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Diagnosis and management of hypersensitivity
reactions related to common cancer
chemotherapy agents

Christina Lee, MD; Mary Gianos, MD; and William B. Klaustermeyer, MD

Objectives: To review clinical hypersensitivity reactions related to common cancer chemotherapy agents and to discuss
potential management strategies.

Data Sources: PubMed searches were performed for articles published from 1970 to 2008 regarding hypersensitivity to cancer
chemotherapy and related agents using the keywords hypersensitivity, allergy, chemotherapy, platinums, taxanes, asparaginase,
epipodophyllotoxins, and procarbazine. Retrieved articles were surveyed for additional citations.

Study Selection: Articles were reviewed for relevance to the subject matter, and the most pertinent articles were included in
this review.

Results: Hypersensitivity reactions are commonly associated with the use of certain cancer chemotherapy drugs, including
platinums, taxanes, asparaginase, procarbazine, and epipodophyllotoxins. Platinum agents (cisplatin, carboplatin, oxaliplatin) are
associated with IgE-mediated hypersensitivity reactions, and skin testing may be indicated. Taxane (paclitaxel, docetaxel)-related
reactions are generally non—IgE mediated, and premedication with corticosteroids and antihistamines is usually effective. Asparaginase
has a high rate of hypersensitivity reactions that are likely IgE mediated or related to complement activation. Skin testing has been
recommended but has not been validated for asparaginase. Procarbazine reactions can be IgE mediated but are also associated with a
type III reaction manifested by pulmonary toxicity and cutaneous reactions. Hypersensitivity reactions related to epipodophyllotoxins
may involve both immunologic and nonimmunologic factors that may be avoided with a slow infusion and premedication.

Conclusion: With the increasing use of cancer chemotherapy agents, hypersensitivity reactions are commonly encountered.
Knowledge of the presentations of these reactions and management options give the treating physician the means to make an
informed decision of how best to proceed.
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INTRODUCTION

Hypersensitivity reactions have been documented for most
cancer chemotherapy. In the past decade the use of chemo-
therapy for neoplastic disease has increased significantly.
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Allergists are being consulted more often to assist in the
management of these hypersensitivity reactions. The inci-
dence of hypersensitivity reactions has been particularly sig-
nificant with certain chemotherapeutic agents, including plat-
inum compounds (cisplatin, carboplatin, oxaliplatin), taxanes
(paclitaxel, docetaxel), L-asparaginase, epipodophyllotoxins
(teniposide, etoposide), and procarbazine.! Reactions may be
related to the parent compound, their metabolites, or the
solvent. Manifestations of hypersensitivity reactions include
rash, pruritus, bronchospasm, abdominal cramping, hypoten-
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sion, and even death. Most severe chemotherapy-related re-
actions have the characteristics of an IgE-mediated mecha-
nism, although others may act via direct mast cell or basophil
degranulation or activation of the complement cascade. There
have also been case reports of types II, III, and IV reactions.

A hypersensitivity reaction to a chemotherapeutic agent
often poses a dilemma to the treating physician, who must
consider discontinuing possible life-saving therapy vs the risk
of a life-threatening anaphylactic/anaphylactoid reaction if
chemotherapy is continued. Since hypersensitivity reactions
can be severe, efforts directed at identifying patients at in-
creased risk are crucial. Skin testing may be valuable in the
evaluation of IgE-mediated chemotherapy reactions. How-
ever, skin testing is somewhat limited because of the lack of
drug metabolites available for testing, unclear mechanisms
responsible for reactions to certain drugs, and possible tox-
icity of testing reagents. To identify a hypersensitivity reac-
tion, after administration of a drug, a tryptase level should be
measured within the first few hours. Options to reduce the
risk of continued therapy after a hypersensitivity reaction
include changing drugs, desensitization, or premedication.
The success of these various options vary, depending on the
severity of the hypersensitivity reaction, the specific chemo-

therapeutic agent, and the hypothesized mechanism of action.
This review aims to outline the most common presentations
of hypersensitivity reactions associated with cancer chemo-
therapy agents and key aspects in the prevention and man-
agement of hypersensitivity reactions (Table 1).

