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Hypersensitivity reactions to bio
logical agents with special

emphasis on tumor necrosis factor-a antagonists
Paolo Campia, Maurizio Benuccib, Mariangela Manfredic and Pascal Demolyd
Purpose of review

Several biological agents have been introduced into the

drug market and more are emerging. Adverse reactions to

these agents have recently been classified into five different

subtypes. Some of these reactions are frequent but without

consequences for the patients. Others are less frequent but

potentially life-threatening, and they include allergic

reactions.

Recent findings

Hypersensitivity reactions are well described adverse drug

reactions, corresponding to the ß-type of the newly

proposed classification of adverse reactions induced by

biological agents. We focus our search on tumor necrosis

factor-a antagonists, as they represent a dramatic

improvement in the therapy of both rheumatic and

inflammatory bowel diseases and because adverse

reactions have been closely scrutinized. We also add cases

from our own experience. We found very few properly

documented allergic reactions.

Summary

Hypersensitivity reactions to tumor necrosis factor-a

antagonists are not rare. Whether these manifestations

have to be considered type b or type g reactions is still a

matter of debate. There is a need for allergological tests in

vivo and in vitro.

Keywords

biological agents, drug allergy, drug hypersensitivity, skin

tests

Curr Opin Allergy Clin Immunol 7:393–403. � 2007 Lippincott Williams & Wilkins.

aAllergy and Clinical Immunology Unit, Nuovo Ospedale San Giovanni di Dio,
Florence, Italy, bRheumatology Unit, Nuovo Ospedale San Giovanni di Dio,
Florence, Italy, cImmunology and Allergy Laboratory, Nuovo Ospedale San Giovanni
di Dio, Florence, Italy and dExploration des Allergies – Maladies Respiratoires,
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Introduction
The immune system is regulated by a variety of lym-

phokines, monokines, and colony-stimulating factors.

Most have now been cloned and it is clear that these

cytokines have a broad range of overlapping immuno-

logical, inflammatory, and physiological properties. Some

of these cytokines may favorably influence the bio-

logical therapy of inflammatory diseases and cancer

and they have been collectively referred to by clinicians

as ‘biological response modifiers’ or ‘biological agents’.

This review summarizes current data about hypersensi-

tivity reactions induced by biological agents. Adverse

reactions to biological agents have been categorized by

Pichler and Campi [1��] into five types (Table 1). We will

deal with the b-type reactions. In these reactions an

immune mechanism is demonstrated. We did a Medline

search combining the terms ‘allergy or hypersensitivity’

with all the recombinant biological agents approved by the

US Food and Drugs Administration (FDA) – abciximab,

aldesleukin, alteplase, anakinra, basiliximab, cetuximab,

denileukin diftitox, drotrecogin a, efalizumab, epoetin,

darbepoetin, filgrastim, pegfilgrastim, sargramostim, mol-

gramostim, ibritumomab tiuxetan, interferon a-2a, inter-

feron a-2b, peginterferon a-2a, peginterferon a-2b,

interferon a-N3, interferon alfacon-1, interferon b-1a,

interferon b-1b, laronidase, muromonab-CD3, natalizu-

mab, omalizumab, oprelvekin, rasburicase, rituximab,

and trastuzumab. We focused on tumor necrosis factor

(TNF)-a antagonists, as they represent a dramatic

improvement in the therapy of rheumatic and inflamma-

tory bowel diseases and because there is concern about

some adverse reactions (Tables 2 and 3) [2–35].

Infliximab
First approved for Crohn’s disease and extensively

employed in the therapy of rheumatoid arthritis (RA)

and psoriatic arthritis, it is a 149 kDa chimeric immuno-

globulin (Ig)G1 anti-TNF-a antibody containing

the antigen-binding region of the mouse antibody and

the constant region of the human antibody. The murine

portion, comprising 25% of the antibody, is antigenic.

