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Abstract
Ovarian cancer is the fifth leading cause of cancer death among 
women in the United States. Chemotherapy using a taxane and 
platinum combination is key in improving survival in patients with 
newly diagnosed advanced ovarian cancer and is also used to 
treat recurrent platinum-sensitive disease. However, hypersensitiv-
ity reactions (HSRs) to chemotherapeutic agents are increasingly 
common and can greatly limit their use. Moreover, because of 
the frequent lack of equally effective alternative agents, chances 
of survival can be compromised. Therefore, physicians caring for 
these patients must be familiar with the management of HSRs to 
chemotherapy, and major advancements have recently been made 
in this field. Most HSRs implicate mast cell and basophil activa-
tion either through an IgE-mediated (ie, platinum agents) or non-
specific (ie, taxanes) mechanism. Therefore, these reactions have 
the potential to lead to anaphylaxis, at which time they should 
be treated with intramuscular epinephrine. Serum tryptase, which 
is released alongside histamine after mast cell activation, may be 
measured after an acute HSR to document mast cell involvement. 
After an HSR, the decision to re-treat with the same agent or a 
closely related one will vary depending on the causative drug, the 
type of HSR, and its severity. Drug desensitization has emerged 
as a safe and effective way of reintroducing a chemotherapeutic 
agent or monoclonal antibody responsible for an HSR in a patient 
who is expected to benefit from its continued use and for whom 
alternatives are considered less effective and/or more toxic. Cur-
rently, candidates for desensitization are preferably evaluated 
in academic settings with expertise in those procedures, because 
their use is still limited. Efforts are now needed to increase aware-
ness about desensitization procedures so that more patients may 

benefit. This challenge will require the close collaboration of pa-
tients, nurses, oncologists, and allergists. (J Natl Compr Canc Netw 
2014;12:389–402)

Ovarian cancer is the leading cause of death among gy-
necologic malignancies and ranks fifth in overall cancer-
related mortality among women in the United States.1 
Chemotherapy, particularly with a taxane and platinum 
combination, is key to improving survival in patients with 
advanced newly diagnosed ovarian cancer and in those 
with recurrent cancer that remains sensitive to platinum.2 
However, adverse reactions to these drugs can greatly limit 
their use and, because of the frequent lack of equally effec-
tive alternative agents, patients’ chances of survival may be 
compromised.2,3 Recent advances have been made in the 
management of chemotherapy hypersensitivity reactions 
(HSRs), especially in ovarian cancer, that for some patients 
offer promise for circumventing those reactions.

Four types of drug HSRs have been well character-
ized.4 In type I, drug-specific IgE antibodies coat the sur-
face of mast cells and basophils. On antigen binding, 
cross-linking occurs and cell activation ensues, caus-
ing the immediate release of mediators, such as hista-
mine and tryptase, responsible for the classic signs and 
symptoms of those reactions (Table 1).4 Mast cell and 
basophil degranulation can also be triggered by nonspe-
cific pathways, such as complement activation, creating 
a clinical picture identical to classic type I reactions.5 
Regardless of the underlying mechanism, these reac-
tions have the potential to lead to anaphylaxis.5 Type 
I reactions are the most common HSRs seen in pa-
tients with ovarian cancer, and are also referred to as 
allergic or infusion reactions.2 Type II reactions involve 
antibody-mediated cytotoxicity (eg, drug-induced im-
mune hemolytic anemia), and type III are mediated by 
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and platinum drugs and the recommended approach 
for patients experiencing these reactions.

Acute Management of HSRs
HSRs to chemotherapy are unpredictable, can occur 
suddenly, and may deteriorate quickly.2,7 Therefore, 
patients must be educated to recognize and report 
any symptom of HSR (Table 1) so that treatment 
can be instituted in a timely manner.2,8 The nursing 
staff and clinicians caring for those patients should 
be prepared to treat these reactions with short no-
tice.2 For that purpose, chemotherapy infusion units 
should be adequately equipped to perform resuscita-
tion maneuvers, and standing orders should be writ-
ten to ensure rapid administration of drugs, such as 
epinephrine, in case of anaphylaxis.2 

HSRs may manifest with a variety of symptoms 
(Table 1) and may vary in severity from isolated 
flushing to anaphylaxis (Table 2).2,7 In any case, 
the drug infusion should be immediately stopped.2 
Anaphylaxis should be diagnosed when 2 of the fol-
lowing organ systems exhibit signs and symptoms of 
mast cell activation: skin (flushing, urticaria, angio-
edema), respiratory (dyspnea, wheeze, stridor, hy-
poxemia), cardiovascular (reduced blood pressure, 
syncope), and gastrointestinal (persistent crampy 
abdominal pain, vomiting).9 Anaphylaxis should 
be treated immediately and initially with intra-
muscular epinephrine.2,9 The patient should then 
be placed in the recumbent position with lower 
extremities elevated (except if respiration is com-
prised or the patient is vomiting).9 Supplemental 
oxygen and intravenous fluids should be adminis-
tered if needed.2,9 H1 and H2 blockers are routinely 
administered as adjunct to epinephrine.2,9 Inhaled 
short-acting ß-agonists can also be used to comple-
ment epinephrine in treating bronchospasm.2,9 
Corticosteroids are typically given to prevent the 
late-phase reaction of anaphylaxis.9 Measurement 
of serum tryptase, the major protease released from 
mast cells along with histamine during an anaphy-
lactic reaction, at 1 to 6 hours after the reaction is 
a useful indicator of anaphylaxis because it supports 
a causal role for mast cells in the reaction, as exem-
plified in Table 3.10,11 Nonanaphylactic HSRs can 
usually be managed with antihistamines (H1 and H2 
blockers) and corticosteroids (methylprednisolone, 
hydrocortisone, dexamethasone).2

