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monoclonal antibody that acts as a tumour necrosis factor-a inhibitor. Infliximab
is registered for the treatment of rheumatoid arthritis, psoriatic arthritis, Crohn
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during and after infusion. Infusion reactions occur in 3-22% of patients with
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psoriasis treated with infliximab. Most of these reactions are mild or moderate

and only few are severe. Nevertheless, they may lead to discontinuation of treat-

monoclonal antibodics, psoriasis ment. As infliximab for psoriasis is prescribed as a last resort and is in most cases

. . very effective, discontinuation of treatment is undesirable. With proper care
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infliximab can be diminished. The objective of this article is to present a guide-

DOI 10.1111/}.1365-2133.2008.08728.x line for the management of infliximab-related infusion reactions, based on the

best available evidence. This guideline can be used in patients with psoriasis as
well as in dermatology patients receiving infliximab for off-label indications such

as hidradenitis suppurativa or pyoderma gangrenosum.

Infliximab (Remicade®; Schering-Plough, Kenilworth, NJ,
U.S.A.) is a chimeric monoclonal antibody (75% human, 25%
mouse) that acts as a tumour necrosis factor-ot inhibitor. Inf-
liximab is registered for treatment of rheumatoid arthritis
(RA), psoriatic arthritis, Crohn disease, ulcerative colitis, anky-
losing spondylitis and plaque-type psoriasis. In dermatology it
is also used for off-label indications such as hidradenitis sup-
purativa and pyoderma gangrenosum among others.' Inflix-
imab has proven to be very effective in the treatment of
moderate to severe chronic plaque-type psoriasis. In several
randomized controlled trials (RCTs) around 80% of patients
showed an improvement of at least 75% in the Psoriasis Area
and Severity Index (PASI 75) after 10 weeks of treatment, and
more than half of the patients even showed an improvement
of more than 90% (PASI 90).”*

During and after the intravenous administration of inflix-
imab infusion reactions can occur, comparable with what hap-
pens when using other foreign protein-derived treatments.
Infusion reactions during the infusion or in the first 24 h

. 5.6
afterwards are defined as acute reactions.

The majority
occurs during or in the first 2 h after the infusion. Symptoms
include ‘flushing’, chest tightness, dizziness, shortness of
breath, headache, hypo/hypertension, nausea, sweating, rise
in temperature and (other) symptoms of anaphylaxis, like

3,5,7

urticaria and bronchospasms. Delayed reactions are reac-

tions that occur between 24 h and 14 days after an infusion,
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the majority occurring after 5-7 days.5 In most cases sym-
ptoms include arthralgia, myalgia, influenza-like symptoms,
headache, tiredness and ‘rash’ or urticaria.**®

Infusion reactions appear in 3—22% of patients with psoria-
sis who are treated with infliximab;” in placebo arms this is
approximately 0-2%.%* The reactions can be subdivided into
mild, moderate or severe reactions. Most reactions are mild or
moderate and only few are severe.® The severity of infusion
reactions is assigned by the physician based on the patient’s
signs and symptoms; however, they do not always fit neatly
into the definition of mild, moderate or severe reactions.®
Mild reactions can be defined as reactions that are self-limiting
and resolve spontaneously after temporary cessation of the
infusion or reduction of the infusion speed. Moderate reac-
tions are those that require closer attention and an extended
observation period and often discontinuation of the infusion.
Serious reactions involve respiratory symptoms or a symptom-
atic blood pressure drop and need for close monitoring, often
for 24 h and occasionally requiring hospital admission.” A
severe infusion reaction can be anaphylactic or anaphylactoid
and should be treated as such (Fig. 1). In these cases inflix-
imab should be stopped immediately.’

In an RCT with infliximab 1% of patients with psoriasis
developed a severe infusion reaction; similar percentages
are seen in patients who are treated with infliximab for

other indications.* Also the symptoms®* and mechanisms of
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Start of infusion —
24 h after infusion

Signs of an infusion — Slow infusion to 10 mL h™" or stop infusion®
. . N &R
Mild Moderate — Give 0.9% NaCl 500-1000 mL h™" intravenously
rf:ac?loln with Flushin Chest tishtness — Give paracetamol 1000 mg orally
infliximab? Dizzineis Shormefs of breath B Givc'i.m. _chlor_phcniraminc 10 me .

Headache Hypo/hypertension — Monitor vital signs every 5-10 min until normal

Swez.mn.g (change > 20 mmHg in —»| — If infusion was stopped, restart infliximab infusion after 20 min at

Palpitations systolic BP) 10mLh'?

