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Abstract
Purpose of Review  The purpose of this literature review was to review the latest advancements with biologics in rapid drug 
desensitization. Our methodology was to highlight both desensitization to biologics themselves and the use of biologics in 
desensitization to both biologic and nonbiologic drugs.
Recent Findings  Biologics are a vast category of drugs that include monoclonal antibodies, nanobodies, modern vaccina-
tions, and even hormones. Desensitization to biologics can be safely performed through standardized procedure. Biomarkers 
are used both in vitro and in vivo to help identify and classify hypersensitivity reactions. Hypersensitivity reactions to the 
mRNA vaccinations against SARS-CoV-2 present their own unique challenges to management. There are specific excipients 
in monoclonal antibodies that are thought to be responsible for many of their hypersensitivity reactions. Certain biologics 
can even be used to assist in desensitization to other drugs.
Summary  Rapid drug desensitization is a standardized procedure that may be able to help many patients who have expe-
rienced hypersensitivity reactions to biologics and would best be treated with them to continue to receive them. Biologic 
drugs have opened a new era in medicine for the prevention and treatment of infectious diseases, cancer, and inflammatory 
diseases. Hypersensitivity reactions to biologics are quite common. This literature review presents the latest advancements in 
our understanding of hypersensitivity reactions to biologics, how rapid drug desensitization can be used to continue therapy 
despite history of hypersensitivity, and how biologics themselves can be used to aid in desensitization itself.
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Introduction

Biologics are drugs comprised of organic molecules that only 
living systems can produce and always have either a gene or a 
protein as their therapeutic target [1]. They comprise a diverse 
class of medications that includes monoclonal antibodies, 
nanobodies, modern vaccinations, and hormones. Monoclo-
nal antibodies were once categorized and named based on the 
degree of immunogenicity of their Fab fragments (e.g., having 

the suffix “-mab” with infixes of “-o-” for murine, “-xi-” for 
chimeric, “-zu-” for humanized, “-u-” for fully human, or 
the suffix “-cept” for receptor fusion) but those made after 
November 2021 are now categorized and named differently—
with suffixes “-tug” for unmodified immunoglobulins, “-bart” 
for monospecific antibodies with artificially engineered 
constant domains, “-mig” for multispecific antibodies, and 
“-ment” for fragments without an Fc domain [2–4] (Fig. 1). 
Nanobodies are specifically just the antigen-binding fragment 
of what could be recognized as a monoclonal antibody with 
no Fc portion or corresponding Fab fragment, making them 
the smallest known natural molecules that can bind a target 
protein epitope [5]. There have been numerous advances in 
the therapy of specific cancers and neurodegenerative dis-
eases with the use of nanobodies without a single reported 
case of hypersensitivity to date. Modern vaccinations that use 
an mRNA platform, first used clinically with vaccinations 
against SARS-CoV-2, are by their very design biologic drugs 
and have shown tremendous efficacy [6–8]. Exogenous hor-
mones used for the management of various endocrine diseases 
are also of biologic origin.
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Desensitization to Biologics

A major concern of the use of biologics in everyday clinical 
practice is that, when compared to other drugs, biologics 
have a relatively greater rate of hypersensitivity reactions, 
with rates reported upwards of a quarter of all patients, 
depending on the drug [9]. Even the first exposure to a bio-
logic can lead to a hypersensitivity reaction [10]. There are 
seven types of reactions defined by their clinical presentation 

(phenotype), pathophysiology (endotype), and biomarkers: 
infusion reaction, type I IgE/non-IgE, cytokine release, 
mixed, type II, type III, and type IV (Fig. 2) [11••]. Rapid 
drug desensitization is a standardized procedure where suc-
cessively increasing doses of the causative medication are 
rapidly administered that induce specific tolerance, allow-
ing for continued administration of the medication [12, 13]. 
To determine eligibility for desensitization, patients are risk 
stratified by the severity of their reaction and by the results 