 Table 1   Signs and Symptoms of  
Hypersensitivity Reactions to  
Taxanes and Platinum Drugs

Taxanes Platinum

Cutaneous

Flushing

Pruritus

Urticaria/angioedema

Maculopapular rash

Cardiovascular

Chest pain

Tachycardia

Sense of impending doom

Presyncope/Syncope

Hypertension

Hypotension 

Respiratory

Sneezing/nasal congestion

Dyspnea

Coughing/wheezing

Desaturation

Throat tightness

Gastrointestinal

Nausea/vomiting/diarrhea

Abdominal pain/bloating

Neurologic/Muscular

Numbness/weakness

Back pain Disorientation

Visual disturbances

Ringing/pounding in ears

Unusual taste

Hallucinations

antigen-antibody complexes (eg, serum sickness) 
but are infrequently encountered.4 Type IV reac-
tions are T-cell mediated, have a delayed onset, and 
range from benign maculopapular skin eruption to 
Stevens-Johnson syndrome.4 Finally, a common type 
of HSR seen with monoclonal antibodies does not fit 
into this classification; these reactions involve fever 
and chills and seem to result from the nonspecific re-
lease of cytokines.6 This article focuses mainly on the 
management of type I–compatible HSRs to taxanes 

Data from Castells MC, Tennant NM, Sloane DE, et al. 
Hypersensitivity reactions to chemotherapy: outcomes and safety 
of rapid desensitization in 413 cases. J Allergy Clin Immunol 
2008;122:574–580.
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The subsequent management of HSRs depends 
on the drug being administered and the severity of 
the initial reaction (Table 2) in accordance with the 
NCCN Clinical Practice Guidelines in Oncology 
(NCCN Guidelines) for Ovarian Cancer (Figures 
1 and 2).2 Recommendations made in the NCCN 
Guidelines regarding management of HSRs were all 
category 2A because they emerged from a uniform 
consensus and were based on lower-level evidence.2 

Platinum Drugs: Carboplatin 
and Cisplatin 
Cisplatin was the first commercialized platinum 
drug, and early studies reported an incidence of 
HSRs ranging from 1% to 20%.12 In the 1990s, car-
boplatin gradually replaced cisplatin in ovarian can-
cer treatment  because of its better safety profile (less 
nephrotoxicity, neurotoxicity and severe emesis vs 
cisplatin).8 Because of its remarkable efficacy in first-
line, second-line, and salvage therapy for ovarian 
cancer, carboplatin became increasingly used, lead-
ing to a dramatic increase in the rate of HSRs.8,13,14 
The incidence of carboplatin HSRs increases with 
the number of cycles received, averaging 1% in those 
receiving 6 cycles or less but reaching 47% in those 
receiving 7 cycles or more.15,16 On average, patients 
react on the eighth or ninth overall cycle of plati-
num drug.7,8,15,17,18 More than half of HSRs to car-
boplatin are severe, and that proportion increases 
with the number of cycles received, averaging 88% 

in patients undergoing a third regimen of platinum 
drug—a situation often leading to discontinuation of 
the drug.15,16

Clinical Features
HSRs to platinum drugs generally occur during the 
drug infusion, although sometimes onset can be de-
layed for minutes, hours, and sometimes even days 
after the end of the infusion.8,10,19 Signs and symp-
toms reflect mast cell and basophil activation (Table 
1). Cutaneous symptoms are present in most HSRs 
to carboplatin, most frequently as flushing accompa-
nied by pruritus (affecting all 60 patients in 1 co-
hort).7 In that same study, cardiovascular symptoms 
(most commonly chest pain and presyncope) were 
present in 57% of patients, gastrointestinal symp-
toms (including nausea, vomiting, diarrhea) in 42%, 
respiratory symptoms (most commonly dyspnea) in 
40%, and throat tightness in 25%.7 It has been re-
ported that patients with a severe carboplatin HSR 

Table 2  Allergy Severity Grading of Hypersensitivity Reactions

Skin Gastrointestinal Respiratory Cardiovascular
Neurologic/
Muscular

Grade 1 Pruritus, flushing, 
urticaria, 
angioedema, 
maculopapular rash

None None None None

Grade 2 Same as grade 1 
but not required

Nausea, 
abdominal pain

Dyspnea, 
sneezing/nasal 
congestion, 
coughing

Chest pain, 
tachycardia, 
hypertension

Back pain, 
anxiety

Grade 3 Same as grade 1 
but not required

Vomiting, 
diarrhea

Bronchospasm, 
laryngeal 
edema, 
desaturation

Hypotension, 
presyncope, 
syncope, sense of 
impending doom

Same as grade 2 
but not required

Grade 4 Same as grade 1 
but not required

Same as grade 3 
but not required

Respiratory 
failure

Cardiovascular 
collapse

Same as grade 2 
but not required

Data from Ring J, Behrendt H. Anaphylaxis and anaphylactoid reactions. Classification and pathophysiology. Clin Rev Allergy Immunol 
1999;17:387–399.