Nausea Rals.ed t.emperature — or if infusion was slowed to 10 mL h", raise the infusion rate to
Palpitations 20 mL b for 15 min®
Urticaria

A4 Flushing — Hereafter raise infusion rate by 20 mL h! every 15 min up to
120 mL h" if tolerated®
Acute
reaction

Alert crash team

Severe

Hypo/hypertension

(change > 40 mmHg in systolic BP)
Raised temperature with rigors
Chest tightness

Shortness of breath with wheezing
(auscultate with stethoscope!)

— Stop the infusion, put bed in Trendelenburg position
— Monitor vital signs every 2 min until normal

If hypotensive (systolic BP < 95 mmHg) or wheezing
—» - give adrenaline first

— Give i.m. chlorpheniramine 10 mg

— Give i.m. adrenaline 0-5 mg (I mg mL")

— Give i.m. prednisolone (DAF) 50 mg (25 mg mL )
— Give oxygen 5 L min~

— Give 0-9% NaCl 100 mL min "' intravenously )
— If shortness of breath spray salbutamol (Ventolin®)

— Give a second-generation antihistamine, e.g. levocetirizine 10 mg |

Stridor
A
Delayed
reaction -
24h - 14 days » Delayed reaction
after infusion
Rash/urticaria
Myalgia

Influenza-like symptoms
Arthralgia and stiffness
Headache

—pl — Give paracetamol 1000 mg |

— Give analgesics at maximum dose, e.g. paracetamol up to 4 x 1000 mg +
diclofenac up to 3 x 50 mg + tramadol up to 4 x 50 mg

Severe arthritis

— If unsatisfactory results add prednisolone 40 mg, which should be gradually
reduced in a few weeks

| Fatigue

—.l — No specific treatment

Fig 1. Flowchart for the management of infliximab infusion reactions. “The infusion rates advised are based on the dose of infliximab (x mg)

being dissolved in 250 mL of 0-9% saline. BP, blood pressure; i.m., intramuscular.

infusion reactions are thought to be comparable for all
patients treated with infliximab, independent of indication for
use. The exact mechanisms of infusion reaction development,
however, are not yet clear, although several factors and possi-
ble mechanisms have been suggested. These include anaphy-
lactic/anaphylactoid reactions, serum sickness-like reactions
and development of IgG antibodies against infliximab. These
factors and mechanisms will be described in more detail.

Factors and mechanisms

Anaphylactic and anaphylactoid reactions

An anaphylactic reaction is defined as an acute systemic reac-
tion caused by the massive release of histamine and other
cytokines from mast cells, mediated by IgE.'® Bronchospasms
and urticaria are typical symptoms of an IgE-mediated anaphy-
lactic reaction, or type I hypersensitivity reaction.® An acute
infusion reaction to infliximab is often accompanied by sym-
ptoms suggestive of an anaphylactic reaction, and several

anaphylactic reactions to infliximab have been described in the

—16

literature. ' However, IgE antibodies were only demon-

strated in one case,'”” and in the other cases proof of IgE
mediation was lacking.

Some authors argue that there are several observations that
indicate that most anaphylactic-like reactions to infliximab are
5.6,18,19 1

First of all,

symptoms of an acute infusion reaction often disappear after

not true type I hypersensitivity reactions.

diminishing the infusion rate, which does not fit with an
IgE-mediated reaction. Secondly, in a cohort of 20 patients,
normal serum tryptase levels were found after an acute anaphy-
lactic-like reaction, which is inconsistent with an IgE-mediated
reaction.® Thirdly, for an anaphylactic reaction previous anti-
gen exposure is needed; acute anaphylactic-like infusion reac-
tions, however, have also been described during first
infusions.®'*>!'® In the cases mentioned, reactions are more
likely to be anaphylactoid than anaphylactic. Anaphylactoid
reactions are acute systemic reactions that cannot be distin-
guished clinically from anaphylactic reactions, but are not
IgE mediated. It is assumed that these reactions are a result
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of direct degranulation and activation of mast cells caused by
the involved drug itself. Similarly to anaphylactic reactions,
reactions are serious

anaphylactoid and potentially life

threatening. '

Serum sickness-like reactions

Serum sickness is a type III hypersensitivity reaction. The
disease is the result of tissue deposition of circulating anti-
gen—antibody complexes. Laboratory evaluation usually dem-
onstrates evidence of inflammation (elevated C-reactive
protein levels), presence of immune complexes (elevated per-
centages on Clq binding assay), and activation of the classical
pathway of complement (reduced C3 and C4 levels).*’

Typical symptoms of serum sickness are rash, fever, and
These

1-2 weeks after first exposure to the agent responsible and

polyarthralgias or polyarthritis. symptoms  begin
resolve within a few weeks after discontinuation. A delayed
infusion reaction to infliximab clinically imitates serum sick-
ness.”>! However, in delayed infusion reactions the character-
istic laboratory findings have not been demonstrated, and
therefore these reactions are mostly called serum sickness-like
reactions. It has been suggested by Cheifetz et al.® that these
are mild type III hypersensitivity reactions in which the limita-

tion in diagnosis might be the laboratory processing.

