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ABSTRACT 
Monoclonal antibodies (MoAbs) have been widely used in clinical hematology. As foreign macro-molecules, they can cause 
infusional reactions during the administration or within 24 hours after the infusion, which encompass a spectrum of 
mechanisms. Although most of these reactions are non-allergic, are often indistinguishable from true allergic reactions 
mediated by IgE immunoglobulins. The diagnosis is often challenging and relies mainly on clinical criteria. They occur during 
the first doses, soon after the initiation of treatment. The symptoms are usually well controlled by the immediate drug 
discontinuation or reduction of the infusion rate. The management remains largely supportive, consisting of oxygen, 
intravenous fluids, bronchodilators, antihistamines and steroids. Most of MoAb protocols recommend premedication with 
steroids and antihistamines and gradually escalating infusion rates. Increased medical and nursing vigilance is required and 
resuscitative equipment should always be readily available. These events affect patients' quality of life, leading to treatment 
delay or discontinuation and series of tests. The decision to rechallenge the treatment depends on severity grading, clinical 
parameters and treatment goals. This article provides an update of MoAbs used in clinical hematology. It summarizes the 
pathophysiology, the diagnostic approach, the preventive measures and treatment of MoAb-related reactions. 
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INTRODUCTION 
The introduction of MoAbs has significantly changed the 
treatment of many hematologic disorders. MoAbs are 
immunoglobulins targeting cells expressing a specific 
antigen on their surface, reducing significantly the toxicity 
compared to conventional chemotherapy. Nevertheless as 
foreign molecules, they may cause immediate reactions 
which are widely characterized as infusional reactions. 
The term includes symptoms and signs observed during 
the drug infusion or within 24 hours after the infusion [1]. 
In daily practice the terms allergy, hypersensitivity and 
reaction are often used interchangeably, overlooking the 
underlying pathophysiology. Drug reaction encompasses 
all adverse events related to drug administration, 
regardless of etiology, while the term hypersensitivity 
refers to immune-mediated response to a drug in a 
sensitized patient [2].  

Generally, the infusion-related reactions can be divided 
into allergic and non-allergic. Clinical presentation widely 
varies between mild mucocutaneus manifestations and 
cardiopulmonary failure and death. Interestingly, the 
symptoms are often identical regardless the 
pathophysiological mechanism, which leads to 
problematic recording, difficulty in understanding the risk 
factors and establishing preventive measures. The 
management is similar and requires patient's awareness 
and a high degree of medical and nursing vigilance. 
This study will describe the types of infusional reactions 
and implicated biologic pathways. The available data 
about the frequency and severity of reactions in relation to 
different types of MoAbs commonly used in clinical 
practice will be presented. It also summarizes the known 
risk factors, potential ways of prevention and treatment 
approach. 

https://doi.org/10.15342/ijms.v3i2.102
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METHODS 
For the scope of this review the literature search was 
conducted through PubMed using as keywords: drug 
allergy, hematology, hypersensitivity, infusion reactions, 
and monoclonal antibodies. Searching limits included: 
research and review articles in adult humans, published in 
the last decade in English language. References of 
retrieved articles were reviewed with emphasis on 
practical information. Prescribing information was used to 
elicit data about the incidence of infusional reactions and 
suggested precautions for each MoAb. 

PATHOPHYSIOLOGICAL PATHWAYS 
The immune system, which can be activated by any 
foreign molecule, consists of innate and adaptive immune 
response. 
The innate immune response is non-specific and pre-exists 
to antigen exposure. It incudes a number of cells such as 
natural killer (NK) cells, mast cell, dendritic cells, 
eosinophils, neutrophils, macrophages, monocytes; and 
molecules such as cytokines and acute phase proteins [3]. 
The complement system is a part of innate immune 
response and  enhances the action of antibodies and 
phagocytic cells. It consists of liver-produced proteins 
which circulate as inactive precursors. Trigger factors, 
such as antigen-antibody complexes, lectin and 
endotoxines, induce a serial cleavage and activation of 
these proteins, leading to cytokine release and formation 
of the cell-killing membrane attack complex [4]. 
The adaptive immune response is specific against 
particular antigens, and encompasses the activation of B 
and T lymphocytes. B lymphocytes produce antibodies 
that recognize specific antigens on the surface of foreign 
cells. The intact antibody is Y-shaped and consists of a pair 
of light chains and a pair of heavy chains. Light chains are 
composed of one variable region and one constant region. 
Heavy chains are usually composed of one variable and 
three constant regions. The upper portion is called Fab 
(Fragment antigen binding) and has the antigen binding 
sites, while the lower portion Fc (Fragment crystallizable) 
is responsible for the reaction against the antigen. The 
complementarity-determining regions (CDRs) are found 
in the variable fragment (Fv) portion of Fab. Antigen 
binding to antibody triggers phagocytosis, cytolysis, 
activation of NK cells, and modification of the receptors 
on the host cell surface, leading to cell destruction or 
inhibition of cell proliferation [3]. 
Cytokines is a broad category of small proteins which 
includes interleukins (ILs), interferons (IFNs) and tumor 
necrosis factor (TNF). Macrophages, B lymphocytes, T 
lymphocytes, NK cells, mast cells are cellular resources of 
cytokines.  Additionally, they can be produced by and 
influence the behaviour of a variety of non-immune cells, 
such as cancer cells. Cytokines influence cellular growth, 
motility and differentiation. In inflammatory and infective 
conditions, cytokines cause fever, chills, fatigue, nausea 
and hypotension [5], [6]. 
Immediate allergic reactions and anaphylaxis 
Gell and Coombs' system classify the immediate allergic 
reaction as type I hypersensitivity response, which is a 
direct, systemic hypersensitivity reaction mediated by IgE 
antibodies [7]. Anaphylaxis is a serious systemic allergic 
reaction that is rapid in onset with potential fatal 
consequences [8]. 
Following to first exposure to an allergen, naïve B 
lymphocytes produce IgM antibodies, which are increased 
logarithmically within 4-10 days via the clonal 

