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ABSTRACT

Drug hypersensitivity reactions (DHRs) to intravenous drugs can be severe and might leave pa-
tients and doctors in a difficult position where an essential treatment or intervention has to be
suspended. Even if virtually any intravenous medication can potentially trigger a life-threatening
DHR, chemotherapeutics, biologics, and antibiotics are amongst the intravenous drugs most
frequently involved in these reactions. Admittedly, suspending such treatments may negatively
impact the survival outcomes or the quality of life of affected patients.

Delabeling pathways and rapid drug desensitization (RDD) can help reactive patients stay on first-
choice therapies instead of turning to less efficacious, less cost-effective, or more toxic alternatives.
However, these are high-complexity and high-risk techniques, which usually need expert teams
and allergy-specific techniques (skin testing, in vitro testing, drug provocation testing) to ensure
safety, an accurate diagnosis, and personalized management. Unfortunately, there are significant
inequalities within and among countries in access to allergy departments with the necessary
expertise and resources to offer these techniques and tackle these DHRs optimally.

The main objective of this consensus document is to create a great benefit for patients worldwide
by aiding allergists to expand the scope of their practice and support them with evidence, data,
and experience from leading groups from around the globe.
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This statement of the Drug Hypersensitivity Committee of the World Allergy Organization (WAO)
aims to be a comprehensive practical guide on the technical aspects of implementing acute-onset
intravenous hypersensitivity delabeling and RDD for a wide range of drugs. Thus, the manuscript
does not only focus on clinical pathways. Instead, it also provides guidance on topics usually left
unaddressed, namely, internal validation, continuous quality improvement, creating a healthy
multidisciplinary environment, and redesigning care (including a specific supplemental section on
a real-life example of how to design a dedicated space that can combine basic and complex

diagnostic and therapeutic techniques in allergy).

Keywords: Drug allergy, Drug desensitization, Drug challenge, Drug provocation test, Delabel-
ing, Chemotherapy, Skin test, Risk stratification, Biological agents, Antibiotics, Penicillins, Betalactams,
Antibiotic desensitization, Precision medicine, Personalized medicine

INTRODUCTION
Motivation for this document

Rapid drug desensitization (RDD) is a technique
used to temporarily modify a patient's immune
response to a drug in a few hours. RDD is helpful in
patients who have experienced confirmed drug
hypersensitivity  reactions (DHRs) that are
amenable to desensitization, including anaphy-
laxis. When these patients have a potentially life-
threatening chronic condition such as cancer, an
inflammatory disease, or an acute infection, where
the implicated drug is the most efficacious, cost-
effective, or safest therapy, RDD may be life-
saving. The fact that frequently there are no ideal
treatment alternatives in these situations is pre-
sumably the most substantial incentive to desen-
sitize patients.”

In the last twenty years, the use of RDD has
increased exponentially, and so have the reports in
the literature showing the feasibility and benefits
of this technique.1'5 However, although there are
examples of RDD for most existing drugs, a
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simple literature search would show the reader
how DHRs to chemotherapy and biologics have
been the leading cause of this increase in RDD.
Of note, chemotherapy and biologics are usually
intravenous drugs, which require a different
approach than orally administered drugs.

The number of patients requiring intravenous
procedures in many allergy departments has
grown dramatically. To illustrate this, we will draw
attention to a real-life example, the experience at
Ramon y Cajal University Hospital (RCUH), Madrid,
Spain. In the last decade, the number of RDD pa-
tients referred annually increased about 30%. In
addition, the number of annual intravenous drug
provocation testing (DPT) procedures (a diagnostic
technique sometimes used before RDD to delabel
patients, ie, to confirm or rule out hypersensitivity)
increased over 85%.%3

Allergists worldwide could potentially struggle
to meet this increase in the demand for high-risk
and high-complexity intravenous procedures.
While allergists might find an abundance of valu-
able clinical data and reviews on RDD, there is a
lack of general guidance on the logistics of
implementing intravenous delabeling and RDD
into the daily practice of an allergy department.

The allergy team at RCUH adapted previously
published RDD protocols to meet specific local
requirements and validated these RDD protocols
for their population.®* Moreover, to keep the
highest standards of care despite the increase in
demand, they also validated diagnostic tools for
their specific population.* However, it is not easy
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to find guidance on the importance of internal
validation or the best approach to achieve it for
RDD protocols and their associated diagnostic
pathways.

Over the years, the authors audited their diag-
nostic and therapeutic pathways.>* Combined
with data from other groups, these audit findings
led to a reconsideration of the approach to RDD
and resulted in specific improvements.®>®
Unfortunately, reviews and clinical guidelines
usually overlook the importance of auditing and
continuous quality improvement.

The RCUH team advocated for a multidisci-
plinary approach since the inception of their
"Desensitization Program”. Collaboration with non-
allergists triggered thought-provoking questions
that extended beyond the scope of Allergy as a
speciality. For example, the authors studied
whether reactive patients undergoing RDD had
similar survival rates to non-reactive patients
receiving standard chemotherapy (ie, without
RDD).” The resulting data helped to support the
hypothesis that RDD does not affect the efficacy
of chemotherapy. Only a healthy multidisciplinary
environment  could foster this kind of
cooperation. Strikingly, articles in the field fail to
offer support tools to create these environments.

Inevitably, the increasing demand for RDD had a
direct effect on the size of the RCUH cohort. On
the one hand, this helped the authors identify
groups of patients that could benefit from a
tailored approach.®'? On the other hand, it
created a managerial crisis that led to a complete
structural redesign to cope with the needs of a
twenty-first-century allergy department. Arguably,
the notion that implementing RDD is a
prohibitively resource-intensive endeavour and a
major managerial challenge is probably one of the
main reasons that put off many colleagues from
giving service to patients in need of RDD. Unfor-
tunately, the lack of published recommendations
on how to tackle these issues does not help to
improve this situation.

The RCUH is not an isolated example. Other
groups have recorded similar processes in the
literature. However, the most remarkable examples
in RDD to chemotherapy and biologics are Brig-
ham and Women's Hospital, Boston, MA, United

States (BWH) and Massachusetts General Hospital,
Boston, MA, United States (MGH).®

For these reasons, this consensus document
aims to clarify complex concepts usually unad-
dressed in other publications. Based on various
real-life models, the manuscript will go beyond
clinical pathways to fill these voids of guidance,
namely, internal validation, continuous quality
improvement, creating a healthy multidisciplinary
environment, and redesigning care. Following a
diverse range of real-life experiences, this manu-
script aims to be a comprehensive practical guide
on the technical aspects of acute-onset intrave-
nous delabeling and RDD (with occasional allu-
sions to oral or subcutaneous drugs and other
types of reactions). This article does not intend to
be a clinical review of the latest publications on the
topic. Instead, we have brought together various
experts from the field to share their experiences on
the practical aspects of using intravenous RDD.

The main objective of this document is to create
a great benefit for patients worldwide by aiding
allergists to expand the scope of their practice and
support them with evidence, data, and experience.

Guide to approaching this document

This manuscript will mainly explore the practi-
calities of implementing intravenous delabeling
and desensitization to a wide range of drugs and
using different approaches.

Section 1 will introduce several general
concepts that will appear recurrently over the
manuscript: classification systems in drug allergy,
drug provocation testing or drug challenge, and
rapid drug desensitization.

Section 2 will focus on the managerial and
governance issues of implementing these
techniques, which are aspects of clinical practice
that most consensus documents frequently
overlook. This section and the practical example
on supplemental text 1 should offer insight into
how to approach these issues successfully and
efficiently for emerging and established groups
alike.

Sections 3-5 will focus on delabeling, which is
fundamental before considering RDD. The
pathways for delabeling can significantly vary
depending on the type of drug and the number
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of patients that potentially have a label of allergy.
For example, delabeling penicillin allergy will
need cooperation with other hospital teams and
the community, whereas delabeling
chemotherapy allergy will need a niche service
offered in specialist centers. The information
provided in these sections should empower
allergy departments worldwide with tools to
design their delabeling strategies.

Sections 6-8 will deal with RDD and will
thoroughly approach the practicalities of using
this tool. The reader will understand how RDD
saves lives and justifies why hospitals need a
solid hospital-based allergy department with spe-
cific resources and capacity for urgent assessment
and management of the patients in need.

Section 9 is an essential complement to the
previous sections, focusing on delabeling and
RDD with drugs when evidence is lacking. The
need to offer quick, safe, and effective solutions
forces many allergists on painstaking journeys
when receiving referrals for one of these patients.
Thus, we envisaged this section as a practical
guide for the allergist.

Section 10 will explicitly focus on pediatric
patients. These patients have specific care needs
that are different to those of adult patients.

Finally, Section 11 will focus on certain
controversies and unmet needs. Bringing
together experts in drug allergy with contrasting
opinions on approaching various issues will
inevitably generate inconsistencies in the
document. There are many areas where evidence
is lacking, and practice can be drastically
different depending on patient populations and
regional differences. For this reason, we collected
the very pertinent comments of a review panel of
expert allergists from all around the globe in this
section.

The readers will notice that different leading
groups in drug allergy have authored different
sections, and these authors have provided an
immense range of supplemental material. This
invaluable material should be available through
the online repository.

Key practice points

- Skin testing (ST) concentrations may differ
depending on whether we prioritize sensitivity or
specificity, so cut-off points need internal
validation.

DPT (or drug challenge) is the diagnostic gold
standard and the final step in the delabeling
process. Therefore, authors should disclose data
on DPT when publishing an article since the vast
majority of patients where DPT is used are suc-
cessfully delabeled (ie, articles not including DPT
within their allergy workup might incur a selec-
tion bias of an overestimation of the amount of
really hypersensitive patients).

RDD is more than a mere protocol but needs
complex multidisciplinary logistic support like
other highly specialized and high-risk procedures
involving high-complexity in medicine.

RDD protocols are personalized. However, they
must meet particular criteria.

Allergy departments may benefit from access to
a Technical Area for Diagnostic and Therapeutic
Procedures in Allergy (throughout the manu-
script, allergy technical area). The allergy tech-
nical area is an allergy-dedicated space used to
diagnose and manage allergy patients and may
receive different names in different centers (see
supplemental text 1 for a practical, real-life
example). This area will be divided into several
“safety areas” depending on risk assessment. In
addition, a unique “safety area” of the allergy
technical area will be dedicated to intravenous
delabeling and RDD.

SECTION 1: GENERAL CONCEPTS
Classification of drug hypersensitivity reactions

Despite the enormous efforts of many societies,
poor documentation and mislabelling are strik-
ingly frequent in drug allergy.®>"*"® As a result,
virtually all the reliable data on well-characterized
DHRs to intravenous medications such as chemo-
therapy, biologics, or antibiotics comes from a few
expert centers. For instance, it is difficult to gather
an accurate snapshot of DHRs to chemotherapy or
biologics outside expert centers, probably due to
the poor representation of drug allergy in the In-
ternational Classification of Diseases (ICD), which
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has only recently been aligned with current allergy
practice in the ICD-11, thanks to the efforts by
Tanno LK et al.’®' However challenging,
adequate classification, diagnosis, and
documentation are of the essence to further
understand and manage DHRs, especially when
intravenous drugs are involved.

DHRs are usually divided according to the
timing of their onset into immediate (I-DHR) and
non-immediate (NI-DHR).'® Severe immediate
reactions to drugs and vaccines such as
anaphylaxis typically occur within 1 hour of
exposure; however, most classifications consider
that I-DHRs can happen for some drugs as late as

within 6 hours of exposure (or 4 hours for
18-20

vaccines). In parallel, DHRs are further
categorized using the Gell and Coombs
classification, which  explains the clinical
presentation  of the DHRs by their

mechanisms.’®?" As we understand more about
mechanisms and risk of DHRs, classifications will
be further refined. However, classifications such
as Gell and Coombs’ still provide a valuable
framework to guide patient allergy workup and
management pathways." %2’

The type | Gell and Coombs category features
immediate IgE-mediated DHRs leading to mast
cell/basophil degranulation with symptoms from
mild urticaria to anaphylaxis. Some authors argue
that type | DHRs should also include non-IgE-
mediated activation of mast cells/basophils.’®
Although controversial, we have included non-
IgE-mediated DHRs featuring mast cell/basophil
release symptoms as type | Gell and Coombs
reactions.

The type Il Gell and Coombs category features
cytotoxic IgM- or IgG-mediated reactions against a
cell surface antigen, such as drug-induced hemo-
lytic anemia.'® Type Il DHRs feature immune
complex deposition reactions with complement
activation (eg, serum sickness-like DHRs). Finally,
type IV DHRs feature delayed T-lymphocyte-
mediated reactions and DHRs for which the
mechanism involves cells other than (or in addition
to) T cells. Examples of type IV DHRs range from
the typically milder contact dermatitis or delayed
maculopapular rashes to the more severe and
even life-threatening drug reaction with eosino-
philia and systemic symptoms (DRESS), Stevens-

Johnson’s Syndrome (SJS), or toxic epidermal
necrolysis (TEN)."?

However, some DHRs do not neatly fall into a
clear category of this classification system or have
yet unknown mechanisms. For example, some
patients reacting to oxaliplatin or biologics can
show mixed patterns of type | Gell and Coombs
hypersensitivity and “cytokine-release-syndrome-
like” reactions with fever/chills, generalized mal-
aise, flushing, or hypotension, with elevations of
both tryptase and IL-6.2""%3

Moreover, we cannot forget that DHRs are only a
subset of adverse drug reactions. More holistic
classifications divide adverse drug reactions into
on-target (referring to those that occur due to the
predictable pharmacological action of the drug)
and off-target reactions. Off-target reactions are
further divided into cellular toxicity, immune re-
ceptor interaction (eg, non-IgE mediated reactions
associated with MRGPRX2), and true immunologi-
cally mediated reactions that can be antibody-
mediated or T-cell mediated.?*

The range of DHRs that biologics can trigger has
spurred the publication of several classifications.?®
However, Isabwe et al®*® recently published an
article focusing on managing DHRs to biologics
and RDD. The authors proposed a pragmatic

classification based on the allergy workup,
separating patients into different
endophenotypes and comparing their RDD

outcomes. The same group successfully applied
these endophenotypes to oxaliplatin DHRs.?? It
combines previous Gell & Coombs’ types with
recent findings to classify DHRs into type | (IgE-
or non-lgE-dependent), type I, type lll, type IV,
cytokine release reactions, and mixed reactions.
This novel classification seems promising for the
practical assessment of DHRs to biologics and
chemotherapy, especially as novel biomarkers
emerge.

In any case, despite the limited tools currently
available, a systematic approach can be helpful. A
detailed clinical history and assessment of all the
available data, including serum biomarkers
extracted during the reaction (eg, tryptase, IL6,
which would normally involve liaison with other
services, such as emergency departments or infu-
sion centers, to ensure samples are collected
properly), and a deep understanding of how all
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these classifications and endophenotypes of pa-
tients interact will be essential for successful cate-
gorization of a DHR.>?#"27

Grading the severity of DHRs can also be chal-
lenging, as the ideal severity classification is yet to
be determined. Virtually every allergy society has
published a different grading system, and these
systems can often vary based upon the type of
triggers, eg, allergen-specific immunotherapy vs
contrast media. However, many authors call for
simplification and a common classification.?® The
World Allergy Organization (WAQO) has recently
published a guidance document on anaphylaxis
with a more encompassing severity classification,
which could be helpful in the future.??

However, these classifications usually focus on
general allergy and are based on data from
allergic reactions to any trigger. This can be
limiting when grading DHRs to chemotherapy or
biologics, which tend to feature symptoms not
contemplated on standard grading systems. On
the other hand, when assessing DHRs to chemo-
therapy or biologics, many authors find that non-
allergy-focused classifications like the National
Comprehensive Cancer Network (NCCN) guide-
lines, and the Common Terminology Criteria for
Adverse Events (CTCAE) developed by the Na-
tional Cancer Institute (NCI), are insufficient for the
optimal assessment, classification, and manage-
ment of these DHRs*%3%31 A severity
classification by Brown has been widely used as
an alternative in grading the severity of these
DHRs.32 However, given the unique
characteristics of DHRs, some authors have
proposed modified classifications for grading the
severity of DHRs to chemotherapy and
biologics.>*® Finding an optimal and universal
grading system for severity remains an unmet
need.

Drug provocation testing or drug challenge

DPT is a diagnostic technique that involves
administering a drug to a patient who carries a
label of an unconfirmed allergy to that drug, and it
is the criterion standard to confirm or rule out an
allergy.®* Indeed, the sensitivity and specificity of
clinical history alone are usually unacceptably
poor, whereas diagnostic tests such as ST or

in vitro testing tend to be specific but not
sensitive or may still need validation.?3*

DPT is, therefore, an essential tool for effectively
delabeling patients. When assessing DHRs to
intravenous drugs, this is helpful to avoid unnec-
essary RDDs,?¢3%3? +to study patients who
received more than 1 drug simultaneously,®'°
and as the gold standard to validate other
diagnostic tests.*®*% DPT is also a helpful tool to
find possible drug alternatives in hypersensitive
patients, for example, when there is a potential
cross-reactivity or when the clinical history is un-
clear regarding culprit drugs.*?

Despite these invaluable benefits, DPT is a high-
risk technique, especially when dealing with highly
sensitizing intravenous drugs such as chemo-
therapy or biologics.®® Therefore, careful patient
selection and optimal risk-management plans are
critical to ensure patient safety during intravenous
DPT. DPT should be performed only by experts in
drug allergy in highly specialized centers with ac-
cess to allergy-dedicated spaces designed and
prepared to carry out this technique.®>®

DPT is used principally with a diagnostic inten-
tion.** Other terms like “drug challenge” or
“rechallenge” are sometimes used
interchangeably with DPT.?%® Since a DPT
intends to delabel a patient rather than provoke
a drug hypersensitivity reaction, “drug challenge”
is preferred in many countries as an alternative to
the term DPT."?4% Indeed, “provocation” could
have a negative connotation for patients, and it
might be a misleading term, as this test does not
provoke a DHR most of the time. On the other
hand, the term “challenge” could be a potentially
less ominous word for patients. Unfortunately,
allergy societies rarely involve patients or patient
associations in nomenclature discussions, so we
have no data on this. Nevertheless, in Europe,
DPT remains the preferred term.334742

In any case, especially regarding intravenous
drugs, “challenge” or “rechallenge” are sometimes
used to refer to other techniques with different
purposes and motivations than protocolized
diagnostic DPT. For example, in DHRs to intrave-
nous drugs such as chemotherapy or biologics,
these terms can be used for re-exposure using a
modification of the infusion rate and additional

premedications,****  or  even  “same-day
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rechallenge”.***” We will now explore the current
evidence for using these techniques outside of the
strict diagnostic intention of DPT.

When a patient reacts to an intravenous
chemotherapeutic or biologic agent, there are
clear disadvantages linked to a re-exposure using
intensified premedication and reduced infusion
rates. We must bear in mind that the manufac-
turer's instructions for biologics already include
slow infusion rates that may be progressively
increased depending on tolerance.® Therefore,
some authors consider re-exposure using addi-
tional premedication and modifications on the
infusion rate not beneficial, let alone a missed
opportunity for a reliable diagnosis and an
adequate endophenotyping.?**3* Moreover, if
such procedures are successful, it may be
challenging to know whether these measures will
be effective for the next administration or if they
could have been avoided altogether (eg,
because the true diagnosis was not a
hypersensitivity reaction).> Additionally, these
techniques are sometimes performed by non-
allergists and in suboptimal conditions, qualifying
thus as an “uncontrolled challenge”. RCUH defined
“uncontrolled challenge” as administering a
culprit-drug to a reactive patient lacking allergy/
risk assessment, in an inappropriate environment,
by untrained or unaware personnel.*>

An article by Levin et al described how the use
of “same-day rechallenge” by non-allergists was
reportedly helpful in mild reactions but not so
much for moderate or severe reactions.*’
However, “same-day rechallenge” in that article
did not follow specific timings or homogeneous
protocols, it was performed under
heterogeneous circumstances (arguably
qualifying as “uncontrolled challenge”, which is
unsafe), and practitioners selected patients for
“same-day rechallenge” following individual
criteria. For these reasons, the efficacy of “same-
day rechallenge” could likely be underestimated
in this manuscript.*”

Interestingly, a particular kind of “same-day
rechallenge”, also known as “restart protocol”, was
helpful, in the hands of expert centers with allergy-
dedicated spaces, to successfully ensure tolerance
to chemotherapy and biologics immediately after
a positive DPT.2#¢36 This phenomenon of

temporary tolerance to a culprit drug within
minutes or hours after a DHR is known as post-
anaphylaxis mast cell anergy or “empty mast cell
syndrome”, attributed to the depletion of mast cell
granules or temporary dominance of inhibitory
signalling pathways.*® This phenomenon has been
reported for hymenoptera venom, perioperative
reactions, non-steroidal anti-inflammatory drugs
(NSAIDs), biologics, and chemotherapy.“'“'49

In an article by Madrigal-Burgaleta et al, after
performing 341 DPTs with chemotherapy and bi-
ologics over 7 years, 112 DPTs were positive (ie,
the patients experienced a reaction in a controlled
environment).? To ensure that patients received
the medication prescribed by their referring
physician despite experiencing a reaction during
the DPT, these authors devised a same-day
rechallenge, which they refer to as “restart proto-
col”. Patients with a positive DPT were given the
option of initiating the “restart protocol” within
minutes after controlling the reaction to the DPT.

In this article, the “restart protocol” was used in
13 patients who had a positive DPT with intrave-
nous biologics, and it was successful in all patients
regardless of the severity of their reactions during
DPT (5 patients, grade 1; 7 patients, grade 2; 1
patient, grade 3; as per Brown's severity grading
system).? In that same study, this “restart protocol”
was used in patients reacting to platinum drugs (27
patients, grade 1; 16 patients, grade 2; 7 patients,
grade 3; as per Brown’s severity grading system),
taxanes (11 patients, grade 1; 14 patients, grade
2; 7 patients, grade 3; as per Brown’'s severity
grading system), and miscellaneous
chemotherapeutic agents (5 patients, grade 1; 10
patients, grade 2; 2 patients, grade 3; as per
Brown's severity grading system).? In summary,
over these 7 years, the “restart protocol” was
successful in all 112 patients reacting to DPT,
except for 2 patients.? These results give the
“restart  protocol” a  success rate  of
98%.%* Regarding these 2 patients who did not
tolerate the “restart protocol”, 1 taxane-reactive
patient experienced a grade 3 reaction (Brown's
classification) during a DPT kept experiencing
dyspnoea and erythema on “restart protocol”, and
1 oxaliplatin-reactive patient suffered fever-chills
and back pain during the DPT kept experiencing
these symptoms on “restart protocol”.?.
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However, it is of crucial importance to under-
stand that the objective of these “same-day
rechallenges”, or "restart protocol” after a positive
DPT, is preventing the patient from missing treat-
ment sessions, and by no means does this tech-
nique have a diagnostic value because tolerance
to a "same-day rechallenge” does not ensure
tolerance of the next cycle.®*° Therefore, after a
positive DPT, patient would need to be
considered for RDD regardless of their tolerance
to the “restart protocol”.”

Rapid drug desensitization

The incidence of DHRs to intravenous drugs,
such as chemotherapeutics, biologics, or antibi-
otics, increases as the therapeutic arsenal evolves
and patient survival rates improve, allowing more
patients to be at risk of allergic sensitization due to
longer periods of exposure to these treat-
ments.2®1%¢ DHRs can be severe, including
anaphylaxis and even death. DHRs affect the
prognosis and quality of life of many patients by
preventing the use of first-choice therapies and
forcing patients to change to a second-choice
drug before they become refractory to
treatment.?*¢>7

Drug desensitization is the cornerstone of the
therapeutic approach to DHRs."® The term RDD is
applied to drug desensitization processes
designed to induce desensitization in a few
hours."®®® RDD usually refers to intravenous
procedures; however, it has been used for other
routes (eg, subcutaneous or oral).’?

RDD is indicated in patients with a confirmed
hypersensitivity.® In situations where the drug
hypersensitivity has not been confirmed and
where the time and situation permits testing and
likely delabeling, delabeling is the preferred
strategy to desensitization. However, in situations
where the drug hypersensitivity is not confirmed,
and desensitization is done because of time
pressure or necessity, the patient should be
referred for allergy testing as soon as possible
following completion of treatment.

RDD is usually considered only when there is no
alternative drug, but it is widely accepted that it
should also be considered when the culprit drug is
more effective or is associated with fewer side
effects. 215615414259 £5 axample, recent data

show how RDD does not affect the efficacy of
oxaliplatin; thus, colorectal cancer patients
reacting to the first line of therapy with oxaliplatin
should consider RDD to oxaliplatin, even if other
lines of treatment are available (because
alternative lines of treatment are usually less
effective or more toxic).” In addition, overall
survival was better in patients with ovarian cancer
when they could continue their therapy with
platins instead of abandoning them after a
reaction.®®

The confirmation of an indication is vital and
must be documented to avoid mistakes that might
affect patient safety and to ensure empowered
patient-centered decisions as well as a real multi-
disciplinary coordination. Madrigal-Burgaleta et al
solved this by using 2 different informed consents
for RDD: one form is signed by the allergists and
the patient, and it explains the procedures and its
risks; whereas the other form is signed by the
referring physician and the patient, and it confirms
that there is an indication for treatment with the
culprit drug as a first-choice drug despite a DHRs,
and that the patient will be referred to the allergy
department for this.?

RDD is progressively becoming a standard of
care. Recent data are extinguishing concerns over
costs, managerial difficulties, and queries on drug
efficacy under RDD (triggered by the fact that RDD
administration patterns may differ from standard
infusions). Indeed, RDD has shown to be a cost-
effective technique that offers reactive patients
comparable survival outcomes to those of non-
allergic patients.”®"

Drug desensitization exploits a feature of mast
cell physiology. Slow increments in the concen-
tration of a ligand that binds to certain mast cell
surface receptors fail to trigger mast cell activation
and the systemic release of the mast cell mediators
responsible for anaphylaxis.*¢% In vitro and
in vivo models demonstrated that RDD inhibits
several key processes of mast cell activation:
extracellular calcium influx, degranulation and
release of preformed mediators, newly generated
lipid mediators, and cytokine and chemokine
production.®?

Based on these data, some authors argue that
RDD should only be considered for mast cell-
dependent I-DHRs and not for NI-DHRs where T
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cells may be involved. However, the mechanisms
of RDD have not been completely elucidated, and
preliminary data suggest that drug-specific T cell
response seems to be affected by drug desensiti-
zation due to the expansion of T regulatory cells
producing IL-10 and IL-35.°% Thus, various authors
consider that some mild NI-DHRs could potentially
benefit from RDD."219.56.62 However, some
members of the Reviewing Panel of this
manuscript advised caution, as mechanistic data
from RDD on large series of patients with well-
characterized NI-DHRs are lacking. We will
discuss this controversial issue in Section 11.
Nevertheless, in this manuscript, we will not limit
the use of the term “desensitization” to I-DHRs for
the sake of homogeneity with recent consensus
documents."?/¢%

It is generally agreed that certain reaction types
are unlikely to benefit from RDD or put the patient
at an unacceptably high risk of a potentially irre-
versible life-threatening reaction. Therefore, these
reaction types constitute a contraindication for
RDD. These include immunocytotoxic reactions
such as type Il reactions or oxaliplatin immune-
induced syndrome (OIIS), vasculitis, serum
sickness-like (type Il reactions), or SCARs (such as
Stevens-Johnson syndrome, toxic epidermal nec-
rolysis, acute generalized exanthematous pustu-
losis, drug-induced hypersensitivity syndrome or
drug reaction -rash- with eosinophilia and systemic
symptoms).?"*¢ Of note, OISS may clinically
resemble CRR, so these syndromes need to be
carefully differentiated.®® Unfortunately, these
reactions will generally benefit from avoidance,
as both DPT and RDD can trigger a potentially
lethal DHR in those patients. Again, however,
there are indeed grey areas due to a lack of
good-quality data.

As discussed, RDD has been mainly studied for
use on type I-DHRs (acute onset reactions involving
the release of preformed mediators of mast cells
and basophils). However, as we mentioned, con-
troversy exists as to whether desensitization can be
successfully and safely used for different DHRs,
especially CRR and specific nonsevere type IV
reactions.’"%2356.64 Guidelines usually
contraindicate the use of desensitization in non-
mild type IV reactions."?*® Controversially, there
is some literature on desensitization for
unascertained type IV DHRs, including DRESS-like

DHRs.®® Nevertheless, data are scarce, and
desensitization outside of type | DHRs should be
limited to highly specialized centers or research.

As we will explain in detail in Section 6, RDD
protocols use doubling doses in a step-wise
manner every 15-30 minutes to administer the
agent after starting at a concentration under the
threshold for reactivity."*4¢267:68 Exposing mast
cells or basophils to the same ligand at a higher
10-fold concentration increase over the same
time period may trigger mediator release and
potentially another episode of
anaphylaxis.®”¢?7%  Similarly, shortening the
period between the steps will not help with
reaching a state of desensitization.””

Over 20 years ago, Shalit et al demonstrated
in vitro how the tolerance induced by RDD is
antigen-specific and temporary.”*”3 More recent
studies using in vitro models for RDD have
confirmed these findings.®%¢®

Regarding antigen-specificity, patients allergic
to two different drugs in real-life need desensiti-
zation to each drug separately.?

As for the temporary nature of RDD, these
findings are compatible with real-life experience,
where chemotherapy-allergic patients receiving
chemotherapy every 2-3 weeks need desensitiza-
tion for every administration.???% In contrast,
antibiotic-allergic patients will usually receive
continuous exposure to an antibiotic for a contin-
uous course and, generally, will only need desen-
sitization for the first dose of the course 247298

The exact duration of the desensitized state is
unknown and might be influenced by multiple
factors. Shalit et al found that desensitized mast
cells can be activated after 24 hours’?”* Sancho-
Serra et al found that the desensitized state
lasted at least 4 hours, but the authors could not
test this beyond 4 hours due to technical
difficulties.®® High-quality supporting data are
lacking, but the consensus is that the
desensitized state approximately lasts from 2 to 5
half-lives of the culprit drug."?¢”

RDD has been successfully used for countless
drugs, in patients of all ages with different condi-
tions, in patients presenting with severe reactions
like anaphylaxis, pregnant women and patients
with underlying conditions such as
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mastocytosis. 2 #101219.5556.67  Nonetheless, as

we will explore in Section 2, similarly to other
highly specialized procedures in medicine, RDD
is far more than using an administration protocol
or a recipe that anyone can follow??2. Indeed,
RDD reaches its optimal efficacy and safety
outcomes in combination with sophisticated risk
management strategies and when in the hands of
multidisciplinary teams led by expert allergists
with access to dedicated spaces and the
necessary resources.”

SECTION 2: WELL-GROUNDED KNOW-
HOW: “LAYING THE FOUNDATIONS FOR
THE NEW SILK ROAD” (ALVAREZ-CUESTA
& MADRIGAL-BURGALETA)

“Excellence is not a destination, but a path.”

Barely a handful of groups led by experts in
drug allergy have carried out the most significant
studies on both intravenous RDD or intravenous
delabeling with various drugs, mostly on chemo-
therapy and biologics.>*¢174-8% |5 addition, a
limited number of groups have provided
immense amounts of data on delabeling with
other drugs when there is an acute need for
them, mostly penicillins.*"#¢ In this manuscript, a
selection of these leading groups will share their
different perspectives on delivering patient care
based on their experience with all drug classes.
We will find there is more than 1 road to
excellence, and we will analyze the common
tools that make these groups successful.

The overall framework for action

While an individual RDD procedure may be
straightforward for the expert, developing the
infrastructure to perform more widescale RDD
procedures is complex. Those teams willing to
implement this technique more broadly and effi-
ciently may need to significantly redesign the way
they deliver care. Disorganization or system errors
can cause harm to patients; thus, careful planning
will reduce the risk for patients in this regard.
Furthermore, being prepared for a potential
managerial crisis is of the essence.®”

These 3 questions are key: i) How do we identify
the potential for innovation and improvement? ii)
Which are the best decisions to strengthen the

department and how to implement them? iii) How
do we prepare ourselves for the recovery of a
managerial crisis so that we can emerge from it as
a leading competitive group and even as a
benchmark standard?

In this section, we will provide tools that were
effective in redesigning care at RCUH. We will start
by establishing the framework for the team
involved in the project, which should facilitate a
successful and seamless process:

A) To define the fundamental parameters of the
project (eg, priorities, red lines, or strategies).

B) To share the workload among the team by
creating a handful of thematic working groups
to advise on critical areas of expertise (eg, adult
allergy, pediatric allergy, or translational labo-
ratory, among others).

C) To define the rules by which the working groups
will operate when redesigning care (eg, how
many working groups, election or appointment
process, or meetings). A clear leadership or
arbitrating commission (eg, the clinical lead or a
commission of working group leads). In our
experience, precise regulation will make the
process seamless and prevent friction and delays.

D) To understand that inaction will be harmful to
the patient.

Ramon y Cajal University Hospital's 7 fundamental
pillars for redesigning care to implement rapid
drug desensization

1) Think globally, but act locally.®® Finding
inspiration on functioning international models
is vital, but we need to listen to local ideas
from the local working groups, as only they
can provide local insight.

2) Patient centeredness. Continuous quality
improvement, personalized medicine (eg, flex-
ible, tailored RDD protocols), patient safety,
patient comfort, patient education, and patient
satisfaction must be at the heart of the rede-
signing project.

3) To adapt the department to high-complexity
and high-risk patients. It will require specific
resources for innovation (from hiring new expert
staff to creating new areas or training) and the
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constant analysis of every decision to prevent
guesswork or lack of planning.

4) Team empowerment. Multidisciplinary teams
(MDTs) led by experts and focused on a similar
objective are of organizational help. They can
create solid, focused and motivated teams with
a manageable workload (eg, one team for in-
patient antibiotic allergy, another for chemo-
therapy allergy, and many others depending on
local variation). Positive collaboration with other
departments is of the essence.

5) To create a dedicated Technical Area for
Diagnostic and Therapeutic Procedures in
Allergy (Technical Area). This Technical Area
should be the driving force of the Allergy
Department as a whole, should be adapted to
the local needs (which will be different for an
allergy department focused on food allergy in
children or one focused on asthma in adults)
and should be flexible enough to be able to
adapt to foreseeable future demands.®? In
addition, we envisioned RCUH's Technical
Area to comply with a “safety first” policy,
which will involve devoting resources to risk
management strategies and quality control.#?
Supplementary text 1 expands on the design
of the RCUH Technical Area.

6) To establish measurable indicators of effi-
cacy, efficiency, safety and quality for the
Department.

7) To live up to a constant obligation towards
excellence and continuous quality
improvement.

The shared unique selling proposition among
leading groups in rapid drug desensitization

In a nutshell, MDTs led by experts in drug al-
lergy, with local strategies for risk-assessment and
personalization, and access to dedicated spaces
within the allergy department seem to be the
shared unique selling proposition of the leading
teams on RDD.?

The critical role of the allergist in providing ac-
cess to optimal care for patients with drug allergies
is incontestable.?”-?% Offering high-quality care in
drug allergy without involving an allergy depart-
ment becomes cumbersome.?47%%1 However, the
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allergist is unlikely to work alone. The increasing
complexity of care in drug allergy calls for
MDTs.22461.78 Consequently, leading groups in
drug allergy encourage allergists to become
proactive in their role as leaders within their
organizations.>#”

These MDTs are the most effective when ser-
vices have access to proper physical resources,
including dedicated spaces®?%. However, we
would recommend avoiding different dedicated
areas scattered around the hospital. For example,
RCUH has one specific Technical Area for all
diagnostic and therapeutic procedures in Allergy
(see supplementary text 1).22?A robust Technical
Area integrated within the allergy department
can efficiently centralize all the space, staff, and
resources for all the clinical procedures of the
department, including intravenous desensitization
and delabeling. This more comprehensive and
flexible central hub with large areas also allows
for the other fundamental MDT needs (e.g, office
space, hot-desk space for visiting specialists,
room to conduct meetings and teaching, or even
storage space for studies documentation).? %94

Allergy departments should lead rapid drug
desensitization teams

RDD shows better outcomes in the hands of
experts in drug allergy.® Therefore, our positioning
is that all MDTs offering RDD and delabeling
should be led by an experienced allergy
department, and institutions should provide
specific funding to aid the allergy department in
this role. If this is impossible, the MDT should
involve at least an expert allergist in all the
decision-making processes of the MDT, from the
more general issues regarding service provision to
day-to-day patient management.?"?°

We strongly discourage non-allergists or non-
experts (with little understanding of DHRs and no
experience in drug allergy) from managing pa-
tients in need of RDD, even when they used pub-
lished RDD protocols. RDD protocols alone do not
suffice for a successful RDD strategy.>#°26298
"RDD is not only a protocol for drug
administration, but it is a complex and
multidisciplinary ~ system”? For example, this
multidisciplinary approach to RDD should involve
not only the right protocols, but also validated
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diagnostic pathways, dedicated spaces, trained
and experienced staff, and even institutional
preventative measures for early detection of
reactive patients and expedited referral to the
allergy department, thus preventing suboptimal
management. #3298

The indiscriminate use of allergy-specific tech-
niques (such as DPT and RDD) by non-allergists is
frequently recommended against, as it can nega-
tively impact patients in the form of misdiagnosis,
unnecessary risks (including death), or surprisingly
low rates of successful RDDs.**2"2¢ For example,
failure to refer patients to an allergy department
after a reaction can incur false labels of allergy to
the chemotherapeutic drug by overlooking other
culprit drugs, as explained by Urena-Tavera et al."®

Studies from Massachusetts General Hospital
(MGH) have observed how DPT (or drug chal-
lenges) to chemotherapy and biologics conducted
by non-allergists expose patients to unnecessary
risks. Additionally, it prevents them from
continuing with their first-line therapy as very low
percentages of patients were given the option of
being referred to the allergy department to
consider RDD (eg, only 4% of rituximab-reactive
patients were referred to the allergist in their
studies).>47:95

Furthermore, the reader will find articles pub-
lished by non-allergists where patients are blindly
put at unnecessary risk of a reaction to platins on
reexposure; for example, lacking the appropriate
risk assessment (which should include ST) and
failing to offer patients the option of RDD.®%7¢
More so, some of these reports even describe
deaths both for delabeling attempts and for RDD
a’t’rerr1p’ts.97'98

The lack of understanding of the mechanisms of
allergy and RDD, the lack of proficiency/experi-
ence in allergy-specific techniques, and the lack of
specific resources and dedicated spaces can put
patients at unnecessary risks, as we just discussed.
Thus, allergy departments must always encourage
close collaboration. There are remarkable but rare
exceptions of commendable teams who have
created standardized approaches to RDD without
the leadership of an allergy department and yet
have managed to help many patients succes-
fully.2%?899 However, not involving the allergy

department in these teams can potentially affect
healthcare quality or perpetuate inequalities. For
example, it can perpetuate the lack of access to
allergy-specific techniques (eg, ST, specific IgE,
or basophil activation test), to clinical expertise in
overall drug allergy and risk-assessment (eg,
adequate endophenotyping), or to additional
therapeutic options (eg, omalizumab as a pre-
medication), which would be widely available to
allergy-led teams.2*¢1.190

Furthermore, allergy-led RDD teams with access
to a more comprehensive dedicated Technical
Area are arguably more cost-effective, as the same
staff can offer RDD and delabeling to different
departments of the hospital with the same re-
sources and in the same space, and for a broader
range of patients and drug reactions (including
chemotherapy, biologics, antibiotics, antivirals, in-
sulins, heparins, and many other drugs).?'%2%¢7 |n
contrast, non-allergy-led teams would have a spe-
cific focus and would offer delabeling and RDD
only to a subset of patients with drug reactions to
only one type of drug.*®?%9? It would be arguably
more reasonable to focus institutional resources
on supporting the allergy Technical Area to
provide service to all the different departments.

