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There is an ever-increasing number of therapeutics used to treat cancer. A recent publica-
tion listed 86 currently available antineoplastic medications. Despite this large number, hyper-
sensitivity reactions are not common except with platinum compounds (cisplatin, carboplatin),
epipodophyllotoxins (teniposide, etoposide), asparaginase, taxanes (paclitaxel), and pro-
carbazine. Doxorubicin and 6-mercaptopurine are occasionally associated with hypersensitiv-
ity reaction. Comparable reactions with other chemotherapeutic agents are. uncommon; many
are only anecdotal reports. Reactions associated with individual drugs are discussed in detail.

The mechanisms responsible for most of these reactions are not known, as they have gen-
erally not been evaluated. The term “hypersensitivity” is widely used in the chemotherapy
literature without a common definition. Hypersensitivity is defined here as an unexpected
reaction with signs and symptoms not consistent with known toxicity of the drug. Most reac-
tions are coincident with or within hours of drug administration. Almost all are associated
with parenteral administration. Symptoms include flushing, alterations in heart rate and blood
pressure, dyspnea and bronchospasm, back pain, fever, pruritus, nausea and all types of
rashes. Some cases may be due to non-immune mediated release of histamine or cytokines, as
many patients can subsequently tolerate re-exposure after pretreatment with steroids and anti-
histamine, and slow readministration of the drug. This is more compatible with a graded chal-
lenge, than desensitization and is generally successful for taxanes, less so for platinum
compounds.

In most cases hypersensitivity reactions are associated with the specific chemotherapeutic
drug. Reaction rates may vary with different forms of the drugs, e.g. pegylated. Occasionally
excipients such as Cremaphor EL may induce hypersensitivity reactions.
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Introduction
There is an ever-increasing number of

therapeutics used to treat cancer. A recent
publication listed 86 currently available anti-
neoplastic medications (1). Despite this large
number, hypersensitivity reactions are not
common except with platinum compounds
(cisplatin, carboplatin), epipodophyllotoxins
(teniposide, etoposide), asparaginase, taxanes
(paclitaxel, docetaxel), and procarbazine (2).
Doxorubicin and 6–mercaptopurine are occa-
sionally associated with hypersensitivity
reactions. Comparable reactions with other che-
motherapeutic agents are rare, and many are
only anecdotal reports. In one small series of 32
patients with gynecological malignancies, car-
boplatin induced hypersensitivity reactions in
16 patients, followed by paclitaxel (10), cisplatin
(4), and bleomycin (1) (3). Table 1 lists the usual
drugs of choice for common malignancies.

The mechanisms responsible for most of
these reactions are unknown, as they have gen-
erally not been evaluated. The term “hypersensi-
tivity” is widely used in the chemotherapy
literature without a common definition. Hyper-

sensitivity is defined here as an unexpected
reaction with signs and symptoms that are not
consistent with known toxicity of the drug.
Most reactions are coincident with or within
hours of drug administration. Almost all are
associated with parenteral administration.
Symptoms include flushing, alterations in heart
rate and blood pressure, dyspnea/broncho-
spasm, back pain, fever, pruritus, nausea, and
all types of rashes (3). Clearly it is difficult to
evaluate these reactions through prospective
studies. Some reactions may be caused by
non-immune-mediated release of histamine
or cytokines, as many patients can subse-
quently tolerate reexposure after pretreatment
with steroids and antihistamine, plus slow
readministration of the drug. This is more com-
patible with a graded challenge than desensiti-
zation. It is generally successful for taxanes, but
less so for platinum compounds (2).

Reactions associated with specific drugs are
listed in the following sections; those respon-
sible for more frequent reactions are listed first.
Multiple factors affect reaction rates, including
route, rate of administration, previous expo-
sure, form of the drug (e.g., pegylated [struc-
turally combined with polyethylene glycol] or
not, presence of excipients such as Cremaphor
EL), whether the drug is given as a single agent
or in combination, coincident medications that
may affect metabolism of the chemotherapeu-
tic drug, concurrent auto-immune disease, and
possibly the nature of the underlying malig-
nancy. For these reasons, it is difficult to chart
comparative hypersensitivity reaction rates for
these drugs. A listing of common drugs associ-
ated with hypersensitivity reactions is pro-
vided in the following section.

