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Introduction: Taxanes are widely used chemotherapy agents, and their administration,
despite premedication, is associated with hypersensitivity reactions (HR) in up to 9%
of patients, 1% of which are severe. The mechanisms of these reactions are not
fully understood. Finding biomarkers for early diagnosis and better understanding the
underlying mechanisms of these reactions are key to defining the best treatment strategy
for patients.

Methods: The purpose of this study was to evaluate the effectiveness of the basophil
activation test (BAT) to diagnose patients with anaphylactic reactions to taxanes. Patients
with anaphylaxis to taxane compounds (n = 15) were assessed through clinical history,
skin testing (when possible), and BAT. BAT was performed immediately before rapid drug
desensitization or before skin testing using anti-CD123 conjugated (APC-Biolegend),
anti-HLADR conjugated (FITC-Biolegend) to gate Basophils and anti-CD63 conjugated
(PE-Biolegend), and anti-CD203c conjugated (BV-Biolegend) to assess CD203c and
CD63 expression on basophils under taxane stimulation. BAT was also performed in
eight healthy volunteers.

Results: BAT was positive for CD203c in eight out of 15 patients and for CD63 in four
out of 15 patients and in two out of eight controls. The sensitivity for CD203c was 53%,
the specificity was 87%, and the area under the curve was 0.66 (p = 0.19%). For CD63,
these rates were 33%, 87%, and 0.6 (p = 0.4). In a subgroup analysis of patients with
positive skin tests (11 patients), CD203c¢ was positive in six patients (sensitivity of 54.5%
and specificity of 87.5%), and CD63 was positive in five patients (sensitivity of 45% and
specificity of 75%).

Conclusions: BAT as a diagnostic tool for immediate hypersensitivity reactions to
taxanes may be relevant in patients with selected phenotypes and endotypes, especially
those with severe reactions or when the diagnosis cannot be established by the skin
test. Increased expression of CD203c¢ was more frequent than of CD63 in patients with
positive results, and the sensitivity of this biomarker was higher in patient sub-group with
positive skin tests, i.e., patients with IgE-mediated endotypes.

Keywords: basophil activation test (BAT), immediate hypersensitivity reaction, taxanes agents, anaphylaxis,
chemotherapy
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INTRODUCTION

Thanks to recent advances in cancer treatment, an increasing
number of antineoplastic agents are available to patients, but
the hypersensitivity reactions (HR) to these agents have also
increased. In medical practice, most patients with HR to
antineoplastic agents are classified as allergic and end up being
deprived of first-line treatment for their disease, causing a
negative impact on their quality of life and overall survival
(1, 2). The accurate diagnosis of these patients by validated
methods, as well as rapid drug desensitization (RDD) with the
chemotherapeutic agent involved, could drastically change this
perspective. Rapid drug desensitization (RDD) is a procedure
that temporarily modifies a patient’s immune response to a drug,
generating clinical tolerance, allowing patients to receive fist line
therapy for their underlying disease or cancer.

The incidence of HR to chemotherapeutic agents varies
according to the agent used, being platinum and taxanes the most
frequent (1, 2). Taxanes are an integral part of the treatment
regimen administered to patients with various types of tumors,
including breast, ovarian, prostate, and lung cancer, all highly
prevalent (3). HR to taxanes (paclitaxel and docetaxel) occur
mostly in the first or second exposure, minutes after the start
of infusion, in 10% of patients receiving paclitaxel and 5%
of patients receiving docetaxel (2, 4-7). The symptoms are
compatible with those of an IgE-mediated immediate HR, often
associated with atypical symptoms like back and abdominal
pain, and 10% of these reactions can be severe (7). The
pathophysiological mechanisms involved in these reactions are
not yet fully understood, but three different mechanisms may
be involved: complement activation with anaphylatoxin release,
direct activation of mast cells and basophils, and, more recently
put forth, evidence of IgE-mediated reactions (7).

The diagnosis of HR to chemotherapeutic agents is based
on the clinical history (phenotype) and biomarkers (endotype),
such as in vivo skin testing and validated in vitro tests, which
are still scarce for this class of drugs (8). Immediate-reading
skin testing for taxanes have high specificity (100%) but low
sensitivity (8.7-24.6%). A greater number of positive skin tests
has been observed in patients with more severe grade 3 reactions,
indicating a greater likelihood of IgE-mediated reactions in these
patients (9, 10).