Safety should also be an essential part of the
discussion because allergy-led Technical Areas will
have access to comprehensive risk management
strategies (see supplementary text 1). However,
areas led by non-allergists can be potentially
dangerous for patients, as resources may be
insufficient, and staff might not have specific
training or may even be unaware of the proced-
ures taking place.?#*9% |n addition, non-allergists
will find it virtually impossible to reach a critical
number of patients to be able to consider
themselves experts in drug allergy. Indeed, the
expertise that the allergist can provide in
diagnosing and treating anaphylaxis is essential
for patient safety. Groups led by expert allergists
have access to trained staff who feel confident
with sophisticated strategies to manage any
DHRs.? On the other hand, our colleagues from
MGH have identified how untrained non-allergist
staff fails to identify and treat anaphylaxis
adequately even when consciously subjecting pa-
tients to high-risk allergy-specific procedures like
intravenous DPT,*”?% which is consistent with the
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published experience in anaphylaxis whether in
the community or the hospital.”??-19¢

Creating a multidisciplinary team

The MDT should be a central part of the drug
allergy pathway of care, considering plenty of ev-
idence on the benefits of MDTs and MDT Meetings
as valuable mechanisms for coordinating care in
patients with complex needs.”® Correspondingly,
as clinical care becomes increasingly challenging,
translational research has also progressively
adopted  multidisciplinary  approaches, and
collaborative work has shown to have a higher
scientific impact."®”

When successful, MDTs are a rapid single point
of access to specialist expertise, enabling
comprehensive and seamless care services to be
delivered.?® Several common factors increase the
chances of a thriving MDT, even if these MDTs
are part of a unique  organizational
environment.??19% Therefore, the allergist needs
to carefully plan for creating the MDT, ensuring
clear allergy leadership, a strong shared vision,
good communication, team skills, and patient
centeredness.?%93107-109

The MDT should include the members of the
allergy department that will be involved in patient
care (eg, doctors, nurses, trainees, researchers,
laboratory staff, allied health professions, or
administrative staff). However, a meticulous strat-
egy should include an initial outreach campaign
beyond the allergy department (talks, meetings, or
team-building activities, among others) focused on
the potential prospective members of the MDT.
Ideally, there should be one person of contact
from each essential department involved in the
MDT. The necessary members of the MDT may
depend on the team (eg, a team for chemotherapy
allergy or another for inpatient delabeling would
involve different professionals), and it might vary
locally. However, the MDT would likely include, for
example, Pharmacy, Oncology (or other involved
departments like Infectious Diseases, Haematol-
ogy, or Cardiology, depending on the type of
team that needs to be created), critical care (to
coordinate high-risk patients and management of
severe cases), and the appropriate high-level
managers.
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It will be fundamental to identify potential part-
ners, to assert allergy leadership, and to plant the
seeds for a shared vision; whereas, continuous
training, individual rewards/opportunities, appro-
priate processes, flexibility, a solid institutional
image as an MDT service, and monitoring of
quality and outcomes of care will be some critical
factors for consolidation and smooth continuous
strengthening.?%?3107-109

Creating a technical area for diagnostic and
therapeutic procedures in allergy

We envisioned the allergy department as a
whole, not as a department fragmented in
different “units”.

MDTs may be organized in various "programs"
specialized in different conditions. However, all
MDTs will have access to the resources and in-
stallations of the flexible allergy Technical Area,
with spaces organized by levels or risk stratification
and not divided by units or conditions. This
centralized Technical Area allows for efficient
management of all diagnostic and therapeutic
techniques of the allergy department, optimizing
resources and staff.

Allergy Technical Areas for diagnostic and
therapeutic procedures (eg, food challenges, drug
challenges, skin testing, lung function testing,
immunotherapy, or desensitization) should ideally
be located in a hospital setting with easy access to
critical care for safety reasons.””

Please, see supplementary text 1 for more
information on the practical, real-life example of
the RCUH's Technical Area for Diagnostic and
Therapeutic Procedures in Allergy.

Safety first, zero harm, patient-centeredness, and
staff protection

Patient safety needs to be a core value of the
care continuum. Breakdowns in patient safety are a
leading cause of both death and incidents of
nonfatal harm to patients."® Although targeting
“zero harm” is a controversial approach in drug
allergy because both sides of the decision-
making spectrum (avoiding life-saving drugs for
fear of another reaction or attempting re-
introduction) are potentially harmful.
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The approach to risk in drug allergy has been
remarkably reactive, focusing on the type of reac-
tion, patient characteristics, and provision of re-
sources.’™ A shift from reactivity to proactivity is

essential to all aspects of a total systems
approach to safety."’® One of the main issues is
a lack of definition for “zero harm”'"® and

allergists have failed
thoroughly.

to explore this topic

Emotional, psychological, and socio-behavioral
harm are as real, impactful, and preventable as
physical harm.’"® There is a clear potential for
physical harm during the management of drug
allergy, the most obvious one being the inherent
non-zero risk of anaphylaxis during drug chal-
lenge or RDD.*¢" On the other hand, there are
inherent risks linked to abandoning the first-
choice therapy for fear of inducing a reaction in a
patient with an unstudied label of allergy.”#° The
different types of harm in drug allergy have been
surprisingly understudied.

There are data to say that patients suffer from
psychological harm after anaphylaxis triggered by
a drug allergy,”"? but beyond that, our experience
is limited to validating a specific quality-of-life
questionnaire for drug allergy in different
populations.’”*""¢  Data show that a drug
challenge can positively impact the quality of life
of the patient.’"® On the other hand, some
authors wonder whether a drug challenge could
have a negative psychological impact.®® There is
virtually no mention of other factors. For instance,
whether patients who have not been delabeled
and are travelling far away for repeated
unnecessary RDDs might be put indirectly at risk
of traffic accidents, financial risk by expensive
travel fares, or even exposure to infection risks
such as COVID-19. Another example is the lack
of data on whether patients reacting to chemo-
therapy are more comfortable under the care of
their outpatient oncology setting or the specialized
care of the allergist.

Even if previous experiences in RDD have
addressed the need for patient-centredness in
complex care, the field of drug allergy is unac-
ceptably behind in this.>® However, interestingly,
patient-centeredness is one of the key features
for quality in healthcare.”"” Gandhi et al analyze
the 4 elements that make a systems-focused

approach to safety robust. One of these elements
is engaging patients in the codesign, improve-
ment, and delivery of care with a shared decision-
making process.”"°?

The other 3 interdependent elements in the
study by Gandhi et al were, namely: effectively
managing change by tending to the psychology of
change; creating and sustaining a just culture of
safety; and developing and leveraging an optimal
learning system (continuous learning leveraged for
continuous improvement, using processes such as
Root Cause Analysis and Actions).”"® These areas
are underdeveloped in the field of drug allergy,
and some future efforts need to be directed
towards filling this gap of knowledge.

Staff safety should also be paramount. Even if
this should be an essential comment on articles
focused on hazardous drug handling, there are
only brief mentions on staff safety in drug al-
lergy.233%% |t should include ensuring respectful
team dynamics where any member of staff (not
only the leading medical staff) can express their
opinion on patient management.""?

Think global, act local: Risk-assessment,
continuous quality improvement, and lifelong
learning

One of the critical features that account for
much of the success of the different leading
groups in intravenous RDD is their approach to
risk.® Risk assessment may vary locally, but it is
cemented on 3 fundamental pillars, namely: (i)
Access to appropriate facilities and specific
resources (eg, the allergy Technical Area); (ii)
Access to expert personnel capable of
appropriate patient selection and management
(eg, MDTs); and, (iii) Locally-designed risk-man-
agement strategies, which are open to tailored
plans based on precision medicine (eg, personal-
ized approach, phenotyping and
endotyping).>41-42:298

Even if the general approach remains very
similar, different groups might have locally unique
approaches to drug allergy management,
including risk assessment. Berwick et al, Institute of
Health Improvement, explained how “a properly
redesigned care system requires detailed local,
social, and technical adaptations to leverage
contextual differences. Innovations that work well
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in one setting often do not work in another without
substantial modification”.""® Local variation is the
main reason why leading groups on intravenous
RDD constantly recommend other groups to
validate their procedures for their local system.®

Despite differences in local approaches, risk-
management strategies should be widely
comprehensive. Risk assessment in drug allergy
has not been thoroughly addressed in the litera-
ture, and current risk management strategies only
focus on patient characteristics and providing
classical institutional safety nets such as acute
medicine support.”"" However, there is much we
can learn from risk management in the world of
finances. An article by Kaplan et al presented a
helpful classification of different types of risks
and how to tackle them, namely, preventable
risks (arising from within the organization),
external risks (uncontrollable and to some extent
unpredictable), and strategy risks (those taken
consciously and for positive reasons)."’ The
mainstream  risk assessment strategies for
clinicians focus primarily on trying to minimize
the impact of external risks, which can come, for
example, in the form of patient comorbidities or
drug toxicity.

However, other types of risks are usually left
unmentioned. For example, preventable risks can
be tackled by quality improvement, rules, standard
operating procedures (SOPs), or constant moni-
toring. Preventable risks should be eliminated
because they do not offer any benefit and can
cause harm. These can be as simple as a member
of the team not turning up to MDT meetings.
Strategic risks are consciously accepted because
the MDT believes taking the chance will bring
significant benefits (eg, recent drug allergy
delabeling strategies). Strategic risks do not
respond to a classical approach to risk (such as
checklists or SOPs). More complex techniques are
needed (such as worst-case scenario planning, tail-
risk stress tests, or wargaming, which involve
analysis or simulation designed to determine the
ability of a process to deal with a crisis —from a
severe reaction to a chemotherapy leak, or a
pandemic), all of which require support from a
strong MDT with access to constant learning.”"?

The concept of continuous quality improvement
is yet to reach drug allergy. Nevertheless, this
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discipline has shown how beneficial it is for all
parties involved in healthcare (from the patient to
the funding organization) to have a clear frame-
work to continuously improve value by reducing
cost and improving quality."?® There are many
ways to approach quality improvement, and
indeed, training in this field will be an essential
part of the MDT. In fact, as an example, a recent
article by Mate et al'?® applied Lean
management tools (an approach to eliminating
waste and optimizing workflows) at an inpatient
respiratory ward in a mid-sized hospital in NHS
Scotland. Their continuous value management
helped reduce costs and improve quality by stan-
dardizing their care model, using map processing,
understanding variation, and redesigning pro-
cesses. Indeed, they optimized efficiency by
tracking the expenses, reducing waste, and
improving performance. Interestingly, except for
one article that explored this issue on carboplatin-
reactive patients,®” there are virtually no studies on
cost-utility, and certainly none on quality
improvement in intravenous RDD. But, as we can
conclude from Mate et al, only by measuring out-
comes and checking continuously can we further
improve patient care quality.”?°

In conclusion, allergists thinking about starting a
safe, effective, and reliable MDT and Technical
Area will need specific training on quality and
patient safety. Engaging in continuous quality
improvement training will inevitably require
devoting resources and creating and supporting
lifelong learning for all the staff."?"

SECTION 3: DELABELING ALLERGY TO
CHEMOTHERAPY IN ADULT PATIENTS
(ALVAREZ-CUESTA & MADRIGAL-
BURGALETA)

Diagnostic in vivo risk-biomarkers with
chemotherapy

Immediate readings for skin prick testing (SPT)
and intradermal testing (IDT) are the 2 types of ST
most widely used for the study of I-DHRs to
chemotherapy, and these have a vital role in risk-
assessment.® Even if some groups find a low
sensitivity for ST,?® they are still a fundamental
tool because, when they are positive, they can
accurately identify an IgE-mediated endotype.®



Alvarez-Cuesta E, et al. Allergy. 2015

Results from all chemotherapy-reactive
patients referred over three years (n = 156)

DPT Result

Negative DPT
58/156 (37%)

Positive DPT
33/156 (21%)

DPT not undergone
65/156 (42%)

Results only from the patients who

Taxanes
n = 43

17/43 (40%)

9/43 (21%)

17/43 (40%)

Platins
n =95

31/95 (33%)

20/95 (21%)

44/95 (46%

underwent DPT with chemotherapy (n = 91)

DPT Results

Negative DPT
58/91 (64%)

Positive DPT
33/91 (36%)

Safety results from the patients with

Taxanes
n =26

17/26 (65%)

9/26 (35%)

a positive DPT to chemotherapy

Severity Brown
classification

Grade 1
16/33 (48%)

Taxanes
n=9

5/9 (56%)

Platins
n = 51

31/51 (61%)

20/51 (39%

Platins
n =20

10/20 (50%)

Other
n=18

10/18 (56%)

4/18 (22%)

4/18 (22%)

Other
n=14

10/14 (71%)

4/14 (29%)

Other
n=14

1/4 (25%)

Madrigal-Burgaleta R, et al. JACI: In Practice. 2019

Results from all chemotherapy-reactive referred

patients in seven years (n = 515)

DPT Result

Negative DPT
229/515 (45%)

Positive DPT
112/515 (22%)

DPT not undergone
174/515 (34%)

Taxanes
n =135

70/135 (52%)

32/135 (24%)

33/135 (24%)

Platins
n = 188

43/188 (23%)

50/188 (27%)

95/188 (51%)

Results only from the patients undergoing

DPT with chemotherapy (n = 341)

DPT Result

Negative DPT
229/341 (67%)

Positive DPT
112/341 (33%)

Taxanes
n =102

70/102 (69%)

32/102 (31%)

Platins
n=93

43/93 (46%)

50/93 (54%)

Safety results from the patients with a positive

DPT with chemotherapy (n = 112)

Severity Brown
classification

Grade 1
48/112 (43%)

Taxanes
n = 32 (%)

11/32 (34%)

Platins
n = 50 (%)

27/50 (54%)

Other
n = 97

69/97 (71%)

17/97 (18%)

11/97 (12%)

Other
n = 86

69/86 (80%)

17/86 (20%)

Other
n =17 (%)

5/17 (29%)
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00\@ — s NI-DHRs could potentially benefit from using
(] . .
o) RN fz other techniques, such as the delayed reading of
~ & g IDT, patch testing, or photo patch testing, but
S = c there are virtually no data on using these tests
- 8 g .
Q & 5 with chemotherapy agents.®
o T 3
9 P g § ST for drug allergy is usually a common and
N 9 N z 3 invaluable technique in allergy departments.
S & g g % However, the experience of ST with chemo-
© g g g ¢ therapy is rather heterogeneous, as different
< . .
2 2 E > 8 groups use a different methodology, different
c F interpretation criteria, and their own set of non-
= = g £ irritant concentrations (trying to find a difficult
& ® 2 5 2 balance between prioritizing sensitivity or speci-
3 q = S 3 ficity). In addition, it may be difficult for some
o~ N - >~ = . ol f . ft
) ~ © s % departments to obtain material for testing, often
3 g v E 5 due to special requirements for handling
o T 3 chemotherapy, which is one of the main reasons
% é g why allergy departments need to be well-
= s D prepared before managing these patients. Sec-
< = .
~ 9 g’ £z tion 2 and s.upple.mentary text 1 offer further
N LB { 2 5 insights on this topic.
- - 2
N o 5 % 5 Moreover, many factors make the interpreta-
oY o f - 2 . g r.
T- ©OR T S s tion of ST with chemotherapy difficult, even for
~ + . . . .
65 G § 2 . highly specialized staff. For instance, the presence
s T of different endophenotypes of reactions might
—_ 2 3 affect ST reliability: patients with a cytokine
Q — - <
EN S 2 3 release syndrome endophenotype can have
L =8 £ ;é negative ST,?% and some patients with a history of
§ < <3 an “old DHR” with platins (described as >6
— 5 = months) can show negative STs (and even
g ki negative DPT) only to become “positive
N . & - g converters” on the next
o o« e .
< N £89% administration. >4 109122123 15 consequence,
~ - 0T O . . .
2 o €8s there is a clear need for studies on the optimal
x g n Eg } approach to ST with chemotherapy.®
- £ G
2l i
3 . = 'g 84 Diagnostic in vitro risk-biomarkers with
og S 2 505 chemotherapy
) £2s
~ N — “t ® . .
> o P, s Widely available tests such as tryptase deter-
N PN = 5§92 mination during the acute phase and comparison
- R with baseline levels can help better endopheno-
9 Q<& e . 4,6,22,124-126
ui 02 type type | hypersensitivity reactions.
5 Q2 . . . .
e o Tryptase has been used to identify patients at risk
. . "an: £8¢8 of mast cell clonality and systemic mastocytosis,
§ ON\O 3 S%”E@ especially when used in combination with the
N T N %E% helpful score validated by REMA (an acronym
58 o, g S?% for the Spanish Mastocytosis Network).®"?7
ga 8% 5 o5 Inflammatory biomarkers such as IL-6 is a novel
o LIRS tool to identify cytokine release syndrome-like



The standard approach to drug provocation test

Total dose 200 mg Solution concentration Drug

Solution A | 250 ml 0.8 mg/ml Paclitaxel

Step Solution | Rate (ml/h) | Administered volume (ml) | Time (min) | Administered dose (mg) | Cumulative dose infused (mg)

b w | ws | m

The cautious approach to drug provocation test
Total dose 200 mg Solution concentration Drug

Solution A | 250 ml 0.8 mg/ml Paclitaxel

Step Solution | Rate (ml/h) | Administered volume (ml) | Time (min) | Administered dose (mg) | Cumulative dose infused (mg)

A 40 20 30 24
A 80 230 172.5 176
Considerations:

(i) Safety is of the essence. DPT with intravenous chemotherapy should be limited to well-selected patients with a favorable risk assessment.
It should be done ideally in an intensive care setting or equivalent (a well-equipped Allergy-dedicated Technical Area with complete crash
cart, and rapid access to intensive care <1 min), 1:1 patient:nurse ratio, expert nursing staff (well trained in chemotherapy, allergy, and
emergency treatment), constant monitoring, constant supervision with nurse and allergist at the bedside (including someone ready to stop
the infusion rapidly), emergency anaphylaxis treatment at the ready (including pre-prepared intramuscular adrenaline). Observation after
DPT should be at least 1 h after finishing the infusion (or longer, conditional to product information, local guidance, and type of reaction).

(ii) The recommended concentrations and rates for paclitaxel are rather wide and might depend on the condition of the patient or local
standard operating procedures. Concentrations and infusion times need to be discussed according to local guidelines (including small
details such as whether the line is flushed with the drug or with the solvent saline), and the protocol will need to be altered accordingly.
Always check product information leaflets and local protocols for specific administration recommendations in specific populations.

(iii) DPT with chemotherapy agents should be done using standard posology and premedication recommendations as per product
information. In the specific case of paclitaxel, the product information states that patients need to be premedicated with corticosteroids, H1
antihistamines, and H2 antihistamines. It is recommended to check local guidance, as there might be variations.

This practice differs from guidelines on DPT with other drugs, which usually recommend against the use of premedication (especially with
antihistamines or steroids), as it can alter tolerance and hide warning symptoms. However, Madrigal-Burgaleta et al.” have shown data on
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the usefulness of DPT with paclitaxel whilst still using the standard premedication with corticosteroids, H1 antihistamines, and H2
antihistamines for the DPT.

(iv) Product information leaflets should be available for all products from their manufacturers and must be compliant with the
recommendations of the relevant regulatory body, such as www.ema.europa.eu, products.mhra.gov.uk, or https://www.fda.gov/.

(v) Follow recently published guidance on DPT with chemotherapy agents®

Table 2. Example of a drug provocation test (DPT) or drug challenge with paclitaxel as per Ramon y Cajal University Hospital (RCUH) standard and cautious protocols for a total dose of
200 mg of paclitaxel that was intended to be administered in 250 ml over approximately 3 h DPT, drug provocation testing; RCUH, Ramon y Cajal University Hospital; RDD, rapid drug
desensitization. Note: The standard approach to DPT is as close as possible to a standard infusion as per product information to avoid the risk of unnecessarily affecting efficacy and to ensure that we confirm
tolerance under normal conditions so that nothing alters tolerance to the drug. These drugs are meant to be infused over long periods, so the dose/minute ratio is already low on a standard infusion. In our
experience, the key to safety is not necessarily on the infusion rate but on carrying out these techniques in a high-risk area and having experienced and trained staff at the bedside ready to stop the infusion and
administrate medication at the first sign of a reaction. Note on increasing premedication beyond routine premedication: The value of adding extra premedication or altering infusion times/rates beyond what
is contemplated in the manufacturer’s instructions is not recommended. Such practices have not been validated, and they could affect tolerance, mask early signs of a reaction, arguably further sensitize the
patient, and create opportunity for human errors in the infusion center (e.g., by adding premedication that the staff are not used to give and, during a busy shift, are likely to forget). Thus, if the reaction of the
patient were worrying enough that such measures (additional premedication or altering infusion rates beyond the manufacturer’s instructions) were being contemplated, we would recommend avoiding the
direct DPT diagnostic pathway and rather choose the RDD therapeutic pathway instead (with its specific infusion rates and range of premedication). After all, this could eventually lead to a diagnostic DPT further
down the line, after confirming tolerance to progressively shorter RDD protocols. °The cautious approach could potentially induce tolerance, and thus, a negative DPT using the cautious approach might benefit
from later performing a standard DPT on the next scheduled chemotherapy session. °Madrigal-Burgaleta R, Bernal-Rubio L, Berges-Gimeno MP, Carpio-Escalona LV, Gehlhaar P, Alvarez-Cuesta E. A Large Single-
Hospital Experience Using Drug Provocation Testing and Rapid Drug Desensitization in Hypersensitivity to Antineoplastic and Biological Agents. J Allergy Clin Immunol Pract. 2019;7(2):618-632. DOI:10.1016/j.
jaip.2018.07.031. “Pagani M, Bavbek S, Alvarez-Cuesta E, Dursun AB, Bonadonna P, Castells M, Cernadas J, Chiriac A, Sahar H, Madrigal-Burgaleta R, Sanchez Sanchez S. Hypersensitivity Reactions to
Chemotherapy: an EAACI Position Paper. Allergy. 2021; in press. DOI: 10.1111/all.15113

0039 v o 3 =5 S0 v oo 50 0w 0 ©w 0 Qo0 s 5 o 5o o > s 5 = c =53
><r+o:_*-<:Tc(D_gooﬂz’::r@o_o_i%“:‘o_o—:rgCg'—s—h _88_3‘[’3 ZCC_Em%.aEE”mem
Q’(:B_""—ék'gg'_(é13%6'&@%-Q_®3C8Q2gmﬁg:émz T +028 0300300 2c5 82
= 3 e . =0 50 n 0 0.3 3 < © c S~ o 3 Qo o 2 0 90 9% 5 3 ~
_0_‘%8 (DO""—Ox hQ_j'OBm:".ij,H__hI) 0} v o O = s p =0 & 0 C S o S 5 S = o
= Q - o< =¥ 0 n = = Q O 0o v v o =+ 9 L o < < 0.2 0
D QO- QY & 3 » 03 S © g o 9 o 0 o o = @ == =00 — & 0O =
=+ S c¢c 3 > 250 .72 woll - = =E 7 2 5= Q- OCow 233
séga'a(ﬂb_hg&w%\n%gg ocq®g 20359 =549 8%%‘”%68%&238.—‘50_%—1?5@»
$980888 208,88 328353 E8sTEsgs P g5ams8-582858a%: 8
w3 OC 8552 o = =2~ F S8 =c T3 mo g =" 3 - >33%9P5Q 5 3o B
8 $33%392353383558283,%878 5580202 985 guv B 3573285337
= I o c o Q=+ 9 = =2 0 0 — w35 =0 o @ = o ° 2.3 0 S 00 P>S oo o >
oO:SQ_gﬁo*<8_g"O_8%g—Hg mg@gqgmmgﬂ%mﬁ{ mUQ%gggmgaaema'mgg o
523808880z FE3a3dl 53508348 +~02 82 39 5 NmgwgL=29
8588875259323, 28F75FF°80 3333, 2328 03856957330 5¢€
220506 2881, 020@2 _gFo Qo 3, 2 2089023 M3 o003 2al =
R o s @Q O %) o < o n Q - 5> 3 5 —+ OO0 35 A
3205992033828, _7%2,52°8855 27 88323 0928 58425385
5 >0 = o 20 =+ 3 Q= —~ o] 5 = - o o~ S —

) Q > 9 =+ Q Q = m O 1) = = © o T . n - =
© 20?063 -23255%003555 "2 858 9 8 _ 22 37,5888 020
2035322099303z ,00 <% @807 € , 332330 "=2D>0> 15> 52
2.0 Q Q S5 5 = =0 0 5 a3 O & 0o o o O 1) — o —_ = = » Q
83835 %C 058 Fg - SFgEI8e "8 2%8  gpd. ©8,@0 228582450
_‘_08':'0—?(_7.0)@_':'0)_0 5<° %3 % _, Q)(.Q_O'—O‘Q_ o 3 c C%mmmcgm\OUB'QQS-D
2802058 Q=2 _S o5l =%3@T3 g$mM3 40 L8 8=E<3 02205 oggeradg
52% °.02@08 0oF28a3z083555TM22a S 58 5 =@ R X F g 8T T 3
Q »n = —\Oo(QU) <m O < g D 5 Ecm_ﬁj o> =X © Q O e~ ~+ < 0O 5 «Q
<0 g205ma UG < €0 300 =358 30000 3 039 AFA S o0 o 51 o IPg@
SH LT F 083025 20 2280388833 =S "33353383c8 o278
-_ — f ) Q [ —_
8 HIFg O_'go'go“itg?og%o_g—%j ;cgga 32535 25 <9;_%g.%%°_’h§mge.

> — 5 ~ 9 .8 < <5 3 S T 23<¢ =aC 2083255
56“6“2.5.3@7’:?5:3_8©ng_3®®3®000 RO ® 5 O 232@m33<§8320<3®83—-
OS I ETMODODO T T MO =>Q7T0QOET>S5 3 35 2Q O 5 & NCO O O LS 50 S

220z dunf ‘9 "ON ‘G| swn|oA

6L


http://www.ema.europa.eu
http://products.mhra.gov.uk
https://www.fda.gov/
http://10.1016/j.jaip.2018.07.031
http://10.1016/j.jaip.2018.07.031
http://10.1111/all.15113

20 Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

DHR to IV/IP chemotherapy

(type I, CRR, or mixed)

I-DHR olis

(initial features might resemble CRR)

delabeled

Favorable

Negative Equivocal Positive Non-severe Type IV
(benign exanthema) .
Type Il (cytotoxic)
olls
Type Ill (serum
sickness)
Low Me.dllfm High risk '-.°‘|'(" Me.dlltlm High risk Negave SCARs
(consider if + SPT
risk ris ris ris ( ) Positive
equwocal
High risk Low risk
] Conditional to ST, LORWSI-IDSk
Negative Positive Jolerance, and RA
e bto (shorter)**
reaction
o . q ____ i standard protocol
Reaction to platins Reaction adjustments fail
> 6 months ago i .
Positive Negative
I -
Positive ——
— Yes reatmon
Patient
\ Delabeled
. Not favorable
Patient . Negative

Pathway by Madrigal-Burgaleta R & Alvarez-Cuesta E, 2021

Fig. 1 Pathway for the assessment and management of drug hypersensitivity reactions to chemotherapeutic agents.

potentially be explained by the presence of non-
IgE-dependant cytokine release syndrome-like re-
actions in the analysis, an endophenotype that has
only been recently described.*??

The basophil activation test (BAT) is still chal-
lenging to implement in clinical practice, and
standardization/validation is an unmet need.
However, there have been promising results using
BAT as a diagnostic tool and a risk marker for the

. . B 6,11,132-134
severity of reactions during RDD.

Novel tools such as nanoallergen platforms have
also shown promising results but need further
studies.”®*®* In addition, discoveries on key
cytokines involved in anaphylaxis, neutrophils as
potential cellular actors in certain types of
anaphylaxis, platelet activation factor as a critical
mediator of anaphylaxis, and further insight on
the mechanisms of no-IgE-dependent anaphylaxis

will hopefully provide us with a broader range of
biomarkers in the future ?9136-138

Drug challenge or drug provocation testing with
chemotherapy

Section 1 dealt with the general concepts of
DPT. However, we must bear in mind specific
considerations when using DPT in chemotherapy-
reactive patients. For instance, it must be
designed for the patient not to miss a treatment
session. For this reason, specific strategies should
be put into place to ensure that even patients with
a positive DPT receive all their medication; as
explained in Section 1, RCUH has described this as

the “restart protocol”.*®

The financial and staffing expenditure linked to
the high-risk technique of DPT with chemotherapy
can explain why real-life data are rather scarce.®
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epidermal necrolysis; SPT, skin prick testing.

*Defining risk categories for DPT:

(Ramon y Cajal University Hospital and Brigham & Women'’s Hospital).

towards avoiding DPT, but carefully consider on a case-to-case basis.

drug involved in the reaction.

plans.

compliance with international guidance on DPT and RDD.

progressively shorter RDD protocols.

Abbreviations: BAT, basophil activation test; CRR, cytokine release reaction; DHR, drug hypersensitivity reactions; DPT, drug provocation testing; I-DHR, immediate drug
hypersensitivity reactions; IV/IP, intravenous or intraperitoneal; NI-DHR, non-immediate drug hypersensitivity reactions; OIIS, oxaliplatin immune-induced syndrome; RA, risk
assessment; RDD, rapid drug desensitization; sIgE, specific immunoglobulin E; SCARs, severe cutaneous adverse reactions such as Stevens-Johnson syndrome, DRESS, AGEP, or toxic

-We recommend a systematic discussion of each case in a multidisciplinary team meeting (involving all the staff that will manage the patient, as well as the patient).

-High risk (DPT not advisable): The presence of comorbidities where exposure might provoke situations beyond medical control (e.g. uncontrolled asthma or lung disease with FEV1 <1
L, unavoidable use of beta-blockers —although this is controversial-, or mastocytosis), or previous life-threatening reaction (history of intubation and cardiovascular collapse), lack of
specific resources for DPT. Patients with positive skin prick testing (not intradermal testing) have been linked to a higher incidence of reactions during RDD in two different populations

-Low and medium risk (DPT potentially advisable): These should be defined locally and for each drug, as several factors might influence this (e.g. some centers might have easy access
to intensive care beds and consider riskier cases). See below different factors that should be considered in the risk assessment.

-Risk assessment is dynamic and should at least include these factors in the multidisciplinary discussion on a case-to-case basis:

(1) Endophenotype-related factors: allergy workup risk markers, both in vivo and in vitro (ST, sIgE, tryptase, IL-6, BAT). When ST is not available, the risk/benefit balance might then lean

(2) DHR-related: type of drug, severity of the reaction, previous life-threatening reaction (such as a history of intubation or cardiovascular collapse), type of reaction, more than one

(3) Exceptional situations like pregnancy, acute infections, critically ill patients, urgency to receive treatment, or clinical trials.
(4) Institutional-related factors, such as access to expert allergists with clinical expertise in drug allergy, access to a multidisciplinary team approach for each individual patient, trained
staff, specific resources, appropriate facilities (special dedicated areas for these techniques, and access to intensive care), risk-management strategies and worst-case scenario recovery

(5) Patient-related, such as comorbidities where exposure might provoke situations beyond medical control.
(6) Social factors (travel distance to center, level of anxiety, inclination toward DPT vs RDD)

**These are high-risk & high-complexity procedures: They need to be personalized by expert allergists and be performed in dedicated allergy-led spaces with specific resources. Some
groups recommend considering performing DPT and high-risk first RDDs on intensive care setting, and this should be agreed locally depending on local resources. We recommend

1There is virtually no experience with delayed reading skin testing, patch testing or in vitro testing for non-immediate reactions to chemotherapy.
} “Treating through” with topical/systemic steroids +/- antihistamines is a strategy used with benign exanthemas for NI-DHRs in other drugs. There is little experience in chemotherapy.

§ The manufacturer’s instructions for the infusion of these drugs generally already involve a low dose/time ratio, and sometimes a step-wise manner escalation. For DPT, we would
recommend using the most cautious administration protocol included in the manufacturer’s instructions for that specific drug. The value of adding extra premedication or altering
infusion times/rates beyond what is contemplated in the manufacturer’s instructions is not recommended. Such practices have not been validated, and they could affect tolerance,
mask early signs of a reaction, arguably further sensitize the patient, and create opportunity for human errors in the infusion center (e.g., by adding premedication that the staff are not
used to give and, during a busy shift, are likely to forget). Thus, if the reaction of the patient were worrying enough that such measures (additional premedication or altering infusion
rates beyond the manufacturer’s instructions) were being contemplated, we would recommend avoiding the direct DPT diagnostic pathway and rather choose the RDD therapeutic
pathway instead (with its specific infusion rates and range of premedication). After all, this could eventually lead to a diagnostic DPT further down the line, after confirming tolerance to

RCUH published the first reported data on
systematic DPT with chemotherapy agents.* Two
original articles by this same group followed this
initial experience, and they featured the largest
reported series of systematic DPTs with
chemotherapy.?* In one of these studies,
Madrigal-Burgaleta et al® reported data from
over 300 DPTs in patients with an unequivocal
clinical history of a reaction with chemotherapy
and biologics. Strikingly, 67% (229/341) of all
performed DPTs were negative, and only 33%
(112/341) were positive. Regarding safety, only
5% (17/341) of all patients undergoing DPT
experienced a severe reaction as per Brown's
classification. However, this comprised 15% of all
positive DPTs (17/112) who suffered a severe
reaction over 7 years, with 4 patients presenting
with  hemodynamic  changes (grade IV
anaphylactic shock reaction according to the
criteria of RCUH).2° Further results from these
studies are shown in Table 1.