Chemotherapeutic Drugs Frequently
Associated with Hypersensitivity
Reactions

Asparaginase
L-aparaginase is an enzyme primarily used

to treat acute lymphoblastic leukemia (ALL), and

Table 1
Usual Drugs of Choice for Common Cancers

Lung Paclitaxel
Cisplatin/carboplatin

Gastrointestinal Flurouracil
Breast Cyclophosphamide

Methotrexate
Flurouracil
Doxorubicin
Paclitaxel

Gynecological Cisplatin/carboplatin
Paclitaxel

Hematologic Vincristine/vinblastine
Asparaginase
Doxorubicin/daunorubicin
Cyclophosphamide
Cytarabine/fludarabine
Etoposide
Chlorambucil/melphalan
Methotrexate
Bleomycin
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is associated with a high frequency of
hypersensitivity reactions. If a patient has a reac-
tion, changing the route of administration,
form, or source of the drug, or undergoing
desensitization to L-asparaginase, usually
results in most patients completing the pre-
scribed course. The reaction rate with intrave-
nous (iv) administration is very high. For this
reason, L-asparaginase is almost always given
now by the intramuscular (im) or subcutane-
ous (sc) route, which is associated with a lower
reaction rate. Most reactions occur within one
to several hours after administration and
include signs and symptoms typical of ana-
phylaxis, sometimes fatal. Intravenous admin-
istration is associated with a hypersensitivity
reaction rate of 6–43% (4). “Hypersensitivity”
in these studies ranges from anaphylaxis to 2
cm erythema at the site of an injection, persist-
ing for 10 min. Reactions are more frequent
if the patient has received the drug daily or
3× per week for 2 wk (4). In all cases, reactions
are more common if the drug is given alone
and in high doses (5). In a 1998 series, 197
adult patients with ALL were given sc doses
of L-asparaginase twice weekly for 7 wk.
Twenty-one developed severe reactions and
stopped the drug, and 7 had milder reactions
and were able to complete the course for a
total adverse reaction rate of 14% (27/197).
The mean time to reaction was 7 d (range
1–11) (6). Retreatment is associated with an
increased risk of reactions. In a 2001 article,
24% of 76 children with ALL developed clini-
cal hypersensitivity reactions during rein-
duction treatment (7).

Because the hypersensitivity reaction rate
is so high, especially with iv administration,
skin testing with L-asparaginase is recom-
mended before the first dose and any time
thereafter that an interval of 1 wk or greater has
elapsed between doses. The recommendation
is 0.1 mL ID of a 20 IU/mL dilution of drug. A
positive test is defined as a wheal or erythema
appearing in the subsequent hour. This testing
is not standardized, and reactions have occur-

red in skin test-negative patients. If the test is
positive by these criteria, then it is recommended
that the patient undergoes desensitization. A
sample protocol is outlined in the Physician’s Desk
Reference (8).

Another approach to the patient who is sen-
sitive to L-asparaginase is to switch to the poly-
ethylene glycolated (PEG) form, pegaspargase,
which is better tolerated, especially when
given intramuscularly. It is specifically indi-
cated for treatment in patients who are sen-
sitive to the native drug. If given intra-
muscularly, approx 70% of these patients will
tolerate the PEG form, vs 90% of patients with
no history of reactions to the native drug; if
given intravenously, approx 40% of sensitive
patients tolerate it vs 90% of non-sensitive
patients. There is a theoretical concern about
giving a long-acting drug, if there is a chance
of an immune-mediated reaction to the drug.

