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Abstract Acute hypersensitivity reactions (HSRs) are an unpredictable and potentially
catastrophic complication of treatment with chemotherapeutic agents. Reactions
may affect any organ system in the body and range widely in severity from mild
pruritus to systemic anaphylaxis. Certain classes of chemotherapeutic agents, such
as the taxanes, platinum compounds, asparaginases, and epipodophyllotoxins are
commonly associated with HSRs. The clinical characteristics of these high risk
agents with respect to HSRs are discussed in this review.

Protocols to prevent or reduce the severity of these reactions have been devel-
oped, but despite these attempts, HSRs will still happen. Should a reaction occur,
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it is imperative that it be recognised quickly in order to minimise exposure to the
inciting agent and implement appropriate therapeutic and supportive measures.
When a patient becomes sensitised to a chemotherapeutic agent, avoidance of
re-exposure is the mainstay of future prevention. For sensitised patients who have
derived clinically meaningful benefit from a particular agent, however, continu-
ation of treatment with the agent is desirable. Options may include attempting a
trial of desensitisation or treatment with a related compound. Virtually all patients
demonstrating HSRs to paclitaxel and docetaxel are able to successfully tolerate
re-treatment following discontinuation and administration of diphenhydramine
and hydrocortisone. Re-treatment has generally been less successful with plati-
num compounds, with recurrent HSRs occurring in up to 50% of patients follow-
ing desensitisation protocols. Patients sensitised to asparaginase are often able to
tolerate the alternative preparations, Erwinia carotovora asparaginase or poly-
ethylene glycol-modified Escherichia coli asparaginase. There is very little ex-
perience with re-treatment following sensitisation to the epipodophyllotoxins. As
re-treatment may have serious consequences, careful consideration of the risks
and benefits of these strategies is imperative when deciding among these options.

Hypersensitivity reactions (HSRs) have been
reported for nearly all chemotherapeutic agents in
use. Clinical manifestations of HSRs range from
mildly uncomfortable cutaneous symptoms to res-
piratory arrest, cardiac collapse and even death.
Devising strategies for prevention is of paramount
importance. However, when a patient does become
sensitised to a chemotherapeutic agent, physicians
are then faced with the decision of whether to dis-
continue therapy or to risk rechallenging the pa-
tient with the agent. For potentially life-saving or
clinically effective palliative therapies, identifying
strategies that safely allow continuation of the
agent is highly desirable.

This review discusses the various immune mech-
anisms that mediate HSRs and provides general re-
commendations for their prophylaxis and treatment.
It also details the incidence, clinical manifesta-
tions, and specific strategies for prevention or re-
treatment of the chemotherapeutic agents most
commonly associated with HSRs: the taxanes, plati-
num compounds, asparaginases and epipodophyl-
lotoxins.

1. Hypersensitivity Reactions (HSRs)

An HSR to a chemotherapeutic agent may be de-
fined as any immunological response to a drug that

results in an adverse reaction. Four categories of
HSRs are identified: immediate, immunoglobulin
(Ig) E-mediated (type I), antibody-mediated (type
II), immune complex-mediated (type III), and cell-
mediated or delayed-type (type IV). Clinical exam-
ples of each type of HSR are provided in table I.

In most cases, the exact immune mechanism of
HSR for a given chemotherapeutic agent is not well
understood. However, it is thought that the major-
ity of HSRs to chemotherapeutic agents are clinically
most consistent with an immediate type I reaction.
These reactions may be mediated by drug-specific
IgE. Chemotherapeutic agents, their metabolites,
or the vehicles in which they are dissolved may also
induce mast cell or basophil degranulation directly,
resulting in responses that are indistinguishable
from IgE-mediated allergic reactions. Clinical
manifestations of types II, III and IV reactions, al-
though less common, have also been reported with
the administration of many chemotherapeutic agents.

2. Prophylaxis and Treatment

HSRs are unpredictable. Therefore, precautions
should always be exercised when administering
any chemotherapeutic agent. Reliable intravenous
access should be obtained prior to the administration
of any agent. The drugs and equipment appropriate
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for resuscitation (i.e. a ‘crash cart’) should also be
immediately available in the event of a severe HSR
or anaphylaxis (table II).