proliferation of B cells [9]. Upon re-exposure to the 
allergen, memory B cells are activated and antibody 
production is switched from IgM to IgE usually by somatic 
hypermutations [10]. The half-life of circulating IgE is 2 
days, but they can also bind to the surface of mast cells and 
basophils, remaining there for weeks [11]. In a subsequent 
exposure to the allergen, the bound IgE antibodies react 
with the production of histamine, leukotrienes and 
prostaglandines from mast cells in tissues and basophils in 
peripheral blood. These factors can cause muscle 
contraction, vasodilation, fluid extravasation and increase 
of mucosal secretions [12]. 
Non- allergic reactions and cytokine release syndrome 
Non-allergic reactions are also known as pseudo-allergic 
or anaphylactoid reactions and are not mediated by IgE 
antibodies. The pathophysiology involves cytokine release 
and activation of complement cascade. 
Drug binding to the surface of a target cell activates the 
innate immunity, such as monocytes, macrophages, 
cytotoxic T lymphocytes and NK cells. These cells in turn 
release cytokines, such as TNF and IFN-gamma, 1-2 hours 
after exposure, followed by release of IL-6, IL-10, and in 
some cases IL-2 and IL-8  [13]. 
Activated immune cells by MoAbs bind to the Fc portion 
of the antibody and destroy the target cell either by 
phagocytosis or cytolysis, leading to cytokine release [14]. 
The complement activation results in C3a, C5a and C5b-9 
release, which activate mast cells, basophils and other 
phagocytes and lead to secretion of vasoactive mediators 
[15]. 

DIAGNOSIS AND GRADING OF INFUSIONAL 
REACTIONS 
Most MoAb-related reactions are derived by cytokine 
release without the mediation of IgE antibodies [1], [14]. 
They are usually mild to moderate and allow the drug 
administration. Both allergic and non-allergic reactions 
manifest with identical clinical symptoms, making the 
diagnosis challenging. Based on Common Terminology 
Criteria for Adverse Events, published by the National 
Cancer Institute, grade 1 comprises mild transient 
reactions, not requiring any intervention; and grade 2 
comprises those responding promptly to symptomatic 
treatment. Grade 3 reactions are prolonged and symptoms 
re-occur following the initial improvement. Grade 4 
reactions can have life threatening consequences and 
urgent intervention is indicated, whereas grade 5 results to 
patient's death [16]. 
Allergic reactions typically occur after several exposures 
to the drug [7]. They occur within minutes upon re-
exposure, although delayed reactions, 10-12 hours post 
injection, have been observed. Generally, the faster the 
reaction is the more serious clinical complications [3]. 
Allergy or even anaphylaxis during the first administration 
of MoAbs are rare and can be attributed to cross reactivity 
mechanisms [15]. In IgE-mediated events, the increased 
vascular permeability can cause a transfer of up to 50% of 
intravascular fluid into the extravascular space in 10 
minutes and life threatening events may occur due to shock 
and hypoxia [12], [17]. Prophylaxis with antihistamines is 
not usually effective [18]. 
In pseudo-allergic reactions, symptoms are mild to 
moderate and occur during the first 2 hours of the first drug 
infusion. Nevertheless, delayed reactions have been 
reported, especially in premedicated patients. Symptoms 
usually resolve with the drug re-exposure likely due to the 
smaller tumor burden, and therefore lower cytokine release 
by the malignant cells [19]. Symptoms can be derived from 
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several organs, such as nasopharynx (rhinitis), eyes 
(conjunctivitis), mucosa (angioedema), respiratory tissue 
(asthma), gastrointestinal tract (gastroenteritis) and skin 
(eczema) [20]. Systemic symptoms like fever, chills, 
flushing, rash, pruritus, dyspnea, back pain, headache, and 
distress have also been reported [15]. Hypotension, cardiac 
arrest, bronchospasm and exfoliative dermatitis are rarely 
reported, making difficult the differential diagnosis from 
true allergic and anaphylactic events [21]. Table 1 
summarizes the main differences between allergic and 
anaphylactoid reactions. 

