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Review article

Hypersensitivity reactions to
chemotherapy drugs

by either surgical, radiotherapeutic or pharmacological (administration
of drugs) intervention. If thisis not possible or feasible, the aim of the-
rapy becomes palliative, that is, its purpose is to reduce the number of neoplastic
cells, to improve the symptoms and, if possible, to prolong survival while main-
taining an adequate quality of life. Neoplastic cells constitute a heterogeneous
cellular population, with biochemical, morphological and immunological diffe-
rences. Consequently, they evidence a widely varying senditivity to antineoplas-
tic drugs. Furthermore, not all the cells present in a given tumour are in the sa
me phase in the cell cycle (generaly, in the proliferative or in the rest phase).
When a neoplasm is diagnosed, most of its cells have usually attained a phase of
decelerated growth, because of vascularisation problems, of nutrient competiti-
vity problems, of lack of physical space, or of problems of other types. Many of
the chemotherapeutic drugs are most effective on cells that are in their division
process, and this means that, in principle, a large proportion of the neoplastic
cells will be resistant to the effects of a given drug. Furthermore, the administra-
tion of one concrete antineoplastic drug will certainly eliminate the cell popula
tion that is senditive to it, but it will aso in the long run select the resistant po-
pulation. Because of this, a well- and solidly established principle in
antineoplastic chemotherapy is that multiple drugs must be used, preferably in a
successive or phase-associated schedule, according to the kinetic and biochemi-
cal changes the tumoura cells undergo. Modern chemotherapy avails itself, furt-
her to the (truly) cytotoxic drugs, of further agents that are differentiation induc-
tors, radiosensitising agents, biological response modifiers and/or agents capable
of inducing hypoxia in the neoplastic clone cells. A classification of these agents
according to their mechanism of action is presented in Table I.
The action of antineoplastic drugs is not selective for neoplastic cells, so
that they have quite considerable side effects that are mainly evident in cell li-
nes expressing higher growth and replication rates. Furthermore, antineoplastic
drugs may evidence a degree of selective toxicity on particular organs, mainly
the lungs, the liver, the kidneys and the nervous system structures. They may
(and do) also induce derangements in the replication and processing mecha-
nisms of the cells involved in immune responses, so that their use leads to a
state of immune depression facilitating the development of bacterial, viral and
fungal infections. In the long run they also cause other forms of toxicity, such
as mutagenicity and carcinogenesis.
In order to circumvent and/or prevent some of these side effects, a number
of other compounds are added to the properly antineoplastic drug therapy.
Thus, myelodepression may be prevented or palliated with the administration of

Q ntineoplastic therapy aims at completely eliminating all neoplastic cdlls,
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1. FOLIC ACID ANALOGUES
Methotrexate
2. PYRIMIDINE BASE ANALOGUES
A) Uracyl analogues
5-fluorouracyl, floxuridine, ftorafur
B) Cystosine analogues
Cytarabine, 5-azacytidine
3. PURINE BASE ANALOGUES
6-mercaptopurine, 6-thioguanine
4. DRUGS BINDING TO TUBULIN
A) Vinca alkaloids
Vincristine, vinblastine, vindesine
B) Epipodophyllotoxins
Etoposide (VP-16), teniposide (VM-26)
C) Taxanes
Docetaxel, paclitaxel
5. ALKYLATING AGENTS
A) Nitrogen mustards
Mechloretamine
Melphalan
Chlorambucyl
Cyclophosphamide, iphosphamide

B) Alkylsulfonates
Busulfan
C) Nitrosoureas
Chloroethylnitrosourea, carmustine, lomustine y semustine
Streptozotocin, chlorozotocin
D) Ethyleneamines and methylmelamines
Thio-TEPA, alternamine
E) Atypical alkylating agents
Procarbazine y dacarbazine
6. PLATINUM SALTS
Cis-platin, carboplatin
7. ANTIBIOTICS
Bleomycins
Dactinomycin
Anthracyclines (doxorubicin, daunorubicin, idarubicin,
epirrubicina)
Mitoxanthrone
Mitomycin C
8. OTHER DRUGS
Hydroxyurea
Asparaginase
Amsacrine

Table Il. Classification of chemotherapeutic drugs according to
their skin toxicity

Non-aggressive Irritant cytostatics Vesicant

cytostatics cytostatics
Asparaginase  Bleomycin Estramustine Amsacrine Mitomycin
Cytarabine Carmustine Etoposide Actinomycin C  Vinblastine
Fludarabine Carboplatin Fluorouracyl Daunorubicin ~ Vincristine
Gemcytabine  Cyclophosphamide Mitoxanthrone  Doxorubicin Vindesine
Iphosphamide  Cis-platin Paclitaxel Epirubicin Vinorelbine
Melphalan Dacarbazine Teniposide Idarubicin

Methotrexate ~ Docetaxel Mechloretamine

haemopoietic growth factors, blood transfusions, and bone
marrow transplants. Powerful antiemetics are given in or-
der to minimise the nausea and vomiting that are associa-
ted as a form of immediate toxicity to many antineoplastic
drugs, particularly when such medication is given in suc-
cessive cycles. Finaly, analgesic/antalgic therapy is very
important in the general management of patients with neo-
plastic diseases.

The assessment of alergic reactions to chemothera-
peutic drugs represents a very significant challenge, and at
the same time a highly intriguing area in the study of im-
mediate-hypersensitivity drug reactions. In the first place,
the mechanisms of immediate hypersensitivity reactions to
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these drugs are not adequately known, for a number of re-
asons. On the one hand, these reactions are, with the ex-
ception of certain drugs as will be discussed |ater, fortuna-
tely rather scarce, so that studies with large numbers of
patients are not possible. Further to this, the immunologic
mechanisms that give rise to these reactions have not been
adequately studied, and investigators oftentimes restrict
themselves to the administration of preventive therapy ba
sed on corticosteroids and antihistamines, or even to the
withdrawal of the causative drug, even though the drug
has been in some cases reintroduced, at times without any
previous studies and with quite divergent results. In the
second place, patients receiving chemotherapy are nor-
mally given, as previously stated, multiple associated or
combined chemotherapeutic agents, often with the addi-
tion of adjuvant therapy comprising growth factors, antie-
metics and analgesics. If the patient evidences an infec-
tious process he/she may well be also receiving
antimicrobial therapy, usually with several combined anti-
microbials at the same time. All these drugs are at least in
theory able to cause an allergic reaction, so that it is diffi-
cult to assess which of the various drugs given is actually
responsible for the allergic reaction observed. A further
problem is that adequate in vivo methods are not available,
as many of the chemotherapeutics are irritant or vesicant
(Table I1); it is also difficult to have adequate controls, as



Drug Skin Concentration Controls Reference
Test

Cis-platin Prick 0,1 mg/ml Yes 10
D 10°-10*mg/ml

Cis-platin and

carboplatin Prick 1-10° mg/ml Yes 20
D 1-10° mg/ml

Carboplatin Prick 2,7.10°a 10 mg/iml  Yes 21
D 2,7.10° mg/ml

Carboplatin D 50 ng/ml No 19

Carboplatin Prick 50 ng/ml No 23
D 50 ng/ml

Cyclophosphamide  Prick 1-10 mg/ml Yes 58

4-Hydroperoxy-

cyclophosphamide 1D 1-10 mg/ml

Mustard-phosphamide

Cyclophospamide 1D 1-10 mg/ml No 51

4-Hydroxyperoxy-CP

Mustard-phosphoramide

Mustard-nor- nitrogen

Isophosphamide

Mustard-isophosphoramide

Cyclophosphamide 1D 10 mg/ml Yes® 57

4-Hydroxyperoxy-CP

4-Keto-cyclophosphamide

Mustard-phosphoramide

Phosphamide

Cytarabine Prick, ID 4 ny/ml No 90

Epirubicin Patch 0,1% aqueous Not stated 174

5-Fluorouracyl Prick 0,001-1 mg/ml Yes 84

L-asparaginase D 5-50 Uml No 111

Methotrexate Prick 10 mg/ml Yes 189

Mitomycin C Patch 0,06;0,2y0,6% aq. Yes 183

0,06y 0,2% vaseline

Mitomycin C Patch 0,001-0,01% Yes 185

Methotrexate D 25/mg/ml NO

Paclitaxel D 50 ng/ml NO 19

ID = intradermal test; CP = cyclophospamide; *two of the controls had positive skin tests with
mustard-phosphoramide.

