be defined. (Clin Ther. 2015;]:]]]–]]])
& 2015 Elsevier HS Journals, Inc. All rights reserved.

Key words: colorectal cancer, desensitization, hy-
persensitivity reaction, oxaliplatin.

INTRODUCTION
Oxaliplatin is a third-generation platinum compound
that has efficacy against colorectal cancer (CRC).1 In
Japan, oxaliplatin is approved for disease manage-
ment in both metastatic and adjuvant settings in
combination with 5-fluorouracil (5-FU) and leuco-
vorin (LV) or capecitabine.2,3 In addition, it is also
used in a wide variety of tumors, including pancreatic,
biliary, gastroesophageal, and gynecologic malignant
tumors.4 In recent years, however, the extensive use of
oxaliplatin has been accompanied by an increase in
various adverse reactions in patients.

The major adverse events associated with oxaliplatin
include nausea, vomiting, myelosuppression, and neuro-
toxicity. Of these, neurotoxicity is the most prominent
and limits the clinical use of oxaliplatin. In addition to
cumulative neuropathy, hypersensitivity reaction (HSR)
also limits the clinical use of oxaliplatin.4–7

Patients experiencing hypersensitivity have several
symptoms, such as rash, itching, urticaria, flushing,
burning, palmar, edema of the face and hands,
abdominal cramping, diarrhea, back pain, and pruri-
tus.5,6,8,9 In some cases, more severe symptoms man-
ifest, such as tachycardia, bronchospasm, hypotension
or hypertension, and seizures; these anaphylaxis
symptoms are sometimes life-threatening. Although
in earlier studies the incidence of HSR was found to be
o2%, recent reports have found occurrence rates as
high as 10% to 25%.5,7,10 Identifying high-risk
patients early to expedite their treatment is of great
clinical importance because oxaliplatin-related HSR
may be fatal to patients in critical condition. Although
oxaliplatin-related HSR is a pressing concern, little
information is available on the risk factors involved,
and only 4 known studies have explored this issue by
multivariate analysis.11–14 As a result, there are no
confirmed risk factors for oxaliplatin-related HSR that
can be effectively applied in clinical practice.

Efforts to combat oxaliplatin-related neurotoxicity
have yielded progress. One such result is the stop-and-go
method developed in the Optimized Leucovorin-
Fluorouracil-Oxaliplatin (OPTIMOX1) trial.15 The
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strategy involves treating patients intermittently by
discontinuing and reintroducing oxaliplatin treatment
for a defined period to avoid oxaliplatin neurotoxicity.16

The stop-and-go strategy has yielded clinical effi-
cacy comparable to conventional continuous treat-
ment but with lower incidences of neurotoxicity.14

However, in the OPTIMOX1 trial, the true impact of
oxaliplatin reintroduction on overall survival was
potentially masked by the fact that a large number
of patients did not receive the planned oxaliplatin
reintroduction. In further research performed on this
issue, de Gramont et al17 found that oxaliplatin
reintroduction had an independent and significant
positive impact on overall survival (hazard ratio ¼
0.51, P ¼ 0.009, 95% CI ¼ 0.30-0.90) in patients
with advanced CRC. Thus, in patients who develop
HSR during consecutive oxaliplatin-based treatments,
the expectation is that if the readministration of
oxaliplatin is tolerable after a pause in treatment, it
would likely have a significant positive effect on the
prognosis of patients with advanced CRC.

Readministering oxaliplatin to patients with HSRs
has been attempted using several methods, such as
using prophylactic agents (ie, hydrocortisone and
antihistamines), extending administration time, and
using desensitization procedures.18–20 Some studies
have successfully readministered oxaliplatin to patients
with HSRs using prophylactic agents, whereas several
other studies had reported success using the desensiti-
zation protocol.21–24 In many cases, treatment started
with minute amounts of oxaliplatin, and then consec-
utively higher concentrations were administered to
patients. Despite such promising outcomes, the pre-
ventive effect of premedicating and desensitizing pa-
tients with HSRs remains controversial.7,19,20,25

In this study, we retrospectively analyzed the data
of CRC patients treated with oxaliplatin-based che-
motherapy and investigated which clinical parameters
were possible risk factors for oxaliplatin-related HSR.
Moreover, we evaluated the efficacy of rechallenging
patients with HSRs with oxaliplatin using prophylac-
tic agents and a desensitization protocol.