Fig. 1   International Nonproprietary Names (INN) nomenclature for 
monoclonal antibodies. A The former classification (before Novem-
ber 2021) first required all monoclonal antibodies (MAbs) to carry 
the suffix -mab unless they were formed by the fusion of a receptor 
ligand and an Fc segment, where it would carry the suffix -cept. An 
infix would be included in the middle of the term (-o-, -xi-, -zu-, or 
-u-) based on how the MAb was produced (murine, chimeric, human-
ized, or human). A chimeric antibody has foreign amino acids mak-
ing up the entire V heavy and light chains and is linked to heavy and 
light C regions of human origin. A humanized antibody has segments 
of foreign amino acids interspersed with V segments of human amino 
acids and the V heavy and light domains are linked to heavy and light 
C regions of human origin. Other infixes exist in the naming conven-
tion but have never been used (-e- for hamster, -i- for primate, etc.). 
B The current classification applies to all MAbs made after Novem-
ber 2021 and classifies them by their complementarity-determining 
regions (CDRs) and C regions. MAbs with unmodified C regions and 
identical sets of CDRs that recognize the same epitope of their target 
have the suffix -tug. This applies no matter the source of the rest of 

the MAb, even if chimeric or humanized. Full-sized MAbs with engi-
neered amino acid changes in C regions (even the hinge region) and 
identical sets of CDRs recognizing the same epitope have the suffix 
-bart. Immunoglobulins that are bispecific and multispecific (having 
two different sets of CDRs) regardless of shape have the suffix -mig. 
These MAbs need not be full-sized immunoglobulins; they only need 
to have CDRs for two different epitopes, including for example BiTEs 
(bispecific T-engaging antibodies) and BiKEs (bispecific killer cell 
engagers) shown here, which are sets of V light and heavy chain CDRs 
directly linked together without an Fc region. Lastly, monospecific 
fragments of a full-sized immunoglobulin that are lacking a partial or 
entire C region have the suffix -ment. Examples shown here are a Fab 
fragment (fragment antigen-binding), a Fab(‘ab’)2 fragment (immu-
noglobulin cleaved by pepsin below the hinge region), and a scFv 
(single-chain variable fragment). The infixes used in the previous clas-
sification are no longer a part of the new classification. C Shown for 
comparison are a nanobody (a.k.a. single domain antibody) and a nan-
obody linked to a single-chain variable fragment. Abbr: V, variable; C, 
constant (created, in part, with BioRender.com)
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of skin testing (Fig. 3) [14, 15]. Sometimes, drug provo-
cation testing is performed to further determine those who 
would most benefit from desensitization [16, 17]. Patients 
are premedicated (Fig. 4) and then reintroduced to the medi-
cation with rapidly increasing doses [11••]. Reactions that 
may occur during desensitization are managed as they arise 
(Fig. 5). Resulting desensitization to the medication is only 
maintained through continually repeated exposure to the 
specific drug. The patient will become sensitized again if 
there is any prolonged lack of exposure to the drug. With 
rapid drug desensitization, most hypersensitivity reactions 
to biologics can be safely overcome [18–23].

Advancements in Biomarkers

Serum tryptase is a helpful biomarker to be measured dur-
ing a hypersensitivity reaction and helps to identify the type 
of reaction [24]. Given its short half-life, it should be ini-
tially measured between 30 and 120 min of the start of the 
hypersensitivity reaction. Baseline tryptase should also be 
measured 2 to 3 weeks after the event [11••]. An elevation 
of 2 + (1.2 × the baseline tryptase level) would be consid-
ered elevated. The acute serum tryptase level is difficult to 
interpret without the baseline serum tryptase measurement. 
When elevated, it is highly suggestive of a type I reaction, 

Fig. 2   The seven types of drug reactions and whether rapid drug desen-
sitization is indicated (created, in part, with BioRender.com. From Yang 
BC, Castells MC. The Who, What, Where, When, Why, and How of 

Drug Desensitization. Immunology and Allergy Clinics of North Amer-
ica. 2022. https://​doi.​org/​10.​1016/j.​iac.​2021.​12.​004; with permission)

Fig. 3   Algorithm for risk stratification for intravenous rapid drug desen-
sitization. SCARs, severe cutaneous adverse reactions (toxic epidermal 
necrolysis, Stevens-Johnson syndrome, drug eruption with eosinophilia 
and systemic symptoms, acute generalized exanthematous pustulosis) 