Acute infusion reactions

These reactions occur within 24 h after administration,

usually between 10 min and 4 h, with symptoms like

hypotension/hypertension, chest pain, dyspnea, laryngo-

spasm, fever, urticaria, angioedema. The frequency of
orized reproduction of this article is prohibited.
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Table 1 Classification of adverse effects of biological agents [1��]

Type a High cytokine and cytokine release syndrome (anti-CD3)
Type b Hypersensitivity Immediate (IgE)

Delayed (IgGþC0; T cells)
Type g Immune imbalance syndromes Impaired function (immunodeficiency)

Immune or cytokine imbalance syndromes:
autoimmunity
autoinflammatory diseases

Type d Cross-reactivity
Type e Nonimmunological side effects

Ig, immunoglobulin.
acute infusion reactions is fairly high (Table 2). Young

children seem to be more prone than older children and

adults to severe acute infusion reactions. The pathophy-

siology of acute infusion reactions remains unknown.

Clinical evidence argues against an immunoglobulin E

(IgE)-mediated mechanism because
(1) a
opy

Tabl

Dise

RA
CD
CD
CD,
CD
RA
CD
CD
CD
CD

CD
CD
CD
IBD
CD
IBD
RA
RA,P
RA,
RA
IBD

ad, a
and I
psor
cute infusion reactions often occur at the first dose;
(2) a
fter an acute infusion reaction, most patients con-

tinue the infusion with reduction in the rate of

infusion or can be retreated with premedication [15].
In a few cases, however, immunological studies, and in

particular skin tests, have been performed on these

patients. Case reports of acute type ß infusion reactions

are reported in Table 3. Most acute infusion reactions are

mild or moderate and do not necessitate a suspension of

the treatment [22,36]. Many authors consider acute infu-

sion reactions similar to the ‘red man syndrome’ induced

by vancomycin [29] or ‘niacin-like reactions’ described

for vitamin PP [37]. Severe acute infusion reactions,
right © Lippincott Williams & Wilkins. Unautho

e 2 Frequency of acute and delayed infusion reactions (IRs) a

ase
No.
patients

Patients with
acute IRs (%)

Patients with
delayed IRs (%)

Pa

342 ad 18 0
40 ad 25
19 ch 15.7 0

RA 771 adþch 17
129 ad 24
340 ad 3 0.3
52 ad 5.7 15
34 ch 3 0
573 adþch 17 2.4
57 ch 38 (patients)

8 (inf) 1 (inf)
125 ad 27 (inf)
53 ad 13.2
165 9.7 1.8
34 ch 23.5
500 adþch 3.8 2.8
243 ch 16.5
355 ad 13.5 0

A 289 ad 19
PA 203 ad 11.3 2.4

51 ad 5.8
23 ch 35

dults; ATIs/i.m.d., correlation between ATIs and concomitant immunomo
Rs; ATIs/r.e., correlation between ATIs and reduced efficacy; CD, Crohn’
iatic arthritis; RA, rheumatoid arthritis.
presenting with cardiovascular or respiratory symptoms,

must be managed more carefully, because they are more

prone to reappear in the case of readministration. In these

cases a desensitization protocol has been proposed

[25,32,38].

It has been demonstrated that the concomitant admin-

istration of an immunomodulatory drug, especially meth-

otrexate, reduces the rate of the antibodies to infliximab

(ATIs) and therefore, possibly, also the rate of infusion

reactions (Table 2). Intravenous hydrocortisone preme-

dication reduced ATIs in Crohn’s disease [14], even if a

premedication with b-methasone did not decrease the

incidence and severity of infusion reactions in adults [19]

and a premedication with antipyretic, antihistamine and

corticosteroid was not able to prevent acute infusion

reactions in children [18].

Delayed infusion reactions

When occurring from 24 h to 14 days after administration,

usually after 5–7 days, with symptoms like arthralgias,
rized reproduction of this article is prohibited.

nd antibodies to infliximab (ATIs)

tients with
ATIs (%) ATIs/IRs ATIs/r.e. ATIs/i.m.d. Reference

[2]
13 Yes Yes [3]

[4]
[5]
[6]

8 [7,8]
[9]
[9]

14 Yes No Yes [10,11]
[12]

61 Yes Yes Yes [13]
36 Yes Yes Yes [14]

[15]
35 Yes Yes Yes [16]

[17]
[18]
[19]

Yes Yes [20,21]
[22]

43 Yes Yes [23]
[24]

dulatory drugs (mainly methotrexate); ATIs/IRs, correlation between ATIs
s disease; ch, children; IBD, inflammatory bowel disease; inf, infusion; PA,
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fevers, malaise, urticaria, myalgias, angioedema, lym-

phoadenopathy, itching, the reactions are called delayed.