Several protocols have been developed to pre-
vent or reduce the severity of reactions in situations
in which anaphylaxis is a risk. In general, these pro-
tocols involve pharmacological pretreatment of
susceptible persons in an attempt to block or blunt
the reaction. Premedication with histamine H1 and
H2 receptor antagonists and corticosteroids has sig-
nificantly reduced the incidence of anaphylactoid
reactions to radiocontrast media[1] and pretreat-
ment protocols similar to this are now standard for
patients receiving taxanes (table III).[2,3]

Despite prophylaxis, HSRs still occur. In the
event of an HSR, the primary intervention is to reduce
the absorption of the antigen. For intravenously ad-
ministered agents, the infusion should be discon-
tinued as soon as the onset of an HSR is recognised.
For intramuscular injections, infiltration of adren-
aline (epinephrine) locally may slow down sys-
temic absorption. If the injection is into a limb, a
loose tourniquet may be applied temporarily to re-
duce venous outflow.

Attention should then turn to the ABCs of resus-
citation: airway, breathing and circulation. For
HSR manifestations involving the respiratory sys-
tem, airway integrity should be established and ox-
ygen therapy initiated. A β-agonist, such as or-
ciprenaline (metaproterenol), may be administered

via nebuliser for bronchospasm. Anaphylactoid re-
actions may also manifest as angioedema or laryn-
geal oedema. When present, adrenaline may be ad-
ministered subcutaneously or racemic adrenaline
delivered via nebuliser to improve airway patency.
When symptoms of this severity develop, appro-
priate preparations for possible endotracheal intu-
bation or cricothyrotomy should be initiated.

Cardiovascular manifestations of HSRs most
often include tachycardia and hypotension. If hy-
potension is present, a bolus of intravenous crys-
talloid is administered to maintain systolic blood
pressure ≥80 to 100mm Hg. Diphenhydramine is
re-administered to antagonise the effects of hista-
mine. Adrenaline administration will also improve
hypotension. Pressors and antiarrhythmic medica-
tions may also be necessary, depending on the clin-
ical situation.

To minimise the potential severity of the reac-
tion, prompt intervention is of paramount impor-
tance. This requires vigilance and anticipation so
that HSRs may be recognised early and interven-
tions instituted immediately. Familiarity with the
clinical characteristics of HSRs for a particular
chemotherapeutic agent will enable improved an-
ticipation and early intervention, should they oc-
cur. A few classes of chemotherapeutic agents are
commonly associated with hypersensitivity and
are reviewed in the following discussion.

Table I. Types of hypersensitivity reactions (HSRs)

Type of HSR Mechanism of action Signs/symptoms Example

I Immediate hypersensitivity; IgE-mediated
with mast cell and basophil degranulation

Urticaria and pruritus are the most
common manifestations; anaphylaxis,
angioedema, bronchospasm and
hypotension in more severe reactions

Penicillin allergy; most HSRs to
chemotherapeutic agents

II Cytotoxic antibodies; IgG- or IgM-mediated
interaction of cell surface antigens with lysis
of target cell

Haemolysis is the most common
manifestation

Transfusion reaction

III Antigen-antibody immune complexes;
complement activation via classical pathway

Deposition of immune complexes in
tissue resulting in tissue destruction
such as vasculitis, nephritis and
arthritis

Systemic lupus erythematosus,
serum sickness

IV Cell-mediated; sensitised T lymphocytes
react with antigen and release lymphokines

Variable clinical manifestations,
granuloma formation, graft rejection

Graft rejection, contact
dermatitis

Ig = immunoglobulin.
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3. The Taxanes: Paclitaxel 
and Docetaxel

Paclitaxel and its sister compound docetaxel are
highly active drugs in the treatment of breast, ovar-
ian, lung and other cancers. The tumouricidal ac-
tivity of these agents is attributable to its ability to
induce irreversible aggregation of cellular micro-
tubules. The aqueous insolubility of paclitaxel re-
quires the use of a vehicle consisting of 50% ‘Crem-
ophor EL’ (polyoxyethylated castor oil) and 50%
ethanol for intravenous administration, whereas
docetaxel is diluted and solubilised with ‘Tween-
80’ (polysorbate 80).