MATERIALS AND METHODS
Patients

This retrospective study is based on recorded CRC
cases at the University Hospital of Kyoto Prefectural
University of Medicine. The sample consisted of 162
outpatients (88 men and 74 women) with CRC, who
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were treated with oxaliplatin-based chemotherapy be-
tween March 2006 and June 2012. Patients were
selected consecutively with no particular exclusion
criteria. All resulting oxaliplatin-related HSRs were
graded according to the National Cancer Institute
Common Toxicity Criteria version 3.0. This research
was approved by the Ethics Commission of the Kyoto
Prefectural University of Medicine. The Ethics Commis-
sion did not require written informed consent from each
patient for the retrospective analysis of this research.

Desensitization Protocol
We used the modified desensitization protocol de-

signed by Nozawa et al.25 Briefly, 20 mg of
dexamethasone, 20 mg of famotidine, 50 mg of diphen-
hydramine, and 10 mg of domperidone were
administered to patients before chemotherapy. Next,
starting with the weakest, a series of diluted oxaliplatin
(1/10,000, 1/1,000, 1/100, and 1/10 dilutions of the total
Desensitization protocol for L-OHP inco

5-FU 400mg/m2
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Figure. Densitization protocol for the 5-fluorouracil (
regimen in this study. Patients were orally prem
famotidine, 50 mg of diphenhydramine, and 10
oxaliplatin (1/10,000, 1/1,000, 1/100, and 1/10
during 4 hours (1 hour for each dilution). Durin
premedication that consisted of 100 mg hydroco
dose of oxaliplatin was administered during the
remaining oxaliplatin infusion, LV was simult
administered by bolus injection, followed by a
46 hours.
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oxaliplatin dose) was infused consecutively for 4 hours
(1 hour per dilution). The fifth and final infusion of
oxaliplatin was given in the next 4 hours. At the same
time the last oxaliplatin infusion was started, 100 mg of
hydrocortisone and 3 mg of granisetron were
administrated as additional premedication. Undiluted
oxaliplatin was also administered for 4 hours, and for
the final 2 hours, LV was infused simultaneously. Next,
5-FU (400 mg/m2) was administered by bolus injection,
then immediately following, 5-FU (2400 mg/m2) was
administered by continuous injection for 46 hours
(Figure). If the first round of infusion was well
tolerated, we skipped the 1/10,000 oxaliplatin infusion
in the second round; the other infusions remained similar
to that of the first round of the desensitization procedure.

Statistical Analysis
Information concerning all patients was obtained

from their medical records in accordance with local
mbination with I-LV and 5-FU infusion

5-FU 2400mg/m2

amethasone 20mg, Famotidine 20mg,
henhydramine 50 mg, Domperidone 10mg

rocortisone 100mg, granisetron 3mg

46 h

ed L-OHP (1:10,000, 1:1,000, 1:100,
tal dose) over 4hrs (1hr for each dilution),
remaining doses of L-OHP over the next 4hrs

5-FU), leucovorin (LV), and oxaliplatin (FOLFOX)
edicated with 20 mg of dexamethasone, 20 mg of
mg of domperidone (P1). Then a series of diluted
dilutions of the total oxaliplatin dose) was infused
g this time, patients were given a second round of
rtisone and 3 mg of granisetron (P2). The remaining
next 4 hours. For the final 2 hours of starting the
aneously infused. Then 5-FU (400 mg/m2) was
continuous infusion of 5-FU (2400 mg/m2) for
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regulations. The baseline characteristics of patients were
compared using the χ2 test (applying Yates correction
when necessary) for categorical variables and the t test
for continuous variables. Relevant predictors of hyper-
sensitive reactions to oxaliplatin were first examined
with univariate analysis and then estimated by logistic
regression analysis using a multivariate model, including
all variables with a possible association with the out-
comes of interest (P o 0.20 after univariate analysis).
P o 0.05 was considered statistically significant.
RESULTS
Patient Characteristics