Allergic Reactions Non-allergic Reactions 
IgE-mediated Complement or cytokine-

mediated 
Re-exposure increases the 
risk; reaction occurs within 

seconds to minutes to 
antigen exposure 

Occur during the first 
exposure and become milder 

upon 
repeated administration 

Life threatening systemic 
reaction; anaphylaxis 

Usually mild to moderate 
symptoms 

Antihistamines and steroids 
do not prevent the reaction 

Response to prophylaxis 
with antihistamines and 

steroids 
Infusion interruption and 
urgent intervention are 

usually 
required 

Response to temporal 
infusion interruption/ slower 

infusion 
rate 

Positive skin tests confirm 
the diagnosis 

Unpredictable by standard 
allergy tests 

Rechallenging is 
contraindicated 

Rechallenging can be 
attempted 

Table 1. Differences between allergic and non-allergic 
reactions 

Laboratory investigation of infusional reactions is not 
routinely performed. The measurement of urinary 
histamine and serum tryptase can confirm the diagnosis of 
anaphylaxis [22]. Tryptase is produced by basophils and 
mast cells and peak levels are noted 30 minutes to 2 hours 
from symptoms' onset and come back to baseline 48-72 
hours after the anaphylactic episode. The disparity 
between baseline and peak values is indicative of mast 
cells and basophils activation. However, the serum 
tryptase levels  have been found unchanged in 36.6% of 
clinically proven anaphylactic episodes  and increased in 
complement-mediated reactions [23], [24]. Testing for 
specific IgE antibodies is not useful in confirming the 
diagnosis of anaphylaxis at the time of presentation, but it 
can be used in identifying sensitized patients to specific 
allergens [25]. A retrospective study by Chung et al. 
showed that the presence of serum Cetuximab-IgE 
antibodies in patients with colorectal cancer was a highly 
predictive factor for a serious reaction during the infusion 
[26]. Skin prick and intradermal tests, which involve the 
allergen injection into the skin dermis, have high 
predictive value in penicillin-induced reactions. However, 
in other cases, a negative test does not effectively rule out 
the presence of specific IgE antibodies [8], [20]. 
Quantification of cytokines such as IL-2, IL-6, IL-8, IFN, 
TNFa and complement factors, such as CH50, C3a, C5a, 
SC5b-9, could be experimentally used in understanding 
the underlying pathophysiological process [15] 

MONOCLONAL ANTIBODIES IN HEMATOLOGY 
PRACTICE 
MoAbs are immunoglobulins produced by a specific clone 
of B lymphocytes, which selectively bind to molecular 
target on cellular surface and inhibit or destroy the cancer 

