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Purpose of review

The rapid expansion of the use of biologics has resulted in an increase in adverse drug
reactions, some of which can be life-threatening, due to the immunogenicity of these
new drugs. This review summarizes the current knowledge of the pathogenic
mechanisms of biologics-induced hypersensitivity reactions and highlights the most
useful diagnostic and prophylactic tools now available in the clinical management of
immunogenicity associated with biologics.

Over the last few years, many drug-related or patient-related factors contributing to the

Immunology 2011, 11:262-268 immunogenicity of biologics have been identified, thus allowing a better identification of
patients at risk of reaction. Recent studies show that different mechanisms sustain
hypersensitivity reactions toward biologics, and the application of novel methods for
detecting antidrug antibodies has allowed the involvement of specific IgE isotypes.
Additionally, experience with procedures of desensitization to biologics continues to
grow.

Summary
Considering the increased use of the biological therapies in different clinical conditions,
the definition of diagnostic and prophylactic strategies represents an unavoidable
necessity in the management of potentially reactive patients in order to improve the
safety profile of biologics.
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Introduction Immunogenicity profiles of biological agents

During the last decade, many biological agents have
become available as new therapeutic principles, includ-
ing cytokines, monoclonal antibodies (mAbs) and fusion
proteins. Biologic response modifiers are intrinsically
immunogenic and carry potential risks of adverse events
[1]. Immediate infusion reactions occur during or within
1 h after infusion, and their clinical manifestations vary
considerably, ranging from mild to severe and life-threa-
tening. Considering the severity of the reactions, it is
important for clinicians to recognize their symptoms, to
know their pathophysiological mechanisms and to take
risk assessment and prophylactic regimens.

In this review, recent evidence on the immunogenicity of
biologics, pathogenic mechanisms of hypersensitivity
reactions and useful diagnostic and prophylactic tools
will be highlighted.
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All the biologicals, including fully human proteins, have the
potential to induce immunogenicity leading to the devel-
opment of specific antidrug antibodies (ADAs). Chimeric
mADbs such as infliximab, made from variable regions of a
murine source and constant regions of a human immuno-
globulin, may contain sequences (xenoantigens) recog-
nized as nonself epitopes and stimulate immune response.
The prevalence of anti-infliximab antibodies (ATT) varies
from 12 to 44% in patients with rheumatoid arthritis (RA)
[2,3], and between 6 and 61% in patients suffering from
Crohn’s disease [4,5]. In our experience with patients
suffering from different immunomediated diseases, the

incidence of A'T'T is about 14% ([6], unpublished data).

Attempts to reduce the immunogenicity of chimeric
antibodies include total or partial removal of murine
sequences to generate a fully human or humanized
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mAb, respectively. However, reduced immunogenicity
does not mean no immunogenicity. For example, huma-
nized mAbs such as alemtuzumab is capable of triggering
immune response in up to 23% of multiple sclerosis
patients [7,8] and tocilizumab is associated with an overall
incidence of ADA formation of 2.3% [9°°]. Interestingly,
fully human antibodies can induce marked immune
responses too. Adalimumab has been described as indu-
cing ADAs in 2.8-3.7% of patients with Crohn’s disease
and up to 70% of RA patients [10,11°°]. Another fully
human antibody that can induce an immune response is
golimumab, an anti-TNFa mAb recently introduced in
clinical practice. In fact, about 16% of RA patients
showed golimumab-specific ADAs [12]. All these data
can be explained with the ability of the human immune
system to mount anti-idiotype antibodies with specificity
for the unique V region of other immunoglobulin
molecules. Also, therapeutic recombinant biologic
agents, such as abatacept and etanercept, can elicit an
antibody response in 0-18 and 3% of patients, respec-
tively [13,14].

The degree of humanization is not the only intrinsic
determinant of immunogenicity. It is well known that
the pattern of glycosylation, such as in the case of
cetuximab, or other post-translational modifications of
mADb (deamidation and oxidation), may represent other
factors leading to the immunogenicity [15,16].

