
Management of adverse reactions to biologic agents

Ghislaine Annie C. Isabwe, M.D.,1,2 Leticia de las Vecillas Sanchez, M.D.,1,3

and Mariana Castells, M.D., Ph.D.1

ABSTRACT

Hypersensitivity reactions (HSR) to targeted biologic agents present as immediate reactions during infusion or as delayed
reactions (after one or more exposures). The new classification includes phenotypes, endotypes, and biomarkers. Phenotypes
include immediate type I (immunoglobulin E [IgE] or non-IgE mediated), cytokine release, mixed (type I/cytokine), and
immune complexes type III (IgG mediated) reactions as well as delayed type IV reactions. Endotypes include IgE or non-IgE
mediated mast cells/basophils activation with elevated serum tryptase and T cells values as well as macrophages, which lead to
cytokine production, e.g., interleukin 6. A skin test is a valuable tool in evaluating HSRs to biologics; however, its predictive
value depends on the type of reaction and the monoclonal antibody. Desensitization is a new approach to safely reintroduce
biologics when they are first-line therapies, and it is available for immediate and delayed reactions. Research is needed to further
understand the mechanisms of reactions to monoclonal antibodies and their management.

(Allergy Asthma Proc 38:409–418, 2017; doi: 10.2500/aap.2017.38.4085)

Monoclonal antibodies (mAb) form one of the pil-
lars of modern biotechnology. They are impor-

tant tools used in diagnostics, and, more importantly,
selected mAbs have been approved for therapeutic use
and have benefited millions of patients with cancers,
rheumatologic autoimmune, and inflammatory dis-
eases. In 1975, the first mAb was generated by Kohler
and Milstein1 through hybridoma technology by fu-
sion of mouse myeloma cells and mouse spleen cells
from an immunized donor with a specific antigen. This
first murine mAb (100% murine) (suffix “omab”), mu-
romonab-CD3 (orthoclone OKT3), was approved in
1985 for clinical use in human as an antirejection agent
for renal transplantation.2 The dissimilarity between
murine and human immune systems resulted in aller-
gic reactions, including anaphylactic shock.3 This con-
sequence led to the replacement of mouse sequence–
derived amino acids for human sequences: partially in
chimeric (75% human) (suffix “ximab”), humanized
(95% human) (suffix “zumab”) mAb, and fully in hu-

man mAbs (100% human) (suffix “umab”)4–7 with de-
creased immunogenicity; however, the attachment of
the carbohydrate side chain on the constant region may
still contribute to mAb immunogenicity8 (Fig. 1).

The development of a new functionality of mAbs
by engineering two different antigen-binding sites or
conjugating drugs to antibodies has allowed the pro-
duction of bispecific antibodies with their inherent
ability to bring two different targets into proximity
(catumaxomab). Three mechanisms through which
mAbs act in cancer treatment were defined. First,
mAbs act directly by binding to a cancer-specific
antigen and, thus, induce immunologic responses
that cause cancer cell apoptosis and growth inhibi-
tion by complement-dependent cytotoxicity or anti-
body-dependent cytotoxicity;9 –11 second, a modified
mAb can deliver toxin, radioisotope, cytokine, lipo-
some, or other active conjugates, e.g., antibody-drug
conjugate (brentuximab); third, bispecific mAbs bind
with their fragment antigen-binding regions both to
target antigen and to a conjugate or effector cell,
which enhances their action (Fig. 1).12

Targeted biologic therapies are rapidly expanding,
with, currently, 47 U.S. Food and Drug Administration
approved mAbs and with the projection that there will
be 70 mAbs by 2020 and a revenue of �125 billion
dollars.13 The mAbs most used in our clinical experi-
ence are summarized in Table 1. The clinical use of
biologics has been complicated by the development of
immunogenic responses, including antidrug antibody
formation and hypersensitivity reactions (HSR). These
consequences may negatively impact the efficacy and
safety of biologic therapies. This review provided an
overview of the current understanding of clinical man-
ifestations of HSRs to biologic agents; diagnostic tools
for HSRs, including skin testing (ST) and biologic

From the 1Division of Rheumatology, Immunology and Allergy, Department of
Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massa-
chusetts, 2Division of Allergy and Immunology, Department of Pediatrics, Centre
Hospitalier Universitaire de Sherbrooke, Université de Sherbrooke, Sherbrooke, Que-
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markers; and the management of HSRs through desen-
sitization.