In this study, we retrospectively analyzed the
records of 162 CRC outpatients who were consec-
utively treated with oxaliplatin-based regimens. Their
background characteristics are listed in Table I. The
median age was 64 years (range, 33–85 years), and of
the 162 patients, 88 (54.3%) were male and 74
(45.7%) were female. Approximately 83% of
patients had an Eastern Cooperative Oncology
Group performance score of r1. Ninety-seven pa-
tients (59.9%) had received modified 5-FU, LV, and
oxaliplatin (mFOLFOX6; oxaliplatin (85 mg/m2) and
LV (200 mg/m2) were infused for 2 hours. Subse-
quently, a bolus dose of 5-FU (400 mg/m2) was
injected intravenously, followed by infusion of 5-FU
(2400 mg/m2) for 46 hours. This regimen was re-
peated every 2 weeks), 48 patients received capecita-
bine plus oxaliplatin (XELOX; capecitabine of
Table I. Patient characteristics.

Characteristic

Age, median (range), y
Male/female sex
Performance status 0/1/Z2
Chemotherapy

mFOLFOX6/XELOX/other
First-line/second-line/third-line or greater therapy
Metastatic/adjuvant

Nonantibody/anti-VEGF/anti-EGFR combination therapy

EGFR ¼ epidermal growth factor; mFOLFOX6 ¼ modified 5-FU
factor; XELOX ¼ capecitabine plus oxaliplatin.
*Data are presented as number of patients unless otherwise ind
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1,000 mg/m2 (orally administered twice a day on days
1–14) and oxaliplatin at 130 mg/m2 (on day 1, as
intravenous for 2 hours). The regimens were repeated
every 3 weeks after initiation of the first cycle), and 17
patients received other regimens. A total of 121
patients (74.7%) were treated with oxaliplatin for
palliative therapy, and 41 (25.3%) received adjuvant
therapy. Ninety-seven patients (59.9%) had received
oxaliplatin as first-line chemotherapy. Oxaliplatin was
administered in combination with anti–vascular endo-
thelial growth factor antibody agent in 64 patients
(39.5%) and with anti–epidermal growth factor re-
ceptor antibody agents in 6 patients (3.7%).
Background of Patients Who Did or Did Not
Develop HSRs

Of 162 patients, 28 (17.2%) developed oxaliplatin-
related HSRs, 9 (5.6%) of whom were severe. The first
reactions were evident after a median of 8 infusions of
oxaliplatin (range, 5–17 infusions). The median accumu-
lative dose was 582 mg/m2 (range, 301–1126 mg/m2).

To identify the potential risk factors for the devel-
opment of oxaliplatin-related HSRs, clinical variables
were compared between patients who developed HSRs
and those who did not. As indicated in Table II,
compared with patients without HSRs, the proportion
of males was significantly larger and the cell counts of
eosinophil and basophil in peripheral blood were
significantly higher in patients with HSRs. In addi-
tion, patients with HSRs had significantly higher levels
No. of Patients*

64 (33–85)
88/74

35/99/28

97/48/17
97/32/33
121/41
92/64/6

, LV, and oxaliplatin; VEGF ¼ vascular endothelial growth

icated.
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Table II. Background of patients who did or did not develop HSR.