the very nature of these compounds precludes their admi-
nistration to healthy control subjects. As for in vitro tests,
the problem is similar to that with many other drugs: the
lack of adequate reagents. In order to establish a definite
certainty diagnosis, it is sometimes necessary to carry out
an exposure challenge test, with all the risks this involves
in patients who, additionally, may evidence a poor genera
condition or severe involvement of vital organs and who
in many cases will also be of advanced age. Also, when
hypersensitivity to one particular chemotherapeutic drug is
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Table IV. Recomendations for the prevention of
hypersensitivity reactions to chemotherapeutic drugs
Prevention of hypersensitivity reactions caused by antineoplastic
drugs (from Weiss®, modified)

Premedication

Dexamethasone 20 mg p.o. 12 and 6 h before therapy, and 20 mg
i.v. immediately before therapy

Dexchlorphenyramine 6 mg p.o. or 5 mg i.v., with the same schedule
as for dexamethasone

Consider ephedrine sulfate 25 mg p.o. 1 hour before therapy unless
the patient has unstable angina pectoris or is hypertensive

Careful suppression (whenever possible) of any B-blocking medication
that might potentiate a reaction or hamper its management

Particular measures during therapy administration

Maintain a venous access

Arterial blood pressure monitoring (if available)

Ensure that epinephrine and diphenhydramine for parenteral
administration are immediately available

Keep the patient under observation for two hours after the
administration of the antineoplastic drug is finished

diagnosed it is often not possible to give an alternative
therapy for an underlying condition which, if not treated,
will speedily put an end to the patient's life. In the third
place, the chemotherapeutic drugs themselves, or the asso-
ciated immunomodulatory drugs, may cause considerable
changes in the immune system that may induce either an
increase or potentiation of hypersensitivity reactions or
important changes in the immune response mechanisms of
the host, which in turn may render the assessment of the
eventual reactions even more difficult. There have been
reports of rashes during the recovery phase of the leu-
kocyte counts, which have been attributed either to the re-
covery of the cell counts per se (leukocyte recovery ras-
hes) or to an expression of a drug reaction that becomes
manifest only when the immunocompetent cell counts ha-
ve achieved a sufficient level.

We shall here review in detail the immediate hyper-
sensitivity reactions to the main chemotherapeutics. Im-
munomodulating or other adjuvant or complementary
drugs shall not be discussed, as this would mean an exces-
sively exhaustive examination. Each drug will be shortly
described, together with its mechanism, of action, its prin-
cipal indications and its reported hypersensitivity reac-
tions. Particular emphasis will be made on the suggested
hypersensitivity mechanisms, on the diagnostic tests and

163



|. Dévila Gonzilez, et al.

on cross-reactivity when studies considering this aspect
are avallable. Table Il summarises those studies in which
skin tests with antineoplastic drugs have been performed,
together with the test dosages used. Table IV shows the
general recommendations units on the use and application
of premedication in Oncology.

Cis-PLATIN AND CARBOPLATIN

Cis-platin acts preferently on the DNA bases and es-
pecially on the nitrogen atom in position 7 in guanine, due
to its great nucleophyllia. Its behaviour is similar to that
of alkylating agents, and it further produces bridging bet-
ween the two DNA strands and even between guanine
molecules within the same strand, and also between DNA
and proteins. The overall result is a strong inhibition of
DNA synthesis.

Its main toxicity involves the kidney, and this can be
prevented in part through abundant hydration and osmotic
diuresis. It also causes severe nausea and vomiting and is
furthermore ototoxic and an inductor of myelodepression
and haemolysis.

It is mainly used in testicular and ovarian carcinoma
in combination with other products. It has also been used
in small-cell carcinoma of the lung, in gastric carcinoma,
in choriocarcinoma and in urinary bladder malignancy.

Hypersensitivity. There have been reports of hyper-
sensitivity reactions to cis-platin since it first entered clini-
cal usein the early '70s. The incidence of reactions ranges
between 1 and 20%, depending on its being used as mo-
notherapy or in combination with other chemotherapeutic
drugs'. Cheng et al.? reported seven cases of allergic reac-
tions to cis-platin among 50 patients (14%), without spe-
cifying the characteristics of the reactions. However, the
data on the incidence of reactions are not reliable, as it
was much higher at the beginning of its clinical applica-
tion, when more than six therapy courses were usualy gi-
ven, than at present when three or four courses are not
usually exceeded and diphenhydramine and/or dexametha-
sone are given for prevention of the emesis this drug indu-
ces’. Several cases of immediate hypersensitivity reactions
to cis-platin have been reported, usually after severa the-
rapy courses's, although the mechanism has not yet been
fully clarified and both immediate-hypersensitivity and
non-immunologic mechanisms have been postulated. One
report describes loss of consciousness and hypotension af-
ter the administration of five therapy courses with cis-pla-
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tin®. In this case a positive intradermal test with cis-dichlo-
rodiamino-platin (DDP, 1/10,000) was €licited, with nega-
tive controls, as well as a positive histamine release test
with 1/1000 DDP. Desensitisation to DDP was also suc-
cessfully carried out, with hydroxyzine and methyl-predni-
solone premedication. Goldberg et al.*® report two cases of
cis-platin anaphylaxis occurring after several therapy cour-
ses; later administration of the drug with premedication
was unable to prevent reactions. In both cases the patients
had positive intradermal tests with 0.1 mg/ml cis-platin.
On the other hand, immediate hypersensitivity reactions to
platin salts have been demonstrated in industrial wor-
kers'*2, as well as the presence of specific IgE®. However,
cases have also been also reported with suggestive sym-
ptoms and negative skin tests, histamine release and lym-
phocyte stimulation tests, with tolerance of the drug after
diphenhydramine premedication’.

The intravesical use of cis-platin appears to be asso-
ciated with a high incidence of reactions. In at least two
studies, an incidence ranging from 10 and 25% of al trea
ted patients has been reported™®. In al these cases the re-
actions occurred after at least eight therapy courses. It is
suggested that this high incidence of reactions may be due
not only to the high number of exposures but also to the
fact that in the intravesical administration of cis-platin
antiemetic medication is not routinely used®. One case of
anaphylactic reaction after intraperitoneal administration
of cis-platin has been recently reported®, and also another
one after administration of carboplatin by this same
route".

Other platin compounds have also been used. Reac-
tions to carboplatin occur in less than 8% of the patients;
they appear to occur in successive therapy courses and are
exceptiona in the first one**#®, suggesting a hypersensiti-
vity mechanism rather than a histamine-release one. Ho-
wever, Morgan et al.* describe 14 patients with hypersen-
sitivity reactions (not specified) who later tolerated
carboplatin administration some of them with chlorpheni-
ramine premedication. Even so, the authors themselves re-
cognise that they did not administer carboplatin to one pa-
tient with anaphylactic shock. Chang et al.Z reported five
children with hypersensitivity reactions to carboplatin, al-
ways after a number of therapy courses. Reintroduction
was attempted in four of them, but the reactions reap-
peared even under premedication. Sood et al.** describe
one case of anaphylactic shock after 14 courses of carbo-
platin chemotherapy. This patient had a positive intrader-
mal test with carboplatin (50 pg/ml) and a negative one



with paclitaxel (also a component of the therapy courses,
and later tolerated) and with mannitol, a constituent of the
commercial preparations of cis-platin and carboplatin.
Broome et al.® report two cases of carboplatin desensitisa-
tion in two children who had developed immediate hyper-
sensitivity reactions after the administration of several the-
rapy courses. The skin tests were negative (50 pg/ml), and
a desensitisation protocol was instituted prior to each car-
boplatin infusion, with good tolerance in one case and
with skin reactions in the other one, which were controlled
with antihistamine premedication. Kook et al.* describe
one case of life-threatening reaction after the administra-
tion of carboplatin in the preparation for autologous bone
marrow transplantation. One case of anaphylactic death
has also been reported in relation to the administration of
carboplatin despite the use of corticosteroid and antihista-
mine premedication®.

Five cases of anaphylactic reactions have recently
been reported with oxalylplatin®, a new platin compound
with activity in colorectal cancer.

Cross reactivity. The existence of cross-reactivity
between the various platin compounds is not well establis-
hed. Windom et al.® describe the case of a female patient
who developed anaphylactic shock after the second course
of carboplatin therapy (in the first one she had evidenced
palmar pruritus) and who had previously tolerated severa
cis-platin courses. The intradermal skin tests were positive
with both compounds, but the authors could not demons-
trate specific IgE by RAST. They however instituted a de-
sensitisation protocol that the patient tolerates with only
mild pruritus. In the case of anaphylactic shock reported
by Sood et al.”, the patient had previously tolerated seve-
ral therapy courses with cis-platin, and skin tests with this
agent were not performed. Planner et al.*® describe two pa-
tients who developed hypersensitivity reactions to carbo-
platin after having tolerated several therapy courses with
cis-platin; they had also received several therapy courses
with carboplatin previously. Weidmann et al.?, however,
report two cases of carboplatin hypersensitivity after ha-
ving tolerated a first therapy course with carboplatin and
etoposide, occurring upon reintroduction of the drug be-
cause of tumour progression. In one of the cases carbopla-
tin was reintroduced with prednisone (150 mg) and an-
tihistamine premedication, and reactions occurred in two
later therapy courses. Nevertheless, both patients tolerated
later therapy courses with carboplatin without incidences.