It is well known that extrinsic factors, such as aggregates,
adjuvant-like contaminants, protocol of administration,
and comedication, may also influence immunogenicity
[17,18]. Among these factors the role of episodic admin-
istration of the drug in the induction of immunogenicity
has to be underlined. Patients receiving infliximab epi-
sodically were ATI-positive more frequently than those
receiving scheduled therapy (39 vs. 16%) [19]. Conco-
mitant immunomodulator therapy is the main factor
affecting development of A'T'Ts, especially during episo-
dic therapy in Crohn’s disease patients [20].

The generation of ADAs was reported to significantly
differ among treated disorders. In fact, with reference to
rituximab, whereas patients with B cell malignancies and
RA developed rituximab-specific antibodies in 1 and 4%,
respectively [21], ADAs have been reported in about 25%
of patients with primary Sjogren’s syndrome and anti-
neutrophil cytoplasmic auto-antibody-associated vasculi-
tis and in up to 40% of patients with systemic lupus
erythematosus (SLE) [22-24]. Concerning infliximab,
we observed a higher incidence of ATI in patients
suffering from RA (62.5%) than in patients with serone-
gative spondyloarthropaties (SpA) or vasculitis (37.5%)
[6]. The reason for the variable occurrence of ADAs in
different disorders is unclear but may be related to the
pathogenic mechanisms of the disease itself. Further-
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e Biologics-related infusion reaction are often clini-
cally consistent with type I hypersensitivity.

e Antidrug antibodies are mostly represented by I[gG
isotype but a proportion of them may belong to
IgE isotype.

e Many immediate adverse reactions occur at re-
exposure to the biologic after an interruption of
the therapy.

more, detection limits of the various assays for ADA
detection may further explain the discrepancies.

Molecular mechanisms of acute
hypersensitivity reactions

The consequences of immunogenicity to a biological
agent range from transient appearance of ADAs without
any clinical significance to severe life-threatening con-
ditions such as anaphylaxis [25°26—29]. Patients who
develop ADAs are more likely to show acute hypersen-
sitivity reactions. Different antibody isotypes may be
involved in the induction of immediate reactions to
biologics. In particular, both IgE-mediated and non-
IgE-mediated mechanisms may be involved. Moreover,
several clinical features of acute reactions suggest an
antibody-independent mechanism due to a massive cyto-
kine release [30°].

IgE-mediated and non-lgE-mediated reactions
Although ADAs are mostly represented by the IgG iso-
type [2], a proportion of reactions have been associated
with the presence of IgE isotype antibodies (Fig. 1a).
Using CAP system we confirmed the hypothesis that
infliximab-specific IgE Abs are involved in a part
(27.2% of reactive patients) of immediate reactions
[31]. The IgE-positive patients also developed a positive
intradermal skin test, thus confirming the biological
activity (skin mast cells activation) of IgEk ADAs. Data
provided recently correlate hypersensitivity reactions
with IgE ADAs for several other mAbs, such as tocilizu-
mab, cetuximab, natalizumab and muromonab
[9°°,16,32°,33]. Also for rituximab and trastuzumab, the
positive results of skin testing support an IgE-mediated
mechanism of hypersensitivity reactions, at least in some
patients [25°].

As the initial antigen exposure is required for sensitiz-
ation, type I hypersensitivity reactions cannot occur
during the first infusion of a mAb. However, pre-existing
cetuximab-specific [gE antibodies and crossreacting with
an oligosaccharide shared by some mammalian proteins
and ticks have been detected [15]. Some authors have
identified additives present in the drug formulation as the
culprit factor of IgE-mediated reactions in biologicals
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Figure 1 IgE-mediated and non-IgE-mediated mechanisms of
hypersensitivity reactions to biological agents

v Biological agent

* y Y IgEADAs
A s
\ﬁT;‘( WYY Y 1g6 ADA
(a) (b)
Tissue Peripheral blood

H, PGs, LTs, tryptase, PAF

H, PGs, LTs, PAF

(a) Crosslinking of FceRl induced by specific IgE ADAs on mast cells; (b)
mechanisms of basophil activation and mediator release through both
IgE and IgG ADAs in peripheral blood. Bs, basophil; H, histamine; LTs,
leukotrienes; Mc, mast cells; PAF, platelet-activating factor; PGs, pros-
taglandins.

