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Purpose of review

The use of biologicals as therapeutic agents in oncology and other inflammatory diseases has dramatically
increased during the last years. Due to their biological nature and inherent immunological activity, they are
able to induce important adverse events, such as cytokine release reactions (rapid release of proinflammatory
cytokines), serum sickness disease, and immediate or delayed hypersensitivity reactions, including anaphylaxis.
The aim of the current article is to review the state of the art of anaphylaxis because of biological agents.

Recent findings

Different phenotypes, and potential underlying endotypes, have been described in anaphylactic reactions
to biologicals. There seems to be a spectrum from type 1 reactions (IgE or non-lgE-mediated) to cytokine
release reactions, with some reactions falling in between both. Management should be directed according

to such phenotypes.

Summary

There is ongoing research to further define immediate adverse reactions to biologicals and to find relevant
biomarkers to aid in their diagnosis. Such information will serve in defining their immediate and long term

management.

Keywords

anaphylaxis, biologicals, desensitization, hypersensitivity reactions, monoclonal antibodies

Biological agents are becoming true game changers
in the current management of numerous medical
conditions, but together with their powerful thera-
peutic actions they are also capable of inducing
adverse events. They share two critical traits that
distinguish them from chemically derived drugs:
they are produced in living systems, and they are
relatively large molecules, with an inherently het-
erogeneous structure that can contain hundreds of
amino acids [1]. Biological agents can be composed
of sugars, proteins, or nucleic acids or complex
combinations of these substances, or may be living
entities, such as cells and tissues, and may induce
humoral and cellular immune responses, and subse-
quent hypersensitivity and infusion reactions.

The aim of the current article is to review
the occurrence of anaphylaxis triggered by the
use of biological agents. According to the Food
and Drug Administration (FDA) (https://www.fda.
gov/aboutfda/centersoffices/officeofmedicalpro-
ductsandtobacco/cber/ucm133077.htm), biologi-
cal agents include a wide range of products,
such as vaccines, blood and components, aller-
gens, somatic cells, gene therapy, tissues, and
recombinant therapeutic proteins. The present
review will focus on monoclonal antibodies.
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Monoclonal antibodies (mAbs) are antibodies of
single specificity, generated from the in-vitro
immortalization of plasma B cells. The key events
that preceded the discovery of mAbs have been
recently reviewed by Alkan [2]. To date, over 80
mAbs have been granted marketing approvals for
the treatment of neoplastic, autoimmune, and
inflammatory diseases, and their clinical applica-
tions are becoming broader.

The WHO established guidelines for the nomen-
clature of mAbs that have been used since the early
1990s. According to this nomenclature, each Inter-
national Nonproprietary Name (INN) for a mAb is
composed by a random prefix, which contributes to
an distinctive name, by a substem A, which
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KEY POINTS

e The use of therapeutical biological agents will rise in
the next years; as adverse reactions, including
anaphylaxis, are not uncommon, there is a need to
optimize their management.

e Adverse reactions during infusion of biologicals may
range from type 1 immediate reactions (IgE-mediated
or non-lgE-mediated) to cytokine release syndromes,
being cytokine storms the most severe of the latter.

e Immediate and long-term management should be
undertaken considering the potential
underlying mechanisms.

indicates the target (molecule, cell and organ) class
of the mAb, by a substem B, which indicates the
species on which the immunoglobulin sequence of
the mAD is based, and by the stem —-mab (Table 1).
Chimeric mAb have a human constant region and a
murine variable region, whereas humanized mAbs
have a human variable region except for the com-
plementary determining regions (mouse) and fully

human mAbs have both constant and variable
regions of human origin. The INN Expert
Group decided to revise the nomenclature scheme
that assigns INN for mAbs in 2017 (https://
www.who.int/medicines/services/inn/Revised_
mAb_nomenclature_scheme.pdf?ua=1), and recom-
mended to discontinue the substem B (source infix),
except the presubstem -vet- for veterinary use,
which would be included in substem A list (Table 1).

Immunogenicity and the induction of antidrug
antibodies (ADA), increases according to the
‘foreignness’ of the mAbs. Fully human mAbs are
considered less immunogenic than humanized or
chimeric mAbs, which contain variable amounts of
sequences of mouse origin. However, even fully
human proteins can elicit an unwanted immune
response that may reduce their efficacy and/or their
safety [3]. Antiidiotypic antibodies are also raised
against the antigen-binding site of fully human
mAbs because the individual T-cell receptors and
immunoglobulins are also immunogenic by virtue
of the unique sequence within their variable
regions. Despite the fact that most biotechnology-
derived therapeutics are derived from recombinant

Table 1. Monoclonal antibody nomenclature scheme

Previous mAb nomenclature scheme

Prefix Substem A: target class Substem B: species Stem
Random  -b(a)- bacterial -a- rat -mab
-am(i)- serum amyloid protein (SAP)/amyloidosis (presubstem) -axo- ratmouse (presubstem)

<(i)- cardiovascular -e- hamster

f{u)- fungal -i- primate

-gr(o})- skeletal muscle mass related growth factors and receptors (presubstem) -0- mouse

k(i)- inferleukin -u- human

(i) immunomodulating -vet- veterinary use (presubstem)
-n(e)- neural -xi- chimeric

-s(o)- bone xizu- chimeric-humanized
tox(a)-  toxin -zu- humanized

+{u)- tumour

v(i)- viral

New mAb nomenclature scheme

Prefix Substem A: target class Stem
Random -b(a)- bacterial -mab

-am(i)- serum amyloid protein (SAP)/amyloidosis (presubstem)

(i) cardiovascular

fung- fungal

-gros- skeletal muscle mass related growth factors and receptors (presubstem)

ki- interleukin

i immunomodulating

-ne- neural

-0s- bone

foxa- toxin

ta- -vet- tumour

-v(i)- veterinary use (prestem)

viral
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human protein libraries, immunogenicity continues
to occur confirming that multiple factors other than
‘nonhumanness’ influence immunogenicity [4].