There have also been reports of cases of acral ery-
thema induced by cis-platin®.

Hypersensitivity reactions to chemotherapeutics

ALKYLATING AGENTS

Alkylating agents act by creating covalent bonds bet-
ween their alkyl groups and a number of nucleophyllic
molecules present in the cells. Some of them act through a
highly reactive intermediate group. They are active in al
phases of the cell cycle, but preferently during the replica-
tion process.

Busulfan

This agent is characterised by its specific action on
the bone marrow, with relative selectivity for the granu-
locytic series. It is mainly used in the treatment of chronic
myelocytic leukaemia. The most constant adverse reac-
tions derive from the induced myelodepression; further ad-
verse events are nausea, vomiting, pulmonary fibrosis, alo-
pecia, azoospermia, amenorhoea, chromosomal alterations
and teratogenicity.

Hypersensitivity. Few reports of reactions have been
published. There has been one report of erythema bullo-
sum multiformis® and two of urticaria®. A pruriginous,
erythematous maculo-papular rash has been reported in
two patients receiving busulfan and alopurinol at the same
time; the rash reverted upon discontinuation of the two
drugs, but then reappeared when therapy with busulfan
alone was reintroduced®.

Melphalan

Mainly used in combination with other drugs in the
therapy of myeloma, melphalan was used in the past in
ovarian cancer. Its most frequent adverse effects are mye-
lotoxicity (mainly affecting the thrombocytic series), lung
involvement and carcinogenesis.

Hypersensitivity. Cutaneous reactions are not fre-
guent with this agent. In two large series, reactions of
this type have been reported in 2 out of 48 patients in
one® and in 1 out of 64 in the other®. Pruritus, urtica-
ria, angioedema, vasculitis, maculo-papular rashes and
anaphylaxis have also been reported®**. One case has
been reported of a patient developing pruritus and a dif-
fuse erythemato-papular rash after five administrations
of the drug®; six weeks later a single dose of the agent
was administered and elicited a more severe reaction
with paresthesias in the hands, dizziness, pruritus, hy-
potension, abdominal cramps and slight dyspnoea,
which again occurred upon the administration of mel-
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phalan 30 days later. In one study of 425 patients recei-
ving intravenous (i.v.) melphalan®, reactions were re-
ported in ten cases (2.4%). These reactions ranged from
oedema and generalised rashes to anaphylaxis, and oc-
curred after a median period of 222 days of therapy and
after a median cumulative dose of 185 mg. However, in
that same report®, in 294 patients receiving only oral
melphalan only one reaction was observed. However,
there has also been one report of an allergic reaction to
i.v. melphalan with later tolerance to the oral drug®. It
is not clear why the intravenous route is apparently mo-
re allergenic than the oral one. An allergic reaction to
the intravenous excipient does not appear to be invol-
ved, as melphalan is dissolved in 10% ethanol and then
diluted in normal saline; the reaction also does not se-
em to be related to variable bioavailability of the orally
administered drug, although this in fact occurs. As for
the mechanism involved, this is still unknown; the fact
that all the reported reactions occurred after previous
exposure to melphalan suggests a possibly IgE-media-
ted hypersensitivity mechanism. One case of melpha-
lan-associated vasculitis has also been reported®.

Chlorambucil

This agent is mainly used for chronic lymphocytic
leukaemia and for Waldenstrom's macroglobulinaemia. It
may also be useful in Hodgkin's disease and in other
lymphomas. Chlorambucil causes moderate, gradual and
reversible myelosuppression; it can also induce gonadal
atrophy and carcinogenesis.

Hypersensitivity. There are few reported cases of
hypersensitivity reactions attributed to chlorambucil.
Urticarial and angioedematous reactions have been des-
cribed®®, as well as generalised erythematous rashes 41
and even toxic epidermal necrolysis™*, some of them
confirmed by skin patch test and biopsy. There is also
one published case of hyperpyrexia, chills and haemoly-
sis episodes, which reappeared upon reintroduction of
the drug and in which the causative role of chlorambucil
was demonstrated by an in vitro assay®. Delayed hyper-
sensitivity reactions have also been reported, manifes-
ting as fever, tiredness, myalgia, pruritus and erythema
in the second course of chlorambucil and prednisone
therapy, and again occurring during the third course as
myalgia, generalised erythrodermia and oedema and ex-
foliation of the face and hands; a patch test with chlo-
rambucil was positive, with biopsic confirmation®.
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Thio-TEPA

This alkylating agent is highly lipophyllic and pene-
trates readily and rapidly into the central nervous system.
In clinical practice, however, it has been used almost ex-
clusively in the therapy of superficial cancer of the urinary
bladder, in intracavitary application. Its most noted toxi-
city is myelodepression, even when administered intrave-
sically.

Hypersensitivity. There are very few reports of hy-
persensitivity reactions to thio-TEPA. Lee and Sharifi® ha-
ve reported one case of generalised pruritus after intravesi-
cal administration of the drug, in a patient who also
developed a reaction to intravesical doxorubicin.

Carmustine

This drug belongs to the nitrosourea group. These
compounds decompose spontaneously into further pro-
ducts that are responsible for their cytotoxic action: chlo-
roethyl-diazonium and chloroethyl-carbonium ions, and
isocyanate. The main toxic effect is delayed myelotoxicity
affecting predominantly the leukocytic and thrombocytic
series. They also frequently cause nausea and vomiting,
and may induce renal toxicity, irreversible pulmonary fi-
brosis, reversible hepatic damage, local irritation and neu-
rologic reactions. They are mainly used in the therapy of
Hodgkin's disease and of other lymphomas and myel omas,
in combination with other drugs, or as alternative drugs in
the therapy of leukaemias with meningeal involvement
and in primary or metastasic tumours of the brain.

Hypersensitivity. Practically no hypersensitivity reac-
tions have been described. It has been reported that rapid
i.v. administration of carmustine may induce facial rubor
and conjunctival reaction, appearing within the first two
hours and lasting for up to four hours®. Some isolated ca-
ses of maculo-papular reaction have also been reported.

Cyclophosphamide and iphosphamide

These are bi-functional alkylating agents. |phospha-
mide is a structural analogue of cyclophosphamide, from
which it differs only in the location of the chloroethyl
groups. Both are prodrugs which are transformed in the or-
ganism into products with alkylant cytotoxic activity. The
metabolites of cyclophosphamide are known; the parent
drug is first transformed into 4-hydroxy-cyclophosphami-
de, which is in turn transformed into alphosphamide. The



latter is transformed by enzymatic oxidation into carboxy-
phosphamide and then into nor-nitrogen mustard, or by
spontaneous oxidation into mustard-phosphoramide and
acrolein. The latter accumulates in the urinary bladder and
is the cause of the non-bacterial haemorrhagic cystitis,
which can be prevented through mesna administration. The
main toxicity is nausea and vomiting, together with myelo-
suppression that is more readily reversible than with other
alkylating drugs. They also induce aopecia, suppression of
antidiuretic hormone (ADH) secretion and teratogenesis.
Cyclophosphamide may also induce pulmonary infiltrates
and bladder cancer (with prolonged administration), and ip-
hosphamide may induce an encephal opathic condition.

When used as an antineoplastic agent, cyclophospha
mide has a wide spectrum of action; it is easy to adminis-
ter, and the dosage range is extensive. It is mainly used in
combination with other drugs in Hodgkin's disease, lym-
phomas, acute childhood lymphoblastic |eukaemia and
Burkitt's disease, but also in many other neoplasms. Ip-
hosphamide is used in monotherapy or in associations in
sarcomas and in lung, ovarian, testicular, neck and breast
tumours.

