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Abstract

Introduction. Despite advancements in therapeutic modalities,
chemotherapy remains the cornerstone of treatment for a wide
range of malignancies. However, all chemotherapeutic agents have
the potential to induce hypersensitivity reactions. Literature Re-
view. Platinum-based compounds and taxanes are the most fre-
quently implicated in hypersensitivity reactions. The most com-
monly used classification systems for these reactions are the Brown
classification and the Common Terminology Criteria for Adverse
Events. Diagnostic approaches include in vivo provocation tests and
in vitro assays. Optimal results from skin tests are achieved when
performed between six weeks and six months after an allergic reac-
tion. A positive skin test indicates a significant risk of anaphylaxis
upon drug re-administration without precautionary measures. If
no suitable alternative therapy is available, desensitization should
be undertaken before reintroducing the drug. The process involves
the controlled, stepwise administration of the drug, starting with
a low dose and gradually increasing it under strictly monitored
conditions. Conclusion. A thorough understanding the molecular
mechanisms underlying hypersensitivity reactions, along with fa-
miliarity with their clinical presentation, classification, and diag-
nostic strategies, is essential for identifying suitable candidates for
desensitization. Additionally, the involvement of a multidisciplinary
team comprising allergists and oncologists is crucial in evaluating
oncology patients and determining the most appropriate therapeu-
tic approach for each individual case.

Key words: Antineoplastic Agents; Drug Therapy; Hypersensi-
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Introduction

For nearly nine decades, chemotherapy has played
a pivotal role in the treatment of malignant diseases.
Despite advancements in therapeutic modalities, it re-
mains the cornerstone of cancer treatment [1, 2]. How-
ever, all chemotherapeutic agents have the potential to
induce hypersensitivity reactions (HCR), which are the
third leading cause of fatal drug-induced anaphylaxis
in the United States [2]. Therefore, whenever feasible,
chemotherapy should be limited in favor of targeted
therapies [3]. Platinum-based compounds and taxanes
account for the majority of HCR cases, which may be
mediated by IgE-dependent or non-IgE mechanisms
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Sazetak

Uvod. Uprkos novim terapijskim modalitetima, hemioterapija i
dalje predstavlja okosnicu lecenja $irokog spektra zlo¢udnih
bolesti, a svi hemioterapijski agensi mogu izazvati reakcije preo-
setljivosti. Pregled literature. Najve¢i broj hipersenzitivnih reak-
cija uzrokuju jedinjenja platine i taksani. Najc¢esce koris¢ene
klasifikacije hipersenzitivnih reakcija su Braunova klasifikacija i
Zajednicki terminoloski kriterijumi za nezeljena dejstva. Dijag-
nosticki testovi se dele na in vivo provokacione testove i in vitro
testove. Najbolje rezultate dobijamo ukoliko kozne testove spro-
vodimo u periodu od Sest nedelja do najkasnije $est meseci od
alergijske reakcije. Pozitivni rezultati koznih testova pokazuju da
je pacijent pod znacajnim rizikom od anafilaksije ako se lek po-
novo primeni bez mera opreza. Pre ponovne primene leka potreb-
no je sprovesti desenzibilizaciju ukoliko ne postoji ekvivalentna
supstituciona terapija. Desenzibilizacija uklju¢uje ponovnu pri-
menu leka u visokokontrolisanim uslovima, koriste¢i postupne
korake u kojima se najpre primenjuje niska doza leka, a kroz svaki
sledeci korak doza se postepeno povecava. Zaklju¢ak. Razume-
vanje molekularnih mehanizama hipersenzitivnih reakcija,
poznavanje njihove klinic¢ke slike i klasifikacije, kao i poznavanje
dijagnostickih testova klju¢ni su za pravilan odabir bolesnika za
desenzibilizaciju. Vazno je naglasiti vaznost multidisciplinarnog
tima alergologa i onkologa u evaluaciji onkoloskih bolesnika i
donosenju odluka za primenu najboljeg terapijskog modaliteta za
svakog pojedinog bolesnika.

