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Abstract
Background: Paclitaxel is a chemotherapeutic agent used in the treatment of multiple types of malignant tumors which
was discovered from the Taxus brevofilia tree. In some patients, anaphylaxis develops during the first exposure to pacli-
taxel, suggesting that primary sensitization may have occurred through hidden or unidentified allergens that produce
cross-reactivity. Skin testing may be useful in identifying sensitization to these allergens. Atopy has also been reported
in patients with hypersensitivity reactions (HSR) to paclitaxel.

The aim of this study is to evaluate the association between atopy and sensitization to allergens with the development
of immediate HSR to paclitaxel.
Methods: Skin prick tests (SPT) for environmental and food allergens were applied to 76 patients recently diagnosed
with cancer. A SPT to paclitaxel was applied and if negative, an intradermal test was performed. After paclitaxel’s infusion,
the development of immediate HSR was observed.
Results: Of 76 skin tests, 43% of patients had allergen sensitization and 57% did not. HSR occurred in 12.1% and | 1.6% of
each group, respectively. Five percent of patients tested positive to paclitaxel and only one had an immediate HSR. Eighty-
nine percent of patients who developed an HSR had a family or personal history of atopy.
Conclusions: Sensitization to environmental or food allergens does not appear to be a risk factor for the development
of immediate HSR to paclitaxel, suggesting that there are other non-IgE-mediated immunologic mechanisms responsible
for their development, however, a personal and family history of atopy increases 8x the risk of developing anaphylaxis.
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of the disease. Paclitaxel is a first-line chemotherapeutic
agent for the treatment of gynecological cancers such as

Introduction

Currently, chronic degenerative diseases are responsible for
the majority of deaths worldwide' and according to statis-
tics from the World Health Organization (WHO) in 2019,
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the incidence and mortality from cancer has been increas-
ing, making it one of the leading causes of death on a
global level.? The most recent 2020 report from the
International Agency for Research on Cancer (IARC)®
revealed that female breast cancer overtook lung cancer
as the most commonly diagnosed cancer, yet lung cancer
remained the leading cause of cancer deaths.”

The election of chemotherapy treatment depends on
factors such as the type of cancer diagnosed and the stage
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breast, ovarian, endometrial, and other types of cancer such
as non-small cell lung cancer, among others* which as pre-
viously mentioned, are the most frequent and deadly types
worldwide. Unfortunately, their use may be limited by the
development of HSR to this drug.’

Although the frequency of these has been reduced with
the use of premedication, HSR still occur in 6% to 11%
of patients receiving paclitaxel.®” These reactions can
range from flushing, pruritus, urticaria, chest tightness,
hemodynamic changes such as hypotension and hyperten-
sion, loss of consciousness, paresthesia gastrointestinal
symptoms such as abdominal pain, nausea, vomiting or
diarrhea, musculoskeletal pain (chest or lower back), and
dyspnea with O, desaturation.”

The mechanisms of HSR to taxanes have not yet been
established,9 however, a distinctive feature of paclitaxel is
that when HSRs do occur, they typically appear during
the first or second infusion and usually develop within
seconds to minutes after the infusion is initiated, suggesting
several possibilities: (a) that prior sensitization may have
occurred inadvertently through allergens that could cross-
react with paclitaxel, (b) that the mechanism is not
IgE-mediated, such as by direct activation of mast cells or
basophils, (c) that prior sensitization to the drug was not
necessary to produce hypersensitivity or d) a combination
of the above mechanisms.

The discovery and development of taxanes dates back
to the 1970’s when paclitaxel was obtained from the
Pacific Yew tree (Taxus brevifolia)ll and later on,
Docetaxel was obtained from the English Yew tree.
(Taxus bacatta)."®™"* Both trees belong to the family
Taxaceae, which pertain to the order Pinales, so the
genera of that family are coniferous and resinous, like
those in the families Pinaceae (Pinnus spp and Cedrus
spp) and Cupressaceae (Cupressus spp and Juniperus
spp), falling under the same order.'*