Hypersensitivity. Hypersensitivity reactions have been
reported ranging from urticaria, angioedema or both, to
anaphylaxis®*, and there have been reports of cases of cu-
taneous vasculitis®. Cyclophosphamide reactions may be
immediate®®*% or appear after several hours®s**. There are
cases reported with immediate onset with a positive Praus-
nitz-K iistner passive transfer test*, thus confirming that the
causative antibody was of the IgE class, and also cases
with a positive skin test with cyclophosphamide®. In the
late reactions, positive skin tests have been €licited to a
metabolite of the drug™. There is also one reported case
with immediate and late reaction and with positive skin
tests with cyclophosphamide, 4-hydroxyperoxy-cyclo-
phosphamide and mustard-phosphoramide®. Popescu et
al.*® have recently reported five cases of hypersensitivity
reactions to cyclophosphamide; in four of them the reac-
tion had been of the delayed type (8-16 hours after the ad-
ministration of the drug), while the fifth patient evidenced
her skin reaction ten days after administration, in two con-
secutive therapy courses. All five cases had immediate cu-
taneous response to cyclophosphamide metabolites (mus-
tard-phosphoramide or
5-hydroxyperoxy-cyclophosphamide), but not to the parent
drug. The same tests were negative in four control subjects
who had tolerated cyclophosphamide without any reaction.
The first of the five patients, furthermore, also had a positi-

Hypersensitivity reactions to chemotherapeutics

ve skin test with iphosphamide.
In some cases, the reactions may have been due to
the mesna that is administered concomitantly>--.

Procarbazine

This a synthetic antineoplastic drug with a powerful
monoamino oxidase-inhibiting effect. It inhibits the incor-
poration of precursors into DNA, and can also inhibit pro-
tein synthesis and RNA through methylation. Its funda-
mental toxicity is haematological, together with nausea,
vomiting, liver dysfunction and neurologic effects.

It is mainly used in advanced Hodgkin's disease and
also in other lymphomas, in bronchogenic carcinoma and
in cerebral tumours.

Hypersensitivity. Procarbazine is known to induce
immediate hypersensitivity reactions. Skin manifestations
comprise maculo-papular exanthema and urticaria, al-
though toxic epidermal necrolysis may also occur®. In one
reported series, 44 patients with Hodgkin's disease and 23
with non-Hodgkin lymphoma treated with a MOPP-type
chemotherapy protocol were studied®; four patients with
Hodgkin's disease and eight with non-Hodgkin lymphoma
developed maculo-papular exanthema. This frequency rate
is higher than that expected from other literature reports.
Complement activation has been described in some cases
as the pathogenetic mechanism in procarbazine-induced
reactions™.

This drug can probably induce type Ill reactions
(alergic aveolitis)®. In some cases it is associated to pe-
ripheral blood eosinophilia, and in other cases interstitial
infiltrates of eosinophils, lymphocytes, plasma cells and
histiocytes, and sometimes granulomas, are detected in the
lung biopsy. This type of reaction may also be associated
to cutaneous exanthema and arthral gia®®.

There is no way of preventing these reactions. A
slightly higher rate of hypersensitivity reactions to pro-
carbazine has been observed in the treatment of cerebral
tumours, such as gliomas®. Multiple defects in the cell-
mediated immune system have been observed in glioma
patients, and this might explain their greater predisposi-
tion to drug hypersensitivity. An association has also be-
en observed between administration of anticonvulsivants
and hypersensitivity reactions to procarbazine®; it is
suggested that phenobarbital may potentiate the oxida-
tion of procarbazine to reactive intermediate metaboli-
tes, and this would explain the higher incidence of hy-
persensitivity reactions to procarbazine in these cases.

167



|. Dévila Gonzilez, et al.

Hypersensitivity to this drug is rarely reported in the
therapy of Hodgkin's disease®™.

Isolated cases of procarbazine-induced fixed drug
eruption have also been reported™.

Dacarbazine

This drug, aso known as DTIC, is 5-(3,3-dimethyl-
triazene)-imidazole-4-carboxamide. It is a non-cell-cycle-
specific antineoplastic agent that functions as an akylating
drug after activation in the liver. Haematologic toxicity is
its main toxic effect, followed by nausea and vomiting.

It is mainly used in metastasic malignant melanoma,
and also in refractory Hodgkin's disease and in soft-tissue
sarcomas.

Hypersensitivity. This is the only antineoplastic agent
to commonly cause photosensitisation. The cutaneous ma-
nifestations are pruritus, erythema and oedema. The le-
sions appear only upon exposure to light and may easily
be prevented by wearing protective clothing and avoiding
direct sunlight for a few hours after the administration of
the drug™™.

Dacarbazine has also been associated to liver toxicity
elicited through an allergic mechanism®. Necropsy fin-
dings reveal massive liver necrosis with thrombi in the
small hepatic veins and vasculitis with lymphocytic and
eosinophilic infiltration™. This Budd-Chiari-like syndrome
usually occurs during the second dacarbazine course and
is associated to peripheral blood eosinophilia®. This form
of toxicity israre.

One case of dacarbazine anaphylaxis has also been
published™.

Cross reactivity between alkylating agents. The existen-
ce of cross reactivity between the various alkylating agents
has not been fully clarified. Cases have been reported in
which the patients perfectly tolerated another alkylating
agent, while still others have been published with reaction
occurring against two different drugs of this group. Krut-
chik et al.** have reported one female patient who develo-
ped pruritus and urticaria several hours after the adminis-
tration of cyclophosphamide; this drug was then
discontinued and chlorambucil used in substitution, with
full tolerance. Kim et al.** described one case with a dela-
yed cyclophosphamide reaction who had positive skin
tests with its metabolite mustard-phosphoramide, but nega-
tive ones with cyclophosphamide and with a structurally
very similar drug, isophosphamide, which the patient then
tolerated on i.v. administration. On the other hand, Kritha-

168

rides et al.* reported one patient who had an urticaria re-
action with cyclophosphamide and again with chlorambu-
cil. Manigand et al.” described one case of urticaria in a
patient with IgA myeloma in relation to the administration
of melphalan, which again occurred after cyclophosphami-
de. In the study by Popescu et al.*, one of the patients had
positive skin tests with mustard-phosphoramide and ip-
hosphamide, while in the other four patients the skin tests
were negative. In the case of reactions induced by chlo-
rambucil, another alkylating agent has generally been tole-
rated*++%, although there are isolated cases reported of
cross reactivity between cyclophosphamide and chloram-
bucil.

In summary, the cross reactivity between different
alkylating agents is still unclear. There may be some risk
in certain cases when substituting one agent for another
one that has caused a reaction, so that caution and utmost
care are required in these cases.

FLUOROURACYL

This is an analogue of uracyl that incorporates a
fluorine atom instead of a hydrogen atom in position 5. Its
action derives on the one hand from the inhibition of ti-
midylate synthetase, thus depleting the cells of d-TMP, a
nucleotide that is indispensable in DNA synthesis, and on
the other hand from its incorporation into RNA, which is
progressive and dose- and exposure time-dependent, thus
interfering in the processing and actions of RNA.

Its main toxicity manifests itself in the gastrointesti-
nal tract (nausea, vomiting, stomatitis and ulcerations) and
in the bone marrow (predominantly through leukopenia).
It induces less myelosuppression if administered as an i.v.
infusion than with bolus administration. 5-Fluorouracyl
may also induce alopecia, conjunctivitis and acute neuro-
logical syndromes.

This drug is fundamentally used in adenocarcinomas
of the digestive tract and of the breast, and less effectively
in hepatomas and in carcinomas of the ovary, bladder, ute-
rine cervix, prostate and oropharynx. In topical adminis-
tration it is used for psoriasis and for premalignant kerato-
tic skin lesions.

Hypersensitivity. A rather high number of patients
may evidence cutaneous lesions in the form of maculo-pa-
pular rash in the trunk and limbs®. A frequent toxic mani-
festation with 5-fluorouracyl is the development of palmo-
plantar dermatitis, similar to the one triggered by



cytarabine, which may sometimes be bothersome enough
as to become dose-limiting®. It begins with palmo-plantar
paresthesias and progresses to erythema and oedema, with
desguamation in 33% of the cases™. Although it was ini-
tially thought to be due to prolonged infusion of 5-fluorou-
racyl®, it was later seen to occur even though the doses
were administered as a bolus®. This manifestation has im-
proved in some series with pyridoxine administration®,
suggesting a toxic mechanism rather than one of hypersen-
sitivity. Further skin manifestations include erythema, des-
guamation and scabbing, which occurred in five out of a
series of 155 patients™. One episode of angioedema has al-
so been reported, which could not be prevented in spite of
premedication with oral prednisone and diphenhydramine®.
A report has also been published of an anaphylactoid reac-
tion in a 60 year-old male after the tenth intravenous dose
of the drug®. There has also been one report of an anaphy-
lactic reaction in a female patient, with a positive prick test
with 5-fluorouracyl; the patient could be desensitised using
an i.v. protocol with sequential increases of the infusion ra-
tes and drug concentrations, and she then tolerated 20 later
courses after repetition of the same desensitisation
protocol®.