CLASSIFICATION OF HSRS TO BIOLOGICS
The current clinical practice shows that the presen-

tation of HSRs to biologics is not contained in the Gell
and Coombs14 or Pichler15 classification of drug HSRs.
A recent approach characterized drug HSRs by their
phenotypes, endotypes, and biomarkers.16

Phenotypes and Severity
The timing and symptoms of the reaction determine

the phenotype of HSR. Immediate reactions occur
within 6 hours of drug exposure, and delayed reactions
may occur after 6 hours but usually present days to
weeks after drug administration.16,17 Clinical pheno-
types of HSRs to mAbs are immediate reactions, in-
cluding type 1 (IgE or non-IgE mediated), infusion-
related reactions (IRR), cytokine storm, mixed
reactions (association of type 1 and cytokine storm),
immune-complexes reactions,18 and type IV delayed
reactions. Within immediate reactions, IgE and non-
IgE mediated type 1 HSRs present with cutaneous
(erythema, pruritus, hives, angioedema), respiratory
(nasal congestion, sneezing, chest pain and/or tight-
ness, wheezing, dyspnea, oxygen desaturation), throat
(itchiness, tightness, swelling), cardiovascular (syncope,
bradycardia, hyper- or hypotension, ECG changes), gas-
trointestinal (nausea, vomiting, diarrhea, abdominal

pain), neurologic (vision changes; tingling, numbness,
weakness; seizure; sense of impending doom; loss of
consciousness), and anaphylaxis.19

IRRs to mAbs may manifest with nausea, chills, fe-
ver, and malaise.18,20,21 These reactions are likely due
to proinflammatory cytokines release (such as interleu-
kin [IL] 1�, IL-6, and tumor necrosis factor [TNF] �),
occur at the first infusion, with mild symptoms. The
difference between IRRs and cytokine-like HSRs is that
IRRs are self-limiting on repeated exposures and re-
spond to premedication with nonsteroidal anti-inflam-
matory drugs (NSAID) and steroids.22–25 One study
evaluated the incidence and management of IRRs to
infliximab in 24,852 infusions and found that premed-
icating with antihistamine did not prevent reactions.26

Cytokine-storm reactions are immediate reactions,
which may present with similar symptoms to type I or
more general symptoms, such as headache; fever; chills
and/or rigors; and neck, chest, or back pain.19,27 Im-
mune-complexes (immunoglobulin G [IgG] mediated)
type III HSRs can present as acute or delayed, and can
manifest either locally (Arthus reaction) or systemi-
cally with symptoms that resemble those presented in
type I IgE-mediated reactions.17

Delayed type IV HSRs induced by mAbs are rare.
The majority present cutaneously with a nonsevere
maculopapular rash between 1 to 13 weeks after drug
administration.28 However, Stevens-Johnson syn-
drome, toxic epidermal necrolysis, lichenoid dermati-

Figure 1. Monoclonal antibody (mAb) structure and targeted mechanisms. (1) Antibody immunogenicity. The immunogenicity of the mAb
decreases with increasing human sequence–derived amino acids percentage, but it is not totally eliminated, probably due to the glycosylation;
the yellow structure represents murine portion, and blue represents human portion of the antibody. (2) Naked antibodies. An isolated mAb
acts on the target cell by antibody-dependent cellular cytotoxicity and complement-dependent cytotoxicity. (3) Immunoconjugated antibodies
structure. The mAb function is enhanced by attaching different effector cells (cellular immunoconjugated), cytokines (immunocytokine),
Antibody Directed Enzyme Prodrug Therapy (ADEPT), liposomes (immunoliposome), and cytotoxic agents (radioisotope, toxin); bispecific
trifunctional antibodies can simultaneously bind to two different types of antigen.
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Table 1 Biologic agents: Route, target, incidence of injection or infusion, and HSRs*

Agent/Company Target Type Injection or Infusion
Reactions, Ref. no.