Parameter
Patients with HSRs

(n ¼ 28) Patients Without HSRs P

Age, mean (SD), y 60.96 (12.02) 64.36 (10.38) 0.13
Male/female sex, no. (%) 20 (71)/8 (29) 68 (51)/66 (49) 0.046
Performance status 0/1/Z2, no. (%) 23 (82)/5 (18) 111 (83)/23 (17) 0.93
Allergic history, no. (% yes) 9 (32) 42 (31) 0.93
Stage I/II/IIIa/IIIb/IV no. (%) 0/0/1 (4)/1 (4)/26 (92) 1 (0.7)/1 (0.7)/6 (4.5)/9

(6.7)/116 (86.6)
0.92

Metastasis, no. (% yes) 27 (96) 120 (90) 0.254
mFOLFOX6/XELOX/other regimen no. (%) 19 (68)/8 (29)/1 (4) 78 (58)/40 (30)/16 (12) 0.38
Line of chemotherapy, mean (SD) 1.79 (1.17) 1.80 (1.35) 0.96
Nonantibody/anti-VEGF/anti-EGFR combination

therapy no. (%)
12 (43)/16 (57)/0 80 (60)/48 (37)/6 (4) 0.079

Biochemical examination of blood, mean (SD)
WBC count, �103/μL 4.82 (1.27) 4.97 (1.86) 0.69
Lymphocytes 1.57 (0.55) 1.60 (0.57) 0.81
Neutrophils 2.56 (1.03) 3.13 (4.59) 0.51
Eosinophils 0.18 (0.17) 0.13 (0.98) 0.03
Basophils 0.061 (0.185) 0.026 (0.023) 0.03

Hemoglobin, g/dL 12.81 (1.60) 11.93 (1.70) 0.01
Platelets, �103/μL 160.68 (48.01) 165.70 (78.86) 0.75
LDH, U/L 253.68 (165.01) 264.65 (150.99) 0.73
AST, U/L 34.57 (16.81) 34.28 (19.88) 0.94
ALT, U/L 35.39 (44.49) 26.10 (17.35) 0.07
ALP, U/L 419.79 (392.81) 352.37 (230.71) 0.22
γ-GT, U/L 124.96 (248.57) 70.85 (80.07) 0.04
Albumin, g/dL 3.93 (0.34) 3.94 (0.48) 0.88
Creatinine, mg/dL 0.71 (0.19) 0.69 (0.25) 0.77

HSR grades 1/2/3/4 15/4/8/1
Total no. of therapy cycles (range) 8.5 (3–11)
Cumulative amount of oxaliplatin (range), mg/m2 959 (516–1500)

ALT ¼ alanine transaminase; ALP ¼ alkaline phosphatase; AST ¼ aspartate aminotransferase; EGFR ¼ epidermal growth
factor; γ-GT ¼ γ glutamyl transpeptidase; HSR ¼ hypersensitivity reaction; LDH ¼ lactate dehydrogenase; mFOLFOX6 ¼
modified 5-FU, LV, and oxaliplatin; VEGF ¼ vascular endothelial growth factor; WBC ¼ white blood cell; XELOX ¼
capecitabine plus oxaliplatin.
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of hemoglobin and γ-glutamyl transpeptidase than
patients without HSRs. Although the alanine trans-
aminase level tended to be higher in patients with
HSRs, the difference did not reach statistical signifi-
cance (P ¼ 0.07). In addition, patients with HSRs
trended to be younger than those without HSRs, but
this finding also did not reach statistical significance
(P ¼ 0.13). Other clinical factors were relatively
similar between the HSR and non-HSR groups.

Next, we analyzed the potential risk factors be-
tween patients with mild HSRs (grade Z2) and
patients with severe HSR (grade r3). As indicated
in Table III, the time between the start of oxaliplatin
] 2015
infusion and the onset of HSR was significantly
shorter in patients with severe HSRs than in patients
with mild HSRs (18 vs 54 minutes, P ¼ 0.001).

Determining Risk Factors of Oxaliplatin-Related
HSR Using Multivariate Models

Logistic regression analysis using patient variables
(ie, age, sex, eosinophil and basophil count in peripheral
blood, hemoglobin level, alanine transaminase and
γ-glutamyl transpeptidase levels, and combination with
molecular target drugs, such as antivascular endothelial
growth factor and antiepidermal growth factor receptor
antibodies) indicated that sex (male: odds ratio ¼ 3.624;
5



Table III. Background comparison with multivariate analysis between mild and severe HSR.