cells. Some of them are conjugated with radioisotopes, 
cytostatics or toxins [14]. 
Although murine MoAbs were structurally similar to 
human ones, the differences between them were sufficient 
to evoke an immune response when they were injected into 
humans. Advances in genetic engineering led to the 
development of humanized MoAbs. Chimeric MoAbs, 
such as Rituximab, contain variable regions from a murine 
source and human constant regions and more than 50% of 
the molecule is human. Humanized MoAbs are 
predominantly derived from a human source except for the 
CDRs domains, which are murine. Humanized MoAbs 
consist of more than 90% of human sequences, wherein 
the part determining the antibody specificity derived from 
highly variable mice regions [27]. 
Over the past two decades numerous antibodies have been 
approved for the treatment of malignant and non-
malignant disorders. MoAbs either as monotherapy or in 
combination with conventional chemotherapy have 
brought significant changes in hematology.  Due to 
targeted action they are better tolerated compared to 
chemotherapeutics. However, as foreign proteins they can 
trigger reactions, which are usually mild and transient, 
responding to infusion cessation or flow rate reduction 
[table 2].  
Rituximab 
Rituximab was introduced in clinical practice in 1997 and 
is the best studied antibody. It is a chimeric antibody 
(human/ murine) that targets B cells expressing the CD20 
antigen. CD20 is a transmembrane phosphoprotein 
expressed from pre-B to mature B lymphocytes. CD20 is 
present in 90% of B-cell non-Hodgkin's lymphoma (B-
NHL), B-cell chronic lymphocytic leukemia (B-CLL) and 
hairy cell leukemia [28]. Direct binding of Rituximab to 
C1q triggers a cascade of reactions leading to destruction 
of B cells [28]. Moreover, receptors on NK cells and 
macrophages recognize and bind the Fc portion of 
Rituximab, causing the destruction of malignant B cells. 
Rituximab also affects the cell proliferation, 
differentiation and apoptosis [29], [30]. 
The standard intravenous dose for B-NHL is 375 mg/m2 
body surface and the frequency depends on the indication. 
The first Rituximab dose is administered slowly, starting 
at 50 mg/h and increasing by 50 mg/h every 30 minutes up 
to maximum 400 mg/h. Fractionated dosing regimens, i.e. 
administration of 100 mg of the total dose on day 1 and the 
remaining dose on day 2, are used for high risk patients 
[19]. According to  package insert, premedication with 
antihistamines and acetaminophen (or equivalent) prior to 
each dosing. Patients with pre-existing cardiac or 
pulmonary disorders, previous infusional reaction, and 
circulating lymphocytes count equal to or higher than 
25,000/mm3 should be closely monitored [31].  
In standard intravenous administration, mild reactions 
such as fever, rigors and chills have been reported in 85% 
of cases. Serious manifestations, such as bronchospasm, 
angioedema, and arrhythmia occur in 2%-10% of patients 
[32]. The incidence of fatal reactions is 0.04%-0.07%. 
Most of infusional events are considered to be cytokine-
mediated, although true allergic reactions have been 
reported [32]. They usually emerge 30-120 minutes after 
starting the infusion and are more severe during the first 
infusion. In patients with indolent B-NHL the incidence of 
infusional reactions during the first, fourth and eighth dose 
of Rituximab was 77%, 30% and 14% respectively; and 
7% of reactions in the first cycle was grade 3-4 [31], [32]. 
Reactions grade 3-4 occurred in 9% of patients with 
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diffuse large B-cell NHL (DLBCL) and the incidence 
decreased to 1% in the eighth cycle [33].   
Adult patients with previously untreated DLBCL and 
follicular NHL, with uneventful first standard intravenous 
infusion, without any significant cardiovascular disease or 
circulating lymphocyte count more than 5,000/mm3 can 
have a 90-minute Rituximab infusion in cycles 2-8. In this 
case, 20% of the total dose is given over the first 30 
minutes and the remaining 80% over the following 60 
minutes. The incidence of grade 3-4 infusion reactions in 
days 1-2 of cycle 2 was 1.1% and the cumulative incidence 
in cycles 2-8 was 2.8%. No fatal events reported on days 1 
and 2 of any cycle [31]. 
In 2014, subcutaneous Rituximab was licensed for patients 
with previously untreated stage III−IV follicular NHL in 

combination with chemotherapy, follicular NHL 
responding to induction therapy, and CD20-positive 
DLBCL in combination with CHOP chemotherapy. In 
SABRINA study, infusional reactions were more common 
with subcutaneous Rituximab compared with intravenous 
Rituximab (50% [31/62] and 32% [21/65] respectively), 
possibly due to local injection site reactions [29]. Most 
reactions, i.e. 98% in the intravenous group and 95% in the 
subcutaneous group, were grade 1 or 2 [34].  Before 
starting subcutaneous injections, patients must receive a 
full dose of intravenous Rituximab so as potential 
reactions to be managed by slowing or stopping the 
infusion [31]. 

Moab Target 
(Indication) 

Overall 
incidence 

Grade 3-4  
reactions 

Prophylaxis 

RITUXIMAB 
Chimeric (human / murine) 

CD20 
(NHL) 

Standard IV 
85% 

Standard IV 
2-10% 

Premedication: antihistamines, acetaminophen (or equivalent) ± 
steroids. Split dosage regimes in high risk patients (i.e.  lymphocyte 
count ≥25,000/mm3). Escalating infusion rate. Rapid and subc 
infusion is allowed in patients who tolerated prior slow iv infusion 

90-min IV 
N/a 

90-min IV 
1.1-2.8% 

Subc 50% Subc 1-2% 
OFATUMOMAB 

Human 
CD20 
(NHL) 

28-68% 4-8% Premedication: antihistamines, acetaminophen (or equivalent) ± 
steroids 
Split dosage regime for the 1st cycle 
Escalating infusion rate 

90Y-IBRITUMOMAB 
TIUXETAN 

Radio-labelled, recombinant 
murine 

CD20 
(NHL) 

N/a <2% Slow  IV infusion over 10 minutes; bolus infusion is contraindicated 

OBINUTUZUMAB 
Humanized 

CD20 
(NHL) 

66% 21% Premedication: antihistamines, acetaminophen (or equivalent) ± 
steroids.Split dosage regime for the 1st cycle. Escalating infusion 
rate 