Recently, Vazquez-Revuelta et al,. Catalan Insti-
tute  of Oncology (ICO)/Bellvitge  Drug

Desensitization Center (DDC) in Barcelona, Spain,-
published data on implementing the systematic
use of DPT before RDD with chemotherapy within
their diagnostic pathways on a different population
than that of the RCUH, with promising results, such
as a remarkable reduction in unnecessary
resource-intensive RDDs.*%3¢

MGH has also contributed with invaluable data
on the use of DPT. However, this group does not
use DPT as a diagnostic test systematically before
RDD but instead includes DPT at different stages
within drug-specific assessment pathways based
on skin testing and risk stratification.>3%47.139

These data from different groups strongly sup-
port the vital importance of DPT as a critical tool
within the management pathways for reactions to
chemotherapy. Moreover, these different ap-
proaches to DPT are not mutually exclusive, and a
recent review article by Hong et al® proposed a
management pathway combining them, with the
possibility of DPT set at different stages.
Regardless, most groups include this procedure



Alvarez-Cuesta E, et al. Allergy. 2015

Results from all patients referred over
three years after a DHR to biologics (n = 30)

DPT Result

Negative DPT
Positive DPT

DPT not undergone

Biologics
n = 30

9/30 (30%)
4/30 (13%)
17/30 (57%)

Results only from the patients who
underwent DPT with biologics (n = 13)

DPT Results

Negative DPT
Positive DPT

Biologics
n=13

9/13 (69%)
4/13 (31%)

Safety results from the patients with
a positive DPT to biologics (n = 4)

Severity Brown classification

Grade 1
Grade 2

Grade 3

Alvarez-Cuesta E, et al.
Allergy. 2015

Positive DPTs to biologics
n=4

3/4
2/4

0/4

Madrigal-Burgaleta R, et al. JACI: In Practice. 2019

Results from all referred patients over seven years
after a DHR to biologics (n = 95)

DPT Result

Negative DPT
Positive DPT

DPT not undergone

Biologics
n =95

47/95 (49%)
13/95 (14%)

35/95 (37%)

Results only from the patients undergoing
DPT with biologics (n = 60)

DPT Result

Negative DPT
Positive DPT

Biologics
n = 60

47/60 (78%)
13/60 (22%)

Safety results from the patients with a
positive DPT to biologics (n = 13)

Severity Brown classification

Grade 1
Grade 2

Grade 3

Positive DPTs to biologics
n=13

5/13 (38%)
7/13 (54%)
1/13 (8%)

Madrigal-Burgaleta R, et al.
JACI: In Practice. 2019

Table 3. Data on drug provocation testing (DPT) with biologics from the large cohort of patients of the RCUH (Ramon y Cajal University Hospital), Madrid, Spain n, number of patients; DPT,
drug provocation test; DHR, drug hypersensitivity reaction.
This table has been modified from the data in the studies by Alvarez-Cuesta et al. and Madrigal-Burgaleta et al. to show only drug provocation test results from patients reacting to biologics.
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The standard approach to drug provocation test:
Total dose 800 mg Solution concentration Drug

Solution A | 160 ml 5 mg/ml cetuximab

Step Solution | Rate (ml/h) | Administered volume (ml) | Time (min) | Administered dose (mg) | Cumulative dose infused (mg)

T S 7 T N

The cautious approach to drug provocation test
Total dose |800 mg Solution concentration Drug

Solution A | 160 ml 5 mg/ml cetuximab

Step Solution | Rate (ml/h) | Administered volume (ml) | Time (min) | Administered dose (mg) | Cumulative dose infused (mg)

A 30 15 30 15
A 60 145 145 725
Considerations:

(i) Safety is of the essence. DPT with intravenous biologics should be limited to well-selected patients with a favorable risk assessment. It
should be done ideally in an intensive care setting or equivalent (a well-equipped Allergy-dedicated Technical Area with complete crash
cart, and rapid access to intensive care <1 min), 1:1 patient:nurse ratio, expert nursing staff (well trained in the infusion of these drugs,
allergy, and emergency treatment), constant monitoring, constant supervision with nurse and allergist at the bedside (including someone
ready to rapidly stop the infusion), emergency anaphylaxis treatment at the ready (including pre-prepared intramuscular adrenaline).
Observation after challenge should be at least 1 h after finishing the infusion (or longer, conditional to product information, local guidance,
and type of reaction).

(i) The recommended concentrations and rates for cetuximab recommend not exceeding 5 mg/min on the first infusion, and that is the
chosen target speed for the DPT. Recommendations might depend on local standard operating procedures. Concentrations and infusion
times need to be discussed according to local guidelines (including small details such as whether the line is flushed with the drug or with
the solvent saline), and the protocol will need to be altered accordingly. Always check product information leaflets and local protocols for
specific administration recommendations in specific populations.

(iii) In the specific case of cetuximab, the product information states that patients need to be premedicated with corticosteroids and
antihistamines at least one hour before the infusion. It is recommended to check local guidance, as there might be variations. This practice
differs from guidelines on DPT with other drugs, which usually recommend against the use of premedication (especially with antihistamines
or steroids), as it can alter tolerance and hide warning symptoms. However, Madrigal-Burgaleta et al.” have shown data on the usefulness
of DPT with cetuximab whilst still using the standard premedication with corticosteroids and antihistamines for the DPT.

(continued)
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Considerations:

(iv) Product information leaflets should be available for all products from their manufacturers and must be compliant with the
recommendations of the relevant regulatory body, such as www.ema.europa.eu, products.mhra.gov.uk, or https://www.fda.gov/.

(v) Follow recently published guidance®

Table 4. (Continued) Example of a drug provocation test (DPT) or drug challenge with cetuximab as per Ramon y Cajal University Hospital (RCUH) standard and cautious protocols for a
total dose of 800 mg of cetuximab that was intended to be administered in 160 ml DPT, drug provocation testing; RCUH, Ramon y Cajal University Hospital. Note: The standard approach to DPT is as
close as possible to a standard infusion as per product information to avoid the risk of unnecessarily affecting efficacy and to ensure that we confirm tolerance under normal conditions so that nothing alters
tolerance to the drug. These drugs are meant to be infused over long periods, so the dose/minute ratio is already low on a standard infusion. In our experience, the key to safety is not necessarily on the infusion
rate but on carrying out these techniques in a high-risk area and having experienced and trained staff at the bedside ready to stop the infusion and administrate medication at the first sign of a reaction. Note on
increasing premedication beyond routine premedication: The value of adding extra premedication or altering infusion times/rates beyond what is contemplated in the manufacturer’s instructions is not
recommended. Such practices have not been validated, and they could affect tolerance, mask early signs of a reaction, arguably further sensitize the patient, and create opportunity for human errors in the
infusion center (e.g., by adding premedication that the staff are not used to give and, during a busy shift, are likely to forget). Thus, if the reaction of the patient were worrying enough that such measures
(additional premedication or altering infusion rates beyond the manufacturer’s instructions) were being contemplated, we would recommend avoiding the direct DPT diagnostic pathway and rather choose the
RDD therapeutic pathway instead (with its specific infusion rates and range of premedication). After all, this could eventually lead to a diagnostic DPT further down the line, after confirming tolerance to
progressively shorter RDD protocols. °The cautious approach could potentially induce tolerance, and thus, a negative DPT using the cautious approach might benefit from later performing a standard DPT on the
next scheduled infusion session. "Madrigal-Burgaleta R, Bernal-Rubio L, Berges-Gimeno MP, Carpio-Escalona LV, Gehlhaar P, Alvarez-Cuesta E. A Large Single-Hospital Experience Using Drug Provocation
Testing and Rapid Drug Desensitization in Hypersensitivity to Antineoplastic and Biological Agents. J Allergy Clin Immunol Pract. 2019;7(2):618-632. DOI: 10.1016/].jaip.2018.07.031. “Bavbek S, Pagani M,
Alvarez-Cuesta E, Castells M, Dursun AB, Hamadi S, Madrigal-Burgaleta R, Sanchez-Sanchez S, Vultaggio A. Hypersensitivity Reactions to biologicals: an EAACI Position Paper. Allergy. 2021, in press. DOI: 10.
1111/all.14984
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Fig. 2 Pathway for the assessment and management of drug hypersensitivity reactions to biological agents.

avoidance or desensitization if

5,6,27

recommend
possible and indicated).

Another crucial factor the authors mention is
access to allergy-led dedicated spaces, including
specific modifications for manipulating chemo-
therapy.®°? See Section 2 and supplementary text
1 for more information on these spaces and
handling hazardous drugs like chemotherapy at
your allergy department®°°,

Table 2 shows a practical example of a DPT to
paclitaxel as per RCUH recommendations, and
Fig. 1 shows a proposed assessment pathway for
reactions to chemotherapy.

SECTION 4: DELABELING ALLERGY TO
BIOLOGICS IN ADULT PATIENTS
(ALVAREZ-CUESTA & MADRIGAL-
BURGALETA)

Diagnostic in vivo and in vitro risk-biomarkers with
biologics

As described in Section 3 for chemotherapy
agents, the diagnostic in vivo and in vitro risk-
biomarkers  are essential to correctly

endophenotype patients and thus assess their
adequacy for delabeling.®**

Similar challenges as those found for ST with
chemotherapy agents apply to ST with biologics.
Even if different groups have found that ST is
essential to identify an IgE-mediated endotype,
there are still questions regarding non-irritating
concentrations and the ideal methodology for

performance  and  interpretation.®®2344.140
Nevertheless, several authors have reported
safe  and  helpful ST  with  nonirritant

concentrations to most biologics that have
been in the market long enough to start
causing DHRs and needing an assessment by
an allergist (when the biologic is easily
replaced, physicians tend to use an alternative
and avoid referral to an allergy department).*?
Generally, the only apparent limitation,
compared with ST to other drugs, seems to be
the elevated price of some
biologics.2521:23,25,35,42-44,140-144 However,
liaison with Pharmacy can help to minimize
costs, for example, by booking patients for ST
on a day in which the Pharmacy can use
remanents from other vials to make the ST
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AGEP, or toxic epidermal necrolysis; SPT, skin prick testing.

*Defining risk categories for DPT:

chemotherapy, but there are no data on biologics.

lean towards avoiding DPT, but carefully consider on a case-to-case basis.

drug involved in the reaction.

recovery plans.

recommend compliance with international guidance on DPT and RDD.

reduction.

confirming tolerance to progressively shorter RDD protocols.

Abbreviations: BAT, basophil activation test; CRR, cytokine release reaction; DHR, drug hypersensitivity reactions; DPT, drug provocation testing; I-DHR, immediate drug
hypersensitivity reactions; IRR, infusion related reaction; IV/IP, intravenous or intraperitoneal; NI-DHR, non-immediate drug hypersensitivity reactions; NSAID, non-steroidal anti-
inflammatory drug; RA, risk assessment; RDD, rapid drug desensitization; sIgE, specific IgE; SCARs, severe cutaneous adverse reactions such as Stevens-Johnson syndrome, DRESS,

-We recommend a systematic discussion of each case in a multidisciplinary team meeting (involving all the staff that will manage the patient, as well as the patient).

-High risk (DPT not advisable): The presence of comorbidities where exposure might provoke situations beyond medical control (e.g. uncontrolled asthma or lung disease with FEV1 <
1L, unavoidable use of beta-blockers —although this is controversial-, or mastocytosis), or previous life-threatening reaction (history of intubation and cardiovascular collapse), lack of
specific resources for DPT. Patients with positive skin prick testing (not intradermal testing) have been linked to a higher incidence of reactions during RDD in patients reacting to

-Low and medium risk (DPT potentially advisable): These should be defined locally and for each drug, as several factors might influence this (e.g. some centers might have easy
access to intensive care beds and consider riskier cases). See below different factors that should be considered in the risk assessment.

-Risk assessment is dynamic and should at least include these factors in the multidisciplinary discussion on a case-to-case basis:

(1) Endophenotype-related factors: allergy workup risk markers, both in vivo and in vitro (ST, sIgE, tryptase, IL-6, BAT). When ST is not available, the risk/benefit balance might then

(2) DHR-related: type of drug, severity of the reaction, previous life-threatening reaction (such as a history of intubation or cardiovascular collapse), type of reaction, more than one

(3) Exceptional situations like pregnancy, acute infections, critically ill patients, urgency to receive treatment, or clinical trials.
(4) Institutional-related factors, such as access to expert allergists with clinical expertise in drug allergy, access to a multidisciplinary team approach for each individual patient, trained
staff, specific resources, appropriate facilities (special dedicated areas for these techniques, and access to intensive care), risk-management strategies and worst-case scenario

(5) Patient-related, such as comorbidities where exposure might provoke situations beyond medical control.
(6) Social factors (travel distance to center, level of anxiety, inclination toward DPT vs RDD)

**These are high-risk & high-complexity procedures: They need to be personalized by expert allergists and be performed in dedicated allergy-led spaces with specific resources.
Some groups recommend considering performing DPT and high-risk first RDDs on intensive care setting, and this should be agreed locally depending on local resources. We

***There is virtually no experience with delayed skin testing, patch testing or in vitro testing for non-immediate reactions to biologics.

*¥***These can include, depending on the type of reaction, adding extra steps, additional fluids, antihistamines, antileukotrienes, NSAIDs, opioids, slow final infusion rate, final dose

+ The manufacturer’s instructions for the infusion of these drugs generally already involve a low dose/time ratio, and sometimes a step-wise manner escalation. For DPT, we would
recommend using the most cautious administration protocol included in the manufacturer’s instructions for that specific drug. The value of adding extra premedication or altering
infusion times/rates beyond what is contemplated in the manufacturer’s instructions is not recommended. Such practices have not been validated, and they could affect tolerance,
mask early signs of a reaction, arguably further sensitize the patient, and create opportunity for human errors in the infusion center (e.g., by adding premedication that the staff are
not used to give and, during a busy shift, are likely to forget). Thus, if the reaction of the patient were worrying enough that such measures (additional premedication or altering
infusion rates beyond the manufacturer’s instructions) were being contemplated, we would recommend avoiding the direct DPT diagnostic pathway and rather choose the RDD
therapeutic pathway instead (with its specific infusion rates and range of premedication). After all, this could eventually lead to a diagnostic DPT further down the line, after

1 “Treating through” with topical/systemic steroids +/- antihistamines is a strategy used with benign exanthemas for NI-DHRs in other drugs. There is little experience in biologics.

dilutions, or by booking patients for ST on the
same day of their DPT or RDD, so that
Pharmacy can use a small amount of that
material for ST.%3¢

There is a great deal of experience with deter-
mining specific IgE (slgE) to biologics, and the
literature shows a good correlation with ST. Un-
fortunately, their use is limited by the difficulty of
access to commercial platforms.?1124.140.145-147
Interestingly, cetuximab-reactive patients can be
sensitized (even before exposure) to the allergen
galactose-alpha-1,3-galactose as part of the
"alpha-gal syndrome”, and antibodies against this
allergen (which can induce DHRs to cetuximab)

can be detected by commercial
platforms,.143:148,149

There are limited case reports on using the
basophil activation test (BAT) to assess reactions to
biologics."®%"%2  Other biomarkers, such as

tryptase (for a type | hypersensitivity phenotype)
or IL6 (for a cytokine release syndrome), are
helpful for endophenotyping.®?344

Drug challenge or drug provocation testing with
biologics

Re-exposure to biological agents using stan-
dard infusion in patients with mild initial reactions
and negative skin testing was already considered
by Brennan et al in 2009.%* However, most of the
experience comes from one center, as specific
data on DPT to biologics from large prospective
studies have only been published by RCUH.**
Nevertheless, Vazquez-Revuelta et al, ICO/Bell-
vitge DDC, recently published new data on the use
of DPT in a different population, which supports
the successful use of DPT as a tool for delabeling
allergy to biologics.***® These promising data can
explain why recent comprehensive reviews with
proposed algorithms for managing reactions to
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Clinically validated

Author (year) or expert opinion

Shenoy et al. (2019)" Expert opinion

Devchand et al. (2019)%? Clinically validated

Table 5. Examples of antibiotic allergy assessment criterion

Low risk

. Isolated reactions that

are unlikely allergic
(eg, G, headaches)

. Pruritus without rash
. Remote (>10y)

unknown reactions
without features of IgE

. Family history of

penicillin allergy

. Childhood exanthema

unspecified

. Diffuse rash (>24 h

post) > 10 years ago

. Unknown reaction >10

years ago or family
history

. Isolated reactions are

unlikely to be allergic
(e.g. Gl, headache

1.
2.

ul AOWN —

Risk assessment criteria

Moderate risk

Urticaria or other
pruritic rashes
Reactions with features
of IgE but not
anaphylaxis

. Urticaria

. Angioedema

. Swelling

. Immediate onset rash

(<2 h post dose)

. Laryngeal or

respiratory
involvement

AWN

A W O N-

High risk

. Anaphylactic

symptoms.

. Positive skin testing
. Recurrent reactions
. Reactions to multiple

beta-lactam antibiotics

. Anaphylaxis
. Blistering, pustular or

desquamating rash

. Rash and mucosal

ulceration

. Severe renal, liver or

haematological
abnormalities

. Unknown reaction <10

years ago
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Author/Region

Trubiano et al.
(AUS)152

Blumenthal
et al. (USA)'"®

Du Plessis et al.

(NZ)153

Li et al.
(AUS)154

Ramsey et al.

(USA)'=5

Stone et al.
(USA)132

2018

2019

2019

2019

2020

2020

58

76(6)°

34

56

48

54

Inpatient
Outpatient

Inpatient

Inpatient

Inpatient

Inpatient

Inpatient
(ICU)

Assessor

Infectious Diseases

Allergist/Non-
specialist medical/
Physician Assistant/
Nurse

Pharmacist

Allergist/
Immunologist

Allergist/
Immunologist

Allergist/
Immunologist

Pros
pective

Yes

No

Yes

Yes

Yes

Yes

Patients

Adults

Adults

Adults

Adults

Adults

Adults

Low-Risk Definition

Any one of: Type A
reaction (non-immune
mediated)/Unknown
reaction >10 years
prior/Benign
childhood rash/Non-
urticarial rash/
Maculopapular
exanthem >10 years
prior

Any one of: Minor
rash (not hives)/
Maculopapular rash/
Recorded allergy
which patient denies

Delayed onset Rash
and > 5 years ago

Any one of: Type A
reaction (non-immune
mediated)/Immune
mediated reaction
Excluding:
Anaphylaxis (<10
years)/IgE mediated
<1 year/Hemolytic
anemia/Serum
Sickness/Severe
cutaneous reactions

Any of one: Rash/
Hives/Itching/
Unknown and >20
years ago and Nil
emergency medical
attention

Any one of: Urticaria
only >5 years distant/
Self-limited rash/
Gastrointestinal
symptoms only/
Remote childhood
reaction with limited
details/Family history
of penicillin allergy

Follow-up

5 Days

1 month + 1
year

3 Days

2 weeks

Chart review at
7 months

Oral
Challenge
(full dose)

1-step
penicillin/
amoxicillin
(250 mg)

2-step
amoxicillin

5-step
amoxicillin
(500 mg)

3-step
amoxicillin
(250 mg)
then 3days

3-step
amoxicillin

(500 or
875 mg)

1-step
amoxicillin

(250 mg)

0%

3.9%
(immediate)

8.8%
(immediate)

3.6%
(delayed)

2%
(immediate)
4% (delayed)

0%

0¥9001°2z0z noloem /91010l /610" 10p//:dnny
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Chua et al. 2020 | 200 | Inpatient Infectious Diseases | Yes Adults Any one of: Type A 90 Days 1-step 1.5%"°

(AUS)"35 reaction (non-immune penicillin/ (immediate)
mediated)-where amoxicillin 1.5%
direct de-labelling not (250 mg) (delayed)

accepted by patient/
Unknown reaction
>10 years prior/
Benign childhood
rash/Injection site
reaction/
Maculopapular
exanthem >10 years
prior

Tucker et al. Allergist/ All reactions 1-step 1.5%°
(USA)157 Immunologist Excluding: Severe amoxicillin (immediate)
cutaneous reactions/ (250 mg)

Hepatitis/Hemolytic
anemia/Nepbhritis

.
)

-
N

Allergist/ All reactions 1-step 1.1%
Immunologist Excluding: Severe amoxicillin (immediate)
cutaneous reactions/ (250 mg)

Hepatitis/Hemolytic
anemia/Nephritis

(continued)
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Author/Region

Kuruvilla et al.
(USA)159

Stevenson
et al. (AUS)"??

Mustafa et al.
(USA)143

Savic et al.
(UK)1 60

Table 6. Direct oral penicillin challenges in the inpatient and outpatient setting of primarily adults® - Adapted from Rose et al.’** (2020) “Paediatric patients were included in some of the studies.

Year

2019

2019

2019

2019

\|

20

167

79

56

Setting

Outpatient

Outpatient

Outpatient

Outpatient
(Pre-
Operative)

Assessor

Allergist/
Immunologist

Allergist/
Immunologist

Allergist/
Immunologist

Nurse

Pros
pective

No

Yes
(RCT)

Yes

Patients

Adults

Adults

Adults +
paeds
(mean
age
35.3)

Adults

Low-Risk Definition

requiring intubation/
Anaphylactic shock/
Severe non-IgE-
mediated reactions
(SJS, TEN, Interstitial
nephritis, Hepatitis,
Hemolytic anemia,
DRESS, Cutaneous/
mucosal blisters,
Hypersensitivity
vasculitis,
Pneumonitis,
Pulmonary fibrosis
and Serum sickness)

Any one of: Non-
specific benign rash/
Remote unknown
reaction/Benign
somatic symptoms
and >1 year ago

“Low-risk” defined by
center-specific
protocols

Any one of: Skin rash/

Hives/Itching/
Unknown and >10
years ago and Nil
emergency medical
attention

Any one of: Nausea/
Vomiting/Diarrhea/
Non-itchy rash/No
hospital admission/
Thrush/Unknown and
>15 years ago

Follow-up

3-7 Days

5-7 Days

Oral
Challenge
(full dose)

1-step
amoxicillin
(500 mg)

1 or 2-step
amoxicillin or
implicated
penicillin

2-step
amoxicillin
(400 mg)

3-step
amoxicillin
then 3 days
(500 mg)

0%

3.6%

(immediate)

3.8%
(immediate)

2%

(Immediate)

Adults were considered >16 years of age. "Received IM adrenaline to prevent reaction progression (nil systemic features identified). “Data presented in review article and not published previously.
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Total dose

Solution A’
Solution A
Solution B

Solution C

Step | Solution | Rate (ml/h) | Administered volume (ml)

1 A
2 A
3 A
4 A
5 A
6 A
7 A
8 A
9 B
10 B
11 B
12 B
13 C
14 C

250 ml
250 ml
250 ml
250 ml

88
100
200
400

88
100
200
400

88
100
200
400

88
123

Solution concentration

22
25
50
100
22
25
50
100
22
25
50
100
22
211.15

Total infusion time: 297 min (4 h and 57 min)

0.0016 mg/ml
0.016 mg/ml
0.16 mg/ml
0.8 mg/ml

Time (min)

15
15
15
15
15
15
15
15
15
15
15
15
15
102

Total dose in each solution (mg)

dose (mg)

0.0
0.04
0.08
0.16

0.0

0.4

0.8

1.6

0.0

4.0

8.0
16.0

0.0

168.92

0.4

40
200

step (mg/min)

NA
NA
X2
X2
NA
x2.5
X2
X2
NA
x2.5
X2
X2
NA
x1.6

Oxaliplatin
Oxaliplatin
Oxaliplatin

Oxaliplatin

Administered | Fold increase per | Approximative cumulative

dose infused (mg)

0.0
0.04
0.12
0.28
0.28
0.68
1.48
3.08
3.08
7.08

15.08
31.08
31.08
200.0

Premedication: Ideally, they should comply with the manufacturer’s instructions and institutional protocols for standard oxaliplatin
infusion. We do not recommend systematic additional premedication (e.g. with steroids or antihistamines) as a measure to prevent
breakthrough reactions, however, tailored premedication may be added depending on a personalized case-to-case approach.

(continued)
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Administered | Fold increase per | Approximative cumulative

Step | Solution | Rate (ml/h) | Administered volume (ml) | Time (min) dose (mg) step (mg/min) dose infused (mg)

Total dose calculation and discarded volume: Not all the volume in solutions A’, A, B, or C is infused. The protocol starts with one
solution A’ containing a 1:500 dilution. Solution A contains a 1:50 dilution, solution B a 1:5 dilution, and the final solution C contains the
full concentration (1:1) of the culprit drug. The total dose to be infused during solution C is calculated by subtracting the cumulative dose
administered in steps 1-13 from the total desired dose.

Adjustments to the volume of the bags: The standard volume in the solution bags for the RCUH RDD protocol is 250 ml. In some cases,
bag volume might need adjustment depending on the manufacturer’s instructions and/or product information.

Additional bags for high-risk patients: The standard RCUH flexible protocol uses 3 bags to be administered over 10 steps, starting on
bag A (1:50 dilution). This is a version of the protocol for high-risk patients in which an additional solution A" (1:500 dilution) has been
added be added before solution A. This modification provides a lower starting dose. In patients with positive ST, the starting dose can
potentially be determined based on an endpoint titration according to local protocols.

Flushing steps: Each solution uses an individual infusion line previously primed with 22 ml of the solvent serum (be aware that platins need
glucose 5% serum, not saline). Steps 1, 5, 9, and 13 are considered “line flushing steps” (in which 22 ml of the solvent serum are
administered). Line flushing steps must be adapted to local circumstances. For example, in this case, RCUH used 22 ml infusion systems
for the infusion pumps (Alaris® SE | pump smartsite infusion set), hence the 22 ml flushing steps.

Adjustments to final infusion rate: Step 14 may be adapted to the desired final infusion rate according to the standard regimes indicated
by the referring oncologist (additional steps may be added to reach higher infusion rates while maintaining a maximum dose increasing
by 2-fold to 2.5-fold with each step).

Avoiding human errors: Infusion pumps with automatic multi-step infusion options (e.g., RCUH used Alaris® SE double channel for this
protocol) should be used to avoid human errors associated with manually changing infusion rates every 15 min.

Table 7. (Continued) Example of a high-risk version of the standard flexible RCUH RDD protocol for a total dose of 200 mg of oxaliplatin meant to be administered in a volume of 250 ml
over two hours RCUH, Ramon y Cajal University Hospital; NA, not applicable; RDD, rapid drug desensitization; ST, skin testing.
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biologics include the possibility of DPT in the
assessment pathways,* 234244153

As explored in Section 1 of this manuscript, DPT
is the Gold Standard for delabeling.'®331%4
Delabeling prevents non-hypersensitive patients
from unnecessary RDD procedures.>*® For
example, it is remarkable how in the RCUH
population, up to 49% of all referred patients
with an unequivocal clinical history of a
hypersensitivity reaction to biologics had a
negative DPT and therefore could avoid RDD.?
However, 13 DPTs were positive in a 7-year-long
study, and even while most reactions were mild,
there was at least one severe reaction as per
Brown'’s classification.? Thus, even if there were no
reactions with hemodynamic compromise (grade
IV reaction as per RCUH classification), it is
undeniable that DPT with biologics is a high-risk
technique and must be performed only by ex-
perts in drug allergy.>® More data on the use of
DPT with biologics on Table 3.

There is an open discussion about the ideal
way to implement delabeling within the diag-
nostic pathways and the perfect candidates for
DPT with biologics.>®#%42 |n any case, given the
currently available data, reactive patients should
always benefit from assessment by experts in
drug allergy, and DPT should be an available
option provided the risk assessment s
favorable.®4? Therefore, multidisciplinary
decisions are encouraged when considering
DPT to ensure a thorough evaluation of the
benefits and risks for the patient. Table 4 shows
a practical example of a DPT to cetuximab as
per RCUH recommendations. Fig. 2 shows a
proposed assessment pathway for reactions to
biologics.

SECTION 5: DELABELING ANTIBIOTIC
ALLERGY IN ADULT PATIENTS (PHILLIPS &
TRUBIANO)

Stewardship imperative for antibiotic delabeling

Patient-reported antibiotic allergies (so-called
antibiotic allergy labels [AALs]) are associated with
the generation of antimicrobial resistance (AMR)
and inferior antimicrobial stewardship (AMS) out-
comes, inappropriate antibiotic usage, use of
broad-spectrum and restricted antimicrobials,
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methicillin-resistant Staphylococcus aureus (MRSA)
colonization, Clostridium difficile infection, post-
operative infections, prolonged admissions, and
delay to appropriate antibiotic therapies.?*"%%"
162 Antibiotic allergy delabeling programs, in
both immunocompetent and
immunocompromised hosts, have safely been
implemented into antimicrobial stewardship
programs (ASP) globally, improving patient and
hospital outcomes."®37%? There has been a call
to incorporate antibiotic allergy delabeling that
includes not only delabeling penicillin but other
antibiotics, and  incorporating  delabeling
strategies for multiantibiotic labels into ASPs is
supported by the recent Infectious Diseases
Society of America (IDSA) guidelines."”?'72 The
recent development of penicillin allergy risk
assessment tools and protocols for direct oral
penicillin - DPT  have enabled widespread
implementation of these practices to improve
medication safety and ASP endpoints.

Penicillin allergy - Risk stratification and
assessment tools

Previously, a range of antibiotic allergy assess-
ment tools that include ST with or without oral DPT,
direct oral DPT and decision support have been
published.’®”17®  Shenoy and  colleagues
presented an expert opinion algorithm for
extrapolating antibiotic allergy assessment into
risk-stratification (Table 5).'77% Devchand et al
produced an assessment tool that a non-allergist
can utilize to enable an allergy history and subse-
quent risk stratification, with a resultant sensitivity
of 91.8% and specificity of 97.5% (Table 5). 175176
A range of assessment tools and grading systems
are now available to aid clinicians in asserting
penicillin allergy phenotype correctly.

Clinical decision rules have also been recently
employed to allow further point-of-care risk-stratifi-
cation utilizing minimally available clinical informa-
tion. A penicillin allergy rule (PEN-FAST) was derived
from prospective data from 622 patients that un-
derwent penicillin allergy testing in Melbourne
(Australia) and subsequently externally validated in
cohorts from Sydney, Perth, and Nashville (United
States) (n = 945 patients).177 The 4 features
associated with a positive penicillin allergy test
result on multivariate analysis were subsequently
summarized in the mnemonic PEN-FAST: penicillin
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allergy, 5 or fewer years ago, anaphylaxis/angioe-
dema, severe cutaneous adverse reaction (SCAR),
and treatment required for allergy episode. The
major criteria included an allergy event occurring 5
or fewer years ago (2 points) and anaphylaxis/
angioedema or SCAR (2 points); the minor criterion
(1 point), treatment required for an allergy episode.
A cutoff of fewer than 3 points for PEN-FAST was
chosen to classify a low risk of penicillin allergy, for
which only 17 of 460 patients (3.7%) had positive
results of allergy testing (Area under the curve (AUC),
0.805; Negative predictive value (NPV) 96.3% (95%
Cl, 94.1%-97.8%)). There have been other successful
attempts at clinical decision rule development. Ste-
venson et al, from a retrospective cohort of 447
Australian patients with a penicillin allergy, identified
benign rash more than 1 year previous as a low-risk
criterion (sensitivity, 80.6%; specificity, 60.8%)."”2
Siew et al used a retrospective cohort from the
United Kingdom (n = 1092) to identify predictors
of true antibiotic allergy and generated low-risk
criteria consisting of (1) no anaphylaxis, (2) reaction
more than 1 year ago, and (3) no recall ofindex drug
(NPV of 98.4%)."7 Chiriac et al from a French
retrospective B-lactam allergy cohort generated a
clinical decision rule that was unable to predict
allergy (AUC, 0.67; sensitivity, 51%; NPV, 83%).180
Stone et al applied a risk assessment rule to
effectively delabel patients of penicillin allergy in
the medical intensive care unit.'®" A range of
penicillin allergy clinical results are available. PEN-
FAST appears to offer advantages over alternative
models due to international validation, high NPV and
use of prospective data for internal derivation and
validation.

Penicillin allergy - evidence for direct oral drug
provocation testing or drug challenge

There is increasing evidence for the use of direct
oral penicillin DPT without ST on benign NI-
DHRs."®? A recent article by Rose et al reviewed
the recent literature up to May 2020 for direct
oral DPT in 1912 accumulative low-risk penicillin
allergy patients, with adverse event rates of 0-4.2%
and 0-8.8% for outpatient and inpatients noted,
respectively. Heterogeneity was present in
selected phenotypes, DPT steps and drug
dosing.”®® Chua et al, in the most recent study,
integrated direct oral penicillin DPT into a whole-
of-hospital ~ ASP,  demonstrating  significant

benefits to appropriate prescribing (2-fold in-
crease) and narrow-spectrum penicillin (10-fold
increase) usage.'g‘I Direct oral DPT is the most
cost-effective delabeling strategy,®’ and penicillin
delabeling overall consistently proves to be cost-
saving."®%"85 A summary table of direct oral DPT
studies is shown in Table 6.

Similar studies have demonstrated the efficacy of
oral DPT in pediatric patients."®*4'87 |n the
outpatient setting, the efficacy of direct amoxicillin
DPT without ST has been demonstrated in
children."®® Mill et al studied 818 children in the
outpatient allergy setting and demonstrated that
graded direct oral amoxicillin DPT was tolerated in
94.1%, even when including potentially moderate-
and high-risk allergies (eg, anaphylaxis)."®?
Abahams and Ben-Shosan recently reviewed the
literature,"?®  and in  conjunction  with
recommendations from British Society of Allergy
and Clinical Immunology (BSACI) and American
Academy of Allergy Asthma and Immunology
(AAAAI/World  Allergy  Organization  (WAO),
proposed a recommendation for direct oral DPT in
NI-DHRs, and potentially I-DHRs, to amoxicillin.””*?"

The available literature is now overwhelming for
the support of direct oral DPT and, in particular,
the integration into ASP. Previous small cohort
studies are now supported by large prospective
multicentre inpatient studies®' and randomized
control data.’®® The use of direct oral penicillin
DPT should be employed in the inpatient setting
under specialist observation and routinely in the
outpatient allergy setting. Future studies are
required to standardize the testing parameters, in
particular: single vs multi-step DPTs (1-step vs
multi-step), final accumulated dose and duration of
DPT (single dose vs multi dose).

However, many members of the reviewing panel
of this document have recommended caution and
avoiding overenthusiastic approaches to direct
oral DPT. Please, see Section 11 for some
comments from other colleagues on this
approach.

Cephalosporin and other beta-lactam allergy

Anaphylaxis occurs in less than 0.001% of
parenteral exposures of cephalosporins.?* As
documented for penicillin allergy, immediate
hypersensitivity reactions to cephalosporins can
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wane over time."?? There is less information about
the validity of cephalosporin ST. One study
suggested that almost 70% of patients had lost
ST sensitivity to cephalosporins after 5
years."?*19% However, cross-reactivity between
cephalosporins appears to be largely driven by
their shared R1 side chains.'®® In particular, in
Europe and Australia, there may be cross-
reactivity between aminopenicillins and amino
cephalosporins based on the shared R1 side-
chain.’”*7"%7 Evidence exists to suggest that
cephalosporin testing is not necessary in patients
with a penicillin allergy label with unknown
cephalosporin tolerance.'®® For low-risk amino-
cephalosporin allergy, where drugs are only
available orally and there is no ST strategy, direct
oral DPT is a reasonable approach to delabeling.
Cephalosporin ST is useful for diagnosis of an I-
DHR to the suspected drug and also to identify
cross-reactivity patterns related to typically shared
R1 but occasionally shared R2 side-chains. How-
ever, accumulating evidence suggests that such
patients will tolerate all other penicillins and
cephalosporins with distinct side chains. Cefazolin
has distinct R1 and R2 side-chains.””"?® Cefazolin

is currently the most common cause of
perioperative anaphylaxis in some countries.
Ceftriaxone is also a common cause of

anaphylaxis and shared R1 side-chains with cefe-
pime, cefotaxime and other cephalosporins. Cur-
rent evidence indicates that cross-reactivity
between penicillins and other beta-lactams such as
carbapenems, which do not share either a class-
specific ring or an R1 or R2 side-chain, is <1%.%*

Sulfonamide antibiotics

It is well established that there is no cross-
reactivity between sulfonamide antibiotics and
non-antibiotic sulfonamides.”?® Currently, it is
estimated that sulfa antibiotics are the most
common antibiotic label following penicillin.?°
The approach to sulfonamide DHRs might vary
depending on the type of reaction and the risk
assessment; however, the usefulness of skin
testing seems to be limited to specific cases and
DPT seems to be the main delabeling tool.’®
Previous guidelines supported multidose DPT
approaches to sulfa antibiotics. However, the
evidence base that this was needed is weak, and
there is concern that these approaches could
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represent desensitization rather than
delabeling.?°" More recent studies reinforce that
direct sulfa antibiotic DPT accomplished by
single-dose DPT in those with remote low-risk re-
actions or multi-step DPT in those with a history of
immediate reactions can be conducted safely with
excellent efficacy and effectiveness.?°? In one
recent study of oral DPT in adults with sulfa
antibiotic allergy labels, 98.9% of those with an
unspecified sulfa allergy could safely receive a
single  or  2-dose  direct trimethoprim-
sulfamethoxazole DPT.?92

Fluoroquinolone allergies

Recent animal and human studies support that
many reactions previously thought to be IgE-
mediated  allergies  associated  with  fluo-
roquinolones may be non-IgE reactions mediated
through the interaction between fluoroquinolones
and the MRGPX2 mas-related G-protein coupled
receptor on mast cells.?°* This has been supported
by tolerance of lower dose fluoroquinolones in the
vast majority of patients with allergy labels to
fluoroquinolones.?®* The apparent lack of cross-
reactivity between fluoroquinolones may also be
supported by the different affinity of fluo-
roquinolones for this receptor.2°® In addition, true
anaphylaxis has been reported to be more
common with moxifloxacin which has been
estimated to cause approximately 54% of
fluoroquinolone associated anaphylaxis.??%2%¢

However, the Reviewing Panel has considered it
advisable to discuss data from a recent study in
which hypersensitivity to quinolones was diag-
nosed in 128 of the 170 patients assessed.??® This
study detected a certain degree of cross-reactivity
among fluoroquinolones. Remarkably, DPTs with
alternative quinolones were positive in 13 of 24
subjects with a well-demonstrated quinolone hy-
persensitivity. In particular, DPTs with levofloxacin
were positive in 3 of the 5 subjects with ciproflox-
acin hypersensitivity, while DPTs with ciprofloxacin
were positive in 5 of the 8 subjects with hyper-
sensitivity to moxifloxacin.