3.1 Incidence and Clinical Manifestations

HSR was among the most common treatment-
limiting toxicity in the early phase I and II studies
of the taxanes. Up to 42% of patients receiving
paclitaxel experience an HSR, with serious reac-
tions noted in up to 2% of patients.[3,4] HSRs occur
in approximately 25 to 50% of patients receiving
docetaxel.[2,3]

Up to 95% of HSRs to the taxanes occur during
the first or second dose administered, with nearly
77% of reactions occurring with the first exposure
to the agent.[3,5,6] Nearly 80% of patients develop
symptoms within the first 10 minutes of drug infu-
sion and many reactions occur with as little as 1mg
of the agent delivered.[3,5] A minority of patients ex-
perience repeated episodes beyond the second course

of treatment.[6] Clinical manifestations of HSR
include dyspnoea/bronchospasm (81%), urticaria/
flushing/rashes (74%), hypotension (41%) and angi-
oedema (19%). In general, most severe/anaphylactic
reactions to paclitaxel also occur with the first or
second taxane exposure and are not preceded by a
minor reaction. Minor reactions with the first or
second exposure are usually not repeated with sub-
sequent administration. However, a small subset of
patients with mild reactions will continue to expe-
rience persistent mild reactions or develop a severe/
anaphylactic reaction with subsequent exposure.[6]

The dose and schedule of paclitaxel and doce-
taxel affect both the efficacy and toxicity profile
and schedule for the malignancies for which these
agents are applied is evolving. The initial 24- and
96-hour infusion schedules of paclitaxel have been
replaced by shorter, more convenient schedules.[3]

Comparison of the early phase I data suggested that
paclitaxel infusion rate influenced the incidence of
HSR.[5] However, a prospective randomised com-
parison of 3- versus 24-hour paclitaxel infusion in
patients treated for relapsed ovarian carcinoma
later reported no difference in the incidence of al-
lergic reaction observed with the different infusion
rates.[4] In this study, a 42% incidence of mild HSR
and 1.3% incidence of severe HSR were noted.
Weekly and bi-weekly schedules to maximise the
drug exposure of paclitaxel and docetaxel while
limiting their treatment-limiting myelosuppression
have more recently been introduced in phase I and
phase II studies. These studies indicate an encourag-
ing toxicity profile, reporting a 0 to 4% incidence
of HSRs using varying prophylactic regimens.[7-10]

Randomised comparisons of the incidence of HSR
with weekly administration of paclitaxel or docetaxel
to an every 3-week administration schedule have not
been performed.

Table II. Equipment and pharmacological agents recommended for
the treatment of severe hypersensitivity reactions

Equipment Pharmacological agents

Oxygen tank, mask, nasal
prongs
Suction apparatus
Large bore intravenous
catheters
Ambu bag, oral airway,
laryngoscope, endotracheal
tube
Defibrillator with
electrocardiograph leads
Tracheostomy equipment

Crystalloid for intravenous infusion
Diphenhydramine
Corticosteroids
Adrenaline (epinephrine) 1 : 1000
Histamine H2 antagonists (e.g.
famotidine)
Atropine
Anticonvulsants/diazepam
Sodium bicarbonate
Lidocaine (lignocaine)
Dopamine sulphate
Calcium gluconate
Glucagon

Table III. Intravenous prophylaxis for hypersensitivity reactions to
paclitaxel (administered 30 minutes prior to paclitaxel infusion) as
used by the Gynecologic Cancer Program of Cleveland Clinic Found-
ation

Dexamethasone 20mg

Diphenhydramine 50mg

Famotidine 20mg
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3.2 Immunological Mechanism

The immunological mechanism of paclitaxel-
associated HSR is not known for certain. The clin-
ical manifestations are consistent with a type I HSR.
However, the occurrence of patients who experi-
ence HSRs with their first exposure to the agent sug-
gests that the reactions may not be IgE-mediated.
Rather, it is postulated that the agent induces mast
cell degranulation directly.

In the case of paclitaxel, debate exists with re-
gard to whether HSRs are attributable to paclitaxel
or its excipient ‘Cremophor EL’. Because of the in-
solubility of paclitaxel, ‘Cremophor EL’, a non-ionic
surfactant derived from castor oil, is used as a ve-
hicle. Studies have demonstrated that intravenous
administration of ‘Cremophor EL’ can induce his-
tamine release and hypotension in dogs.[11] How-
ever, basophil histamine release tests in sensitised
individuals revealed histamine release only with
paclitaxel and not with ‘Cremophor EL’.[12] In ad-
dition, ‘Cremophor EL’ is not a vehicle for doce-
taxel, yet this agent is also associated with a high
incidence of HSRs, suggesting that the taxane moi-
ety is likely the more important aetiological factor.