Topical administration of the drug may induce con-
tact dermatitis reactions®. One case of pustular contact
dermatitis has also been described, with rosacea-like se-
quels®.

CYTARABINE

Cytarabine (or cytosine arabinoside, or ara-C) is a
pyrimidine base analogue, and more precisely a deoxy-cy-
tidine one. It enters the cells via a transport mechanism
and transforms into the active product, ara-CTP. Its funda-
mental action is that of competitive and reversible inhibi-
tion of a-DNA polymerase. It also becomes incorporated
to DNA and induces greater susceptibility to degradation
and to the occurrence of abnormal replications and recom-
binations. Its greatest effect occurs during phase S of the
cell cycle, and its activity is thus greater during the reco-
very periods after the exposure of the cells to some other
cytotoxic drug. Its main toxicity is myelosuppression, par-
ticularly of the granulocytic series, and gastrointestinal to-
xicity manifestations; it may also induce reversible liver
dysfunction.

It is used in the therapy of leukaemias (particularly
acute myeloblastic leukaemia), in non-Hodgkin lympho-

Hypersensitivity reactions to chemotherapeutics

mas and, given intrathecally, in leukaemic or carcinoma-
tous meningeal infiltrations.

Hypersensitivity. Immediate hypersensitivity reac-
tions to cytarabine are infrequent but they are highly inte-
resting for the Allergologist, as the existence of specific
IgE antibodies has been demonstrated. Rassiga et al.*” des-
cribed the case of a patient who developed an anaphylaxis
episode while receiving cytarabine, and in whom the intra-
dermal skin tests with cytarabine and the passive cutane-
ous anaphylaxis test were positive. Successful desensitisa-
tion was also achieved. Some authors have demonstrated
histamine release in a hypersensitivity reaction induced by
cytarabine, and postulated an IgE-mediated mechanism?®.
Berkowitz et al.* demonstrated, using ELISA, the existen-
ce of specific IgE antibodies in one case of anaphylactic
shock induced by cytarabine. In Spain, Blanca et al.® have
reported the case of a nine-year-old girl who had eviden-
ced three anaphylaxis episodes in relation to the use of cy-
tarabine, and who three years later again required therapy
with the drug. Skin tests with cytarabine were performed
at this time with negative results, with tolerance to the
drug under controlled administration. However, when the
skin tests were repeated 14 days later they had become
positive, suggesting resensitisation after reintroduction of
the drug.

Other types of skin reactions were relatively infre-
guent until high doses of cytarabine began being used.
Castleberry et al.** described the cytarabine syndrome,
comprising high fever, chills, sudoration, myalgia, arthral-
gia, conjunctivitis and a micropapular rash after protracted
cytarabine administration. This syndrome may be preven-
ted with corticosteroid administration, representing an al-
ternative to therapy discontinuation. Hypotension to a de-
gree close to shock has been reported in some cases”; in
some of them, the possibility of an immunologic delayed-
hypersensitivity underlying mechanism has been investiga-
ted®, athough the most likely explanation might lie in the
association of a number of cytarabine-induced toxicities®.

Another form of delayed reaction to ara-C is palmo-
plantar erythema®®, characterised by intense, often painful
erythema of the palms and soles progressing to vesicula-
tion and desquamation. This is often preceded by dyesthe-
sias. On occasion, this manifestation involves only the
ear®. The phenomenon appears after about six days of ara-
C administration and appears to be dependent on the dura-
tion of therapy*. A similar manifestation has also been ob-
served with other chemotherapeutic drugs (hydroxyurea,
cyclophosphamide, 6-mercaptopurine, and others)**. It has
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also been occasionally reported in patients with leukaemia
who had as yet received no treatment”. The mechanism is
unknown, but a toxic origin is postulated. Biopsies disclo-
se vacuolar degeneration of the basal cells of the epider-
mis, dyskeratosis, and a diffuse leukocyte infiltration in
the upper dermis®*. The evolution is usually to healing
with no sequelae, and the patients may again receive ara
C*. In some cases it has been reported that a short course
of corticosteroids has rapidly resolved the problem, and
even that prophylactic steroid administration has minimi-
sed later recurrences™.

Finally, a form of dermatosis with marked neutrophil
accumulation around the sweat glands may occur; this par-
ticular manifestation has been termed neutrophilic eccrine
hydradenitis. The skin has a dense, erythematous aspect,
and indurated plagues are observed in the trunk and the
proximal areas of the limbs'®, This has also been descri-
bed in patients receiving other chemotherapeutic drugs'™
and, although the mechanism is still unknown, it is
thought to represent a toxic phenomenon. This particular
form of reaction isin any case quite infrequent.

One case of toxic epidermal necrolysis in relation to
cytarabine has been recently reported®,

L-ASPARAGINASE

The enzyme L-asparaginase hydrolyses asparagine
into aspartic acid and ammoniac. L-asparagine is a non-es-
sential aminoacid that is synthesised by the cells through
the action of the enzyme L-asparagine-synthetase. Some
cells, such as those of acute lymphoblastic leukaemia, lack
this synthetic pathway and thus depend on exogenous L-
asparagine. L-asparaginase therapy reduces the plasma le-
vels of the aminoacid and thus interferes in protein syn-
thesis.

This therapy has only dslight effects on the bone ma-
rrow, the epithelia and the mucosae. It induces frequent
immediate reactions manifesting as nausea, vomiting,
chills and fever: some of these reactions are a consequen-
ce of the inhibition of the synthesis of certain proteins. L-
asparagine may also induce neurologic reactions, liver
dysfunction and haemorrhagic pancreatitis. It is particu-
larly useful in acute lymphoblastic leukaemia with resis-
tance to other chemotherapeutic drugs.

Hypersensitivity. L-asparaginase is the antineoplastic
agent with the greatest risk of inducing immediate hyper-
sengitivity reactions. It is estimated that reactions may oc-
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cur in 5 to 35% of the cases'®*, although in extensive se-
ries the incidence is estimated to be 15% among treated
patients'®, with a 5-8% risk for each dose that increases
up to 33% after the fourth one'=, Life-threatening
anaphylactic reactions occur in less than 10% of the cases,
and reactions with fatal outcome are rare'®. The symptoms
are characteristic for an immediate hypersensitivity reac-
tion, and usually occur within the first hour after adminis-
tration. Intravenous administration increases the risk of re-
actions'®, so that the intramuscular route is recommended.
The incidence of reactions is increased in those patients
not receiving concomitant therapy with prednisone-vin-
cristine’®; nevertheless, high doses of corticosteroids are
not completely protective™. Further risk factors are an in-
terval between therapy courses in excess of one month or
the administration of the drug at weekly intervals'®®, as
well as a past history of exposure to L-asparaginase even
if that previous exposure had not triggered any reaction.

The mechanism underlying the reactions has not been
clearly established. L-asparaginase is a polypeptide of bac-
terial origin (Escherichia coli), so that it is not surprising
that alergic reactions to the drug may arise. As the patients
develop reactions fundamentally after several therapy cour-
ses, it has been postulated that the mechanism might be
through production of IgE antibodies. In this context, Khan
and Hill*" demonstrated, by means of skin tests and of the
Prausnitz-KUstner reaction, the involvement of IgE at least
in some cases. However, other authors'® have detected
complement activation, and suggested an immune complex
formation and anaphylotoxin-release mechanism; these au-
thors actually observed complement activation in seven out
of eight anaphylactic reactions. High titres of 1gG3 antibo-
dies to L-asparaginase have been postulated by some in-
vestigators to be associated to a higher risk of anaphyla-
xis'®, Attempts have been made to predict L-asparaginase
reactivity prior to its administration; the intradermal tests
have produced both false-positive and false-negative re-
sults®®, and the exposure test to small doses of the drugs
has aso had no predictive value*®. Recently, Bonno et al.**
have reported the case of a girl with positive intradermal
tests to L-asparaginase, in whom intravenous desensitisa-
tion could be successfully performed.