These could well be considered as ‘serum sickness-like’

reactions and may represent mild type III (immune

complex-mediated) Gell and Coombs reactions [9,36].

Serum sickness is largely a clinical diagnosis as there are

no laboratory tests specific for this diagnosis in the acute

setting. The incidence is lower than that of acute infusion

reactions (Table 2). The prognosis is usually excellent

with a lack of any serious long-term effects, even in

severe cases, for instance when an acute respiratory

distress syndrome is associated [39]. Potentially life-

threatening serum sickness reactions should, however,

be a contraindication to further infliximab treatment,

even if uneventful retreatment cases have been des-

cribed, in association with immunosuppressive therapy

and premedication [9,40]. Severe delayed infusion reac-

tions seem to occur more often in adults than in children

with Crohn’s disease [40]. In any case, in these patients

high titres of ATIs are present and, as a consequence, a

reduced efficacy of the treatment is likely.

Antibodies to infliximab

Formerly also called antichimeric antibodies, ATIs are

produced by a substantial number of treated patients

(Table 2). Most of the studies showed a positive statistical

correlation between the presence of ATIs and both acute

and delayed infusion reactions, together with a reduced

efficacy of the treatment [23] and an enhanced clearance

of infliximab from the circulation. Continuation of treat-

ment with higher dosages of infliximab has been

described to decrease levels of ATIs [23]. Not all patients

with ATIs, however, suffer from infusion reactions; there-

fore there must be other cofactors responsible for these

reactions. Shifting to another TNF-a antagonist seems to

be safe [31,41,42]. Incidence of ATIs varies considerably

among studies, not only because of the different methods

of dosage but also in relation to the concomitant admin-

istration of immunomodulatory drugs, mainly methotrex-

ate, and to the different time schedules of serum

sampling. ATI prevalence seems to be lower in patients

under 14 years of age and in adult patients [16].
opyright © Lippincott Williams & Wilkins. Unautho

Table 4 Frequency of injection site reactions (ISRs) and antibodies

Disease
Patients with ISRs
to etanercept (%)

Patients with ISRs
to adalimumab (%)

RA, PA, PS, BD 20% (21/103)
RA 42% (25/49)
RA 45% (70/154)
RA 29.3% (64/222)
RA 37% (129/349)
RA 18% (67/367)
RA
PA 6.6% (10/151)
RA 15.3% (33/209)
All Mean 30% (376/1254) Mean 12% (43/360)

PA, psoriatic arthritis; PS, psoriasis; RA, rheumatoid arthritis.
Etanercept
Etanercept is a 150 kDa soluble TNF-a receptor fusion

protein composed of two dimers, each with an extracellu-

lar, ligand-binding portion of the higher-affinity type 2

TNF-a receptor (p75) linked to the Fc portion of human

IgG1. It binds to both TNF-a and TNF-b. It is approved

for use in the treatment of RA, ankylosing spondylitis,

juvenile rheumatoid arthritis, psoriasis, and psoriatic

arthritis.

Injection site reactions

Erythema, edema and itching at the site of subcutaneous

administration may appear within 24–48 h, peaking at

48 h and lasting 3–5 days. Most injection site reactions

(ISRs) resolve without treatment. Usually they occur in

the first–second month of therapy and fade over time.

The incidence varies in relation to the trials, from 20% to

49% (Table 4) [43–50]. They rarely cause discontinu-

ation of treatment. These patients usually have a good

response to treatment with etanercept. Forty percent of

these patients also develop ‘recall ISRs’, that is similar

reactions in the sites of previous injections [43]. This

phenomenon does exclude an irritative etiology of

ISRs, at least in these patients, and may only be

explained by an immune reaction. An ISR at the fourth

dose, followed by a ‘macrophage activation syndrome’,

characterized by fever, diffuse urticarial eruption, relative

cytopenia and elevation of liver enzymes, D-dimer,

triglycerides, and ferritin has been described in an

8-year-old girl [51].