Kljuéne reci: hemioterapijski agensi; hemioterapija; hipersen-
zitivna reakcija; imunoloska desenzitizacija; kozni testovi

and present with varying clinical manifestations.
Prompt recognition and management of life-threaten-
ing hypersensitivity reactions are crucial. Identifying
high-risk patients allows for proper risk assessment and
informed decision-making regarding further treatment
[4]. Desensitization is a safe and highly effective strat-
egy, with breakthrough reactions occurring infrequent-
ly and typically presenting as mild [5].

Literature review
Platinum derivatives

Among chemotherapeutic agents, platinum de-
rivatives are the most common triggers of HCR [2].
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Abbreviations

HCR - hypersensitive reactions
IgE - immunoglobulin E
BRCA 1/2 - breast cancer gene

IL-6 - interleukin six

TNF-a - tumor necrosis factor alpha

SCAR - Severe Cutaneous Adverse Reactions

SJS/TEN - Stevens-Johnson syndrome/toxic epidermal
necrolysis

CT - computed tomography

IL-18 - interleukin one beta

CTCAE - Common Terminology Criteria for Adverse Events

ACE - angiotensin converting enzyme

The primary platinum-based drugs include cisplatin,
oxaliplatin, and carboplatin, while nedaplatin, hep-
taplatin, and lobaplatin are available only in Asia [1]
(Table 1).

Published data indicate that over 20% of patients
receiving platinum-based chemotherapy experienced
allergic reactions [6]. The most significant risk factor
for HCR to platinum agents is prior exposure, with
incidence rates increasing from 1% after the first six
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cycles to 27% beyond the seventh cycle of carboplatin.
The peak occurrence is observed around the eighth
or ninth cycle [8], with similar patterns reported for
cisplatin and oxaliplatin [7]. Additionally, increased
HCR rates have been noted in women with BRCA 1/2
mutations [1, 2, 9]. In pediatric patients receiving car-
boplatin for brain tumors, the incidence of HCR has
been reported at 42% [10].

Cross-reactivity between carboplatin and oxali-
platin is estimated at 37-45%, whereas patients who
experience HCR to either drug have a significantly
lower risk when switched to cisplatin due to it mini-
mal cross-reactivity [10]. Nedaplatin has been ex-
plored as an alternative for patients with carboplatin-
induced HCR. A recent study confirmed its favorable
safety profile, with only one reported case of HCR [1].

The majority of platinum-induced HCR are IgE-
mediated type I hypersensitivity reactions, initially
described in refinery workers exposed to platinum
salts. This was later confirmed by the detection of
carboplatin-specific IgE antibodies [11]. Immediate

Table 1. Characteristics of immediate hypersensitive reactions on platinum derivatives

Chemotherapeutic agent Malignancies in which it is used Time to HCR onset

Characteristics of HCR

o Ovarian cancer
« Lung cancer

Maximum rate of HCR  Redness, itching, urticaria
occurs when applying Approximately 50% of HCRs are
the 8th or 9th cycle  moderately severe with diffuse

Carboplatin : o 1% between 1-6th cycle erythroderma, wheezing, facial
» Squamous cell carcinoma of o . - o>,
head and neck o 27% when applying for ~ swelling, nausea/vomiting,
the 7th cycle or diarrhea, dyspnea, hypotension,
subsequent ones or anaphylaxis
G . . . Increases with the
« Gynecological malignancies
number of cycles and e .
Cisplatin e Lung cancer simultaneous Urticaria, itching, respiratory
P » Squamous cell carcinoma of . diation: hich distress, hypotension
head and neck irradiation; higher rate
after the 6th cycle
Flushing, pruritis, urticaria, pal-
mar erythema, angioedema,
hypertension, hypotension,
Gastrointestinal malignancies, . dyspnea, chest tightness, cough,
: ; Increases with the . X
Oxaliplatin especially colon cancer in com- number of evcles: up to throat tightness, nausea, diarrhea.
P bination with leucovorin and YOESUP 10 egs often - temperature, chills,

fluorouracil (FOLFOX)

20% after the 6th cycle shivering, stiffness, back pain.