The major safety concerns related to immunogenic-
ity of mAbs are the induction of severe adverse
reactions, such as cytokine release reactions (CRRs,
rapid release of high amounts of proinflammatory
cytokines), serum sickness disease, immediate and
delayed hypersensitivity reactions [5]. However,
the current article will focus on anaphylactic reac-
tions [6].

Excellent reviews on adverse reactions to biologi-
cal agents and specifically to mAbs have been pub-
lished over the last 18 months [7,8,9"-12%]. The
particularities of each one are cited in the references,
but in general terms they cover all types of hypersen-
sitivity reactions, from typeIto type IV and CRRs, and
do not focus specifically in anaphylactic reactions.
Nevertheless, anaphylaxis has been reported with a
large number of biological agents. Some excipients,
such as polysorbate, present in the formulations of
mAbs have also been identified as elicitors of hyper-
sensitivity [13]. Table 2 lists anaphylactic reactions
reported to date with the most commonly used
mAbs. As the diagnosis of anaphylaxis is based on
clinical symptoms, and not all reports include an
allergy workup, the specific mechanism underlying
each reaction is not always evident.

Although the Gell and Coombs classification has
been useful to understand the mechanism involved
in drug hypersensitivity reactions (HSRs) [111], in
the case of HSRs to biological agents, clinical pre-
sentation (phenotype) and underlying mechanisms
(endotype) frequently overlap hampering a straight-
forward classification and management indications
[112%].

Anaphylaxis is a rapid and severe systemic reac-
tion resulting from release of cell mediators [113],
and may be classified as immunologic (Igk-mediated
or non-IgE-mediated) or nonimmunologic [114].
When elicited by biological agents, phenotypes of
anaphylaxis are classified depending on clinical
presentation in a spectrum ranging from type I
reactions to CRRs, with mixed reactions in between,
as shown in Fig. 1.

The corresponding endotypes underlying these
phenotypes include IgE and other immunologic-
mediated mechanism (such as IgG), where the main
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Table 2. Cases reported in PubMed of anaphylaxis
because of biological drugs

Drug Number of cases References
Abatacept 1 [14]
Abciximab 3 [15-17]
Adalimumab 1 [18]
Agalsidase beta 2 [19,20]
Alemtuzumab 1 [21]
Alglucosidase alfa 1 [22]
Anckinra 2 [23,24]
Asparaginase 36,13, 10 [25-32]

(-asparaginase,

PEG- asparaginase,

erwinia-asparaginase)
Basiliximab 4 [33-35]
Brentuximab vedotin 3 [36-38]
Certolizumab pegol 1 [39]
Cetuximab 81 [40-49]
Ecallantide 21 [50-54]
Eculizumab 1 [55]
Elosulfase alfa 20 [56-58]
Etanercept 6 [69-61]
Filgrastim 2 [62,63]
Galsulfase 1 [64]
Ibritumomab tiuxetan 1 [65]
Idarucizumab 1 [66]
Idursulfase 3 [67]
Infliximab 30 [68-83]
Interferén 4 [84-87]
Laronidase 1 [88]
Natalizumab 13 [89-91]
Omalizumab 96 [92]
Onabotulinumtoxin A 1 [93]
Palifermin 1 [94]
Palivizumab 1 [95]
Pegfilgrastim 1 [96]
Pegloticase >11 [97,98]
Pertuzumab 1 [99]
Rasburicase 6 [100]
Reteplase 1 [101]
Rituximab >15 [102-107]
Sebelipase alfa 3 [108]
Tocilizumab 1 [109]
Vedolizumab 1 [110]
Total >402

mediators involved are released from basophil and
mast cell, such as tryptase, histamine, leukotrienes
and prostaglandins. IgE reactions typically occur
after at least one previous administration (sensitiza-
tion phase). An elevated serum tryptase level
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Clinical symptoms of anaphylaxis
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FIGURE 1. Overview of immediate adverse reactions to biological agents, phenotype, endotype and management.
}, Adrenaline/epinephrine. M®, macrophages. “High concentrations of IL-6, consider using anti-IL-6 (focilizumab).

measured at the time of the reaction indicates mast
cell/basophil degranulation and suggests the possi-
bility of an IgE reaction [115]. On the other hand,
IgG-mediated reactions to biological agents have
not been clearly demonstrated in humans. However,
it is hypothesized that the biological agents could
stimulate antimAb IgGs bound to Fc-gamma-
receptors on macrophages, basophils, mast cell
and neutrophils triggering the release of mediators,
as shown in the mouse model of IgG-dependent
anaphylaxis [116]. Symptoms of IgG-mediated reac-
tions would be quite similar to IgE-mediated reac-
tions as both involve mainly mast cell/basophil
activation. Also, they should typically occur after
at least one infusion as sensitization would also be
required. Skin testing is typically negative in these
cases, whereas in IgE-mediated reactions, skin tests
or specific IgE may be positive.

CRRs may occur at first infusion, and can pres-
ent with a variety of symptoms [117*%]. Mild symp-
toms constitute fever, chills, rash, arthralgia,
myalgia, cough, tachypnea and headache. Severe
cases include intense respiratory symptoms that
can progress to acute respiratory distress, hypoten-
sion, high fever, vascular leakage, disseminated
intravascular coagulation and multiorgan system
failure. In such cases, common laboratory abnor-
malities are cytopenias, elevated liver enzymes, cre-
atinine or coagulation disorders with high c-reactive
protein. Main cell types involved in these reactions
are macrophages/monocytes, T cells (mainly cyto-
toxic CD8+ lymphocytes) and endothelial cells.
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Symptoms are caused by the release of proinflam-
matory mediators, such as IL-6, TNF-alfa, IFN-
gamma, IL-8 IL-10 and IL-1. The most serious CRRs
is known as ‘cytokine storm’. It is an acute, severe
and potentially lethal reaction because of the release
of large amounts of cytokines and chemokines,
which will produce catastrophic systemic symptoms
[117%=,118].