HSR, Ref. no.

Rituximab (Rituxan) IV/
Biogen Inc., Cambridge, MA,
USA

CD20 Chimeric
IgG1

77% (first infusion)90 5–10%91

Obinutuzumab (Gazyva) IV/
Genentech Inc., South San
Francisco, CA, USA

CD20 Humanized
IgG1

20–66%92,93 —94#

Ofatumumab (Arzerra) IV/
GlaxoSmithkline, Research
Triangle park, NC, USA

CD20 Human
IgG1

44% (first infusion)20;
67% (combination
therapy)95

2%95

Brentuximab (Vedotin) IV/
Genetics Inc., Seattle, WA,
USA

CD30 Chimeric
IgG1

12%96 —97–99#

Trastuzumab(Herceptin) IV/
Genentech Inc., South San
Francisco, CA, USA

HER2 Humanized
IgG4

40% (mild; first
infusion)100

0.6–5%101

Pertuzumab (Perjeta) IV/
Genentech Inc., South San
Francisco, CA, USA

HER2 Humanized
IgG1

�1%102 11.3%102

Cetuximab (Erbitux) IV/
Celegene Corp., Summit, NJ,
USA

EGFR Chimeric
IgG1

15–21%103 1.1–5%104–107; 14–27%
(southern U.S.)25,108,109

Bevacizumab (Avastin) IV/
Genentech Inc., South San
Francisco, CA, USA

VEGF Humanized
IgG1

�3%110 Not reported

Omalizumab (Xolair) SC/
Genentech Inc., South San
Francisco, CA, USA

IgE Humanized
IgG1

45%111 0.09–0.2%111,112

Mepolizumab (Nucala) SC/
GlaxoSmithKline Inc.,
GlaxoSmithkline, Research
Triangle park, NC, USA

IL-5 Humanized
IgG1

8%113 1%113

Tocilizumab (Actemra) IV/
Genentech Inc., South San
Francisco, CA, USA

IL-6
receptor

Humanized
IgG1

7–8%114 0.1–0.7%114

Abatacept (Orencia) IV/
BristolMyers Squibb,
Princeton, NJ, USA

CD80/86 (Remicade) IV
IgG1

2.5%115 26.9%115

Etanercept (Enbrel) SC/
Immunex Corp., Newbury
Park, CA, USA

TNF-� Human TNF
receptor �
Fc IgG1

15–37%116 �2%116

Infliximab (Remicade) IV/
Janssen Biotech Inc.,
Horsham, PA, USA

TNF-� Chimeric
IgG1

5–18%117 1%117#

Adalimumab (Humira) SC/
Abbott Laboratories, Lake
Bluff, IL, USA

TNF-� Human
IgG1

20%118 1%118

Golimumab (Simponi) SC/
Janssen Biotech Inc.,
Horsham, PA, USA

TNF-� Human
IgG1

4–20%119,120 Not reported

Certolizumab (Cimzia) SC/
UCB, Inc. Smyrna, GA, USA

TNF-� Humanized
IgG1

0.8–4.5%121,122 Not reported
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tis, vesiculobullous dermatitis, and paraneoplastic
pemphigus in response to biologics have been reported
that implicate agents, such as catumaxomab, tositu-
momab, bevacizumab, denosumab, ipilimumab, and
panitumumab.27 The underlying mechanisms have not
been clearly elucidated.29–31 The incidence of serious
mucocutaneous reactions was evaluated in patients
with lymphoma treated with rituximab in which some
reactions were thought to be due to the disease instead
of rituximab HSRs.29,32 Anaphylaxis may occur during
any immediate HSR to mAb, regardless of the endo-
type,33 and a useful grading system for generalized
drug HSRs has been published (Table 2).34