Later, paclitaxel was also isolated in small amounts from
walnut trees (Junglans rupestris) and hazelnut trees
(Corylus avellana)'® and there are case reports of patients
sensitized to nuts such as walnuts and hazelnuts who
reacted on first exposure to paclitaxel, suggesting that sen-
sitization occurred through prior exposure to these tree
nuts.'®!” Moreover, in a study from Vanhalen et al. subjects
living in Belgium, where Taxus sp. are exclusively found
had positive sensitization to the tree, as compared to sub-
jects living in Congo and Peru, and in a subgroup analysis,
significant more anti paclitaxel-specific antibodies were
found among atopic patients (allergic to Betula sp. pollen)
in comparison to healthy, non-atopic controls.'® In
another study by Feldeg et al. who analyzed seventeen
patients with HSRs to taxanes, 47% of them had history
of atopy,'” suggesting that atopy could play a role as an
additional risk factor for the development of HSR.

So as phylogenetic relationships have become clearer,
more closely related plants will have greater amounts of

shared antigens which can lead to cross-reactivity
between these allergens.'® This suggests that sensitization
to taxanes may develop without prior exposure to the
drug through cross-reactivity with pollens and foods*
with similar phylogenetic origin. Therefore, skin testing
could be useful in identifying patients who have an
IgE-mediated mechanism of allergen cross-reactivity as a
risk assessment tool for the development of subsequent
HSR.7-17:21

Methods

An observational descriptive and prospective study was
carried out in patients recently diagnosed with any type of
cancer at any stage, who were to be administered chemo-
therapy with paclitaxel for the first time. The research
was conducted jointly by the Oncology Department and
the Department of Allergy and Clinical Immunology of
the University Hospital “Dr José Eleuterio Gonzdlez” in
Monterrey, Nuevo Leén, Mexico. The study was approved
by the ethics committee (approval code AL20-00011) of the
same institution and was conducted from August 2020 to
July 2021.

Patients

All patients were administered premedication based on
dexamethasone 8 mg intravenous, chloropyramine 20 mg
intravenous, ondansetron 8§ mg intravenous and upon com-
pletion, infusion of paclitaxel diluted in 500-1000 cc of
physiological for 3 h was started in the Oncology depart-
ment, which was equipped with the necessary drugs in
case of a hypersensitivity reaction (epinephrine, corticoster-
oids, antihistamines, bronchodilators, supplementary
oxygen, etc.).

Intervention

After providing a verbal and written informed consent, a
questionnaire was applied to each patient by an allergist
to evaluate sociodemographic variants, hereditary and per-
sonal history of allergic diseases (allergic rhinitis, asthma,
atopic dermatitis, urticaria, food allergy, oral allergy syn-
drome, drug allergy, allergy to insect bite and anaphylaxis),
and other medical conditions (history of chronic degenera-
tive diseases).

Subsequently, SPT were performed on the patient’s
forearm with a multitest® device containing the following
allergenic extracts:

Environmental allergens: Alnus spp (Aliso tree), Cedrus
deodara (Cedar tree), Cupressus spp (Cipress tree),
Juniperus spp (Sabino tree), Juglans rupestris (Walnut
tree) and Pinnus spp (Pine tree).
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Food allergens: almond, hazelnut, peanut, pecan nut, pine
nut, pistachio

Extracts were produced by the mexican supplier Allerquim,
as well as a positive control (histamine phosphate 10 mg/
ml), a negative control (glycerin solution) and the drug
paclitaxel at a concentration of 6 mg/ml.

If the SPT to paclitaxel was negative, an intradermal test
was applied at a dilution of 1:100 and 1:10. An
IgE-mediated skin test was considered positive if the
average of the largest and smallest diameter was >3 mm
to the negative control, 15 min after the application of the
test

Following the application of the SPT, the patient pro-
ceeded to receive the administration of paclitaxel, under
the supervision of a nurse that was previously trained by
the allergy personnel, to identify early symptoms of ana-
phylaxis, and if detected, would immediately inform the
allergy medical staff. Upon arrival, and once the patient
had been stabilized, the classification of the severity of
the reaction was made according to Brown’s classification,
in which mild is defined by symptoms limited to the skin
and subcutaneous tissue such as erythema, urticaria, perior-
bital edema or angioedema; moderate is defined by features
suggesting respiratory, cardiovascular or gastrointestinal
involvement like dyspnea, stridor, wheeze, nausea, vomit-
ing, dizziness (presyncope), diaphoresis, chest or throat
tightness or abdominal pain; and severe if hypoxia (cyan-
osis or SpO2 <92%), hypotension (SPB <90mmHg) or

Table I. Clinical and demographic characteristics.