CANCER CHEMOTHERAPY DRUGS COMMONLY
RELATED TO HYPERSENSITIVITY REACTIONS

Carboplatin

Platinum-containing dusts have been reported to cause im-
mediate-type hypersensitivity reactions and asthma in work-
ers in the platinum-refining industry.? Hypersensitivity reac-
tions have also been demonstrated in patients receiving
platinum-based chemotherapy. Cisplatin was the first of the
platinum drugs to be used. Carboplatin, an analog of cispla-
tin, has often been used in place of cisplatin because of a
lower incidence of neurotoxicity, nephrotoxicity, and emeto-
genic potential.> Carboplatin is particularly useful in the
management of ovarian and lung cancer. However, like cis-
platin, carboplatin has also been associated with hypersensi-
tivity reactions.

Table 1. Common Presentations of Hypersensitivity Reactions Associated With Cancer Chemotherapy Agents and Key Aspects in the

Prevention and Management of Hypersensitivity Reactions

Drug Description of reaction

Prevention

Future options after

Skin testing protocol reaction

Carboplatin Urticaria or angioedema,
bronchospasm,
hypotension, rash

(mostly after cycles 6-8)

Skin testing after sixth
course (validated)

Desensitization or substitute
with cisplatin

Intradermal injection of
0.02 mL of undiluted
aliquot from carboplatin
preparation planned for
infusion (100-240 ng)

Desensitization

Oxaliplatin Urticaria or angioedema, Skin testing reported
bronchospasm, to be 75%-80%
hypotension, rash, accurate (not
hemolytic anemia, validated)
idiosyncratic reactions
(including cytokine
release syndrome)

Paclitaxel Urticaria or angioedema, Premedication with

bronchospasm,
hypotension (commonly
with first or second

dose)
L-asparaginase Urticaria or angioedema, Skin testing proposed
bronchospasm, before first dose

hypotension, rash (most

antihistamines and
corticosteroids

and anytime =1 wk

Desensitization in rare case
that rechallenge causes
another reaction or
substitute with docetaxel

Desensitization or substitute
with different preparation
(Escherichia coli, Erwinia,

Intradermal injection of
0.1 mL of a 20-1U/mL
dilution of asparaginase

Procarbazine

Epipodophyllotoxins

occur after 2 weeks)

Maculopapular rash,
urticaria or angioedema,
allergic alveolitis, toxic
epidermal necrolysis,
fixed drug reactions

Hypotension, dyspnea,
bronchospasm

between doses
(not validated)
No reliable means

Slow infusion for 30—
60 minutes

polyethylene glycol)

Discontinue

Rechallenge after
premedication with
antihistamines and steroids
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Most hypersensitivity reactions to cisplatin and carboplatin
are likely IgE mediated. The clinical manifestations of plat-
inum-associated hypersensitivity reactions are typical of a
type I hypersensitivity reaction and include urticaria, bron-
chospasm, rash, and hypotension.* The number of courses of
platinum chemotherapy before one observes the development
of a reaction is also consistent with an immediate hypersen-
sitivity reaction. Markman et al’ reported in a review of 205
patients that the mean number of courses of cisplatin or
carboplatin before the demonstration of a hypersensitivity
reaction was 8, whereas there was only a 1% incidence in
patients receiving 6 or fewer courses. Sliesoraitis and
Chikhale* summarized 3 previous trials evaluating the cumu-
lative risk of hypersensitivity in patients receiving carboplatin
at different numbers of cycles. In patients receiving fewer
than 5 cycles, there was less than a 1% incidence of a
hypersensitivity reaction. The risk of hypersensitivity reac-
tions increases significantly at cycle 6 and continues to in-
crease to cycle 8 to a cumulative risk of 19.5%. A prolonged
period of exposure (6 or more courses) is also typical of
hypersensitivity reactions associated with cisplatin.’ How-
ever, there have been reported rare incidences of a reaction
after a single large course.®

Because carboplatin is often administered together with
paclitaxel, one must distinguish the hypersensitivity reactions
associated with each. Carboplatin-associated hypersensitivity
reactions vary greatly in clinical severity with more than 50%
of reactions being moderate or severe, unlike paclitaxel hy-
persensitivity reactions, which tend to be more uniform and
mild.»” Carboplatin hypersensitivity reactions also differ
from paclitaxel in the time of the reaction with respect to the
drug administration. Paclitaxel hypersensitivity reactions
tend to manifest within the first few minutes of infusion,
whereas carboplatin hypersensitivity reactions vary in timing
from the first few minutes of drug administration to a few
manifesting symptoms of a reaction days after drug admin-
istration.>’ Paclitaxel-related reactions typically resolve rap-
idly after discontinuation of infusion. Severe reactions in-
volving carboplatin often require several hours for symptoms
to completely resolve.?