The basophil activation test (BAT) has been evaluated as
an in vitro diagnostic tool in different HR to drugs, including
chemotherapeutic agents. BAT assesses the expression of cell-
surface proteins related to basophil activation by flow cytometry
after stimulation with the suspected allergen. The glycoprotein
CD63 is found on the surface of the granules of basophils, and
when the cell is activated by an allergen, the granules fuse to the
cell membrane, promoting the expression of CD63 on the cell
surface (11). Another molecule used to characterize basophilic
activation is CD203c (12), which is expressed exclusively on the
surface of basophils and mast cells (13). Unlike CD63, CD203c
has basal constitutive expression in the basophil membrane, but
it’s expression increases significantly after activation.

In the study of immediate HR to chemotherapeutic agents, the
basophil activation test was evaluated as an in vitro biomarker

for the diagnosis of platinum compounds reactions, a scenario
where serum specific IgE showed lower sensitivity than skin
testing (14). BAT had a sensitivity of 73% and specificity of
100% (15). There is still no validation of in vitro tests for the
diagnosis of HR to taxanes. Because there is evidence of an IgE-
mediated mechanism in patients with positive skin tests and
severe reactions, BAT may be a good in vitro approach for the
diagnosis of these patients, as it could confirm the diagnosis and
reduce the risk of severe reactions to chemotherapy. It can also
help better understand the mechanisms besides those reactions.

We present here the largest series of patients with anaphylaxis
to taxanes in whom CD63 and CD203c were evaluated by
BAT as biomarkers of the immediate HR. Our data suggest
that BAT, when positive, may be an additional diagnostic
tool for patients with selected phenotypes and endotypes who
have severe reactions and reactions with possible IgE-mediated
mechanisms and to elucidate the mechanisms involved in the
reactions. The confirmation of the etiological cause combined
with the phenotype and grade of the reaction will drive
treatment decisions, like the RDD protocol and premedication.
The DFCI/BWH Desensitization Program for taxanes consists
in a flexible 12-to-16 step protocol, accordingly to individual
evaluation of the patient, which rendered mast cells unresponsive
by delivering x2 to x2.5 doses of drug antigens at fixed
time intervals starting at 1/1,000-1/100 dilutions of the final
concentration (16).

METHODS
Study Design

A prospective longitudinal study was conducted at Brigham
and Women’s Hospital and the Dana-Farber Cancer Institute
affiliated with Harvard Medical School in Boston, Massachusetts,
USA. The project was submitted to and approved by the research
ethics committees Partners Institutional Review Board (protocols
13-288 and 2012P002275) and CAPPesq of the Hospital
das Clinicas (Brazil Platform: CAAE: 22701913.6.0000.0068).
Patients who agreed to participate signed an informed consent
form and were included in the study. The study followed the
Declaration of Helsinki and International Guidelines for Good
Clinical Practice.

Cancer patients who had a documented history of anaphylaxis
to taxanes chemotherapeutic agents from January 2019 to
January 2020 were recruited. The severity of the reaction was
assessed in patient records, according to Brown’s classification
as grade 1 (mild reactions with skin involvement), grade
2 (moderate reactions with cutaneous, cardiovascular, and/or
respiratory impairment), or grade 3 (severe reactions with
hypoxia, hypotension, and/or neurological impairment) (17).
Only patients with grade 2-3 reactions were enrolled.

The prick test was performed as a routine test in the Allergy
and Immunology Service for all patients that did not present any
contra-indication for the procedure, before enrollment, following
the Service protocol, with a drop of 0.4 mg/ml docetaxel or 1
mg/ml paclitaxel on the volar surface of the forearm, and the
intradermal test was performed with a 0.03-ml injection in the
anterior surface of the forearm at concentrations of 0.4 mg/ml
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docetaxel or 0.001 and 0.01 mg/ml paclitaxel. The tests were read
after 20 min, and positive tests were those that triggered a wheal
with a diameter at least 3 mm larger than that produced by the
control (diluent). Histamine (10 mg/mL) was used as a positive
control for the puncture test. Results of skin test were accessed
retrospectively. Only patients with positive skin tests or patients
unable to perform skin tests were included in the trial. Patients
under chronic use of corticosteroids and patients with negative
skin test were excluded from the study.