It is important to distinguish CRRs from other
inflammatory disorders that present with similar
clinical signs and symptoms but require different
treatment. Tumour lysis syndrome (TLS) can mimic
CRRs with symptoms, such as fever, acute renal
failure, cardiac arrhythmia and seizures. TLS
presents characteristic laboratory abnormalities
including hyperphosphatemia, hyperuricemia,
hyperkalaemia, and hypocalcaemia and may occur
simultaneously to CRRs [119]. Also, serum sickness
(Gell and Coombs type III) may present similar
symptoms (pruritus, arthralgia/arthritis, lymphade-
nopathy, fever, alteration in renal function). This
reaction is presumed to result from the deposition of
immune complexes [120].

In some cases, simultaneous CRRs and IgE-medi-
ated reactions occur, resulting in ‘mixed reactions’
[112%7].

MANAGEMENT OF ANAPHYLACTIC
REACTIONS TO BIOLOGIC AGENTS

When facing an acute immediate reaction to bio-
logical agents, quick recognition of the most likely
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mechanism of the reaction will be the base for
further actions. In anaphylaxis, where the suspected
mechanism is a type 1 reaction, rapid intramuscular
epinephrine is the treatment of choice followed by
standard therapy recommended in guidelines [113].
An increase of serum tryptase supports the diagnosis
[114]. After the reaction (2—4 weeks), a positive skin
test to a nonirritating concentration of the mAb
strongly suggests an IgE-mediated mechanism and
warrants re-exposure only through desensitization
[7,121]. For non-IgE-mediated type I reactions, after
initial treatment including epinephrine, the subse-
quent approach for future exposures should be
based on the severity. Desensitization is recom-
mended in severe cases. In mild-moderate reac-
tions, a decision between a diagnostic challenge
or a desensitization should be considered individu-
ally for each patient (risk stratification and necessity
of the treatment) [114].

In immediate reactions suggesting a CRR, initial
treatment consists of antipyretics for fever, vaso-
pressors as epinephrine and intravenous fluids for
hypotension, and supportive care with oxygen or
mechanical ventilation for respiratory distress.
High-dose corticosteroids have been wused to
decrease the toxicity in some cases, although in
chimeric antigen receptor (CAR) T-cell therapy cor-
ticosteroids may reduce clinical effectiveness
[117*"]. In nonsevere CRRs, premedication with
paracetamol (acetaminophen), nonsteroidal anti-
inflammatory agents and corticosteroids, together
with a slow infusion rate, generally can prevent the
reaction. In very mild CRRs, slow infusion alone
may be sufficient [122]. In severe CRRs, such as
cytokine storms, in which IL-6 is a central driver
of the reaction, the use of tocilizumab (a recombi-
nant humanized monoclonal antibody directed
against the interleukin-6 receptor) has been
approved for treatment, as in severe CAR T-cell-
induced CRRs [123].

In cases of ‘mixed’ reactions, the patient has
to be managed with a combined strategy for both
reactions.

mAbs have also been used out off label to treat or
prevent anaphylactic reactions. Omalizumab has
been used in anaphylaxis associated with allergen
immunotherapy, difficult food allergy, idiopathic
anaphylaxis and mast cell disorders. There is a mod-
erate evidence, based on small clinical trials on its
effects facilitating peanut oral immunotherapy and
improving the safety of rush immunotherapy to
ragweed and venom immunotherapy [124,125].
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Omalizumab effectively prevented recurrent ana-
phylaxis in a cohort of 14 adults with systemic
mastocytosis [126], but controlled studies are
needed to corroborate this finding. There are no
well designed trials of omalizumab for idiopathic
anaphylaxis, but recent case reports suggest a bene-
ficial effect in the treatment of complicated cases of
recurrent anaphylaxis, such as ethylene oxide intra-
operative anaphylaxis [127], progesterone-induced
anaphylaxis [128] and in seminal plasma hypersen-
sitivity [129], insulin hypersensitivity in patients
with diabetes [130] or in a challenge confirmed
exercise-induced anaphylaxis [131]. The mecha-
nism by which omalizumab may prevent recurrent
anaphylaxis is not fully understood but may be
related to its effect on reducing IgE high-affinity
receptor (FceRI) expression on effector cells and by
suppressing the basophil response to allergens [132].
Another approach has been the use of rituximab, a
chimeric anti-CD20 monoclonal antibody that
depletes circulating B cell, in a case of refractory
idiopathic anaphylaxis [133].

Health-care professionals prescribing and adminis-
tering biological agents will be facing numerous
immediate adverse reactions, including anaphy-
laxis, in which they will have to make a quick
management choice. Long-term management will
require an accurate diagnosis and risk assessment on
which future treatment decisions should be based.
Further profiling such reactions and determining
relevant biomarkers will help to establish the best
approach in such cases.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm  of outstanding interest

1. Morrow T, Felcone LH. Defining the difference: what makes biologics unique.
Biotechnol Healthc 2004; 1:24-29.

2. Alkan SS. The discovery of monoclonal antibodies (on Georges Kéhler).
Allergy 2019. [Epub ahead of print]

3. Singh S, Kumar NK, Dwiwedi P, et al. Monoclonal antibodies: a review. Curr
Clin Pharmacol 2018; 13:85-99.

www.co-allergy.com 443

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



Anaphylaxis and insect allergy

4. Laptos T, Omersel J. The importance of handling high-value biologicals:
physico-chemical instability and immunogenicity of monoclonal antibodies.
Exp Ther Med 2018; 15:3161-3168.