3.3 Protocols for Prevention of HSRs

A large volume of data confirms that premedi-
cation with corticosteroids and H1 and H2 receptor
antagonists, similar to that recommended for
radiocontrast administration, successfully reduces
the incidence and severity of both paclitaxel- and
docetaxel-induced HSRs.[2,3] Prophylaxis in the
early clinical trials with paclitaxel involved oral
administration of 20mg of dexamethasone both the
night before and the morning of paclitaxel delivery
in addition to intravenous administration of H1 and
H2 receptor antagonists 30 minutes prior to pac-
litaxel infusion.[5,13] Subsequently, a simplified
regimen for HSR prophylaxis, designed to increase
patient compliance, was evaluated in several stud-
ies.[14-16] Rather than 2 doses of self-administered
oral corticosteroid, one 20mg dose of dexametha-
sone was administered intravenously concurrent
with that of the histamine antagonists.[14-16] The

studies demonstrated high compliance and compa-
rable clinical efficacy compared with the more
cumbersome regimens, with an overall incidence of
HSRs of only 3.7 to 4.2% reported.[14,16]

Prophylaxis with corticosteroids and diphenhy-
dramine also reduces the incidence of docetaxel-
associated HSR and led to a significant reduction
in treatment interruption attributable to this toxic-
ity.[17] Although not considered to be a manifesta-
tion of hypersensitivity reaction, fluid retention
and oedema of varying severity can be problematic
with repeated administration of docetaxel.[18] Cor-
ticosteroid pretreatment effectively reduces both
the incidence and severity of this cumulative tox-
icity and is also incorporated into the prophylaxis
regimen of docetaxel for this reason.[19] The routine
use of H1 and H2 receptor antagonists for the pri-
mary prevention of potential docetaxel-associated
HSRs, however, is quite variable among stud-
ies.[18,20-22]

To date, no standard prophylaxis regimen exists
when these agents are given on a weekly or bi-
weekly basis. Most studies reporting consist of ei-
ther oral or intravenous corticosteroid prophylaxis
and use of both H1 and H2 receptor antagonists is
variable.[7-10] Weekly administration of high dose
corticosteroids may lead to fluid retention, body-
weight gain, facial hair growth and other undesir-
able adverse effects, and there is limited enthusi-
asm for their routine use in this setting. Lokich et
al.[23] omitted prophylactic measures altogether in
patients receiving weekly paclitaxel and docetaxel
and noted only 1 mild HSR in 20 patients. It should
be noted that at least half the patients in this study
had previously successfully been treated with a
taxane and would be considered to be at a substan-
tially reduced risk compared with patients receiv-
ing their first or second exposure to the agents.
While the safety of omitting prophylactic measures
in all patients cannot be extrapolated from this
study, patients who have previously tolerated these
agents appear to have a low risk for HSR without
prophylaxis with weekly administration of these
agents.
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Despite prophylaxis, HSRs to the taxanes will
still occur. Since the majority of HSRs associated
with paclitaxel and docetaxel infusion occur within
the first few minutes of infusion, it is imperative
that the treating nurse or physician be immediately
present during the initial several minutes of pac-
litaxel infusion. With the appearance of any sign or
symptom of HSR, the infusion is promptly discon-
tinued and supportive measures as previously de-
scribed are instituted.[6]

3.4 Strategies for Re-Treatment with the
Taxanes in Sensitised Patients

Virtually all patients demonstrating HSRs to
paclitaxel or docetaxel are able to successfully tol-
erate re-treatment. In fact, most patients are able to
undergo re-treatment the same day as the initial HSR,
using the strategy outlined in table IV.[2,6,24]

With this protocol, nearly 90% of patients are able
to complete the taxane infusion after a short delay,
without the subsequent appearance of a second re-
action.[6,22,25] Interestingly, one of the character-
istics of a true HSR is that symptoms will reappear
rapidly after re-exposure to the agent. It is unclear
why patients are able to be successfully retreated
with paclitaxel using essentially the same prophy-
lactic regimen. It is possible that, like penicillin de-
sensitisation, initial drug binding with IgE creates
complexes which prevent further IgE binding and
crosslinking with reinfusion of the agent.

Published experience regarding hypersensitiv-
ity and cross-reactivity with paclitaxel and doce-
taxel are limited. Four patients who experienced a
paclitaxel HSR during their first or second course

of chemotherapy subsequently received docetaxel
without complication.[26] Since re-treatment with
paclitaxel is possible in most patients who experi-
ence reactions that occur in the first or second
course of a taxane, it is probable that patients in the
report would also have tolerated paclitaxel if that
agent had been reintroduced in these patients.