Neurological (tingling, dizziness).
Rarely, thrombocytopenia,
hemolytic anemia, and bleeding.

« Breast cancer
e Ovarian cancer
« Non-small cell lung cancer
 Squamous cell cancer of
Albumin bind paclitaxel head and neck
Cremofor bind Paclitaxel o Kaposi sarcoma (paclitaxel)
Docetaxel « prostate cancer (docetaxel)
o Stomach adenocarcinoma
(docetaxel)
o Adenocarcinoma of pancreas
(paclitaxel)

Flushing, chest pain, back pain,
abdominal pain, respiratory
symptoms (dyspnea,
At first exposure during chest tightness, wheezing, throat
the 1st or 2nd cycle tightness), gastrointestinal
symptoms (nausea, vomiting,
diarrhea), hypertension, hypo-
tension, fluid retention.

Second line metastatic, hor-

Cabizataxel ;
mone resistant, prostate cancer
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Figure 1. Mechanisms of immediate hypersensitive reactions on platinum and taxanes. Available at: https://doi.

org/10.1007/s12016-021-0887

reactions commonly present as pruritus of the palms
and soles, erythema and urticaria. However, platinum
agents have also been associated with several cases of
type II hypersensitivity reactions, such as immune-
mediated hemolytic anemia and thrombocytopenia
(with oxaliplatin), sometimes complicated by bleed-
ing, and type III hypersensitivity reactions, including
delayed urticaria as part of vasculitis.

Skin testing and desensitization play no role in
type Il and type IIT hypersensitivity reactions, but the
drug should be permanently discontinued [10].

A new classification of HCR integrates phenotypes,
endotypes and biomarkers. Phenotypes of platinum-
induced HCR (Figure 1) include immediate and de-
layed reactions, categorized into type I hypersensitiv-
ity reactions, cytokine release reactions, and mixed
reactions, with the greatest heterogeneity observed
with oxaliplatin [7]. Endotypes define the underlying
immunological mechanisms, while biomarkers fa-
cilitate their identification [6]. Oxaliplatin-induced
HCR are particularly heterogeneous, often presenting
as cytokine release reactions characterized by fever,
chills, rigors, headache, chest pain, or back pain, ac-
companied by elevated IL-6 and TNF-a levels [12].

Taxanes

Taxanes are complex alkaloid esters used in the
treatment of various malignancies including breast,
prostate, head and neck, lung, and gynecological can-
cers. The main taxanes include paclitaxel, docetaxel,
nab-paclitaxel, and cabazitaxel. Paclitaxel was origi-
nally derived from the Pacific yew tree, while docetax-
el is produced via a semisynthetic process [13]. Al-
though structurally similar, taxanes differ in their
solvents>: paclitaxel is formulated with Cremofor EL,
whereas docetaxel and cabazitaxel use polysorbate 80