Antibodies to infliximab

Treatment with infliximab can result in the development of
human antichimeric antibodies, mostly called antibodies
to infliximab (ATI).”> In most patients these antibodies
develop soon after initiation of treatment.”? It has clearly been
shown that the presence of ATI increases the incidence of

. . s 4,5,23-25
infusion reactions.

In a retrospective cohort study from
Baert et al.”® a strong relation between the concentration of
ATI and the incidence of infusion reactions was shown. The
median concentration of ATI was 20-1 pug mL~' when a first
infusion reaction occurred, as compared with 3-2 pg mL™'
among patients without an infusion reaction (P < 0:001).
Concentrations of 8 fig mL™" or higher predicted a high risk
of infusion reactions (P < 0-:001).”* In an observational study
Farrell et al. found a 40% incidence of infusion reactions in
ATI-positive patients compared with 4:7% in ATI-negative
patients (P = 0:0001), including serious infusion reactions
28% vs. 0%, respectively (P = 0-0001).>*

ATI are especially associated with mild to moderate infusion
reactions, not with the severe reactions.?® ATI have been dem-
onstrated in 7-61% of patients with psoriasis, Crohn disease
and RA."'7'® These widely diverging incidences of ATI devel-
opment can be attributed to the varying presence of risk fac-
tors for their development and the many differences between
the study populations concerning, for example, treatment
schedule, dosing and comedication. The separate risk factors
will be discussed further on in this article.

The objective of this article is to present a guideline of
how to diminish the chance of infusion reactions and how

© 2008 The Authors
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to manage these reactions if they do occur. Although available
for several indications, there is no specific guideline for the
treatment of infliximab-related infusion reactions in dermatol-
ogy patients. Such a guideline is important as adequate pre-
vention and management of infusion reactions reduce the
necessity for treatment discontinuation. This is even more rel-
evant when considering the fact that infliximab is usually one
of the last treatment options. We based our guideline on the
best available evidence from a review of the literature con-
cerning infusion reactions in patients with psoriasis and other
diseases such as Crohn disease and RA, as well as our expert
opinion.

Search strategy

Searches in PubMed were conducted using the term ‘inflix-
imab’, separately and combined with ‘infusion reaction’,
‘anaphylaxis’, ‘serum sickness’, ‘antibodies to infliximab’,
‘methotrexate’, ‘corticosteroids’, ‘maintenance’, ‘intermittent’,
‘premedication’, ‘prednisone’ and ‘immunogenicity’. Articles
were selected based upon the relevance of the title and
abstract. Relevant articles were focused on safety, especially
infusion reactions and large RCTs. The levels of evidence
were determined on the ‘Oxford Centre for Evidence-based
Medicine Levels of Evidence’ (May 2001).

Prevention of infusion reactions

Premedication

Premedication is often routinely given before infusions, con-
sisting of paracetamol, antihistamines and/or corticosteroids,
to prevent the occurrence of infusion reactions. However,
solid evidence that prophylactic medication can prevent
infusion reactions is lacking. No RCTs have been conducted
comparing patients treated with and without antihistamines
and/or paracetamol as prophylactic premedication before infu-
sion. One double-blind RCT has been performed compar-
ing the prophylactic administration of betamethasone
(0-15 mg kg™") before infusion with placebo. There was no
significant difference between the groups and the incidence
of infusion reactions was even higher in the betamethasone
group.”” Tn another double-blind RCT patients were premed-
icated with intravenous hydrocortisone or they received a
placebo infusion before the administration of infliximab. The
hydrocortisone group did experience a lower percentage of
infusion reactions (24% vs. 15%) but these results were also
not significant.”* In a prospective open-label trial, some of the
patients were premedicated with an antihistamine at week 6
and 14 and the rest of the patients was not. The incidences of
infusion reactions in the two groups varied only by 0-4%”°
(Table 1). Without evidence of a protective effect of premedi-
cation it is doubtful whether patients should routinely
be given prophylactic premedication. Although low-risk thera-
peutic agents, the risk of potential side-effects cannot be justi-

fied if there is no proven contributive value. The possible
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Table 1 Premedication and the incidence of infusion reactions