5. Khan DA. Hypersensitivity and immunologic reactions to biologics: oppor-
tunities for the allergist. Ann Allergy Asthma Immunol 2016; 117:115-120.

6. Jimenez-Rodriguez TW, Garcia-Neuer M, Alenazy LA, Castells M. Anaphy-
laxis in the 21st century: phenotypes, endotypes and biomarkers. J Ashtma
Allergy 2018; 11:121-142.

7. Picard M, Galvao VR. Current knowledge and management of hypersensi-
tivity reactions to monoclonal antibodies. J Allergy Clin Immunol Pract 2017;
5:600-609.

8. Patel SV, Khan DA. Adverse reactions to biologic therapy. Immunol Allergy
Clin North Am 2017; 37:397-412.

9. Castells M. Drug hypersensitivity and anaphylaxis in cancer and chronic

m inflammatory diseases: the role of desensitizations. Front Immunol 2017;
8:1472.

This review provides insight into the current knowledge of drug allergy and
anaphylaxis to drugs used in cancer and chronic inflammatory diseases and the
mechanisms of drug desensitization. It includes a table with the rate of overall
reactions and hypersensitivity reactions to the most common monoclonal anti-
bodies in use.

10. Santos RB, Galvdo VR. Monoclonal antibodies hypersensitivity: prevalence

m  and management. Immunol Allergy Clin North Am 2017; 37:695-711.

This article discusses the main biological agents and associated HSR, from type |
to type IV HSR and cytokine storm reactions.

11. Bonamichi-Santos R, Castells M. Diagnoses and management of drug

m  hypersensitivity and anaphylaxis in cancer and chronic inflammatory dis-
eases: reactions to taxanes and monoclonal antibodies. Clin Rev Allergy
Immunol 2018; 54:375-385.

Includes a revision of adverse reactions to the most frequently used mAbs,
including their targets, incidence of overall injection/infusion site reactions, and
severe immediate HSR.

12. Wolska-Washer A, Robak T. Safety and tolerability of antibody-drug con-

m  jugates in cancer. Drug Saf 2019; 42:295-314.

This review provides an outline of the current status of the efficacy and safety of
antibody—drug conjugates in malignant diseases, including their most common
adverse reactions from mild CRR to anaphylaxis.

13. Perino E, Freymond N, Devouassoux G, et al. Xolair-induced recurrent
anaphylaxis through sensitization to the excipient polysorbate. Ann Allergy
Asthma Immunol 2018; 120:664 -666.

14. Salmon JH, Perotin JM, Morel J, et al., French Society of Rheumatology.
Serious infusion-related reaction after rituximab, abatacept and tocilizumab in
rheumatoid arthritis: prospective registry data. Rheumatology (Oxford) 2018;
57:134-139.

15. Pharand C, Palisaitis DA, Hamel D. Potential anaphylactic shock with
abciximab readministration. Pharmacotherapy 2002; 22:380-383.

16. lakovou Y, Manginas A, Melissari E, Cokkinos DV. Acute profund thrombo-
cytopenia associated with anaphylactic reaction after abciximab therapy
during percutaneous coronary angioplasty. Cardiology 2001; 95:215-216.

17. Guzzo JA, Nichols TC. Possible anaphylactic reaction to abciximab. Catheter
Cardiovasc Interv 1999; 48:71-73.

18. Quercia O, Emiliani F, Foschi FG, Stefanini GF. Adalimumab desensitization
after anaphylactic reaction. Ann Allergy Asthma Immunol 2011; 106:547-548.

19. Talreja N, Butt A, Valle RL, et al. Successful desensitization to agalsidase
beta after anaphylaxis. Ann Allergy Asthma Immunol 2014; 112:71-72.

20. Tesmoingt C, Lidove O, Reberga A, et al. Enzyme therapy in Fabry disease:
severe adverse events associated with antiagalsidase cross-reactive IgG
antibodies. Br J Clin Pharmacol 2009; 68:765-769.

21. Nye CJS, Wagner A, Kousin-Ezewu O, et al. A case of anaphylaxis to
alemtuzumab. J Neurol 2019; 266:780—-781.

22. Lipinski SE, Lipinski MJ, Burnette A, et al. Desensitization of an adult patient
with Pompe disease and a history of anaphylaxis to alglucosidase alfa. Mol
Genet Metab 2009; 98:319-321.

23. Aguiar CL, Pan N, Adams A, et al. Anaphylaxis to anakinra in a pediatric
patient with systemic juvenile idiopathic arthritis successfully treated with
canakinumab: a case-based review. Clin Rheumatol 2015; 34:1821-1824.

24. Desai D, Goldbach-Mansky R, Milner JD, et al. Anaphylactic reaction to
anakinra in a rheumatoid arthritis patient intolerant to multiple nonbiologic
and biologic disease-modifying antirheumatic drugs. Ann Pharmacother
2009; 43:967-972.

25. Kaminski KS, Beach CL, Peden DB, et al. Successful use of palifermin
following severe anaphylaxis to pegaspargase in a pediatric patient with
acute lymphoblastic leukemia. J Oncol Pharm Pract 2016; 22:354-356.

26. Henriksen LT, Harila-Saari A, Ruud E, et al, Nordic Society of Paediatric
Haematology and Oncology (NOPHO) group. PEG-asparaginase allergy in
children with acute lymphoblastic leukemia in the NOPHO ALL2008 proto-
col. Pediatr Blood Cancer 2015; 62:427-433.