ALEMTUZUMAB 
Humanized 

CD52 
(B-CLL/SLL, T-

PLL) 

N/a 10-35% Premedication: antihistamines, acetaminophen (or equivalent) ± 
steroids in 1st cycle and prior to each dose escalation 
Weekly escalated dosage if tolerated 

BRENTUXIMAB VEDOTIN 
Chimeric (human/ murine), 

conjugated to MMAE 

CD30 
(HL, sALCL) 

N/a N/a Premedication is recommended  in patients with prior history of 
infusional reaction 

GEMTUZUMAB 
OZOGAMICIN 

Recombinant humanized, 
conjugated to calicheamicin 

CD33 
(AML) 

82% 6% Leukoreduction prior to infusion (aim: leucocyte count<30,000/m3) 
Premedication: antihistamines, acetaminophen (or equivalent) ± 
steroids 

ECULIZUMAB 
Recombinant humanized 

C5 
(PNH) 

36% N/a Premedication is not routinely indicated 
Push or bolus infusion is contraindicated 

Table 2. Infusion-related reactions and MoAbs in clinical hematology 

Ofatumumab 
Ofatumumab is a human IgG1 antibody that targets a 
distinct epitope of CD20, leading to complement-
dependent cytotoxicity and lysis of tumor cells. Binding to 
CD20 induces the recruitment of NK cells and the 
subsequent cell death through antibody-dependent cell-
mediated cytotoxicity [35], [36]. 
The usual first dose is 300 mg, which is subsequently 
increased to 1,000 mg or 2,000 mg [36]. The initial rate of 
the first infusion is 12 ml/h and it can be increased every 
30 minutes to a maximum of 400 ml/h. In good tolerence, 
the subsequent infusions can start at a rate of 25 ml/h 
which can be increased every 30 minutes up to 400 ml/h. 
Patients should always be premedicated 30 minutes to 2 
hours prior to infusion [36]. 
According to product characteristics, the reported 
incidence of infusional reactions was 68% at any time 
during treatment. The majority of reactions was grade 1 or 
2; and 8% was grade 3 at any time during the treatment. 
Two percent of infusional reactions led to treatment 
discontinuation, but no fatal events have been reported 
[36]. In a retrospective observational study of 103 heavily 
pre-treated patients with B-CLL, infusional reactions to 
Ofatumumab occurred in 19 subjects (28%), and were 
grade 3-4 in 4 patients [37]. The incidence of infusional 
reactions was 46% during the first infusion in a cohort of 