Variable
Grade r2 HSR

(n ¼ 19)
Grade Z3 HSR

(n ¼ 9) P

Age, mean (SD) 58.05 (10.87) 67.11 (12.60) 0.61
Male/female sex, no. (%) 14 (73.7)/5 (26.3) 6 (66.7)/3 (33.3) 0.70
Performance status 0, 1/Z2, no. (%) 14 (73.7)/5 (26.3) 9/0 0.09
Allergic history, no. (% yes) 6 (31.6) 3 (33.3) 0.93
mFOLFOX6/XELOX/other regimen, no. (%) 14 (73.7)/5 (26.3)/0 5 (55.6)/3 (33.3)/1 (11.1) 0.29
Line of chemotherapy, mean (SD) 1.79 (1.23) 1.78 (1.09) 0.98
Total injected oxaliplatin quantity,

mean (SD), mg/m2
609 (241) 618 (217) 0.92

Onset time from state of oxaliplatin
infusion, mean (SD), min

54.26 (27.58) 17.89 (6.72) 0.001

HSR ¼ hypersensitivity reaction; mFOLFOX6 ¼ modified 5-FU, LV, and oxaliplatin; XELOX ¼ capecitabine plus oxaliplatin.
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95% CI, 1.181–11.122; P ¼ 0.024) and eosinophil
count in peripheral blood (odds ratio ¼ 35.118; 95%
CI, 1.058–1166.007; P ¼ 0.046) were independent
variables for oxaliplatin-related HSR (Table IV).

Oxaliplatin Rechallenge with Prophylactic Agent
Of the 28 patients who developed oxaliplatin-

related HSRs, 7 were rechallenged after being
premedicated with corticosteroids or administered
antihistamine (H1 and/or H2) or both. Of these,
6 had grade 1 HSR and 1 patient had grade 3 HSR.
Table IV. Logistic regression analysis using patient varia

Parameter

Age
Male sex
Biochemical examination of blood

Eosinophil count
Basophil count
Hemoglobin
ALT
γ-GT

Nonantibody/anti-VEGF/anti-EGFR combination therapy

ALT ¼ alanine transaminase; EGFR ¼ epidermal growth factor; γ
vascular endothelial growth factor.

6

Two (28.6%) of 7 patients successfully completed their
oxaliplatin-based treatments after being rechallenged
with prophylactic agents. Three patients (42.9%)
developed HSR when rechallenged. The remaining 2
(28.6%) reacted favorably to their first reintroduction
to oxaliplatin but later developed HSRs after the
second treatment. Treatment with oxaliplatin was
discontinued in these 2 cases; however, 1 case became
successful when the patient received oxaliplatin read-
ministered with a desensitization protocol (patient 6 in
Table V and case 1 discussed below).
bles.

OR (95% CI) P

0.984 (0.942–1.028) 0.477
3.624 (1.181–11.122) 0.024

35.188 (1.058–1166.007) 0.046
240.639 (0.112–515,218.632) 0.161

1.148 (0.842–1.566 0.383
1.008 (0.992–1.024) 0.331
0.999 (0.992–1.006) 0.871

0.101

-GT ¼ γ glutamyl transpeptidase; OR ¼ odds ratio; VEGF ¼
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Table V. Oxaliplatin rechallenge with a prophylactic agent.

Patient No. Age, y Sex
Grade of
Allergy

Increased
Corticosteroid

Dosage Antihistamines Desensitization

Successful
Reintroduction of

Oxaliplatin

1 76 M 1 Done H1, H2 — o(þ8 cycles)-X
2 55 M 1 — H1, H2 — O
3 70 F 1 — H1 — X
4 62 M 1 — H1 — O
5 36 M 1 — H1 — X
6 74 M 3 Done H1, H2 Done Premedication �

desensitization o
7 72 M 1 Done H1 — o(þ17 cycles)-X

H1 ¼ histamine 1; H2 ¼ histamine 2; O ¼ success; X ¼ unsuccess.

T. Okayama et al.
Meanwhile, an additional 2 of 28 HSR patients did
not receive higher doses of premedication; however,
they were rechallenged with oxaliplatin using a de-
sensitization protocol (case 2 and 3 mentioned below)
(Table V).