27. Sahiner UM, Yavuz ST, Gokce M, et al. Anaphylactic reaction to polyethylene-
glycol conjugated- asparaginase: premedication and desensitization may not
be sufficient. Pediatr Int 2013; 55:531-533.

28. Soyer OU, Aytac S, Tuncer A, et al. Alternative algorithm for L-asparaginase
allergy in children with acute lymphoblastic leukemia. J Allergy Clin Immunol
2009; 123:895-899.

444 www.co-allergy.com

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Creel AM, Crawford D, Prabhakaran P. Anaphylaxis and superior vena cava
thrombus in a pediatric patient with acute lymphoblastic leukemia. Pediatr
Emerg Care 2008; 24:771-773.

Fabry U, Kérholz D, Jirgens H, et al. Anaphylaxis to L-asparaginase during
treatment for acute lymphoblastic leukemia in children—evidence of a com-
plement-mediated mechanism. Pediatr Res 1985; 19:400-408.

Evans WE, Tsiatis A, Rivera G, et al. Anaphylactoid reactions to Escherichia
coli and Erwinia asparaginase in children with leukemia and lymphoma.
Cancer 1982; 49:1378-1383.

Dellinger CT, Miale TD. Comparison of anaphylactic reactions to asparagi-
nase derived from Escherichia coli and from Erwinia cultures. Cancer 1976;
38:1843-1846.

Sasaki H, Chikaraishi T, Furuhata S, et al. Anaphylactic reaction after initial
exposure of Basiliximab: case reports. Transplant Proc 2007; 39:3457-3459.
audouin V, Crusiaux A, Haddad E, et al. Anaphylactic shock caused by
immunoglobulin E sensitization after retretament with the chimeric antiinter-
leukin-2 receptor monoclonal antibody basiliximab. Transplantation 2003;
76:459-463.

Barros VR, Rocha V, Garcia VD, Garcia CD. Anaphylactic shock after
retretament with basiliximab. Transplant Proc 2003; 35:579.

Gorglll B, Toprak SK, Bavbek S. Successful desensitization to brentuximab
after anaphylactic shock. J Investig Allergol Clin Immunol 2018;
28:352-354.

Arora A, Bhatt VR, Liewer S, et al. Brentuximab vedotin desensitization in a
patient with refractory Hodgkin's lymphoma. Eur J Haematol 2015;
95:361-364.

O'Connell AE, Lee JP, Yee C, et al. Successful desensitization to brentux-
imab vedotin after anaphylaxis. Clin Lymphoma Myeloma Leuk 2014;
14:€73-€75.

Caballero-Requejo C, Monteagudo-Gonzalez L, Urbieta-Sanz E. Anaphylac-
tic reaction by certolizumab in young woman with rheumatoid arthritis. Farm
Hosp 2018; 42:135-136.

Rambeau A, Gervais R, De Raucourt D, et al. Retrospective evaluation of
concomitant cetuximab and radiotherapy tolerance for locoregional ad-
vanced head and neck squamous cell carcinoma treatment in patients unfit
for platinum-based chemotherapy. Eur Arch Otorhinolaryngol 2017;
274:2883-2889.

Dupont B, Mariotte D, Dugué AE, et al. Utility of serum anticetuximab
immunoglobulin E levels to identify patients at a high risk of severe hyper-
sensitivity reaction to cetuximab. Br J Clin Pharmacol 2017; 83:623-631.
Marti A, Fauconneau A, Ouhabrache N, et al. Complete remission of
squamous cell carcinoma after treatment with panitumumab in a patient
with cetuximab-induced anaphylaxis. JAMA Dermatol 2016; 152:343-345.
Dupont B, Mariotte D, Clarisse B, et al. Risk factors associated with
hypersensitivity reactions to cetuximab: anticetuximab IgE detection as
screening test. Future Oncol 2014; 10:2133-2140.

Dupont B, Mariotte D, Moldovan C, et al. Case report about fatal or near-fatal
hypersensitivity reactions to cetuximab: anticetuximab IgE as a valuable
screening test. Clin Med Insights Oncol 2014; 8:91-94.

Keating K, Walko C, Stephenson B, et al. Incidence of cetuximab-related
infusion reactions in oncology patients treated at the University of North
Carolina Cancer Hospital. ] Oncol Pharm Pract 2014; 20:409-416.
Tronconi MC, Sclafani F, Rimassa L, et al. Fatal infusion reaction to cetux-
imab: the need for predictive risk factors and safer patient selection. J Clin
Oncol 2011; 29:e680-e681.

Mariotte D, Dupont B, Gervais R, et al. Anticetuximab IgE ELISA for
identification of patients at a high risk of cetuximab-induced anaphylaxis.
MAbs 2011; 3:396-401.

Chung CH, Mirakhur B, Chan E, et al. Cetuximab-induced anaphylaxis and
IgE specific for galactose- alpha-1,3-galactose. N Engl J Med 2008;
358:1109-1117.

O'Neil BH, Allen R, Spigel DR, et al. High incidence of cetuximab-related
infusion reactions in Tennessee and North Carolina and the association with
atopic history. J Clin Oncol 2007; 25:3644-3648.

Craig TJ, Li HH, Ried| M, et al. Characterization of anaphylaxis after ecallan-
tide treatment of hereditary angioedema attacks. J Allergy Clin Immunol Pract
2015; 3:206-212.

Sheffer AL, MacGinnitie AJ, Campion M, et al. Outcomes after ecallantide
treatment of laryngeal hereditary angioedema attacks. Ann Allergy Asthma
Immunol 2013; 110:184.e2—-188.e2.

Lumry WR, Bernstein JA, Li HH, et al. Efficacy and safety of ecallantide in
treatment of recurrent attacks of hereditary angioedema: open-label con-
tinuation study. Allergy Asthma Proc 2013; 34:155-161.