Variable Global n=76(%)
Gender n(%)
Femenine 61 (80.3)
Masculine 15 (19.7)
Age, media (SD) 53.18 (12.84)
Type of Cancer
Breast 22 (28.9)
Ovary 13 (17.1)
Lung Il (14.6)
Cervix 10 (13.2)
Endometrium 8 (10.5)
Gastrointestinal 8 (10.5)
Other 4 (5.3)
Stage
Early (I-1I) 17 (22.4)
Late (lll-IV) 59 (77.6)
Atopic history 43 (56.6)
Personal 28 (36.8)
Family history 22 (28.9)

Data is expressed as mean (SD) or number (%). .
7 patients had both, family and personal history of atopy.

neurologic compromise (confusion, loss of consciousness
or incontinence) were present.22

Statistical analysis

Demographic and clinical characteristics of the 76 patients
included in the study, were described as mean (+standard
deviation) and percentages (%) for categorical variables. The
normality was determined by the Kolmogorov-Smirnov test
The P value, between the two groups was determined by
Student’s T test and Fisher’s exact test for categorical vari-
ables. The OR (odds ratio) was calculated with a 95% confi-
dence interval.

Results

A total of 80 patients were recruited, 4 of whom declined to
participate in the study. Of the 76 patients 80.3% (n=61)
were female; the age range was between 22 and 87 years,
with a mean age of 53 years (SD 12.84). The demographic
characteristics, types of cancer and stage presented by the
patients are shown in Table 1.

Paclitaxel dosing was calculated by each patient’s parti-
cular oncologist based on a 175 mg/m2 dose and type of
cancer, administered during a period of three hours.

Allergen sensitization with the development of HSR

From the total number of patients, 9 (11.8%) presented with
an immediate HSR. All were female, with a mean age of 43
years: 4 had ovarian cancer, 3 endometrial cancer and 2
breast cancer (Table 2).

Regarding SPT, 43% (n=33) of the individuals were
sensitized to some allergen of whom 12.1% (n=4) pre-
sented an HSR. In contrast, of the 57% (n=43) of non-
sensitized individuals, 11.6% (n=>5) presented an HSR (p
=1), with an OR of 1.33 [95%CI (0.139 to 12.758), p=
0.803]). (Figure 1). The frequency of sensitization to envir-
onmental and food allergens are shown in Figure 2.

Of the nine patients who presented an HSR, four of these
reactions occurred within the first 5 min of the start of the
infusion, four between 5-15 min and one between 15—
30 min. Regarding the severity of the reaction according
to Brown’s classiﬁcation,22 one was classified as mild, six
as moderate and two as severe.

Regarding the frequency of symptoms that patients pre-
sented during the reactions, the majority were cutaneous
(rash, flushing and pruritus) and neuromuscular (low back
pain, headache and vision problems), followed by respira-
tory symptoms (dyspnea, chest tightness and oxygen desat-
uration) and gastrointestinal symptoms (nausea and
abdominal pain) and those found less frequently were car-
diovascular symptoms (hypertension and presycope), oro-
pharyngeal symptoms (drowning) and general symptoms
(chills) (Figure 3).
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Table 2. Sensitization and development of HSR to paclitaxel.

Personal Family Environmental
History of  History of allergen Food allergen  Paclitaxel
Patient Gender Age Cancer site Stage Atopy Atopy sensitization sensitization sensitization
1 Female 70 Endometrium Advanced None Food None None No
Allergy
2 Female 55  Endometrium Advanced None None None None No
3 Female 52  Ovary Advanced Allergic Allergic Alnus spp Hazelnut, No
Rhinitis Rhinitis peanut and
and CSU and pistachio
asthma
4 Female 54  Ovary Advanced Allergic None Junglans rupestris  Peanut No
Rhinitis
and CSU
5 Female 40  Breast Advanced None Allergic Junglans rupestris  None No
Rhinitis
6 Female 41  Endometrium Advanced Allergic Allergic Junglans rupestris  Hazelnutand  Yes
Rhinitis Rhinitis y Cupressus peanut
Spp
7 Female 50  Ovary Early CsuU None None None No
8 Female 58  Breast Early Allergic Drug None None No
Rhinitis Allergy
to
penicillin
9 Female 48  Ovary Advanced Allergic None None None No
Rhinitis

CSU: Chronic Spontaneous Urticaria.