Endotypes and Biomarkers
The endotype refers to the mechanism that under-

lies the HSR. Three endotypes were defined, includ-
ing IgE or non-IgE with mast cell activation endo-
type (implicated in HSRs to biologics) and two other

endotypes not seen with mAbs, such as asthma-
exacerbated respiratory disease and human leuco-
cyte antigen endotypes.16 With regard to mAb HSRs,
the mast cell and/or basophil activation endotype
(IgE and non-IgE mediated) results in release of
tryptase, chymase, histamine, leukotrienes, prosta-
glandins, and other mediators that are implicated in
immediate symptoms. Furthermore, T cells and mac-
rophages are also implicated in HSRs to biologics by
releasing cytokines, such as IL-1�, IL-6, and TNF-�
among others.16,35

Serum tryptase, an important clinical marker of mast
cell activation, is elevated during drug HSRs, and it is
helpful in the diagnosis of anaphylaxis.36–38 Two case
reports of grade III HSRs to rituximab of patients who
presented with elevated serum tryptase levels, to 50.7
and 26 ng/mL from a baseline of 6.8 and 2.7 ng/mL,
respectively, with a positive ST result that confirmed
type I HSR to rituximab; both patients had successful

Table 1 Continued

Agent/Company Target Type Injection or Infusion
Reactions, Ref. no.

HSR, Ref. no.

Nivolumab (Opdivo) IV/
BristolMyers Squibb,
Princeton, NJ, USA

PD-1 Human IgG1,
IgG2, IgG4

6.4%123 �1%124

Pembrolizumab (Keytruda) IV/
Merck and CO., Inc.,
Whitehouse Station, NJ, USA

PD-1 Humanized
IgG4

3%125 0.4%125

HSR � Hypersensitivity reaction; CD � cluster of differentiation; IV � intravenous; IgG � immunoglobulin G; HER �
human epidermal growth factor receptor; EGFR � human epidermal growth factor receptor; VEGF � vascular endothelial
growth factor; SC � subcutaneous; IL � interleukin; CTLA � cytotoxic T-lymphocyte-associated protein; Fc � fragment
crystallisable; TNF � tumor necrosis factor; PD � programmed cell death.
*Adapted from Ref. 22.
#Case reports of anaphylaxis.

Table 2 Grading system for drug HSRs*

Grade Severity Organ or System Involvement Symptoms Examples

I Mild Skin or one organ and/or system Erythema, pruritus, urticaria, angioedema
II Moderate Two or more organs without vital signs changes Flushing and dyspnea

Chest tightness and abdominal pain
Back pain and fever

III Severe Vital signs changes Oxygen desaturation (SpO2 � 88%)
Hypotension (SBP � 90 mm Hg in adults)
Throat closure
Confusion
Collapse
Seizure
Loss of consciousness

HSR � Hypersensitivity reaction; SpO2 � peripheral capillary oxygen saturation; SBP � systolic blood pressure.
*Adapted from Ref. 34.
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desensitizations.39 The same correlation between a pos-
itive ST result and an elevated tryptase level during
HSR has been demonstrated for antibiotics and chemo-
therapy agents.40–45 The ST has also been shown to be
useful for risk stratification in clinical practice; how-
ever, its predictive value varies with the drug tested.46

Also, mAb nonirritating ST concentrations were sug-
gested for adalimumab,47 bevacizumab,48,49 cetux-
imab,48,49 etanercept,47 infliximab,49,50 omalizumab,51

pertuzumab,52 rituximab,18,49 tocilizumab,53 and tras-
tuzumab18 (Table 3). Although the ST is used as a
diagnostic tool for HSRs to biologics, its sensitivity,
specificity, and predictive values are still unknown,
and the cost is a limitation to the widespread usage of
ST to biologics.