Which mechanism underlies ISRs is still a matter of

debate. Histopathologic studies on skin biopsies pro-

vided contrasting results [43,52,53�]. Zeltser et al. [43]

compared recall ISRs to fixed drug eruptions, known to

be T-cell-dependent allergic reactions in which patch

tests at the site of the reaction are frequently positive.

Interestingly, a patient with a previous ISR to adalimu-

mab experienced another ISR to etanercept at the first

dose: histopathologic findings were compatible with an

eosinophilic cellulitis-like reaction, a Th2-mediated

phenomenon; the author explained this ‘cross reactivity’
rized reproduction of this article is prohibited.

to etanercept (ATEs) and adalimumab (ATAs)

Patients with
ATEs (%)

Patients with
ATAs (%) Reference

[43]
[44]
[45]

5.6% (12/222) [46]
6% http://www.enbrel.com

[47]
0% [48]

[49]
1% (2/209) [50]

http://www.enbrel.com/
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by the rheumatoid factor autoantibody binding to the

FcIgG component found in both etanercept and adali-

mumab [53�]. Werth and Levinson [54] provide an exten-

sive discussion about possible immune mechanisms

underlying ISRs [54]. Allergological tests such as prick,

intradermal or patch tests are not reported in the litera-

ture in these patients.

Our personal experience refers to two patients: both

female, 58 and 62 years old, affected by RA, with ISRs

occurring respectively after 5 min and 6 h. An intradermal

test with the commercial preparation was positive at the

immediate reading (20 min), and negative in 10 controls.

This result is suggestive of an immediate-type allergic

reaction, possibly IgE-mediated. Interestingly, both

patients experienced ISRs at the first dose of adalimu-

mab. With this drug the intradermal test was positive in

one patient at the immediate reading and, in the second,

only at the late reading (24 h) and lasted 3–5 days;

the patch test was negative. An intradermal test

with mannitol, an excipient of both drug preparations,

was negative in the two patients and in the controls

(unpublished data).

Antibodies to etanercept

Antibodies to etanercept are found with a much lesser

frequency than for infliximab (Table 4) and do not seem

to correlate with ISRs or reduced activity [46].

Adalimumab
Adalimumab is a 148 kDa recombinant human high-

affinity IgG1 monoclonal antibody against TNF-a pre-

venting cytokine binding to its receptor and lysing cells

that express TNF-a on their surface. It is approved for

the treatment of RA, ankylosing spondylitis, psoriatic

arthritis and Crohn’s disease.

Injection site reactions

ISRs to adalimumab are rarer in relation to etanercept

(Table 4). Systemic reactions, like urticaria, are rarely

described [55].

Our personal experience refers to two patients: one

65-year-old male affected by psoriatic arthritis and one

61-year-old female affected by RA, with ISRs to adali-

mumab. An intradermal test was positive in both patients

at late reading (24 h) and lasted 3–5 days; the test was

negative in 10 controls. A patch test was negative (unpub-

lished data).

Conclusion on tumor necrosis factor-a
antagonist hypersensitivities
Hypersensitivity reactions to TNF-a antagonists are not

uncommon. Whether these manifestations should be

considered as type b or type g reactions is still a matter

of debate.
opyright © Lippincott Williams & Wilkins. Unauth
The first hypothesis – type b reactions [1��] – is that

these molecules are recognized as foreign antigens and

symptoms are due to the appearance of antibodies or cells

directed to these antigens. It is sustained by the following

data:
(1) f
ori
requency and severity of adverse reactions are

directly proportional to the quantity of murine con-

stituent of the molecule and then to immunogenicity,

and are higher for infliximab than for adalimumab;
(2) s
erum sickness disease and leukocytoclastic vasculitis

are typical immune-mediated adverse drug reactions;
(3) r
ecall ISRs are highly suggestive of an immune

underlying mechanism;
(4) a
llergological studies – skin tests and specific IgE –

have been rarely and badly performed so far, so they

could not exclude this hypothesis at present;
(5) w
ithholding of the drug is usually followed by prompt

recovery;
(6) h
igh frequency of ATIs indirectly witnesses the

immunogenicity of infliximab;
(7) t
he presence of ATIs correlates with infusing reac-

tions.
The second hypothesis – type g reactions [1��] – is that

these patients are prone to these diseases, as leukocyto-

clastic vasculitis in RA, and TNF-a antagonists induce

a cytokine imbalance that favors their appearance: it

would be a ‘class effect’. In particular, there would be

a switch from the predominant T helper type 1 (Th1)

profile of lymphocyte response in RA to a Th2 response.