Atopic history and the development of HSR

We inquired about family and personal history of atopy and
found that 43 patients had history of atopy (28 personal, 22

N=76

Patients

43% (n = 33)
Sensitization

57% (n = 43)

No Sensitization

(Prick Test +) (Prick Test -)

25 aeroallergens
19 food allergens
11 both

12.1% (n = 4)
HSR

1 aeroallergens
3 aero and food
allergens

11.6% (n = 5)
HSR

Figure |. Prick test sensitization and development of HSR.

family history and 7 to both). The most frequently encoun-
tered allergic comorbidities were:

Personal history (n=28): allergic rhinitis (n=19),
chronic spontaneous urticaria (n=7), drug allergy (n="7:
6 patients were allergic to B-lactams, one patient to
NSAID and 1 patient to lincomycin), asthma (n=1) and
food allergy (n=1).

Family history (n =22): allergic rhinitis (n = 13), asthma
(n=10), food allergy (n=3), anaphylaxis (n=2), drug
allergy (B-lactams) and hymenoptera venom allergy (n=
1 each one).

Of the total patients, 57% (n=43) had history of atopy
(family and/or personal), of which 19% presented an HSR
(Figure 4). An OR of 8 [95%CI (1.417-43.770), p=
0.018] was found when comparing a history of atopy
(family and personal) and the development of HSR,
which was statistically significant. Likewise, the history
of only personal and only family history of atopy showed
an OR 5 [95%CI (1.066-24.193), p=0.041] and OR 4.6
[95%CI  (1.016-21.334), p=0.048] respectively.
However, allergen sensitization was not found to be statis-
tically significant for the development of HSR (Table 3).

Paclitaxel skin tests and development of HSR

Only 4 patients out of the total number, had a positive SPT
for paclitaxel, one of whom had an HSR upon drug



Gonzdlez-Diaz et al.

39 (13)

271(9)

I 24 (8)

Alnus spp

Junglans
rupestris

35
30 (10)

30

25

20 18 (6)

Hazelnut

15

10

Pistachio

Environmental allergens % (n)

Juniperus spp Cupressus spp

Food allergens % (n)

15 (5)

Peanut

12 (4)

Cedrus
deodara

3(1)

Pinnus spp

6(2) 6(2)
L] 0

Pecan nut Pine nut Almond

Figure 2. Frequency of sensitization to environmental allergens and food allergens.

administration (p =0.403). However, all of them had a
history of atopy and sensitization to both environmental
and food allergens. Finally, all intradermal tests for pacli-
taxel were negative.

Discussion

Taxanes are a group of chemotherapeutic agents used
mainly in the treatment of gynecological cancer
(ovarian, endometrial, breast), lung cancer (non-small
cell carcinoma), gastrointestinal tumors (pancreatic,
gastric) and other types of solid tumors (head and
neck, prostate, etc.)23 and produce immediate HSR in
approximately 10% of cases.”* In this study, 11.8% of
the individuals presented an immediate HSR which is

similar to the prevalence reported in the related
literature.'”*°

Traditionally, HSR have been classified according to
the Gell and Coombs classification into immunologic
reactions I to IV, however, currently new mechanisms
of anaphylaxis are described whose underlying mechan-
ism are not fully understood. Endotypes of anaphylaxis
include direct mast cell and basophil activation through
an IgE or non-IgE-mediated mechanism, complement
activation, cytokine release and mixed reactions.”>~%’
But unlike HSR that occur with other chemotherapeutic
agents, reactions to taxanes generally occur on first
exposure and a smaller percentage during second expos-
ure, suggesting that the underlying mechanism occurs
by direct activation of mast cells and/or basophils but
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Figure 3. Frequency of symptoms during HSR.

leaving the possibility that patients may have been pri-
marily sensitized through similar epitopes®® with cross-
reactivity due to previous exposure to pollens,>”-23°
food allergens or with an underlying mechanism to the
HSR not mediated by IgE.