(from Yang BC, Castells MC. Rituximab hypersensitivity and desensi-
tization: a personalized approach to treat cancer and connective tissue 
diseases. Ann Allergy Asthma Immunol. 2019;123(1):11–5. https://​doi.​
org/​10.​1016/j.​anai.​2019.​03.​008; with permission)

https://doi.org/10.1016/j.iac.2021.12.004
https://doi.org/10.1016/j.anai.2019.03.008
https://doi.org/10.1016/j.anai.2019.03.008
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possibly IgE-mediated, as it is released when there is sys-
temic mast cell degranulation [25]. In addition, the meas-
urement of serum tryptase 24 h prior to surgery and again 
during episodes of possible anaphylaxis as manifested by 

hypotension and/or cutaneous, gastrointestinal, and respira-
tory changes during surgery has been found to be useful 
in identifying perioperative hypersensitivity and should be 
accompanied by allergist referral for further workup [26].

Fig. 4   Premedication for rapid 
drug desensitization is personal-
ized for each patient and is 
based on the symptoms of the 
original reaction (from Yang 
BC, Castells M. Diagnosis and 
Treatment of Drug Hypersensi-
tivity Reactions to Biologicals: 
Medical Algorithm. Allergy. 
2020. https://​doi.​org/​10.​1111/​
all.​14432; with permission)

Fig. 5   Algorithm for the management of breakthrough reactions dur-
ing intravenous rapid drug desensitization (from Yang BC, Castells MC. 
Rituximab hypersensitivity and desensitization: a personalized approach 

to treat cancer and connective tissue diseases. Ann Allergy Asthma 
Immunol. 2019;123(1):11–5. https://​doi.​org/​10.​1016/j.​anai.​2019.​03.​008; 
with permission)

https://doi.org/10.1111/all.14432
https://doi.org/10.1111/all.14432
https://doi.org/10.1016/j.anai.2019.03.008
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Hereditary alpha tryptasemia (HAT) is an autosomal 
dominant genetic disorder from having extra copies of the 
TPSAB1 allele and leads to a far increased risk of anaphy-
laxis [27]. In a study at our institution of 101 patients with 
genetically confirmed HAT, 58 of those patients (57.4%) had 
experienced at least one episode of anaphylaxis [28•]. Base-
line serum tryptase levels of these patients averaged 17.2 ng/
mL and ranged from 6.2 to 51.3 ng/mL. Data from this study 
suggests that any patient with even a single tryptase meas-
urement of > 8.0 ng/mL has a significant possibility of hav-
ing hereditary alpha tryptasemia and should be genotyped.

Cetuximab is a monoclonal antibody against EGFR with 
uses in the management of metastatic colorectal cancer and 
head and neck squamous cell cancers. The first biomarker 
of potential hypersensitivity is the presence of IgE against 
alpha-1,3-galactose (a.k.a. alpha-Gal) in patients who are to 
undergo treatment with cetuximab [29]. It was discovered 
that those who lived in the southeastern USA and Stockholm 
area of Sweden were more likely to carry such specific IgE. 
It was found in those who had hypersensitivity to consum-
ing beef in these areas, the cross-reactivity in sensitization 
presumed to be from tick bites. Prior to testing for alpha-Gal, 
80% of patients would experience hypersensitivity reaction to 
cetuximab, 3% of them severe [30]. It is now standard of care 
to test for IgE to alpha-Gal before beginning treatment with 
cetuximab to prevent this type of hypersensitivity reaction.

The activation of basophils also occurs in type I hyper-
sensitivity reactions when IgE is crosslinked. There are 
two markers of basophil activation: CD203c and CD63 
[31]. CD203c has a very low expression in resting cells 
but is upregulated after basophil activation. CD63 is nor-
mally expressed on the inner side of secretory granules and 
become exposed to the cytoplasmic membrane upon degran-
ulation. The basophil activation test (BAT) is an in vitro 
assay that measures the degree of basophil activation by 
measuring CD63 and/or CD203c by flow cytometry in the 
hopes of detecting type I hypersensitivity. In a case series 
of 18 patients receiving rituximab, 5 patients who experi-
enced hypersensitivity reaction had significantly elevated 
CD63 + basophils compared to the others [32]. Gradual 
decrease of BAT positivity to adalimumab has been dem-
onstrated in 4 patients with each successive injection of the 
drug during rapid desensitization, showing a higher activa-
tion threshold in basophils because of desensitization [33].