The BAT result was the primary outcome of this study, and
the BAT results of the patients were compared to the results of
the control group (healthy volunteers).

Basophil Activation Test

Blood samples of the patients obtained before
desensitization and administration of prophylactic medications
(antihistamines and corticosteroids) or on the day of immediate
skin testing. Blood was collected in vacuum tubes containing
heparin, and the assay was performed up to 6h after collection.
Two hundred microliters of whole blood was incubated with
and without stimulus (100 L paclitaxel or docetaxel) for 45 min
at a temperature of 37°C, and at least two dilutions of each of
active ingredient were tested. The dilutions were chosen based
on the concentration used for the skin testing (paclitaxel: 1
mg/ml in the puncture test and 0.01 and 0.001 mg/ml in the
intradermal test; docetaxel: 0.4 mg/ml in the puncture test and
0.04 mg/ml in the intradermal test) (9). The dilutions used
for BAT were 0.1 mg/ml (1:10) and 0.01 mg/ml (1:100) for
paclitaxel and 0.04 mg/ml and 0.004 mg/ml for docetaxel. For
the results analysis the dilution showing the higher MFI values
will be used.

At the end of the stimulation with the chemotherapeutic
agent, the samples were kept at 4°C in the dark for 30 min,
with the addition of 2.5 ul of the following antibodies: anti-
CD123 conjugated with allophycocyanin (APC-Biolegend), anti-
HLADR conjugated with fluorescein isothiocyanate (FITC-
Biolegend), anti-CD63 conjugated with phycoerythrin (PE-
Biolegend), and anti-CD203c conjugated with Brilliant Violet
(BV-Biolegend). After 30 min of staining with the antibodies,
the erythrocytes were removed by adding 4 ml of lysis solution
(Lysis Solution—Biolegend), with a waiting time of 10 min and
centrifugation for 5min (Beckman GPR Centrifuge). Then, the
cells were washed twice with 4ml of FACS buffer solution,
resuspended in 300 pl of the same solution, and analyzed in
a flow cytometer (FACSCanto II, Becton Dickinson, San Jose,
California, USA). The basophil population was delimited by the
presence of CD123 expression (APC) and the absence of HLA DR
expression (FITC). The minimum count of gated basophils was
50 and the median was 1,000. The CD63 and CD203c expression
were analyzed within this population.

were

Evaluation of the Results

The results of basophil activation are expressed as the median
fluorescence intensity (MFI) of the cells. The results of the
cytometry were analyzed using the program Flow]Jo version 9.0
(TreeStar, Ashland, Ore). As a positive control for the assay, a
tube with 200 |l of whole blood, 100 1 of phosphate-buffered
saline (PBS), and 3 pl of anti-IgE (Biolegend) was used. As a

negative control, a tube with 200 pl of whole blood and 100 l
of PBS was used.

The CD-63 and CD203c increase were expressed as the ratio of
the median fluorescence intensity (MFI) obtained with the drug
to the MFI obtained with the negative control. This ratio is called
stimulation index.

The sensitivity of BAT was calculated as the number of positive
tests in the patients group divided by all the patients. The
specificity was calculated as the number of negative tests correctly
classified in the control group divided by all controls times 100.

Statistical Analysis

Continuous variables are expressed as absolute value, relative
percentage, or mean =+ standard deviation (SD). Categorical
variables are presented as raw number and percentage and were
analyzed by the chi-squared test and Fishers exact test. The
cutoff point for BAT positivity (threshold) was calculated by
drawing a receiver operating characteristic (ROC) curve. The
ideal cutoff point for the test was where the sensitivity and
specificity were as high as possible. The analyses were done
in GraphPad Prism software (version 8), and a p < 0.05 was
considered statistically significant.