L-asparaginase is derived from Escherichia
coli (E. coli). It is also made from Erwinia, a para-
sitic bacteria. These two preparations are
immunologically distinct (4). In the series pre-
viously discussed (6), of the 21 patients who
had severe reactions, 20 were switched to
Erwinia L-asparaginase, and 18/20 were able
to complete the course. Granulocyte-colony-
stimulating factor (G-CSF), used to treat
myelosuppression, is also derived from E. coli.
Stone et al. (4) documented two patients in
1998 who were the first two documented cases
of anaphylaxis to pegaspargase, who had posi-
tive reactions to G-CSF (ID skin test in one and
systemic urticaria in the other 6 h after a nega-
tive skin test). Both patients did not react on
skin testing to a structurally distinct molecule,
granulocytemacrophage colony-stimulating
factor (GM-CSF), which is made from a mold,
not from E. coli. This finding suggests that these
patients may have reacted to a bacteria-specific
polypeptide. If patients have a history of reac-
tion to L-asparaginase and require treatment
for myelosuppression, this report suggests that
GM-CSF should be used preferentially.
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The mechanism responsible for the imme-
diate reactions is unclear. IgE antibody has
been demonstrated in some patients, and com-
plement activation has also been noted (5). Par-
ticulate material can occasionally develop in
the reconstituted drug if left standing, which
could conceivably contribute or cause reac-
tions—although this has not been reported.
IgG anti-asparaginase has been documented
and may be correlated with sensitivity. In a
study of 152 children on d 29 of E. coli
L-asparaginase for ALL, 35% had IgG antibody
specific for asparaginase. Half of this group
had a hypersensitivity reaction to the drug vs
18% of patients with no antibody. Of the
group that reacted, 80% of those later given the
Erwinia L-asparaginase tolerated it (9).

If there is a specific antigen, it is unclear
whether it is unique to L-asparaginase, as dif-
ferent routes of administration are associated
with different reaction rates. Additionally,
patients who have had reactions to L-asparagi-
nase can often tolerate the long-acting PEG-
asparagase (5). It is also possible that reactions
are related to bacteria-specific polypeptides, as
two reported patients sensitive to aspariganase
reacted by skin testing to another E. coli prod-
uct, and most E. coli-sensitive patients can tol-
erate L-asparaginase produced in Erwinia.

Summary
At present, first-line treatment is usually im

E. coli L-asparaginase. Skin testing should be
done before the drug is given. This testing is
not standardized, and reactions have occurred
in skin test-negative patients, so the drug must
be administered in a facility that is capable of
treating anaphylaxis. Small test doses are not
predictive of later reactions. There is no data
on the utility of pretreatment with steroids and
antihistamines. If the patient has a serious
reaction, they should be desensitized, change
to the PEG form of the drug, or change from
the common E. coli form to the Erwinia
product.

Platinum Compounds (Cisplatin
and Carboplatin)

These drugs are alkylating agents com-
monly used for treatment of gynecological
tumors—particularly ovarian—and adenocar-
cinoma of the lung. Cisplatin was developed
first, but carboplatin is now used more often.
A high frequency of anaphylactic-like reactions
has been reported, all occurring within min-
utes of administration in patients with prior
exposure, generally after six courses. Symp-
toms include facial edema, bronchospasm,
hypotension, and tachycardia. All have reversed
with treatment, including epinephrine.

Zanotti et al. (10) have reported a 27% inci-
dence of hypersensitivity reactions in patients
who receive more than seven courses of carbo-
platin. In another 2001 review (11), of 194
adults treated for ovarian cancer for the first
time with carboplatin, 16% developed symp-
toms that were compatible with a hypersensiti-
vity reaction. These ranged from mild pruritus
and erythema to immediate, generalized life-
threatening anaphylaxis. Reactions occurred
from the fourth to the eighth course. In
contrast, 46 patients who received intraperito-
neal (ip) carboplatin had no hypersensitivity
reactions (the first case of a reaction after
repeated ip administrations was reported in
1999 (12). Those with non-life-threatening
reactions were able to continue treatment. The
12 patients with severe reactions were unable
to tolerate readministration of carboplatin,
although four later tolerated cisplatin. A 1999
survey found very similar results; 12% (24/
205) of patients had a hypersensitivity reaction
with a wide range of symptoms; only one of
three tolerated rechallenge (13).

A recent trial suggested skin testing may be
predictive of the chance of developing a reac-
tion (10). All patients receiving course #7 of
carboplatin underwent skin testing 1 h prior to
drug infusion. Testing was an intradermal
injection of 0.02 mL of the full-strength drug.
A positive reaction was defined as a hive of 5
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mm with erythema. Their historical control
group had a reaction rate of 27% after seven
courses. They found 28% (13/47) of patients
had positive skin tests. Ninety-six percent of
the skin test-negative patients tolerated further
courses of the drug.