59 B-CLL patients and 38% in 79 patients with bulky 
Fludarabine-refractory disease [38]. 
Yttrium-90 Ibritumomab tiuxetan 
In radioimmunotherapy, the anti-CD20 MoAbs lead to 
direct cell apoptosis through the radioactive portion of 
their molecule [39]. Activation of complement pathway, 
antibody-dependent cytotoxity and cell apoptosis are other 
potential mechanisms of action, already known from other 
anti-CD20 MoAbs [39]. Infusional reactions are similar to 
those seen with naked MoAbs. Grade 3-4 reactions are less 
than or equal to 2% and partially preventable with 
premedication with steroids and antihistamines [40]. 
Yttrium-90 Ibritumomab tiuxetan is a radio-labelled 
recombinant murine IgG1 kappa antibody, specific for 
CD20 antigen, which is conjugated to a pure beta-emitter, 
Yttrium-90 (90Y) [41], [42]. It is recommended for 
relapsed and refractory CD20- positive low grade B-NHL 
or for those achieving partial remission after initial 
therapy. 90Y Ibritumomab is given following pretreatment 
with Rituximab, over 10-minute intravenous infusion. 
Administration-related reactions are commonly observed. 
However, severe grade 3-4 reactions including 
anaphylaxis occur in less than 1% of patients [42]. 
Obinutuzumab 
Obinutuzumab is a glycoengineered IgG1 anti-CD20 
MoAb, which induces direct cell death and enhanced 
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antibody-dependent cellular cytotoxicity with less 
complement-dependent cytotoxicity compared to 
Rituximab [43], [44]. Based on prescribing information, 
two thirds of patients experienced reactions to the first 
1000 mg of the antibody. Therefore, the first 
Obinituzumab dose is split between day 1 (100 mg over 4 
hours) and day 2 (900 mg, starting at 50 mg/h and 
escalating the rate in increments of 50 mg/h every 30 
minutes to a maximum rate of 400 mg/h) [45]. 
Premedication with acetaminophen (or equivalent), 
antihistamines, and steroids is recommended by the 
manufacturer [45]. 
Goede et al. randomly assigned 781 patients with 
previously untreated B-CLL to receive Chlorambucil, 
Obinutuzumab plus Chlorambucil, or Rituximab plus 
Chlorambucil. Infusional reactions were more frequent (all 
grades: 66%, grade 3-4: 21%) in Obinutuzumab–
Chlorambucil arm than in Rituximab–Chlorambucil arm 
(all grades: 38%, grade 3-4: 4%) during the first infusion 
[46]. There were no grade 3 or 4 reactions in subsequent 
infusions. No deaths were associated with infusion-related 
reactions. Neither the lymphocyte count nor the tumor 
burden at baseline was a strong predictor of infusional 
reactions. Prophylactic measures had only a moderate 
effect on the frequency of reactions [46]. 
Alemtuzumab 
Alemtuzumab is a humanized  anti-CD52, derived from 
the original rat antibody Camppath-1G and binds to CD52, 
an antigen present on the surface of B and T lymphocytes, 
majority of monocytes, macrophages, NK cells, some 
granulocytes and a proportion of bone marrow cells. 
Binding to leukemic cells leads to antibody-dependent 
cellular-mediated lysis [47], [48]. It is licensed for TP53 
deleted/ mutated B-CLL, purine-analogue refractory B-
CLL and T-prolymphocytic leukemia (T-PLL) [49]. It is 
given intravenously over 2 hours. Subcutaneous 
administration is recommended for B-CLL but not in T-
PLL. The dose is gradually escalated to maximum 
recommended single dose of 30 mg. 
Infusional reactions are common. Grade 3-4 pyrexia 
occurs in approximately 10% of previously untreated 
patients and in approximately 35% of previously treated 
patients. The frequency is higher during the initial week of 
treatment and decreases in subsequent doses. 
Manufacturer recommends antihistamines and 
acetaminophen (or equivalent) 30 minutes prior to first 
infusion and each dose escalation [48]. 
Brentuximab vedotin 
Brentuximab vedotin is a chimeric IgG1 anti-CD30 
antibody which is covalently linked to anti-mitotic 
molecule monomethylauristatin E (MMAE). CD30 is a 
membrane molecule, expressed by activated T and B 
lymphocytes. MoAb binds to CD30 and internalisation of 
the MoAb-CD30 complex initiates. Within the cell, 
MMAE is released and binds to tubulin. Disruption of 
microtubule network induces cell cycle arrest and 
apoptosis of CD30-expressing tumor cell [39], [50]. 
Brentuximab is licensed for the treatment of adult patients 
with relapsed or refractory CD30-positive Hodgkin's 
lymphoma (HL) and systemic anaplastic large cell 
lymphoma (sALCL) [51]. 
Brentuximab is administered intravenously over 30 
minutes and is well tolerated. As with other chimeric 
MoAbs, infusion-related reactions can occur. 
Approximately 35% of patients develop antibodies to 
Brentuximab.  Infusional reactions are observed in patients 
with persistently positive antibodies to Brentuximab 
(30%) relative to those with transiently positive antibodies 

(12%) and never positive antibodies (7%) [51]. 
Premedication is usually necessary for those with a history 
of reactions [52]. 
Gemtuzumab ozogamicin 
Gemtuzumab ozogamicin is composed of a recombinant 
humanized IgG4 kappa antibody conjugated with a 
cytotoxic antitumor antibiotic, calicheamicin. The 
antibody portion binds to CD33 antigen, which is present 
on the surface of 80% of leukemic blasts [53]. The 
complex MoAb-CD33 antigen is internalized and upon 
internalization, the calicheamicin is released inside the 
lysosomes of myeloid cells and binds to DNA, resulting in 
DNA double strand breaks and cell death [53]. 
Gemtuzumab can cause post-infusion symptoms, such as 
fever and chills, and less commonly hypotension and 
dyspnea. They usually occur during the first 24 hours after 
administration. All grades of infusion reactions occur in 
82% of patients and grade 3-4 in 6% [53]. In a prospective 
post-marketing registry study, the incidence of infusional 
reactions was 8.0% [53]. In a study of 277 patients with 
relapsed CD33-positive acute myeloid leukemia (AML), 
Gemtuzumab, at a dose of 9 mg/m2, commonly caused 
acute infusional reactions, with approximately 30% and 
10% of patients experiencing grade 3-4 events after the 
first and second dose, respectively. In the registration 
trials, such toxicities included chills (8%), fever (6%), 
hypotension (4%),nausea (3%),and hypertension(2%) [54]. 
The risk can be reduced with prior leukoreduction with 
hydroxyurea or leukapheresis, so as the peripheral white 
blood count to be lower to 30,000/mm3. Premedication 
with acetaminophen (or equivalent) and antihistamines is 
recommended. Methylprednisolone prior to drug infusion 
seems to ameliorate the symptoms [53]. 
Eculizumab 
Eculizumab is a humanized anti-C5 MoAb that inhibits 
complement at C5 and prevents the generation of the 
terminal complement complex C5b-9. It is the first 
effective therapy for paroxysmal nocturnal 
hemoglobinuria (PNH), where the uncontrolled terminal 
complement activation and the resulting complement-
mediated intravascular hemolysis are blocked by the 
antibody [55]. The dose depends on the indication and 
treatment phase; and in adults it is given intravenously 
over 25-45 minutes [56]. 
Eculizumab can provoke infusional reactions or 
immunogenicity, causing allergic or hypersensitivity 
reactions. However, the incidence of reactions within 48 
hours from administration did not differ from placebo in 
PNH or atypical hemolytic uremic syndrome (aHUS). In 
clinical trials, no PNH or aHUS patients experienced an 
infusion reaction requiring the drug discontinuation [56]. 
In SEPHERED study, Eculizumab was well tolerated 
throughout the 52-week treatment period with a majority 
of adverse events reported as mild to moderate and 
unrelated to the drug [53]. No serious adverse events were 
considered probably or definitely related to treatment. The 
incidence of serious adverse events was similar to that 
reported in placebo arm of TRIUMPH study [57]. Hillmen 
et al. studied the long-term safety and efficacy of 
Eculizumab in 195 patients over 66 months. Adverse 
events related to MoAb infusion were reported in 71 
patients (36.4%). Peripheral edema, pruritus and rash were 
the most common and none of these led to drug 
discontinuation [58]. 