RESULTS

Characterization of the Samples

A total of 15 patients, 14 female and one male, with a mean
age of 54 years old, who had documented anaphylactic reaction
to taxanes underwent BAT. The general characterization of the
patients and their initial reactions, in addition to the skin testing
results and serum tryptase values during the initial reaction
(when available), are shown in Table 1. The characteristics of the
individuals of the control group are described in Table 2. The
mean age of the control group was lower, 39 years old, and the
group had 75% women, compared with 94% of the patient group.
The time between initial reaction, skin test and BAT was >6
months in 14 patients and 11 months for 1 patient.

Regarding the type of neoplasms, ovarian cancer was the most
prevalent (46%), followed by breast cancer (26%) and uterine
cancer (13%). Paclitaxel was the chemotherapeutic agent used in
13 patients (87%), while two patients received docetaxel (13%).
All reactions occurred in the first or second infusion, 10 (66%)
in the first and one in the second (6%). In the remaining cases
(26%), patients had a mild reaction in the first infusion and
tolerated the reintroduction of medication but progressed with
a severe reaction in the next exposures. The serum tryptase
value at the time of the initial reaction was recovered from the
medical records and only five patients had tryptase collected at
the time of initial reaction, being in all cases below the normal
value of 11.4 mg/ml, none of them had register of the baseline
tryptase values to compare vs. initial reaction time values. Two
of the 15 patients could not undergo the skin testing because
they had contraindications, one had a false negative result due
to premedication with antihistamine and one and false positive
results due to dermatographism (Table1). No patient had a
positive skin test for taxanes in the puncture test, and most
were positive at the lowest dilution of the intradermal test, at a
concentration of 0.01 mg/ml for paclitaxel.
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TABLE 1 | General characteristics of patients and hypersensitivity reactions to taxanes (patients # 1 and # 8 were excluded due to initial reaction grade 1).

Patient Type of Age Drug Grade of initial  Lifetime Symptoms History of Cutaneous tests Tryptase
tumor reaction exposure atopic
disease/HR
Patient 2 Breast 40 Paclitaxel 3 First/second  Cutaneous + cardiovascular NO Contra- NO
+ swelling throat indicated/pregnant
Patient 3 Gastric 70 Docetaxel First/second  Flushing + respiratory Asthma ID + 1st dilution NO
Patient 4 Uterine 48 Paclitaxel First Flushing, respiratory, NO ID + 1st dilution NO
cancer gastro-intestinal,
cardiovascular with
hypotension, desaturation
and anaphylaxis
Patient 5 Ovarian 53 Paclitaxel 2 First Flushing, respiratory, NO ID + 1st dilution 2.9
cardio-vascular, back pain,
dizziness and urinary
urgency (Central nervous
system)
Patient 6 Ovarian 59 Paclitaxel 3 First Flushing, cardio-vascular, NO ID + 2nd dilution 2.7
respiratory with
desaturation—anaphylaxis
Patient 7 Ovarian 44 Paclitaxel 3 First Cutaneous (hands and foot  Asthma/drug Caught and NO
itching) + respiratory + reaction with sulfa dyspnea during
gastro-intestinal and clindamycin  prick test—test
interrupted
Patient 9 Uterine 72 Paclitaxel 3 First Flushing, low back pain, Anaphylaxis with D + 1st 6.5
cancer cardio-vascular, central nuts dilution/negative
nervous system with Prick test to nuts
syncope and hypotension
Patient ~ Ovarian 52 Paclitaxel 3 First Cutaneous, respiratory and  lodinate contrast  Not NO
10 cardio-vascular with severe realized —patient
hypotension—Anaphylaxis, too weak
patient received epinephrine
3 times and developed
delayed reaction (rash)
Patient  Bladder 55 Paclitaxel 3 First Cutaneous, central nervous Asthma and False negative, 6.4, after
11 system and respiratory with  urticaria anti-histamines 2h 5.1
desaturation (anaphylaxis) premedication
Patient  Breast 77 Paclitaxel 3 First Flushing + respiratory with  NO ID + 1st dilution NO
12 desaturation—
anaphylaxis—epinephrine 1
X
Patient  Ovarian 61 Paclitaxel 3 First Flushing, abdominal pain, Allergic Rhinitis ID + 1st dilution NO
13 cardiovascular, respiratory,  (cat)
desaturation—anaphylaxis
Patient ~ Ovarian 66 Paclitaxel 3 First Low back pain, respiratory  Allergic Rhinitis ID + 1st dilution NO
14 and cardiovascular (cat/dog)/sulpha
(tachycardia)
Patient  Breast 31 Paclitaxel 3 First Cutaneous and respiratory  Urticaria (sulpha  False positive, NO
15 and penicillin) dermatographism
Patient  Ovarian 58 Paclitaxel 3 First Low back pain, respiratory  Rash penicillin ID + 1st dilution 6.2
16 and cardiovascular with and cephalexin
hypotension and
desaturation (anaphylaxis)
Patient  Breast 34 Docetaxel 3 First/second  Flushing and respiratory in ~ NO ID + 1st dilution NO
17 1st infusion; 2nd infusion
with tong oedema,
convulsion, respirator—
anaphylaxis —epinephrine 1
X
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TABLE 2 | General characteristics of healthy control group.