ST with fluoroquinolones has been problematic
secondary to their innate ability to cause
concentration-dependent non-IgE mediated mast
cell activation. However, recent studies suggest
that oral DPT may be a valid mechanism to delabel
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fluoroquinolone IgE mediated reactions and that
ST may potentially be used to differentiate IgE and
non-IgE mediated mast cell activation.29%%%¢
These studies suggest that up to 75% or more of
those with immediate reactions to
fluoroquinolones will tolerate the implicated
fluoroquinolone when undergoing diagnostic
drug challenge. It is quite likely in these cases
that the original reaction may have been more
likely related to Mas-related G protein-coupled
receptor-X2 (MRGPRX2) activation. In patients
with a non-anaphylactic immediate reaction to
fluoroquinolones it seems reasonable to conduct a
single or graded observed diagnostic drug chal-
lenge to the implicated fluoroquinolone. In pa-
tients with anaphylactic reactions, it could be
argued that the time from the index reaction to the
study could be relevant, as patients with positive
ST results seem to have a more recent history of a
reaction, and thus suggest that sensitization wanes
over time.2% This is in line with findings from other
groups.?9%2%¢ However, whether this means
clinical allergy wanes over time is unclear, and
studies have struggled to find statistical
significance  when comparing outcomes in
patients with more recent vs more distant
DHRs.29%29¢ SPT and IDT with the highest non-
irritating concentrations can be helpful in the
diagnosis of a true IgE mediated reaction and to
help characterize cross-reactivity.?%*

SECTION 6: INTRAVENOUS
DESENSITIZATION TO CHEMOTHERAPY
IN ADULT PATIENTS (MADRIGAL
BURGALETA & ALVAREZ-CUESTA)

General considerations

DHRs to chemotherapy have increased in recent
years, and these DHRs can jeopardize treatment
completion, thus affecting survival outcomes and
quality of life for reactive patients. Fortunately, as
we explored in Section 1, RDD is a cost-effective
procedure that allows hypersensitive patients to
receive their treatment safely and maintain the
same survival outcomes as their non-
hypersensitive counterparts.”®"

In this section, we will assume that the patient
has already undergone an allergy workup. As per
guidelines, patients should have a confirmed hy-
persensitivity before considering RDD.*® As

explained in Section 3, in vivo and in vitro
techniques will help us reach that diagnosis.
However, some patients will inevitably have an
unconfirmed diagnosis, and this usually happens
in patients with negative biomarkers who cannot
undergo confirmatory DPT for whatever reason
(eg. unfavorable risk assessment).”

The detailed clinical history and the results ob-
tained from the in vivo and in vitro biomarkers will
help us endophenotyping these patients. Most
chemotherapy-reactive patients will present with a
type | hypersensitivity (as per Gell & Coombs)
endophenotype (whether IgE-dependent or non-
IgE-dependent). However, as discussed in Section
3, some chemotherapeutics, such as oxaliplatin,
can also present with mast-cell-independent cyto-
kine release reactions (CRRs) or even with re-
actions that include mixed symptoms resembling
both type | and CRR symptoms. Bearing this in
mind is essential, as it can impact the ideal pre-
medication, the odds of a breakthrough reaction,
the choice of protocol, the management of
breakthrough reactions, and the later adjustments
to the protocols of reactive patients.??272
Personalized risk assessment is the key to safety
during RDD, and there are different non-mutually
exclusive approaches to it.?

In Section 1, we discussed the general
considerations of RDD, including its indications
and contraindications. However, this section will
delve into the development of RDD protocols for
chemotherapy and the specific considerations we
must bear in mind.

Rapid drug desensitization protocols

Only the use of validated RDD protocols is rec-
ommended.’® Three existing groups (BWH, MGH,
RCUH) have validated their flexible standard
protocols in a large series of patients for different

types of reactions and a wide range of
drugs.2'3'61'122'125'207'208

Desensitization was first used in the mid-twen-
tieth century in patients experiencing type | re-
actions to penicillins.®> In 1994, Wong et al*%®
published an RDD protocol for vancomycin that
served as a template for some of the MGH
current RDD protocols. According to Wong
et al,"**> MGH RDD protocols for oxaliplatin
“were adopted standardized protocols for


https://doi.org/10.1016/j.waojou.2022.100640

Solution A

Solution B

1 A
2 A
3 A
4 A
5 B
6 B
7 B
8 B
9 C
10 C

Total infusion time: 236.5 min (3 h, 57 min, 30 s)

Total dose

Solution C

Step Solution

500 mg

Rate (ml/h)

88
100
200
400

88
100
200
400

88
125

Solution concentration

Administered
volume (ml)

22
25
50
100
22
25
50
100
22
212.5

0.04 mg/ml
0.4 mg/ml
2 mg/ml

Time (min)

15
15
15
15
15
15
15
15
15
101.5

Administered
dose (mg)

4
0.0
10
20
40
0.0
425

Total dose in each solution (mg)

10
100
500

Fold increase per
step (mg/min)

NA
NA
x2
x2
NA
x2.5
x2
X2
NA
x1.6

Approximative cumulative
dose infused (mg)

Drug

Infliximab
Infliximab

Infliximab

0.0
1.0
3.0
7.0
7.0
17.0
37.0
77.0
77.0
500.0

Premedication: Ideally, they should comply with the manufacturer’s instructions and institutional protocols for standard infliximab infusion.
We do not recommend systematic additional premedication (e.g. with steroids or antihistamines) as a measure to prevent breakthrough

reactions, however, tailored premedication may be added depending on a personalized case-to-case approach.

Total dose calculation and discarded volume: Not all the volume in solutions A, B, or C is infused. The protocol starts with one solution A,
which contains a 1:50 dilution. Solution B contains a 1:5 dilution, and the final solution C contains the full concentration (1:1) of the culprit
drug. The total dose to be infused during solution C is calculated by subtracting the cumulative dose administered in steps 1-9 from the

total desired dose.

Adjustments to the volume of the bags: The standard volume in the solution bags for the RCUH RDD protocol is 250 ml. In some cases,

bag volume might need adjustment depending on the manufacturer’s instructions and/or product information.

(continued)
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Partners Institutions (Massachusetts General
Hospital, Brigham and Women’s Hospital, and
Dana Farber Cancer Institute). They were similar
to our published protocols used for carboplatin
and cisplatin, which were modifications of our
previously published vancomycin desensitization
protocol""*?

Other protocols like BWH or RCUH were
inspired by previous clinical experiences but
incorporated the data obtained from in vitro
models, such as one published by Sancho-Serra
et al.®® According to Castells:*® “the protocols
used for in vitro desensitization have been
adapted in vivo and further adaptations have
produced safe protocols for human use with
similar dose increments and interval times."
Indeed, the adaption of in vitro data into in vivo
real-life practice and continuous adaptation to
produce safer and more personalized protocols
has been at the heart of BWH and RCUH pro-
tocols.?*2429% Again, according to Castells:*®
“these human protocols have now been used in
thousands of cases with remarkable safety since
the inhibitory mechanisms of desensitization
protect against anaphylaxis.” Indeed, both BWH
and RCUH have each published data of over
1000 RDD procedures for a wide range of drugs.
Their impressive efficacy and safety profiles
guarantee the success of this technique in real
life, even in 2 remarkably different populations,
in the hands of expert allergists with access to
the necessary resources.?®’

Approximative cumulative
dose infused (mg)

Fold increase per
step (mg/min)

dose (mg)

O
[}
el
Q
-

e

=
£

O

<

Time (min)

The RCUH protocol published by Madrigal-
Burgaleta et al® was designed to last for
approximately four hours, thus allowing for
single-morning RDDs. It was also designed so
that each solution bag had an individual infusion
line previously primed with the dilutor substance,
a local requirement for handling hazardous drugs
in some hospitals.*?°? Table 7 features a practical
example of an RDD protocol for a high-risk patient
as per RCUH, and Fig. 1 shows a management
pathway for RDD in DHRs to chemotherapy.

Administered
volume (ml)

Rate (ml/h)

Solution

The BWH protocol published by Castells MC
et al?°7 lasts approximately 6 hours, similar to that
by MGH. It was designed so that the individual
infusion lines for each solution bag are primed
with the chemotherapeutic, thus allowing for

by the referring physician (additional steps may be added to reach higher infusion rates while maintaining a maximum dose increasing

administered). Line flushing steps must be adapted to local circumstances. For example, in this case, RCUH used 22 ml infusion systems
by 2-fold to 2.5-fold with each step).

flexibly adapted for high-risk patients by adding a solution A’ (1:500 dilution) with additional 4 steps before solution A. This modification
for the infusion pumps (Alaris® SE | pump smartsite infusion set), hence the 22 ml flushing steps.

provides a lower starting dose. In patients with positive ST, the starting dose can potentially be determined based on an endpoint

titration according to local protocols.
needs saline serum as solvent). Steps 1, 5, and 9 are considered “line flushing steps” (in which 22 ml of the solvent serum are

Flushing steps: Each solution uses an individual infusion line previously primed with 22 ml of the solvent serum (be aware that infliximab
protocol) should be used to avoid human errors associated with manually changing infusion rates every 15 min.

Avoiding human errors: Infusion pumps with automatic multi-step infusion options (e.g., RCUH used Alaris® SE double channel for this

Additional bags for high-risk patients: The standard RCUH flexible protocol uses 3 bags to be administered over 10 steps. This can be
Adjustments to final infusion rate: Step 10 may be adapted to the desired final infusion rate according to the standard regimes indicated

Step

Table 8. (Continued) Example of the standard RCUH RDD protocol for a total dose of 500 mg of infliximab meant to be administered in a volume of 250 ml over two hours RCUH, Ramon y

Cajal University Hospital; NA, not applicable; RDD, rapid drug desensitization; ST, skin testing.
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minimal volumes to be infused during the initial
steps.

RCUH and BWH protocols are based on a three-
bag standard flexible protocol that can be
personalized for the individual patient. For
instance, the starting dose can be modified for a
more cautious protocol for selected high-risk pa-
tients by including more solutions (typically a four-
bag protocol), or more steps can be added in
patients who develop breakthrough reactions
during RDD. In addition, they have been validated
for several different types of drugs and reactions
(IgE-dependent and  non-IgE-dependent).?*"
RCUH, as per European guidelines, includes the
possibility of deciding the initial dose based on
an ST endpoint titration for patients with positive
ST.2358 Determining the initial dose this way is
more typical of food allergy, but it has also been
recommended in drug allergy, for instance, in
antibiotic RDD.®”

As discussed in the Introduction and Section 2,
RDD protocols need to be validated in the local
population. MGH features one of the most
ambitious internal validation efforts in large series
of patients, not only of their flexible protocol for
RDD but also of the delabeling diagnostic
pathways (based on risk-stratification and
ST).37.3847,59.100122,125210211 |\ qoed  MGH's
Banerji et al?® have been trying to understand for
many years how other doctors manage reactions
to chemotherapeutics at their institution and how
they can most efficiently help their colleagues
and their patients, and this has influenced their
sophisticated  assessment pathways. MHG's
pathways offer flexibility using clinical history in
conjunction with ST to guide RDD protocols
tailored to each patient and specific drug,
intending to avoid unnecessary RDDs and
optimize resources.’?9122125

Most centers use variations of these standard
protocols depending on risk assessment and other
factors, such as longer protocols for high-risk pa-
tients and progressively shorter protocols in lower-
risk individuals with negative ST results who have
tolerated RDD  without breakthrough re-
actions.??#73? |n any case, irrespective of the
choice of protocol depending on local
characteristics, ideally, internal validation of the
protocol on a series of patients should be
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pursued as soon as possible, as countless factors
might incur on local variations that can impact
the correct functioning of RDD, from drug
preparation to  human  errors, different
administration protocols, or even automated
infusion machines.? Thus, identifying local
strengths, hazards, risks and establishing error
prevention strategies is vital for successfully
improving patient outcomes.? Recent efforts for
internal validation include those applying these
existing protocols to their specific
hospitals.>526:212

Some groups have made modifications to the
protocols to serve local needs and benefit from
tailored improvements.?'*2"¢ Remarkably, there
have been recent efforts to design protocols
based on the use of one bag alone, which could
reduce complexity in preparing the drug, avoid
using low concentrations that might affect drug
stability, and reduce human errors.?13-218
However, there are still some methodological
limitations to one-bag protocols that need to be
addressed. Firstly, there is a lack of large series of
well-characterized patients (including DPT to
minimize false-positive diagnosis of allergy) using
one-bag protocols and including enough numbers
of severe reactors. To date, only one study by Sala-
Cunill et al. has actively attempted to meet these
criteria and, remarkably so, compared the results
of using three-bag protocols versus one-bag pro-
tocols in their population, finding no differences
between them.?'® Hopefully, further future
publications will cast some light on this.
Nevertheless, the current evidence suggests that
one-solution protocols are certainly a valuable
tool in low/medium-risk patients.

The choice of protocol is a complex issue, as
many factors will be involved: local hazardous
drugs handling guidelines, workload (both in the
allergy department and the pharmacy depart-
ment), drug stability, patient risk assessment, error
prevention policies, or type of drug. However,
protocols published by different groups may co-
exist in one center?”®, For instance, hazardous
drugs handling policies may motivate one center
to use RCUH'’s protocols for chemotherapy and,
instead, BHW's protocols for non-hazardous
drugs.'%1%298 Gimilarly, one center may use
three-bags protocols for one type of drug and
one-bag protocol for a different one.???® And,
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hypothetically, a given center usually using one-
bag protocols may decide to use the 16-step
BWH's protocol for the occasional especially
high-risk patients, as this protocol reaches
remarkably low initial doses.®"

Irrespective of the choice of protocol for RDD,
these need to adhere to two basic principles
based on the current in vitro and in vivo
experience:?*¢°862.198 (iy The initial dose should
be around a 1000-10,000th of the target dose
(100th of the initial dose could be considered for
the shorter transition protocols in low-risk pa-
tients with good tolerance) and be subthreshold
for anaphylaxis. (i) There should be around 10-16
steps of approximately 2-fold to 2.5-fold incre-
mental doses of the drug antigen at fixed 15-
30 minute time intervals.

Furthermore, protocols alone are no guarantee
for success.??® Therefore, for optimal outcomes, it
is agreed that these protocols are to be used by
expert allergists, within an institutional MDT, and
in dedicated spaces with the adequate
resources.?®2%36.219-221 \No strongly discourage
RDD being performed without the direct
supervision of an allergy team with experience in
drug allergy and specific training in
chemotherapy RDD. As explained in Section 2,
unstructured management by isolated teams
without the input of allergists can lead to patients
unnecessarily stopping their first-line therapies or
being exposed to unnecessary risks.*”

Premedication for rapid drug desensitization

There are no evidence-based guidelines for
premedication in RDD, as data from systematic
studies are scarce.”*"

Medical practitioners typically believe that
adding systematic “anti-allergic” premedication
will prevent breakthrough reactions and make
RDD easier. However, counterintuitively, some
centers support minimizing premedication and
only using the minimum recommended by the
manufacturer’'s instructions for the first RDD
procedure.??%3¢  These groups only add
additional premedication to subsequent RDDs if
necessary, ie, after breakthrough reactions during
the first RDD attempts. The results seem similar
to other groups, with most RDDs being

uneventful after the third attempt.??? It is of note
that manufacturer's instructions already use
considerable premedication, and additional
drugs might not improve the effectiveness of
RDD, yet they could potentially hide early
warning breakthrough reactions.*?°3¢ ?On the
other hand, other centers use systematic
premedications.?%¢1.141.142

In any case, all these groups consider that the
decision should be personalized to the individual
patient, the type of reaction, and the specific drug,
as particular cases might need different
management.??32%81 For example, antihistamines
canbeusedforH1and H2 blockage, montelukast or
zileuton to prevent respiratory symptoms,
acetylsalicylic acid can prevent symptoms caused
by prostaglandins, other NSAIDs, opioids and
steroids can be used to avoid CRR symptoms such
as fever/chills or pain, even benzodiazepines can
have a role to relieve the anxiety caused by the
procedure ?19:2%.61.222 |ntarestingly, adding fluids
as a type of premedication has shown promising
results for specific kinds of reactions, especially in
biologics.?®

Recent evidence shows that routine premed-
ication with antihistamines and steroids in RDD to
paclitaxel might be unnecessary, could be associ-
ated with unwanted effects, and could potentially
mask the onset of breakthrough reactions whilst
they are mild.?

Routinely adding corticosteroids does not seem
beneficial for RDD unless recommended by the
manufacturer’s instructions, for other purposes (eg,
antiemetic), or in patients with specific
endophenotypes. 2223222224

Interestingly, avoiding routine premedication
with antihistamines in RDD with platins allowed to
produce in vivo data on mast cell involvement in
the RDD process by confirming the negativization
of STs after RDD.?

Breakthrough reactions during rapid drug
desensitization

Most RDD procedures (74-88%) are entirely
uneventful,?¢" and breakthrough reactions during
RDD procedures are mostly mild (58-
73%):26" however, up to 39-42% of the patients
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undergoing RDD can potentially suffer a
breakthrough reaction.?®' Some authors have
found that a positive skin prick test (SPT) result or
a total IgE over 100 Ul/I could be predictors of
breakthrough  reactions during RDD  with
platins.?"'?%  Nevertheless, further studies are
needed in this regard.

Interestingly, breakthrough reactions usually
occur during the first 3 procedures, which could
be explained by the careful personalizations to the

patient’s protocol by the expert
allergist.?? However, they can happen at any
point, even after several uneventful RDD
procedures.?%241

The treatment of these breakthrough reactions
should follow local guidelines, but RCUH devised a
specific management tool, which can be useful in
RDD to chemotherapy.? After a reaction is
controlled, RDD should continue where it was
stopped.?©’

There is always a non-zero risk of anaphylaxis
during RDD, and we must bear in mind that those
anaphylactic reactions can be fatal even after many
successful RDD  procedures.”®  Furthermore,
potentially fatal reactions of a nature different to
anaphylaxis, such as oxaliplatin immune-induced
syndrome (OIIS), can happen at any time also
need monitoring.®® For these reasons, patients
under RDD should remain under the direct care
and supervision of the allergy
department.261/1:5.:41.298

After a breakthrough reaction, most authors
recommend tailored adjustments to the following
RDD procedure, and these could come in the form
of customized premedication (either upfront or
right before reactive steps), decelerating dose
escalation with intermediate steps, more pro-
longed RDD procedures starting at a lower dose
and concentration, or temporary final dose
reduction.?¢" Omalizumab has been successfully
used as premedication in difficult cases.??*%32 |t
is helpful to keep in mind that other drugs such
as premedication or concomitant antineoplastics/
biologics can be possibly involved as the cause
of breakthrough reactions during RDD.?"°
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Specific phenotypes of patients and
considerations

The description of endophenotypes in drug al-
lergy to chemotherapy has been a landmark in the
diagnosis and tailored management of these
patients.???7 In addition to the endophenotypes
we discussed in Section 3, an article by Madrigal-
Burgaleta et al®> described a series of
"phenotypic patterns”:

(1) "First RDD", Most reactive patients, regardless
of the culprit drug, react during their first RDD
procedure. Thus, they recommend specific
safety measures during the first
procedure.? These authors found that once
reactive patients achieve an uneventful RDD
(usually by the third attempt), it is uncommon
for patients to suffer more reactions, and they
can be transferred to lower risk areas, which
is compatible with the experience of other
authors. %2722

(2) However, some patients can suffer “break-
through reactions after several uneventful
RDDs", and thus all patients need to remain
under the care of the allergy department.??"22

(3) Some patients might present with “fever/chills”
either from the initial reaction or after several
uneventful procedures. Fever/chills could be
compatible with a cytokine release syndrome
(which will need specific premedication) or an
OIIS (when oxaliplatin is involved and specific
alterations are identified in the blood tests, and
which would be a reason to stop administering
oxaliplatin altogether).?21:22.65

(4) Some authors have found that a “positive skin
prick test (SPT)” during the allergy workup after
a DHRs can be associated with a higher risk of a
breakthrough reaction during RDD, and so
these  patients should be  managed
carefully.?¢’

(5) Patients with an old history (> 6 months) of a
reaction with platins show a tendency to have
negative ST and even DPT, but then become
“positive converters"®>*These patients might
need tailored approaches, especially during
their assessment, as discussed in Section 3.

(6) Chemotherapy-reactive patients are surpris-
ingly likely to suffer a DHR to more than one
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and DPT becomes
2,10

“concomitant drugs”,
essential to study these patients

(7) When those patients are confirmed as hyper-
sensitive to two different drugs that happen to
be involved in the same chemotherapy
scheme, these patients might require “double
RDD” (i.e. RDD to two different drugs at the
same time because RDD is antigen-specific®?).
The most common combinations of double
RDD are leucovorin/oxaliplatin, leucovorin/
irinotecan, carboplatin/paclitaxel, cyclophos
phamide/mesna, cisplatin/mannitol, cyclophos
phamide/docetaxel.?#1°:

SECTION 7: INTRAVENOUS
DESENSITIZATION TO BIOLOGICS IN
ADULT PATIENTS (MADRIGAL-
BURGALETA & ALVAREZ-CUESTA)

General considerations

The use of biologics has increased remarkably in
recent years, and so have DHRs to these
therapies.?® Unfortunately, DHRs to biologics not
only can be severe but can also compromise the
use of first-line therapies for fear of inducing
further reactions.?*#” Despite the available data on
the success of therapeutic techniques like RDD for
the management of DHRs to biologics, referrals to
the allergy department can be as low as 4% (or
even inexistent in many centers), and many
patients are unnecessarily changed to alternative
therapies or are unnecessarily put at risk of further
reactions without an appropriate allergy workup.*”

This section will assume that patients have
already followed the delabeling pathway,
including a full allergy workup and risk assess-
ment, before considering RDD, as explained in
Section 4. In Section 1, we discussed the general
considerations of RDD, including its indications
and contraindications. However, this section will
focus on how this applies to the specific
characteristics of  biologics. In  addition,
Supplementary text 2 will briefly review some
specific practicalities of drug desensitization in
subcutaneous biologics.

Rapid drug desensitization protocols

Recent reviews show how there is an array of
different local empirical protocols, which are either

originally designed or are variations of previous
protocols, generally showing single cases or data
from small populations.?*#%° However, there are
mainly three groups using RDD protocols that are
compliant with the findings of in vitro models for
RDD and, importantly, validated in vivo on series
of well-studied patients, namely, those used by
BWH, MGH, and RCUH.*231:2:23:44.62.74 gection 6
discussed the origins, similarities and differences
of these different protocols.

The RCUH standard flexible RDD protocol for
biologics was validated on 30 patients undergoing
178 RDD procedures with different biologics (rit-
uximab, infliximab, natalizumab, and
trastuzumab).? Even if most of the RDD experience
with cetuximab RDD has involved one-bag pro-
tocols, a separate group successfully used this 3-
bag protocol for cetuximab in a reactive patient
who was sensitized to alpha-gal."®® Interestingly,
this patient showed decreased alpha-gal slgE
levels after completing 10 RDD procedures, which
could inform future research on the behaviour of
biomarkers overtime during RDD.'*® Table 8
features a practical example of the RCUH RDD
protocol, and Fig. 2 shows the management
pathways for RDD in DHRs to biologics.

The BWH standard flexible RDD protocol was
validated on 23 patients undergoing 105 RDD
procedures with different biologics (rituximab,
infliximab, trastuzumab).*® Recently, the BWH
group has presented further data on 104 patients
undergoing 526 RDD procedures with a wide
range of biologics, including data also on
subcutaneous procedures.?® Moreover, the BWH
protocol has been widely used for an array of
biologics in different populations ?>:3¢141.142

MGH has successfully used their RDD protocols,
similar to their previously published protocols for
chemotherapeutics, in combination with risk strat-
ification with the goal of decreasing unnecessary
RDDs.*”"7* This group recently published data
using their protocols for 25 rituximab-reactive pa-
tients who underwent 170 RDD procedures using
three related protocols.”*

An unmet need is how to make these RDD
protocols easier to prepare for the pharmacy
department to save time and minimize the risk of
errors (e.g. one-bag RDD protocols), and in this
sense, both the BWH and the RCUH groups have
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successfully used the same one-bag RDD protocol
for cetuximab,?'** with promising data by
Madrigal-Burgaleta et al on 6 patients undergo-
ing 77 one-bag RDD procedures.? Interestingly,
another group shared data successfully using a
one-bag protocol on patients reacting to ritux-
imab, cetuximab, and natalizumab.?2' And
recently, another group published one-bag RDD
procedures for cetuximab, obinutuzumab, and
trastuzumab.?"®

Most centers use variations of their standard
protocols depending on risk assessment and other
factors, such as more prolonged protocols for
high-risk patients and progressively shorter pro-
tocols in good responders.>?37% Understandably,
some centers might need further local adaptations
to the standardized published protocols, so
internal validation of the RDD protocols is
essential, as countless factors could affect the
RDD outcomes.?”

Irrespective of the choice of protocol, as
explained in more detail in Section 6, we
encourage allergy-led MDTs to use protocols
validated in a large series of patients and
compliant with the current in vitro knowledge on
the mechanisms of RDD.#42

Premedication for RDD

There are no evidence-based guidelines for
premedication in RDD to biologics. Please see
Section 6 for a more detailed discussion.

Breakthrough reactions during RDD

Most RDD procedures with biologics (72-87% of
all RDD procedures)  are completely
uneventful 22361142 However, up to 40-58% of
the patients undergoing RDD to biologics can
potentially suffer a breakthrough
reaction.?'#?  Interestingly, a  meaningful
percentage of breakthrough reactions during
RDD seems to be caused by CRRs.?® This could
explain  why RDD to biologics can feature
patients who tend to encompass multiple
breakthrough  reactions, which can be
progressively more severe in some cases.?>?* In
any case, severe breakthrough reactions during
RDD procedures with biologics are still rare
(accounting for 2-17% of the reactive RDD
procedures),>23¢61.142 and breakthrough
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reactions during RDD are significantly milder
than the initial reaction to the drug.?*

The treatment of these reactions should follow
local guidelines, but RCUH devised a useful tool
for RDD in biologics.? After a reaction is
controlled, RDD should proceed where it was
stopped.?#3¢1

Interestingly, as discussed in Section &6 for
chemotherapy, breakthrough reactions usually
occur during the first three procedures and then
become rare. This is easily explained by the
personalized adjustments made by expert
allergists to the protocols of reactive
patients.? However, they can happen at any
point, even after several uneventful RDD
procedures.?®' For this reason, even if the
specific location for RDD or the protocols can be
adjusted after several uneventful procedures,
patients under RDD should remain under the
care and direct supervision of the allergy
department.®®?

After a breakthrough reaction, most authors
recommend tailored adjustments to the following
RDD procedure, and these could come in the form
of customized premedication (either upfront or
right before reactive steps), decelerating dose
escalation with intermediate steps, more pro-
longed RDD procedures starting at a lower dose
and concentration, or temporary final dose
reduction.>®727% Recent data by Isabwe et al*?
suggest that dose reduction and fluids as
premedication could be helpful in patients with
multiple recalcitrant reactions. It is beneficial to
keep in mind that other drugs such as
premedication or concomitant antineoplastics/
biologics can be possibly involved.?"°

The BWH seems to have reduced the number of
reactive RDD procedures to biologics in the last
years when comparing the data from Sloane
et al®" and Isabwe et al.?® Describing different
endophenotypes to better guiding the selection
of the optimal RDD protocol and premedication
(including fluids) might constitute the landmark
that could potentially explain this remarkable
improvement. However, more data are needed in
different populations.
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Rituximab Desensitization Protocol for Pediatric Patients

Solution Rituximab/bag (mg) Concentration (mg/ml)

1 2.06 0.008

2 20.6 0.082

3 205.189 0.821

Step Solution | Rate (ml/h) | Rate (mg/kg/h) Time (min) Dose/Step (mg) Total Dose (mg)
1 1 1 0.0006 15 0.0021 0.0021
2 1 25 0.002 15 0.0052 0.0072
3 1 5 0.003 15 0.0103 0.0175
4 1 10 0.006 15 0.0206 0.0381
5 2 2.5 0.02 15 0.0515 0.0896
6 2 5 0.03 15 0.103 0.1926
7 2 10 0.07 15 0.206 0.3986
8 2 20 0.1 15 0.412 0.8106
9 3 5 0.3 15 1.0259 1.8366
10 3 10 0.7 15 2.0519 3.8885
11 3 20 1.3 15 4.1038 7.9922
12 3 30 2 482.5 198.0078 206

Table 9. Successful Pediatric Rituximab Desensitization Protocol. Total time 648 min infusion; final infusion rate: 2.0 mg/kg/hour. Each
Solution was 250 ml total volume Reprinted with permission from Dilley MA, Lee JP, Platt CD, Broyles AD. Rituximab Desensitization in Pediatric Patients:

Results of a Case Series. Pediatr Allergy Immunol Pulmonol 2016; 29:91-4.

SECTION 8: INTRAVENOUS
DESENSITIZATION TO ANTIBIOTICS IN
ADULT PATIENTS (WONG)

Investigations for antibiotic allergy, including
DPT, are usually standard procedures for an al-
lergy department.’ However, the need for RDD to
intravenous antibiotics is not as frequent. Some
allergy departments based in larger hospitals
may have to provide care for inpatients. Some
inpatients may have a label of allergy or may
present with a DHR during their admission. An
antibiotic from a different class can be used in
most cases, and investigations can be postponed
until the patient is stable. However, there may not
be an equally effective alternative for some of
these patients in some situations. Thus, an allergy
workup might be needed on site.

In some patients, the allergy workup may
confirm an allergy to the required drug. However,
in other cases, the risk assessment may not be
favorable for the patient to undergo confirmatory
testing, leaving the allergist with a patient in need
of a specific antibiotic to which there is an uncon-
firmed allergy label and with no option for confir-
mation in the acute setting. In both of these
situations, RDD may be a life-saving option for
these patients."?

In this section, we will explore the section
authorgroup’s standard practical approach to
intravenous RDD to antibiotics. In addition,
Supplementary text 3 describes how to approach
these patients before considering whether they
are appropriate candidates for RDD.
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General approach

Intravenous (V) rapid drug desensitization

Informed consent

Informed consent should be obtained from the
patient, responsible family member, or caretaker if
available. As explained in Section 1, an additional
informed consent should be requested from the
referring physician confirming that there is an
indication for the patient to be treated with the
given drug despite DHRs. This ensures the
indication is documented and discussed with the
patient, that there is a multidisciplinary
discussion, and that the drug of choice is clearly
specified by the referring physician to avoid
mistakes.

The site of desensitization may depend on the
resource available

If available, RDD should take place in the inpa-
tient setting, and intensive care unit (ICU) if the
patient is high risk. A monitored inpatient unit may
be used if the risk is low to moderate or it is
deemed that the benefit outweighs the risk for the
particular patient when an ICU bed is not available.

A monitored outpatient unit with emergency
medications and personnel may be used if the risk
is low to moderate when an inpatient unit is
unavailable.

In any case, there should be an expert allergist
at the bedside. And option is for a mobile allergy
team (eg, allergist and nurse) to visit the patient in
the ICU or the inpatient setting. An ideal option is
to move the patient to the allergy-dedicated
Technical Area were high-risk allergy procedures
are usually performed. This would involve a dis-
cussion with the patient’s team to ensure that the
patient can be safely transported there. See
supplementary text 1 for an example of a Technical
Area.

We strongly discourage allergists providing
non-allergist inpatient teams with RDD protocols
for them to carry out RDD procedures at the ward
without the specific supervision of an allergist, as if
this was standard practice. This could be poten-
tially risky for the patient, as the space might not
be suitable for these high-risk and high-complexity
procedures, and the staff in the ward might not be
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specifically trained in RDD and anaphylaxis, might
lack experience in drug allergy, might not be able
to constantly monitor and supervise the patient, or
- in worst-case scenarios - might not even be
aware that an RDD is being performed or what it
entails.

Prior to the desensitization

Obtain baseline vital signs including tempera-
ture, blood pressure (BP), pulse rate, and O2 sat %.

Ensure that emergency medications (epineph-
rine, H1 antihistamines, H2 antihistamines, IV fluid,
and bronchodilators/nebulizers) are available.

When possible, try to minimize cofactor(s) that
can interfere with the desensitization, such as
concurrent narcotics or other agents with direct
mast cell degranulating (DMCD) properties.

The procedure

As discussed in Section 1, the general principle
is to start with a minute quantity that the body can
tolerate safely. This is generally 1/10,000-1/1000 of
the final dose but may range from 1/10% to 1/1
starting at a very slow speed. The choice is
dependent on the particular antibiotic and the
severity of the previous reaction. If the suspicion
for an anxiety reaction is high, normal saline may
be administered as the first step (as a single-
blind placebo). If a hypersensitivity reaction
occurs at these low doses, the physician may
step back and start lower. However, it is
important to do so only for reaction(s) likely
reflecting a true hypersensitivity reaction and not
due to anxiety.

Increase the infusion rate over time, usually at
intervals of 15-30 min. The ideal protocol should
increase the rate at small to moderate multiples
but sufficiently fast to allow completion of the RDD
in a reasonable period of time.

As a specific feature of this approach, the pro-
tocol that we have developed often alternates
between 3x and 3.3 times every other step at the
early to mid-portion of the RDD.?°® These
increments were chosen to be an approximation
of the square root of 10 (3.14). The net result is
that there will be a 10-fold increase in the RDD
infusion rate after every 2 steps. As discussed in
Section 1, based on in vitro data, near-doubling
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doses every 15-30 minutes theoretically is safer
than going up by 10-fold every 30 minutes. We
typically use the time interval between steps
starting at 15 minutes, but it may be adjusted to
every 10-30 minutes. At 15 minutes intervals be-
tween steps, the early to the middle part of the
RDD protocol will increase 3.0- to 3.3-fold every
15min, equivalent to a 10-fold increase every
30min. For the typical patient that starts at 1/1000
dilution for the initial step, the first 100 fold in-
crease can be achieved by 60 minutes, and the
target full-strength infusion rate can be reached 90
minutes into the RDD. This can be accelerated by
using a 10-minute interval, achieving the 3.0-3.3
fold increase by 10 minutes and the 10-fold in-
crease by 20 minutes. In situations where the risk
for reactions is higher, a longer interval may be
pursued. For 30 minutes intervals, the time for 3.0-
3.3 fold increase slows to 30 minutes and for 10-
fold increase slows to every 60 minutes,
respectively.

Once the desensitization reaches the full
strength dilution, we advise slowing the advance-
ment to a 2-fold increase or less as our experience
indicates that more patients are likely to develop a
reaction at this point of the desensitization.

In general, there are no evidence-based guide-
lines on the use of antihistamines, steroids, or
other pretreatments for antibiotic RDD. There is
one exception of note, vancomycin, a well known
direct mast cell degranulator (DMCD), may some-
times benefit from premedication and not neces-
sarily need RDD, but this should be assessed by
expert allergists (see detailed information on spe-
cific antibiotic classes below). In addition, if the
patient had required antihistamines for cutaneous
reactions during previous desensitization, antihis-
tamines may also be used prophylactically.

If a reaction occurs during any stage of the
desensitization

If the reaction is mild (eg, grade 1 as per
Brown's classification), the physician may try
treating through the reaction by adding H1
antihistamines, +/— H2 antihistamines, and a
temporary continuation at the same rate until the
reaction subsides.

If the reaction is moderate (eg, grade 2 as per
Brown'’s classification), the physician may hold the

infusion, add H1 antihistamines, +/— H2 antihista-
mines, and bronchodilators/respiratory medica-
tions if necessary. Epinephrine should be ready
and observe if symptoms subside. If improved,
may restart at 25-50% of the previously tolerated
infusion rate and resume incremental desensitiza-
tion at the rate(s) that is tolerated by the patient.

If the reaction is severe (life-threatening re-
actions like grade 3 reactions as per Brown's
classification), administer epinephrine 0.15 mg
(0.15 ml of 1 mg/ml for lighter children) to 0.3 mg
(0.3 ml of 1 mg/ml for bigger children and adults)
or 0.5 mg (0.5 ml of 1 mg/ml for adults weighing
over 50 kg) IM in the thigh immediately. The anti-
biotic infusion should be paused. IV fluid should
be administered if available. Additional measures
may be pursued depending on the type of reac-
tion, available resources, local guidelines, specific
circumstances and response to treatment. The
RDD may be resumed at 10-20% of the last infu-
sion rate if the patient has recovered completely
and it is deemed that the benefit outweighs the
risk to further pursue RDD.

If the reaction appeared to have a threshold
beyond which reactions continue to recur despite
the desensitization process, administration of the
remaining dose might be capped and adminis-
tered at the highest tolerated drug infusion rate.

As additional considerations, repeat measure-
ment of vital signs at each step, take photos of any
cutaneous reaction, draw serum tryptase level
within 1-2 hours of the reactions if laboratory
measurement is available. If the patient developed
severe back pain, fever, and/or darkened urine,
draw complete blood count, differential, platelet
count, urinalysis, and compare with baseline.
Detail documentation of the complete desensiti-
zation process to serve for future reference.

Oral desensitization (rapid and slow protocols)

For antibiotics and other drugs that are only
available in oral forms, oral desensitization is the
protocol of choice. The need for this may arise in
reactive patients in different scenarios, from using
metronidazole for trichomoniasis to the urgent
need for treatment with antituberculosis
drugs.’?® This exceeds the objectives of this
manuscript, which is focused on intravenous
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RDD, but we will
considerations.

mention some general

The principle is the same as for the intravenous
desensitization protocols with the following
modifications:

If the drug is soluble in water, dissolve the drug
in a defined volume of water (filtered, previously
boiled, bottled, or distilled water may be used).
Preparation should start with the amount of water
that will dilute the drug to an easily defined con-
centration such as 1 or 10 mg per ml starting
concentration. For example, for an antibiotic vial
that contains 250 mg of lyophilized powder, add
sufficient water to bring the final volume to 25 ml
to make the full concentration of 10 mg/ml. Label
the concentration.