If a patient has had a hypersensitivity reac-
tion to a platinum drug, they will often have a
repeat reaction with rechallenge. Pretreatment
with steroids and antihistamines has not pre-
vented these reactions (14). If they had a reac-
tion to carboplatin, they may tolerate cisplatin,
or vice versa, particularly if there is a negative
skin test to the other. Another option is to desen-
sitize the patient. This has been reported to be
successful in three patients, but in one case it
took 3 d (14). At the end, the positive skin test
reverted to negative, supporting a true desen-
sitization, rather than a graded challenge.

Summary
Both cisplatin and carboplatin are associ-

ated with anaphylactic-like symptoms in 10–
27% of patients, generally occurring after 4–6
courses. Skin testing may predict reactions.
Sometimes a patient who is sensitive to one
will tolerate the other. Most patients react
again if rechallenged. Desensitization has been
successful in a small number of patients.

Epipodophyllotoxins (Teniposide =
VM26, Etoposide = VP16)

Teniposide is used to treat neurological and
hematologic malignancies. Etoposide is indi-
cated for refractory testicular tumors and small-
cell lung cancer. Teniposide differs from
etoposide by the substitution of a thenylidine
group on the glucopyranoside ring; there is no
data to suggest cross-sensitization.

Both of these drugs induce hypotension in
1–2% of patients following rapid iv infusion,
very similar to the situation with vancomycin.
To prevent this, it is recommended the drugs
be infused slowly over a period of 30–60 min
with medical observation for 60 min. In addi-

tion to hypotension, patients who experience
immediate reactions can also experience fever,
chills, urticaria, and bronchospasm. There
appears to be an association between reactions
and higher doses. Reactions generally occur
with or shortly after infusion, and symptoms
are typical of histamine release, although no
specific IgE has been documented. Up to 33%
of reactions have occurred with the first expo-
sure (5). Symptoms generally respond to epi-
nephrine, antihistamines, and steroids.

Tenoposide is associated with a higher fre-
quency of hypersensitivity reactions. A 1992
review noted an incidence ranging from 5 to
41%, although in the latter case, the reactions
were very mild (5). In a 1991 study of 108 chil-
dren with ALL, the risk of a hypersensitivity
reaction was 52% for tenoposide and 34% for
etoposide (15). In a 1993 study of 45 adults with
Hodgkin’s, 51% developed a hypersensitiv-
ity reaction to etoposide coincident with the
first or second dose with a median time of
onset of 5 min (range 3–120). Signs and symp-
toms included flushing, hypotension, broncho-
spasm, and abdominal pain.Seventy-eight
percent of the patients were rechallenged
successfully with a slow rate of infusion and
pretreatment with steroids and antihistamines
(16).

Each mL of teniposide solution contains 10
mg of drug and 500 mg of Cremaphor EL, a
polyoxyethylated castor oil added to solubilize
the drug. This excipient is also added to pac-
litaxel (527/mL) and cyclosporin iv solution
(650 mg/mL). In the latter case, allergic reac-
tions are rare and mild, occurring less than 2%
per course. There is currently no data specifi-
cally implicating Cremaphor EL as the culprit.
More recently, Szebeni et al. (17) have shown
that injection of this emulsifier at usual phar-
macologic doses will induce micelles and
needle-like structures formed mainly from the
Cremophor EL. These micelles induce comple-
ment activation, which can be blocked by intra-
venous immunoglobulin (IVIG). However, in
a tenoposide study, basophil histamine release
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occurred in children with the active drug and
not the Cremophor EL (18). This has also been
noted in a patient desensitized to paclitaxel, as
noted here. Etoposide is generally associated
with a lower frequency of reactions and has no
Cremaphor EL, although its excipient, polysor-
bate 80, is suspected to induce some reactions
(19).

Summary
Rapid infusion induces hypotension, which

can be avoided by a slower rate. If a patient has
a history of a reaction to one of these drugs,
they can generally be successfully rechallenged
via a slow, graded challenge with a prophylac-
tic regimen of steroids and antihistamines (15).
The drugs do not crossreact, but have different
indications, so one cannot necessarily be sub-
stituted for the other.