treated patients. This event has been described for
polysorbate in omalizumab-treated, erythropoietin-trea-
ted and darbepoetin-treated patients [34,35]. Sensitiz-
ation may be derived from previous contact with the same
excipients used in the formulation of vaccines and/or
cosmetics. In our experiment with infliximab, a pre-
existing sensitization was excluded [31].

Murine models revealed that anaphylaxis may occur in
an IgE-independent manner, involving specific IgG,
FcyRIII, macrophages, basophils, and the platelet acti-
vating factor (PAF) as the major mediator [36]. Whether
the alternative IgG pathway is operative in humans
remains at present an open question. Because allergen-
specific IgG antibodies have been detected in patients
who experienced anaphylaxis during infliximab infusion
[2], this alternative pathway may in fact be involved
(Fig. 1b).

The development of mAbs-specific IgG may lead to
another effector mechanism involving Complement acti-
vation with subsequent production of anaphylatoxins and
the release of mediators from mast cells. Worthy of note,
effector functions for the different IgG subclasses are
directly correlated with their affinity to FcyRs. Regarding
infliximab, a proportion of ADAs are IgG4, a subclass with
low Complement activating capacity and low avidity to
FcyR [37]. Regarding infliximab, using a modified
ELISA test, significantly higher levels of ATT IgM have
been detected in reactive patients compared with unreac-
tive patients and controls [31].

Infusion reactions induced by cytokine release

A proportion of infusion reactions is the result of massive
cytokine release by different types of immune cells,
including monocytes or macrophages, T cells, B cells
and natural killer cells. This acute phase reaction, usually
called cytokine release syndrome (CRS), may be clini-
cally indistinguishable from type I hypersensitivity even
though it is, in most cases, a first-dose effect.

Both in-vivo and in-vitro studies indicate that TNF-q,
IFN-y, IL-8 and IL-6 are the main actors of CRS [37].
The postulated mechanism is related to the interaction of
the mAb with the FcyR of immune cells, leading to their
activation and cytokine release. CRS can also result from
the direct activation of target cells by the biologic. For
example, OK'T'3 by direct binding of the CD3 molecule is
able to activate T cells as well as rituximab activates B
cells upon CD20 binding [38]. There is some evidence
that Complement activation, at least in some cases, may
result in the cytokine appearance in the serum,
suggesting a role of Complement cascade as initiator of
CRS [39]. These mechanisms are not mutually exclusive
and may simultaneously participate in the induction of
CRS in vivo (Fig. 2). It is important to underline that
FceRI engagement may also play a role in CRS. In fact,
FceRI-mediated mast cell or basophil activation leads to
the release of inflammatory mediators such as TNF-«a
[40]. Thus, CRS may amplify the classical IgE-mediated
anaphylaxis.

Differently from immune-mediated disorders, CRS is
largely dependent on the disease burden during the
treatment of malignancies. Accordingly, in non-Hodgkin
lymphoma, the severity of rituximab-induced CRS is
related to the number of circulating target cells and
the density of antigen expression [37].

Prophylactic management of hypersensitivity
The prophylactic management of hypersensitivity to
biologics may contemplate some clinical and laboratory
procedures.

Recognition of patients at risk

The identification of patients at risk is a key point in
clinical practice. Taking a thorough history, particularly
including atopic status and any previous allergic reac-
tions, is one of the most useful risk-assessment tools in
drug allergy. However, a similar prevalence of atopy and
previous adverse drug reactions in reactive and unreac-
tive patients was seen [6].