If the drug is not soluble in water, crushed the
drug by mortar or open the capsule and suspend
the drug in a defined volume of water (filtered,
previously boiled, bottled, or distilled water may
be used) in an empty small medical bottle. Prep-
aration should start with the amount of water that
will dilute the drug to an easily defined concen-
tration such as 1 or 10 mg per ml starting con-
centration as above. Ideally, we should have
support from the pharmacy department.

Again, in liaison with the pharmacy department,
the next steps should be to make serial 10-fold
dilutions by taking a defined volume of the solu-
tion or suspension with the highest concentration
(such as 3 ml) and adding sufficient water to make
a 10-fold less concentrated solution/suspension
(27 ml). For suspension, be sure to shake the
medication container just prior to removing the
defined volume to be diluted to avoid settling of
the suspension. A convenient container will be a
small empty clean medication bottle. A small
beaker or paper cup may also be used. Label each
dilution.

The remaining steps will be similar to the intra-
venous desensitization  protocol with  oral
substituted for the intravenous. However, specific
practical considerations will need to be consid-
ered, for example, to shake the container that will
be used for each step and remove the desired
amount with a small measuring spoon or pipette
and give to the patient to take orally. Then proceed
in similar steps as the intravenous desensitization
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protocol, bearing in mind similar principles (an
initial dose that is subthreshold for anaphylaxis
and lower than 1/1000 of the target dose, near-
doubling dose increases in a step-wise manner
every 15-30 minutes in at least 10 steps).®? The
oral desensitization protocols have been adopted
to provide successful desensitization for many
other drug classes; however, wherever possible
published protocols tested in large series of well-
characterized patients should be used. Liaison
with pharmacy is essential to ensure quality control
of the preparations. Ideally, all these drug prepa-
rations should be prepared and checked by
pharmacy and delivered timely and safely to the
area where desensitization will take place.

Detailed information on specific antibiotic classes

Whilst this section described the general prac-
tical approach towards desensitization to antibi-
otics, specific antibiotic classes might have
distinctive features that will influence the practical
approach to the individual patient. Please see
supplementary  text 4  for  beta-lactams,
supplementary text 5 for fluoroquinolones,
supplementary  text 6  for  vancomycin,
supplementary text 7 for sulfonamides, and
supplementary text 8 for macrolides.

Supplementary information on non-IV drugs

The section’s author group has a longstanding
experience in delabeling and desensitization in
drug allergy. We thought it would be useful for the
reader to have access to further information on
drug desensitization (supplementary text 9) for
other drugs (namely, aspirin and other NSAIDs,
balsalazide, clopidogrel,  ethacrynic  acid,
hydroxychloroquine, lamotrigine, methadone,
metronidazole, sulfadiazine, simvastatin).

SECTION 9: DELABELING &
INTRAVENOUS DESENSITIZATION TO
MISCELLANEOUS DRUGS (CUESTA-
HERRANZ & GUZMAN-MELENDEZ)

Introduction

Whilst there is extensive experience with
desensitization protocols for some drugs, there is a
body of miscellaneous drugs for which only case
reports or series of cases have been reported.
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Patients in need of treatment with these drugs and
lacking alternatives will surely benefit from
assessment by an expert allergist if they are to
receive safely the treatment they have reacted to
previously. For these patients, allergists might find
themselves in the situation of having to use
desensitization protocols with little documented
experience. In this section, we will review desen-
sitization with intravenous drugs with scarcely
documented experience in the literature. Hope-
fully, this can aid allergists in the decision-making
process, knowing that, even if the general princi-
ples of desensitization apply, the recommenda-
tions described in this section might be supported
by low-quality evidence and will need a great deal
of experience on the part of the allergist to suc-
cessfully and safely manage these patients.

Specific drug groups

See supplementary text 10 for corticosteroids,
supplementary text 11 for intravenous iron,
supplementary  text 12 for heparins,
supplementary text 13 for radiocontrast media,
supplementary text 14 for insulin, supplementary
text 15 for fluorescein, supplementary text 16 for
vitamins, and supplementary text 17 for diuretics.
In addition, medications used for rare diseases
can be irreplaceable. There are commendable
examples in the literature of allergy departments
liaising with teams managing rare diseases to
ensure that all patients received their optimal
first-line treatment despite DHRs. For instance,
Aranda et al. published their remarkable experi-
ence with enzyme replacement therapy
desensitization.**?

SECTION 10: DE-LABELING &
INTRAVENOUS DESENSITIZATION IN
CHILDREN - CHEMOTHERAPY,
BIOLOGICS, ANTIBIOTICS - (BROYLES &
MACIAG)

Introduction

DHRs are relatively common in pediatric pa-
tients, occurring in up to 9.5% of hospitalized pa-
tients and 1-8% of outpatient visits.>**"
236 Medication-induced anaphylaxis represents
the most common cause of fatal anaphylaxis
among pediatric patients in the United
States.?*” These reactions can be unpredictable

and dose-dependent, making them difficult to di-
agnose and manage." %232

Although a significant number of reactions can
be serious, unfortunately, many pediatric patients
are inappropriately labeled as medication-
allergic.?*? Many of the symptoms attributable to
DHRs in children may be virus-induced or related
to a drug-virus interaction. These may not repre-
sent a persistent, drug-specific hypersensitivity re-
action. These confounders complicate the
diagnosis of pediatric drug allergy.?4°

An article by Dioun et al explored how the
approach to the diagnosis and management of
DHRs applies to children as well as adults, with
several caveats.?** If possible, ST to the offending
agent should be completed in the outpatient
setting, preferably >4 weeks after the reaction to
reduce false-negative results.®29%247 |f there is
a history of mild reaction, particularly if ST is
negative, DPT as a diagnostic procedure may be
performed in a monitored setting to observe if
the medication in question provokes a reaction.
Unlike RDD, DPT does not modify the child’s
immunologic response to a drug.**? See Section
1 for a review of these general concepts.

In cases with confirmed immune-mediated
DHRs, particularly in cases with moderate to se-
vere reactions, RDD may be considered if the
medication is considered first-line treatment or
alternatives are not available. The decision to
desensitize a child should be made carefully as
severe breakthrough reactions are possible.?4'-
244 Informed consent must be obtained with
every patient and/or their parents/guardians, with
a careful discussion of the risks, benefits, and
alternatives to the procedure.?** For very young
pediatric patients, or those with developmental
disabilities, RDD in an intensive care setting may
be advantageous, as they may require more
careful monitoring.®" At Boston Children’s
Hospital, pediatric patients with mild-moderate
reactions undergo initial RDD in the step-down
unit of the intensive care, while those with severe
reactions are desensitized in the intensive care
unit.?** After a well-tolerated RDD, repeat pro-
cedures may be performed in a carefully-
monitored outpatient unit with appropriately-
trained staff.®? Pediatric RDD have been
completed successfully to various antibiotics,?4%"
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monoclonal  antibodies,
chemotherapeutics as well as other drugs.

Pretreatment

As discussed in Section 6, there are no evidence-
based guidelines on premedication for RDD. How-
ever, in the experience of the authors of this section,
pretreatment regimens for children are aimed at
preventing or minimizing the severity of break-
through reactions. Regimens for children may
include diphenhydramine (1 mg/kg up to 50 mg),
and/or ranitidine (1.5 mg/kg up to 150 mg), admin-
istered 20 minutes prior to the initiation of the pro-
tocol. Second or third generation antihistamines,
such as cetirizine, are also used and may mitigate
reactions towards the end of a protocol. Montelukast
may be used, especially when RDD was previously
unsuccessful.??2 In children, CRRs during RDD for
monoclonal antibodies or chemotherapeutic
agents may be ameliorated by the administration
of acetaminophen (15 mg/kg, maximum 650 mg)
with histamine blockers.?%?

Antibiotics

The ramifications of being labeled with a pedi-
atric antibiotic allergy are serious and potentially
long-lasting. In fact, 75% of children diagnosed
with penicillin allergy were labeled before age 3.
As discussed in Section 5, the label of penicillin
allergy is frequently perpetuated into adulthood,
precipitating the use of less effective, more
expensive and broader-spectrum antibiotics, with
potentially more adverse effects.?°*2%% |n reality,
after the indicated evaluation, >90% may be able
to tolerate the penicillin in question.?*>"2%7 Many
cephalosporins may be inappropriately restricted
in children labeled as penicillin-allergic. The rate
of cephalosporin allergy in those with penicillin
allergy is now known to be 2%, significantly less
than the previously reported 8%."'”* Careful
evaluation of the molecular structure and side-
chain configuration is helpful in understanding
the risk of reaction to other related beta-lactam
antibiotics.?*® Remarkably, some older articles
suggest that cefuroxime is non-cross-reactive with
other cephalosporins. However, data from
different studies indicate a significant cross-
reactivity rate with ceftriaxone, cefotaxime and
cefepime given a shared methoxy-imino group on
the R1 side chain.?®®
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Aside from penicillins, RDD procedures to other
antibiotics have been successfully completed in
children. For example, successful desensitizations
to doxycycline, minocycline, tigecycline**? and
clindamycin®*® have been reported in pediatric
patients.

Biologics

RDD to monoclonal antibodies (mAbs) is
essential. Many children who have experienced
DHRs to these drugs may not have alternative
therapeutic options. Treatment with humanized
and murine mAbs has caused systemic DHRs in
children, which limit their use.?4425° Reactions to
mAbs may be IgE-mediated, cytokine release-
related, or IgG antibody-mediated.?345:248

Various RDD protocols have been implemented
for an array of mAbs, including infliximab and
trastuzumab, and allow continued first-line therapy
despite DHRs.2"44297 Other RDD protocols for
biologic agents, such as rituximab
(Table 9),7® and tocilizumab?® have been used
successfully in  children. In our experience,
younger patients undergoing RDD to mAbs
benefit from longer procedures with slower
infusion rates.”® As pediatric RDD procedures
become more common, we are finding that
carefully planned protocols are successful in
children and allow continued administration of
first-line therapy.?¢" 262

Chemotherapy

Due to advances in modern medicine, childhood
cancer survivors are living longer and often require
repeated courses of chemotherapeutic
agents.?®® A variety of immunological and non-
immunological mechanisms may mediate hyper-
sensitivity to chemotherapy.?®* Chemotherapy is
often combined with anti-emetics, analgesics and
antimicrobials, which can complicate the diagnosis
of drug allergy. RDD to chemotherapeutics has
been successfully completed and reported in chil-
dren, including RDD to pegasparaginase,®®’
methotrexate,?*? brentuximab,?®® and etoposide.
259 Some authors consider that pre-treatment with
corticosteroids which can be included as part of the
chemotherapy regimen, such as dexamethasone
(10 mg/m2), may be helpful.?*®* However, as
discussed in Section 6, this is controversial.
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Success in RDD procedures may be malignancy-
specific as well as protocol-dependent, as has
been shown for carboplatin. 244267

Conclusions

DHRs represent a significant problem for chil-
dren. Many children may inappropriately be
labeled with specific drug allergies when the al-
lergy is incorrectly diagnosed initially, or has since
been outgrown, emphasizing the importance of
delabeling. ST regimens and DPT are diagnostic
tools that can be used in appropriate children to
evaluate drug hypersensitivity. RDD procedures to
a variety of medications including antibiotics, bi-
ologics and chemotherapeutic agents have been
successfully completed in pediatric patients when
no alternate medications are available or,
continued administration of first-line therapy is
indicated.

SECTION 11: LIMITATIONS, UNMET
NEEDS, AND COMMENTS FROM REVIEW
PANEL MEMBERS

Controversies around IgE: The correct use of the
terms "“allergy” and “desensitization”

The Reviewing Panel recommended mentioning
that some authors reserve the word "allergy” to
describe IgE-mediated acute-onset
hypersensitivity.°” These authors believe that we
should not speak of “allergy” when describing
events that may be acute-onset hypersensitivity
or delayed-onset hypersensitivity with no IgE
involvement. On the other hand, some authors
believe that the term “drug allergy” can be applied
to any immunologically mediated response in a
sensitized person, including non-IgE mediated and
non-immediate hypersensitivity.>%"

Some authors consider that type | Gell &
Coombs DHRs should only include IgE-mediated
DHRs.'® In contrast, other authors believe that
non-IgE-mediated DHRs should also be consid-
ered as type I."?

As we briefly discussed in Section 1, some authors
consider that desensitization is only possible for IgE-
mediated acute-onset hypersensitivity or another
acute-onset mast-cell mediated
hypersensitivity.°” These authors believe that

desensitization is not possible when referring to T-
cell-mediated  delayed-onset hypersensitivity.®”
Some reviewers have suggested that T-cell
mediated drug hypersensitivity reactions become
clinically apparent over a period of days after
exposure and that there is no known mechanism to
reduce the severity of these reactions by slowly
increasing the cumulative exposure over a period
of hours or days. They consider that most evidence
is based on case reports or small series of cases
compatible with either eventful or uneventful
challenges when individuals with a history of
potential delayed-onset hypersensitivity are re-
exposed to the implicated agents.

On the other hand, other authors agree with the
low quality of the current evidence but cannot
ignore the growing body of in vitro data on the
involvement of T-cells in desensitization and in vivo
experiences that support that desensitization can
be helpful in CRRs and specific NI-
DHRs.%19:22.23,63,64.66 £ rther studies are needed
to cast some light on this controversial issue.

Controversies on the feasibility of a universally
applicable model of an allergy department

The reviewing panel is concerned about
geographical and cultural differences regarding
the structure of allergy departments and the
effective management of high-complexity drug
allergy patients. For example, some reviewers
remarked how some countries such as the United
States or Spain have a long tradition of using rapid
drug desensitization in drug allergy, whereas some
allergists from Northern Europe barely receive re-
ferrals for desensitization. This reality entails that
allergists in different countries will have different
degrees of experience. Thus, allergists from some
countries will be used to dealing with high-
complexity drug allergy patients, where allergists
from other countries may have no experience.
Starting networks (funding for multicentre studies,
mentoring programs in partnership with centers of
excellence, external advisory services, or fellow-
ships) and promoting collaboration may help
reduce these differences in practice.

Some reviewers argue that, depending on the
country and the demand for the procedure, only a
single center (in small countries), or relatively few,
should be established to ensure sufficient patients
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to maintain routine and optimal quality assurance,
including research. Moreover, they believe that
investigating patients with suspected drug al-
lergies not only involves allergists but exception-
ally skilful and educated allergists. In other words,
establishing a center for drug allergy and desen-
sitization should not be a standard procedure for
any given allergist. They find that drug challenge
(DPT) and drug desensitization should be only for
the few excellent and dedicated allergists in
multidisciplinary cooperation. However, this would
be impracticable in larger countries where drug
allergy referrals represent an important percent-
age of the day-to-day clinic. Moreover, it could
potentially affect access to desensitization for
many patients who would not be able to commute
to a distant center regularly.

Other members of the Review Panel consider
that all allergists should actively educate them-
selves in the management of drug allergy
(including high-complexity drug allergy), not only
as part of the training curriculum but also as
continuous professional development. In addition,
the allergist should be a driving force making sure
that patients are being referred, or otherwise we
may not be offering essential services to patients in
need. But, of course, simply reading this consensus
would not substitute the need for adequately
certifying knowledge and expertise and practical
training at an expert center.

Acknowledging the previously mentioned dif-
ferences, we believe there are 2 distinguishable
successful organizational models for dealing with
these high-risk and high-complexity procedures:

On the one hand, the RCHU's Technical Area
(supplementary text 1) considers the allergy
department as a whole and does not segregate it
into isolated “units” or “centers” dedicated to
specific conditions. Consequently, it has access
to a larger staff pool and flexible (can be
adapted locally) multipurpose spaces with
varying degrees of supervision and resources for
different patients and procedures, depending on
risk and complexity.

On the other hand, the Danish Anaesthesia Al-
lergy Centre, a highly specialized center focused
on dealing with one specific high-risk and high-
complexity condition (perioperative anaphylaxis)
at a national level.?® A similar case is the Catalan
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Institute of Oncology (ICO)/Bellvitge University
Hospital Drug Desensitization Center in
Barcelona,®>3¢ a highly specialized service fully
integrated into a dedicated oncology center that
receives patients from the ICO's referral network.
This center is fully staffed with expert allergy
doctors and nurses but is separated from the
main allergy department (in another hospital). In
this case, the reason to have an isolated focused
unit is that it is a satellite branch of the main
allergy department based on another hospital.

It seems sensible that highly populated coun-
tries with larger hospitals and more referrals may
benefit from the RCUH approach, potentially more
cost-effective in terms of staff and spaces under
such circumstances. Indeed, the RCUH model is
flexible enough to allow for different allergy de-
partments within a given country with an allergy
technical area adapted to their diverse needs (ie,
one department may be specialized in mastocy-
tosis, whereas another one may focus on occupa-
tional asthma, perioperative anaphylaxis or food
desensitization). In contrast, smaller countries with
fewer referrals, or satellite centers, may benefit
from the Danish Anaesthesia Allergy Centre or the
ICO/Bellvitge DDC model. In any case, we would
recommend a case-to-case approach, as so many
factors could be involved in the decision-making
process (Section 2).

In vitro testing in beta-lactam allergy

The reviewing panel for this manuscript recom-
mended adding a summary of the current knowl-
edge on in vitro testing for beta-lactam allergy. The
main in vitro tests for evaluating immediate re-

actions to beta-lactams (BL) are the slgE and the
BAT 124.269,270

Regarding BLs-slgE, the fluorescent-enzyme-
immunoassay  (ImmunoCAP®, Thermo-Fisher,
Uppsala, Sweden) is the commercial method
most widely used, although it is available only for a
limited number of BLs (benzylpenicillin [penicillin
G]J, penicillin V, amoxicillin, ampicillin, and cefa-
clor). However, its sensitivity is low (as low as 0%-
23% in some studies) and variable depending on
clinical manifestations.?”" To improve sensitivity,
some authors have lowered the cutoff point from
0.35 to 0.1 kU/L; however, this can reduce
specificity, particularly in subjects with a total
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IgE > 200 kU/L, so a slgE/total IgE ratio >0.002 has
been proposed and confirmed as a way to
increase specificity.' 47272273 Moreover, false-
positive test results with ImmunoCAP® have
been reported particularly for penicillin V.274275

BAT is helpful in research, and can be used to
assess immediate reactions to BL.?7¢72%% BAT is
particularly useful for those BLs with no other
diagnostic methods available, such as clavulanic
acid,?®1728%  or  cefazolin.?®® BAT sensitivity
usually ranges from 22% to 55% for penicillins,
and up to 55% for clavulanic acid,?®? whereas
specificity ranges from 79% to 96%.34124.286

It is crucial to perform in vitro testing relatively
soon after the index reaction to avoid the decrease

of sensitivity of both slge and BAT over
time, 124,287

In vitro testing has shown to be helpful in com-
bination with ST,28%229 especially to improve the
sensitivity of the allergy workup, reducing the use
of DPT in patients with specific profiles. For
instance, DPT could be avoided in those patients
who show negative results to ST, but positive
results to slgE or BAT, after experiencing a clear-
cut history of immediate hypersensitivity reactions
to BLs such as penicillins, and cephalosporins, and
clavulanic acid.282:290-293 Moreover,
recommending these tests in subjects with a
history of severe anaphylaxis may reduce the
need for ST.??4295 Additionally, in vitro testing
for beta-lactams can be used both in research
and in the clinical assessment of non-immediate
reactions, but this exceeds the purpose of this
document, 34296297

Warnings regarding direct oral drug provocation
test (or challenge) with beta-lactams

Several Review Panel members recommend
caution with direct oral DPT because it has been
studied in selected populations of reactors sharing
specific characteristics. Future studies may be
needed to standardize the role of direct oral DPT
in patients with other profiles, for example, in pa-
tients with a history of immediate hypersensitivity
reactions, who may benefit from using techniques
like ST or in vitro testing.**”” In addition, there is
no unified definition of low risk, and many define
low risk by clinical history alone, which has its
limitations when patients cannot recall necessary

data or when the pharmacy department cannot
check records for different reasons.

In this regard, the Reviewing Panel of this
document has recommended mentioning a recent
Position Paper by the European Academy of Al-
lergy and Clinical Immunology on the diagnosis of
DHRs to beta-lactams, which classified index re-
actions as immediate and nonimmediate and pa-
tients as low- and high-risk.??®> Of note, patients
who experienced immediate urticarial reactions
to beta-lactams, especially within the first hour af-
ter exposure, were classified as high-risk, while
those who had delayed-appearing urticarial erup-
tions were classified as low-risk.

To date, there is no consensus on the risk
stratification of patients reporting urticarial erup-

tions associated with beta-lactam
therapy.?*"®" Some authors have classified
patients who experienced only cutaneous

symptoms as medium risk.?* However, referring
to penicillin immediate reactions, they have
considered “extensive” urticaria a severe
reaction and “isolated” urticaria a non-severe
presentation. Other authors have defined urti-
caria and delayed maculopapular exanthema as
benign cutaneous reactions and classified sub-
jects with such skin eruptions as low-to-medium-
risk."®?

Nevertheless, the chronological criterion (ie,
immediate or nonimmediate) is relevant for
appropriate risk stratification of patients reporting
urticarial eruptions associated with beta-lactam
therapy, especially considering the widespread
implementation of delabeling strategies based on
direct oral penicillin DPT. In subjects reporting
immediate urticaria, direct DPT without ST with
suspected beta-lactams could be potentially very
harmful. Therefore, in these subjects, immediate-
reading skin testing should be performed first,
while the DPTs should only be considered in the
event of a negative skin test result.

Concerns with the quality of articles being
published in the field

Members of the Reviewing Panel were con-
cerned about the lack of confirmatory testing in
many published articles on intravenous drug al-
lergy, potentially leading to false assumptions.
Journals and reviewers are responsible for
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maintaining high publication standards and should
request data on confirmatory DPT in submitted
papers (or an appropriate explanation of why the
authors did not perform DPT).

Of course, the reviewers and the authors
acknowledge that not all centers may have access
to the resources needed for systematic DPT (pro-
vided risk assessment is favorable) and that real-
life clinical practice may differ from a research
project. However, when this is the case, said cen-
ters should then reconsider whether they should
be managing these patients and publishing their
data or whether they should be referring them to a
more specialized center.

CONCLUSIONS

In this document, some of the leading groups in
drug allergy have generously shared their experi-
ence and local approaches to the topic of intra-
venous desensitization and delabeling. Some
points of view may be controversial and even
slightly clash with one another. However, the
reader will appreciate the main learning points
from this. Namely, delabeling and desensitization
are invaluable techniques in drug allergy. Evi-
dence suggests that these techniques are cost-
effective, improve the quality of life of many pa-
tients, and even help cancer patients who experi-
ence hypersensitivity reactions to their treatments
achieve the same survival rates as non-reactive
patients. However, delabeling and desensitization
are high-risk and high-complexity allergy-specific
techniques. As such, they need specific resources
and specific spaces led and managed by experts
in drug allergy. Local variation is inevitable, and we
should learn to embrace this and celebrate it,
provided procedures, pathways, and risk assess-
ment are adequately validated and based on cur-
rent evidence.

Abbreviations

AAAAI, American Academy of Allergy, Asthma, &
Immunology; AAL, antibiotic allergy label; AMR,
antimicrobial resistance; AMS, antimicrobial stewardship;
ASP, antimicrobial steweardship program; AUC, area
under the curve; BAT, basophil activation test; BL, beta-
lactam; BSACI, British Society for Allergy and Clinical
Immunology; BWH, Brigham & Women's Hospital; Cl,
confidence interval; CRR, cytokine release reaction; DHR,
drug hypersensitivity reactions; DDC, drug desensitization

53

center; DMCD, direct mast cell degranulation; DPT, drug
provocation testing or drug challenge; DRESS, drug
reaction with eosinophilia and systemic symptoms (DRESS);
EAACI, European Academy of Allergy and Clinical
Immunology; e.g., for example; ICD, International
Classification of Diseases; ICO, Catalan Institute of
Oncology; ICU, intensive care unit; I-DHR, immediate drug
hypersensitivity reactions; IDSA, Infectious Diseases Society
of America; IDT, intradermal testing; i.e., in other words;
IgE, immunoglobulin E; IM, intramuscular; IP,
intraperitoneal; 1V, intravenous; MDM, multidisciplinary
team meeting; MDT, multidisciplinary team; MGH,
Massachusetts General Hospital ; Mg, milligram; M,
milliliter; MRSA, methicillin-resistant Staphylococcus
aureus; NI-DHR, non-immediate drug hypersensitivity
reactions; NPV, negative predictive value; NSAID, non-
steroidal anti-inflammatory drug; OIlIS, oxaliplatin immune-
induced syndrome; RA, risk assessment; RDD, rapid drug
desensitization; RCUH, Ramon y Cajal University Hospital;
SCARs, severe cutaneous adverse reactions; slgE, specific
immunoglobulin E; SJS, Stevens-Johnson's Syndrome; SPT,
skin prick testing; ST, skin testing; TEN, toxic epidermal
necrolysis; USD, United States Dollars; WAO, World Allergy
Organization

Author contributions

Alvarez-Cuesta (Chair of the Task Force), Ansotegui (WAO
Past President), and Madrigal-Burgaleta (Secretary of the
Task Force) contributed to conceiving, designing, editing,
and revising the manuscript. Steering Committee authors
Alvarez-Cuesta, Madrigal-Burgaleta, Broyles, Cuesta-
Herranz, Guzman-Melendez, Maciag, Phillips, Trubiano,
and Wong performed the literature research and drafted
their specific sections.

Alvarez-Cuesta & Madrigal-Burgaleta co-authored Sections
2,3, 4,6, 7. Phillips & Trubiano co-authored Section 5.
Wong authored Section 8. Cuesta-Herranz & Guzman-
Melendez co-authored Section 9. Broyles & Maciag co-
authored Section 10. All the Steering Committee authors
accepted the final version of the manuscript. Any
supplementary material was kindly provided individually by
the authors of each section.

A Review Panel of expert allergists from all around the
globe critically reviewed the manuscript and accepted the
final version of the manuscript. All the review panel
members sent a review with modifications to the
manuscript that were duly implemented and equally
contributed to the discussions collected in Section 11.

Ethics approval
Ethics approval not applicable.

Consent for publication
All authors gave their consent to publish this work.

Availability of data and material
Not applicable.



54 Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

Funding

The World Allergy Organization provided funding for the
open access publication of this article. Otherwise, there
was no other source of funding for this article.

Declaration of competing interest
The authors report no competing interests with regards to
this document.

Acknowledgements

In dear memory of Prof Mario A. Sédnchez Borges, who was
a prominent figure in Allergy and a wonderful person and
colleague. His contribution to the manuscript as a member
of the Reviewing Panel was invaluable.

Special thanks to Hans-Jergen Malling, whose broad
experience was essential for the final version of the
manuscript.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.waojou.2022.100640.

Author details

2Ramon y Cajal University Hospital, Madrid, Spain. ®Allergy
& Severe Asthma Service, St Bartholomew'’s Hospital, Barts
Health NHS Trust, London, UK. “Drug Desensitisation
Centre, Catalan Institute of Oncology (ICO), Barcelona,
Spain. “Division of Allergy & Immunology, Boston
Children’s Hospital, Boston, MA, USA. *Department of
Allergy and Immunology, FIIS-Fundacién Jiménez Diaz,
UAM, Madrid, Spain. fRETIC ARADyAL, Instituto de Salud
Carlos lll, Spain. 9Section of Immunology, HIV and Allergy,
Department of Medicine, Clinical Hospital University of
Chile, Chile. "Department of Medicine & Pathology,
Microbiology and Immunology, Vanderbilt University
Medical Center, Nashville, TN, USA. iDepartment of
Infectious Diseases and Centre for Antibiotic Allergy and
Research, Austin Health, Heidelberg, Australia. iDivision of
Rheumatology, Allergy and Immunology, Massachusetts
General Hospital, Boston, MA, USA. kHospital Quironsalud
Bizkaia, Bilbao-Erandio, Spain. IHospi‘cal Universitario de
Canarias, Tenerife, Spain. MAllergy Division, Ramon y Cajal
University Hospital, Madrid, Spain. "Department of
Dermatology and Allergy Biederstein, School of Medicine,
Technical University of Munich, Munich, Germany.
°Universidad de Antioquia, Medellin, Colombia. PDivision
of Allergy and Clinical Immunology, Department of
Medicine, Brigham & Women's Hospital, Boston, MA, USA.
9Pediatric Allergy Unit, Geneva University Hospitals,
Geneva, Switzerland. "Division of Allergy and Clinical
Immunology, Department of Internal Medicine, Seoul
National University Bundang Hospital, Seoul National
University College of Medicine, Seoul, Republic of Korea.
*Division of Allergy, Clinical Immunology and
Rheumatology, Department of Pediatrics, Federal
University of Sao Paulo, Brazil. *Medical Faculty at Akaki
Tsereteli State University, KuTaisi, Tskaltubo, Georgia.
“Division of Allergy, Department of Pulmonology, Hépital
Arnaud de Villeneuve, University Hospital of Montpellier,
Montpellier, France. YDepartment of Dermatology, Chang
Gung Memorial Hospital, Taipei, Linko and Keelung,

Taiwan. “Clinical Research Center for Allergy and
Rheumatology, National Hospital Organization Sagamihara
National Hospital, Sagamihara, Kanagawa, Japan. *Allergy
Clinic, Copenhagen University Hospital Gentofte,
Copenhagen, Denmark. YSchool of Health Sciences,
Catholic University of Salta, Argentina. *Institute of Security
and Social Services of State Workers, Lopez Mateos
Regional Hospital, Mexico City, Mexico. **Regional Center
of Allergy and Clinical Immunology, University Hospital “Dr.
José Eleuterio Gonzélez”, Gonzalitos y Madero s/n Colonia
Mitras Centro, Monterrey, Mexico. 2®Servicio de Alergia e
Immunologia, Clinica Santa Isabel, Buenos Aires,
Argentina. *“Institute of Allergy and Clinical Immunology,
Seoul National University Medical Research Center,
Department of Internal Medicine, Seoul National University
College of Medicine, Seoul, Republic of Korea.
2dDepartment of Internal Medicine, Division of Allergy &
Immunology, University of Texas Southwestern Medical
Center, Dallas, TX, USA. ®*Division of Pulmonary, Allergy,
Critical Care & Sleep Medicine, Department of Medicine,
Emory University School of Medicine, Atlanta, GA, USA.
*fAllergy Department, Clinica San Felipe, Lima, Peru.
#9Centro Avanzado de Alergia y Asma de Santo Domingo,
Santo Domingo, Dominican Republic. 2"Stanford University
School of Medicine, Palo Alto, CA, USA. ®'Southern
California Permanente Medical Group, Kaiser Permanente
Southern California, San Diego Medical Center, San Diego,
CA, USA. ®Danish Allergy Centre, University of
Copenhagen, Copenhagen, Denmark. #*Allergy and
Respiratory Research Unit, Fundacion CIDEA, Buenos Aires,
Argentina. 'Division of Pulmonary, Critical Care, Sleep &
Allergy, University of Nebraska Medical Center, Omaha,
NE, USA. ®™Allergy Unit and Research Group, Hospital
Regional Universitario de Malaga, UMA-IBIMA-BIONAND,
ARADyAL, Mélaga, Spain. ®"Division of Allergic Diseases,
Mayo Clinic, Rochester, MN, USA. #*Division of Allergology
and Clinical Immunology, Department of Medicine,
University of Cape Town, Cape Town, South Africa.
#PDepartment of Medicine, Division of Allergy and
Immunology, Hopital Maisonneuve-Rosemont, Université
de Montréal, Montréal, Québec, Canada. ®Centro de
Patologia Alérgica, Hospital Quirén Palmaplanas, Palma,
Spain. *'Oasi Research Institute - IRCCS, Troina, Italy.
#*Clinica Union Medica del Norte, Santiago, Dominican
Republic. **Multifactorial and Systemic Diseases Research
Area, Predictive and Preventive Medicine Research Unit,
Division of Allergy, Bambino Gesu Children’s Hospital
IRCCS, Rome, Italy. *“Division of Allergic Diseases, Mayo
Clinic, Rochester, MN, USA. #'Division of Respiratory
Medicine, Third Department of Medicine, Teikyo University
Chiba Medical Center, Anesaki, Ichihara, Chiba, Japan.
WDepartment of Clinical Medicine, University of
Copenhagen, Copenhagen, Denmark. **Allergy & Severe
Asthma Service, St Bartholomew's Hospital, Barts Health
NHS Trust, London, UK. ®*Division of Rheumatology,
Allergy and Immunology, Massachusetts General Hospital,
Boston, MA, USA. #*Allergy and Clinical Immunology
Department, Centro Médico Docente La Trinidad, Caracas,
Venezuela. ®®Allergy and Clinical Immunology
Department, Clinica El Avila, Caracas, Venezuela.


https://doi.org/10.1016/j.waojou.2022.100640
https://doi.org/10.1016/j.waojou.2022.100640

Volume 15, No. 6, June 2022

REFERENCES

1.

Madrigal-Burgaleta R, Vazquez-Revuelta P, Marti-Garrido J,
Lleonart-Bellfill R, Ali FR, Alvarez-Cuesta E. Medical algorithm:
diagnosis and treatment of hypersensitivity reactions to
cancer chemotherapy. Allergy. 2021. https://doi.org/10.1111/
all.14810.

. Madrigal-Burgaleta R, Bernal-Rubio L, Berges-Gimeno MP,

Carpio-Escalona LV, Gehlhaar P, Alvarez-Cuesta E. A large
single-hospital experience using drug provocation testing
and rapid drug desensitization in hypersensitivity to
antineoplastic and biological agents. J Allergy Clin Immunol
Pract. 2019;7(2):618-632. https://doi.org/10.1016/j.jaip.2018.
07.031.

. Madrigal-Burgaleta R, Berges-Gimeno MP, Angel-Pereira D,

et al. Hypersensitivity and desensitization to antineoplastic
agents: outcomes of 189 procedures with a new short
protocol and novel diagnostic tools assessment. Allergy - Eur
J Allergy Clin Immunol. 2013;68(7). https://doi.org/10.1111/
all.12105.

. Alvarez-Cuesta E, Madrigal-Burgaleta R, Angel-Pereira D,

et al. Delving into cornerstones of hypersensitivity to
antineoplastic and biological agents: value of diagnostic tools
prior to desensitization. Allergy - Eur J Allergy Clin Immunol.
2015;70(7). https://doi.org/10.1111/all.12620.

. Hong DI, Madrigal-Burgaleta R, Banerji A, Castells M, Alvarez-

Cuesta E. Controversies in allergy: chemotherapy reactions,
desensitize or de-label? J Allergy Clin Immunol Pract.
2020;8(9):2907-2915.e1. https://doi.org/10.1016/j.jaip.2020.
08.005.

. Madrigal-Burgaleta R, Vazquez-Revuelta P, Marti-Garrido J,

Lleonart R, Ali FR, Alvarez-Cuesta E. Importance of diagnostics
prior to desensitization in new drug hypersensitivity:
chemotherapeutics and biologicals. Curr Treat Options
Allergy. January 2020. https://doi.org/10.1007/s40521-020-
00238-y.

. Berges-Gimeno M, Carpio-Escalona L, Longo-Mufoz F, et al.

Does rapid drug desensitization to chemotherapy affect
survival outcomes. J Investig Allergol Clin Immunol.
2020;30(4):254-263. https://doi.org/10.18176/jiaci.0425.

. Solano-Solares E, Madrigal-Burgaleta R, Carpio-Escalona LV,

Bernal-Rubio L, Berges-Gimeno MP, Alvarez-Cuesta E.
Chemotherapy in mastocytosis: administration issues,
hypersensitivity, and rapid drug desensitization. J Investig
Allergol Clin Immunol. 2017;27(5). https://doi.org/10.18176/
jiaci.0171.

. Lopez-Gonzalez P, Madrigal-Burgaleta R, Carpio-

Escalona LV, et al. Assessment of Antihistamines and
Corticosteroids as Premedication in Rapid Drug
Desensitization to Paclitaxel: Outcomes in 155 Procedures.
J Allergy Clin Immunol. 2018;6:1356-1362. https://doi.org/
10.1016/}.jaip.2017.11.013.

. Urena-Tavera A, Zamora-Verduga M, Madrigal-Burgaleta R,

Angel-Pereira D, Berges-Gimeno MP, Alvarez-Cuesta E.
Hypersensitivity reactions to racemic calcium folinate
(leucovorin) during FOLFOX and FOLFIRI chemotherapy
administrations: to the editor. J Allergy Clin Immunol.
2015;135(4):1066-1067. https://doi.org/10.1016/j.jaci.2014.
09.045.

. Madrigal-Burgaleta R, Berges-Gimeno MP, Angel-Pereira D,

et al. Desensitizing oxaliplatin-induced fever: a case report.

20.

21.

22.

23.

55

J Investig Allergol Clin Immunol. 2013;23(6):435-436. http://
www.jiaci.org/issues/vol23issueb/vol23issue06-9.htm.

. Angel-Pereira D, Berges-Gimeno MP, Madrigal-Burgaleta R,

Urefia-Tavera MA, Zamora-Verduga M, Alvarez-Cuesta E.
Successful rapid desensitization to methylprednisolone
sodium hemisuccinate: a case report. J Allergy Clin Immunol
Pract. 2014,;2(3):346-348. https://doi.org/10.1016/j.jaip.2013.
12.011.