Apart from the yew tree, taxanes have been found in
hazelnut and walnut trees and its nuts, providing poten-
tial sources of environmental exposure and cross-
reactivity' *? and in our study, Junglans rupestris and
hazelnut were the first and second main allergens to

N= 76
Patients

57% (n = 43)

Atopy No Atopy
28 = Personal history
22= Family history
7 = Both
19% (n = 8) 3% (n=1)
HSR HSR

43% (n = 33)

3 = Personal history
2= Family history
3 = Both

Figure 4. History of atopy and development of HSR.

which the patients were sensitized with 39% and 19%,
respectively.

Nevertheless, Junglans rupestris is a tree frequently
found in the northeast of Mexico whose pollen is detected
mainly in spring,>" which could explain its high positive
sensitization in our study’s population. Similarly, according
to the most recent data from food allergen sensitization,
peanut and hazelnut were the 2" and 4™ most frequently
food allergens found in a study conducted in the northeast
of Mexico as well.*?

Classic type I reactions usually begin within minutes of
the start of the infusion and include pruritus, flushing, urti-
caria, angioedema, throat tightness, difficulty breathing,
wheezing, nausea, diarrhea, hypotension, syncope, seizures
and cardiovascular collapse that can be life-threatening;>”
but in addition to these typical symptoms, other atypical
symptoms have been described, mainly to chemotherapeu-
tic agents such as paclitaxel and monoclonal antibodies,
including lumbar, thoracic or abdominal pain, chills and

Table 3. Risk factors for the development of HSR to paclitaxel.

Variable OR 95% IC P
PHA and FHA 8 1.417 43.770 0.018
PHA 5 1.066 24.193 0.041
FHA 4.6 1.016 21.334 0.048
Sensitization to both 1.333 0.139 12.758 0.803
allergens
Sensitization to | 0.545 1.577 0.367
environmental allergens
Sensitization to food allergens  1.513 0.316 7.255 0.605

PHA: Personal history of atopy, FHA = Family history of atopy.
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fever, in which no evidence of IgE has been documented®*—°

and that as shown in Figure 3, both HSR phenotypes were
observed in our study population.

SPT were applied to test for IgE-mediated involvement
in the development of anaphylaxis through primary sensiti-
zation to environmental or food allergens; however,
although 43% of individuals were sensitized to these aller-
gens, no statistically significant relationship was found with
the development of HSR to paclitaxel in patients never pre-
viously exposed to the drug, i.e., without prior sensitization.
Likewise, skin tests to paclitaxel were positive in 4 of the 76
patients and although all showed a history of atopy, and
positive skin tests to environmental and food allergens,
only 1 patient developed an HSR, suggesting that
IgE-mediated allergy is not the only route of anaphylaxis
but that there are other mechanisms capable of provoking
these reactions.”®

On the contrary, we found that having an atopic history,
mainly respiratory allergic diseases in more than 70%
of our patients, regardless of previous sensitization to
allergens, is a risk factor for the development of HSR,
showing a significant relationship between these two
variables.

IgE-mediated sensitization is one of the immunological
mechanisms involved in HSR to paclitaxel, therefore, pre-
vious sensitization with environmental or food allergens
does not represent the only route by which the patient
develops anaphylaxis during the first administration of the
drug, since there are other immunological mechanisms
involved in chemotherapeutics’ HSR. On the other hand,
a history of atopy (personal or family history) represents
a potential risk factor for developing anaphylaxis at the
first administration of paclitaxel. Further studies with a
larger number of patients could help to better clarify
this observation. Finally, this represents an area of oppor-
tunity in the field of Allergy and Clinical Immunology to
carry out a comprehensive assessment of the patient prior
to the administration of the first cycle of chemotherapy
with paclitaxel.

Conclusion

Although HSR to paclitaxel mostly occur during the first or
second exposure to the drug, the exact mechanism under-
neath these reactions remains unclear. Prior sensitization
to food or environmental allergens and subsequent cross
reactivity with paclitaxel could explain this relationship,
however, we found no direct association between these
variables. Nevertheless, as it is consistent with other
studies, atopy may have a role in increasing the risk of
developing immediate HSR to paclitaxel.

Abbreviations
HSR hypersensitivity reactions
SPT  Skin prick tests
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