There is no standard protocol to prevent a carboplatin
hypersensitivity reaction, but there are precautions that may
be taken. To identify patients who may be at risk of a re-
action, skin testing has been recommended for patients after
the sixth course. Zanotti et al® first showed that skin testing to
carboplatin was able to identify patients who may safely be
administered carboplatin with a 99% negative predictive
value in a study involving 47 patients. The skin testing pro-
tocol consisted of an intradermal injection of 0.02 mL of an
undiluted aliquot from the carboplatin preparation planned
for infusion (100 to 240 ug of carboplatin). Subsequently,
they expanded this to 126 patients receiving more than 6
courses of platinum-based therapy and found a 98.5% nega-
tive predictive value, validating skin testing as a method to
predict hypersensitivity reactions.’

Of concern is the patient who develops a reaction to
carboplatin and requires further treatment. The physician
must weigh the potential benefits of continuing therapy with
the risk of a life-threatening reaction. Options available to the
patient who has been skin test positive to carboplatin are
desensitization, change from carboplatin to cisplatin, or dis-
continuation of platinum therapy.

Various desensitization protocols have been formulated to
prevent the recurrence of a hypersensitivity reaction to car-
boplatin. These protocols have included prolonged infusion,
escalating concentrations of infusion, and premedication.
Successful desensitization to carboplatin has been reported
in mostly small studies or case reports. Carboplatin desen-
sitization has not been as consistently effective as for pacli-
taxel.>6-%10-15 However, recently, Castells et al'> reported a
study of 413 cases of rapid desensitization to various chemo-
therapy agents, which included carboplatin (212 of the cases).
Their 12-step protocol was safe and effective, with mild or
no reactions in 94% of the total cases. The authors acknowl-
edged that the limitation of their study was the bias toward
females with certain types of cancer, and it is uncertain
whether it may be successful in other populations. Further
studies are needed before an optimal desensitization strategy
can be defined. The treating physician must weigh the risk
and benefits of desensitization because serious consequences,
including death, have been reported after rechallenging pa-
tients with a platinum.”!

The success of the substitution of carboplatin with another
platinum drug such as cisplatin is variable in preventing a
hypersensitivity reaction. Some authors have been successful
in replacing carboplatin with cisplatin if skin test results to
the other agent are negative. Success of cisplatin substitution
for carboplatin has been demonstrated in a few case reports
and clinical studies.'®!7 Jones et al'” described 5 patients with
previous hypersensitivity to carboplatin who were subse-
quently given cisplatin after a full cisplatin desensitization
protocol. All patients tolerated cisplatin with this desensiti-
zation protocol. However, when a subsequent shortened pro-
tocol of desensitization was attempted, 2 patients terminated
treatment with cisplatin because of the development of hy-
persensitivity reactions. There are reports of serious conse-
quences from cross-reactivity, with 1 report of death.!® Be-
cause of the limited number of studies, the true incidence of
cross-hypersensitivity of cisplatin and carboplatin has yet to
be defined.

Oxaliplatin
Oxaliplatin is a third-generation platinum compound that has
been used in combination with fluorouracil in the treatment of
colorectal cancer and a variety of other malignancies, such as
advanced ovarian carcinoma, breast cancer, non-Hodgkin
lymphoma, melanoma, non—small cell lung cancer, and head
and neck malignancies.'® Oxaliplatin, like other platinum
agents, is associated with hypersensitivity reactions.
Hypersensitivity reactions associated with oxaliplatin are
often unpredictable but are rarely life-threatening. The inci-

VOLUME 102, MARCH, 2009

181



dence of severe hypersensitivity reactions to oxaliplatin is
approximately 0.5%, whereas the overall hypersensitivity rate
is 13% (with most reactions being mild)."” However, the
incidence of hypersensitivity reactions is increasing as a
result of increasing use in both adjuvant and metastatic treat-
ment of colorectal cancer. Hypersensitivity reactions to ox-
aliplatin include rash, urticaria, angioedema, bronchospasm,
and rarely hypotension.'®?° Only a few incidences of severe
hypersensitivity reactions to oxaliplatin manifested as ana-
phylaxis are reported in case reports.?>?