. Mayorga C, Fernandez TD, Montafiez MI, Moreno E,

Torres MJ. Recent developments and highlights

in drug hypersensitivity. Allergy - Eur J Allergy Clin
Immunol. 2019;74(12):2368-2381. https://doi.org/10.1111/
all.14061.

. Ariza A, Mayorga C, Bogas G, et al. Advances and novel

developments in drug hypersensitivity diagnosis. Allergy - Eur
J Allergy Clin Immunol. 2020;75(12):3112-3123. https://doi.
org/10.1111/all.14603.

. Brockow K, Aberer W, Atanaskovic-Markovic M, et al. Drug

allergy passport and other documentation for patients with
drug hypersensitivity - an ENDA/EAACI Drug Allergy
Interest Group Position Paper. Allergy - Eur J Allergy Clin
Immunol. 2016;71(11):1533-1539. https://doi.org/10.1111/
all.12929.

. Tanno LK, Torres MJ, Castells M, Demoly P. What can we

learn in drug allergy management from World Health
Organization’s International Classifications? Allergy - Eur J
Allergy Clin Immunol. 2018;73(5):987-992. https://doi.org/
10.1111/all.13335.

. Tanno LK, Chalmers R, Jacob R, et al. Global implementation

of the World Health Organization’s International
Classification of Diseases (ICD)-11: the allergic and
hypersensitivity conditions model. Allergy - Eur J Allergy Clin
Immunol. 2020;75(9):2206-2218. https://doi.org/10.1111/all.
14468.

. Demoly P, Adkinson NF, Brockow K, et al. International

Consensus on drug allergy. Allergy - Eur J Allergy Clin
Immunol. 2014;69(4):420-437. https://doi.org/10.1111/all.
12350.

. Broyles AD, Banerji A, Castells M, et al. Practical guidance for

the evaluation and management of drug hypersensitivity:
general concepts. J Allergy Clin Inmunol Pract. 2020;8(9):S3-
S15. https://doi.org/10.1016/].jaip.2020.08.006.

Dreskin SC, Halsey NA, Kelso JM, et al. International
Consensus (ICON): allergic reactions to vaccines. World
Allergy Organ J. 2016;9(1). https://doi.org/10.1186/540413-
016-0120-5.

Fleisher TA. Practical guidance for the evaluation and
management of drug hypersensitivity: introduction. J Allergy
Clin Immunol Pract. 2020;8(9):S1-S2. https://doi.org/10.1016/
j.jaip.2020.08.001.

Silver J, Garcia-Neuer M, Lynch DM, Pasaoglu G, Sloane DE,
Castells M. Endophenotyping oxaliplatin hypersensitivity:
personalizing desensitization to the atypical platin. J Allergy
Clin Immunol Pract. 2020;8(5):1668-1680.e2. https://doi.org/
10.1016/j.jaip.2020.02.013.

Isabwe GAC, Garcia Neuer M, de las Vecillas Sanchez L,
Lynch DM, Marquis K, Castells M. Hypersensitivity reactions to
therapeutic monoclonal antibodies: phenotypes and
endotypes. J Allergy Clin Immunol. 2018;142(1):159-170.e2.
https://doi.org/10.1016/}.jaci.2018.02.018.


https://doi.org/10.1111/all.14810
https://doi.org/10.1111/all.14810
https://doi.org/10.1016/j.jaip.2018.07.031
https://doi.org/10.1016/j.jaip.2018.07.031
https://doi.org/10.1111/all.12105
https://doi.org/10.1111/all.12105
https://doi.org/10.1111/all.12620
https://doi.org/10.1016/j.jaip.2020.08.005
https://doi.org/10.1016/j.jaip.2020.08.005
https://doi.org/10.1007/s40521-020-00238-y
https://doi.org/10.1007/s40521-020-00238-y
https://doi.org/10.18176/jiaci.0425
https://doi.org/10.18176/jiaci.0171
https://doi.org/10.18176/jiaci.0171
https://doi.org/10.1016/j.jaip.2017.11.013
https://doi.org/10.1016/j.jaip.2017.11.013
https://doi.org/10.1016/j.jaci.2014.09.045
https://doi.org/10.1016/j.jaci.2014.09.045
http://www.jiaci.org/issues/vol23issue6/vol23issue06-9.htm
http://www.jiaci.org/issues/vol23issue6/vol23issue06-9.htm
https://doi.org/10.1016/j.jaip.2013.12.011
https://doi.org/10.1016/j.jaip.2013.12.011
https://doi.org/10.1111/all.14061
https://doi.org/10.1111/all.14061
https://doi.org/10.1111/all.14603
https://doi.org/10.1111/all.14603
https://doi.org/10.1111/all.12929
https://doi.org/10.1111/all.12929
https://doi.org/10.1111/all.13335
https://doi.org/10.1111/all.13335
https://doi.org/10.1111/all.14468
https://doi.org/10.1111/all.14468
https://doi.org/10.1111/all.12350
https://doi.org/10.1111/all.12350
https://doi.org/10.1016/j.jaip.2020.08.006
https://doi.org/10.1186/S40413-016-0120-5
https://doi.org/10.1186/S40413-016-0120-5
https://doi.org/10.1016/j.jaip.2020.08.001
https://doi.org/10.1016/j.jaip.2020.08.001
https://doi.org/10.1016/j.jaip.2020.02.013
https://doi.org/10.1016/j.jaip.2020.02.013
https://doi.org/10.1016/j.jaci.2018.02.018

56

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

Blumenthal KG, Peter JG, Trubiano JA, Phillips EJ. Antibiotic
allergy. Lancet. 2019;393(10167):183-198. https://doi.org/10.
1016/50140-6736(18)32218-9.

Fouda GE, Bavbek S. Rituximab hypersensitivity: from clinical
presentation to management. Front Pharmacol. 2020;11.
https://doi.org/10.3389/fphar.2020.572863.

Jakubovic BD, Sanchez-Sanchez S, Hamadi S, Lynch DM,
Castells M. Interleukin-6: a novel biomarker for monoclonal
antibody and chemotherapy-associated hypersensitivity
confirms a cytokine release syndrome phenotype-endotype
association. Allergy - Eur J Allergy Clin Immunol. 2020;(July):
1-2. https://doi.org/10.1111/all.14644.

Castells M. Drug allergy: veni, vidi, vici—-come, understand,
and delabel, avoid, or desensitize. Ann Allergy Asthma
Immunol. 2019;123(1):1-2. https://doi.org/10.1016/j.anai.
2019.05.010.

Muraro A, Fernandez-Rivas M, Beyer K, et al. The urgent need
for a harmonized severity scoring system for acute allergic
reactions. Allergy - Eur J Allergy Clin Immunol. 2018;73(9):
1792-1800. https://doi.org/10.1111/all.13408.

Cardona V, Ansotegui IJ, Ebisawa M, et al. World allergy
organization anaphylaxis guidance 2020. World Allergy
Organ J. 2020;13(10):100472. https://doi.org/10.1016/j.
waojou.2020.100472.

Vetter MH, Khan A, Backes FJ, et al. Outpatient
desensitization of patients with moderate (high-risk) to severe
platinum hypersensitivity reactions. Gynecol Oncol.
2019;152(2):316-321. https://doi.org/10.1016/j.ygyno.2018.
10.037.

Liu A, Fanning L, Chong H, et al. Desensitization regimens for
drug allergy: state of the art in the 21st century. Clin Exp
Allergy. 2011;41(12):1679-1689. https://doi.org/10.1111/j.
1365-2222.2011.03825 x.

Brown SGA. Clinical features and severity grading of
anaphylaxis. J Allergy Clin Immunol. 2004;114(2):371-376.
https://doi.org/10.1016/j.jaci.2004.04.029.

Aberer W, Bircher A, Romano A, et al. Drug provocation
testing in the diagnosis of drug hypersensitivity reactions:
general considerations. Allergy. 2003;58(9):854-863. https://
doi.org/10.1034/j.1398-9995.2003.00279 .x.

Mayorga C, Ebo DG, Lang DM, et al. Controversies in drug
allergy: in vitro testing. J Allergy Clin Immunol. 2019;143(1):
56-65. https://doi.org/10.1016/j.jaci.2018.09.022.

Marti-Garrido J, Vazquez-Revuelta P, Lleonart-Bellfill R, et al.
Pilot experience using drug provocation testing for the study
of hypersensitivity to chemotherapy and biological agents.

J Investig Allergol Clin Immunol. 2020;31(2):1-9. https://doi.
org/10.18176/jiaci.0552.

Vézquez-Revuelta P, Marti-Garrido J, Molina-Mata K, Lleonart-
Bellfill R, Rey-Salido Pharm M, Madrigal-Burgaleta R.
Delabeling patients from chemotherapy and biologics
allergy: implementing drug provocation testing. J Allergy Clin
Immunol Pract. November 2020. https://doi.org/10.1016/j.
jaip.2020.11.021.

Wang AL, Patil SU, Long AA, Banerji A. Risk-stratification
protocol for carboplatin and oxaliplatin hypersensitivity:
repeat skin testing to identify drug allergy. Ann Allergy

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Asthma Immunol. 2015;115(5):422-428. https://doi.org/10.
1016/j.anai.2015.07.017.

Otani IM, Lax T, Long AA, Slawski BR, Camargo CA, Banerji A.
Utility of risk stratification for paclitaxel hypersensitivity
reactions. J Allergy Clin Immunol Pract. 2018;6(4):1266-1273.
e2. https://doi.org/10.1016/j.jaip.2017.08.025.

Giavina-Bianchi P, Patil SU, Banerji A. Immediate
hypersensitivity reaction to chemotherapeutic agents.

J Allergy Clin Immunol Pract. 2017;5(3):593-599. https://doi.
org/10.1016/j.jaip.2017.03.015.

Mirakian R, Ewan PW, Durham SR, et al. BSACI guidelines for
the management of drug allergy. Clin Exp Allergy.
2009;39(1):43-61. https://doi.org/10.1111/J.1365-2222.
2008.03155.X.

Pagani M, Bavbek S, Alvarez-Cuesta E, et al. Hypersensitivity
reactions to chemotherapy: an EAACI position paper. Allergy.
2022;77:388-403. https://doi.org/10.1111/ALL.15113.

Bavbek S, Pagani M, Alvarez-Cuesta E, et al. Hypersensitivity
reactions to biologicals: an EAACI position paper. Allergy.
2022;77:388-403. https://doi.org/10.1111/ALL.14984.

Brennan PJ, Bouza TR, Hsu FI, Sloane DE, Castells MC.
Hypersensitivity reactions to mAbs: 105 desensitizations in 23
patients, from evaluation to treatment. J Allergy Clin Immunol.
2009;124(6):1259-1266. https://doi.org/10.1016/j.jaci.2009.
09.009.

Yang BC, Castells M. Diagnosis and treatment of drug
hypersensitivity reactions to biologicals: medical algorithm.
Allergy - Eur J Allergy Clin Immunol. 2020. https://doi.org/10.
1111/all.14432.

Picard M, Galvao VR. Current knowledge and management of
hypersensitivity reactions to monoclonal antibodies. J Allergy
Clin Immunol Pract. 2017;5(3):600-609. https://doi.org/10.
1016/j.jaip.2016.12.001.

Markman M, Kennedy A, Webster K, Kulp B, Peterson G,

Belinson J. Paclitaxel-associated hypersensitivity reactions:
experience of the Gynecologic Oncology Program of the

Cleveland Clinic Cancer Center. J Clin Oncol. 2000;18(1):
102-105. https://doi.org/10.1200/jco.2000.18.1.102.

Levin AS, Otani IM, Lax T, Hochberg E, Banerji A. Reactions to
rituximab in an outpatient infusion center: a 5-year review.

J Allergy Clin Immunol Pract. 2017;5(1):107-113.e1. https://
doi.org/10.1016/j.jaip.2016.06.022.

Mohamed OE, Baretto RL, Walker |, et al. Empty mast cell
syndrome: fallacy or fact? J Clin Pathol. 2020;73(5):250-256.
https://doi.org/10.1136/jclinpath-2019-206157.

Berges-Gimeno MP, Simon RA, Stevenson DD. Early effects of
aspirin desensitization treatment in asthmatic patients with
aspirin-exacerbated respiratory disease. Ann Allergy Asthma
Immunol. 2003;90(3):338-341. https://doi.org/10.1016/
S1081-1206(10)61803-0.

Picard M, Pur L, Caiado J, et al. Risk stratification and skin
testing to guide re-exposure in taxane-induced
hypersensitivity reactions. J Allergy Clin Immunol.
2016;137(4):1154-1164.e12. https://doi.org/10.1016/}.jaci.
2015.10.039.

Bray F, Jemal A, Grey N, Ferlay J, Forman D. Global cancer
transitions according to the Human Development Index


https://doi.org/10.1016/S0140-6736(18)32218-9
https://doi.org/10.1016/S0140-6736(18)32218-9
https://doi.org/10.3389/fphar.2020.572863
https://doi.org/10.1111/all.14644
https://doi.org/10.1016/j.anai.2019.05.010
https://doi.org/10.1016/j.anai.2019.05.010
https://doi.org/10.1111/all.13408
https://doi.org/10.1016/j.waojou.2020.100472
https://doi.org/10.1016/j.waojou.2020.100472
https://doi.org/10.1016/j.ygyno.2018.10.037
https://doi.org/10.1016/j.ygyno.2018.10.037
https://doi.org/10.1111/j.1365-2222.2011.03825.x
https://doi.org/10.1111/j.1365-2222.2011.03825.x
https://doi.org/10.1016/j.jaci.2004.04.029
https://doi.org/10.1034/j.1398-9995.2003.00279.x
https://doi.org/10.1034/j.1398-9995.2003.00279.x
https://doi.org/10.1016/j.jaci.2018.09.022
https://doi.org/10.18176/jiaci.0552
https://doi.org/10.18176/jiaci.0552
https://doi.org/10.1016/j.jaip.2020.11.021
https://doi.org/10.1016/j.jaip.2020.11.021
https://doi.org/10.1016/j.anai.2015.07.017
https://doi.org/10.1016/j.anai.2015.07.017
https://doi.org/10.1016/j.jaip.2017.08.025
https://doi.org/10.1016/j.jaip.2017.03.015
https://doi.org/10.1016/j.jaip.2017.03.015
https://doi.org/10.1111/J.1365-2222.2008.03155.X
https://doi.org/10.1111/J.1365-2222.2008.03155.X
https://doi.org/10.1111/ALL.15113
https://doi.org/10.1111/ALL.14984
https://doi.org/10.1016/j.jaci.2009.09.009
https://doi.org/10.1016/j.jaci.2009.09.009
https://doi.org/10.1111/all.14432
https://doi.org/10.1111/all.14432
https://doi.org/10.1016/j.jaip.2016.12.001
https://doi.org/10.1016/j.jaip.2016.12.001
https://doi.org/10.1200/jco.2000.18.1.102
https://doi.org/10.1016/j.jaip.2016.06.022
https://doi.org/10.1016/j.jaip.2016.06.022
https://doi.org/10.1136/jclinpath-2019-206157
https://doi.org/10.1016/S1081-1206(10)61803-0
https://doi.org/10.1016/S1081-1206(10)61803-0
https://doi.org/10.1016/j.jaci.2015.10.039
https://doi.org/10.1016/j.jaci.2015.10.039
https://doi.org/10.1016/j.waojou.2022.100640

Volume 15, No. 6, June 2022

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

(2008-2030): a population-based study. Lancet Oncol.
2012;13(8):790-801. https://doi.org/10.1016/51470-2045(12)
70211-5.

Muallaoglu S, Disel U, Mertsoylu H, et al. Acute infusion
reactions to chemotherapeutic drugs: a single institute
experience. J BUON. 2013;18(1):261-267. https://pubmed.
ncbi.nlm.nih.gov/23613414/. Accessed November 21, 2020.

Kadoyama K, Kuwahara A, Yamamori M, Brown JB,

Sakaeda T, Okuno Y. Hypersensitivity reactions to anticancer
agents: data mining of the public version of the FDA adverse
event reporting system, AERS. J Exp Clin Cancer Res.
2011;30(1):93. https://doi.org/10.1186/1756-9966-30-93.

Makrilia N, Syrigou E, Kaklamanos I, Manolopoulos L,

Saif MW. Hypersensitivity reactions associated with platinum
antineoplastic agents: a systematic review. Met Based Drugs.
2010;2010. https://doi.org/10.1155/2010/207084.

Legere HJ, Palis RI, Bouza TR, Uluer AZ, Castells MC. A safe
protocol for rapid desensitization in patients with cystic
fibrosis and antibiotic hypersensitivity. J Cyst Fibros.
2009;8(6):418-424. https://doi.org/10.1016/}.jcf.2009.08.002.

Castells M. Drug hypersensitivity and anaphylaxis in cancer
and chronic inflammatory diseases: the role of
desensitizations. Front Immunol. 2017;8(Nov):1-11. https://
doi.org/10.3389/fimmu.2017.01472.

Ichikawa Y, Goto A, Hirokawa S, et al. Allergic reactions to
oxaliplatin in a single institute in Japan. Jpn J Clin Oncol.
2009;39(9):616-620. https://doi.org/10.1093/jjco/hyp070.

Cernadas JR, Brockow K, Romano A, et al. General
considerations on rapid desensitization for drug
hypersensitivity - a consensus statement. Allergy - Eur J
Allergy Clin Immunol. 2010;65(11):1357-1366. https://doi.
org/10.1111/].1398-9995.2010.02441 x.

Levin AS, Bhattacharya G, Blumenthal K, Camargo CA,
Banerji A. Platin chemotherapy hypersensitivity reactions:
expanding the scope of practice and improving care.

J Allergy Clin Immunol Pract. 2019;7(5):1691-1695.e2.
https://doi.org/10.1016/}.jaip.2018.12.010.

Narui C, Tanabe H, Shapiro JS, et al. Readministration of
platinum agents in recurrent ovarian cancer patients who
developed hypersensitivity reactions to carboplatin. In Vivo.
2019;33(6):2045-2050. https://doi.org/10.21873/invivo.
11702.

Sloane D, Govindarajulu U, Harrow-Mortelliti J, et al. Safety,
costs, and efficacy of rapid drug desensitizations to
chemotherapy and monoclonal antibodies. J Allergy Clin
Immunol Pract. 2016;4(3):497-504. https://doi.org/10.1016/j.
jaip.2015.12.019.

de las Vecillas Sanchez L, Alenazy LA, Garcia-Neuer M,
Castells MC. Drug hypersensitivity and desensitizations:
mechanisms and new approaches. Int J Mol Sci. 2017;18(6).
https://doi.org/10.3390/ijms18061316.

Vultaggio A, Matucci A, Nencini F, Bormioli S, Vivarelli E,
Maggi E. Mechanisms of drug desensitization: not only mast
cells. Front Pharmacol. 2020;11(December):1-6. https://doi.
org/10.3389/fphar.2020.590991.

Scherer K, Brockow K, Aberer W, et al. Desensitization in
delayed drug hypersensitivity reactions - an EAACI position
paper of the Drug Allergy Interest Group. Allergy - Eur J

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

57

Allergy Clin Immunol. 2013;68(7):844-852. https://doi.org/
10.1111/all.12161.

Bencardino K, Mauri G, Amatu A, et al. Oxaliplatin immune-
induced syndrome occurs with cumulative administration and
rechallenge: single institution series and systematic review
study. Clin Colorectal Cancer. 2016;15(3):213-221. https://
doi.org/10.1016/j.clcc.2016.02.001.

Oh JH, Yun J, Yang M-S, et al. Reintroduction of
antituberculous drugs in patients with antituberculous drug-
related drug reaction with eosinophilia and systemic
symptoms. J Allergy Clin Immunol Pract. April 2021. https://
doi.org/10.1016/j.jaip.2021.03.054.

Macy E, Romano A, Khan D. Practical management of
antibiotic hypersensitivity in 2017. J Allergy Clin Immunol
Pract. 2017;5(3):577-586. https://doi.org/10.1016/j.jaip.2017.
02.014.

del Carmen Sancho-Serra M, Simarro M, Castells M. Rapid IgE
desensitization is antigen specific and impairs early and late
mast cell responses targeting FceRl internalization. Eur J
Immunol. 2011;41(4):1004-1013. https://doi.org/10.1002/eji.
201040810.

Komiya A, Hirai K, likura M, et al. Induction of basophil
desensitization in physiological medium: enhancement after
IgE-dependent upregulation of surface IgE binding on
basophils. Int Arch Allergy Immunol. 2003;130(1):40-50.
https://doi.org/10.1159/000068374.

Yamaguchi M. Management of drug allergy - an update. Jpn
J Allergol. 2021;70(2):75-79. https://doi.org/10.15036/
arerugi.70.75.

Morales A, Shah N, Castells M. Antigen-IgE desensitization in
signal transducer and activator of transcription 6-deficient
mast cells by suboptimal doses of antigen. Ann Allergy
Asthma Immunol. 2005;94(5):575-580. https://doi.org/10.
1016/51081-1206(10)61136-2.

Shalit M, Levi-Schaffer F. Challenge of mast cells with
increasing amounts of antigen induces desensitization. Clin
Exp Allergy. 1995;25(9):896-902. https://doi.org/10.1111/j.
1365-2222.1995.tb00033.x.

Rubinchik E, Shalit M, Levi-Schaffer F. Responsiveness of
human skin mast cells to repeated activation: an in vitro study.
Allergy - Eur J Allergy Clin Immunol. 1998;53(1):14-19.
https://doi.org/10.1111/j.1398-9995.1998.tb03768 x.

Wong JT, Long A. Rituximab hypersensitivity: evaluation,
desensitization, and potential mechanisms. J Allergy Clin
Immunol Pract. 2017;5(6):1564-1571. https://doi.org/10.
1016/}.jaip.2017.08.004.

Dilley MA, Lee JP, Platt CD, Broyles AD. Rituximab
desensitization in pediatric patients: results of a case series.
Pediatr Allergy Immunol Pulmonol. 2016;29(2):91-94. https://
doi.org/10.1089/ped.2015.0615.

Chiriac AM, Banerji A, Gruchalla RS, et al. Controversies in
drug allergy: drug allergy pathways. J Allergy Clin Immunol
Pract. 2019;7(1):46-60.e4.. https://doi.org/10.1016/j.jaip.
2018.07.037.

Torres MJ, Adkinson NF, Caubet JC, et al. Controversies in
drug allergy: beta-lactam hypersensitivity testing. J Allergy
Clin Immunol Pract. 2019;7(1):40-45. https://doi.org/10.
1016/}.jaip.2018.07.051.


https://doi.org/10.1016/S1470-2045(12)70211-5
https://doi.org/10.1016/S1470-2045(12)70211-5
https://pubmed.ncbi.nlm.nih.gov/23613414/
https://pubmed.ncbi.nlm.nih.gov/23613414/
https://doi.org/10.1186/1756-9966-30-93
https://doi.org/10.1155/2010/207084
https://doi.org/10.1016/j.jcf.2009.08.002
https://doi.org/10.3389/fimmu.2017.01472
https://doi.org/10.3389/fimmu.2017.01472
https://doi.org/10.1093/jjco/hyp070
https://doi.org/10.1111/j.1398-9995.2010.02441.x
https://doi.org/10.1111/j.1398-9995.2010.02441.x
https://doi.org/10.1016/j.jaip.2018.12.010
https://doi.org/10.21873/invivo.11702
https://doi.org/10.21873/invivo.11702
https://doi.org/10.1016/j.jaip.2015.12.019
https://doi.org/10.1016/j.jaip.2015.12.019
https://doi.org/10.3390/ijms18061316
https://doi.org/10.3389/fphar.2020.590991
https://doi.org/10.3389/fphar.2020.590991
https://doi.org/10.1111/all.12161
https://doi.org/10.1111/all.12161
https://doi.org/10.1016/j.clcc.2016.02.001
https://doi.org/10.1016/j.clcc.2016.02.001
https://doi.org/10.1016/j.jaip.2021.03.054
https://doi.org/10.1016/j.jaip.2021.03.054
https://doi.org/10.1016/j.jaip.2017.02.014
https://doi.org/10.1016/j.jaip.2017.02.014
https://doi.org/10.1002/eji.201040810
https://doi.org/10.1002/eji.201040810
https://doi.org/10.1159/000068374
https://doi.org/10.15036/arerugi.70.75
https://doi.org/10.15036/arerugi.70.75
https://doi.org/10.1016/S1081-1206(10)61136-2
https://doi.org/10.1016/S1081-1206(10)61136-2
https://doi.org/10.1111/j.1365-2222.1995.tb00033.x
https://doi.org/10.1111/j.1365-2222.1995.tb00033.x
https://doi.org/10.1111/j.1398-9995.1998.tb03768.x
https://doi.org/10.1016/j.jaip.2017.08.004
https://doi.org/10.1016/j.jaip.2017.08.004
https://doi.org/10.1089/ped.2015.0615
https://doi.org/10.1089/ped.2015.0615
https://doi.org/10.1016/j.jaip.2018.07.037
https://doi.org/10.1016/j.jaip.2018.07.037
https://doi.org/10.1016/j.jaip.2018.07.051
https://doi.org/10.1016/j.jaip.2018.07.051

58

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

Garvey LH, Ebo DG, Krgigaard M, et al. The use of drug
provocation testing in the investigation of suspected
immediate perioperative allergic reactions: current status. Br
J Anaesth. 2019;123(1):e126-e134. https://doi.org/10.1016/j.
bja.2019.03.018.

Sanchez-Borges M, Aberer W, Brockow K, et al. Controversies
in drug allergy: radiographic contrast media. J Allergy Clin
Immunol Pract. 2019;7(1):61-65. https://doi.org/10.1016/].
jaip.2018.06.030.

Stone CA, Trubiano J, Coleman DT, Rukasin CRF, Phillips EJ.
The challenge of de-labeling penicillin allergy. Allergy - Eur J
Allergy Clin Immunol. 2020;75(2):273-288. https://doi.org/
10.1111/all.13848.

Chua KYL, Vogrin S, Bury S, et al. The penicillin allergy
delabeling program: a multicenter whole-of-hospital health
services intervention and comparative effectiveness study.
Clin Infect Dis. August 2020. https://doi.org/10.1093/cid/
ciaab53.

Blumenthal KG, Phillips EJ. Positioning drug allergy
delabeling as a critical tool for precision medicine, quality
improvement, and public health. J Allergy Clin Immunol Pract.
2020;8(9):2916-2919. https://doi.org/10.1016/j.jaip.2020.07.
046.

Liang EH, Chen LH, Macy E. Adverse reactions associated with
penicillins, carbapenems, monobactams, and clindamycin: a
retrospective population-based study. J Allergy Clin Immunol
Pract. 2020;8(4):1302-1313.e2. https://doi.org/10.1016/}.jaip.
2019.11.035.

Ramsey A, Macy E, Chiriac AM, Blumenthal KG. Drug allergy
labels lost in translation: from patient to charts and
backwards. J Allergy Clin Immunol Pract. 2021. https://doi.
org/10.1016/j.jaip.2021.02.005.

Macy E. Addressing the epidemic of antibiotic “allergy” over-
diagnosis. Ann Allergy Asthma Immunol. 2020;124(6):550-
557. https://doi.org/10.1016/j.anai.2019.12.016.

Chiriac AM, Macy E. Large health system databases and drug
hypersensitivity. J Allergy Clin Immunol Pract. 2019;7(7):
2125-2131. https://doi.org/10.1016/j.jaip.2019.04.014.

Harvard Business Essentials: Crisis Management: Master the
Skills to Prevent Disasters. Boston, Mass, USA: Harvard
Business School Press; 2004. https://store.hbr.org/product/
harvard-business-essentials-crisis-management-master-the-
skills-to-prevent-disasters/4376. Accessed February 12, 2021.

Alvarez-Cuesta E, Madrigal-Burgaleta R, Berges-Gimeno MP,
Angel-Pereira D. Rapid desensitization to chemotherapy and
monoclonal antibodies is effective and safe. Reply. Allergy.
2013;68(11):1483-1484. PMID: 24498642.

Alvarez-Cuesta E, Berges-Gimeno M, Cuesta-Herranz J. Area
de procedimientos alergoldgicos, diagnésticos y
terapéuticos en el siglo XXI: propuesta de un modelo
estandar. In: Guzman M, ed. Alergia e Intolerancia
Alimentaria. Santiago de Chile: Editorial Mediterraneo; 2015:
413-423. https://mediterraneo.cl/busqueda?
controller=search&order=product.position.desc&s=978-
956-220-371-5. Accessed February 11, 2021.

Castells M. New role for the modern allergist in drug allergy:
assess, diagnose, and de-label. Ann Allergy Asthma Immunol.
2018;121(5):515-516. https://doi.org/10.1016/j.anai.2018.09.
455.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Garvey LH, Ebo DG, Mertes PM, et al. An EAACI position
paper on the investigation of perioperative immediate
hypersensitivity reactions. Allergy - Eur J Allergy Clin
Immunol. 2019;74(10):1872-1884. https://doi.org/10.1111/
all.13820.

Nancarrow SA, Booth A, Ariss S, Smith T, Enderby P, Roots A.
Ten principles of good interdisciplinary team work. Hum
Resour Health. 2013;11(1):1. https://doi.org/10.1186/1478-
4491-11-19.

Darzi A, Sevdalis N, Green JSA, et al. Successful strategies in
implementing a multidisciplinary team working in the care of
patients with cancer: an overview and synthesis of the
available literature. J Multidiscip Healthc. 2018;11:49-61.
https://doi.org/10.2147/JMDH.S117945.

European Medicines Agency. Guideline for Good Clinical
Practice E6(R2); 2018. www.ema.europa.eu/contact.
Accessed June 1, 2020.

Banerji A, Lax T, Guyer A, Hurwitz S, Camargo CA, Long AA.
Management of hypersensitivity reactions to carboplatin and
paclitaxel in an outpatient oncology infusion center: a 5-year
review. J Allergy Clin Immunol Pract. 2014;2(4):428-433.
https://doi.org/10.1016/j.jaip.2014.04.010.

Park SJ, Lee KY, Park WS, Min SY. Clinical outcomes of
reintroducing oxaliplatin to patients with colorectal cancer
after mild hypersensitivity reactions. Oncology. 2013;85(6):
323-327. https://doi.org/10.1159/000355831.

Zweizig S, Roman LD, Muderspach LI. Death from anaphylaxis
to cisplatin: a case report. Gynecol Oncol. 1994;53(1):121-
122. https://doi.org/10.1006/gyno.1994.1098.

Altwerger G, Gressel GM, English DP, et al. Platinum
desensitization in patients with carboplatin hypersensitivity: a
single-institution retrospective study. Gynecol Oncol.
2017;144(1):77-82. https://doi.org/10.1016/j.ygyno.2016.09.
027.

Takase N, Matsumoto K, Onoe T, et al. 4-step 4-h carboplatin
desensitization protocol for patients with gynecological
malignancies showing platinum hypersensitivity: a
retrospective study. Int J Clin Oncol. 2015;20(3):566-573.
https://doi.org/10.1007/s10147-014-0731-1.

Patil SU, Long AA, Ling M, et al. A protocol for risk
stratification of patients with carboplatin-induced
hypersensitivity reactions. J Allergy Clin Immunol.
2012;129(2):443-447. https://doi.org/10.1016/j.jaci.2011.10.
010.

Dudley LS, Mansour MI, Merlin MA. Epinephrine for
anaphylaxis: underutilized and unavailable. West J Emerg
Med. 2015;16(3):1-3. https://doi.org/10.5811/westjem.2015.
3.25337.

Cohen MB, Saunders SS, Wise SK, Nassif S, Platt MP. Pitfalls in
the use of epinephrine for anaphylaxis: patient and provider
opportunities for improvement. Int Forum Allergy Rhinol.
2017;7(3):276-286. https://doi.org/10.1002/alr.21884.

Prince BT, Mikhail I, Stukus DR. Underuse of epinephrine for
the treatment of anaphylaxis: missed opportunities. J Asthma
Allergy. 2018;11:143-151. https://doi.org/10.2147/JAA.
S5159400.

Plumb B, Bright P, Gompels MM, Unsworth DJ. Correct
recognition and management of anaphylaxis: not much


https://doi.org/10.1016/j.bja.2019.03.018
https://doi.org/10.1016/j.bja.2019.03.018
https://doi.org/10.1016/j.jaip.2018.06.030
https://doi.org/10.1016/j.jaip.2018.06.030
https://doi.org/10.1111/all.13848
https://doi.org/10.1111/all.13848
https://doi.org/10.1093/cid/ciaa653
https://doi.org/10.1093/cid/ciaa653
https://doi.org/10.1016/j.jaip.2020.07.046
https://doi.org/10.1016/j.jaip.2020.07.046
https://doi.org/10.1016/j.jaip.2019.11.035
https://doi.org/10.1016/j.jaip.2019.11.035
https://doi.org/10.1016/j.jaip.2021.02.005
https://doi.org/10.1016/j.jaip.2021.02.005
https://doi.org/10.1016/j.anai.2019.12.016
https://doi.org/10.1016/j.jaip.2019.04.014
https://store.hbr.org/product/harvard-business-essentials-crisis-management-master-the-skills-to-prevent-disasters/4376
https://store.hbr.org/product/harvard-business-essentials-crisis-management-master-the-skills-to-prevent-disasters/4376
https://store.hbr.org/product/harvard-business-essentials-crisis-management-master-the-skills-to-prevent-disasters/4376
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref88
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref88
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref88
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref88
https://mediterraneo.cl/busqueda?controller=search&amp;order=product.position.desc&amp;s=978-956-220-371-5
https://mediterraneo.cl/busqueda?controller=search&amp;order=product.position.desc&amp;s=978-956-220-371-5
https://mediterraneo.cl/busqueda?controller=search&amp;order=product.position.desc&amp;s=978-956-220-371-5
https://mediterraneo.cl/busqueda?controller=search&amp;order=product.position.desc&amp;s=978-956-220-371-5
https://mediterraneo.cl/busqueda?controller=search&amp;order=product.position.desc&amp;s=978-956-220-371-5
https://mediterraneo.cl/busqueda?controller=search&amp;order=product.position.desc&amp;s=978-956-220-371-5
https://doi.org/10.1016/j.anai.2018.09.455
https://doi.org/10.1016/j.anai.2018.09.455
https://doi.org/10.1111/all.13820
https://doi.org/10.1111/all.13820
https://doi.org/10.1186/1478-4491-11-19
https://doi.org/10.1186/1478-4491-11-19
https://doi.org/10.2147/JMDH.S117945
http://www.ema.europa.eu/contact
https://doi.org/10.1016/j.jaip.2014.04.010
https://doi.org/10.1159/000355831
https://doi.org/10.1006/gyno.1994.1098
https://doi.org/10.1016/j.ygyno.2016.09.027
https://doi.org/10.1016/j.ygyno.2016.09.027
https://doi.org/10.1007/s10147-014-0731-1
https://doi.org/10.1016/j.jaci.2011.10.010
https://doi.org/10.1016/j.jaci.2011.10.010
https://doi.org/10.5811/westjem.2015.3.25337
https://doi.org/10.5811/westjem.2015.3.25337
https://doi.org/10.1002/alr.21884
https://doi.org/10.2147/JAA.S159400
https://doi.org/10.2147/JAA.S159400
https://doi.org/10.1016/j.waojou.2022.100640

Volume 15, No. 6, June 2022

105.

106.

107.

108.

109.

110.

111,

112.

113.

114.

115.

116.

117.

change over a decade. Postgrad Med. 2015;91(1071):3-7.
https://doi.org/10.1136/postgradmed;j-2013-132181.

Pimentel-Hayashi JA, Navarrete-Rodriguez EM, Moreno-
Laflor Ol, Del Rio-Navarro BE. Physicians’ knowledge regarding
epinephrine underuse in anaphylaxis. Asia Pac Allergy.
2020;10(4). https://doi.org/10.5415/apallergy.2020.10.e40.

Brown AFT, McKinnon D, Chu K. Emergency department
anaphylaxis: a review of 142 patients in a single year.

J Allergy Clin Immunol. 2001;108(5):861-866. https://doi.
org/10.1067/mai.2001.119028.

Wooten KC, Calhoun WJ, Bhavnani S, et al. Evolution of
multidisciplinary translational teams (MTTs): insights for
accelerating Translational Innovations. Clin Trans/ Sci.
2015;8(5). https://doi.org/10.1111/cts.12266.

Lungeanu A, Huang Y, Contractor NS. Understanding the
assembly of interdisciplinary teams and its impact on
performance. J Informetr. 2015;8(1):59-70. https://doi.org/
10.1016/j.j0i.2013.10.006.

Fennell ML, Das IP, Clauser S, Petrelli N, Salner A. The
organization of multidisciplinary care teams: modeling
internal and external influences on cancer care quality. JNC/
Monogr. 2010;2010(40). https://doi.org/10.1093/
jncimonographs/Igq010.

Gandhi TK, Feeley D. Zero harm in health care. NEJM Catal
Innov Care Deliv. 2020;1(2):1-22. https://doi.org/10.1056/
CAT.19.1137.

Kowalski ML, Ansotegui |, Aberer W, et al. Risk and safety
requirements for diagnostic and therapeutic procedures in
allergology: World Allergy Organization Statement. World
Allergy Organ J. 2016;9(1):1-42. https://doi.org/10.1186/
s40413-016-0122-3.