Martello JL, Woytowish MR, Chambers H. Ecallantide for treatment of acute
attacks of hereditary angioedema. Am J Health Syst Pharm 2012;
69:651-657.

Stolz LE, Sheffer AL. Prospective, double-blind, placebo-controlled trials of
ecallantide for acute attacks of hereditary angioedema. Expert Rev Clin
Immunol 2012; 8:25-32.

Misawa S, Kuwabara S, Sato Y, et al., Japanese Eculizumab Trial for GBS
(JET-GBS)Study Group. Safety and efficacy of eculizumab in Guillain-Barré
syndrome: a multicentre, double-blind, randomised phase 2 trial. Lancet
Neurol 2018; 17:519-529.

Volume 19 o Number 5 o October 2019

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82,

83.

84.

85.

. Long B, Tompkins T, Decker C, et al. Long-term immunogenicity of Elosulfase
alfa in the treatment of Morquio A syndrome: results from MOR-005, a phase
Il extension study. Clin Ther 2017; 39:118-129.

Guvenir H, Dibek Misirlioglu E, Capanoglu M, et al. Successful desensitiza-
tion of elosulfase alfa- induced anaphylaxis in a pediatric patient with Morquio
syndrome. J Allergy Clin Immunol Pract 2017; 5:1156-1157.
Schweighardt B, Tompkins T, Lau K, et al. Inmunogenicity of Elosulfase alfa,
an enzyme replacement therapy in patients with Morquio A syndrome: results
from MOR-004, a phase Il Trial. Clin Ther 2015; 37:1012-1021.

Crayne CB, Gerhold K, Cron RQ. Anaphylaxis to etanercept in two children
with juvenile idiopathic arthritis. J Clin Rheumatol 2013; 19:129-131.
Quismorio A, Brahmbhatt B, Houng M, Panush RS. Etanercept allergy and
anaphylaxis. J Rheumatol 2012; 39:2225-2226.

Puxeddu |, Giori L, Rocchi V, et al. Hypersensitivity reactions during treatment
with infliximab, etanercept, and adalimumab. Ann Allergy Asthma Immunol
2012; 108:123-124.

Tholpady A, Chiosea |, Lyons JJ, et al. Systemic hypersensitivity reaction
mimicking anaphylaxis after first filgrastim administration in a healthy donor.
Transfusion 2013; 53:1146-1147.

Batel-Copel L, Mommeja-Marin H, Oudard S, et al. Anaphylactic reaction
after a first filgrastim (granulocyte-colony stimulating factor) injection. Eur J
Cancer 1995; 31A:2428.

Tamay Z, Gokcay G, Dilek F, et al. Rapid desensitization for immediate
hypersensitivity to galsulfase therapy in patients with MPS VI. JIMD Rep
2016; 30:563-57.

Jankowitz R, Joyce J, Jacobs SA. Anaphylaxis after administration of ibritu-
momab tiuxetan for follicular nonhodgkin lymphoma. Clin Nucl Med 2008;
33:94-96.

Nam KW, Choo |, Chang JY, et al. Anaphylaxis after Idarucizumab Infusion. J
Clin Neurol 2017; 13:432-434.

Kim J, Park MR, Kim DS, et al. IgE-mediated anaphylaxis and allergic
reactions to idursulfase in patients with Hunter syndrome. Allergy 2013;
68:796-802.

Iwanczak BM, Kierkus J, Ryzko J, et al. Induction and maintenance infliximab
therapy in children with moderate to severe ulcerative colitis: retrospective,
multicenter study. Adv Clin Exp Med 2017; 26:57-61.

Chitnavis M, Stein DJ, Commins S, et al. First-dose anaphylaxis to infliximab: a
case of mammalian meat allergy. J Allergy Clin Immunol Pract 2017;
5:1425-1426.

Iwanczak BM, Ryzko J, Jankowski P, et al. Evaluation of the infliximab therapy
of severe form of pediatric Crohn's disease in Poland: retrospective, multi-
center studies. Adv Clin Exp Med 2017; 26:51-56.

Uyanikoglu A, Ermis F, Akyuz F, et al. Infliximab in inflammatory bowel disease:
attention to adverse events. Eur Rev Med Pharmacol Sci 2014;
18:2337-2342.

Hwang SH, Yoo HS, Yoon MK, Park HS. Detection of IgE binding component
to infliximab in a patient with infliximab-induced anaphylaxis. Ann Allergy
Asthma Immunol 2014; 112:393-394.

Babouri A, Roblin X, Filippi J, et al. Tolerability of one hour 10 mg/kg infliximab
infusions in inflammatory bowel diseases: a prospective multicenter cohort
study. J Crohns Colitis 2014; 8:161-165.

Steenholdt C, Svenson M, Bendtzen K, et al. Acute and delayed hypersen-
sitivity reactions to infliximab and adalimumab in a patient with Crohn’s
disease. J Crohns Colitis 2012; 6:108—-111.

Miki H, Okamoto A, Ishigaki K, et al. Cardiopulmonary arrest after severe
anaphylactic reaction to second infusion of infliximab in a patient with
ankylosing spondylitis. J Rheumatol 2011; 38:1220.

Teich N. Infliximab anaphylaxis in siblings. Inflamm Bowel Dis 2011;
17:E108.

Vultaggio A, Matucci A, Nencini F, et al. Antiinfliximab IgE and non-IgE
antibodies and induction of infusion-related severe anaphylactic reactions.
Allergy 2010; 65:657-661.

Gupta A, Unglik G, Macrae FA. Bilateral parotidomegaly following anaphy-
laxis to infliximab. Inflamm Bowel Dis 2009; 15:1288-1289.