The mechanism responsible for hypersensitivity reactions
to oxaliplatin seems to be IgE mediated, like that of other
platinum-based chemotherapeutic agents. Herrero et al** sug-
gest that an IgE-mediated mechanism of hypersensitivity is
supported by findings that reactions occur after several
courses of therapy, symptoms usually present in the first 60
minutes of the infusion, and the results of skin tests are
usually positive. In another study,”® 13% of patients devel-
oped hypersensitivity reactions minutes after the start of
oxaliplatin infusion, after 2 to 17 exposures (mean, 9.4), but
none experienced reactions after the first infusion.

Pretreatment regimens with antihistamines and corticoste-
roids to prevent recurrent hypersensitivity reactions from
oxaliplatin have not been reliable.?*2!:>>2¢ Brandi et al*® showed
in their study that prophylaxis with high-dose steroids and
antihistaminic drugs for several days before the infusion of
oxaliplatin was not successful in preventing hypersensitivity
reactions. Five of 6 patients given prophylaxis before drug
infusion subsequently developed another hypersensitivity re-
action of comparable intensity as the first. Thomas et al*> and
Bhargava et al?*® both described cases in which, similarly,
prophylaxis failed to prevent a hypersensitivity reaction. Pa-
tients with mild to moderate hypersensitivity reactions to
oxaliplatin may be able to tolerate rechallenge with appro-
priate prophylaxis. However, those experiencing severe hy-
persensitivity reactions are unlikely to benefit from a prophy-
lactic regimen and will likely have recurrence of a similar
reaction.?

Skin testing as a method of predicting hypersensitivity
reactions to oxaliplatin has been studied in only a small
population of patients, and its use is not validated. Skin prick
tests are not useful because the results are usually negative.
Studies examining intradermal oxaliplatin tests have not pro-
vided consistent results.?#?"2% Although a positive skin test
result may be helpful, a negative test result does not exclude
the possibility of a future hypersensitivity reaction. Meyer et
al” and Garufi et al*’ estimate that skin testing for oxaliplatin
is approximately 75% to 80% accurate.

Successful desensitization protocols consisting of a pro-
longed infusion or escalating concentrations of oxaliplatin
have been studied by different authors and may prove to be
valuable in patients requiring oxaliplatin therapy. However,
an optimal protocol needs further inquiry because successful
cases of desensitization have been demonstrated on a small
number of individuals,!3!15-2428.30.31

Although most reactions to oxaliplatin seem to be IgE
mediated, type II hypersensitivity and delayed idiosyncratic
reactions have been reported. Type II reactions occur in
which oxaliplatin leads to hemolytic anemia.’> An idiosyn-
cratic reaction was described by Thomas et al® in which a
patient developed fevers, rigors, and chest tightness several
hours after the completion of infusion. de Vries et al** de-
scribed a patient who developed severe respiratory symptoms
consisting of stridor, dyspnea, and oxygen desaturation ap-
proximately 24 hours after completion of oxaliplatin infusion.
Santini et al** described a patient who developed abdominal
cramps, diarrhea, and fevers 20 minutes after completion of
infusion with associated interleukin 6 and tumor necrosis
factor « elevation, possibly due to a cytokine release syn-
drome with oxaliplatin acting as a superantigen. Tonini et al*
described 5 cases similar to that reported by Santini et al.

Taxanes (Paclitaxel and Docetaxel)

Paclitaxel is a chemotherapeutic agent commonly used in
various gynecologic, breast, and non—small cell lung cancers.
Docetaxel is a newer semisynthetic taxane.

Hypersensitivity reactions are common with paclitaxel,
occurring in up to 30% of patients in some early studies. Most
manifest symptoms typical of type I hypersensitivity reac-
tions, including bronchospasm, urticaria, and hypotension.*®
Subsequent studies®” have shown that premedication with anti-
histamines and corticosteroids have decreased the incidence
of severe hypersensitivity reactions to approximately 2% to
4%. Most severe reactions occur within the first few minutes
of paclitaxel administration, usually after the first or second
dose. In a review of 25 patients,’® 78% developed reactions
within the first 10 minutes of paclitaxel infusion. In this same
study, 56% of the reactions were found to occur during the
first taxol dose and 40% during the second dose.