BAT may be positive even when skin testing may be nega-
tive. In one case study, two patients with localized hypersen-
sitivity reaction etanercept had negative skin tests but positive 
BAT and underwent successful rapid desensitization [34]. 
Another case study shows a patient with severe anaphylaxis to 
pertuzumab with negative skin prick and intradermal tests with 
a positive BAT for both markers who then underwent successful 
rapid desensitization [35]. This shows that BAT may be a useful 
adjunct to skin testing in the detection of type I hypersensitivity.

There are currently limitations to the use of BAT. 
Although its specificity is high, sensitivity ranges from 42 to 
70%; a positive test is suggestive of type I hypersensitivity, 
but a negative test cannot yet rule it out [31]. BAT requires 
dedicated laboratory expertise and cannot detect non-IgE-
mediated hypersensitivity reactions.

Another in vitro test that has the potential to identify mul-
tiple types of hypersensitivity reactions is the lymphocyte 
transformation test (LTT). Since T cells are involved in all 
types of hypersensitivity reactions, the increased activity of 
drug-specific T cells can be a sign of drug-specific hyper-
sensitivity. The LTT measures the proliferation of T cells in 
response to a drug in vitro [36]. For example, in a patient 
with delayed cutaneous hypersensitivity reaction (type IV) 
to atezolizumab, both skin prick and intradermal tests were 
negative [37]. Drug provocation test reproduced the same 
delayed symptoms and LTT was positive; rapid desensitiza-
tion was thereafter performed successfully. The LTT is a 
very technically demanding test and not commercially avail-
able as a ready-to-use assy. It is important to remember that 
a negative test cannot rule out hypersensitivity.

The clinical phenotype of a cytokine release hypersensi-
tivity reaction (fever, chills, pain, nausea, vomiting, head-
ache) is driven by IL-6. In a study from our institution, 21 
patients who experienced a combined 38 breakthrough reac-
tions during rapid desensitization to either chemotherapy or 
monoclonal antibodies had their serum IL-6 levels drawn at 
the time of their reactions [38]. In those 29 reactions where 
IL-6 levels were elevated, their complaints were primarily 
fever and neuromuscular in nature. A comparable rise in 
serum tryptase was not seen. IL-6 is a useful biomarker for 
the detection of cytokine release reactions. The fact that 
these reactions occurred during rapid desensitization also 
suggests that desensitization itself can control some but not 
all pathways of hypersensitivity reactions.

Vaccines

When the mRNA vaccinations against SARS-CoV-2 were 
given emergency use authorization by the FDA in December 
2020, surveillance data was carefully collected by the CDC 
about adverse events [39]. Keeping in mind that this data is 
self-reported and thus may be over-estimated, anaphylaxis 
from the vaccine is rare, occurring in 2.8 to 5 per million peo-
ple [40]. Thirty-one percent of those with anaphylaxis to the 
vaccine had a prior history of anaphylaxis. Sixty percent of 
those who reacted had previous history of allergic reactions 
(e.g., food allergy, drug allergy, Hymenoptera allergy, reac-
tion to allergen immunotherapy, and/or carry an epinephrine 
autoinjector) [41]. Over 90% of patients who reported a reac-
tion to the vaccination are female. To put these numbers into 
perspective, when compared to common vaccines available for 
other diseases ranging from 0.5 to 1 in 1,000,000, the rate of 
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anaphylaxis to the mRNA vaccinations is thus approximated 
to be 10 × higher [42]. This was somewhat unexpected as there 
were no cases of anaphylaxis in the large phase 3 clinical trials 
for either mRNA vaccination, but patients who had a history of 
severe allergy to any component of the vaccines were excluded 
[7, 8]. The reported reactions are mostly vasovagal in nature 
(i.e., diaphoresis, bradycardia, nausea, vomiting) rather than 
anaphylaxis (i.e., urticaria, angioedema, hypotension) [43].