Baiardini I, Gaeta F, Molinengo G, Braido F, Canonica GW,
Romano A. Quality-of-life issues in survivors to
anaphylactic reactions to drugs. Allergy - Eur J Allergy Clin
Immunol. 2015;70(7):877-879. https://doi.org/10.1111/all.
12610.

Bavbek S, Kepil Ozdemir S, Doganay Erdogan B, et al. Turkish
version of the drug hypersensitivity quality of life
questionnaire: assessment of reliability and validity. Qual Life
Res. 2016;25(1):101-109. https://doi.org/10.1007/s11136-
015-1051-2.

Chongpison Y, Rerknimitr P, Hurst C, et al. Reliability and
validity of the Thai Drug Hypersensitivity Quality of Life
Questionnaire: a multi-center study. Int J Qual Health Care.
2019;31(7):527-534. https://doi.org/10.1093/intghc/mzy207.

Baiardini |, Braido F, Fassio O, Calia R, Canonica GW,
Romano A. Development and validation of the Drug
Hypersensitivity Quality of Life Questionnaire. Ann Allergy
Asthma Immunol. 2011;106(4):330-335. https://doi.org/10.
1016/j.anai.2010.12.014.

Gastaminza G, Herdman M, Baiardini |, Braido F,
Corominas M. Cross-cultural adaptation and linguistic
validation of the Spanish version of the drug hypersensitivity
quality of life questionnaire. J Investig Allergol Clin Immunol.
2013;23(7):508-510.

Committee on Quality of Health Care in America | of M.
Shaping the Future; Crossing the Quality Chasm: A New
Health System for the 21th Century. Washington, DC: National
Academies Press; 2001. https://doi.org/10.17226/10027.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

59

Berwick DM, Feeley D, Loehrer S. Change from the inside out
health care leaders taking the helm. J Am Med Assoc.
2020;313. https://doi.org/10.1001/jama.2015.2830.

Kaplan R, Mikes A. Managing risks: a new framework. Harv
Bus Rev. 2012;(June). https://hbr.org/2012/06/managing-
risks-a-new-framework. Accessed June 7, 2020.

Mate KS, Rakover J, Cordiner K, Noble A. Novel quality
improvement method to reduce cost while improving the
quality of patient care: retrospective observational study.
BMJ Qual Saf. 2020:1-9. https://doi.org/10.1136/bmjgs-
2019-009825.

Berwick D, Bibby J, Bisognano M, et al. Improving the Safety
of Patients in England. 2013.

Wong JT, Ling M, Patil S, Banerji A, Long A. Oxaliplatin
hypersensitivity: evaluation, implications of skin testing, and
desensitization. J Allergy Clin Immunol Pract. 2014;2(1):40-
45. https://doi.org/10.1016/j.jaip.2013.08.011.

Pagani M, Bonadonna P, Senna GE, Antico A. Standardization
of skin tests for diagnosis and prevention of hypersensitivity
reactions to oxaliplatin. Int Arch Allergy Immunol.
2007;145(1):54-57. https://doi.org/10.1159/000107467.

Mayorga C, Celik G, Rouzaire P, et al. In vitro tests for drug
hypersensitivity reactions: an ENDA/EAACI Drug Allergy
Interest Group position paper. Allergy - Eur J Allergy Clin
Immunol. 2016;71(8):1103-1134. https://doi.org/10.1111/all.
12886.

Hesterberg PE, Banerji A, Oren E, et al. Risk stratification for
desensitization of patients with carboplatin hypersensitivity:
clinical presentation and management. J Allergy Clin
Immunol. 2009;123(6):1262-1267.e1. https://doi.org/10.
1016/}.jaci.2009.02.042.

Caiado J, Castells M. Presentation and diagnosis of
hypersensitivity to platinum drugs. Curr Allergy Asthma Rep.
2015;15(4):1-9. https://doi.org/10.1007/s11882-015-0515-3.

Alvarez-Twose |, Gonzélez-De-Olano D, Sdnchez-Munoz L,
et al. Validation of the REMA score for predicting mast cell
clonality and systemic mastocytosis in patients with
systemic mast cell activation symptoms. Int Arch Allergy
Immunol. 2012;157(3):275-280. https://doi.org/10.1159/
000329856.

Caiado J, Brés R, Paulino M, Costa L, Castells M. Rapid
desensitization to antineoplastic drugs in an outpatient
immunoallergology clinic: outcomes and risk factors. Ann
Allergy Asthma Immunol. 2020;125(3), 325-333.e1. https://
doi.org/10.1016/j.anai.2020.04.017.

Garcia AP, de la Losa FP. Immunoglobulin E-mediated severe
anaphylaxis to paclitaxel. J Investig Allergol Clin Immunol.
2010;20(2):170-171.

Pagani M, Venemalm L, Bonnadona P, Vescovi PP, Botelho C,
Cernadas JR. An experimental biological test to diagnose
hypersensitivity reactions to carboplatin: new horizons for an
old problem. Jpn J Clin Oncol. 2012;42(4):347-350. https://
doi.org/10.1093/jjco/hys006.

Caiado J, Venemalm L, Pereira-Santos MC, Costa L,
Barbosa MP, Castells M. Carboplatin-, oxaliplatin-, and
cisplatin-specific IgE: cross-reactivity and value in the
diagnosis of carboplatin and oxaliplatin allergy. J Allergy Clin
Immunol Pract. 2013;1(5):494-500. https://doi.org/10.1016/].
jaip.2013.06.002.


https://doi.org/10.1136/postgradmedj-2013-132181
https://doi.org/10.5415/apallergy.2020.10.e40
https://doi.org/10.1067/mai.2001.119028
https://doi.org/10.1067/mai.2001.119028
https://doi.org/10.1111/cts.12266
https://doi.org/10.1016/j.joi.2013.10.006
https://doi.org/10.1016/j.joi.2013.10.006
https://doi.org/10.1093/jncimonographs/lgq010
https://doi.org/10.1093/jncimonographs/lgq010
https://doi.org/10.1056/CAT.19.1137
https://doi.org/10.1056/CAT.19.1137
https://doi.org/10.1186/s40413-016-0122-3
https://doi.org/10.1186/s40413-016-0122-3
https://doi.org/10.1111/all.12610
https://doi.org/10.1111/all.12610
https://doi.org/10.1007/s11136-015-1051-2
https://doi.org/10.1007/s11136-015-1051-2
https://doi.org/10.1093/intqhc/mzy207
https://doi.org/10.1016/j.anai.2010.12.014
https://doi.org/10.1016/j.anai.2010.12.014
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref116
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref116
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref116
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref116
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref116
https://doi.org/10.17226/10027
https://doi.org/10.1001/jama.2015.2830
https://hbr.org/2012/06/managing-risks-a-new-framework
https://hbr.org/2012/06/managing-risks-a-new-framework
https://doi.org/10.1136/bmjqs-2019-009825
https://doi.org/10.1136/bmjqs-2019-009825
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref121
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref121
https://doi.org/10.1016/j.jaip.2013.08.011
https://doi.org/10.1159/000107467
https://doi.org/10.1111/all.12886
https://doi.org/10.1111/all.12886
https://doi.org/10.1016/j.jaci.2009.02.042
https://doi.org/10.1016/j.jaci.2009.02.042
https://doi.org/10.1007/s11882-015-0515-3
https://doi.org/10.1159/000329856
https://doi.org/10.1159/000329856
https://doi.org/10.1016/j.anai.2020.04.017
https://doi.org/10.1016/j.anai.2020.04.017
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref129
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref129
http://refhub.elsevier.com/S1939-4551(22)00016-3/sref129
https://doi.org/10.1093/jjco/hys006
https://doi.org/10.1093/jjco/hys006
https://doi.org/10.1016/j.jaip.2013.06.002
https://doi.org/10.1016/j.jaip.2013.06.002

60

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

lwamoto T, Yuta A, Tabata T, et al. Evaluation of basophil
CD203c as a predictor of carboplatin-related hypersensitivity
reaction in patients with gynecologic cancer. Biol Pharm Bull.
2012;35(9):1487-1495. https://doi.org/10.1248/bpb.b12-
00150.

lwamoto T, Sugimoto H, Tabata T, Okuda M. Clinical utility of
basophil CD203c as a biomarker for predicting the timing of
hypersensitivity reaction in carboplatin rechallenge: three
case reports. Clin Therapeut. 2016;38(6):1537-1541. https://
doi.org/10.1016/j.clinthera.2016.04.034.

Giavina-Bianchi P, Galvao VR, Picard M, Caiado J,

Castells MC. Basophil activation test is a relevant biomarker
of the outcome of rapid desensitization in platinum
compounds-allergy. J Allergy Clin Immunol Pract. 2017;5(3):
728-736. https://doi.org/10.1016/}.jaip.2016.11.006.

Deak PE, Kim B, Adnan A, et al. Nanoallergen platform for
detection of platin drug allergies. J Allergy Clin Immunol.

2019;143(5):1957-1960.e12. https://doi.org/10.1016/} jaci.
2019.01.010.

Breiteneder H, Peng YQ, Agache |, et al. Biomarkers for
diagnosis and prediction of therapy responses in allergic
diseases and asthma. Allergy - Eur J Allergy Clin Immunol.
2020;75(12):3039-3068. https://doi.org/10.1111/all.14582.

Cianferoni A. Non-IgE-mediated anaphylaxis. J Allergy Clin
Immunol. 2021;147(4):1123-1131. https://doi.org/10.1016/j.
jaci.2021.02.012.

Bruhns P, Chollet-Martin S. Mechanisms of human drug-
induced anaphylaxis. J Allergy Clin Immunol. 2021;147(4):
1133-1142. https://doi.org/10.1016/}.jaci.2021.02.013.

Lax T, Long A, Banerji A. Skin testing in the evaluation and
management of carboplatin-related hypersensitivity
reactions. J Allergy Clin Immunol Pract. 2015;3(6):856-862.
https://doi.org/10.1016/j.jaip.2015.07.003.

Vultaggio A, Castells MC. Hypersensitivity reactions to
biologic agents. Immunol Allergy Clin North Am. 2014;34(3):
615-632. https://doi.org/10.1016/j.iac.2014.04.008.

Bavbek S, Kendirlinan R, Cerci P, et al. Rapid drug
desensitization with biologics: a single-center experience
with four biologics. Int Arch Allergy Immunol. 2017;171(3-4):
227-233. https://doi.org/10.1159/000454808.

Gorgllu B, Seval GC, Kendirlinan R, Toprak SK, Ozcan M,
Bavbek S. Rapid drug desensitization with rituximab in 24
cases: a single-center experience. J Investig Allergol Clin
Immunol. 2019;29(6):468-470. https://doi.org/10.18176/jiaci.
0445.

Garcia-Menaya JM, Cordobés-Duran C, Gémez-Ulla J, et al.
Successful desensitization to cetuximab in a patient with a
positive skin test to cetuximab and specific IgE to alpha-gal.
J Investig Allergol Clin Immunol. 2016;26(2):132-134. https://
doi.org/10.18176/jiaci.0031.

Hong DI, Bankova L, Cahill KN, Kyin T, Castells MC. Allergy to
monoclonal antibodies: cutting-edge desensitization
methods for cutting-edge therapies. Expet Rev Clin Immunol.
2012;8(1):43-54. https://doi.org/10.1586/eci.11.75.

Matucci A, Pratesi S, Petroni G, et al. Allergological in vitro
and in vivo evaluation of patients with hypersensitivity

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

reactions to infliximab. Clin Exp Allergy. 2013;43(6):659-664.
https://doi.org/10.1111/cea.12098.

Vultaggio A, Matucci A, Nencini F, et al. Drug-specific Th2
cells and IgE antibodies in a patient with anaphylaxis to
rituximab. Int Arch Allergy Immunol. 2012;159(3):321-326.
https://doi.org/10.1159/000336839.

Vultaggio A, Matucci A, Nencini F, et al. Anti-infliximab IgE
and non-IgE antibodies and induction of infusion-related
severe anaphylactic reactions. Allergy - Eur J Allergy Clin
Immunol. 2010;65(5):657-661. https://doi.org/10.1111/j.
1398-9995.2009.02280.x.

Steinke JW, Platts-Mills TAE, Commins SP. The alpha-gal
story: lessons learned from connecting the dots. J Allergy
Clin Immunol. 2015;135(3):589-596. https://doi.org/10.1016/
jjaci.2014.12.1947.

Chung CH, Mirakhur B, Chan E, et al. Cetuximab-induced
anaphylaxis and IgE specific for galactose-a-1,3-galactose.
N Engl J Med. 2008;358(11):1109-1117. https://doi.org/10.
1056/NEJM0a074943.

Gonzélez-de-Olano D, Morgado JM, Juérez-Guerrero R, et al.
Positive basophil activation test following anaphylaxis to
pertuzumab and successful treatment with rapid
desensitization. J Allergy Clin Immunol Pract. 2016;4(2):338-
340. https://doi.org/10.1016/j.jaip.2015.10.007.

Piva E, Chieco-Bianchi F, Krajcar V, Aversa S, Plebani M.
Adverse reactions in patients with B-cell lymphomas during
combined treatment with rituximab: in vitro evaluation of
rituximab hypersensitivity by basophil activation test. Am J
Hematol. 2012;87(11). https://doi.org/10.1002/ajh.23329.

de la Varga Martinez R, Gutiérrez Fernandez D, Foncubierta
Fernandez A, Andrés Garcia JA, Medina Varo F. Rapid
subcutaneous desensitization for treatment of
hypersensitivity reactions to etanercept in two patients with
positive basophil activation test. Allergol Int. 2017;66(2):357-
359. https://doi.org/10.1016/j.alit.2016.09.002.

Barakat L, Torres MJ, Phillips EJ, et al. Biological treatments in
allergy: prescribing patterns and management of
hypersensitivity reactions. J Allergy Clin Immunol Pract.
2021;9(3):1396-1399.e2. https://doi.org/10.1016/j.jaip.2020.
10.044.

Agache |, Bilo M, Braunstahl GJ, et al. In vivo diagnosis of
allergic diseases - allergen provocation tests. Allergy - Eur J
Allergy Clin Immunol. 2015;70(4):355-365. https://doi.org/
10.1111/all.12586.

Blumenthal KG, Ryan EE, Li Y, Lee H, Kuhlen JL, Shenoy ES.
The impact of a reported penicillin allergy on surgical site
infection risk. Clin Infect Dis. 2018;66(3):329-336. https://doi.
org/10.1093/cid/cix794.

Blumenthal KG, Lu N, Zhang Y, Li Y, Walensky RP, Choi HK.
Risk of meticillin resistant Staphylococcus aureus and
Clostridium difficile in patients with a documented penicillin
allergy: population based matched cohort study. BMJ.
2018;361, k2400. https://doi.org/10.1136/bmj.k2400.

Trubiano JA, Chen C, Cheng AC, Grayson ML, Slavin MA,
Thursky KA. Antimicrobial allergy “labels” drive inappropriate
antimicrobial prescribing: lessons for stewardship.

J Antimicrob Chemother. 2016,;71(6):1715-1722. https://doi.
org/10.1093/jac/dkw008.


https://doi.org/10.1248/bpb.b12-00150
https://doi.org/10.1248/bpb.b12-00150
https://doi.org/10.1016/j.clinthera.2016.04.034
https://doi.org/10.1016/j.clinthera.2016.04.034
https://doi.org/10.1016/j.jaip.2016.11.006
https://doi.org/10.1016/j.jaci.2019.01.010
https://doi.org/10.1016/j.jaci.2019.01.010
https://doi.org/10.1111/all.14582
https://doi.org/10.1016/j.jaci.2021.02.012
https://doi.org/10.1016/j.jaci.2021.02.012
https://doi.org/10.1016/j.jaci.2021.02.013
https://doi.org/10.1016/j.jaip.2015.07.003
https://doi.org/10.1016/j.iac.2014.04.008
https://doi.org/10.1159/000454808
https://doi.org/10.18176/jiaci.0445
https://doi.org/10.18176/jiaci.0445
https://doi.org/10.18176/jiaci.0031
https://doi.org/10.18176/jiaci.0031
https://doi.org/10.1586/eci.11.75
https://doi.org/10.1111/cea.12098
https://doi.org/10.1159/000336839
https://doi.org/10.1111/j.1398-9995.2009.02280.x
https://doi.org/10.1111/j.1398-9995.2009.02280.x
https://doi.org/10.1016/j.jaci.2014.12.1947
https://doi.org/10.1016/j.jaci.2014.12.1947
https://doi.org/10.1056/NEJMoa074943
https://doi.org/10.1056/NEJMoa074943
https://doi.org/10.1016/j.jaip.2015.10.007
https://doi.org/10.1002/ajh.23329
https://doi.org/10.1016/j.alit.2016.09.002
https://doi.org/10.1016/j.jaip.2020.10.044
https://doi.org/10.1016/j.jaip.2020.10.044
https://doi.org/10.1111/all.12586
https://doi.org/10.1111/all.12586
https://doi.org/10.1093/cid/cix794
https://doi.org/10.1093/cid/cix794
https://doi.org/10.1136/bmj.k2400
https://doi.org/10.1093/jac/dkw008
https://doi.org/10.1093/jac/dkw008
https://doi.org/10.1016/j.waojou.2022.100640

Volume 15, No. 6, June 2022

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Conway EL, Lin K, Sellick JA, et al. Impact of penicillin allergy
on time to first dose of antimicrobial therapy and clinical
outcomes. Clin Therapeut. 2017;39(11):2276-2283. https://
doi.org/10.1016/j.clinthera.2017.09.012.

Blumenthal KG, Kuper K, Schulz LT, et al. Association
between penicillin allergy documentation and antibiotic use.
JAMA Intern Med. 2020;180(8):1120-1122. https://doi.org/
10.1001/jamainternmed.2020.2227.

Macy E. Penicillin and beta-lactam allergy: epidemiology and
diagnosis. Curr Allergy Asthma Rep. 2014;14(11):1-7. https://
doi.org/10.1007/s11882-014-0476-y.

Castells M, Khan DA, Phillips EJ. Penicillin allergy. N Engl J
Med. 2019;381(24):2338-2351. https://doi.org/10.1056/
NEJMra1807761.

Trubiano JA, Adkinson NF, Phillips EJ. Penicillin allergy is not
necessarily forever. J Am Med Assoc. 2017;318(1):82-83.
https://doi.org/10.1001/jama.2017.6510.

Trubiano JA, Thursky KA, Stewardson AJ, et al. Impact of an
integrated antibiotic allergy testing program on antimicrobial
stewardship: a multicenter evaluation. Clin Infect Dis.
2017;65(1):166-174. https://doi.org/10.1093/cid/cix244.

Trubiano JA, Grayson ML, Phillips EJ, Stewardson AJ,
Thursky KA, Slavin MA. Antibiotic allergy testing improves
antibiotic appropriateness in patients with cancer.

J Antimicrob Chemother. 2018;73(11):3209-3211. https://
doi.org/10.1093/jac/dky307.

Blumenthal KG, Li Y, Hsu JT, et al. Outcomes from an
inpatient beta-lactam allergy guideline across a large US
health system. Infect Control Hosp Epidemiol. 2019,40(5):
528-535. https://doi.org/10.1017/ice.2019.50.

Leis JA, Palmay L, Ho G, et al. Point-of-care B-lactam allergy
skin testing by antimicrobial stewardship programs: a
pragmatic multicenter prospective evaluation. Clin Infect
Dis. 2017;65(7):1059-1065. https://doi.org/10.1093/cid/
cix512.

Ramsey A, Staicu ML. Use of a penicillin allergy screening
algorithm and penicillin skin testing for transitioning
hospitalized patients to first-line antibiotic therapy. J Allergy
Clin Immunol Pract. 2018;6(4):1349-1355. https://doi.org/10.
1016/j.jaip.2017.11.012.

Sacco KA, Bates A, Brigham TJ, Imam JS, Burton MC. Clinical
outcomes following inpatient penicillin allergy testing: a
systematic review and meta-analysis. Allergy - Eur J Allergy
Clin Immunol. 2017;72(9):1288-1296. https://doi.org/10.
1111/all.13168.

Sacco KA, Cochran BP, Epps K, Parkulo M, Gonzalez-
Estrada A. Inpatient B-lactam test-dose protocol and
antimicrobial stewardship in patients with a history of
penicillin allergy. Ann Allergy Asthma Immunol.
2019;122(2):184-188. https://doi.org/10.1016/j.anai.2018.
11.008.

Trubiano JA, Slavin MA, Thursky KA, Grayson ML, Phillips EJ.
Beta-lactam and sulfonamide allergy testing should be a
standard of care in immunocompromised hosts. J Allergy
Clin Immunol Pract. 2019;7(7):2151-2153. https://doi.org/10.
1016/j.jaip.2019.05.051.

Trubiano J, Phillips E. Antimicrobial stewardship’s new
weapon? A review of antibiotic allergy and pathways to “de-

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

61

labeling”. Curr Opin Infect Dis. 2013;26(6):526-537. https://
doi.org/10.1097/QCO.0000000000000006.

Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an
antibiotic stewardship program: guidelines by the Infectious
Diseases Society of America and the Society for Healthcare
Epidemiology of America. Clin Infect Dis. 2016;62(10):e51-
e77. https://doi.org/10.1093/cid/ciw118.

Miller LE, Knoderer CA, Cox EG, Kleiman MB. Assessment of
the validity of reported antibiotic allergic reactions in
pediatric patients. Pharmacotherapy. 2011;31(8):736-741.
https://doi.org/10.1592/phco.31.8.736.

Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and
management of penicillin allergy: a review. J Am Med Assoc.
2019;321(2):188-199. https://doi.org/10.1001/jama.2018.
19283.

Devchand M, Urbancic KF, Khumra S, et al. Pathways to

improved antibiotic allergy and antimicrobial stewardship
practice: the validation of a beta-lactam antibiotic allergy
assessment tool. J Allergy Clin Immunol Pract. 2019;7(3):
1063-1065.e5. https://doi.org/10.1016/].jaip.2018.07.048.

Devchand M, Kirkpatrick CMJ, Stevenson W, et al. Evaluation
of a pharmacist-led penicillin allergy de-labelling ward
round: a novel antimicrobial stewardship intervention.

J Antimicrob Chemother. 2019,;74(6):1725-1730. https://doi.
org/10.1093/jac/dkz082.

Trubiano JA, Vogrin S, Chua KYL, et al. Development and
validation of a penicillin allergy clinical decision rule. JAMA
Intern Med. 2020;180(5):745-752. https://doi.org/10.1001/
jamainternmed.2020.0403.

Stevenson B, Trevenen M, Klinken E, et al. Multicenter
Australian study to determine criteria for low- and high-risk
penicillin testing in outpatients. J Allergy Clin Immunol Pract.
2020;8(2):681-689.€3. https://doi.org/10.1016/j.jaip.2019.
09.025.

Siew LQC, Li PH, Watts TJ, et al. Identifying low-risk beta-
lactam allergy patients in a UK Tertiary Centre. J Allergy Clin
Immunol Pract. 2019;7(7):2173-2181.e1. https://doi.org/10.
1016/j.jaip.2019.03.015.

Chiriac AM, Wang Y, Schrijvers R, et al. Designing predictive
models for beta-lactam allergy using the drug allergy and
hypersensitivity database. J Allergy Clin Immunol Pract.
2018;6(1):139-148.e2. https://doi.org/10.1016/j.jaip.2017.
04.045.

Stone CA, Stollings JL, Lindsell CJ, et al. Risk-stratified
management to remove low-risk penicillin allergy labels in
the ICU. Am J Respir Crit Care Med. 2020;201(12):1572-
1575. https://doi.org/10.1164/rccm.202001-0089LE.

Banks TA, Tucker M, Macy E. Evaluating penicillin allergies
without skin testing. Curr Allergy Asthma Rep. 2019;19(5).
https://doi.org/10.1007/s11882-019-0854-6.

Rose MT, Slavin M, Trubiano J. The democratisation of de-
labelling: a review of direct oral challenge in adults with low-
risk penicillin allergy. Expert Rev Anti Infect Ther. 2020.
https://doi.org/10.1080/14787210.2020.1792775.

Sousa-Pinto B, Blumenthal KG, Macy E, et al. Penicillin allergy
testing is cost-saving: an economic evaluation study. Clin
Infect Dis. February 2020. https://doi.org/10.1093/cid/
ciaa194.


https://doi.org/10.1016/j.clinthera.2017.09.012
https://doi.org/10.1016/j.clinthera.2017.09.012
https://doi.org/10.1001/jamainternmed.2020.2227
https://doi.org/10.1001/jamainternmed.2020.2227
https://doi.org/10.1007/s11882-014-0476-y
https://doi.org/10.1007/s11882-014-0476-y
https://doi.org/10.1056/NEJMra1807761
https://doi.org/10.1056/NEJMra1807761
https://doi.org/10.1001/jama.2017.6510
https://doi.org/10.1093/cid/cix244
https://doi.org/10.1093/jac/dky307
https://doi.org/10.1093/jac/dky307
https://doi.org/10.1017/ice.2019.50
https://doi.org/10.1093/cid/cix512
https://doi.org/10.1093/cid/cix512
https://doi.org/10.1016/j.jaip.2017.11.012
https://doi.org/10.1016/j.jaip.2017.11.012
https://doi.org/10.1111/all.13168
https://doi.org/10.1111/all.13168
https://doi.org/10.1016/j.anai.2018.11.008
https://doi.org/10.1016/j.anai.2018.11.008
https://doi.org/10.1016/j.jaip.2019.05.051
https://doi.org/10.1016/j.jaip.2019.05.051
https://doi.org/10.1097/QCO.0000000000000006
https://doi.org/10.1097/QCO.0000000000000006
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1592/phco.31.8.736
https://doi.org/10.1001/jama.2018.19283
https://doi.org/10.1001/jama.2018.19283
https://doi.org/10.1016/j.jaip.2018.07.048
https://doi.org/10.1093/jac/dkz082
https://doi.org/10.1093/jac/dkz082
https://doi.org/10.1001/jamainternmed.2020.0403
https://doi.org/10.1001/jamainternmed.2020.0403
https://doi.org/10.1016/j.jaip.2019.09.025
https://doi.org/10.1016/j.jaip.2019.09.025
https://doi.org/10.1016/j.jaip.2019.03.015
https://doi.org/10.1016/j.jaip.2019.03.015
https://doi.org/10.1016/j.jaip.2017.04.045
https://doi.org/10.1016/j.jaip.2017.04.045
https://doi.org/10.1164/rccm.202001-0089LE
https://doi.org/10.1007/s11882-019-0854-6
https://doi.org/10.1080/14787210.2020.1792775
https://doi.org/10.1093/cid/ciaa194
https://doi.org/10.1093/cid/ciaa194

62

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

Mattingly TJ. The economics of drug allergy. Curr Opin
Allergy Clin Immunol. 2020;20(4):395-400. https://doi.org/
10.1097/AC1.0000000000000651.

Vyles D, Antoon JW, Norton A, et al. Children with reported
penicillin allergy: public health impact and safety of
delabeling. Ann Allergy Asthma Immunol. 2020;124(6):558-
565. https://doi.org/10.1016/j.anai.2020.03.012.

Prieto A, Mufioz C, Bogas G, et al. Single-dose prolonged
drug provocation test, without previous skin testing, is safe
for diagnosing children with mild non-immediate reactions to
beta-lactams. Allergy - Eur J Allergy Clin Immunol. 2021.
https://doi.org/10.1111/all.14800.

Wang LA, Patel K, Kuruvilla ME, Shih J. Direct amoxicillin
challenge without preliminary skin testing for pediatric
patients with penicillin allergy labels. Ann Allergy Asthma
Immunol. 2020;125(2):226-228. https://doi.org/10.1016/j.
anai.2020.05.004.

Mill C, Primeau MN, Medoff E, et al. Assessing the diagnostic
properties of a graded oral provocation challenge for the
diagnosis of immediate and nonimmediate reactions to
amoxicillin in children. JAMA Pediatr. 2016;170(6). https://
doi.org/10.1001/jamapediatrics.2016.0033.

Abrams EM, Ben-Shoshan M. Should testing be initiated prior
to amoxicillin challenge in children? Clin Exp Allergy.
2019;49(8):1060-1066. https://doi.org/10.1111/cea.13443.

Mirakian R, Leech SC, Krishna MT, et al. Management of
allergy to penicillins and other beta-lactams. Clin Exp Allergy.
2015;45(2):300-327. https://doi.org/10.1111/cea.12468.

Mustafa SS, Conn K, Ramsey A. Comparing direct challenge
to penicillin skin testing for the outpatient evaluation of
penicillin allergy: a randomized controlled trial. J Allergy Clin
Immunol Pract. 2019;7(7):2163-2170. https://doi.org/10.
1016/.jaip.2019.05.037.

Khan DA, Banerji A, Bernstein JA, et al. Cephalosporin
allergy: current understanding and future challenges.

J Allergy Clin Immunol Pract. 2019;7(7):2105-2114. https://
doi.org/10.1016/j.jaip.2019.06.001.

Romano A, Gaeta F, Valluzzi RL, Zaffiro A, Caruso C,
Quaratino D. Natural evolution of skin-test sensitivity in
patients with IgE-mediated hypersensitivity to
cephalosporins. Allergy - Eur J Allergy Clin Immunol.
2014;69(6):806-809. https://doi.org/10.1111/all.12390.

Stone CA, Trubiano JA, Phillips EJ. Testing strategies and
predictors for evaluating immediate and delayed reactions to
cephalosporins. J Allergy Clin Immunol Pract. 2020. https://
doi.org/10.1016/j.jaip.2020.07.056.

Romano A, Valluzzi RL, Caruso C, Maggioletti M, Quaratino D,
Gaeta F. Cross-reactivity and tolerability of cephalosporins in
patients with IgE-mediated hypersensitivity to penicillins.

J Allergy Clin Immunol Pract. 2018;6(5):1662-1672. https://
doi.org/10.1016/j.jaip.2018.01.020.

Bogas G, Mayorga C, Martin-Serrano A, et al. Penicillin and
cephalosporin cross-reactivity: role of side chain and
synthetic cefadroxil epitopes. Clin Transl Allergy. 2020;10(1).
https://doi.org/10.1186/s13601-020-00368-1.

Broyles AD, Banerji A, Barmettler S, et al. Practical guidance
for the evaluation and management of drug hypersensitivity:
specific drugs. J Allergy Clin Immunol Pract. 2020;8(9):516-
S116. https://doi.org/10.1016/j.jaip.2020.08.006.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Strom BL, Schinnar R, Apter AJ, et al. Absence of cross-
reactivity between sulfonamide antibiotics and sulfonamide
nonantibiotics. N Engl J Med. 2003;349(17):1628-1635.
https://doi.org/10.1056/NEJM0a022963.

Vethody C, Yu R, Keck JM, Onasch MK, Stone CA, Phillips EJ.
Safety, efficacy and effectiveness of delabeling in patients
with multiple drug allergy labels. J Allergy Clin Immunol
Pract. September 2020. https://doi.org/10.1016/j.jaip.2020.
09.010.

Weiss ME, Bernstein DI, Blessing-moore J, et al. Drug allergy:
an updated practice parameter. Ann Allergy Asthma
Immunol. 2010;105(4):259-273.e78. https://doi.org/10.1016/
j-anai.2010.08.002.

Krantz MS, Stone CA, Abreo A, Phillips EJ. Oral challenge
with trimethoprim-sulfamethoxazole in patients with “sulfa”
antibiotic allergy. J Allergy Clin Immunol Pract. 2020;8(2):

757-760.e4. https://doi.org/10.1016/j.jaip.2019.07.003.

McNeil BD, Pundir P, Meeker S, et al. Identification of a mast-
cell-specific receptor crucial for pseudo-allergic drug
reactions. Nature. 2015;519(7542):237-241. https://doi.org/
10.1038/nature14022.

Krantz MS, Stone CA, Yu R, Adams SN, Phillips EJ. Criteria for
intradermal skin testing and oral challenge in patients labeled as
fluoroquinolone allergic. J Allergy Clin Immunol Pract.
September 2020. https://doi.org/10.1016/].jaip.2020.09.017.

Blanca-Lépez N, Ariza A, Dofia |, et al. Hypersensitivity
reactions to fluoroguinolones: analysis of the factors
involved. Clin Exp Allergy. 2013;43(5):560-567. https://doi.
org/10.1111/cea.12099.

Donfa |, Pérez-Sanchez N, Salas M, et al. Clinical
characterization and diagnostic approaches for patients
reporting hypersensitivity reactions to quinolones. J Allergy
Clin Immunol Pract. 2020;8(8):2707-2714.e2. https://doi.org/
10.1016/j.jaip.2020.04.051.

Castells MC, Tennant NM, Sloane DE, et al. Hypersensitivity
reactions to chemotherapy: outcomes and safety of rapid
desensitization in 413 cases. J Allergy Clin Immunol.
2008;122(3):574-580. https://doi.org/10.1016/}.jaci.2008.02.
044.

Wong JT, Ripple RE, MacLean JA, Marks DR, Bloch KJ.
Vancomycin hypersensitivity: synergism with narcotics and
"desensitization” by a rapid continuous intravenous protocol.
J Allergy Clin Immunol. 1994;94(2):189-194. https://doi.org/
10.1016/0091-6749(94)20039-6.

Connor TH, McDiarmid MA. Preventing occupational
exposures to antineoplastic drugs in health care settings. CA
- Cancer J Clin. 2006;56(6):354-365. https://doi.org/10.3322/
canjclin.56.6.354.

Lax T, Dizon DS, Birrer M, et al. Extended carboplatin infusion
does not reduce frequency of hypersensitivity reaction at
initiation of retreatment in patients with recurrent platinum-
sensitive ovarian cancer. J Allergy Clin Immunol Pract.
2017;5(1):177-178. https://doi.org/10.1016/}.jaip.2016.07.010.

Otani IM, Wong J, Banerji A. Platinum chemotherapy
hypersensitivity: prevalence and management. Immunol
Allergy Clin North Am. 2017;37(4):663-677. https://doi.org/
10.1016/}.iac.2017.06.003.

Borras J, EI-Qutob D. Experience with rapid desensitization to
chemotherapy in a type B hospital. J Investig Allergol Clin


https://doi.org/10.1097/ACI.0000000000000651
https://doi.org/10.1097/ACI.0000000000000651
https://doi.org/10.1016/j.anai.2020.03.012
https://doi.org/10.1111/all.14800
https://doi.org/10.1016/j.anai.2020.05.004
https://doi.org/10.1016/j.anai.2020.05.004
https://doi.org/10.1001/jamapediatrics.2016.0033
https://doi.org/10.1001/jamapediatrics.2016.0033
https://doi.org/10.1111/cea.13443
https://doi.org/10.1111/cea.12468
https://doi.org/10.1016/j.jaip.2019.05.037
https://doi.org/10.1016/j.jaip.2019.05.037
https://doi.org/10.1016/j.jaip.2019.06.001
https://doi.org/10.1016/j.jaip.2019.06.001
https://doi.org/10.1111/all.12390
https://doi.org/10.1016/j.jaip.2020.07.056
https://doi.org/10.1016/j.jaip.2020.07.056
https://doi.org/10.1016/j.jaip.2018.01.020
https://doi.org/10.1016/j.jaip.2018.01.020
https://doi.org/10.1186/s13601-020-00368-1
https://doi.org/10.1016/j.jaip.2020.08.006
https://doi.org/10.1056/NEJMoa022963
https://doi.org/10.1016/j.jaip.2020.09.010
https://doi.org/10.1016/j.jaip.2020.09.010
https://doi.org/10.1016/j.anai.2010.08.002
https://doi.org/10.1016/j.anai.2010.08.002
https://doi.org/10.1016/j.jaip.2019.07.003
https://doi.org/10.1038/nature14022
https://doi.org/10.1038/nature14022
https://doi.org/10.1016/j.jaip.2020.09.017
https://doi.org/10.1111/cea.12099
https://doi.org/10.1111/cea.12099
https://doi.org/10.1016/j.jaip.2020.04.051
https://doi.org/10.1016/j.jaip.2020.04.051
https://doi.org/10.1016/j.jaci.2008.02.044
https://doi.org/10.1016/j.jaci.2008.02.044
https://doi.org/10.1016/0091-6749(94)90039-6
https://doi.org/10.1016/0091-6749(94)90039-6
https://doi.org/10.3322/canjclin.56.6.354
https://doi.org/10.3322/canjclin.56.6.354
https://doi.org/10.1016/j.jaip.2016.07.010
https://doi.org/10.1016/j.iac.2017.06.003
https://doi.org/10.1016/j.iac.2017.06.003
https://doi.org/10.1016/j.waojou.2022.100640

Volume 15, No. 6, June 2022

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

224.

225.

Immunol. 2016;26(4):271-273. https://doi.org/10.18176/jiaci.
0070.

Vidal C, Méndez-Brea P, Lépez-Freire S, et al. A modified
protocol for rapid desensitization to chemotherapy agents.
J Allergy Clin Immunol Pract. 2016;4(5):1003-1005. https://
doi.org/10.1016/j.jaip.2016.05.015.

Pérez-Rodriguez E, Martinez-Tadeo JA, Pérez-Rodriguez N,
et al. Outcome of 490 desensitizations to chemotherapy
drugs with a rapid one-solution protocol. J Allergy Clin
Immunol Pract. 2018;6(5):1621-1627.e6. https://doi.org/10.
1016/j.jaip.2017.11.033.

Chung SJ, Kang SY, Kang RY, et al. A new non-dilution rapid
desensitization protocol successfully applied to all-grade
platinum hypersensitivity. Cancer Chemother Pharmacol.
2018;82(5):777-785. https://doi.org/10.1007/s00280-018-
3662-0.