Substitutes for L-asparaginase have been searched
for. For instance, L-asparaginase has been obtained from
Erwinia chrysantemia, a plant pathogen. This L-asparagi-
nase has a similar antitumoural efficacy spectrum but diffe-
rent antigenicity*?, and has been successfully used in pa
tients who had had previous reactions to E. coli



L -asparaginase!®si314 - glthough cases have been reported
of reaction to the first dose of Erwinia L-asparaginase be-
cause of cross reactivity’®, or because of alergic reaction
to this enzyme after having had an allergic reaction to E.
coli-derived L-asparaginase®. Other molecular modifica-
tions have also been carried out on L-asparaginase, such as
binding to peptide polymers. One of such modifications
has been binding to polyethyleneglycol, originating a new
substance named pegaspargase, with less immunogenicity
and longer clearance time. In a recent review of available
data*® it was concluded that pegaspargase represents a safe
and effective alternative in the therapy of patients having
developed hypersensitivity reactions to L-asparaginase de-
rived from E. coli or Erwinia carotova, although routine
substitution of pegaspargase for L-asparaginase is not re-
commended. Quite recently, Stone et al.*" have reported
two cases of polyethyleneglycol-bound asparaginase
anaphylaxis, one of them with a positive intradermal test to
granulocyte colony stimulating factor (G-CSF) and the o-
ther one with negative skin tests but with a delayed urtica-
rial reaction after testing. G-CSF is derived, by recombi-
nant DNA technology, from E. coli, suggesting a possible
sensitization to bacterial components. Both patients had ne-
gative skin tests and full tolerance to the granulocyte-mo-
nocyte colony-stimulating factor, GM-CSF, which is deri-
ved not from E. coli but from Saccharomyces cerevisiae.

Finally, one case of toxic epiderma necrolysis with
L -asparaginase has been reported-s,

PACLITAXEL AND DOCETAXEL

Paclitaxel

Paclitaxel is a complex alkaloid derived from the
bark of the yew tree (Taxus brevifolia); chemicaly, it is a
diterpenoid taxane. Although it shares some similar che-
mical structures with other natural alkaloids, paclitaxel
contains one single taxane ring. The drug is highly li-
pophyllic and is not water-soluble, so that it is administe-
red in a polyoxyethylated castor oil (Cremophor EL) and
50% ethanol solution*®, Paclitaxel is the first one in a
new class of chemotherapeutic agents, the taxanes. Hepa-
tic metabolism and biliary excretion represent the major
pathway for elimination of the drug*®. Besides its haema-
tological toxicity, paclitaxel may also induce hypersensiti-
vity reactions, arrhythmias and neuropathy.

Hypersensitivity reactions to chemotherapeutics

Peclitaxel inhibits cell division by promoting micro-
tubule assembly and stabilisation through inhibition of tu-
bulin depolymerisation, leading to the formation of aggre-
gates of microtubules within the cell. The cell is thus
blocked in the G2 and M phases and cannot build the mi-
totic spindle. Paclitaxel has a radiosensitising effect: cells
in the G2 and M phases of the cell cycle, if affected by ta-
xoids, are highly sensitive to radiation.

The toxicity of this chemotherapeutic agent is
mainly haematological and neurological, and manifests al-
S0 as asthenia and arthro-myalgia.

Paclitaxel is mainly used in the therapy of ovarian
and breast carcinoma; lung cancer constitutes a further in-
dication.

Hypersensitivity. The most frequently observed toxi-
city has been WHO grade | hypersensitivity'?. The inci-
dence is highly variable among the various series, and has
even been reported to be 0% in some studies'?; it gene-
rally does not exceed 20%0+12,

Paclitaxel is administered under prophylactic measu-
res for preventing hypersensitivity reactions, both in the
first and in successive therapy courses. Premedication
comprises corticosteroids (dexamethasone), and H: (dip-
henhydramine) and H. antihistamines (cimetidine)*";
this premedication is usualy given intravenously 30 minu-
tes before commencing the administration of paclitaxel®,
although in some cases oral corticosteroids administered 6
to 12 hours previously can also be used®. Severe hyper-
sensitivity reactions are rare with the use of these three
antiallergic drugs, although mild reactions such as exan-
themas are more frequent.

The patients develop reactions comprising skin rube-
faction, hypotension, dyspnoea with or without bronchos-
pasm, angioedema, sudoration, hyperhydrosis, urticaria or
abdominal and limb pain; these reactions may be associa-
ted to bradycardia, a side effect of the drug itself. One half
of these reactions occur within the first two or three minu-
tes after the first dose of drug therapy. These clinical fea
tures correspond to those of type | hypersensitivity reac-
tions*. Severe life-threatening reactions occur in
approximately 2%o of the cases. They are more frequent
with short infusion times and rarer if the infusion times
are lengthened to 3-24 hours®; prolonging the infusion to 3
hours is usually enough to reduce the hypersensitivity re-
actions®.,

The drug may be reintroduced in patients who have
had hypersensitivity reactions; this can be done by prolon-
ging the infusion time from 3 to 24 hours, particularly in
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patients who have received premedication and whose reac-
tion has not been severe™*=, Controversy exists regarding
the severe reactions; some authors propose reintroduction
under premedication and with low infusion rates®®, while
others consider that the drug can only be reintroduced
when no other alternative is available™.

In recent times, one-hour infusion schedules in we-
ekly or tri-weekly courses have been used under premedi-
cation with the three drugs already mentioned, with simi-
lar activity in breast and lung cancer and with good
tolerance and no increase in hypersensitivity reactionst**¥,

The formulation of paclitaxel includes a considerable
amount of Cremophor EL; this compound may also be
responsible for hypersensitivity reactions®. Histamine re-
lease by Cremophor EL has been observed in some stu-
dies™, but the release level was so low that it is conside-
red improbable that this may be responsible for
hypersensitivity reactions. Nevertheless, some authors sta-
te that paclitaxel is contraindicated in patients with a pre-
vious history of hypersensitivity reactions involving drugs
that use Cremophor EL as solvent, such as cyclosporin
and teniposide*. In the dog, Cremophor EL has been ob-
served to induce histamine release within 10 minutes after
administration*. In vitro studies on human blood have not
confirmed this possibility**. Studies with the aim to better
define whether paclitaxdl itself or its excipient is the cau-
sative agent in hypersensitivity reactions have not been ca-
rried out. Other drugs formulated in polyoxyethylated cas-
tor oil have also been associated with similar reactions.

Parenteral desensitisation with paclitaxel has been ca-
rried out using ten-fold seria dilutions, and the patient was
able to tolerate the therapeutic infusion without complica-
tions or need for corticosteroids or antihistamines2. In that
same study, a histamine release test was performed with
paclitaxel alone, with vehicle alone and with both, with po-
sitive results only for paclitaxel and not for the vehicle.

The mechanism of these hypersensitivity reactions is
unknown, and it might well be a multifactoria one. It is un-
likely that the reactions may be due exclusively to IgE anti-
bodies to paclitaxel or to its Cremophor EL vehicle, as 56%
of the reactions occur already with the first administration®.
Severe anaphylactic reactions have been reported in the first
course of paclitaxd therapy; such reactions may have been
mediated by the release of histamine and other vasoactive
substances from the mast cells and basophils®.

Transient pulmonary infiltrates have been reported
that may conceivably have been caused by hypersensiti-
vity reactions to paclitaxel*“.
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Docetaxel

Docetaxdl is prepared from the leaves of the Europe-
an yew (Taxus brevifolia). Clinical trials have shown it to
be active in non-microcytic ovary, breast and lung cancer.
Studies have aso been carried out with favourable results
in melanoma, renal-cell carcinoma, lung cancer, and head
and neck and ovarian malignancies. The most important
adverse side effect is haematologic toxicity; this drug may
also cause fluid retention, ungueal changes, erythematous
skin reactions, nausea and vomiting.

Docetaxel is slightly more soluble and more potent
than paclitaxel.

Hypersensitivity. In one study, hypersensitivity reac-
tions were observed in 42% of the patients; these reactions
were generally mild or moderate'. Their characteristic fe-
atures were pruritus, rubefaction, skin rashes, dyspnoea,
hypotension and fever. Hypersensitivity reactions to doce-
taxel have in some cases been attributed to its formulation
with polysorbate-80*¢ Nevertheless, it is generally consi-
dered that the most probable mechanism is that of histami-
ne release”. The observed reactions may be blocked with
the use of premedication#,

Among the skin reactions reported there have been
cases of onycholysis, finger- and toenail calcification,
erythema, desquamation, pruritus and dry skin's. The skin
biopsies have revealed perivascular lymphocytic infiltrates
as the expression of reaction to the drug. In some patients,
this can be dose-limiting.

Cross reactivity between paclitaxel and docetaxel. No
studies seem to exist assessing the cross reactivity between
taxanes. Lokich and Anderson™* describe four patients who
had experienced hypersensitivity reactions with paclitaxel
and who later tolerated docetaxel (given together with dexa-
methasone as an antiemetic). Although they did not carry
our immunological studies, the authors suggest that the tole-
rance to docetaxel might be due to the fact that, unlike pa-
clitaxe, it is not formulated with Cremophor EL.