MANAGEMENT OF INFUSIONAL REACTIONS 
Medical and nursing staff involved in prescribing, 
dispensing and administering the MoAbs should be trained 
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to promptly recognise and treat infusional reactions. 
Ιmmediate reactions to drugs constitute a medical 
emergency and therefore emergency protocols and 
equipment should be readily available. The initial 
management involves the immediate discontinuation of 
the infusion, checking of patient's vital signs and 
implementation of supportive measures, such as 
intravenous fluids and oxygen as required. Patients should 
be monitored for life threatening signs and symptoms 
throughout the reaction. Warning signs of impending 
cardiovascular collapse include hypotension, upper airway 
edema, wheezing or stridor and urticaria. Moreover, fever, 
mucous membrane lesions, abnormal pulmonary 
examination, joint tenderness and swelling indicate a 
serious reaction [4]. 
Epinephrine is the drug of choice for serious allergic 
reactions, especially in case of hypotension and airway 
compromise. The recommended dose is 0.01 mg/kg of a 
1:1,000 (1 mg/mL) solution intramuscularly in the mid-
anterolateral aspect of the thigh; maximum doses are 0.5 
mg in adults or 0.3 mg in children.  The dose can be 
repeated every 5-15 minutes if needed. Intravenous 
epinephrine can be given by experienced specialists [59, 
60].  
Recumbent position and rapid administration of 
intravenous fluids (Hartman's or normal saline 0.9%) at 
initial dose of 500-1000 mls in adults or 20 ml/kg in 
children are used in hypotensive episodes and the dose is 
repeated as necessary. Intraosseus access for fluids can be 
used if intravenous route is not available. In a specilist 
setting glucagon can reverse beta-blockade and dopamine 
can be used in hypotension resistant to epinephrine and 
intravenous fluids [59]. 
Antihistamines have a slower onset of action than 
epinephrine. Therefore, their use as a single agent in a true 
anaphylactic reaction is unsafe.  However, antihistamines 
are effective in mild non-allergic reactions [12]. Steroids 
are not effective in the acute phase of the reaction, but they 
can reduce the duration of the reaction, alleviate the 
symptoms in patients with pre-existing immunological 
disorders; and prevent recurrences. Hydrocortisone (100-
200 mg) or its equivalent can be administered every 6-8 
hours for the first 24 hours [12], [17]. Inhaled beta-
agonists including epinephrine, are indicated in 
bronchospasm. 
 The vital signs should be checked every 2-5 minutes until 
resolution of symptoms and every 15-30 minutes 
thereafter. Notably, biphasic reactions have been observed 
in 1%-20% of patients with anaphylaxis [61]. The interval 
between the initial reaction and recurrence can be up to 72 
hours [62]. Patients should be monitored for at least 4 
hours after symptoms’ subsidence, while in the most 
serious cases, monitoring for late reactions is 
recommended for 24 hours [12], [17]. MoAb reinfusion 
can be attempted at 50% of the previous infusion rate, with 
gradual increase according to prescribing information 
[14]. 