Lee JH, Moon M, Kim YC, et al. A one-bag rapid
desensitization protocol for paclitaxel hypersensitivity: a
noninferior alternative to a multi-bag rapid desensitization
protocol. J Allergy Clin Immunol Pract. 2020;8(2):696-703.
https://doi.org/10.1016/j.jaip.2019.10.014.

Vézquez-Sadnchez R, Sdnchez-Rubio-ferrandez J, Cérdoba-
Diaz D, Cérdoba-Diaz M, Molina-Garcia T. Stability of
carboplatin infusion solutions used in desensitization
protocol. J Oncol Pharm Pract. 2019;25(5):1076-1081.
https://doi.org/10.1177/1078155218772885.

Sala-Cunill A, Molina-Molina G, Verdesoto J, et al. One-
dilution rapid desensitization protocol to chemotherapeutic
and biological agents: a five-year experience. J Allergy Clin
Immunol Pract. 2021. https://doi.org/10.1016/J.JAIP.2021.
06.024. in press.

Amords-Reboredo P, Sdnchez-Lopez J, Bastida-Fernandez C,
et al. Desensitization to rituximab in a multidisciplinary
setting. Int J Clin Pharm. 2015;37(5):744-748. https://doi.org/
10.1007/511096-015-0136-x.

Makowska J, Lewandowska-Polak A. Desensitization to
biological agents used in rheumatology. Reumatologia.
2020;58(1):26-33. https://doi.org/10.5114/reum.2020.93510.

Lebel E, Ben-Yehuda D, Bohbot E, Dranitzki Z, Shalit M, Tal Y.
Hypersensitivity reactions to rituximab: 53 successful
desensitizations in 7 patients with severe, near-fatal reactions.
J Allergy Clin Immunol Pract. 2016;4(5):1000-1002. https://
doi.org/10.1016/j.jaip.2016.05.013.

Breslow RG, Caiado J, Castells MC. Acetylsalicylic acid and
montelukast block mast cell mediator-related symptoms
during rapid desensitization. Ann Allergy Asthma Immunol.
2009;102(2):155-160. https://doi.org/10.1016/51081-
1206(10)60247-5.

Lopez-Gonzalez P, Madrigal-Burgaleta R, Carpio-

Escalona LV, et al. Assessment of antihistamines and
corticosteroids as premedication in rapid drug
desensitization to paclitaxel: outcomes in 155 procedures.
J Allergy Clin Immunol Pract. 2018;6(4). https://doi.org/10.
1016/.jaip.2017.11.013.

Oude Elberink HNG, Jalving M, Dijkstra H, Van De Ven AAJM.
Modified protocol of omalizumab treatment to prevent
carboplatin-induced drug hypersensitivity reactions: a case
study. Clin Transl Allergy. 2020;10(1). https://doi.org/10.
1186/513601-020-0309-0.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

63

Penella J, Quan P, Carvallo A, et al. Successful desensitization
to oxaliplatin after a single initial dose of omalizumab in a
patient with elevated IgE levels. J Investig Allergol Clin
Immunol. 2020;30(4):293-295. https://doi.org/10.18176/jiaci.
0496.

Sénchez-Morillas L, Casado Herrdez A, Rubio-Perez M, et al.
Usefulness of omalizumab in rapid drug desensitization in
patients with severe anaphylaxis induced by carboplatin:
open questions. J Investig Allergol Clin Immunol. 2020;30(4):
298-300. https://doi.org/10.18176/jiaci.0499.

Prieto-Garcia A, Noguerado B, Rojas P, Torrado |, Rodriguez-
Fernandez A, Molina PT. Unexpected anaphylaxis after
completing a desensitization protocol to oxaliplatin:
successful adjuvant use of omalizumab. J Investig Allergol
Clin Immunol. 2019;29(1):53-55. https://doi.org/10.18176/
jiaci.0326.

Ojaimi S, Harnett PR, Fulcher DA. Successful carboplatin
desensitization by using omalizumab and paradoxical
diminution of total IgE levels. J Allergy Clin Immunol Pract.
2014;2(1):105-106. https://doi.org/10.1016/j.jaip.2013.08.009.

Fernandez J, Ruano-Zaragoza M, Blanca-Lopez N.
Omalizumab and other biologics in drug desensitization.
Curr Opin Allergy Clin Immunol. 2020;20(4):333-337. https://
doi.org/10.1097/ACI.0000000000000648.

Martorell A, Alonso E, Echeverria L, et al. Oral
immunotherapy for food allergy: a Spanish guideline.
Immunotherapy egg and milk Spanish guide (ITEMS guide).
Part I: cow milk and egg oral immunotherapy: introduction,
methodology, rationale, current state, indications,
contraindications, and oral immunotherapy build-up phase.
J Investig Allergol Clin Immunol. 2017;27(4):225-237. https://
doi.org/10.18176/jiaci.0177.

Arroabarren E, Aznal E, Anda M, Sanchez-Valverde F.
Anaphylaxis after Elosulfase A infusion: omalizumab as
coadjuvant for enzyme replacement therapy desensitization.
Pediatr Allergy Immunol. 2019;30(4):491-494. https://doi.
org/10.1111/pai.13049.

Aranda CS, Ensina LF, Nunes IC, et al. Diagnosis and
management of infusion-related hypersensitivity reactions to
enzyme replacement therapy for lysosomal diseases: the role
of desensitization. J Allergy Clin Immunol Pract. 2016;4(2):
354-356. https://doi.org/10.1016/j.jaip.2015.11.012.

Dioun AF. Management of multiple drug allergies in children.
Curr Allergy Asthma Rep. 2012;12(1):79-84. https://doi.org/
10.1007/511882-011-0239-y.

Grabenhenrich LB, Délle S, Moneret-Vautrin A, et al.
Anaphylaxis in children and adolescents: the European
Anaphylaxis Registry. J Allergy Clin Immunol. 2016;137(4):
1128-1137.e1. https://doi.org/10.1016/.jaci.2015.11.015.

Impicciatore P, Choonara |, Clarkson A, Provasi D,
Pandolfini C, Bonati M. Incidence of adverse drug reactions
in paediatric in/out-patients: a systematic review and meta-
analysis of prospective studies. Br J Clin Pharmacol.
2001;52(1):77-83. https://doi.org/10.1046/j.0306-5251.2001.
01407 x.

Jerschow E, Lin RY, Scaperotti MM, McGinn AP. Fatal
anaphylaxis in the United States, 1999-2010: temporal
patterns and demographic associations. J Allergy Clin
Immunol. 2014;134(6):1318-1328.e7. https://doi.org/10.
1016/.jaci.2014.08.018.


https://doi.org/10.18176/jiaci.0070
https://doi.org/10.18176/jiaci.0070
https://doi.org/10.1016/j.jaip.2016.05.015
https://doi.org/10.1016/j.jaip.2016.05.015
https://doi.org/10.1016/j.jaip.2017.11.033
https://doi.org/10.1016/j.jaip.2017.11.033
https://doi.org/10.1007/s00280-018-3662-0
https://doi.org/10.1007/s00280-018-3662-0
https://doi.org/10.1016/j.jaip.2019.10.014
https://doi.org/10.1177/1078155218772885
https://doi.org/10.1016/J.JAIP.2021.06.024
https://doi.org/10.1016/J.JAIP.2021.06.024
https://doi.org/10.1007/s11096-015-0136-x
https://doi.org/10.1007/s11096-015-0136-x
https://doi.org/10.5114/reum.2020.93510
https://doi.org/10.1016/j.jaip.2016.05.013
https://doi.org/10.1016/j.jaip.2016.05.013
https://doi.org/10.1016/S1081-1206(10)60247-5
https://doi.org/10.1016/S1081-1206(10)60247-5
https://doi.org/10.1016/j.jaip.2017.11.013
https://doi.org/10.1016/j.jaip.2017.11.013
https://doi.org/10.1186/s13601-020-0309-0
https://doi.org/10.1186/s13601-020-0309-0
https://doi.org/10.18176/jiaci.0496
https://doi.org/10.18176/jiaci.0496
https://doi.org/10.18176/jiaci.0499
https://doi.org/10.18176/jiaci.0326
https://doi.org/10.18176/jiaci.0326
https://doi.org/10.1016/j.jaip.2013.08.009
https://doi.org/10.1097/ACI.0000000000000648
https://doi.org/10.1097/ACI.0000000000000648
https://doi.org/10.18176/jiaci.0177
https://doi.org/10.18176/jiaci.0177
https://doi.org/10.1111/pai.13049
https://doi.org/10.1111/pai.13049
https://doi.org/10.1016/j.jaip.2015.11.012
https://doi.org/10.1007/s11882-011-0239-y
https://doi.org/10.1007/s11882-011-0239-y
https://doi.org/10.1016/j.jaci.2015.11.015
https://doi.org/10.1046/j.0306-5251.2001.01407.x
https://doi.org/10.1046/j.0306-5251.2001.01407.x
https://doi.org/10.1016/j.jaci.2014.08.018
https://doi.org/10.1016/j.jaci.2014.08.018

64

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

Rukasin CRF, Norton AE, Broyles AD. Pediatric drug
hypersensitivity. Curr Allergy Asthma Rep. 2019;19(2). https://
doi.org/10.1007/s11882-019-0841-y.

Esposito S, Castellazzi L, Tagliabue C, Principi N. Allergy to
antibiotics in children: an overestimated problem. Int J
Antimicrob Agents. 2016;48(4):361-366. https://doi.org/10.
1016/j.ijantimicag.2016.08.001.

Norton AE, Konvinse K, Phillips EJ, Broyles AD. Antibiotic
allergy in pediatrics. Pediatrics. 2018;141(5). https://doi.org/
10.1542/peds.2017-2497.

Gomes ER, Brockow K, Kuyucu S, et al. Drug hypersensitivity
in children: report from the pediatric task force of the EAACI
Drug Allergy Interest Group. Allergy - Eur J Allergy Clin
Immunol. 2016;71(2):149-161. https://doi.org/10.1111/all.
12774.

Solensky R. Drug desensitization. Immunol Allergy Clin North
Am. 2004;24(3):425-443. https://doi.org/10.1016/j.iac.2004.
03.008.

Dioun AF, Ewenstein BM, Geha RS, Schneider LC. IgE-
mediated allergy and desensitization to factor IX in
hemophilia B. J Allergy Clin Immunol. 1998;102(1):113-117.
https://doi.org/10.1016/S0091-6749(98)70061-2.

Hong DI, Dioun AF. Indications, protocols, and outcomes of
drug desensitizations for chemotherapy and monoclonal
antibodies in adults and children. J Allergy Clin Immunol
Pract. 2014;2(1):13-19. https://doi.org/10.1016/}.jaip.2013.
11.007.

Esty B, Minnicozzi S, Chu EC, Broyles AD, Yee CSK. Successful
rapid oral clindamycin desensitization in a pediatric patient.
J Allergy Clin Immunol Pract. 2018;6(6):2141-2142. https://

doi.org/10.1016/j.jaip.2018.04.004.

De Groot H, Mulder WMC. Clinical practice: drug
desensitization in children. Eur J Pediatr. 2010;169(11):1305-
1309. https://doi.org/10.1007/s00431-010-1236-1.

Turvey SE, Cronin B, Arnold AD, Dioun AF. Antibiotic
desensitization for the allergic patient: 5 years of experience
and practice. Ann Allergy Asthma Immunol. 2004;92(4):426-
432. https://doi.org/10.1016/51081-1206(10)61778-4.

Khan DA. Hypersensitivity and immunologic reactions to
biologics: opportunities for the allergist. Ann Allergy Asthma
Immunol. 2016;117(2):115-120. https://doi.org/10.1016/].
anai.2016.05.013.

Dilley MA, Lee JP, Broyles AD. Methotrexate hypersensitivity
reactions in pediatrics: evaluation and management. Pediatr
Blood Cancer. 2017;64(5). https://doi.org/10.1002/pbc.
26306.

Wright TE, Shah MD, Rider NL, et al. A case series of pediatric
oncology patients undergoing successful rapid etoposide
desensitization. Pediatr Allergy Immunol. 2019;30(5):579-
582. https://doi.org/10.1111/pai.13059.

Verma A, Chen K, Bender C, Gorney N, Leonard W,
Barnette P. PEGylated E. coli asparaginase desensitization: an
effective and feasible option for pediatric patients with acute
lymphoblastic leukemia who have developed hypersensitivity
to pegaspargase in the absence of asparaginase Erwinia
chrysanthemi availability. Pediatr Hematol Oncol. 2019;36(5):
277-286. https://doi.org/10.1080/08880018.2019.1634778.

Vultaggio A, Maggi E, Matucci A. Immediate adverse
reactions to biologicals: from pathogenic mechanisms to

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

prophylactic management. Curr Opin Allergy Clin Immunol.
2011;11(3):262-268. https://doi.org/10.1097/ACI.
0b013e3283464bcd.

Vyles D, Chiu A, Simpson P, Nimmer M, Adams J, Brousseau DC.
Parent-reported penicillin allergy symptoms in the pediatric
emergency department. Acad Pediatr. 2017;17(3):251-255.
https://doi.org/10.1016/j.acap.2016.11.004.

Macfadden DR, Ladelfa A, Leen J, et al. Impact of reported
beta-lactam allergy on inpatient outcomes: a multicenter
prospective cohort study. Clin Infect Dis. 2016,63(7):904-910.
https://doi.org/10.1093/cid/ciw462.

Vyles D, Adams J, Chiu A, Simpson P, Nimmer M,
Brousseau DC. Allergy testing in children with low-risk
penicillin allergy symptoms. Pediatrics. 2017;140(2). https://
doi.org/10.1542/peds.2017-0471.

Rebelo Gomes E, Fonseca J, Araujo L, Demoly P. Drug allergy
claims in children: from self-reporting to confirmed
diagnosis. Clin Exp Allergy. 2008;38(1):191-198. https://doi.
org/10.1111/j.1365-2222.2007.02870.x.

Vezir E, Erkocoglu M, Civelek E, et al. The evaluation of drug
provocation tests in pediatric allergy clinic: a single center
experience. Allergy Asthma Proc. 2014,35(2):156-162.
https://doi.org/10.2500/aap.2014.35.3744.

Picard M, Robitaille G, Karam F, et al. Cross-reactivity to
cephalosporins and carbapenems in penicillin-allergic
patients: two systematic reviews and meta-analyses. J Allergy
Clin Immunol Pract. 2019;7(8):2738. https://doi.org/10.1016/
jjaip.2019.05.038.

Maciag MC, Ward SL, O'Connell AE, Broyles AD.
Hypersensitivity to tetracyclines: skin testing, graded
challenge, and desensitization regimens. Ann Allergy Asthma
Immunol. 2020;124(6):589-593. https://doi.org/10.1016/].
anai.2020.02.007.

Cansever M, Sahin N, Dursun, et al. Successful slow
desensitization to tocilizumab in a 15-year-old patient.

J Investig Allergol Clin Immunol. 2018;28(6):436-438. https://
doi.org/10.18176/jiaci.0314.

Aydogan M, Yologlu N, Gacar G, Uyan ZS, Eser |, Karaoz E.
Successful rapid rituximab desensitization in an adolescent
patient with nephrotic syndrome: increase in number of Treg
cells after desensitization. J Allergy Clin Immunol.2013;132(2):
478-480. https://doi.org/10.1016/j.jaci.2013.02.004.

Van Kruiningen HJ, Freda BJ, Puchner T, Kugathasan S,
Kelly K, Binion D. Successful desensitization and therapeutic
use of infliximab in adult and pediatric Crohn'’s disease
patients with prior anaphylactic reaction. Inflamm Bowel Dis.
2001;7(1):34-37. https://doi.org/10.1097/00054725-
200102000-00005.

Limsuwan T, Castells MC. Outcomes and safety of rapid
desensitization for chemotherapy hypersensitivity. Expert
Opin Drug Saf. 2010;9(1):39-53. https://doi.org/10.1517/
14740330903446936.

Ruggiero A, Triarico S, Trombatore G, et al. Incidence, clinical
features and management of hypersensitivity reactions to
chemotherapeutic drugs in children with cancer. Eur J Clin
Pharmacol. 2013;69(10):1739-1746. https://doi.org/10.1007/
s00228-013-1546-0.

O'connell AE, Lee JP, Yee C, Kesselheim J, Dioun A.
Successful desensitization to brentuximab vedotin after


https://doi.org/10.1007/s11882-019-0841-y
https://doi.org/10.1007/s11882-019-0841-y
https://doi.org/10.1016/j.ijantimicag.2016.08.001
https://doi.org/10.1016/j.ijantimicag.2016.08.001
https://doi.org/10.1542/peds.2017-2497
https://doi.org/10.1542/peds.2017-2497
https://doi.org/10.1111/all.12774
https://doi.org/10.1111/all.12774
https://doi.org/10.1016/j.iac.2004.03.008
https://doi.org/10.1016/j.iac.2004.03.008
https://doi.org/10.1016/S0091-6749(98)70061-2
https://doi.org/10.1016/j.jaip.2013.11.007
https://doi.org/10.1016/j.jaip.2013.11.007
https://doi.org/10.1016/j.jaip.2018.04.004
https://doi.org/10.1016/j.jaip.2018.04.004
https://doi.org/10.1007/s00431-010-1236-1
https://doi.org/10.1016/S1081-1206(10)61778-4
https://doi.org/10.1016/j.anai.2016.05.013
https://doi.org/10.1016/j.anai.2016.05.013
https://doi.org/10.1002/pbc.26306
https://doi.org/10.1002/pbc.26306
https://doi.org/10.1111/pai.13059
https://doi.org/10.1080/08880018.2019.1634778
https://doi.org/10.1097/ACI.0b013e3283464bcd
https://doi.org/10.1097/ACI.0b013e3283464bcd
https://doi.org/10.1016/j.acap.2016.11.004
https://doi.org/10.1093/cid/ciw462
https://doi.org/10.1542/peds.2017-0471
https://doi.org/10.1542/peds.2017-0471
https://doi.org/10.1111/j.1365-2222.2007.02870.x
https://doi.org/10.1111/j.1365-2222.2007.02870.x
https://doi.org/10.2500/aap.2014.35.3744
https://doi.org/10.1016/j.jaip.2019.05.038
https://doi.org/10.1016/j.jaip.2019.05.038
https://doi.org/10.1016/j.anai.2020.02.007
https://doi.org/10.1016/j.anai.2020.02.007
https://doi.org/10.18176/jiaci.0314
https://doi.org/10.18176/jiaci.0314
https://doi.org/10.1016/j.jaci.2013.02.004
https://doi.org/10.1097/00054725-200102000-00005
https://doi.org/10.1097/00054725-200102000-00005
https://doi.org/10.1517/14740330903446936
https://doi.org/10.1517/14740330903446936
https://doi.org/10.1007/s00228-013-1546-0
https://doi.org/10.1007/s00228-013-1546-0
https://doi.org/10.1016/j.waojou.2022.100640

Volume 15, No. 6, June 2022

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

anaphylaxis. Clin Lymphoma Myeloma Leuk. 2014;14(2).
https://doi.org/10.1016/j.cIml.2013.11.003.

Dodgshun AJ, Hansford JR, Cole T, Choo S, Sullivan MJ.
Carboplatin hypersensitivity reactions in pediatric low grade
glioma are protocol specific and desensitization shows poor
efficacy. Pediatr Blood Cancer. 2016;63(1):17-20. https://doi.
org/10.1002/pbc.25686.

Montiel Herrera JM, Géngora-Melendez MA, Pineda-
Maldonado ML, et al. Carboplatin hypersensitivity and
desensitization in an infant. Ther Drug Monit. 2010;32(4):525-
528. https://doi.org/10.1097/FTD.0b013e3181dbdf8e.

Garvey L, Roed-Petersen J, Menne T, Husum B. Danish
Anaesthesia Allergy Centre - preliminary results. Acta
Anaesthesiol Scand. 2001;45(10):1204-1209. https://doi.org/
10.1034/J.1399-6576.2001.451005.X.

Ebo DG, Leysen J, Mayorga C, Rozieres A, Knol EF,
Terreehorst I. The in vitro diagnosis of drug allergy: status
and perspectives. Allergy - Eur J Allergy Clin Immunol.
2011;66(10):1275-1286. https://doi.org/10.1111/].1398-
9995.2011.02661 .x.

Ariza A, Montanez M, Fernandez T, Perkins J, Mayorga C.
Cellular tests for the evaluation of drug hypersensitivity. Curr
Pharm Des. 2016;22(45):6773-6783. https://doi.org/10.2174/
1381612822666161107165917.

Fontaine C, Mayorga C, Bousquet PJ, et al. Relevance of the
determination of serum-specific IgE antibodies in the
diagnosis of immediate B-lactam allergy. Allergy - Eur J
Allergy Clin Immunol. 2007;62(1):47-52. https://doi.org/10.
1111/1.1398-9995.2006.01268.x.

Vultaggio A, Matucci A, Virgili G, et al. Influence of total
serum IgE levels on the in vitro detection of f-lactams-specific
IgE antibodies. Clin Exp Allergy. 2009;39(6):838-844. https://
doi.org/10.1111/j.1365-2222.2009.03219 ..

Vultaggio A, Virgili G, Gaeta F, Romano A, Maggi E, Matucci A.
High serum B-lactams specific/total IgE ratio is associated with
immediate reactions to B-lactams antibiotics. PLoS One.
2015;10(4). https://doi.org/10.1371/journal.pone.0121857.

Johansson SGO, Adédoyin J, Van Hage M, Grénneberg R,
Nopp A. False-positive penicillin immunoassay: an unnoticed
common problem. J Allergy Clin Immunol. 2013;132(1):235-
237. https://doi.org/10.1016/j.jaci.2012.11.017.

MacY E, Goldberg B, Poon KYT. Use of commercial anti-
penicillin IgE fluorometric enzyme immunoassays to
diagnose penicillin allergy. Ann Allergy Asthma Immunol.
2010;105(2):136-141. https://doi.org/10.1016/j.anai.2010.
06.014.

Sanz ML, Gamboa PM, Antépara |, et al. Flow cytometric
basophil activation test by detection of CD63 expression in
patients with immediate-type reactions to betalactam
antibiotics. Clin Exp Allergy. 2002;32(2):277-286. https://doi.
org/10.1046/j.1365-2222.2002.01305.x.

Gamboa P, Garcia-Aviles M, Urrutia |, Antepara |, Esparza R,
Sanz M. Basophil activation and sulfidoleukotriene
production in patients with immediate allergy to betalactam
antibiotics and negative skin tests. J Investig Allergol Clin
Immunol. 2004;14(4):278-283. https://pubmed.ncbi.nlm.nih.
gov/15736712/. Accessed June 24, 2021.

Torres MJ, Padial A, Mayorga C, et al. The diagnostic
interpretation of basophil activation test in immediate allergic

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

65

reactions to betalactams. Clin Exp Allergy. 2004;34(11):1768-
1775. https://doi.org/10.1111/j.1365-2222.2004.02110.x.

De Week A, Sanz M, Gamboa P, et al. Diagnosis of
immediate-type beta-lactam allergy in vitro by flow-
cytometric basophil activation test and sulfidoleukotriene
production: a multicenter study. J Investig Allergol Clin
Immunol. 2009;19(2):91-109. https://pubmed.ncbi.nlm.nih.
gov/19476013/. Accessed June 24, 2021.

Martin-Serrano A, Mayorga C, Barrionuevo E, et al. Design of
an antigenic determinant of cefaclor: chemical structure-IgE
recognition relationship. J Allergy Clin Immunol. 2020;145(4):
1301-1304.e4. https://doi.org/10.1016/}.jaci.2019.11.036.

Longo M, Gamboa P, Gastaminza M, et al. Diagnosis of
clavulanic acid allergy using basophil activation and
leukotriene release by basophils. J Investig Allergol Clin
Immunol. 2008;18(6):473-475. https://pubmed.ncbi.nlm.nih.
gov/19123441/. Accessed June 24, 2021.

Salas M, Fernandez-Santamaria R, Mayorga C, et al. Use of
the basophil activation test may reduce the need for drug
provocation in amoxicillin-clavulanic allergy. J Allergy Clin
Immunol Pract. 2018;6(3):1010-1018.e2. https://doi.org/10.
1016/j.jaip.2017.08.009.

Torres MJ, Ariza A, Mayorga C, et al. Clavulanic acid can be
the component in amoxicillin-clavulanic acid responsible for
immediate hypersensitivity reactions. J Allergy Clin Immunol.
2010;125(2). https://doi.org/10.1016/}.jaci.2009.11.032.

Barbero N, Fernandez-Santamaria R, Mayorga C, et al.
Identification of an antigenic determinant of clavulanic acid
responsible for IgE-mediated reactions. Allergy - Eur J
Allergy Clin Immunol. 2019;74(8):1490-1501. https://doi.org/
10.1111/all.13761.

Uyttebroek AP, Sabato V, Cop N, et al. Diagnosing cefazolin
hypersensitivity: lessons from dual-labeling flow cytometry.
J Allergy Clin Immunol Pract. 2016;4(6):1243-1245. https://
doi.org/10.1016/j.jaip.2016.08.016.

Mayorga C, Sanz M, Gamboa P, et al. In vitro diagnosis of
immediate allergic reactions to drugs: an update. J Investig
Allergol Clin Immunol. 2010;20(2):103-109. https://pubmed.
ncbi.nlm.nih.gov/20461964/. Accessed June 24, 2021.

Fernandez TD, Torres MJ, Blanca-Lépez N, et al.
Negativization rates of IgE radioimmunoassay and basophil
activation test in immediate reactions to penicillins. Allergy -
Eur J Allergy Clin Immunol. 2009;64(2):242-248. https://doi.
org/10.1111/j.1398-9995.2008.01713.x.

Blanca M, Romano A, Torres MJ, et al. Update on the
evaluation of hypersensitivity reactions to betalactams.
Allergy - Eur J Allergy Clin Immunol. 2009;64(2):183-193.
https://doi.org/10.1111/j.1398-9995.2008.01924 x.

Torres MJ, Blanca M, Fernandez J, et al. Diagnosis of
immediate allergic reactions to beta-lactam antibiotics.
Allergy - Eur J Allergy Clin Immunol. 2003;58(10):961-972.
https://doi.org/10.1034/j.1398-9995.2003.00280.x.

Antunez C, Blanca-Lopez N, Torres MJ, et al. Immediate

allergic reactions to cephalosporins: evaluation of cross-

reactivity with a panel of penicillins and cephalosporins.

J Allergy Clin Immunol. 2006;117(2):404-410. https://doi.
org/10.1016/j.jaci.2005.10.032.

Blanca M, Mayorga C, Torres MJ, et al. Clinical evaluation of
Pharmacia CAP System™ RAST FEIA amoxicilloyl and


https://doi.org/10.1016/j.clml.2013.11.003
https://doi.org/10.1002/pbc.25686
https://doi.org/10.1002/pbc.25686
https://doi.org/10.1097/FTD.0b013e3181dbdf8e
https://doi.org/10.1034/J.1399-6576.2001.451005.X
https://doi.org/10.1034/J.1399-6576.2001.451005.X
https://doi.org/10.1111/j.1398-9995.2011.02661.x
https://doi.org/10.1111/j.1398-9995.2011.02661.x
https://doi.org/10.2174/1381612822666161107165917
https://doi.org/10.2174/1381612822666161107165917
https://doi.org/10.1111/j.1398-9995.2006.01268.x
https://doi.org/10.1111/j.1398-9995.2006.01268.x
https://doi.org/10.1111/j.1365-2222.2009.03219.x
https://doi.org/10.1111/j.1365-2222.2009.03219.x
https://doi.org/10.1371/journal.pone.0121857
https://doi.org/10.1016/j.jaci.2012.11.017
https://doi.org/10.1016/j.anai.2010.06.014
https://doi.org/10.1016/j.anai.2010.06.014
https://doi.org/10.1046/j.1365-2222.2002.01305.x
https://doi.org/10.1046/j.1365-2222.2002.01305.x
https://pubmed.ncbi.nlm.nih.gov/15736712/
https://pubmed.ncbi.nlm.nih.gov/15736712/
https://doi.org/10.1111/j.1365-2222.2004.02110.x
https://pubmed.ncbi.nlm.nih.gov/19476013/
https://pubmed.ncbi.nlm.nih.gov/19476013/
https://doi.org/10.1016/j.jaci.2019.11.036
https://pubmed.ncbi.nlm.nih.gov/19123441/
https://pubmed.ncbi.nlm.nih.gov/19123441/
https://doi.org/10.1016/j.jaip.2017.08.009
https://doi.org/10.1016/j.jaip.2017.08.009
https://doi.org/10.1016/j.jaci.2009.11.032
https://doi.org/10.1111/all.13761
https://doi.org/10.1111/all.13761
https://doi.org/10.1016/j.jaip.2016.08.016
https://doi.org/10.1016/j.jaip.2016.08.016
https://pubmed.ncbi.nlm.nih.gov/20461964/
https://pubmed.ncbi.nlm.nih.gov/20461964/
https://doi.org/10.1111/j.1398-9995.2008.01713.x
https://doi.org/10.1111/j.1398-9995.2008.01713.x
https://doi.org/10.1111/j.1398-9995.2008.01924.x
https://doi.org/10.1034/j.1398-9995.2003.00280.x
https://doi.org/10.1016/j.jaci.2005.10.032
https://doi.org/10.1016/j.jaci.2005.10.032

66

292.

293.

294.

295.

Alvarez-Cuesta et al. World Allergy Organization Journal (2022) 15:100640

http://doi.org/10.1016/j.waojou.2022.100640

benzylpenicilloyl in patients with penicillin allergy. Allergy -
Eur J Allergy Clin Immunol. 2001;56(9):862-870. https://doi.
org/10.1034/}.1398-9995.2001.00995 .x.

Torres MJ, Mayorga C, Cornejo-Garcia JA, Romano A,
Blanca M. IgE antibodies to penicillin in skin test negative
patients. Allergy - Eur J Allergy Clin Immunol. 2002;57(10):
965. https://doi.org/10.1034/j.1398-9995.2002.23832_10.x.

Torres J, Romano A, Mayorga C, et al. Diagnostic evaluation
of a large group of patients with immediate allergy to
penicillins: the role of skin testing. Allergy - Eur J Allergy Clin
Immunol. 2001;56(9):850-856. https://doi.org/10.1034/j.
1398-9995.2001.00089.x.

Mayorga C, Dofia |, Perez-Inestrosa E, Fernandez TD,

Torres MJ. The value of in vitro tests to diminish drug
challenges. Int J Mol Sci. 2017;18(6). https://doi.org/10.3390/
ijms18061222.

Romano A, Atanaskovic-Markovic M, Barbaud A, et al.
Towards a more precise diagnosis of hypersensitivity to beta-
lactams — an EAACI position paper. Allergy - Eur J Allergy
Clin Immunol. 2020;75(6):1300-1315. https://doi.org/10.
1111/all.14122.

296.

297.

298.

300.

Ariza A, Fernandez-Santamaria R, Meng X, et al.
Characterization of amoxicillin and clavulanic acid specific T-
cell clones from patients with immediate drug
hypersensitivity. Allergy - Eur J Allergy Clin Immunol.
2020;75(10):2562-2573. https://doi.org/10.1111/all.14298.

Fernandez-Santamaria R, Bogas G, Palomares F, et al.
Dendritic cells inclusion and cell-subset assessment improve
flow-cytometry-based proliferation test in non-immediate
drug hypersensitivity reactions. Allergy - Eur J Allergy Clin
Immunol. 2021. https://doi.org/10.1111/all.14755.

Madrigal-Burgaleta Ricardo, Guzman-Melendez Maria
Antonieta, Alvarez-Cuesta Emilio. Drug allergy
desensitization is not a unique recipe. Curr Opin Allergy Clin
Immunol. 2022. https://doi.org/10.1097/ACI.
0000000000000821.

Berges-Gimeno MP, Pueyo Lopez C, Barra-Castro A, et al.
Safe Handling of Antineoplastic Drugs During Allergy
Diagnostic Workup and Desensitization: A Single
Experience of the Allergy Department in a Tertiary Hospital.
Front. Allergy. 2022. https://doi.org/10.3389/falgy.2021.
787537.


https://doi.org/10.1034/j.1398-9995.2001.00995.x
https://doi.org/10.1034/j.1398-9995.2001.00995.x
https://doi.org/10.1034/j.1398-9995.2002.23832_10.x
https://doi.org/10.1034/j.1398-9995.2001.00089.x
https://doi.org/10.1034/j.1398-9995.2001.00089.x
https://doi.org/10.3390/ijms18061222
https://doi.org/10.3390/ijms18061222
https://doi.org/10.1111/all.14122
https://doi.org/10.1111/all.14122
https://doi.org/10.1111/all.14298
https://doi.org/10.1111/all.14755
https://doi.org/10.1097/ACI.0000000000000821
https://doi.org/10.1097/ACI.0000000000000821
https://doi.org/10.3389/falgy.2021.787537
https://doi.org/10.3389/falgy.2021.787537
https://doi.org/10.1016/j.waojou.2022.100640

	Standards for practical intravenous rapid drug desensitization & delabeling: A WAO committee statement
	Introduction
	Motivation for this document
	Guide to approaching this document
	Key practice points

	1: General concepts
	Classification of drug hypersensitivity reactions
	Drug provocation testing or drug challenge
	Rapid drug desensitization

	2: Well-grounded know-how: “Laying the foundations for the new silk road” (Alvarez-Cuesta & Madrigal-Burgaleta)
	“Excellence is not a destination, but a path.”
	The overall framework for action
	Ramon y Cajal University Hospital's 7 fundamental pillars for redesigning care to implement rapid drug desensization
	The shared unique selling proposition among leading groups in rapid drug desensitization
	Allergy departments should lead rapid drug desensitization teams
	Creating a multidisciplinary team
	Creating a technical area for diagnostic and therapeutic procedures in allergy
	Safety first, zero harm, patient-centeredness, and staff protection
	Think global, act local: Risk-assessment, continuous quality improvement, and lifelong learning

	3: Delabeling allergy to chemotherapy in adult patients (Alvarez-Cuesta & Madrigal-Burgaleta)
	Diagnostic in vivo risk-biomarkers with chemotherapy
	Diagnostic in vitro risk-biomarkers with chemotherapy
	Drug challenge or drug provocation testing with chemotherapy
	Delabeling pathways in reactions to chemotherapy

	4: Delabeling allergy to biologics in adult patients (Alvarez-Cuesta & Madrigal-Burgaleta)
	Diagnostic in vivo and in vitro risk-biomarkers with biologics
	Drug challenge or drug provocation testing with biologics

	5: Delabeling antibiotic allergy in adult patients (Phillips & Trubiano)
	Stewardship imperative for antibiotic delabeling
	Penicillin allergy – Risk stratification and assessment tools
	Penicillin allergy – evidence for direct oral drug provocation testing or drug challenge
	Cephalosporin and other beta-lactam allergy
	Sulfonamide antibiotics
	Fluoroquinolone allergies

	6: Intravenous desensitization to chemotherapy in adult patients (Madrigal Burgaleta & Alvarez-Cuesta)
	General considerations
	Rapid drug desensitization protocols
	Premedication for rapid drug desensitization
	Breakthrough reactions during rapid drug desensitization
	Specific phenotypes of patients and considerations

	7: Intravenous desensitization to biologics in adult patients (Madrigal-Burgaleta & Alvarez-Cuesta)
	General considerations
	Rapid drug desensitization protocols
	Premedication for RDD
	Breakthrough reactions during RDD

	8: Intravenous desensitization to antibiotics in adult patients (Wong)
	General approach
	Intravenous (IV) rapid drug desensitization
	Informed consent
	The site of desensitization may depend on the resource available
	Prior to the desensitization
	The procedure
	If a reaction occurs during any stage of the desensitization
	Oral desensitization (rapid and slow protocols)

	Detailed information on specific antibiotic classes
	Supplementary information on non-IV drugs

	9: Delabeling & intravenous desensitization to miscellaneous drugs (Cuesta-Herranz & Guzman-Melendez)
	Introduction
	Specific drug groups

	10: De-labeling & intravenous desensitization in children - chemotherapy, biologics, antibiotics - (Broyles & Maciag)
	Introduction
	Pretreatment
	Antibiotics
	Biologics
	Chemotherapy
	Conclusions

	11: Limitations, unmet needs, and comments from Review panel Members
	Controversies around IgE: The correct use of the terms “allergy” and “desensitization”
	Controversies on the feasibility of a universally applicable model of an allergy department
	In vitro testing in beta-lactam allergy
	Warnings regarding direct oral drug provocation test (or challenge) with beta-lactams
	Concerns with the quality of articles being published in the field

	Conclusions
	AbbreviationsAAAAI, American Academy of Allergy, Asthma, & Immunology; AAL, antibiotic allergy label; AMR, antimicrobial re ...
	Abbreviations
	Author contributionsAlvarez-Cuesta (Chair of the Task Force), Ansotegui (WAO Past President), and Madrigal-Burgaleta (Secre ...
	Author contributions
	Ethics approvalEthics approval not applicable.
	Ethics approval
	Consent for publicationAll authors gave their consent to publish this work.
	Consent for publication
	Availability of data and materialNot applicable.
	Availability of data and material
	FundingThe World Allergy Organization provided funding for the open access publication of this article. Otherwise, there wa ...
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A. Appendix ASupplementary dataSupplementary data to this article can be found online at https://doi.org/10.1016/j.waojou.2022 ...
	Appendix A. Supplementary data
	References