Table 3   Elevation of Serum Tryptase  
After an IgE-Mediated Reaction  
to Carboplatin 

Patient Skin Test Serum Tryptasea (mg/L)

A + 31

B + 47

aUpper limit of normal: 11.4 mg/L. 
Data from Hesterberg PE, Banerji A, Oren E, et al. Risk stratification 
for desensitization of patients with carboplatin hypersensitivity: 
clinical presentation and management. J Allergy Clin Immunol 
2009;123:1262–1267.
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often had experienced minor symptoms, such as a 
mild rash and/or pruritus, during the previous in-
fusion of the drug, which had been overlooked.8,19 
These findings emphasize the need to educate pa-
tients to recognize and report any symptoms they 
might experience after a chemotherapy infusion, 
particularly involving a platinum agent.2

Mechanisms of HSRs
HSRs to platinum drugs are IgE-mediated allergies, 
as supported by several lines of evidence. Platinum 
salts have long been recognized as a cause of IgE-
mediated allergy in precious metal refinery workers, 
eliciting mainly respiratory symptoms such as asthma 
and rhinitis.20 Platinum drugs, such as carboplatin, 
cisplatin, and oxaliplatin, are made with those salts, 
and multiple cycles of these drugs are necessary to 
elicit a reaction, suggesting that an immunologic 
sensitization process must occur before a reaction 

results.7,8,15,17,21 A standard way of demonstrating IgE-
mediated allergies is through skin testing, which in-
troduces a small amount of allergen through the skin, 
activating local mast cells in sensitized patients and 
resulting in a wheal and flare reaction.22 Skin testing 
is positive in most patients who will or have experi-
enced an HSR to platinum drugs, but not in tolerant 
subjects.7,10,18,23,24 Also, tryptase is increased in the 
serum of patients after a reaction, showing mast cell 
activation (Table 3).10 Rapid drug desensitization, a 
procedure that can be used to administer a drug caus-
ing an IgE-mediated allergy in a particular patient, 
has been shown to be very effective in preventing 
HSRs to platinum drugs and to temporarily blunt 
skin test reactivity to the inciting agent.7,10,18,25,26 Fi-
nally, oxaliplatin- and carboplatin-specific IgEs have 
recently been found in patients with a documented 
HSR to those drugs.27,28 

First exposure 
to a platinum 
salt

•  Decrease or stop 
infusion (symptoms 
resolve quickly)

•  Administer antihis-
tamines if symptoms 
persist

•  Re-challenge  
acceptable at slower 
infusion rate and 
with premedication 
(antihistamines and 
corticosteroids) if 
staff and patient 
agree and vital signs 
remain stable

•  Consider allergy/ 
desensitization  
specialist consulation

• Do not re-challenge
•  Potential candidate 

for desensitization 
with each infusion

•  Allergy/desensitiza-
tion specialist consul-
tation, if possible

• Stop infusion 
•  IM epinephrine without 

delay
•  Administer oxygen, 

nebulized bronchodilator, 
antihistamines (H1 and H2 
blockers), corticosteriods 
and IV fluids

•  Measure serum tryptase 
level, if possible

• Stop infusion 
•  IM epinephrine without 

delay
•  Administer oxygen, 

nebulized bronchodilator, 
antihistamines (H1 and H2 
blockers) and corticoste-
riods

•  IM epinephrine, if needed

Grade 3-4

Grade 2
IV or IP drug 
reaction to  

platinum agents

Second or 
further 
exposure

Grade 1

• Stop infusion
•  Administer antihista-

mines
•  Close monitoring for 

symptoms’ evolution

Figure 1 Management of hypersensitivity reactions to platinum drugs in ovarian cancer patients. Reaction grades are defined in Table 2.  
Abbreviations: IV, intravenous; IP, intraperitoneal.  
Adapted from Morgan RJ Jr, Armstrong DK, Alvarez RD, et al. NCCN Clinical Practice Guidelines in Oncology: Ovarian Cancer. Version 1, 2014.  
Available at: NCCN.org. Accessed May 17, 2013.
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Risk Factors
One of the most decisive factors influencing the oc-
currence of HSRs to platinum drugs is the total num-
ber of cycles the patient has received, with reactions 
occurring on average during the eighth or ninth 
overall cycle.7,8,15,17,18 Similarly, patients experienc-
ing these reactions were shown to have received a 
higher cumulative dose of carboplatin (3850 vs 1792 
mg).14 Also, an interval greater than 12 months be-
tween 2 treatments with a platinum agent increases 
the incidence and severity of HSRs.14,16,29 One study 
showed that reactions occurred with an incidence of 
25.8%, of which 6.5% were severe, in patients who 
had an interval of less than 12 months between treat-
ments, whereas reactions occurred with an incidence 
of 59.2%, of which 47.0% were severe, in patients 
with an interval of greater than 24 months.16 Intra-
peritoneal infusions can trigger infusion reactions, 

although the associated risk seems to be lower than 
with the intravenous route and the number of cycles 
necessary to elicit a reaction is greater.30 A history of 
allergic disorders, particularly of drug allergy, seems 
to increase the risk of HSRs to platinum drugs.7,14,16 
Furthermore, combining carboplatin with pegylated 
liposomal doxorubicin (PLD) seems to significantly 
reduce the incidence of HSRs attributable to carbo-
platin compared with administering carboplatin as 
a single agent or in combination with paclitaxel.31,32 
The effect of PLD on reducing carboplatin-related 
infusion reactions remains to be determined. Finally, 
a recent study showed that a deleterious BRCA1/2 
mutation status was an independent risk factor for 
carboplatin HSRs (odds ratio, 13.1; 95% CI, 2.6–
65.4) and that HSRs occurred after a lower cumula-
tive exposure in those patients.33 