Hypersensitivity reactions related to paclitaxel are thought
to be non-IgE mediated because most reactions occur with
the first dose. Although it is still controversial whether the
solvent, Cremophor EL, or the taxane moiety is responsible
for hypersensitivity reactions, most studies implicate Cremo-
phor EL. Cremophor is thought to be at least partially respon-
sible for the hypersensitivity reactions because it has been
shown to induce histamine release and also because other
drugs formulated in Cremophor EL, such as vitamin K and
cyclosporine, have similar adverse effects.?® Of note, a novel
Cremophor EL—-free albumin-bound paclitaxel (Abraxane)
has not produced significant hypersensitivity reactions in
phase 1, 2, or 3 studies, despite absence of premedication.*
During postmarketing surveillance, rare incidences of severe
hypersensitivity reactions to Abraxane have been reported.

Premedication with corticosteroids and antihistamines has
been effective for paclitaxel treatment, reducing hypersensi-
tivity reactions to approximately 2% to 4% of cases.?” Cur-
rently, premedication for paclitaxel hypersensitivity includes
dexamethasone, 20 mg orally or intravenously 12 and 6 hours
before drug infusion, diphenhydramine, 50 mg, and cimeti-
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dine, 300 mg, or ranitidine, 50 mg, both intravenously 30 min-
utes before treatment.

A few trials suggest that giving prophylactic intravenous
steroids 30 minutes before chemotherapy infusion may be a
more convenient and as effective prophylaxis strategy as
giving oral steroids 12 and 6 hours before chemotherapy.*!
However, Kwon et al*> showed that the prophylactic regimen
of intravenous dexamethasone in addition to antihistamines,
given 30 minutes before paclitaxel, was associated with a
higher rate of hypersensitivity reactions compared with the
standard regimen of oral dexamethasone given 12 and 6 hours
and antihistamines given 30 to 60 minutes before paclitaxel
(17.3% vs 7.5%).

Early phase 1 data suggested that slower administration
rates and longer duration infusions were associated with
fewer hypersensitivity reactions.’” However, with effective
premedication regimens prolonged infusions may not be nec-
essary. Eisenhauer et al*®* evaluated the incidence of hyper-
sensitivity reactions among women with relapsed ovarian
cancer who were randomized to high- vs low-dose (135 and
175 mg per square meter of body surface area) and long vs
short (3-hour and 24-hour) infusion of paclitaxel. The over-
all incidence of hypersensitivity reactions was found to be
similar for the 3-hour (2.1%) and 24-hour (1.0%) infusion
protocols.

Most patients demonstrating hypersensitivity reactions can
be successfully re-treated with paclitaxel. Olsen et al** dem-
onstrated that most patients can be re-treated with paclitaxel
within the same day. Markman et al* also explored the
feasibility to re-treat patients with hypersensitivity reactions
with paclitaxel. They reported that if the infusion of pacli-
taxel was reinitiated 30 minutes after an initial reaction, in 65
of the 70 episodes (93%) the patients were able to complete
the infusion without the subsequent development of a second
reaction. Although the mechanism is unclear, they hypothe-
sized that the initial reaction depleted the relevant mediators
of hypersensitivity, which thereafter required time to recover
sufficiently to produce a subsequent reaction.*

In the rare situation where the patient develops another
reaction after rechallenge with paclitaxel, various successful
desensitization protocols have been developed.">*4® In a
study by Feldweg et al,*’ the authors described 17 patients
who received 77 total taxane cycles and were desensitized to
either docetaxel or paclitaxel using a 6- to 7-hour protocol.
Seventy-two patients tolerated taxane therapy, whereas 4
patients developed minor hypersensitivity reactions that were
much less severe than their initial reaction. In the recent study
by Castells et al,'> the authors described 140 successful
paclitaxel desensitizations.

Another alternative in patients experiencing a severe hy-
persensitivity reaction to paclitaxel is its substitution with
docetaxel. Data have been inconsistent on the cross-reactivity
of these 2 agents. Two clinical trials demonstrated successful
treatment with docetaxel after hypersensitivity reactions to
paclitaxel.***° However, Dizon et al* recently recommended
that if docetaxel is substituted for paclitaxel, caution must be

exercised, because their study showed a cross-reactivity rate
of 90% even though docetaxel is formulated with polysorbate
80 instead of Cremophor EL, suggesting that the taxane
moiety may be responsible for cross-reactivity.