Kolho KL, Ruuska T, Savilahti E. Severe adverse reactions to Infliximab
therapy are common in young children with inflammatory bowel disease.
Acta Paediatr 2007; 96:128-130.

Chavez-Lopez MA, Delgado-Villafaia J, Gallaga A, Huerta-Yariez G. Severe
anaphylactic reaction during the second infusion of infliximab in a patient with
psoriatic arthritis. Allergol Immunopathol (Madr) 2005; 33:291-292.
Stallmach A, Giese T, Schmidt C, et al. Severe anaphylactic reaction to
infliximab: successful treatment with adalimumab - report of a case. Eur J
Gastroenterol Hepatol 2004; 16:627-630.

Domm A. A patient’s reaction to infliximab. Ann Allergy Asthma Immunol
2003; 90:298-301.

O'Connor M, Buchman A, Marshall G. Anaphylaxis-like reaction to infliximab
in a patient with Crohn’s disease. Dig Dis Sci 2002; 47:1323-1325.
Sakatani A, Doi Y, Matsuda T, et al. Protracted anaphylaxis developed after
peginterferon a-2a administration for chronic hepatitis C. World J Gastro-
enterol 2015; 21:2826-2829.

Cortellini G, Amadori A, Comandini T, Corvetta A. Interferon beta 1a
anaphylaxis, a case report. Standardization of nonirritating concentration
for allergy skin tests. Eur Ann Allergy Clin Immunol 2013; 45:181-182.

Biologics and anaphylaxis Sala-Cunill et al.

86. Fusun Kalpaklioglu A, Baccioglu Kavut A, Erdemoglu AK. Desensitization in
interferon-betala allergy: a case report. Int Arch Allergy Immunol 2009;
149:178-180.

87. Corona T, Leon C, Ostrosky-Zeichner L. Severe anaphylaxis with recombi-
nant interferon beta. Neurology 1999; 52:425.

88. Rosenberg J, Jhaveri P, Kelbel T. Laronidase desensitization during stem cell
transplant in a child with Hurler syndrome. Ann Allergy Asthma Immunol
2016; 116:377-378.

89. Fernandez-Megia MJ, Casanova B, Magraner MJ, et al. Assessment of the
effectiveness and safety of natalizumab for treating relapsing-remitting multi-
ple sclerosis. Farm Hosp 2011; 35:75-79.

90. Labajo Molpeceres A, Puente Lazaro V, Parda Lobato J, Dib B. Anaphylactic
reaction to natalizumab. Farm Hosp 2009; 33:111-112.

91. Oturai AB, Koch-Henriksen N, Petersen T, et al. Efficacy of natalizumab in
multiple sclerosis patients with high disease activity: a Danish nationwide
study. Eur J Neurol 2009; 16:420-423.

92. Lieberman PL, Jones |, Rajwanshi R, et al. Anaphylaxis associated with
omalizumab administration: Risk factors and patient characteristics. J Allergy
Clin Immunol 2017; 140:1734.e4—1736.e4.

93. Li M, Goldberger BA, Hopkins C. Fatal case of BOTOX-related anaphylaxis?
J Forensic Sci 2005; 50:169-172.

94. Palifermin: anaphylaxis, oedema and hyperpigmentation. Sucking ice is safer
for preventing oral mucositis. Prescrire Int 2009; 18:257.

95. Savitz J, Geaney C, Banks TA. A case of anaphylaxis to palivizumab. Ann
Allergy Asthma Immunol 2014; 113:236-237.

96. Hanna GG, Edgar D, Clarke JE. A case of prolonged type 1 hypersensitivity
reaction to pedfilgrastim. Clin Oncol (R Coll Radiol) 2008; 20:315-316.

97. Calabrese LH, Kavanaugh A, Yeo AE, Lipsky PE. Frequency, distribution and
immunologic nature of infusion reactions in subjects receiving pegloticase for
chronic refractory gout. Arthritis Res Ther 2017; 19:191.

98. Gentry WM, Dotson MP, Williams BS, et al. Investigation of pegloticase-
associated adverse events from a nationwide reporting system database. Am
J Health Syst Pharm 2014; 71:722-727.

99. Gonzalez-de-Olano D, Morgado JM, Juarez-Guerrero R, et al. Positive
basophil activation test following anaphylaxis to pertuzumab and successful
treatment with rapid desensitization. J Allergy Clin Immunol Pract 2016;
4:338-340.

100. Allen KC, Champlain AH, Cotliar JA, et al. Risk of anaphylaxis with repeated
courses of rasburicase: a Research on Adverse Drug Events and Reports
(RADAR) project. Drug Saf 2015; 38:183-187.

101. Zarar A, Khan AA, Adil MM, Qureshi Al. Anaphylactic shock associated with
intravenous thrombolytics. Am J Emerg Med 2014; 32:113.e3-113.e5.

102. Crowley MP, McDonald V, Scully M. Ofatumumab for TTP in a patient with
anaphylaxis associated with rituximab. N Engl J Med 2018; 378:92-93.

103. Oztiirk E, Ozyigit LP, Oztirk AB, et al. Rituximab desensitization in three
patients with severe rituximab allergy. Curr Probl Cancer 2017; 41:349-354.

104. Isoda A, Ishikawa T, Sato N, et al. Repeated rituximab-induced serum
sickness with anaphylaxis. Rinsho Ketsueki 2016; 57:771-773.

105. 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; 159:321-326.

106. Terrier B, Amoura Z, Ravaud P, et al. Club Rhumatismes et Inflammation.
Safety and efficacy of rituximab in systemic lupus erythematosus: results from
136 patients from the French Autolmmunity and Rituximab registry. Arthritis
Rheum 2010; 62:2458-2466.

107. Dale RC, Brilot F, Duffy LV, et al. Utility and safety of rituximab in pediatric
autoimmune and infllmmatory CNS disease. Neurology 2014,
83.:142-150.