Control Type of tumor Sex Age Drug Grade of Initial Lifetime Symptoms History of Cutaneous Tryptase
reaction exposure atopic tests
disease/HR
Control 18 N/A F 32 N/A N/A N/A N/A No N/A N/A
Control 19 N/A F 48 N/A N/A N/A N/A Asthma + N/A N/A
Allergic
Rhinitis
Control 20 N/A F 51 N/A N/A N/A N/A No N/A N/A
Control 21 N/A M 35 N/A N/A N/A N/A No N/A N/A
Control 22 N/A M 42 N/A N/A N/A N/A Allergic N/A N/A
Rhinitis
Control 23 N/A F 26 N/A N/A N/A N/A Asthma + N/A N/A
Allergic
Rhinitis
Control 24 N/A F 27 N/A N/A N/A N/A No N/A N/A
Control 25 N/A F 56 N/A N/A N/A N/A No N/A N/A

Basophil Activation Test

In total, 15 BATs were performed in the patient group and
eight in the control group. The concentration that showed the
highest positivity was 0.1 mg/ml for paclitaxel (1:10 of the initial
1:1 dilution of 1 mg/ml) and 0.04 mg/ml for docetaxel (1:10
of the initial dilution 1:1 of 0.4 mg/ml). The stimulation index
was calculated by dividing the MFI of CD63 and CD203c after
paclitaxel or docetaxel stimulation by the MFI CD63 and CD203c
after PBS stimulation for each of the markers. Table 3 shows the
basophil stimulation index (SI)from the cell-surface expression
of CD63 and CD203c in patients and controls after paclitaxel
or docetaxel stimulation at a 1:10 and 1:100 dilutions vs. PBS
(negative control).

The cutoff value for a positive BAT (threshold) was calculated
by drawing the ROC curve for the stimulation index, comparing
values of the taxane stimulation indices vs. PBS. The results
chosen for this analysis were the SI after stimulation with the
dilution of 1:10 for both paclitaxel and docetaxel, because this
was the concentration that showed the higher MFI values for the
majority of samples analyzed. The ideal cutoff point for the test
is where the combination of sensitivity and specificity reaches
the maximum point of the curve. For CD63, the cutoff point is
1.8, and for CD203 is 1.3. Figure 1 shows the ROC curve for the
stimulation index of CD3 expression.

BAT was positive in eight of the 15 patients tested (Figure 3).
There was an increase in CD203c expression in 8/15 (53%)
patients and CD63 in 5/15 (40%) patients. The sensitivity for
CD203c was 53%, and the specificity was 87% (area under
the curve 0.66; p = 0.19%). For CD63, these rates were 33
and 87%, respectively (area under the curve 0.6; p = 0.4). All
patients with increased CD63 expression had increased CD203c
expression. Figure 2 shows an example of a BAT with a positive
result, expressed by MFI, showing the increase of CD3 MFI after
stimulation with paclitaxel vs. stimulation with PBS. The higher
MFI is represented by stimulation with anti-IgE, as expected,
for positive control. Two of the eight individuals tested in the
control group had a positive BAT (25%): one for CD63 and one
for CD203c.

TABLE 3 | Stimulation index from the CD63 and CD203c expression of patients
and healthy controls after stimulation with paclitaxel or docetaxel vs. PBS
(negative control).