Hypersensitivity reactions were expected to be lower with
docetaxel compared with paclitaxel because of its formula-
tion in the solvent polysorbate 80 not Cremophor EL. How-
ever, docetaxel caused hypersensitivity reactions in up to
30% of patients treated without premedication.’! With pre-
medication, the risk of serious reactions was decreased to 2%
of patients, and treatment rarely needed to be discontinued.
Like paclitaxel, the hypersensitivity reaction was thought to
be non-IgE mediated because most reactions occur with the
first 2 doses. The mechanism is unknown.>? The premedica-
tion regimen for docetaxel is different from that for pacli-
taxel. Patients receiving docetaxel require dexamethasone,
16 mg/d (8 mg twice daily) for 3 days starting 1 day before
administration, whereas those receiving paclitaxel are given
dexamethasone, 20 mg at 12 and 6 hours before administra-
tion, combined with diphenhydramine, 50 mg, and cimeti-
dine, 300 mg, or ranitidine, 50 mg, both given intravenously
30 to 60 minutes before administration.

In addition to hypersensitivity reactions, docetaxel is also
associated with fluid retention, including peripheral edema,
ascites, and pleural effusion, which appears to be related to
capillary leakage, and is dose related.”>> The incidence of
this adverse effect is delayed with corticosteroids.’*

Asparaginase

L-asparaginase is an enzyme used in the treatment of acute
lymphocytic leukemia and is the chemotherapeutic agent
associated with the highest rate of hypersensitivity reactions.’
L-asparaginase is available in 3 forms: an Escherichia coli
derivative, Elspar; an Erwinia chrysanthemi derivative, Erwinia
carotovora; and a polyethylene glycol attached form, pe-
gasparagase (Oncaspar).” The incidence of hypersensitivity
reactions has been variable, depending on the route of ad-
ministration and dosing, but these reactions have been re-
ported to occur in up to 35% of treated patients,*® although
serious anaphylactic reactions occur in less than 10% of
patients.”” Hypersensitivity has been reported even after the
first dose but is more common the greater the number of
doses previously administered. Most reactions occur after 2
weeks of either daily or 3 times per week dosing®® and usually
manifest within 1 hour of administration.> Symptoms of hy-
persensitivity may include urticaria, rash, abdominal pain,
bronchospasm, hypotension, and death.’

The mechanism of hypersensitivity to L-asparaginase is
incompletely understood but may be either IgE mediated or
related to complement activation. Khan and Hill*® showed in
a study of 5 patients who developed a hypersensitivity reac-
tion that the mechanism was IgE mediated by means of skin
testing and Prausnitz-Klustner reaction studies. In a study by
Fabry et al,% the authors showed that complement activation
mediated by IgG or IgM complexes with L-asparaginase may
be responsible for hypersensitivity reactions to L-asparaginase.
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Several risk factors have been associated with a higher rate
of hypersensitivity reactions to L-asparaginase. Intravenous
administration of L-asparaginase is associated with higher
rates of hypersensitivity than intramuscular administration.
Thus, L-asparaginase is now almost always given intramus-
cularly or subcutaneously.! Evans et al’” showed that patients
who were not being treated with a combination of L-aspara-
ginase, vincristine, and prednisone but rather L-asparaginase
alone had higher rates of hypersensitivity. Patients who are
administered L-asparaginase at weekly or longer intervals
compared with daily dosing have an increased rate of hyper-
sensitivity reactions.’’ Likewise, prior exposure to L-aspara-
ginase months or even several years earlier also increases the
rate of hypersensitivity reactions. Albo et al®' showed in 92
patients previously treated with L-asparaginase 3 years ago
without hypersensitivity reactions who now underwent recon-
solidation therapy that 35% had hypersensitivity reactions.
Mueller et al®? recently also showed that re-treatment is
associated with higher rates of hypersensitivity. In his study,
24% of 76 children with acute lymphocytic leukemia devel-
oped hypersensitivity reactions during reinduction treatment.

Because of the high rates of hypersensitivity reactions, skin
testing and administration of a test dose have been proposed.
Some recommend skin testing before the first dose and any
time thereafter if an interval of 1 week or greater has passed
between doses.! The recommendation is 0.1 mL intradermally of
a 20-IU/mL dilution of drug.! However, this testing is not
standardized, and both false-positive and false-negative re-
sults have been documented.! Test doses of L-asparaginase
may also be of limited value because the small doses rarely
produce a reaction and often produce false-negative results.>’
Therefore, any time L-asparaginase is administered, one must
be prepared to respond promptly to a hypersensitivity reaction.