108. Frampton JE. Sebelipase Alfa: a review in lysosomal acid lipase deficiency.
Am J Cardiovasc Drugs 2016; 16:461-468.

109. Cansever M, ahin N, Dursun |, et al. Successful slow desensitization to
tocilizumab in a 15-year-old patient. J Investig Allergol Clin Immunol 2018;
28:436-438.

110. Cherry LN, Yunker NS, Lambert ER, et al. Vedolizumab: an a4B7 integrin
antagonist for ulcerative colitis and Crohn's disease. Ther Adv Chronic Dis
2015; 6:224-233.

111. Demoly P, Adkinson NF, Brockow K, et al. International Consensus on drug
allergy. Allergy 2014; 69:420-437.

112. Isabwe GAC, Garcia Neuer M, de Las Vecillas Sanchez L, et al. Hypersen-

mm sitivity reactions to therapeutic monoclonal antibodies: phenotypes and
endotypes. J Allergy Clin Immunol 2018; 142:159.e2-170.e2.

This excellent study provides a novel evidence-based classification of HSRs to

mAbs, based on the clinical phenotypes, underlying endotypes and biomarkers, as

well as their management with desensitization.

113. Simons FE, Ardusso LR, Bilo MB, et al. International consensus on (ICON)
anaphylaxis. World Allergy Organ J 2014; 7:9.

114. Reber LL, Hernandez JD, Galli SJ. The pathophysiology of anaphylaxis. J
Allergy Clin Immunol 2017; 140:335-348.

115. Hesterberg PE, Banerji A, Oren E, et al. Risk stratification for desensitization
of patients with carboplatin hypersensitivity: clinical presentation and man-
agement. J Allergy Clin Immunol 2009; 123:1262-1267.

116. Finkelman FD, Khodoun MV, Strait R. Human IgE-independent systemic
anaphylaxis. J Allergy Clin Immunol 2016; 137:1674~-1680.

1528-4050 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved. www.co-allergy.com 445
Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



Anaphylaxis and insect allergy

117.
(1]
This

Shimabukuro-Vornhagen A, Godel P, Subklewe M, et al. Cytokine release
syndrome. J Immunother Cancer 2018; 6:56.
review provides insight into the current knowledge of cytokine release

syndrome and the mechanisms involved. It includes a very informative figure of
the different symptoms that may occur during CRRs.

118.

119.

120.

121.

122,

123.

124.

446

Winkler U, Jensen M, Manzke O, et al. Cytokine- release syndrome in patients
with B-cell chronic lymphocytic leukemia and high lymphocyte counts after
treatment with an anti-CD20 monoclonal anti body (rituximab, IDEC-C2B8).
Blood 1999; 94:2217-2224.

Howard SC, Jones DP, Pui C-H. The tumor lysis syndrome. N Engl J Med
2011; 364:1844-1854.

Hong D, Sloane DE. Hypersensitivity to monoclonal antibodies used for
cancer and inflammatory/connective tissue diseases. Ann Allergy Asthma
Immunol 2019. [Epub ahead of print]

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; 4:497-504.

Lee DW, Gardner R, Porter DL, et al. Current concepts in the diagnosis
and management of cytokine release syndrome. Blood 2014; 124:
188-195.

Le RQ, LiL, Yuan W, Shord SS, et al. FDA approval summary: tocilizumab for
treatment of chimeric antigen receptor t cell-induced severe or life-threaten-
ing cytokine release syndrome. Oncologist 2018; 23:943-947.

Cardet JC, Casale TB. New insights into the utility of omalizumab. J Allergy
Clin Immunol 2019; 143:923-926.

www.co-allergy.com

125.

126.

127.

128.

129.

130.

131.

132.

133.

Stretz E, Oppel EM, Rawer HC, et al. Overcoming severe adverse reactions
to venom immunotherapy using anti-IgE antibodies in combination with a high
maintenance dose. Clin Exp Allergy 2017; 47:1631-1639.
Broesby-Olsen S, Vestergaard H, Mortz CG, et al, Mastocytosis Centre
Odense University Hospital (MastOUH). Omalizumab prevents anaphylaxis
and improves symptoms in systemic mastocytosis: efficacy and safety
observations. Allergy 2018; 73:230-238.

Bilo MB, Corsi A, Brianzoni MF, et al. Efficacy of a single dose of omalizumab
for the prevention of ethylene oxide intraoperative anaphylaxis. Ann Allergy
Asthma Immunol 2018; 121:249-250.

Heffler E, Fichera S, Nicolosi G, Crimi N. Anaphylaxis due to progesterone
hypersensitivity successfully treated with omalizumab. J Allergy Clin Immunol
Pract 2017; 5:852-854.

Burguete-Cabanas MT, Fajardo-Ramirez OR, Yesaki R, et al. Omalizumab for
hypersensitive reaction to seminal plasma: a case report. Allergol Int 2018;
67:278-279.

Mishra S, Connors L, Tugwell B. Role of omalizumab in insulin hypersensitivity:
a case report and review of the literature. Diabet Med 2018; 35:663—-666.
Christensen MJ, Bindslev-Jensen C. Successful treatment with omalizumab
in challenge confirmed exercise-induced anaphylaxis. J Allergy Clin Immunol
Pract 2017; 5:204-206.

Lieberman JA, Chehade M. Use of omalizumab in the treatment of food allergy
and anaphylaxis. Curr Allergy Asthma Rep 2013; 13:78-84.

Borzutzky A, Morales PS, Mezzano V, et al. Induction of remission of idiopathic
anaphylaxis with rituximab. J Allergy Clin Immunol 2014; 134:981-983.

Volume 19 o Number 5 o October 2019

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