RA is a Th1 disease, involving mainly TNF-a, interleu-

kin (IL)-2, interferon (IFN)-g, and IL-12. Evidence is

growing that vasculitis is a Th2 lymphocyte-mediated

disease. Moreover, patients with preexisting autoanti-

bodies may be reflecting the predominance of a Th2

response; TNF-a antagonists may promote an increased

expression of this phenotype with consequent vasculitis

[56]. An alternative view is that anti-TNF-a/TNF-a

immune complexes may deposit in small capillaries,

activating complement, and triggering a type III hyper-

sensitivity reaction.

The type g reaction hypothesis is sustained by the

following data:
(1) v
ery often the reaction occurs at the first dose;
(2) s
carce efforts to demonstrate antibodies or cells

directed to the TNF-a antagonists failed, with the

exception of IgG against infliximab; however, all

patients with infusion reactions have these antibodies

but the majority of the patients showing these anti-

bodies do not present with infusion reactions;
(3) t
he same reaction is provoked at fairly high frequency

by different molecules which share the same mech-

anism of action;
zed reproduction of this article is prohibited.
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NF-a antagonists can induce allergic diseases like
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Other biological agents
Among the several monoclonal antibodies in use, mur-

omonab deserves special attention (Table 5) [65–95]. It is

a murine monoclonal antibody directed against the e
chain of the CD3–T-cell receptor complex that acts as

an immunosuppressant by blocking human T-cell pro-

liferation, and it is used in kidney transplant recipients.

Out of 181 treated patients examined for the production

of specific IgE during the 8 weeks after the first admin-

istration, six positive samples were found, showing an

exclusive antiidiotypic specificity in three out of four

cases and an antiisotypic in the fourth. In addition, they

all had high titres of specific IgG, with blocking activity.

In 86 patients high levels of specific IgG were present:

the remaining had low levels and none of these showed

specific IgE. Anaphylactic reactions, however, are rare,

and with the odd exception they occur at the second

course [96]. An early secretion of IL-4 has been demon-

strated after administration of mitogenic anti-CD3 mono-

clonal antibodies, enhancing the specific IgE response in

these patients [97–99].

In relation to the rare cases of anaphylaxis due to oma-

lizumab (Table 5), the occurrence at the first dose in 40%

of patients does exclude the responsibility of specific IgE

to omalizumab, opening the door to speculation about

possible mechanisms [82].

Pure red cell aplasia induced by epoetin (human ery-

thropoietin) seems to be due to a cross-reactivity among

recombinant erythropoietins and the endogenous ery-

thropoietin (Table 6) [100–115]; cross-reactivity among

epoetins is also suggested by the case of Weber et al.
[102], who showed skin reactions at the sites of former

subcutaneous injections following the intravenous

administration of different epoetins.

Regarding alteplase (recombinant tissue-type plasmino-

gen activator), angioedema, urticaria and shock are not

uncommon, but the mechanism seems to be related to

the activation of the complement pathway or the kinins

cascade in most cases (Table 7) [116–123]. It seems to

be a ‘class effect’, as demonstrated by the patient

described by Pechlaner et al. [122], who had the same
right © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited
.
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anaphylactic-like reaction with two nonrelated molecules

– alteplase and urokinase – and negative results on

searching for specific IgE.

Conclusion
The therapeutic use of the new biological response

modifiers, and in particular their adverse effects, offers

an exciting occasion for immunological studies, which

could also lead to a better understanding of how these

molecules actually work in vivo.

There is a need for allergological tests in vivo and in vitro,

performed on more cases. Therefore, collaboration is

required between the disciplines of allergy and clinical

immunology and laboratory immunology, on the one

hand, and rheumatology and gastroenterology on the

other.
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