Uncommonly, patients will experience recur-
rent HSRs, despite the above protocol. For patients
who experience a severe HSR or a second HSR
after re-initiation of paclitaxel infusion, a formal
desensitisation protocol based on a modification of
the standard regimen for parenteral desensitisation
to beta-lactam antibiotics[27,28] is recommended.[6,12]

Using the protocol outlined in table V, 9 patients
who experienced serious recurrent paclitaxel HSRs
were successfully retreated with the agent.[6] Sub-
sequent courses of paclitaxel did not necessarily re-
quire the desensitisation protocol.

4. The Organoplatinums

Platinum compounds have demonstrated anti-
tumour activity in a wide variety of cancers by pro-
ducing interstrand DNA cross-links via its highly
reactive platinum species. Cisplatin was the first
platinum-containing compound to be approved by
the US Food and Drug Administration for use as a
chemotherapeutic agent. In 1989, the analogue car-
boplatin was introduced as an effective organo-
platinum agent with an improved toxicity profile.
These agents may be delivered by the intravenous,
intraperitoneal or intravesical routes.

4.1 Incidence and Clinical Manifestations

Hypersensitivity to platinum compounds is well
established and most notable among refinery work-
ers inhaling complex salts of platinum.[29] After
prolonged exposure to these agents, a small number
of workers develop rhinitis, conjunctivitis, asthma,
urticaria and contact dermatitis. Allergic reactions
have also been reported in patients receiving platinum-
containing chemotherapeutic agents. Both cispla-
tin and carboplatin are commonly associated with
HSRs and their occurrence have been documented

Table IV. Re-treatment strategy for patients experiencing a
paclitaxel-associated hypersensitivity reaction

1. Immediate discontinuation of the paclitaxel infusion if a
patient experiences any signs or symptoms of a
hypersensitivity reaction

2. Rapid intravenous administration of diphenhydramine
(50mg) and hydrocortisone (100mg)

3. Re-initiation of paclitaxel infusion approximately 30
minutes after initially stopping its administration (allowing
for complete disappearance of signs and symptoms of the
previous reaction)
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with all routes of chemotherapy administration, in-
cluding intraperitoneal and intravesical.[30-32]

The reported incidence of HSR to platinum com-
pounds varies greatly. An interesting feature of
platinum HSR is that a rather prolonged period of
exposure is characteristic before the development
of sensitisation. In patients receiving carboplatin
for the treatment of ovarian cancer, the initial epi-
sode of hypersensitivity develops only after a sig-
nificant number of courses of the agent have been
administered.[33] In a review of 205 patients receiv-
ing carboplatin, the median course number reported
for the first HSR episode was 8 (range 6 to 21; table
VI).[33] The incidence of HSRs in patients receiv-
ing 6 or fewer courses of carboplatin, on the other
hand, was only 1% in this study. Multiple (6 or more)
courses are also typical prior to the development
of cisplatin HSR.[34] The dose of platinum deliv-
ered, however, does not seem to be a risk factor for
HSRs.[33]

The severity of symptoms among patients expe-
riencing an HSR to platinum compounds also var-
ies greatly. Clinical manifestations are consistent
with type I HSR. Unlike paclitaxel HSRs, greater
than 50% of patients experiencing reactions to pla-
tinum compounds demonstrate at least moderately
severe symptoms, with respiratory arrest, cardiac
arrest and death being reported.[33,35,36] Also in
contrast to paclitaxel-associated HSRs, the timing

of the reaction with respect to drug infusion varies
greatly. Only one-half of patients demonstrating an
HSR with carboplatin experience the initial symp-
toms within the first several minutes after drug ad-
ministration, with some patients experiencing mild
symptoms up to 3 days after treatment.[33,35,36]

4.2 Immunological Mechanism

The immune mechanism responsible for HSRs
to platinum-based chemotherapy is not well under-
stood. Evidence among refinery workers inhaling
complex salts of platinum suggests that allergy to
platinum compounds is IgE-mediated. As stated,
prior exposure is necessary before the develop-
ment of sensitisation and, once sensitised, small
amounts of platinum compound will elicit this re-
action.[29]

The passive transfer of skin reactivity by the
serum and demonstration of platinum-specific IgE
by radioallergosorbent test in sensitised refinery
workers provide evidence for an antibody-medi-
ated phenomenon.[37]

4.3 Protocols for Prevention of HSR

No specific protocols for HSR prophylaxis exist
for the organoplatinums. However, most antiemetic
regimens for the organoplatinum agents involve
the use of dexamethasone. Prophylaxis is recommen-
ded for patients who are receiving multiple courses
of either agent.

