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Cyclophosphamide desensitization in
patients with severe hypersensitivity
reactions to bendamustine
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Abstract

Introduction: Cyclophosphamide is a nitrogen mustard alkylator employed in the treatment of many malignancies and
autoimmune disorders. Despite reports of cyclophosphamide hypersensitivity ranging from rash to anaphylaxis, no cases
of desensitization have been reported in the oncologic setting.

Case report: We report a cyclophosphamide desensitization protocol used for two patients who experienced severe
hypersensitivity to bendamustine, a structurally related drug with potential cross immunogenicity.

Management and outcome: An interdisciplinary approach including immunologist, oncologist, and clinical pharma-
cists resulted in the development of a multi-step desensitization protocol for cyclophosphamide. The desensitization
protocol described enabled the safe administration of cyclophosphamide for the two patients with limited treatment
alternatives.

Discussion: To the authors’ knowledge, this is the first report of cyclophosphamide desensitization in the oncologic
setting. Two patients with advanced hematologic malignancies were able to receive cyclophosphamide with minimal

adverse effects, despite experiencing previous severe hypersensitivity to another nitrogen mustard analogue.
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Introduction

Cyclophosphamide is a nitrogen mustard alkylator
employed in the treatment of many malignancies and
autoimmune disorders. Despite the approval of several
novel agents in recent years, hyperfractionated cyclo-
phosphamide-based regimens remain viable options for
patients with relapsed or refractory hematologic malig-
nancies. In this setting, cyclophosphamide is used at
300-350 mg/m” intravenously every 12h for three or
four days.'*

Hypersensitivity reactions, ranging from urticaria to
anaphylaxis, have been reported with varying doses of
cyclophosphamide.®* In cases where treatment options
may be limited for patients with advanced disease, such
complications may preclude use of other agents in
the same drug class and adversely affect outcomes.
Reports of desensitization to antineoplastics have

been primarily limited to platinums, taxanes, and
monoclonal antibodies.” We present two cases of cyclo-
phosphamide desensitization in patients with prior
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severe hypersensitivity to bendamustine, a nitrogen
mustard with potential cross immunogenicity due to
the presence of a shared dual 2-chloroethyl functional
group (Figure 1).

Case one

A 61-year-old female with a history of diverticulitis and
allergic rhinitis was diagnosed with multiple myeloma
in 2012. Over subsequent years, her disease progressed
through multiple lines of treatment. In March 2016, on
day one, cycle five of -carfilzomib—bendamustine—
dexamethasone, the patient became hypotensive and
developed chest tightness, palpitations, and lip/tongue
swelling while receiving bendamustine. Hydrocortisone,
epinephrine, and diphenhydramine were administered
and the patient was immediately referred to the emer-
gency center, where her symptoms resolved within a few
hours. She was not re-challenged with bendamustine
and subsequently received an alternative chemotherapy
regimen.

In November 2016, her disease progressed and a
hyperfractionated cyclophosphamide-based regimen
with dexamethasone (dex) was selected for rapid cytor-
eduction. Considering the potential for immunologic
cross-reactivity between bendamustine and cyclophos-
phamide, the immunology service recommended
desensitization.

Case two

A 70-year-old female with a history of depression was
diagnosed with mantle cell lymphoma in February
2016. While receiving cycle two of bendamustine—ritux-
imab, she developed severe flushing, a widespread rash,
chest tightness, and swelling of the lip and tongue
within a few minutes after starting the first dose of
bendamustine. On the following day, she received a
second dose of bendamustine and developed recurrent

symptoms. Due to this intolerance, therapy was chan-
ged to ibrutinib.

In February 2017, the patient was admitted to
receive hyperfractionated cyclophosphamide and dexa-
methasone for relapsed disease. The immunology ser-
vice was consulted and recommended desensitization
due to the severity of the previous reaction to
bendamustine.

Management and outcomes

An interdisciplinary approach including immunologist,
oncologist, and clinical pharmacists resulted in the
development of a multi-step desensitization protocol
for cyclophosphamide (Table 1).

Patient one was admitted to the intensive care unit
(ICU) for close monitoring; each of the eight cyclo-
phosphamide doses (350 mg/m?*/dose) were adminis-
tered through four successive doses of increasing
concentration. Several premedications were adminis-
tered prior to the first bag of each desensitization.
The patient tolerated all doses without significant com-
plications, developing only transiently elevated blood
pressure. One month later, she received the second
cycle. This time, after tolerating the first dose in the
ICU, she was transferred to a general floor to receive
the remaining doses by desensitization. After two
cycles, the patient’s disease progressed, requiring a
change in therapy.