PREVENTION OF INFUSIONAL REACTIONS AND 
RECHALLENGING 
The risk of immediate reactions to drugs is higher in young 
and middle aged adults, in individuals carrying genetic 
polymorphisms of human leukocytes antigens and drug 
metabolism pathways; and in those infected by human 
immunodeficiency virus (HIV) and Epstein Barr Virus 
(EBV) [63]. Repeated administration of the drug increases 
the risk of allergic reaction [64]. Lymphocyte count 
greater than 25,000/mm3, first drug exposure, diagnosis of 

B-CLL and mantle cell lymphoma are known risk factors 
based on Rituximab experience. Severe reactions to 
Rituximab were more common in females, elderly 
patients, and in those with pulmonary infiltrates. Personal 
history of allergy and autoimmune disease seem to 
increase the risk of reaction [32]. O'Neil et al. showed that 
in middle south areas of United States, reaction rates to 
Cetuximab, an antibody used in colorectal and squamous 
cell carcinoma of head and neck, was much higher than 
reported nationwide [65]. Therefore, awareness of 
potential geographical distribution of infusional reactions 
to MoAbs could improve the prophylactic care.  
Prophylaxis with antihistamines and acetaminophen (or 
equivalent) with or without steroids prior to administration 
is recommended for almost all MoAbs, although the 
benefit from the routine use is not clear [3]. Fractionated 
dosing regimens, as those applied for many anti-CD20 
antibodies and Alemtuzumab, aim to minimize the risk of 
cytokine release syndrome [48]. Generally, premedication, 
escalated infusion rates and avoidance of 
antihypertensives on the day of infusion seem to be 
effective in preventing anaphylactoid reactions, but do not 
affect the manifestation of IgE-mediated reactions [21]. 
The desensitization protocols involve the administration of 
gradually increasing doses of the drug starting from small 
doses. So far, they have been successfully used in patients 
with reactions to Rituximab, including anaphylaxis [1], 
[3]. Tocilizumab is a humanized MoAb against IL-6 
receptor and has been used in the treatment of severe 
cytokine release syndrome with or without steroids, since 
IL-6 is regarded a major mediator in cytokine-mediated 
response [66]. 
The type and severity grading of the reaction, the 
therapeutic goals and comorbidities should be taken into 
account before rechallenging the offending MoAb [3]. 
Repeated exposures to the drug typically pose a risk of 
allergic reactions [2]. Therefore, in case of IgE-mediated 
and grade 4 reactions of any type, rechallenging the same 
MoAb is not recommended [15]. Non-immune reactions 
tend to be less severe and reproducible. Patients with grade 
1-2 reactions usually tolerate a slower infusion rate and 
respond to prophylaxis with antihistamines and steroids. 
The use of alternative antibody is not excluded in clinical 
practice. For example 131I-Tositumomab was used in 
patients with repeated reactions to Rituximab [67]. 

CONCLUSION 
Immediate infusional reactions to MoAbs are common in 
clinical hematology and can be divided into true allergic 
reactions, mediated by IgE antibodies; and non-allergic or 
anaphylactoid reactions, mediated by cytokines or 
complement factors. However, in the absence of objective 
drug-specific tests, the reactions are clinically 
indistinguishable. The diagnosis is based on the history of 
drug infusion, such as time of administration, cycle 
number, dosage; and the assessment of clinical symptoms. 
The likelihood of allergic reaction increases with repeated 
exposures to the drug, while the anaphylactoid ones occur 
at initial exposure to the factor. Most MoAb-related 
reactions are anaphylactoid and are usually graded as mild 
to moderate, presented with urticaria or hives without 
cardiorespiratory compromise. Rapid and profound B 
lymphocyte depletion caused by treatment could explain 
the higher frequency and intensity of reactions during the 
first dose. 
The data regarding potential risk factors are limited and 
mainly based on Rituximab experience. At present the 
prophylaxis is empirical and encompasses the gradually 
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escalated infusion rates and premedication with 
acetaminophen (or equivalent), antihistamines with or 
without steroids. The management involves the immediate 
cessation of the infusion and implementation of measures 
to support the airways and circulation. Medical and 
nursing staff should be able to recognize early symptoms 
and signs of infusional reaction and be familiar with the 
emergency protocols and equipment. Most of MoAb-
related reactions respond to symptomatic measures, 
allowing the drug reinfusion. Rechallenging the offending 
MoAb is based on the type and severity of reaction, 
therapeutic goals, and physician's aspects. 

The inconsistent terminology and grading system used in 
clinical practice lead to inaccurate reporting of the 
infusional events. The documentation should include the 
offending agent, cycle number, timing from infusion 
initiation, symptoms, severity grading, preventive and 
therapeutic measures undertaken; and patient's response. 
Detailed recording can facilitate the understanding of the 
underlying pathophysiology. It can also allow the design 
and implementation of studies to identify potential risk 
factors, individualize the prophylactic measures; and 
optimize the rechallenging process.
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