% IR, % IR,
Reference Level  Cohort Study type Premedication group A group B P-value
Sany et al.”’ 1B n =355, RA DB PLRCT A. Oral betamethasone 0-15 mg kg™ 16-8 10-2 0-28 (NS)
30 min pre-infusion
B. No premedication
Farrell et d.”* 1B n=80,CD  DBPLRCT A. Hydrocortisone 200 mg i.v. 15 24 0-06 (NS)
immediately prior to infusion
B. No premedication
Wasserman 2B n= 113, RA  Prosp cohort  A. Diphenhydramine 25 mg (95%) 147 14-3
et al.”® or 50 mg (25%) i.v. 30 min pre-infusion

B. No premedication

CD, Crohn disease; DB, double blind; IR, infusion reaction; i.v., intravenous; NS, not significant; PL, placebo controlled; Prosp, prospective;

RA, rheumatoid arthritis; RCT, randomized controlled trial.

prophylactic effect of premedication after a long infliximab-
free interval has not yet been studied.

Infusion schedule

The schedule of infliximab administration has also been
pointed out to have an influence on ATI development and

. . . 56,21
infusion reactions.”"®

It is generally assumed that loading
the infliximab therapy with three infusions at weeks 0, 2 and
6 is less immunogenic than only one starting dose. This
indeed seems to be the case; however, convincing evidence
cannot be found. In a retrospective cohort study with 28 chil-
dren with Crohn disease Candon et dl.'” showed that with a
loading schedule (weeks 0, 2 and 6) ATI were formed in 16%
of these children while 78% of the children who had only
one initial infusion had these antibodies. In an RCT with 53
patients with Crohn disease ATI formation was lower if a
second infusion had been given within 8 weeks of the first
infusion.”® The same conclusion was reached in a retrospect-
ive cohort study regarding a second infusion within 20 weeks
following the first infusion.”'

Also, maintenance treatment (an infusion every 8 weeks)
is generally advised instead of on-demand treatment to pre-
vent ATI formation and infusion reactions. The only com-
parative study on this subject that we found was an RCT
with 835 patients with psoriasis. The patients received
maintenance treatment every 8 weeks or on-demand treat-
ment after a loading scheme (weeks 0, 2 and 6) at two
different dosages (3 or 5 mg kg™'). The percentages of ATI
formation after maintenance or episodic treatment were con-
flicting for the two different dosages. Infusion reactions for
both dosages were seen more in the on-demand groups
compared with the maintenance groups (no significance
given).”® Several dosing schedules were compared in a dou-
ble-blind RCT with 573 patients with Crohn disease who
received a loading dose followed by maintenance treatment
or one initial infusion followed by on-demand treatment
after week 14. The formation of antibodies was significantly
lower in the loading plus maintenance group; however, the

percentages of infusion reactions were the same. These
results may be influenced by the fact that 49% of the
patients of the second group did not receive a second infu-
sion”® (Table 2).

Overall, the formation of ATI indeed seems to be higher
with one initial infusion instead of loading and higher with
on-demand instead of maintenance treatment. Also there is a
trend indicating that more infusion reactions develop without
loading and maintenance treatment, but good comparative
clinical studies are definitely necessary. The dosage of inflix-
imab (3 or 5 mg kg™') does not seem to influence the form-
ation of ATI or the development of infusion reactions®**-*®
(Table 2).

Immunosuppressants

Comedication with immunosuppressants is thought to reduce
the immunogenicity of infliximab. In patients with psoriasis
no studies have been performed combining an immuno-
suppressant with infliximab. However, several studies with
patients with Crohn disease and RA treated with infliximab
and methotrexate, systemic corticosteroids and/or 6-mercap-
topurine/azathioprine have been published. Of these come-
dications, only methotrexate is used also for psoriasis on a
routine basis. ATI formation was significantly lower in patients
comedicated with methotrexate in the prospective cohort
study of Vermeire et al.”” The same trend was shown by
Bendtzen et al.,** but these results were not significant. Kapeta-
novic et al.” retrospectively studied 213 patients with RA and
concluded that treatment with infliximab without methotrex-
ate is an independent risk factor for development of infusion
reactions (odds ratio 3-1, P = 0:002). This conclusion was
confirmed by Vermeire et al.”’ who showed that 16% of
patients with methotrexate developed infusion reactions com-
pared with 40% without methotrexate (significant). Crandall

31
and Mackner

added a time factor to the preventive effect of
immunosuppressants: after more than 4 months of concomi-
tant immunosuppressive therapy the risk of infusion reactions

was lower than before these 4 months.