Oxaliplatin Rechallenge with Desensitization
Protocol

Three of 28 HSR patients (1 with grade 2 HSR and
2 with grade 3 HSR) were rechallenged with oxali-
platin using a desensitization protocol. Their treat-
ment and outcome are as follows.

Case 1
A 74-year-old man was diagnosed as having stage

IV rectal cancer with multiple liver metastases in
November 2009. From December 2009, he was
treated with mFOLFOX6 chemotherapy regimen plus
bevacizumab every 2 weeks as first-line therapy. The
patient had a partial response with a decrease in the
size of measurable liver lesions. With cycle 5 of
therapy, he developed a grade 3 oxaliplatin-related
HSR, exhibiting symptoms that included hypotension,
rash, and abdominal pain. Two weeks later, he was
rechallenged with oxaliplatin after being premedicated
with 100 mg of hydrocortisone and H1/H2 antihist-
amines. Once again, the patient developed a grade 3
HSR, and treatment was discontinued. Subsequently,
he was treated with 41 cycles of 5-FU, LV, and
irinotecan (FOLFIRI) as second-line chemotherapy
from March 2010 to November 2011, followed by 4
cycles of S-1 and irinotecan from December 2011 to
] 2015
March 2012. These regimens were discontinued due
to tumor progression and adverse effects. Next, he
was treated with 5-FU and LV (LV5FU2) from April
2012, but after 6 cycles, this regimen was discontin-
ued because of tumor progression.

Because there were no other alternative oxaliplatin-
free chemotherapy schemes, it was suggested that the
patient consider being rechallenged with oxaliplatin.
After signing an informed consent, the patient was
admitted to our hospital. On July 18, 2012, oxalipla-
tin was readministered in 5 serial dilutions from
1:10000 to 1:1 using a desensitization protocol
(Figure 1). The patient tolerated this desensitization
regimen very well without any symptoms of HSR. In
the next cycle, he was administered oxaliplatin in 4
serial dilutions starting at 1:1000 of total dose. He
subsequently tolerated an additional 7 cycles of the
oxaliplatin-based regimen until January 2013 as an
outpatient. Therapy was later discontinued, however,
because of tumor progression and an overall deterio-
ration in the patient’s general health.
Case 2
A 55-year-old woman was diagnosed as having

stage IV rectal cancer with multiple liver and lung
metastases in June 2009. She had bowel obstruction
and underwent palliative resection of the tumor.
Approximately 3 weeks after surgery, she was treated
with XELOX plus bevacizumab as first-line chemo-
therapy. With cycle 3 of therapy, she developed a
grade 2 oxaliplatin-related HSR (dyspnea), and the
7
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XELOX regimen was discontinued. Subsequently, she
was treated with FOLFIRI plus cetuximab as second-
line chemotherapy. After 3 cycles of FOLFIRI, she had
tumor progression and a loss of appetite; as a result,
the FOLFIRI regimen was discontinued. Because she
had a partial response while taking oxaliplatin, it was
thought that an oxaliplatin-based regimen was the
best option to control tumor growth. The patient
consented to rechallenging oxaliplatin and was admit-
ted to our hospital on December 12, 2011. She was
treated with an oxaliplatin-containing regimen using a
desensitization protocol (Figure); however, although
she subsequently tolerated an additional 5 cycles
without HSRs, therapy was discontinued because of
tumor progression.

Case 3
A 57-year-old man was diagnosed as having stage

IV rectal cancer with multiple liver metastases in
January 2011 and underwent palliative resection due
to bowel obstruction on February 2, 2011. He was
treated with mFOLFOX6 plus bevacizumab as first-
line chemotherapy from March 31. With 10 cycles of
chemotherapy, he developed a grade 3 HSR to
oxaliplatin (dyspnea and hypotension), and the
mFOLFOX regimen was discontinued. Subsequently,
he was treated with 6 cycles of FOLFIRI plus
cetuximab as second-line chemotherapy, but the pa-
tient experienced tumor progression. We concluded
that it would be difficult to control tumor growth, and
it was suggested that he be rechallenged with oxali-
platin. He consented to the treatment, and he received
oxaliplatin-based treatment on January 19, 2012,
using a desensitization protocol (Figure 1). Although
he tolerated an additional 3 cycles without HSR, the
therapy was discontinued because of central venous
port infection.