• Stop infusion 
(symptoms often 
resolve quickly)

•  Administer  
antihistamines to 
treat symptoms

•   Re-challenge  
acceptable at slower 
infusion rate and 
with premedication 
(antihistamines and 
corticosteroids) if 
staff and patient 
agree and vital signs 
remain stable

•  If repeat reaction: do 
not re-challenge

•  Potential candidate for 
desensitization with 
each infusion

• Consider allergy/de-
sensitization specialist 
consultant

• Do not re-challenge
•  Potential candidate 

for desensitization 
with each infusion

•  Consider allergy/
desensitization 
specialist  
consultation

• Stop infusion 
•  IM epinephrine without 

delay
•  Administer oxygen, 

nebulized bronchodilator, 
antihistamines (H1 and H2 
blockers), corticosteriods 
and IV fluids

•  Measure serum tryptase 
level, if possible

• Stop infusion 
•   Administer oxygen, 

nebulized bronchodilator, 
antihistamines (H1 and H2 
blockers) and corticosteriods

•  IM epinephrine, if needed

Grade 3–4

Grade 2b

IV or IP drug 
reaction to  

taxane,  
liposomal 

doxorubicin, or 
biotherapeutic 

agents

Grade 1–2a

Figure 2 Management of hypersensitivity reactions to taxanes, pegylated liposomal doxorubicin, other chemotherapeutic drugs, and monoclonal 
antibodies patients with in ovarian cancer. Reaction grades are defined in Table 2. 
aGrade 2 reactions without cardiovascular or respiratory involvement. 
bGrade 2 reactions with cardiovascular or respiratory involvement. 
Abbreviations: IV, intravenous; IP, intraperitoneal.  
Adapted from Morgan RJ Jr, Armstrong DK, Alvarez RD, et al. NCCN Clinical Practice Guidelines in Oncology: Ovarian Cancer. Version 1, 2014. Avail-
able at: NCCN.org. Accessed May 17, 2013.
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Prevention of HSRs
The incidence of HSRs to carboplatin rises sharply 
after 7 cycles of a platinum drug and most patients 
who are allergic to carboplatin have a positive skin 
test to the drug.8,15 Therefore, Markman et al24 ex-
amined the utility of carboplatin skin testing before 
each drug infusion (with a concentration varying be-
tween 5 and 12 mg/mL) starting at the seventh cycle 
to preemptively identify patients with an allergy. A 
total of 126 patients had 717 skin tests, of which 39 
were positive. Among those 39 patients, 6 of 7 who 
went on to receive a regular carboplatin infusion re-
acted, suggesting a high positive predictive value for 
carboplatin skin testing. In contrast, 7 of 87 patients 
with a negative skin test experienced an HSR during 
regular infusion, all of which were mild and limited 
to cutaneous manifestations. However, because of its 
impracticality and the limited evidence supporting 
its use, preemptive skin testing is not widely used. 

In an effort to reduce the incidence of HSRs 
during a second treatment with carboplatin, 
O’Cearbhaill et al34 prophylactically treated 174 
patients with a prolonged 3-hour infusion of carbo-
platin and a premedication regimen consisting of 2 
doses of oral dexamethasone at 20 mg beginning the 
night before the infusion, and H1 and H2 blockers 
given intravenously 30 minutes before the infusion 
from the ninth cycle of carboplatin onward.34 When 
compared with a group of 533 patients who received 
carboplatin through regular infusion, the incidence 
of HSRs significantly decreased from 21% to 3% 
and onset was delayed until after a median of 9 to 16 
cycles of carboplatin. However, these results from a 
single-center retrospective trial have yet to be con-
firmed prospectively.

Management of HSRs
The recommended management of HSRs to plati-
num drugs shown in Figure 1 is in accordance with 
NCCN Guidelines.2 In contrast to other drugs used 
in ovarian cancer, HSRs to platinum drugs occur 
almost exclusively through an IgE-mediated mecha-
nism, with several important clinical implications.7 
Previous exposure is necessary to elicit an immune 
response, leading to the production of IgE.4 There-
fore, HSRs occurring on first exposure to platinum 
drugs are unlikely to be IgE-mediated, except in 
rare instances when patients have been exposed to 
platinum salts through their occupation, such as 
jewelry makers.20 Thus mild HSRs occurring in truly 

platinum-naïve patients during the first infusion of a 
platinum drug can be reasonably treated with anti-
histamines and a decrease in the infusion rate.2 On 
the other hand, once a patient has been exposed to 
any platinum salt–containing molecule, allergic sen-
sitization is possible and HSRs after the infusion of 
platinum drugs are likely the sign of an IgE-mediated 
allergy.2 Importantly, IgE-mediated allergies are not 
safely prevented by premedication with corticoste-
roids and antihistamines or by a slower infusion rate 
(except if it is given in a way that creates desensi-
tization), and fatalities in these circumstances have 
been reported.8,26,35–37 Furthermore, mild reactions 
are often the first signs of allergic sensitization and 
can be precursors of anaphylactic reactions on reex-
posure, because an immunologic recall mechanism is 
implicated.2,8,19 