In vitro diagnostic tools, such as specific IgE (sIgE)
and sIgG assessment, and basophil activation test
(BAT), have been used in evaluating drug HSRs with
high specificity; however, their main limitation is the
lack of sensitivity.54,55 A positive sIgE result to ritux-
imab was reported in a patient who also had a positive
ST result, which confirmed type I IgE-mediated hyper-
sensitivity.56 The sIgE value for disaccharide �-D-ga-
lactose-(1–3)-�-D-galactose has also been reported in a
patient with an anaphylactic reaction to cetuximab.57

The role of sIgE to infliximab has been questioned in
one study, which showed that sIgE was detected in
�1% of patients with HSRs to infliximab.55

Some patients present with IgG antibodies to biolog-
ics, which may act by blocking the effect of the drug or
by participating in the development of HSRs.58 IgG can
potentially cause transient sensitization and leads to
symptoms comparable with those of IgE-mediated re-
actions.59 An elevated anti-infliximab IgG was re-
ported in a patient with an acute severe anaphylactic
reaction to infliximab, whereas anti-infliximab IgE an-
tibodies were not found.60 Results of studies indicate
that the formation of antidrug IgG antibodies is related
to lower functional drug levels and a diminished clin-
ical response in patients treated with adalimumab and
infliximab.61–63 Although IgG4 antibodies cannot acti-
vate complement and have a low affinity for Fc recep-
tors (receptor of crystallisable fragment), they may still
be able to compete with a drug by binding to the
anti–TNF-� drugs and thus lead to a clinical nonre-
sponse.64 Monitoring serum levels of anti-infliximab
IgG by novel radioimmunoassay techniques seemed
promising for evaluating and optimizing efficacy and
safety of infliximab therapy in Crohn disease.65

The BAT seemed promising in the diagnosis of im-
mediate HSRs to various agents, such as platinums,
antibiotics, neuromuscular blockers, and NSAIDs, and
has been qualified as a safe and suitable complement of
in vivo testing in immediate HSRs.66–71 A positive BAT
result for pertuzumab was reported in a patient with
breast cancer who presented with a grade III, type I

Table 3 ST concentrations for mAbs*

Agent SPT, mg/mL (full strength) IDT, mg/mL#

Adalimumab§ 40 0.4 (1/100 dilution)
Bevacizumab§ 25 2.5 (1/10 dilution)¶
Cetuximab§ 2 0.2 (1/10 dilution)�
Etanercept§ 50 0.5 (1/100 dilution
Infliximab§ 10 1 (1/10 dilution)
Omalizumab§ 125** 0.00125 (1/100.000 dilution)
Pertuzumab 1.6 (�1/20)## 0.16 (�1/200 dilution)�
Rituximab§ 10 1 (1/10 dilution)§§
Tocilizumab§ 20 20 (full strength)
Trastuzumab 21 2.1 (1/10 dilution)

ST � Skin testing; SPT � Skin-prick test; mAb � monoclonal antibody; IDT � intradermal test.
*Adapted from Ref. 27.
#All dilutions should be made with normal saline solution.
§Concentrations shown to be nonirritating by testing on healthy control subjects.
¶A concentration of 25 mg/mL was also shown to be nonirritating (from Ref. 49).
�A concentration of 0.5 mg/mL was shown to be nonirritating in eight controls (from Ref. 126), and another group reported
a concentration of 5 mg/mL to be nonirritating (from Ref. 49).
**Omalizumab should be reconstituted with normal saline solution to avoid false-positive results (from Ref. 51).
##Full-strength concentration is 30 mg/mL; pertuzumab was only tested on one subject, who was reactive, with negative results
at 1.6 mg/mL (SPT) and up to 0.16 mg/mL (IDT); higher concentrations could be nonirritating.
§§Although 1 mg/mL (IDT) is more commonly used, a maximal concentration of 10 mg/mL (full strength) for rituximab IDT
is recommended by the European Network on Drug Allergies and does not seem irritating (from Ref. 49).
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reaction during infusion of pertuzumab; the patient
was treated with intramuscular epinephrine. A serum
tryptase sample collected 2 hours after the onset of
symptoms was elevated; the ST results to pertuzumab
at 2 and 8 weeks after the reaction were negative, and
the patient underwent a successful desensitization.52 A
BAT result to rituximab was also positive in 18 patients
who reacted to rituximab (urticaria, hypotension, an-
gioedema, and bronchospasms); it was concluded that
the BAT could be useful in evaluating patients with
suspected HSR to rituximab, especially in the absence
of other diagnostic tests.72 On the contrary, BAT was
performed with infliximab and adalimumab (to assess
tolerance to other anti–TNF-�) in a patient who reacted
to infliximab with general malaise, cutaneous flushing,
palpitations, and urticaria, with negative results for
both agents, and the patient later tolerated an adali-
mumab injection.73