DISCUSSION
Oxaliplatin, a third-generation platinum agent, is
widely used in chemotherapy regimens to treat many
kinds of cancers.1,3 It is one of the primary drugs
indicated for advanced colon cancer therapy; how-
ever, patient hypersensitivity to this drug often leads
to the interruption of treatment. The Multicenter
International Study of Oxaliplatin/ 5FU-LV in the
Adjuvant Treatment of Colon Cancer (MOSAIC)
trial, in which 41100 patients with CRC received
5-FU with oxaliplatin, reported a 10.3% incidence of
8

HSR, and this was one of the major reasons the
treatment was discontinued.26 It was reported that the
rate of occurrence of HSR was different for each
generation of platinum agents,5,8,9,12,27 and the fre-
quency of oxaliplatin-related HSR is relatively low.
However, recently, the incidence of oxaliplatin-related
HSR is increasing as a consequence of the increasing
clinical use of oxaliplatin in both adjuvant and
metastatic treatments of CRC and other malignant
tumors.5,28,29 Recent reports place the incidence of
HSR at 10% to 25% (1.% –7.3% for events of grade
Z3).10,11,29 In this study, the incidence of oxaliplatin-
related HSRs was 17.3%, whereas the incidence of
severe HSR (grade 3 or 4) was comparatively low
at 0.56%.

Recently, Kidera et al19 found that increased
dosage of dexamethasone and antihistamine from
the sixth cycle of mFOLFOX6 treatment significantly
reduced the frequency of oxaliplatin-related HSR.
This strategy would be promising to suppress the
occurrence of oxaliplatin-related HSR, but there are
drawbacks to increasing the dose of prophylactic
agents, such as corticosteroids, to all patients because
of the possibility of severe adverse effects. A more
desirable strategy therefore would be to increase the
dosage of prophylactic agents only to patients with a
high risk of oxaliplatin-related HSR. However, im-
plementing this strategy is challenging because reliable
methods for predicting the risk of oxaliplatin-related
HSR have not been established. Prediction methods
that hold promise, such as the prick and intradermal
skin tests, remain controversial.21,30,31 Thus, it is
important to explore the risk factors of oxaliplatin-
related HSR to establish an effective patient manage-
ment strategy.

Little information is available about the risk factors of
oxaliplatin-related HSR. To our knowledge, only 4
investigations have previously attempted to identify
potential predictive factors by multivariate analysis.11–14

Kim et al12,13 analyzed the possible association be-
tween oxaliplatin-related HSR and clinical character-
istics and found that younger patients, females, and
patients receiving oxaliplatin in salvage regimens were
more likely to experience oxaliplatin-related HSR. On
the basis of multivariate analysis, Mori et al14 re-
ported that being young and having an oxaliplatin-
free interval were independent risk factors, whereas
Shao et al11 reported higher oxaliplatin dose per infu-
sion as an independent risk factor. Moreover, a recent
Volume ] Number ]
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study13 found that a lower dose of dexamethasone
(o20 mg) could be a positive risk factor. In our study,
all patients except one were taking the same dose of
dexamethasone (6.6 mg) as premedication; however,
the aforementioned variables that were previously
reported as potential risk factors were not significant
in our study. On the contrary, we found that high
levels of eosinophil in peripheral blood and being male
were independent risk factors for oxaliplatin-related
HSR. Eosinophil, a type of immune cell, is considered
to mediate allergic responses, so in patients with high
eosinophil counts certain mechanisms may exist for
HSR to oxaliplatin.

It is clear that among all these studies, including the
study being presented here, there is no risk factor that
that has been identified consistently enough to make it
a reliable and definite risk factor for HSR. The
observed differences in these studies may result, in
part, not only from the ethnic differences of partic-
ipants but also from differences in the research design.
Moreover, all studies were based on a retrospective
design, so some medical records may have been
insufficient or inadequate. To resolve these problems,
more large-scale clinical studies based on a prospective
design are needed.