Patients with HSR to platinum drugs who ben-
efit from this treatment and for which alternative 
agents are considered less effective and/or more toxic 
may be referred to an allergist or a specialist with ex-
pertise in desensitization for evaluating the possibil-
ity of administering further cycles through a desen-
sitization procedure.2 Otherwise, rechallenge should 
not be attempted because of the potential harm that 
might be caused to the patient.2 Several patients 
have been transitioned successfully to cisplatin af-
ter an HSR to carboplatin, although some patients 
have had recurrent HSRs.16,30,35–40 In a cohort of 24 
patients with ovarian cancer, 6 (25%) eventually re-
acted to cisplatin after having reacted to carbopla-
tin38 and at least 2 fatalities have been reported in 
such context.36,37 Interestingly, skin testing has been 
used in few patients to predict reactivity to cisplatin 
after a carboplatin HSR and no patient with a nega-
tive skin test to cisplatin has reacted.23,41–43 However, 
given the limited data available, these decisions are 
preferably made after evaluation by an allergist or 
specialist with expertise in this field.2 Cross-reactiv-
ity could also be assessed through drug-specific IgE 
testing, as suggested by a recent study showing that 
among 7 patients with carboplatin allergies, 2 had 
cisplatin-specific IgEs.28

Rapid Drug Desensitization
Various desensitization protocols have been used for 
patients allergic to a platinum drug with variable suc-
cess rates.7,10,14,16–19,21,24,27,44–51 If consideration is given 
to readminister a platinum drug through desensiti-
zation, the patient should preferably be referred to 
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an academic center with expertise in desensitization, 
because those procedures are considered high-risk 
and must be tightly regulated and performed by al-
lergists or specialists with expertise in desensitiza-
tion.2 An example of a desensitization protocol with 
established safety and efficacy in a large cohort of 
patients with ovarian cancer with carboplatin HSRs 
is given in Table 4. From 2000 to 2006, this protocol 
has been used successfully in 101 patients with car-
boplatin allergies, for a total of 374 desensitization 
procedures.7,21,49 Most patients did not react (67%) 
or had a mild reaction (27%) during desensitization, 
despite the fact that 80% had a severe initial HSR 
to carboplatin.7 Only 2 patients had to be treated 
with epinephrine, and both completed their infusion 

and, after added premedication and protocol modi-
fication, could receive further desensitization infu-
sions without breakthrough symptoms.7,49 The inci-
dence of breakthrough symptoms and their severity 
steadily decreases with each desensitization, with 
most reactions occurring during the first and sec-
ond infusions.7,49 Furthermore, 75% of breakthrough 
symptoms occur during the final step of the proto-
col (step 12).7 All patients received their full dose of 
carboplatin under this protocol.7,21,49 Desensitization 
should be given thoughtful consideration in patients 
experiencing an HSR to platinum drugs who are ex-
pected to benefit from continued treatment with this 
drug and for whom alternative agents are considered 
either less effective and/or more toxic.2  

Table 4   Example of 12-Step Brigham and Women’s Hospital and Dana-Farber Cancer Institute  
Desensitization Protocol for Carboplatin

Name of Medication Carboplatin

Target dose 400 mg

Standard volume per bag 250 mL

Final rate of infusion 80 mL/h

Calculated target concentration 1.6 mg/mL

Standard time of infusion 188 min

Volume Per 
Bag

Concentration 
(mg/mL)

Total Dose 
Per Bag (mg)

Solution 1 250 0.016 4.000

Solution 2 250 0.160 40.000

Solution 3 250 1.587 396.852

Step Solution
Rate  
(mL/h)

Time Per Step  
(min)

Dose Administered 
Per Step (mg)

Cumulative 
Dose (mg)