[2]. Cremofor EL has been shown to induce direct
complement activation, leading to the release of ana-
phylatoxin and subsequent mast cell and basophil
activation. In patients with prior anaphylactic reac-
tions to docetaxel and paclitaxel, the use of nanopar-
ticles bound to albumin (nab-paclitaxel), which lacks
Cremofor EL, has been associated with a lower inci-
dence of HCR [2]. However, severe immediate HCR
have still been reported with nab-paclitaxel [7].
Taxanes are highly allergenic, with early studies
reporting immediate HCR rates as high as 50% for
paclitaxel and docetaxel, prompting the routine use
of antihistamines and corticosteroids for premedica-
tion [13]. Most HCR occur within minutes, typically
during the first or second exposure to the drug [7].
Cross-reactivity between paclitaxel and docetaxel has
been reported in two studies, and an association be-
tween taxanes and tryptase allergens has been dem-
onstrated [14]. One example of IgE-mediated HCR
involves individuals previously exposed to yew pollen,
who may develop hypersensitivity to taxanes [13]. Ad-
ditionally, paclitaxel has been isolated from hazelnuts,
and cases of cross-reactivity between paclitaxel and
hazelnut consumption have been documented [15, 16].
Immediate HCR to paclitaxel and docetaxel occur
in approximately 10% of patients, with severe reac-
tions reported in 1% of cases despite premedication [7,
8, 17]. Symptoms typically manifest 15 minutes after
infusion onset and include dyspnea (with or without
bronchospasm), urticaria, hypotension (or hyperten-
sion), delayed erythematous rash (which may begin
hours or weeks after drug application), and severe pain
in the back, pelvis, chest, and abdomen [7, 8, 18]. Un-
like platinum agents, 90% of taxane-induced HCR
occur within the first two treatment cycles [1]. This
pattern suggests a mechanism involving direct process
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of mast cell degranulation. A case report described a
fatal anaphylactic reaction to paclitaxel, where the
patient experienced lip swelling and urticaria ten days
after chemotherapy administration [19].

In 10-15% of cases, HCR to taxanes present as de-
layed skin reactions, emerging - several days up to 10
days post-administration of docetaxel. These reac-
tions range from mild maculopapular exanthema,
urticaria, and angioedema to severe cutaneous ad-
verse reactions (SCAR) and may also involve other
organs such as the lungs, liver, and kidneys [6]. Most
of the mild reactions resolve within a few days with
symptomatic treatment [10]. However, severe delayed
reactions to paclitaxel include interstitial pneumoni-
tis, which is associated with for a high risk of me-
chanical ventilation and mortality [20]. Severe reac-
tions such as Stevens-Johnson syndrome (SJS)/toxic
epidermal necrolysis (TEN), acute interstitial pneu-
monitis, and subacute cutaneous lupus erythemato-
sus have been documented with paclitaxel, docetaxel,
and nab-paclitaxel [8, 13].

Interstitial pneumonitis may develop days to weeks
after docetaxel and paclitaxel administration, occurring
less frequently with nab-paclitaxel and docetaxel. Clin-
ical manifestations include exertional dyspnea, dry
cough, fatigue, and low-grade fever. High-resolution
CT (HRCT) typically reveals ground-glass opacities,
which may be diffuse or present as centrilobular nod-
ules, corresponding to non-fibrotic hypersensitivity
pneumonitis. In contrast, fibrotic hypersensitivity
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pneumonitis is characterized by traction bronchiectasis,
bronchioloectasis, honeycombing, and bronchiolitis,
with HRCT findings displaying the “headcheese” or
“triple density” sign [21]. Management is primarily sup-
portive, with taxane discontinuation at the first step.
The initiation of glucocorticoid therapy depends on the
severity and progression of lung involvement [22].

Another notable adverse effect is capillary leak syn-
drome, observed with docetaxel. It is characterized by
peripheral edema, dyspnea, non-cardiogenic pulmo-
nary edema, and pleural effusions, with weight gain
often being the earliest sign. Prompt diuretic therapy
at symptom onset may help prevent severe fluid reten-
tion complications [22].

Immediate HCR typically occur within 1-6 hours
post-administration, and this phenotype is most often
associated with either IgE-mediated endotype or the
endotype of direct complement activation. Delayed
type IV hypersensitivity reactions, which appear days
to weeks after drug exposure, most commonly mani-
fest as maculopapular exanthema or severe SCAR [6].
Solvent taxanes such as Cremofor EL (paclitaxel) and
polysorbate 80 (docetaxel) can activate mast cells ei-
ther via an IgE-mediated mechanism or through di-
rect complement activation, leading to C3a and C5a
anaphylatoxin release (Figure 2). Additionally, hista-
mine release has been observed during the direct ac-
tion of paclitaxel on basophils [13]. Biomarkers in-
clude: tryptase, histamine, leukotrienes and prostag-
landins in type I reactions, and IL-6, TNF-a and IL-183
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Figure 2. Phenotypes and endotypes of hypersensitive reactions to chemotherapy and monoclonal antibodies.