Taxanes (Paclitaxel and Docetaxel)
Paclitaxel is used primarily for non-small-

cell lung, breast, and gynecological malignan-
cies. Docetaxel is a newer semisynthetic taxane.
Severe anaphylactic reactions may occur in
2–4% of patients treated with paclitaxel and 2%
of patients treated with docetaxel; thus, all
patients require pretreatment with steroids
and antihistamines before each dose of either
drug. Symptoms are hypotension, dyspnea,
systemic urticaria, and angioedema. Reactions
typically occur with the first or second dose,
and are occasionally fatal. They occur more fre-
quently in patients with a history of atopy (20),
although there is no evidence of specific IgE in
this reaction. Pretreatment decreases the inci-
dence of paclitaxel hypersensitivity reactions
(21), although another report notes that 41% of
patients who reacted did so despite pretreat-
ment (22). A common pretreatment protocol is
40 mg of dexamethasone or equivalent orally
12 and 6 h before paclitaxel administration plus
diphenhydramine and a histamine-2-receptor
antagonist 30 min before the infusion (23).
With this pretreatment, the reaction rate is usu-
ally 1–2% compared to 2–5% without pretreat-

ment (24). Recently, however, 132 patients
were treated with only 10–20 mg of dexam-
ethasone immediately prior to infusion, with
no increase in the reaction rate (25).

If a patient has had a past reaction to pac-
litaxel and needs it again, there are two
options. The first is desensitization. There are
three reports in the literature totaling 15 patients.
All were successfully given incremental doses
with pretreatment, including steroids and
antihistamines (22,26,27). The second possibil-
ity is to try docetaxel as an alternate (24).
Bernstein (28) reviewed the literature to 2000,
and determined that docetaxel is tolerated by
most patients who have reactions to paclitaxel;
however, it is also associated with a 2% inci-
dence of anaphylactic reactions, and patients
require pretreatment with steroids and anti-
histamines before administration. It has been
suggested that this may be because of the drug
vehicle, polysorbate-80 (29), similar to eto-
poside, as discussed above.

It is unclear whether paclitaxel reactions
result from sensitivity to the drug or to the exci-
pient, Cremophor EL, added to solubilize the
drug. This excipient is also added to cyclo-
sporin and tenoposide. One of the patients who
was successfully desensitized to paclitaxel also
showed evidence of basophil release with the
drug, but not the Cremophor EL vehicle (22).

Summary
Two to four percent of patients experience

anaphylactic-like reactions to paclitaxel that
are most likely non-IgE-mediated. Histamine
release occurs from basophils. Whether this
results from a non-immune effect of the drug—
similar to contrast media reactions—or is related
to the formation of micelles from the Cremophor
EL excipient in paclitaxel or a reaction to poly-
sorbate-80 in docetaxel, is unknown. It is also
possible that more than one mechanism may
account for these reactions in different patients.
If a patient has had a reaction to paclitaxel,
desensitization or switching to docetaxel may
be successful.
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Procarbazine

Procarbazine is often used to treat brain
tumors. It is only available in capsule form,
which also contains mannitol, gelatin, and FD&C
yellow dyes #6 and 10. In older series, 6–18%
of treated patients developed macular-papular
rashes or urticaria. None were able to continue
treatment (5). In a report on 8 patients who had
hypersensitivity reactions, 7 developed macu-
lar-papular rashes, 4 developed fever, and 3
had reversible liver function abnormalities.
Two patients with past rashes were rechal-
lenged, and developed life-threatening pulmo-
nary infiltrates (30). There is one report of a
fixed drug eruption (31). In a recent series of 83
patients on procarbazine for primary brain
tumors, 20 experienced hypersensitivity reac-
tions; all of these patients were coincidently on
cytochrome (CYP-3A)-enzyme enhancing anti-
convulsants, especially phenobarbital. This
enhances the metabolism of procarbazine to a
reactive intermediate (32). The authors recom-
mend use of newer anticonvulsants that do not
induce CYP-3A as treatment if the patient is on
procarbazine.