There are several options in the treatment of a patient who
develops a hypersensitivity reaction to L-asparaginase who
needs to continue treatment. Desensitization is an option in
patients who develop a hypersensitivity reaction or have a
positive skin test result. Another option is to switch the
patient to a different preparation of L-asparaginase. L-aspar-
aginase is derived from 2 antigenically distinct preparations:
E coli or Erwinia, a parasitic bacteria. Beard et al®* were the
first to switch a patient who developed a hypersensitivity
reaction from E coli—derived to Erwinia-derived L-asparagi-
nase. In a study, 21 patients who had severe hypersensitivity
reactions to E coli—derived L-asparaginase were switched to
Erwinia-derived L-asparaginase, and 18 of 20 were able to
tolerate the treatment.* However, cross-reactivity has been
reported to occur after the first dose of Erwinia-derived
L-asparaginase, or the patient may develop antibodies to it
after subsequent doses and potentially have anaphylaxis.®
The final option is to substitute L-asparaginase with pegaspar-
gase, which is asparaginase that is covalently attached to
polyethylene glycol. Pegaspargase is less immunogenic than
L-asparaginase, and when used in patients with previous
reactions to the native drug, 70% of patients tolerate intra-
muscular pegaspargase, whereas 40% tolerate the intravenous

form.! Pegaspargase may be of value in patients who are
sensitive to both E coli—derived and Erwinia-derived L-aspara-
ginase.® However, there is a risk in giving a drug of prolonged
duration should an allergic reaction occur.

Procarbazine

Procarbazine is an oral chemotherapeutic agent used in the
treatment of Hodgkin disease and brain malignancies and is
associated with various types of hypersensitivity reactions.
These reactions include type I hypersensitivity reactions,
rarely type III reactions manifested by allergic alveolitis, and
other cutaneous reactions, including toxic epidermal necroly-
sis and fixed drug reactions.

The most common cutaneous reaction to procarbazine is a
maculopapular rash, but occasionally manifests as a type I
reaction represented by urticaria or angioedema as well.> The
incidence of type I reactions is higher among patients receiv-
ing procarbazine for the treatment of brain malignancies in
comparison to Hodgkin disease or other solid tumors.%
Procarbazine-associated hypersensitivity reactions may be
higher in patients with brain malignancies because of the
concomitant use of anticonvulsants, such as phenytoin, phe-
nobarbital, or carbamazepine. These anticonvulsants lead to
increased conversion of procarbazine into cytotoxic metabo-
lites.®

Hypersensitivity to procarbazine may also rarely present as
a type III reaction manifested by pulmonary toxicity.%%7
Patients with this type of hypersensitivity reaction typically
present with cough and dyspnea most commonly during or
after the second cycle. Evaluation often reveals interstitial
pneumonitis, restriction on pulmonary function tests, and
sometimes prominent eosinophilia.”® Discontinuation of pro-
carbazine and corticosteroid treatment may improve symptoms.

Hypersensitivity reactions associated with procarbazine
therapy are difficult to predict, and there is no reliable means
to prevent their occurrence. Rechallenge invariably leads to
recurrence of symptoms or sometimes life-threatening ad-
verse outcomes®”%; thus, therapy should be discontinued.

Epipodophyllotoxins (Etoposide and Teniposide)
The epipodophyllotoxins, etoposide and teniposide, are anti-
mitotic agents that are occasionally associated with hyper-
sensitivity reactions. Etoposide is used in the treatment of
refractory testicular tumors and small cell lung cancer and is
available in intravenous and oral formulations. Teniposide is
used to treat hematologic and neurologic malignancies and
only available in the intravenous formulation. Etoposide and
teniposide are associated with a 6% to 41% incidence of
hypersensitivity reactions and a 0.7% to 14% incidence of
anaphylaxis.””> Teniposide is more commonly associated
with reactions than etoposide. Although reactions may be
manifested by hypotension, dyspnea, and bronchospasm,
most are of low-grade severity.”>’* However, severe hypo-
tension is often seen when the drug is infused too rapidly.”
The mechanism responsible for hypersensitivity reactions
associated with the epipodophyllotoxins is unclear but may
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include both immunologic and nonimmunologic mecha-
nisms. Reactions often occur within the first few minutes of
drug infusion but can also occur hours after administration.’
Symptoms have been reported to occur after the first infusion
but more commonly after multiple doses. Reactions during
the first dose are suggestive of a nonimmunologic mecha-
nism, whereas reactions seen after several doses are more
consistent with the development of an antibody-mediated
reaction. In a study by Kellie et al,”> patients with acute
leukemia were treated with high cumulative doses of tenipo-
side, and it was noted that hypersensitivity reactions became
more likely as the cumulative dose increased.