DESENSITIZATION TO BIOLOGIC AGENTS
Drug desensitization is an induction of temporary

clinical unresponsiveness by gradual reintroduction of
small incremental doses of drug antigens at fixed time
intervals that reach the target dose at the end of the
protocol.74,75 It aims to protect against anaphylaxis and
to allow a safe reintroduction of the first-line therapy.

Desensitization Mechanisms
The cellular and molecular mechanisms that underlie

drug desensitization have been explored through in
vitro and in vivo models, which show the inhibition of
mast cell activation hallmarks in an antigen-specific
fashion. Desensitization has an impact on antigen-IgE-
high-affinity receptor for IgE complex internalization
by blocking calcium flux and preventing mast cell me-
diators production (acute and late phase).76–78 Other
mechanisms (the immunoreceptor tyrosine-based in-
hibitory motif inhibitory pathway, actin remodeling,
conformational changes in calcium channels) have
been proposed;76,77,79–83 however, there is still much to
be learned about the mechanisms of inhibitory mole-
cules and their receptors during desensitization.

Desensitization Protocols
Desensitization to IV or subcutaneous biologics have

been successfully performed; the majority are mAbs

(rituximab, trastuzumab, infliximab, cetuximab, bev-
acizumab, tocilizumab, ofatumumab, brentuximab,
alemtuzumab, adalimumab) and a few fusion proteins,
including abatacept and etanercept.18,22,27,48 A desen-
sitization protocol recommendation depends on the
risk stratification, which takes into consideration the
phenotype, severity of initial reaction, result of ST,
tryptase level (baseline and/or during initial reaction),
and patient’s comorbidities. A standard desensitiza-
tion protocol to IV mAbs consists of three bags and 12
steps, and is based on an in vitro model.76 Antigen
doses are doubled every 15 minutes, starting at 1/100
of the final dose.18,24 Three solutions are administered
sequentially. The first bag contains a solution with a
1/100 dilution and the second bag contains a 1/10
dilution; the third concentration is calculated by sub-
tracting the cumulative dose administered in steps 1 to
8 from the total target dose.18,22 The final step is the
longest and provides the highest dose that the patient
will receive (Tables 4 and 5). Successful desensitization
to subcutaneous biologics have been performed with
adalimumab21,84 and etanercept.85 Desensitization pro-
vides a transient tolerance, and it has to be repeated for
subsequent biologic administration. It is contraindi-
cated in severe cutaneous or systemic reaction, such as
Stevens-Johnson syndrome, toxic epidermal necrolysis,
drug rash eosinophilia and systemic symptoms, acute
generalized exanthematous pustulosis, and serum
sickness.

Premedication with antihistamine (H1, H2), leukotri-
enes blockers, acetylsalicylic acid and/or NSAIDs
and/or acetaminophen, and as-needed steroids and
IV fluids, allows prevention of breakthrough reac-
tions during desensitization.86 The choice of a pre-
medication drug is based on the type of symptoms
during the initial reaction. Acetylsalicylic acid is
given for flushing; montelukast for flushing and
bronchospasm; and NSAIDs for fever, chills, and
pain.87,88

HSRs During Desensitization
Evaluation of the safety and efficacy of desensitiza-

tion to biologic agents in 104 of 105 desensitizations to
23 patients with mAbs was successfully completed and
has been published.18 HSRs were observed during 29%
of desensitizations;18 a comparable percentage was

Table 4 Intravenous desensitization protocol to brentuximab: Solution preparation*

Bag Volume per Bag, mL Concentration, mg/mL Total Dose per Bag, mg Amount of Bag Infused, mL