A higher incidence of infliximab reactions in RA patients
than in patients suffering from seronegative SpA and
vasculitis confirmed that the underlying disease itself
can be an important factor in the context of developing
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Figure 2 Cellular and molecular mechanisms of monoclonal
antibody-induced cytokine release syndrome
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Different immunologic pathways, involving both macrophages and target
cells, that may lead to cytokine release during monoclonal antibody
infusion are displayed. A combination of them may occur during CRS.
ADCC, antibody-dependent cellular cytotoxicity; C', Complement; Mg,
macrophage; NK, natural killer.

an unwanted immune response toward the therapeutic
agent [6]. Concordantly, a higher detection rate of anti-
rituximab antibodies in SLE than in lymphoma patients
suggests that chimeric antibodies may be more immuno-
genic in autoimmune disecase because of the highly
activated B-lymphocytes status [41,42]. The higher
expression of costimulatory molecules on dendritic cells
in patients with immune-mediated diseases may accel-
erate the development of ADAs [43].

Intermittent therapy or re-exposure after a long treat-
ment-free interval may be associated with an enhanced
immune response (or loss of tolerance) to the biological
agent, and thus retreated patients must be considered at
risk of reactions [5,20,44-46]. Even if some conflicting
results have recently been reported [47,48], in our case
series, we confirmed a higher incidence of infliximab-
related reactions at the beginning of the second course of
therapy [6]. It is likely that regular drug infusion may
induce a high-dose tolerance through efficient peripheral
mechanisms which need the continuous antigen intake.
Thus, the avoidance of long intervals between infusions
represents a useful strategy to increase the safety
of biologicals.
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Allergological work-up in clinical practice with
biologicals

In this field of drug allergy, up to now exact diagnostic
tools to identify potentially reactive patients have not
been defined. Monitoring for ADAs is not necessary
during routine clinical treatment, whereas the evaluation
of immunogenicity in a symptom-driven manner when a
change in safety or efficacy profile is suspected is highly
recommended.

A panel of methods is usually reported for ADA detection
and characterization, but all the different techniques
show benefits and limitations [49], thus a diagnostic
strategy including various methods is essential. The most
commonly used assay is a solid-phase double antigen
bridging test, characterized by acceptable sensitivity but,
because it is able to detect only nonisotype-specific
ADAs, it only represents a screening test to identify
positive or negative patients. In a second step, ADA-
positive samples should be analyzed to confirm the result,
to estimate the levels and then to define the neutralizing
activity and the isotype. This latter point is really inter-
esting taking into account that different isotypes may
drive different biological phenomena. Using Immuno-
CAP platform and other immunoassays mAbs-specific
IgE antibodies have been found in a proportion of
patients with mAbs-related anaphylaxis [15,31,32°,33].
The identification of mAbs-specific [gE may be difficult
because of the small quantities of this isotype, and IgG
antibodies, which may share the same specificities, may
interfere in the assay.

The diagnostic work-up of reactions toward biologicals
may be complicated by some interfering factors in the
ADA assay, such as the presence of rheumatoid factors
and/or heterophilic antibodies in the serum of reactive
patients, leading to false-positive results [50]. The avail-
ability of a pretreatment sample may be useful as nega-
tive control. Detectable serum levels of biologicals may
reduce the sensitivity of the tests, so it is highly recom-
mended that the ADA assay could be performed at a
certain distance in time from the infusion to avoid false-
negative results [49]. Worthy of note, when high drug
levels are present in the serum, new assay protocols,
including an acid dissociation step, appear to be useful

in the detection of ADAs [11°°,51].

The allergological work-up should be completed by the
measurement of serum tryptase, the classical mediator
accounting for mast cell activation, even if normal values
do not exclude IgE-mediated anaphylaxis. In these cases,
the attention has been placed on basophils that express
the high-affinity FceRI and, after stimulation, release
mediators such as histamine, but not tryptase. Basophils
usually circulate in the bloodstream and are easily trig-
gered by intravenously administered agents such as
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mAbs. In recent years, the use of the basophil activation
test (BAT) method has emerged to determine the
response of basophils to drugs or allergens [52]. A role
of the BAT as a method to assess the IgE-mediated
hypersensitivity induced by biologics may be envisaged.