TENIPOSIDE AND ETOPOSIDE

Teniposide (VM-26) and etoposide (VP-16) are se-
misynthetic derivatives of the epipodophyllotoxins, them-
selves derived from Podophyllum peltatum. They interact
with the enzyme topoisomerase |1, inducing links and bre-
aks in the DNA strands. Although they only differ in a



methyl group in phenylidine in the glucopyranoside, teni-
poside appears to cause a greater number of hypersensiti-
vity reactions®. The formulations of VM-26 and VP-16
both contain Cremophor EL.

Etoposide

This agent is used in the therapy of testicular can-
cer, of extragonadal germ cell tumours, lung cancer, leu-
kaemias, lymphomas, Kaposi's sarcoma and other neo-
plasms. It can induce haematologic toxicity, nausea and
vomiting.

Hypersensitivity. Anaphylactoid reactions occur in 1-
2% of the patients, with chills, fever, tachycardia, bron-
chospasm, dyspnoea and hypotension. These reactions res-
pond to the discontinuation of the drug infusion and to
therapy with vasopressors, corticosteroids, antihistamines
and volume expansors. The onset of the reaction may oc-
cur after a few minutes of infusion or several hours after
its end™°, but more frequently during the infusion of the
drug. There are no known risk factors, and few patients
have a past history of allergy**. Therapy with the agent
may be continued if premedication is used and the infu-
sion rate is slowed™***2, However, cases have been repor-
ted in which the drug could not be reintroduced despite
adequate premedication®=.

These reactions are more frequent in patients with
leukaemia or lymphoma treated with polychemotherapy,
with an incidence up to 51% among patients with Hodg-
kin's disease'™, although in that series the drug could be
reintroduced in 78% of the cases. The same authors sug-
gest that the changes in cell-mediated immunity in Hodg-
kin's disease may predispose these patients to drug hyper-
sensitivity reactions'®,

Intravenous administration is believed to represent a
risk factor for hypersensitivity reactions*’. No cases have
been reported of such reactions with oral etoposide®.

The mechanism of hypersensitivity reactions to epi-
podophyllotoxins has not been sufficiently clarified. The
fact that many reactions occur during the first exposure to
the drug suggests a non-immunologic mechanism*2,

One case of Stevens-Johnson syndrome in an adult
patient undergoing his second course of VP-16 therapy for
microcytic lung cancer has been reported. The time of pre-
sentation and the clinical circumstances suggest the possi-
bility of atype Il reaction through antibody response with
immune complex deposition in the cutaneous vessel s*=.

Hypersensitivity reactions to chemotherapeutics

Teniposide

The efficacy spectrum of teniposide is very similar
to that of etoposide, but it is more often used in children
with acute lymphatic leukaemia. The frequency of reac-
tions is greater than with etoposide. Myelosuppression,
nausea and vomiting represent the main toxicities; this
drug may also cause peripheral neuropathy and hypoten-
sion when infused rapidly.

Hypersensitivity. Anaphylaxis is rare with this agent,
but other hypersensitivity reactions occur in 2-11% of the
patients depending on the type of clinical trial*c. Their
characteristic features are chills, rubefaction, urticaria, an-
gioedema, hypotension, bronchospasm, tachycardia, fever
or orbital oedema®’. Many of these reactions may occur
upon the first administration of the drug®*'®, suggesting
that a non-immunologic mechanism may be involved. Ex-
perimental studies in dogs and mice have demonstrated an
association between the administration of teniposide and
release of histamine and other vasoactive substances':. It
has also been demonstrated that teniposide may induce
histamine release from basophils in blood samples from
healthy, not previously exposed children, through a me-
chanism that is not IgE-mediated not related to the Cre-
mophor EL vehicle*. The drug can usualy be reintrodu-
ced under premedication®’, although this is not always
possible™.

Hypersensitivity reactions with teniposide appear to
be more frequent in patients with brain tumours and neu-
roblastomas'®e**,

Cross reactivity. There is disagreement as to the existence
of cross reactivity between etoposide and teniposide. Eto-
poside differs structurally from teniposide only in the
substitution of a methyl group for a tenylidine one in the
glucopyranoside moiety. However, teniposide more often
causes hypersensitivity reactions. True cross reactivity do-
€s not seem to exist between these two agents'®,

ANTHRACYCLINES

A number of chemotherapeutic agents exist that be-
long to the anthracycline group. Daunorubicin is an antitu-
moural antibiotic derived from Streptomyces coeruleorubi-
dis, while doxorubicin -or adriamycin-, another
anthracycline, is derived from Streptomyces peucetius var.
Caesius and differs from daunorubicin only in a hydroxyl
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group in the C-14 carbon atom. Epirubicin is a stereoiso-
mer of doxorubicin. Mitoxanthrone is another anthracycli-
ne derivate, with less cardiologic toxicity.

The main toxicity of these agents is haematological;
they may also induce cardiotoxicity, particularly in the ca-
se of doxorubicin. They also induce nausea, vomiting and
alopecia.

Doxorubicin may be directly cytotoxic without
penetrating into the neoplastic cells; it also intercalates
into DNA and inhibits type | and type Il topoisomera-
ses. It may covalently bind to DNA and thus damage
it, and it interferes with DNA uncoiling, reducing its
synthesis. All these effects induce cell apoptosis.

The anthracyclines have a broad spectrum of activity,
but they are used mainly in the therapy of acute leu-
kaemias.

Hypersensitivity. Most of the anthracyclines have
caused hypersensitivity reactions. Both daunorubicin and
doxorubicin have induced such reactions when administe-
red intravenously**% and even intravesically"®, Skin
rashes occur in up to 3% of the patients receiving doxoru-
bicin'®. Pretreatment with antihistamines and corticoste-
roids may reduce the severity of the reactions'®; however,
these measures are not always effective: in one reported
case the reaction recurred, in association to urticaria and
bronchospasm, despite antihistamine pretreatment'®. No
hypersensitivity reactions have been reported with the oral
administration of anthracyclines®. There are also reports of
one case of angioneurotic oedema secondary to the admi-
nistration of doxorubicin'®, and of pruritus, oedema and
urticaria in the site of injection®*"* attributed to extravasa-
tion or to histamine release’®. The mechanism of the hy-
persensitivity reactions to the various anthracyclines is
unknown. Crowther et al.*? have reported one case of urti-
carial reaction after the administration of daunorubicin
that reappeared upon the administration of adriamycin
(doxorubicin).

Hypersensitivity reactions have also been reported
with mitoxanthrone, a synthetic amino-anthrachinone, al-
though with very low frequency*™.

Allergic contact dermatitis has also been descri-
bed in association to epirubicin, another anthracycli-
ne'. The patient developed the reaction with the first
dose of the drug; however, the patch test with epirubi-
cin was positive. Considering that the patient had pre-
viously tolerated mitomycin, the authors suggest the
possibility of cross reactivity between this drug and
epirubicin.
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Cross reactivity. There is only one reported case of cross
reactivity, between daunorubicin and doxorubicin'2. This
patient developed a severe urticarial reaction after the ad-
ministration of daunorubicin, with recurrence after doxo-
rubicin. The very great structural similarity between these
two agents must however be stressed. In the case of mito-
xanthrone, Taylor et al.*” have reported one patient who
tolerated doxorubicin after having had a reaction with
tachypnoea, cyanosis and hypotension after the adminis-
tration of mitoxanthrone.

Cross reactivity may occur between doxorubicin and
lincomycin*,

BLEOMYCIN

This is an antineoplastic antibiotic, isolated in 1962
from a variety of Streptomyces verticillus. It binds to
DNA and induces breakage of its strands.

Bleomycin is indicated in epidermoid carcinomas,
including those of the cervix, external genitalia, oesopha-
gus, skin, head and neck; it is also used in Hodgkin's dise-
ase, in bladder, lung and thyroid cancers, and in the the-
rapy of malignant effusions.

This chemotherapeutic agent may induce lung fibro-
sis, skin erythema and hyperpigmentation and frequently
fever, which may be associated to cardiovascular collapse
and even death*™.

Hypersensitivity. There are very few cases reported
of reactions suggesting hypersensitivity. In one of these, a
patient was described who developed angioedema, erythe-
mato-haemorrhagic exanthema and eosinophilia, with fatal
outcome, although the reaction occurred two days after the
administration of the first bleomycin therapy course'™. A
subcutaneous test had been previously performed with 2
ml bleomycin sulfate without eliciting any reaction. One
case of toxic epidermal necrolysis has also been reported,
in one patient who had received therapy with unusually
high doses of bleomycin'”. One further case of fatal out-
come after the administration of a low dose has aso been
reported'™. One characteristic finding with bleomycin is
that of "whiplash" dermatitis.