Skin testing has also been applied for the early
identification of patients receiving carboplatin at
risk for HSRs.[38] An intradermal injection of car-
boplatin has been shown to identify patients who
may safely be administered carboplatin chemo-
therapy with a 99% negative predictive value. As
the incidence of HSRs in patients receiving 6 or
fewer courses of carboplatin is negligible, skin
tests need only be applied to patients receiving 7

Table V. Desensitisation protocol for paclitaxel-associated hyper-
sensitivity reactions[6]

1. Dexamethasone 20mg orally at bedtime approximately 36
and 12 hours before chemotherapy, and on morning of
chemotherapy

2. 30 minutes before chemotherapy (all IV): dexamethasone
20mg, diphenhydramine 50mg and famotidine 20mg

3. Escalating concentration paclitaxel infusion: 2mg in 100ml
normal saline over 30 minutes; if no reaction then 10mg
in 100ml normal saline over 30 minutes; if no reaction
then the remaining full dose in 500ml normal saline over 3
hours

4. If the patient experiences a reaction at any point,
discontinue infusion and administer IV diphenhydramine
(50mg) and hydrocortisone (100mg)

5. Restart paclitaxel infusion approximately 30 minutes after
symptoms subside

IV = intravenous.

Table VI. Hypersensitivity reactions (HSRs) in relation to carbo-
platin course number[33]

Course number HSR incidence (%)

≤6 1

≥7 27
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or more courses of the agent. In this study, admin-
istering carboplatin only to patients with a negative
skin test would reduce the rate of HSRs in this pop-
ulation from 27 to 3%[38] In patients manifesting a
positive skin test, both patient and physician must
evaluate risks and benefits of continuation of car-
boplatin therapy. Treatment may be discontinued
in favour of an alternate second-line agent. How-
ever, if significant benefit is likely to accrue from
continued carboplatin therapy, options may include
a trial of desensitisation versus an attempt at cross-
over treatment with cisplatin.

4.4 Strategies for Re-Treatment with the
Platinum Compounds in Sensitised Patients

Recurrent reactions, usually of increasing se-
verity, occur with re-treatment in individuals sen-
sitised to platinum compounds.[33] A few authors
have reported successful re-treatment with cross-
over to an alternate platinum-based chemother-
apy.[39,40] However, these reports are anecdotal and
reports to the contrary suggest that cross-reactivity
does occur, with death being reported as an out-
come in one report.[35]

Although numerous desensitisation protocols
have been suggested in the literature, these have
not met with the uniform success of the paclitaxel
desensitisation protocols. Prolonged infusion times
and additional H1 and H2 receptor antagonists have
not resulted in successful treatment in sensitised
individuals.[41] Extended corticosteroid-based oral
or intravenous desensitisation and an escalating
dose infusion protocol similar to that used with
paclitaxel hypersensitivity have been variably suc-
cessful, with recurrent HSRs occurring in up to
50% of patients.[38,42-44] The decision to attempt
desensitisation should be based on the perceived
clinical benefit from continued platinum exposure
in patients who likely have already received multi-
ple courses of the agent.

5. Asparaginase

Asparaginase is a bacterial polypeptide protease
derived from Escherichia coli that depletes sensi-
tive tumour cells of asparagine and is a standard

component of induction chemotherapy protocols
for acute leukaemia. Its usual route of administra-
tion is intramuscular.

5.1 Incidence and Clinical Manifestations

Asparaginase has long been associated with po-
tentially life-threatening HSRs. Overall rates of
HSRs are estimated at 25 to 35% in patients receiv-
ing multiple courses of the agent.[45] Nearly half of
sensitised patients demonstrate potentially life-
threatening, anaphylactoid symptoms.[46] Anaphy-
lactoid symptoms are more common with intrave-
nous than with intramuscular administration and
with intermittent (weekly or monthly) rather than
continuous (daily) schedules.[46,47]

Most patients become sensitive to the agent only
after exposure, with rates of HSR increasing sub-
stantially with repeat dosing and reinduction chemo-
therapy.[48] Reaction onset is typically within the
first hour of intramuscular administration, how-
ever, delayed reactions of several hours have been
noted.[49] The clinical manifestations of these reac-
tions also suggest type I HSR. Symptoms such as
fever, flushing, rash, urticaria, local oedema, whee-
zing and epigastric pain are common.