Patient two was admitted to the ICU for six doses
(300 mg/m?/dose) of cyclophosphamide, which were
administered over three days according to the same
protocol as in case one (Table 1). The patient developed
pruritus and mild chest pain on day two; the treatment
was otherwise well tolerated and the patient was dis-
charged with supportive medications, including
allopurinol.

Four days later, the patient was admitted after pre-
senting with a widespread pruritic, petechial rash.
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Figure 1. Comparative chemical structures.
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Table I. Cyclophosphamide desensitization protocol.

Cyclophosphamide
dose™®
Bag # (% of total dose) Infusion time
| 0.1% First dose: | hour;
Subsequent doses: 0.5 hour
2 1% First dose: | hour;
Subsequent doses: 0.5 hour
3 10% First dose: | hour;
Subsequent doses: 0.5 hour
4 88.9% All doses: 2 hours

Premedication regimen

Drug

Scheduling

Dexamethasone 20 mg IV

Hydrocortisone 50 mg IV
Diphenhydramine 25 mg IV
Famotidine 20 mg IV
Ondansetron 8 mg IV

Montelukast 10 mg by
mouth daily

Cetirizine 10 mg by

Given 30 min prior to
the administration
of bag #| of each dose

Initiated one day prior to
starting cyclophosphamide
and continued through the

mouth daily final dose of cyclophosphamide

Note: Mesna was provided as a continuous IV infusion on each day of
cyclophosphamide using a I:1 ratio.

All bags were prepared in 100 mL 0.9% sodium chloride.

®Next bag administered immediately after previous bag finished.

Since symptoms took seven days to appear after start-
ing cyclophosphamide, the immunology and dermatol-
ogy services believed the likelihood of immediate drug
hypersensitivity was low. A skin biopsy was not per-
formed since the symptoms resolved with steroids, anti-
histamines, and discontinuation of allopurinol. She
then received a second cycle of cyclophosphamide with-
out complications, but experienced disease progression.

Discussion

To the authors’ knowledge, this is the first report of
cyclophosphamide desensitization in the oncologic set-
ting. Two patients with advanced hematologic malig-
nancies were able to receive cyclophosphamide with
minimal adverse effects, despite experiencing previous
severe hypersensitivity to another nitrogen mustard
analogue.

Currently, the literature supporting this practice is lim-
ited to a single case report of a pediatric patient
who received cyclophosphamide for lupus.® The first
dose of cyclophosphamide was successful in treating the
patient’s disease, but was complicated by angioedema,
dyspnea, and hypotension. A 12-step desensitization
protocol previously developed by Castells et al. was

used for subsequent cyclophosphamide doses (1200 mg)
with no adverse effects.’ Additionally, a case of desensi-
tization to melphalan, another nitrogen mustard, was
reported for a patient with multiple myeloma undergoing
high-dose conditioning prior to stem cell transplantation.’

The protocol developed in the current series success-
fully desensitized both patients using a graded four-step
approach, mirroring a previous protocol for platinum
analogue desensitization.® The premedication regimen
was designed to target multiple mediators of allergic reac-
tions and was well tolerated by both patients. Both
patients tolerated each dose of cyclophosphamide with
mild adverse effects and no signs of acute hypersensitivity.

Neither patient underwent dermatologic testing to
confirm the presence of type I hypersensitivity to bend-
amustine or cyclophosphamide; however, data support-
ing such testing for these agents are limited.” In both
cases, the reactions to bendamustine occurred while
receiving doses beyond the first cycle, suggesting that
priming of the immune system by initial exposure may
have been involved in the development of drug-specific
antibodies. Notably, the first patient was previously
exposed to cyclophosphamide during chemomobiliza-
tion prior to stem cell collection. It is possible that the
lack of hypersensitivity to cyclophosphamide in this
patient may be the result of impaired immune reconsti-
tution following transplantation. The probability of
hypersensitivity to carfilzomib, which was concurrently
administered with bendamustine, is low due to the
patient’s tolerance of the drug in subsequent regimens.

In conclusion, the presented desensitization protocol
enabled the safe administration of cyclophosphamide
for two patients with limited treatment options.
Development of further protocols for other antineo-
plastics is warranted to expand access to treatment
for patients with hypersensitivity reactions.
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