It is also unclear whether hypersensitivity reactions are
associated with the compound itself or the solvent in which it
is diluted. Teniposide is dissolved in Cremophor, the same
diluent as paclitaxel. Intravenous etoposide is dissolved in
polysorbate (Tween) 80. Oral etoposide is not associated with
hypersensitivity reactions, supporting the idea that the solvent
may be responsible.> Etoposide phosphate, a structurally re-
lated compound to intravenous etoposide, is highly soluble in
aqueous solution, and thus no solvent is needed. Early trials
showing that hypersensitivity reactions are lower with etopo-
side phosphate compared with intravenous etoposide suggest
an etiologic role of the solvent in reactions.” Although the
solvents have been associated with hypersensitivity reactions,
the epipodophyllotoxins themselves may be responsible.
Nolte et al’® demonstrated that when sensitized individuals
were exposed to both teniposide and Cremophor EL, tenipo-
side degranulated basophils, whereas Cremophor EL failed to
do so. Cross-sensitivity has also been reported to occur be-
tween etoposide and teniposide, despite being dissolved in
different solvents.””

Hypersensitivity reactions involving intravenous epido-
phyllotoxins may be prevented with slow infusion and are
usually successfully managed with corticosteroids and anti-
histamines if a reaction were to develop. Rapid infusion with
intravenous epidophyllotoxins is commonly associated with
hypotension; thus, it is recommended that infusions take
place for more than 30 to 60 minutes.' Patients developing a
hypersensitivity reaction are usually successfully rechal-
lenged with a prophylactic regimen of corticosteroids and
antihistamines.”>’8 Hudson et al’® reported in their study
that 78% of patients were rechallenged successfully to intra-
venous etoposide. Treatment with etoposide phosphate may
be successful in patients who develop recurrent reactions to
intravenous etoposide despite premedication.”

CONCLUSION

Hypersensitivity reactions have been observed during therapy
with most cancer chemotherapy agents. As the use of che-
motherapy continues to increase, education regarding diag-
nosis and management of adverse reactions becomes vital,
assisting in the decision to discontinue vs rechallenge with
the implicated drug. Chemotherapy agents most commonly
associated with hypersensitivity reactions include the plati-
nums (cisplatin, carboplatin, oxaliplatin), taxanes (paclitaxel,

docetaxel), asparaginase, procarbazine, and epipodophyllo-
toxins (teniposide, etoposide). The mechanisms underlying
most of these hypersensitivity reactions are unclear and may
include type I, II, III, and IV hypersensitivity reactions or
anaphylactoid reactions involving nonspecific mast cell me-
diator release. Physicians involved in the treatment of these
patients must be familiar with reactions associated with a
particular agent. The management of hypersensitivity reac-
tions can be improved with the appropriate use of the various
options: skin testing, premedication, replacement with an-
other agent, and desensitization.
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CME Test Questions

1.

Skin testing has been validated for which of the following

chemotherapeutic agents?

paclitaxel

etoposide

asparaginase

carboplatin

. procarbazine

Hypersensitivity reactions related to which of the follow-

ing chemotherapy agents are thought to be non-IgE me-

diated, with most reactions occurring with the first or
second dose?

a. teniposide

b. carboplatin

c. paclitaxel

d. procarbazine

e. cisplatin

Which of the following statements is FALSE?

a. Abraxane, a Cremophor EL—free albumin bound pac-
litaxel, is not associated with significant hypersensitiv-
ity reactions.

b. L-asparaginase is the chemotherapy agent with the
highest frequency of hypersensitivity reactions.

oo T

c. Fluid retention related to docetaxel therapy may be
delayed with corticosteroids.

d. Premedication with corticosteroids and antihistamines
is not effective in the management of infusion reactions
associated with paclitaxel.

e. Hypersensitivity reactions to procarbazine are difficult
to predict.

A type III hypersensitivity reaction manifesting as pulmo-

nary toxicity is associated with which agent?

procarbazine

L-asparaginase

cisplatin

teniposide

. carboplatin

opo T

. Options for a patient who has a hypersensitivity reaction

to Escherichia coli-derived L-asparaginase include all of
the following except:
substitute with Erwinia-derived L-asparaginase
desensitization
pegaspargase
discontinue reaction until reaction resolves then restart
at slower rate
e. discontinue treatment with asparaginase

Answers found on page 222.

oo

VOLUME 102, MARCH, 2009

187