There is a form of bleomycin-induced pulmonary to-
xicity, which is dose-dependent and seldom occurs with
less than 300 Units™*. The condition is a pneumonitis in
which polymorphonuclear accumulation is first observed,
followed by a T-lymphocyte infiltrate; there is increased
chemotactic activity of the alveolar macrophages. The his-



tologic examination discloses pneumocyte hyperplasia
with eosinophil-rich infiltratest. The pathophysiologic
mechanisms of these lesions are hotly debated; some aut-
hors invoke a direct toxic action of bleomycin, while ot-
hers advocate a hypersensitivity mechanism®.

MITOMYCIN C

This antitumoural antibiotic was isolated in 1958
from Streptomyces caespitosus. It binds to the guanine or
cytosine bases in DNA, forming bonds and bridging and
inhibiting its function and synthesis.

Mitomycin C is used intravesically in bladder cancer.
It is used in combination with other chemotherapeutic
agents, and evidences modest activity against a wide range
of neoplasms. Its fundamental toxicity is delayed myelo-
depression; it may also induce a haemolytic-uraemic syn-
drome and lung toxicity.

Hypersensitivity. Mitomycin C is usually given intra-
venously. Cases have been reported of generalised vesicu-
lar rashes suggesting an alergic reaction, athough the un-
derlying mechanism has not been investigated®**. The risk
of skin rash with mitomycin C may increase when the
drug is combined with vincristine and bleomycin or doxo-
rubicin®. One case has also been reported of a local ery-
thema multiformis-like eruption after the administration of
mitomycin and 5-fluorouracyl, with erythematous papules
in the proximal area of the forearm into which the drugs
had been infused which histologically suggested a reaction
similar to that of erythema multiformis, so that a localised
hypersensitivity reaction to mitomycin C was suspected.
Although infrequently, cases have been reported of skin
exanthemas after intravenous administration of mitomycin
C*, One case has been reported of acute respiratory failu-
re with fatal outcome after the administration of mitomy-
cin and vinblastine, in a patient with metastasic breast
cancer, and an acute hypersensitivity reaction was sugges-
ted as the cause of the adult respiratory distress syndro-
me'®. There is also a form of pneumopathy after adminis-
tration of mitomycin, occurring within the first six months
of therapy, which presents a histological picture of fibrosis
but has a benign evolution after discontinuation of the
drug even though severe, rapidly fatal forms are known®’.

Mitomycin is administered intravesically as topical
medication in the therapy of epithelial tumours of the uri-
nary bladder. Hypersensitivity reactions are much more
frequent with this route of administration. Local toxicity

Hypersensitivity reactions to chemotherapeutics

consists of chemical cydtitis, occurring in over 10% of the
patients. After cystitis, skin reactions represent the most
frequent side effect, consisting of disseminated dermatitis,
or avesicular form involving the hands and/or feet and the
genital or perianal region, or urticaria, sometimes with as-
sociated fever or general malaise™®. Over 9% of the pa-
tients treated with mitomycin C develop cutaneous side ef-
fects; almost 3% of them must eventually discontinue
therapy because of the severity of the dermatologic reac-
tions'®. Most of the reactions are believed to be due to the
absorption of mitomycin C through the vesical mucosa
(ca. 1% of the ingtilled dose) and not to direct contact, al-
though the latter may also occur. Diffuse or generalised
reactions are more probably due to a systemic contact der-
matitis caused by a delayed hypersensitivity reaction. The
following observations appear to support this hypothesis:
the skin reactions develop after several instillations; after a
first skin reaction, the reintroduction of the drug reprodu-
ces the symptoms; finally, it is possible to demonstrate the
presence of CD1+ antigen-presenting cells in the bladder
wall and of positive patch tests with mitomycin C in the
patients with skin lesions'®,

METHOTREXATE

Methotrexate is a folate analogue, and has L-leuco-
vorin as its antidote. The drug induces a reduction in the
synthesis of the nucleotides purine and pyrimidine,
through competition at the dihydrofolate reductase level. It
is a phase-specific antineoplastic drug.

This agent is used in the therapy of leukaemias and
lymphomas, in cancer of the head and neck, breast cancer,
gestational neoplasms of trophoblastic origin, mycosis
fungoides, and osteosarcoma. Its main toxicities are hae-
matologic, hepatic and renal; it may also induce chills and
fever.

Three different administration schedules are used: a
standard oral or parenteral dose, intrathecal administration,
or high-dose therapy followed by leucovorin rescue. The
intrathecal route is used in meningeal carcinomatosis, whi-
le the high-dose schedule with leucovorin rescue is ap-
plied in the adjuvant therapy of osteosarcoma and in acute
leukaemias.

Hypersensitivity. Hypersensitivity reactions to me-
thotrexate are infrequent and include anaphylaxis, urtica-
ria, angioedema, acute pneumonitis, cutaneous vasculitis,
severe epidermic toxicity, haemolytic anaemia and hepati-
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tis. A number of anaphylactic reactions have been publis-
hed in the literature, usually after previous exposure to eit-
her high or low doses of the drug'®*. Alkin et al.**? des-
cribe two cases of immediate hypersensitivity reactions
during the first administration of methotrexate; the pa-
tients were two young males with osteosarcomas in diffe-
rent locations, with no known history of hypersensitivity.
One of them developed generalised pruritus, urticaria, an-
gioedema and laryngeal oedema, and the other one pruri-
tus and generalised urticaria. The reactions occurred 13
and 30 minutes after the infusion, respectively, and remit-
ted under conventional therapy. Lacking previous exposure
to methotrexate, these reactions are described as anaphy-
lactoid and represent a possible ahility of the drug for in-
ducing direct mast cell degranulation or complement acti-
vation*2, In one of the two cases the drug was
subsequently reintroduced under premedication. There is
one other report of an anaphylactoid reaction that could
also be prevented with premedication'®. Cohn et al.* des-
cribe one case of anaphylaxis after low-dose methotrexate
with onset after six therapy courses; the patient developed
disseminated erythema after an intradermal test with met-
hotrexate. In Spain, Vega et al.*® have reported a case of
methotrexate anaphylaxis. The patient, a female, had a po-
sitive prick test although it was not possible to detect spe-
cific IgE and the histamine release test was negative.

Ora methotrexate may cause agranulocytosis in pa-
tients with rheumatoid arthritis. Although a toxic effect
cannot be excluded, some authors'**** have suggested a ty-
pe Il hypersensitivity mechanism. A type Il haemolytic re-
action has also been reported in which 1gG3 antibodies re-
acted with the erythrocytes in the presence of
methotrexate causing haemolysis. The antibody did not
bind complement but sensitised the erythrocytes, which
were then phagocyted by macrophages®.

Acute pneumonitis may be induced via a type 111 hy-
persensitivity mechanism®. This condition is characterised
by peripheral blood and/or pulmonary eosinophilia, bilate-
ral hylar lymphadenopathies, exanthema, rapid onset with
no relation to the dose or duration of therapy, and resolu-
tion after withdrawal of the drug and corticosteroid admi-
nistration. This phenomenon may be induced by any dose
of the drug, even those used in the management of other
conditions such as rheumatic diseases”. Hypersensitivity
pneumonitis represents a potentially fatal side effect in pa-
tients with rheumatoid arthritis treated with methotrexate'®.
Two different groups of investigators have demonstrated
increased numbers of lymphocytes in the bronchoal veolar

176

lavage fluid of patients with this form of methotrexate re-
action, suggesting an immunologic mechanism?,

Another form of hypersensitivity reaction is vasculi-
tis®”. Purpuric cutaneous lesions develop that disappear
upon discontinuation of methotrexate and reappear upon
reintroduction of the drug. One case of necrotising vascu-
litis has also been reported, after two injections of low-do-
se methotrexate in the management of rheumatoid
arthritis'®,

There is one description of fulminant hepatic failure
after the administration of intermediate-dose methotrexate,
in a patient with non-Hodgkin lymphoma'*. The lym-
phocyte transformation test was strongly positive. The ne-
cropsy findings showed that there was no inflammatory
infiltrate in the liver but demonstrated marked hiliary con-
gestion, which is the hallmark of drug-induced hepatitis.
Because of these findings, it seems plausible that this case
of fulminant liver failure may have been a case of allergic
reaction to methotrexate.

Trimetrexate, an analogue of methotrexate, may in-
duce cutaneous eruptions with generalised erythrodermia,
which usually occur some days after the administration of
the drug and resolve within one week. The mechanism of
this cutaneous toxicity is unknown*. Grem et a.** have
described five cases of hypersensitivity reactions after the
administration of trimetrexate.
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