© 2008 The Authors
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Table 2 Development of antibodies to infliximab (ATI) and infusion reactions with different dosages and infusion schedules

© 2008 The Authors
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Significant reduction of ATI formation was also achieved
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adjustment of the schedule and dosage of infusions can be
considered. These procedures will be described in more
detail.

Premedication

Whether premedication could be more beneficial as secondary
prophylaxis has been studied by Jacobstein et al.*' during inf-
liximab treatment of 243 patients with Crohn disease. In this
group, 28 patients developed an infusion reaction without
premedication; of these, 36% were retreated with premedica-
tion, after which 20% developed a subsequent infusion reac-
tion. No specific drugs and dosages are mentioned, only that
they received antihistamines, antipyretics or corticosteroids.
Forty-three per cent of the 28 patients were retreated without
premedication, and of this group 50% developed a subsequent
infusion reaction. This small group shows a trend towards a
protective effect of premedication after an infusion reaction,
although there was no statistical significance (P = 0-5).*'
Colombel et al.* re-treated 11 patients after an infusion reac-
tion, of whom eight patients developed a subsequent infusion
reaction despite premedication with 6-methylprednisolone,
paracetamol and/or diphenhydramine.

Again, no solid evidence exists showing the prophylactic
effect of premedication. However, it should be considered that
giving premedication before an infusion might temper the
severity of a potential infusion reaction and increase
the chance of the completion of infusion. For instance, a regi-
men involving oral prednisolone 40 mg, an antihistamine and
paracetamol 1000 mg 30 min before infusion is an option as
secondary prophylaxis.

The number needed to treat (NNT) should be evaluated
and could be favourable in case of reinfusion after an acute
infusion reaction, considering the high incidence of sub-
sequent reactions. If the NNT is calculated based on the study
performed by Jacobstein et al.,*' 33 patients should be pre-
medicated after an infusion reaction to prevent one sub-
sequent infusion reaction. However, this study population is
too small to result in a valid NNT.

As discussed in the ‘prevention of infusion reactions’ sec-
tion, although low-risk therapeutic agents, the risk of potential
side-effects should be evaluated and weighed against the add-
itional value of the routine premedication.

Dosage

After an acute infusion reaction has occurred and the patient
is to be re-treated, the next infusion should be started cau-
tiously at a test dosage of 10 mLh™' (100 mg mL™") and
then slowly raised to a maximum of 125 mL h™".> In case of
a delayed infusion reaction Cheifetz and Mayer® describe the
tactic of increasing the dosage of infliximab to decrease
the chance of a subsequent delayed infusion reaction. As pre-
viously stated, this reaction is probably caused by soluble anti-
gen/antibody complexes. By increasing the dosage an antigen
overload is created and the formation of soluble complexes

decreases. The same effect can be accomplished by reducing
the interval between the infusions.® A disadvantage of this
strategy is the extra costs involved.

Desensitization

If continuation with infliximab after a severe infusion reaction
is necessary, desensitization can be considered. Desensitization
is a potentially dangerous procedure, which should be carried
out only when treatment alternatives are absent. Patients with
Crohn disease have successfully been desensitized for inflix-
imab. In these cases special protocols were followed every
time an infusion was given. The quantity of infliximab was

. . . . S 10,18,43
divided and administered in decreasing dilutions ™ ™

(see
the referred articles for exact procedures). Desensitization pro-
cedures should be carried out with the usual safety measures
and performed by an experienced supervising physician with

emergency equipment nearby.

Switching

If the decision is made to stop infliximab infusions despite all
efforts to avoid infusion reactions, other biologics can be
excellent alternatives, if infliximab was not already the last
choice. For instance, switching from infliximab to ada-
limumab without complication has been described after the

. . L 16,44
occurrence of an infusion reaction.

The choice of a partic-
ular biologic, and what the interval should be, is dependent

on the individual situation.

Conclusions

Although infusion reactions are in most cases not clinically
severe, they can be a reason to stop infliximab treatment. Inf-
liximab, however, is an effective therapy which is often
started when only few alternatives are left. The therapy is usu-
ally chosen after a broad range of topical and other systemic
therapeutic agents has been tried, which turned out to be
unsatisfactory or to cause serious side-effects. Keeping this
in mind, treatment discontinuation should be prevented if
possible. We hope this guide can offer assistance in situations
where discontinuation of infliximab treatment is undesirable
and infusion reactions can be prevented or managed with
relatively simple procedures.
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