Patients can also experience lung toxicity,
similar to allergic alveolitis with interstitial
pneumonitis, infiltrates, and/or cough, some-
times with prominent eosinophilia. None of
these sensitivities can be predicted thus far,
and rechallenge in patients with these reactions
has generally been unsuccesssful (5), and may
result in life-threatening symptoms (30).

Chemotherapeutic Drugs Occasionally
Associated with Hypersensitivity
Reactions

Anthracyclines (Doxorubicin,
Daunorubicin, Idarubicin, and
Epirubicin)

These agents—especially doxorubicin—are
used to treat variety of cancers, including
breast and hematologic. Hypersensitivity reac-
tions characteristic of IgE-mediation are rarely

reported. Recently pegylated liposomal doxo-
rubicin and daunorubicin have become avail-
able; they offer the advantage of longer
circulation time, less cardiotoxicity, alopecia,
nausea, and vomiting, but acute hypersensitiv-
ity infusion reactions have been reported in up
to 9% of patients (33). During clinical trials
with PEG daunorubicin, 14% of patients expe-
rienced back pain, flushing, and chest tightness
within 5 min of the start of the infusion. They
tolerated readministration at a slower rate.
PEG doxorubicin is currently used for AIDS-
related Kaposi’s sarcoma and recurrent ova-
rian cancers (34). One patient experienced a
life-threatening reaction within minutes of the
first dose (35). The mechanism is unknown.

Mercaptopurine and Azathioprine
Mercaptopurine is used for maintenance

treatment of leukemias and also for treatment
of inflammatory bowel disease. Hypersensitiv-
ity reactions are rare in leukemia patients, but
in a recent retrospective review, 16/591 (2.7%)
of patients with inflammatory bowel disease
had reactions during treatment (36). The most
common symptom was fever (14/16 patients),
which generally recurred with rechallenge. Six
patients were placed on azathioprine as an
alternative, and developed the same symp-
toms. Four were successfully “desensitized”
via slow, graded readministration.

Azathioprine is an imadizolyl derivative of
6-mercaptopurine used primarily as an immu-
nosuppressant. Allergic reactions are very rare.

Chemotherapeutic Drugs Rarely
Associated with Hypersensitivity
Reactions

Bleomycin
This drug is indicated for malignant pleu-

ral effusions and is also used for lymphomas,
and squamous cell and testicular carcinomas.
Approximately 1% of lymphoma patients
develop hypotension, mental confusion, fever,
chills, and wheezing after the first or second
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dose. It may happen immediately or after sev-
eral hours. The mechanism is unknown, and
the symptoms generally respond to symptom-
atic treatment.

Chlorambucil and Melphalan
These drugs are alkalating agents derived

from nitrogen mustard, and are used to treat
leukemias—chlorambucil more often than mel-
phalan. Chloroambucil is only available post-
operatively; the inactive ingredients include corn
and wheat starch. Reports of hypersensitivity
reactions are rare. Most have involved delayed
rashes, including toxic epidermal necrolysis
(TEN), with associated systemic symptoms. In
one case of a delayed reaction of exfoliative
erythroderma and myalgias, the patient had a
positive patch and lymphocyte transformation
test (LTT), implying a delayed hypersensitiv-
ity mechanism (37). In all cases, patients subse-
quently tolerated another alkylating agent.

Melphalan is available intravenously and
peros (PO). In a clinical study of 225 patients,
3.9% experienced anaphylactic-like symptoms
after iv infusion (37a). Symptoms included ur-
ticaria and angioedema, with some cases of
bronchospasm and hypotension. Other adverse
reactions have been primarily dermal. Rare
hypersensitivity reactions have also been noted
with the oral form of melphalan.

Cyclophosphamide and Ifosfamide
Cyclophosphamide is an alkylating agent

used widely for the treatment of breast, hema-
talogic, and other malignancies as well as other
nonmalignant immunopathologic disorders.
Ifosfamide is a closely related analog. Skin
rashes occur rarely and there are very rare
reports of bullous rashes. Its not clear whether
there is a different reaction rate between iv and
PO. From 1976–1995, 22 cases of hypersensitiv-
ity reactions to iv cyclophosphamide were
reported (38). These authors identified four of
these cases at their institution over 2 yr, with
1204 total courses administered (0.003%). All
22 patients had symptoms compatible with an
IgE reaction, ranging from urticaria to general-

ized life-threatening signs. Most occurred
immediately; however, some did not start until
4–12 h later. In these latter cases, Popescu et al.
demonstrated positive skin tests not to the par-
ent drug, but to drug metabolites formed later
(38). This may occur with other drugs, but the
metabolites are not as well-defined.