The exact cause of hypersensitivity reaction in the mRNA 
vaccinations is not yet fully known. It has been conjectured 
that “a certain portion” of patients with anaphylaxis to 
these vaccines may have underlying undiagnosed heredi-
tary alpha tryptasemia [44]. These vaccinations have none 
of the excipients that are found to be culprits of anaphy-
laxis in other vaccines, such as gelatin, latex, egg protein, or 
surfactant (polysorbate 80) [45•]. The mRNA vaccinations 
package the mRNA in lipid nanoparticles as naked mRNA 
is directly immunogenic and would be broken down by the 
host immune system before it reaches its destination. The 
negative charge of the mRNA is counteracted by the posi-
tive charge of the lipid nanoparticle “sheath” that envelops 
it at low pH. There is some evidence in vitro that mast cells 
may possibly take up the sheathed vaccine particles and 
that there may be disruption of the phagosome caused by 
the lipid nanoparticle that leads to mast cell degranulation 
[46]. It is also not known if the lipid nanoparticle sheath 
can lead to direct mast cell degranulation by activation of 
other receptors, such as MRGPRX2 [47]. Even though the 
exact lipid component of the Pfizer-BioNTech vaccine dif-
fers from that of the Moderna vaccine, they are both made 
more water soluble with polyethylene glycol (PEG 2000). If 
there is existence of anti-PEG IgG or IgM, this may cause 
direct compliment activation, leading to anaphylaxis [48]. 
However, this very same compliment activation may lead to 
greater efficacy of the vaccine by increasing dendritic cell 
uptake of the vaccine particles and increased spike protein 
expression and more efficient antigen presentation to T cells 
[45•]. No other vaccination has PEG as an excipient, so there 
is no prior data available for comparison from other vaccina-
tions. As PEG is a likely source of anaphylaxis, it is not yet 
proven, and more investigation is necessary.

In adults, the COVID-19 mRNA vaccinations require 2 
primary doses (or 3 primary doses in specific at-risk popula-
tions) as well as 1 to 2 boosters based on risk to complete the 
series [49]. If one experiences a reaction on the first dose, 
the risk of reaction increases drastically on any subsequent 
dose. Assuming PEG is the most likely culprit excipient in 
the mRNA vaccines, then skin testing can be performed to 
determine sensitivity to PEG or even to related polysorbate 
in those who experienced hypersensitivity reaction, although 
the clinical utility of such testing remains under debate as 
it has not been determined if the mechanism of reactions 
are IgE-mediated [50]. In a case series of six patients who 

had an episode of anaphylaxis to their first dose of mRNA 
COVID-19 vaccine, two of the six patients were positive on 
skin prick test for PEG or polysorbate [51]. All had success-
ful desensitization to the Moderna COVID-19 vaccination. 
In another study, 159 patients with first-dose reactions (19 
of whom had anaphylaxis) were given premedication with 
antihistamines and given the second dose and tolerated it 
with either no reaction or, at most, a mild reaction that was 
self-limited [52]. Skin testing to PEG was performed in 80 
patients that were considered to have the highest risk, none 
of whom were positive. Given this study, subsequent doses 
of vaccination should not be avoided; it may be safely given 
with premedication and desensitization may not be required 
as the mechanism of reaction is still not known.

Immune Checkpoint Inhibitors

Newer monoclonal antibody therapies are available, used 
in the management of multiple types of cancer, collectively 
called immune checkpoint inhibitors (CPIs). They directly 
target T cell ligands, preventing T cell silencing. These 
include monoclonal antibodies against programmed cell 
death protein 1 (PD-1), its ligand (PD-L1), cutaneous T lym-
phocyte antigen 4 (CTLA-4 a.k.a. CD152), and lymphocyte 
activation gene 3 (LAG-3) [53]. Between 50 and 75% of all 
patients treated with CPIs experience an adverse event [54]. 
Hypersensitivity is mostly reported as skin reactions, rang-
ing from drug rashes to severe cutaneous adverse reactions 
(e.g., toxic epidermal necrolysis or Stevens-Johnson syn-
drome); the degree of type I hypersensitivity is not known. 
However, multiple case studies have reported success with 
rapid desensitization to CPIs [55].