Available at: https://pubmed.ncbi.nlm.nih.gov/34045179/
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in cytokine release or mixed reactions [1, 7]. Desensi-
tization is indicated for type I reactions and selected
cases of cytokine release or mixed reactions. How-
ever, it is not effective for reactions caused by direct
mast cell or basophil activation [7].

Classification of HCR

Classifying hypersensitivity reaction is essential
for assessing severity and guiding therapeutic deci-
sions. The most widely used classifications are the
Brown classification and the Common Terminology
Criteria for Adverse Events (CTCAE) [7].

Diagnosis

Classifying hypersensitivity reaction diagnosis is
based on clinical history, physical examination,
symptomatology, and diagnostic tests. These tests are
categorized into in vivo provocation tests and in
vitro tests. In vivo provocation tests include skin
(prick and intradermal) and dose provocation tests.
Skin tests are sensitive, widely used, cost-effective,
and rapid methods for detecting IgE-mediated al-
lergic reactions. Their main advantages over in vitro
tests are their immediacy (results within 15 to 20
minutes), and patient involvement, enhancing under-
standing of allergic responses [23]. The most exten-
sively studied agents for skin testing are platinum
derivatives and taxanes [1]. Other antineoplastic
agents can also be tested, provided that they do not
induce skin necrosis upon extravasation. Irritant
drugs must be diluted appropriately to prevent non-
allergic skin irritation. Testing begins with a prick
test, followed by an intradermal test if the prick test
is negative [10]. Intradermal testing involves injecting
a small drug dose into the dermis, increasing sensitiv-
ity due to enhanced exposure of cutaneous mast cells
[1]. However, several systemic reactions have been
reported during intradermal testing [23]. These reac-
tions result from histamine release, leading to smooth
muscle contraction and increased vascular permea-
bility. At the same time, inflammatory mediators
activate neuron reflex mechanisms, with secondary
vasodilatation and erythema [1].

Patients with a history of severe HCR to platinum
derivatives should undergo skin testing before re-
exposure. If positive, desensitization is necessary [10].
Carboplatin and oxaliplatin skin tests are particu-
larly valuable for predicting HCR risk during desen-
sitization, as positive test results correlate with an
increased likelihood of recurrent reactions [2]. Intra-
dermal testing is necessary with carboplatin as 86.4%
of positive skin tests are confirmed through this
method [7, 11]. The concentrations used for testing
affect the predictive value of skin tests. Lower con-

centrations (1-5 mg/mL) yield 41-75% positivity, while
10 mg/ml increased detection rates to 81-88% [7].

Optimal testing occurs 6 weeks to 6 months after
HCR; delays beyond six months increase false-nega-
tive results. The time period between the perform-
ance of the skin test and prior exposure to carbopla-
tin or HCR is important for test result interpretation.
Testing is recommended at least 4-6 weeks after the
initial HCR, although some studies suggest a 2-week
window [11, 22]. However, false negative results may
occur. In one study, 5 of 37 (13.5%) patients tested
negative within 10 days of immediate HCR but later
converted to positive on repeat testing [24].

Positive skin test results indicate high anaphy-
laxis risk if the drug is re-administered without pre-
cautions. Desensitization is required before re-ad-
ministration of the drug if no alternative therapy
exists [10]. Negative skin test results allow for drug
re-administered under lower-concentration proto-
cols, gradual dose increase, and additional premedi-
cation [10].

If previous standard tests are negative or unavail-
able, and after a careful risk-benefit assessment, a
dose challenge test may be performed - the gold
standard for diagnosing HCR [1]. Dose challenge test
with platinum derivatives involves administering 1/10
of the full dose at the normal infusion rate without
premedication, observing for 30 minutes for any reac-
tion, and if no symptoms appear, administering the
remaining 9/10 of the dose. If no symptoms appear,
the absence of allergy is concluded and future drug
use is allowed [10]. Contraindications for dose chal-
lenge test include uncontrolled asthma, pregnancy,
beta-blocker use, cardiac disease history, vasculitis,
bullous exanthemas, acute generalized exanthema-
tous pustulosis, and severe anaphylaxis history [1].