Fold 
Increase 
Per Step

1 1 2  15.0 0.008 0.008 –

2 1 5  15.0 0.020 0.028 2.5

3 1 10  15.0 0.040 0.068 2.0

4 1 20  15.0 0.080 0.148 2.0

5 2 5  15.0 0.200 0.348 2.5

6 2 10  15.0 0.400 0.748 2.0

7 2 20  15.0 0.800 1.548 2.0

8 2 40  15.0 1.600 3.148 2.0

9 3 10  15.0 3.969 7.117 2.3

10 3 20  15.0 7.937 15.054 2.0

11 3 40  15.0 15.874 30.928 2.0

12 3 80 174.4 369.072 400.000 2.0

Total time: 339.4 min = 5.7 h

Data from Castells MC, Tennant NM, Sloane DE, et al. Hypersensitivity reactions to chemotherapy: outcomes and safety of rapid desensitization in 
413 cases. J Allergy Clin Immunol 2008;122:574–580.
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Skin Testing
Skin testing is a useful tool to identify patients aller-
gic to platinum drugs and may be used for risk strati-
fication7,10,18,23,24 (Table 5). Depending on the sever-
ity of the initial HSR, the time elapsed between the 
HSR and skin testing, and the concentration used 
for carboplatin skin testing, between 45% and 88% 
of patients with a carboplatin HSR will have a posi-
tive skin test.7,10,18,23 Limited data suggest that a posi-
tive skin test to carboplatin has a high positive pre-
dictive value, because 6 of 7 patients with a positive 
skin test who went on to receive a regular infusion 
experienced a reaction.24 In patients with a negative 
skin test performed at a concentration of at least 3 
mg/mL and a delay of less than 6 months between 
the HSR and skin testing, HSR on rechallenge has 
been found to be rare and no severe HSR has been 
reported.7,10,18,23,24,50 Importantly, skin test reactivity 
seems to wane over time, and patients with a delay 
greater than 6 months between the HSR and skin 
testing might initially have negative skin test re-
sults that will convert to positive results after either 
1 or 2 carboplatin infusions.10,18 Those patients are 
at risk of a recurrent reaction and may benefit from 
repeated skin testing up to the third carboplatin re-
infusion.18 In light of these data, it is advisable to 
reintroduce a platinum drug via desensitization in 
patients with a positive skin test, whereas rechal-
lenge may be considered in patients with a negative 
skin test, although these decisions should be made by 
an allergist or specialist with expertise in this field.2  

Taxanes: Paclitaxel and Docetaxel
Paclitaxel is a molecule originally derived from the 
bark of the Pacific yew tree, Taxus brevifolia, and be-
cause of its poor solubility is compounded with the 
solvent Cremophor EL (polyoxyethylated castor 
oil).52 The high incidence of HSRs to paclitaxel in 
phase I trials rapidly lead to the use of a premedi-
cation regimen consisting of corticosteroids and 
antihistamines and a prolonged infusion time.52–54 
With these precautions, subsequent trials showed a 
dramatic reduction in the rate of HSRs to paclitaxel 
to less than 10% for HSRs of any severity and to ap-
proximately 1% for severe HSRs.55–61  

Docetaxel is a semisynthetic taxane derived 
from the needles of the European yew tree, Taxus 
baccata, and because of its low solubility is formu-
lated with the solvent polysorbate 80.62 Initially, the 
incidence of HSRs averaged 30% and that of fluid 
retention reached 59% in patients receiving the 
drug without premedication.62,63 Pretreatment with 
dexamethasone reduced the incidence of HSRs to 
between 3.5% and 16.5% and that of fluid retention 
to between 5.0% and 12.2%.64–66 A direct compari-
son of infusion reaction rates between paclitaxel and 
docetaxel, given in combination with carboplatin, 
revealed that docetaxel caused infusion reactions in 
3.5% of patients compared with 1.7% for paclitaxel, 
despite standard premedication in both groups.64 

Clinical Features
Reactions to taxanes generally occur within min-
utes after starting the infusion and during the first 2 
cycles of treatment.7,17,67 The signs and symptoms of 
these reactions are thought to be the result of mast 

Abbreviations: IDR, intradermal reaction; N/A, not applicable; ST, skin test. 
aMaximal concentration used for IDR: 10, 3, 5, and 1 mg/mL, respectively. 
bA total of 4 patients experienced a reaction after receiving the medication without desensitization. 
cA total of 11 patients were treated with desensitization and 6 had breakthrough reactions, 5 of which converted to a positive ST result. 
dA total of 23 patients were treated with desensitization and 11 had breakthrough reactions, 10 of which converted to a positive ST result. A total 
of 6 patients with a negative ST result tolerated treatment without desensitization. 
eNo patient with a negative ST result was reexposed to carboplatin. 
fConversion from a negative to a positive ST result after receiving additional cycles of the drug.

Table 5   Value of Skin Testing in Patients With a History of Reaction to Carboplatin
Castells et al7  
(n=60)

Hesterberg et al10  
(n=38)

Patil et al18 
(n=39)

Leguy-Seguin et al23  

(n=8)

Positive ST result (%) 53 (88) 25 (66) 16 (41) 6 (75)

 Prick   8 (15) N/A   2 (14) 2 (33)

 IDRa 45 (85) N/A 14 (86) 4 (67)

Negative ST result (%)   7 (12)b 13 (34)c 23 (59)d 2 (25)e

 ST converterf   2 (29)  6 (46) 12 (52) None
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cell and basophil activation and are summarized in 
Table 1.68 In a cohort of 28 patients with moderate 
to severe HSRs to paclitaxel, cutaneous symptoms 
(most commonly flushing) were present in 82% of 
patients, and cardiovascular symptoms (most com-
monly chest pain) were present in 75%.7 Interest-
ingly, severe back pain occurred in 36% of patients, 
whereas it is rarely seen in HSRs to other chemo-
therapeutic drugs, for unclear reasons.7 Importantly, 
some patients may present with delayed reactions up 
to 7 days after the infusion, which can be the pre-
lude to a severe immediate reaction during the next 
infusion.69