Excipients in Biologics

Polysorbate (PS-20 and PS-80) is a surfactant that is com-
monly used as an FDA-approved excipient in many mono-
clonal antibody drugs (as well as being the active ingredient 
in many lubricant eye drops). High-dose systemic adminis-
tration of polysorbates leads to hypotension and tachycardia 
[56]. In studies both in animals and in humans, blood was 
incubated with polysorbate demonstrating in vitro generation 
of anaphylatoxins C3a and C5a, suggesting that the immuno-
genicity of these excipients is complement-driven [57, 58]. 
In one case study where two patients were treated with omal-
izumab, one patient experienced ocular angioedema from 
lubricant eye drops; the other patient had a positive intrader-
mal test to polysorbate [59]. In another study, a patient had 
anaphylaxis after their first injection of omalizumab, and 
when skin testing was performed to other monoclonal anti-
bodies, reaction to certolizumab was positive (the only com-
mon excipient being PEG/macrogol in certolizumab, which 
is cross-reactive with polysorbate) [60]. In another patient 
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being treated for psoriasis, adalimumab caused generalized 
wheals and pruritus and switching to ustekinumab caused 
severe urticaria [61]. In this patient, skin prick test to poly-
sorbate was positive; the only common excipient between 
the two monoclonal antibodies was polysorbate. Another 
patient on infliximab therapy experienced breathing diffi-
culty and facial flushing on their 4th infliximab injection, 
switched then experienced urticaria on their 9th adalimumab 
injection, and even switched to ustekinumab only to experi-
ence urticaria and breathing difficulties on their 3rd injec-
tion [62]. Skin prick test was positive to the only common 
excipient among all three medications: polysorbate. When 
evaluating patients who have experienced hypersensitivity 
reactions to monoclonal antibodies, skin prick testing to 
polysorbate may yield useful in identifying type I hyper-
sensitivity and risk stratification for rapid desensitization.

Nanobodies

Nanobodies have several possible clinical applications, rang-
ing from their use in molecular imaging (nuclear and optical 
imaging) and therapy (drug delivery systems, agonist, and 
antagonist capabilities) [63]. To date, there are no known 
hypersensitivity reactions to nanobodies, and the expected 
potential immunogenicity is extremely low as there is an 
absence of any significant activation of dendritic cells [64].

Hormones

Diabetes mellitus is a disorder of insulin: caused either by 
the lack of production of enough insulin or peripheral tis-
sue resistance to insulin. Essential to the overall manage-
ment of diabetes is administration of exogenous insulin. The 
incidence of hypersensitivity reactions to insulin has vastly 
decreased over the past 100 years as it was purified from 
animal origin to what we now use as human insulin, the 
current incidence being < 1 to 2.4% [65]. The most common 
excipient that contributes to insulin allergy is metacresol, a 
preservative used in every commercial preparation of insulin 
[66]. Other possible excipients that could cause reactions 
include protamine, zinc, or even glycerol [67]. Those who 
experience immediate local hypersensitivity to multiple 
preparations of subcutaneous insulin commonly experi-
ence the same such reactions when exposed to an insulin 
“saline” training pen that includes all the excipients without 
the insulin itself [68]. Rapid desensitization to insulin with 
premedication and administration of progressively increas-
ing doses of the desired type of insulin has been successfully 
performed [67, 69]. Even a patient who presented with dia-
betic ketoacidosis requiring urgent hemodialysis to correct 
severe metabolic acidosis experienced a successful rapid 
desensitization to insulin, transitioning from intravenous 
insulin to subcutaneous insulin over a course of days [70].

The mainstay of treatment for hypothyroidism is replace-
ment thyroid hormone in the form of levothyroxine. With its 
predictable pharmacodynamics, it is the drug of choice over 
liothyronine or desiccated thyroid extracts [71]. For those who 
experience hypersensitivity reaction to levothyroxine, since 
the first-published oral rapid desensitization in 2013 [72], it 
has been repeatedly replicated successfully by others [73, 74].

Progesterone hypersensitivity has also been reported when 
used for in vitro fertilization (IVF) when women are exposed 
to high doses of progesterone [75]. Symptoms can extend 
from a rash to anaphylaxis. In this case series of 6 patients 
who reacted to progesterone for IVF, they all underwent rapid 
drug desensitization with vaginal suppositories to achieve 
successful tolerance of the high doses required for IVF.