In vitro tests include determination of specific IgE
(sIgE), total IgE (tIgE), basophil activation test (BAT),
and tryptase measurement [1]. Mast cells and ba-
sophils contain various chemical mediators that are
released into the circulation during anaphylaxis. Se-
rum tryptase concentration peaks 3 hours post reac-
tion. Testing within 1-3 hours of symptom onset is
recommended as earlier samples (< 30 minutes) may
yield false negatives [10]. The lymphocyte transforma-
tion test in vitro assesses T-cell proliferation in re-
sponse to an antineoplastic drug but is technically
demanding clinically. The specific IgE test for oxali-
platin was validated in 2015 through a prospective
study. For platinum derivatives, specific IgE testing
is important for diagnosis (recommendation level B)
[2]. Skin testing and measuring the level of chemical
mediators are crucial for evaluating HCT during de-
sensitization [10].
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Figure 3. Schematic diagram showing mast cell 3-hexosaminidase in relation to time interval between antigen ad-
ministration and antigen dose during desensitization. Available at: https://pmc.ncbi.nlm.nih.gov/articles/PMC5486137/

Desensitization

The origins of desensitization trace back to the
1980s when the first intravenous and oral penicillin
desensitization protocols were established [6]. Desen-
sitization involves the controlled re-administration
of a drug in gradually increasing doses, starting with
a low initial. The process must be repeated each time
the drug administered [10]. The time intervals and
dosage increments during desensitization are crucial.
If suboptimal doses are administered every minute,
mediator inhibition is reduced, whereas ten-minute
intervals maximize inhibition (Figure 3). Addition-
ally, suboptimal doses cause less mediator release
than optimal doses. Shorter intervals or excessively
high suboptimal dose can increase B-hexosaminidase
release, leading to breakthrough reactions (when the
drug is applied too quickly) [6]. Desensitization is
contraindicated in cases of exfoliative dermatitis,
Stevens-Johnson syndrome, toxic epidermal necroly-
sis, and immune thrombocytopenia caused by chem-
otherapy [2]. Patients are stratified into high- and
low-risk groups based on specific risk factors. The
high-risk group includes pregnant women, patients
with positive skin tests or Grade III HCR, and those
on beta-blockers or ACE inhibitors. It also includes
individuals with comorbidities such as cystic fibrosis,
mastocytosis, coronary disease, or hypertension [2].

Desensitization must be conducted by an allergist
or in an intensive care unit to allow for immediate
anaphylaxis management. Rapid desensitization pro-
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tocols are not recommended for patients with IgE-
mediated anaphylactic reactions, particularly those
related to platinum derivatives. During desensitiza-
tion, mild symptoms commonly occur, especially in
the later stages of drug administration [10]. Mast cell
unreactivity has been attributed to impaired FceR1
receptor internalization due to progressive cross-
linking at low antigen concentration, indicating that
the receptors are exhausted before the next dose. Un-
like in activated cells, where antigen/IgE/FceR1 com-
plexes are internalized, these complexes remain on
the surface during desensitization [6].

According to Leticia de las Vecillas Sanchez and
colleagues, rapid desensitization inhibits mast cell ac-
tivation in all fields by impairing antigen/IgE/FceR1
complex internalization, preventing calcium flux, and
releasing lipid mediators, and cytokine production [6].

Conclusion

A comprehensive understanding of the molecular
mechanisms of hypersensitive reactions, their clinical
presentation, classification, and diagnostic methods
is essential for selecting appropriate candidates for
desensitization. Risk assessment and prompt inter-
vention in case of severe anaphylactic reactions are
crucial. A multidisciplinary team of allergists and
oncologists plays a pivotal role in evaluating oncol-
ogy patients and determining the most suitable ther-
apeutic approach for each individual case.
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