CD203c CD63
Taxol 1:10 Taxol 1:100 Taxol 1:10 Taxol 1:100
Patient 2 2.82 1.62 1.85 1.36
Patient 3 4.14 4.14 1.97 2.34
Patient 4 0.57 0.76 0.98 1.06
Patient 5 0.72 0.77 0.73 0.78
Patient 6 2.94 10.63 1.26 6.95
Patient 7 1.28 0.89 1.61 0.93
Patient 9 1.15 0.82 1.49 0.90
Patient 10 0.97 1.38 0.67 1.19
Patient 11 1.31 0.79 1.9 0.84
Patient 12 1.22 1.59 1.18 1.80
Patient 13 3.12 2.50 1.18 1.11
Patient 14 2.45 1.08 1.71 0.60
Patient 15 1.77 1.19 4.35 1.41
Patient 16 2.53 2.19 2.96 1.95
Control 18 0.92 0.90 1.14 1.29
Control 19 117 1.09 1.03 0.96
Control 21 3.2 1.50 1.4 1.03
Control 22 1.1 0.56 1.87 1.04
Control 23 0.95 0.99 1.31 1.29
Control 24 1.16 1.15 1.03 1.03
Control 25 0.88 0.87 1.06 1.18
Control 26 1.27 0.67 1.73 0.88
Control Taxotere Taxotere Taxotere Taxotere
1:10 (0.4) 1:100 (0.04) 1:10 (0.4) 1:100 (0.04)
Control 17 1.05 1.00 1.27 1.21

Cut-off for CD203c 1.3 and for CD63 1.8 (patients # 1 and # 8 were excluded due to initial
reaction grade 1).

We performed a subgroup analysis excluding patients who did
not realized the skin test due to contraindications and patients
who a had false positive or a false negative result (Table1).
The objective of this sub-group analysis was to evaluate a
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FIGURE 1 | Positive Basophil Activation test. Increased MFI after basophil stimulation with paclitaxel compared with negative control (PBS).
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FIGURE 2 | ROC curve: stimulation index for CD63 expression after
stimulation with paclitaxel 1:10 vs. saline CD63: Threshold > 1.8; sensitivity
33% and specificity 88%.

sample containing only patients with positive skin tests, and IgE
mediated endotype confirmed (11 patients). The sensitivity and
specificity of BAT were not significantly changed. In this group of
patients, CD203c was positive in six patients (sensitivity of 54.5%
and specificity of 87.5%), and CD63 was positive in five patients
(sensitivity of 45% and specificity of 75%).

DISCUSSION

We analyzed the application and relevance of BAT as a tool in the
diagnosis of immediate hypersensitivity reactions to taxanes. We
present the analysis of the BAT results of 15 patients diagnosed
with anaphylaxis to taxanes, and in eight healthy volunteers,
which is the largest sample of patients who underwent BAT
for taxanes.

Female patients diagnosed with ovarian cancer predominated
in our sample, representing almost 50% of all cases. Female sex
is a known risk factor for immediate hypersensitivity reactions in
general (36), but our sample did not have enough participants
for us to conclude that female sex was an independent risk
factor for anaphylactic reactions to taxanes. Neither data to
conclude that ovarian cancer is a risk factor for these reactions.
History of atopic disease or hypersensitivity reactions were
present in 60% of patients and in 60% of the control group.
In the present study, all the initial reactions occurred after the
first or second infusion, similar to what has been reported in
other studies.

The mechanisms responsible for the immediate
hypersensitivity reactions to taxanes are not yet fully understood.
The fact that the initial reaction happens mostly associated with
the first and second infusion, without prior exposure and with
low opportunity for prior sensitization to the drug, raised initial
hypothesis of non-IgE-mediated pathways, such as complement
activation with release of anaphylatoxins, or direct activation of
mast cells and basophils (7).