There is debate as to the prognostic significance
of the development of HSRs to asparaginase from
a treatment standpoint. Pharmacokinetic and phar-
macodynamic studies in children demonstrate that
high antibody levels correlated with rapid clearance
of the enzyme and lower overall response rates.[50]

However, data to the contrary also exist.[51,52]

5.2 Immunological Mechanism

There is substantial evidence that HSR to as-
paraginase is an IgE-mediated type I reaction.[53]

As a bacterial peptide, asparaginase is tremen-
dously antigenic and anti-asparaginase IgE anti-
body is detectable in most patients receiving the
agent.[54]

5.3 Protocols for Prevention of HSRs

No standard regimen for prophylaxis exists. How-
ever, caution should be exercised in all patients re-
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ceiving asparaginase therapy.[34] Intravenous access
must be obtained in patients receiving this agent,
even when it is administered by the intramuscular
route. The standard premedication strategies describ-
ed in table III may be instituted.

The appearance of anti-asparaginase antibody has
been evaluated for its ability to predict patients at
risk for HSRs. Although a statistically higher anti-
body titre is seen in sensitised individuals, aspar-
aginase-specific antibody is also present in most
patients who do not exhibit clinical hypersensitiv-
ity, thus limiting its prognostic utility.[53-55]

Although, intradermal skin testing with the agent
has not been entirely reliable in predicting patients
at risk for HSRs to E. coli asparaginase,[56] it is gen-
erally recommended that the test be performed
prior to the initial administration of asparaginase
and prior to subsequent doses when a week or more
has passed between doses.[57]

5.4 Strategies for Re-Treatment with the
Asparaginases in Sensitised Patients

In general, patients sensitised to E. coli aspar-
aginase are unable to continue treatment with the
agent. Although re-treatment may not be possible,
2 additional preparations of asparaginase have
been developed as an alternative in sensitised indi-
viduals: Erwinia carotovora asparaginase and
polyethylene glycol-modified E. coli asparaginase
(PEG-asparaginase). PEG-asparaginase is E. coli
asparaginase covalently bound to polyethylene
glycol, allowing for an extended plasma half-life
and reduced toxicity. PEG-asparaginase was given
to 70 patients as part of a reinduction protocol, in-
cluding 4 patients who experienced allergic reac-
tions during induction chemotherapy.[58] No cases
of HSR were seen, in contrast to a 30% baseline
incidence normally seen with E. coli asparaginase
at reinduction. PEG-asparaginase was also given
to 5 children sensitised to E. coli or Erwinia aspar-
aginase.[59] Four of 5 children were able to complete
their intended treatments with PEG-asparaginase.
Patients sensitised to E. coli asparaginase may also
be successfully treated with Erwinia asparaginase.
Although crossover reactions may occur in up to

23% of patients, none are reported to be life-threat-
ening and greater than 90% of sensitised patients
are able receive their intended asparaginase courses
with this agent.[45]

Published experience with desensitisation pro-
tocols for asparaginase is considerably less than
with paclitaxel or carboplatin. A protocol based on
escalating intravenous dosage of the agent was suc-
cessful in desensitising a 2-year-old girl with acute
myelogenous leukaemia who developed allergy to
asparaginase after her first course.[60] Likewise, 4
patients demonstrating HSRs to E. coli aspara-
ginase intramuscular injection were successfully
treated with the agents as a slow continuous infu-
sion for 48 to 72 hours.[61]

6. The Epipodophyllotoxins

The epipodophyllotoxins, etoposide and ten-
iposide, are antimitotic agents that appear to medi-
ate single- and double-strand breaks in DNA via
inhibitory effects on the nuclear enzyme topoiso-
merase II. They are useful for the treatment of tes-
ticular and ovarian germ cell tumours, small cell
lung carcinomas, non-Hodgkin’s lymphomas, and
many other malignancies. The agents are usually
administered intravenously over 30 to 60 minutes.
Etoposide may also be delivered by the oral route.

6.1 Incidence and Clinical Manifestations

Etoposide and teniposide are associated with a
reported 6 to 41% incidence of HSRs and a 0.7 to
14% incidence of anaphylaxis.[62,63] These reac-
tions are usually observed during or immediately
after administration of the agent. Reactions may
occur during the first exposure,[62] however, HSR
risk increases with repeated exposure to the ag-
ents.[63] HSRs to oral etoposide have not been re-
ported.