The tolerable rechallenge of oxaliplatin after a
patient has developed an HSR can be problematic,
and various approaches, such as using prophylactic
agents (eg, corticosteroids and antihistamines), ex-
tending administration time, and using desensitization
procedures, are currently being used with varied
results. As for the modified premedication approach
using prophylactic agents, Shibata et al10 reported
that 8 (72.7%) of 11 patients who experienced a
grade 1 or 2 oxaliplatin-related HSR underwent
tolerable oxaliplatin readministration with prophylac-
tic agents. Siu et al28 readministered oxaliplatin using
prophylactic agents in 14 patients who had developed
grade 1/2 HSRs, and 10 cases (71.4%) were
successful. On the other hand, Brandi et al5 reported
that only 1 (16.7%) of 6 patients was successful and
the other patients (83%) developed HSRs again when
oxaliplatin was readministered with prophylactic
agents. In our study, modified premedication with
prophylactic agents was effective in 2 (28.6%) of 7
patients who successfully completed their oxaliplatin-
based treatment. Rechallenging oxaliplatin using pro-
phylactic agents may be feasible if their use is limited
to patients who developed grade 1/2 (not grade 3/4)
] 2015
HSRs. Although urgently needed, there is no stand-
ardized protocol available for premedicating patients
to prepare them for rechallenging oxaliplatin.

As for desensitization procedures, findings from
several studies are encouraging. Although these stud-
ies involved a relatively small sample (1–3 patients),
most reports had a 100% success rate using desensi-
tization procedures to rechallenge oxaliplatin.23–25,32

Cortijo-Cascajares et al21 readministered oxaliplatin
using desensitization protocols in 21 patients who had
developed grade 2 (67%) or grade 3 (33%) HSRs, and
89% of these patients did not develop a new HSR.
Although new HSRs of mild severity occurred in 11%
patients, none of the cases were severe enough to
warrant the cessation of treatment, and all patients
completed the desensitization protocols. In our study,
desensitization protocol was administered to 3
patients who had developed grade 2 (1 patient) or
grade 3 (2 patients) HSRs, and all patients successfully
completed their oxaliplatin-based treatments. These
results seem promising, and we are surmising that
desensitization procedures may be useful in rechal-
lenging oxaliplatin not only in patients with grade 1/2
HSRs but also in those with grade 3 HSRs. However,
in deciding whether to use desensitization procedures,
the potential benefits of rechallenging patients with
oxaliplatin should be weighed against the risks of
patients developing new HSR.

As discussed above, there are several encouraging
reports about procedures to desensitize patients to
oxaliplatin, but the desensitization protocols used in
these studies are varied in terms of the prophylactic
agents used, infusion time, and the administration of
increasing concentrations of oxaliplatin. For the tol-
erable readministration of oxaliplatin and the preven-
tion of life-threatening anaphylactic reactions, a
standard desensitization protocol is needed. Although
it is possible that the maximum blood concentration
level of oxaliplatin can be reduced with a desensitiza-
tion protocol, it is still doubtful whether this will
result in decreased antitumor activity.17 Therefore,
this makes it necessary to validate the efficacy of
desensitization protocols for HSR.

CONCLUSION
In conclusion, this retrospective study was conducted
to clarify the risk factors for oxaliplatin-related HSR
and the efficacy of the desensitization protocol. Our
findings suggest that being male and having high levels
9
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of peripheral eosinophil may increase the risk of HSR.
Unfortunately, our results do not concur with risk
factors suggested in other reports; therefore, among
the studies performed to date (including our own),
there is still no consensus on the risk factors for HSR.

In addition, although our results suggest that desen-
sitization procedures could be an effective treatment
option for oxaliplatin-related HSR, a standard protocol
that is optimized in terms of efficacy and tolerability
still needs to be established so that treatment proce-
dures can be replicated for more consistent results.
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