Specific allergic reactions to ifosfamide
have an incidence less than 1%. However,
ifosfamide is usually given with mesnal to
block the dose-related hemorrhagic cystitis,
and specific allergic reactions to mesnal have
been reported ranging from morbilliform and
urticarial rashes to a systemic vasculitic-like
syndrome, occurring after 3 wk of treatment (39).
In one series of 15 patients with autoimmune dis-
ease treated with cyclophosphamide and mesnal,
seven developed rashes and had positive skin
prick, intradermal and/or patch tests only to
mesnal (40), but no controls were done.

Cytarabine and Fludarabine
Cytarabine (also known as cytosine arabi-

noside) and fludarabine are antimetabolites
used primarily to treat leukemias. Several
unusual reactions are associated with cyto-
arabine, including a syndrome of fever, chills,
diaphoresis, myalgias, arthralgias, conjunctivi-
tis, and macular-papular rashes, all coincident
with administration. Many physicians treat
with acetaminophen pre- and post-infusion. It
is often administered as a continuous infusion
for 3 d. Others are the development of palmar-
planter erythema, with later desquamation and
neutrophilic eccrine hidradenitis. None of these
appear to be immunologically mediated; all are
believed to be varied manifestations of the
direct toxicity of the drug (5). Two cases of
fatal TEN have been reported (41). Successful
readministration in a child, 3 yr after several
anaphylactoid reactions, has been reported
(42).

Cytarabine is also available encapsulated in
liposomes for intrathecal use. It may induce a
chemical arachnoiditis, requiring concurrent
treatment with dexamethasone. This is most
likely a toxic reaction.
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Dacarbazine
This is commonly used to treat Hodgkin’s

disease and multiple melanoma. There are
infrequent reports of erythematous and urti-
carial rashes. Some patients develop fever to
39°C, with malaise and myalgias, after a large
dose. This may last for several days, and may
recur with further treatment. One case of ana-
phylaxis was reported in 1992 (5).

Dactinomycin
This has been available for 40 yr, and is

currently used to treat choriocarcinoma and
Wilms tumors. Hypersensitivity reactions are
rare.

Fluorouracil
Fluorouracil is an antimetabolite most often

used for the treatment of gastrointestinal and
breast cancers. The hand-foot syndrome of rash
is a frequent side effect of high-dose, short-
term, and continuous infusions; this is consid-
ered a toxic rather than hypersensitivity side
effect. In one study, 51% (36/70) developed
symptoms after a median of nine courses (43).
Most reactions were mild, and did not
necessitate stopping the drug.

Hydroxyurea
It is indicated for squamous-cell carcino-

mas of the head and neck, as well as sickle-cell
anemia. Hypersensitivity reactions are rare.
There is a recent case report of hydroxyurea-
induced pneumonitis (44).

Methotrexate
This has been used for 50 yr for multiple

cancers and immune disorders. There are rare
reports of anaphylaxis, urticaria, and hepatitis
after several exposures. Two reports of associ-
ated anaphylaxis symptoms followed the first
exposure (45).

Vincristine and Vinblastine
Vincristine is used to treat brain tumors,

non-Hodgkin’s lymphomas, and multiple

myeloma. Vinblastine is used for bladder can-
cer. Reactions to these drugs are very rare.

Other Modalities of Cancer Treatment
In addition to chemotherapeutic drugs, an

increasing number of other modalities are now
used to treat cancer. These include: hormone
agonists and antagonists; immunomodulators
such as interleukin-2 and interferon gamma;
immune-stimulators such as bacillus Calmette-
Guérin (BCG); monoclonal antibodies (MAbs)
such as trastuzumab for breast cancer, and spe-
cific vaccines. These are discussed in detail in
an accompanying article on biologic modifiers.
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