Clinical manifestations of these reactions in-
clude fever, chills, hypotension, dyspnoea and
bronchospasm and are most consistent with type I
HSRs. The majority of reactions reported are con-
sidered mild.
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6.2 Immunological Mechanism

Debate regarding the mechanism of HSRs to the
podophyllotoxins exists. The occurrence of pa-
tients who experience HSRs with their first expo-
sure to the agent suggests that the reactions may
not be antibody-mediated. Rather, infusion of the
agents may elicit direct mast cell degranulation
similar to that postulated for paclitaxel. Like pac-

litaxel, teniposide is also solubilised in ‘Cremo-
phor EL’. Although ‘Cremophor EL’ may have the
potential to precipitate HSRs, evidence suggests
that the podophyllotoxins themselves are the caus-
ative agents in these reactions. Nolte et al.[64] eval-
uated histamine release from basophil leucocytes
in sensitised individuals upon exposure to both ten-
iposide and ‘Cremophor EL’and demonstrated that
teniposide degranulated basophils whereas ‘Cremo-

Table VII. Summary of clinical characteristics of hypersensitivity reactions (HSRs), prophylaxis recommendations, and re-treatment
possibilities

Agent Patients at greatest risk Crossover reactions? Prophylaxis
recommendations

Re-treatment
possibilities?

Taxanes
Paclitaxel and docetaxel Patients receiving their

first or second dose
Yes All patients;

IV dexamethasone (20mg),
histamine H1 and H2

receptor antagonists 30
minutes prior to infusion

Yes, in virtually all
patients by re-initiation
30 minutes after
discontinuation and
administration of
diphenhydramine and
hydrocortisone; formal
desensitisation usually
successful in patients
demonstrating recurrent
HSRs

Platinum compounds
Carboplatin and cisplatin Patients receiving

multiple (>6) courses
Yes; some may be
severe

Particularly for patients
receiving multiple courses
of the agent; IV
dexamethasone (20mg), H1

and H2 receptor
antagonists 30 minutes
prior to infusion

Occasionally, using a
formal desensitisation
protocol; severe adverse
reactions, however, have
been noted with
desensitisation attempts

The asparaginases
Escherichia coli
asparaginase, Erwinia
asparaginase

Patients receiving
multiple courses;
patients receiving
re-induction
chemotherapy

Yes, 23% incidence of
recurrent reactions with
Erwinia asparaginase
treatment.
PEG-asparaginase,
however, may be
successfully
administered to most, if
not all, patients
sensitised to E. coli
asparaginase

No standard prophylaxis;
general prophylaxis with
corticosteroids, H1 and H2

receptor antagonists would
be reasonable

Possibly; case reports
describe successful
desensitisation attempts

Epipodophyllotoxins
Teniposide, etoposide Patients receiving

multiple courses.
Reactions with the first
exposure, however,
may occur

Yes No standard prophylaxis;
H1 and H2 receptor
antagonists would be
reasonable

Very little data in the
literature

IV = intravenous; PEG-asparaginase = polyethylene glycol-modified Escherichia coli asparaginase.
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phor EL’ did not. Further, IgE depletion of cells did
not abolish the response to the teniposide chal-
lenge. In addition, ‘Cremophor EL’ is not a vehicle
for etoposide and yet this agent is also associated
with HSRs.

6.3 Protocols for Prevention of HSRs

No standard regimen for prophylaxis exists.

6.4 Strategies for Re-Treatment with the
Epipodophyllotoxins in Sensitised Patients

Less than half of patients are successfully re-
challenged with the drug.[62] Crossover to the al-
ternate agent may be successful in sensitised indi-
viduals, however, subsequent reactions are
reported.[63,65]

7. Conclusion

Acute HSR is a potentially severe complication
of chemotherapy. For certain chemotherapeutic
agents such as the taxanes, the organoplatinums,
asparaginase, and the epipodophyllotoxins, HSRs
may be among the most common treatment-related
toxicities. The immunological mechanism of the
HSRs are often poorly understood, although type I
reactions are the most common. Strategies to pre-
vent the occurrence or minimise the severity of
these reactions have been developed and should be
implemented if risk for HSR is significant. When
a patient becomes sensitised to a chemotherapeutic
agent, options include attempting re-treatment
with the agent, a trial of desensitisation, treatment
with a related compound, or discontinuation of the
agent altogether. The risks and benefits of each
strategy must be considered carefully when decid-
ing among these options. Knowledge of the partic-
ular clinical characteristics with respect to HSRs
of the chemotherapeutic agent in question is help-
ful when deciding among these options (table VII).
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