Premedication Regimens and Infusion Rates
Premedication with corticosteroids and antihista-
mines (H1 and H2 blockers) is highly effective at 
reducing the rate of HSRs to paclitaxel.55–61 The 
initial premedication protocol included 2 doses of 
dexamethasone to be taken the night before and the 
morning of the infusion, followed by the intravenous 
administration of H1 and H2 blockers 30 to 60 min-
utes before the infusion.58 For practical reasons and 
because of uncertainty about the safety of infusing 
paclitaxel if the patient had forgotten to take the 
corticosteroid, a simplified premedication regimen 
was devised to replace the 2 dexamethasone doses 
with a single intravenous dose of dexamethasone to 
be given 30 to 60 minutes before infusion.57,60,70 Sev-
eral studies showed a similar rate of HSRs (overall 
and severe) between the standard and the simplified 
regimen.55,57,60,67,70,71 However, in a retrospective sin-
gle-center study, Kwon et al61 showed that the short-
er 1-dose dexamethasone protocol induced HSRs in 
17.3% of patients (7.3% severe) compared with 7.5% 
(0.9% severe) with the 2-dose dexamethasone proto-
col. Furthermore, one fatality has been reported from 
an HSR to paclitaxel in a patient pretreated with the 
simplified regimen.72 These data strongly support the 
use of premedication with a combination of cortico-
steroids and antihistamines before paclitaxel admin-
istration, although they do not show superiority of 
one protocol over the other. Different infusion rates 
have been used for paclitaxel, ranging from as short 
as 30 minutes to as long as 24 hours.58,59,73 Williams 
and Bryant,74 in a Cochrane meta-analysis, found no 
significant difference in the rate of HSRs between 
3- and 24-hour infusions. Infusion times as short as 
1 hour does not seem to increase the incidence of 
HSRs to paclitaxel.73,75 

Premedication before docetaxel administration 
serves 2 purposes: preventing HSRs and reducing fluid 
retention, which is thought to result from capillary 
protein leakage.64,76,77 Dexamethasone, 8 mg twice 
daily for 3 days starting 24 hours before the infusion is 
usually administered, although a recent study suggest-
ed that a single dose of dexamethasone administered 
30 minutes before the infusion successfully prevented 
both HSRs and fluid retention, which occurred in that 
study in 7.8% and 12.2% of patients, respectively.65 
After uneventful infusions, the dose of corticosteroid 
might be reduced and eventually stopped, particularly 
in patients with weekly regimens that put them at 
higher risk of corticosteroid toxicity.78–80 Premedica-
tion is also recommended before intraperitoneal infu-
sions of both docetaxel and paclitaxel. 

Mechanisms of HSRs
Uncertainty remains regarding the mechanisms 
through which taxanes cause HSRs. Most reactions 
seem to depend on the drug solvents, Cremophor EL 
and polysorbate 80, which cause a nonspecific mast 
cell and basophil degranulation secondary to comple-
ment activation.81,82 However, some data suggest that 
the taxane moiety itself can also cause a nonspecific 
basophil degranulation, and at least one case of IgE-
mediated hypersensitivity to paclitaxel has been re-
ported.83,84 Interestingly, nanoparticle-bound pacli-
taxel (nab-paclitaxel) is a newer formulation of the 
drug that is exempt of solvent and can be infused over 
30 minutes without premedication.85 Its use in several 
clinical trials and in a few patients who had a prior 
reaction to paclitaxel has not been associated with 
HSRs, likely implicating Cremophol EL as the culprit 
of most HSRs to paclitaxel.25,85,86 However, postmar-
keting surveillance has identified rare cases of HSRs 
(including anaphylaxis) to nab-paclitaxel.25 There-
fore, caution should also be exercised when using this 
agent in patients who had a previous taxane HSR, 
because some may be reactive to the taxane moiety. 

Management of HSRs
HSRs to taxanes should be managed as shown in Figure 
2 in accordance with the NCCN Guidelines for Ovar-
ian Cancer (to view the most recent version of these 
guidelines, visit NCCN.org).2 When an HSR occurs, 
the infusion should be stopped immediately and the re-
action treated as outlined earlier for acute management 
of HSRs. Several studies show that rapid re-treatment 
after resolution of the HSR is successful in most patients 
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(93% in a study by Markman et al67) with added ste-
roids (dexamethasone, hydrocortisone) and a slower 
infusion rate of up to 24 hours.59,61,67,73,87,88 However, this 
approach is not uniformly successful and HSRs recur 
in some patients despite all precautions.17,67,68,70,89,90 Al-
ternatively, or if rechallenge fails, consideration can be 
given to switching from paclitaxel to docetaxel or vice 
versa, although few data exist supporting this practice.2 
In a cohort of 10 patients, Dizon et al91 found that 90% 
of patients reacted to paclitaxel and then to docetax-
el. More recently, Sanchez-Munoz et al92 showed that 
the cross-reactivity rate from paclitaxel to docetaxel 
was 38%, and that from docetaxel to paclitaxel was 
44%, showing the limited utility of this approach.92 
In patients with a severe or life-threatening HSR, re-
challenge or switching from one taxane to another is 
not recommended because of the potential harm that 
might be caused to the patient in the event of a recur-
rent HSR.2 Although not validated, skin testing may 
be a useful tool in the future to identify patients with 
an IgE-mediated allergy to paclitaxel or docetaxel in 
whom rechallenge may be unwarranted.27,51,84 If the 
patient is likely to benefit from taxane treatment and 
no equally effective alternative agent can be used, the 
taxane could be readministered through a desensitiza-
tion protocol.2,7,49,68 Different desensitization protocols 
have been used for paclitaxel and, to a lesser extent, 
docetaxel administration, with an excellent record re-
garding safety and efficacy.7,17,27,49,51,66–68,92 From 2000 to 
2006, 60 patients underwent 331 intravenous and 12 
intraperitoneal desensitizations to paclitaxel using the 
same protocol as the one used for platinum drugs (Table 
4).7,49,68 Breakthrough reactions occurred in 9.3% of pa-
tients during the desensitization procedures and were all 
less severe than the initial HSR, and none led to the 
discontinuation of therapy.7,21 Desensitization protocols 
used for platinum drugs should be performed by aller-
gists or specialists with expertise in desensitization pro-
cedures, and patients in whom desensitization is consid-
ered should be preferably referred to an academic center 
with this expertise.2 