1 100 0.0087 0.870 9.38
2 100 0.087 8.700 18.75
3 100 0.85287 85.287 100.00

*Target dose, 87 mg; standard volume per bag, 100 mL; final rate of infusion, 80 mL/hr; standard time of infusion, 100 min.
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noted during chemotherapy desensitization (33%).24

Most reactions were mild (90%) and usually occurred
at the last step, and no fatality was reported.18 In a
recent study,48 HSRs to chemotherapy and mAbs were
evaluated in 370 patients during 2177 desensitizations.
The majority of desensitizations had no (74%) or mild
(19%) reactions whereas moderate-to-severe reactions
occurred in 154 desensitizations (7%); reactions to
rituximab were 28% (Fig. 2).48 Studies looked at the
results of the ST and the outcomes of desensitization to
mAbs, and found a correlation between negative ST
results and a lower rate of reactions during desensiti-
zation.18,48

The management of HSRs during desensitization in-
cludes stopping the infusion and treating according to
the phenotype and severity of the reaction. For an
anaphylactic reaction, epinephrine should be given
first. Other therapies, such as antihistamines, broncho-
dilators, montelukast, aspirin and/or NSAIDs, ste-
roids, and IV fluids, should be considered based on
symptoms,89 and a tryptase level with or without cy-
tokines levels should be assessed when the patient’s
clinical status permits.16,44 Once the symptoms resolve,
the infusion can be resumed from where it was

stopped. Strategies used to prevent HSRs during sub-
sequent desensitizations include administering in-
trastep medications (similar to premedication drugs),
starting or increasing IV fluids to dilute the antigens
and the mediators, adding or lengthening steps before
the step at which a reaction occurred, reducing the
final infusion rate, and using a four-bag/16-step de-
sensitization protocol in patients with a very low reac-
tion threshold.27 If desensitization remains unsuccess-
ful, then a dose reduction to 25, 50, and 75% of the
target dose may be considered.

CONCLUSION
HSRs to biologics present with various phenotypes,

including immediate type I; IRRs; cytokine release;
mixed; immune complex type III; and delayed type IV
reactions with endotypes, including IgE or non-IgE
mediated mast cell and/or basophil activation; and T
cells and/or macrophages involvement with the re-
lease of mediators, such as tryptase and IL-6. ST is a
valuable diagnostic tool for diagnosis of HSRs to bio-
logics; however, its predictive value remains unknown.
Desensitization for immediate and delayed HSRs al-
lows a safe reintroduction of first-line biologic agent.

Table 5 Intravenous desensitization protocol to brentuximab: Protocol for administration

Step Bag Rate,
mL/hr

Time,
min

Cumulative
time

Volume Infused
per Step, mL

Dose Administrated
per Step, mg

Cumulative
Dose, mg

Fold Increase
per Step

1 1 2.5 15 15 0.63 0.0054 0.0054 0
2 1 5 15 30 1.25 0.0109 0.0163 2
3 1 10 15 45 2.5 0.0218 0.0381 2
4 1 20 15 60 5 0.0435 0.0816 2
5 2 5 15 75 1.25 0.1088 0.1903 2.5
6 2 10 15 90 2.5 0.2175 0.4078 2
7 2 20 15 105 5 0.4350 0.8428 2
8 2 40 15 120 10 0.8700 1.7128 2
9 3 10 15 135 2.5 2.1322 3.8450 2.45

10 3 20 15 150 5 4.2644 8.1094 2
11 3 40 15 165 10 8.5287 16.6381 2
12 3 80 15 226.875 82.5 70.3619 87.000

Total time to administer: 3.78 hr.

1605
74%

418
19%

85
4%

69
3%

No reac�on

Mild

Moderate

Severe

Overall agents 

729
68%

253
24%

46
4%

41
4%

Carbopla�n
86

72%

23
19%

6
5%

5
4%

Rituximab

466
85%

60
11%

14
2%

10
2%

Paclitaxel

Figure 2. Severity of hypersensitivity reactions (HSR) during desensitization (adapted from Ref. 48). The frequency and severity of
hypersensitivity reaction, occurring during 2177 desensitizations for overall agents and for rituximab compared with carboplatin and
paclitaxel specifically.
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