Desensitization Using Biologics

When a patient’s primary drug hypersensitivity reaction 
presents as having a high probability of being IgE-mediated 
(i.e., immediate reaction phenotype, positive skin testing, 
measured serum anti-drug IgE), premedication that directly 
controls IgE levels before rapid desensitization may be use-
ful. First, there is the biologic omalizumab, a humanized 
IgG1 monoclonal antibody against free IgE at the site of the 
FcεRI receptor, preventing IgE crosslinking and mast cell 
degranulation [76]. It is currently FDA approved for both 
the management of poorly controlled severe allergic asthma, 
chronic idiopathic urticaria, and nasal polyps [77]. It has 
also been successfully used as an adjunctive treatment in 
patients with mastocytosis to dampen the effects of venom 
immunotherapy [76, 78–80]. Research into its utility as pre-
medication in aspirin desensitization has yielded conflicting 
results. In a series of 275 patients who underwent successful 
standardized rapid desensitization to aspirin, 8 of 9 patients 
who were on omalizumab during desensitization reacted, 
suggesting that omalizumab does not prevent reactions dur-
ing desensitization specifically to aspirin [81]. In another 
study, 5 of 7 patients on omalizumab undergoing rapid 
desensitization to aspirin did not experience respiratory 
symptoms during the desensitization; the other two experi-
enced aspirin-provoked bronchospasm [82]. In a case report 
of a patient with insulin allergy who failed traditional rapid 
desensitization in the past, a combination of biologics was 
given: first rituximab to reduce IgE production from active 
plasma cells, then omalizumab to prevent IgE crosslinking 
[83]. The patient remained asymptomatic while also receiv-
ing mycophenolate and only 2 mg of prednisone daily. In a 
patient receiving chemotherapy with FOLFIRINOX (folinic 
acid, 5-fluorouracil, irinotecan, and oxaliplatin) who had an 
episode of anaphylaxis during third desensitization, there 
were no further episodes of anaphylaxis during 13 additional 
desensitizations after starting the patient on omalizumab 
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[84]. Omalizumab has even been used successfully for 
desensitization to rituximab in children [85].

Ligelizumab is a monoclonal antibody against IgE with a 
manifold greater affinity for IgE in vitro and greater potency 
in vivo than omalizumab that is currently in phase III clinical 
trials [86–92]. Their latest published information, however, 
does not show superiority in efficacy for the indication of 
chronic idiopathic urticaria when compared to omalizumab, 
even though the studies met their clinical endpoints. Quili-
zumab is a humanized IgG1 monoclonal antibody that binds 
membrane IgE, not soluble IgE, and phase II trials performed 
thus far do not show significant clinical improvements in 
chronic idiopathic urticaria [93, 94]. Lastly, MEDI4212 is a 
monoclonal antibody against IgE that just published its phase 
I study, showing increased rapid decrease of total IgE but no 
sustained decrease of total IgE, suggesting limited potential 
over omalizumab [95]. Further investigation is necessary to 
determine if any of these drugs can be used in premedication 
to control reactions during rapid desensitization.

Conclusion

Biologics, whether chimeric, humanized, and human anti-
bodies, targeted mRNA, or nanobodies have opened a new 
era in medicine for the prevention and treatment of infectious 
diseases, cancer, and inflammatory diseases. While their 
safety has been largely proven, hypersensitivity reactions 
are rare, but remain the most important factor preventing the 
use of first-line therapies for reactive and allergic patients. 
Understanding the underlying mechanisms of hypersensi-
tivity reactions requires the wide utilization of biomarkers 
such as skin testing, currently cost limited, and others such 
as tryptase and now IL-6, which permit risk stratification of 
patients and their qualification for desensitization. Desen-
sitization is primarily limited to type I, including anaphy-
laxis, and type IV reactions and is a highly effective and safe 
procedure for re-exposure to biologics in severely allergic 
patients. While desensitization requires a multidisciplinary 
approach between pharmacy, nursing, specialists, and aller-
gists, its implementation should be the standard of care to 
provide all patients their best medication.
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