Other Drugs Used in Ovarian Cancer

Pegylated Liposomal Doxorubicin 
The incidence of HSRs to PLD averages 8% and is 
observed in up to 25% in some series.93 The clinical 
picture and the mechanism of reactions to PLD are 
similar to those of taxanes.93 Reactions usually oc-

cur during the first cycle of the drug, and signs and 
symptoms are compatible with mast cell degranula-
tion.7,93,94 Complement activation has been shown to 
occur in vivo in patients being infused with PLD, and 
is thought to be responsible for mast cell activation.93 
Interestingly, the free form of doxorubicin does not 
cause HSRs, thus making pegylated liposomes the 
likely trigger for those reactions.93 HSRs to PLD are 
usually managed in a similar manner to HSRs to tax-
anes, as shown in Figure 2.2 Mild reactions usually 
resolve after stopping the infusion and administering 
antihistamines.93 The infusion can then generally be 
resumed safely at a slower rate.93 However, patients 
with recurrent and severe and life-threatening HSRs 
to PLD should not be rechallenged, and might be 
referred to an allergist or a specialist in desensiti-
zation for evaluation if continued treatment with 
PLD is judged beneficial.2,7 Skin testing cannot be 
performed because of the vesicant properties of the 
drug, but desensitization procedures have been per-
formed successfully in 6 patients.7,49 

Etoposide 
HSRs to etoposide usually occur during the initial 
minutes of the first infusion, with features of mast cell 
activation, and like with docetaxel, have been attrib-
uted to its solvent polysorbate 80.95–97 The incidence is 
estimated to be between 1% and 3%, and reactions are 
usually mild and may be prevented by premedication 
with corticosteroids and antihistamines in some pa-
tients.95,97 The oral formulation, etoposide phosphate 
without polysorbate 80, has been used successfully in 
several patients who had HSRs to etopside.97–102 How-
ever, at least 2 patients have been reported to react to 
etoposide phosphate in a phase I trial, and a case of 
anaphylaxis to etoposide phosphate after an HSR to 
etoposide was recently reported.96,103 

Gemcitabine and Bevacizumab
HSRs to gemcitabine have rarely been described, 
although desensitization procedures have been per-
formed successfully in some patients (M. Castells, 
MD, PhD; U. Govindarajulu, PhD, MS; D. Sloane, 
MD; unpublished data, February 27, 2014.).104 Beva-
cizumab is a humanized recombinant monoclonal 
antibody targeting vascular endothelial growth fac-
tor-A (VEGF-A), which has recently been used as 
an adjunct to first-line therapy in women with ovari-
an cancer.2 In contrast to other monoclonal antibod-
ies, reactions with features of cytokine release seem 
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to be uncommon with bevacizumab.47 However, 
IgE-mediated reactions have occurred, supported by 
a positive skin test, and desensitization procedures 
have been successfully performed (M. Castells, MD, 
PhD; U. Govindarajulu, PhD, MS; D. Sloane, MD; 
unpublished data, February 27, 2014.).

Granisetron, Ondansetron, and Corticosteroids
Although rarely incriminated in HSRs occurring 
during or shortly after the administration of a che-
motherapeutic drug, granisetron, ondansetron, and 
corticosteroids have also been deemed responsible 
for those reactions in several patients.105,106 In at least 
one case, the patient experienced urticaria 20 min-
utes into his seventh oxaliplatin infusion, mimicking 
an oxaliplatin allergy.107 This possibility should be 
kept in mind when evaluating patients with HSRs 
during or shortly after a chemotherapy infusion. 

Conclusions
The management of HSRs to chemotherapy in pa-
tients with ovarian cancer is complex, requiring 
knowledge of the mechanisms behind those reac-
tions and of the different management options, 
ranging from drug reintroduction to discontinuation. 
Several tools can assist the clinician in this difficult 
decision-making process. For instance, an elevated 
serum tryptase level following an acute reaction can 
confirm mast cell involvement in the HSR, empha-
sizing the need for prudence if reintroduction is at-
tempted. And in evaluating a patient after an HSR, 
skin testing can accurately identify patients with an 
allergy to platinum drugs, in whom reintroduction 
should only be considered through a desensitization 
protocol. In the future, skin testing to other drugs, 
including taxanes, may also prove helpful.

Recently, the development of desensitization 
protocols with remarkable safety records has allowed 
patients with ovarian cancer who experienced mast 
cell–mediated chemotherapy HSRs of any severity 
to be re-treated with these life-saving molecules. 
Experience with these protocols is increasing rap-
idly, because their usefulness in the management 
of chemotherapy HSRs is being increasingly rec-
ognized. Efforts are now needed to increase aware-
ness about desensitization procedures so that more 
patients may benefit. This is a challenge that will 
require the close collaboration of patients, nurses, 
oncologists, and allergists. 
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