Even if skin testing is usually done in diagnosis of drug
allergy, in-vivo tests are not currently standardized and
approved for biologics. Only in a few cases skin testing
has been performed [25°,32°,53]. In our experience with
infliximab, we found great correlation between serologi-
cal IgE positivity and intradermal test results ([31],
unpublished data). Patients with a history suggestive of
type | hypersensitivity reactions according to timing,
symptoms and severity should undergo skin testing with
serial dilution of the culprit drug (biologic). For skin
testing too, the time between the reaction and the
evaluation is a crucial point, due to temporary unrespon-
siveness of the skin mast cells following massive acti-
vation during the reaction. At the moment, the unknown
diagnostic accuracy of the skin testing for biologicals may
represent a limitation.

How to reduce the risk of reaction?
In clinical practice, the increase of safety profile of
biological therapy can be achieved by several procedures.

Premedication

Solid evidence that prophylactic medication with acet-
aminophen and/or antihistamines can prevent infusion
reactions in immune-mediated disease is lacking,
whereas a high dose of intravenous corticosteroid was
associated with a reduced, if not absent, risk of reaction
[54-58]. In our experience we did not find a protective
role for pretreatment in AT I-positive patients [6]. On the
contrary, premedication with acetaminophen plus hista-
mine blockers is recommended as prophylaxis for CRS
induced by mAbs employed in cancer therapy [30°]. The
incidence and severity of CRS may also be reduced by
premedication with high-dose steroids given before the
administration of the first dose of the biological agent. In
oncology some authors reported, even if in small-case
series, a protective role of anti- T'NFa agents toward CRS
induced by rituximab and muromonab [59,60].

Rate of infusion

Each biological agent is supported by specific guidelines
of use and administration, in order to significantly reduce
the risk of reaction. In our experience, mild infliximab-
related infusion reactions were responsive to the reduced
infusion rate in ATI-negative but not in ATI-positive
patients [6,31].

The severity of some CRS symptoms can be reduced by
careful patient management. For example, in contrast to

type I hypersensitivity reactions, CRS may be managed
by short-term cessation of the mAbs infusion (fractio-
nized dosing) and restarting the infusion at a slower rate.
These reactions can also be minimized by cautious
incremental increases in the rate of infusion and ensuring
appropriate hydration and diuresis.

Desensitization

The decision to rechallenge or discontinue treatment
after a reaction occurs depends on the severity of the
reaction and other clinical factors. Desensitization has
been described for several mAbs (rituximab, trastuzu-
mab, infliximab, muromonab) to allow the continuation of
treatment in reactive patients with no suitable thera-
peutic alternatives [31,33,37,53]. Desensitization is
mainly performed in IgE-mediated reactions (skin test-
ing and/or serum IgE ADAs positivity) and also when
clinical features are highly suggestive of a type I hyper-
sensitivity reaction. It is typically achieved by the gradual
re-introduction of small doses of drug antigens at fixed
time intervals until the delivery of the therapeutic dose.
It is well known that the protection provided by desen-
sitization is dependent on the ongoing antigen exposure.
Taking into account the long interval between drug
administrations, especially for some mAbs such as inflix-
imab, repeated desensitization procedures are required
before each mAbs infusion. Overall, these findings reiter-
ated the role for high-dose tolerance mechanism toward
biological drugs and the relationship between infusion
reactions and the interruption of the therapy [43].

Conclusion

Advances in the knowledge of pathogenic mechanisms of
biologic-related hypersensitivity reactions have been
made. The use of new immunoassay in the detection
of ADAs, as well as of in-vivo allergic work-up, may
represent useful strategies in the diagnosis and prophy-
laxis of immediate adverse reactions to biologics. Con-
sidering the increased use of biological therapies in the
treatment of immunomediated diseases and malignan-
cies, it is advisable that these procedures be applied in
clinical practice.
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