Paclitaxel and docetaxel are both insoluble compounds. To
make the drug formulation suitable for intravenous injection,
Paclitaxel is formulated in Cremophor EL (polyoxyethylated
castor oil), a surfactant, solubilizer and emulsifying agent and
Docetaxel, in polysorbate 80 (Tween 80), another surfactant,
solubilizer and emulsifying agent, and further diluted in an
ethanol/water (7). Studies with those solvents showed that, in
vitro, the Cremophor EL alone triggers complement activation
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FIGURE 3 | Graphic representation of the Stimulation index from the CD63 and CD203c expression in patients and controls after basophil activation with taxanes.
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at the same rate as Cremophor EL combined with paclitaxel,
suggesting that Cremophor EL is responsible for this effect
(18). Likewise, docetaxel with polysorbate 80 or polysorbate
80 alone has been shown to cause complement activation in
vitro (19). Based on these findings, the solvents Cremophor
EL and polysorbate 80 could be responsible for triggering
hypersensitivity reactions, but this hypothesis has not been
confirmed in vivo.

The possibility of an IgE-mediated mechanism was raised by
Prieto Garcia and Pineda de la Losa. The authors described the
first case in the literature of a grade 3 immediate hypersensitivity
reaction to paclitaxel with skin testing positive for paclitaxel

and negative for the solvent (20). After this, other groups began
to study the positivity of skin tests for taxane hypersensitivity
reactions. Pagani et al. evaluated the role of immediate-reading
skin testing for taxanes in a multicenter study, in which 84
patients with hypersensitivity reactions to taxanes were assessed.
Patients with grade 3 hypersensitivity reactions more often had
positive skin tests than patients with grade 1-2 reactions (28.6
vs. 10.7%; p = 0.038). Patients with positive tests had a higher
frequency of skin symptoms. All patients in the control group had
negative skin tests, characterizing the low sensitivity (8.7-24.6%)
but high specificity (100%) of the test (10). Based on the data
described above, IgE-mediated reactions are more likely among
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patients with more severe and reactions with skin manifestations
(9, 10).

We also know that BAT results vary according to the
drug class studied and the mechanism of the immediate
HR involved (21). BAT has shown promising results
in IgE-mediated immediate HR (ex. selective reactors to
pyrazolone, neuromuscular blockers, beta-lactams, and platinum
compounds), and lower sensitivity for drugs related to non-IgE
mechanisms (ex. Non-steroidal anti-inflammatory drugs and
quinolones) (21).

In our sample, we selected 15 patients who had anaphylaxis
to taxanes with cutaneous manifestations, who had a higher
probability of having had an IgE-mediated reaction and
positive BAT. Nevertheless, BAT was positive in only 8/15
patients tested (53%). There was an increase in CD203c
expression in 8/15 (53%) patients and CD63 in 5/15
(40%) patients.

Of the 15 patients, 11 had positive skin tests. We ran a
sub-group analysis, to evaluate if patients with positive skin
test have a different outcome. In this analysis CD203c was
positive in six (sensitivity of 54.5% and specificity of 87.5%)
and CD63 was positive in five (sensitivity of 45% and specificity
of 75%). The sensitivity of BAT in this subgroup of patients
with a higher probability of IgE-mediated hypersensitivity was
not significantly higher than that in the full group. Increased
expression of CD203c was more frequent than of CD63 in
patients with positive BAT, and the sensitivity of this biomarker
was greater in patients with positive skin tests, i.e., patients with
IgE-mediated endotypes.

Two patients in the control group of healthy volunteers who
had never been exposed to taxanes also showed positive BATs
to taxanes, decreasing the specificity of the test. One hypothesis
to explain this fact is that the sensitivity to taxanes could
be developed without exposure to the drug, because of cross-
reactivity with other antigens. Paclitaxel and the precursors for
docetaxel (baccatin III and 3-deacetylbaccatin III) have been
isolated from different species of yew trees and from different
parts of the plant including its pollen. Paclitaxel-specific IgG
were found in the serum of 8.8 % of 63 healthy blood donors
from Belgium (where T. baccata is widespread) despite having
never been exposed to the drug. Among atopic blood donors
(defined as sensitive to Betula species), this percentage increased
to 21.4 %. In contrast, paclitaxel specific IgGs were not detected
in 50 healthy blood donors from the southern hemisphere (where
yew trees do not grow) (22). There is evidence in some patients
reactive to protamine, that drug specific IgGs (in combination
with complement) can mediate immediate HSRs. Although this
mechanism has not been explored in taxane HSRs, it may
turn out to be relevant. Another possibility is that paclitaxel
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