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Abstract

In the last decade, there have been substantial advances in the treatment of
rheumatoid arthritis with the addition of several new disease-modifying agents
to the therapeutic armamentarium. Biological agents targeting tumour necrosis
factor (TNF) represent one such important addition. Infliximab, a chimeric anti-
TNF monoclonal antibody, has shown remarkable promise in alleviating the signs
and symptoms of rheumatoid arthritis in addition to retarding radiographic dis-
ease progression when used in combination with methotrexate. In its pivotal
phase III trial, the addition of infliximab to patients with methotrexate-refractory
disease was associated with substantial clinical benefit. Using American College
of Rheumatology criteria for improvement, one-half of patients receiving in-
fliximab (3 mg/kg every 8 weeks) plus methotrexate showed at least 20% im-
provement compared with only 20% of those receiving placebo plus methotrexate
(p < 0.001) with over one-half of eventual responders obtaining criteria for im-
provement by the second week of observation. Although its use has been met
with much deserved enthusiasm, recent reports have highlighted several potential
serious adverse effects associated with infliximab (and other TNF antagonists),
including infusion reactions, congestive heart failure, drug-induced lupus, and
CNS demyelination. In addition, recent reports have cited the potential for reac-
tivation of mycobacterial and fungal infection in patients receiving infliximab,
mandating appropriate tuberculosis screening prior to drug initiation. Although
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the frequency of serious drug-related toxicity (requiring discontinuation of the
agent) appears to be quite low, these reports underscore the need for caution and
close surveillance with the administration of TNF inhibitors, particularly given
that strategies aimed at preventing toxicity remain unproven. Despite its potential
for toxicity, infliximab remains a valuable alternative for patients with rheuma-

toid arthritis.

Rheumatoid arthritis (RA) affects approxi-
mately 0.5 to 1% of the population worldwide, ex-
acting enormous societal costs through work-
related disability and accelerated mortality. Over
the last decade, there have been tremendous gains
in our understanding of rheumatoid arthritis patho-
biology, most notably the central role played by
tumour necrosis factor (TNF)-ot in the propagation
of the synovial proliferation and inflammation that
characterise the disease. In histological specimens,
TNFa can be found in abundance at the pannus-
cartilage junction,!!! the pathological hallmark of
rheumatoid arthritis. Additionally, rheumatoid ar-
thritis patients have significantly higher synovial
fluid TNFa levels compared with otherwise
healthy controls.[?

A pro-inflammatory cytokine, TNFa is expressed
on the cell surface of synovial macrophages where
it is cleaved by TNFa-converting enzyme to form
a soluble inflammatory signal. Soluble TNFa. then
binds to its cell surface receptors (p55 or p75 sub-
types), an interaction that leads to a host of cellular
immune responses including the induction of pro-
grammed cell death (apoptosis), the release of
other pro-inflammatory cytokines (interleukin
[IL]-6, IL-8, and IL-1B), the secretion of matrix
metalloproteinases (MMPs) and the increased ex-
pression of endothelial adhesion molecules. IL-1J,
MMPs, and endothelial adhesion molecules have all
at one time or another been implicated in the patho-
genesis of rheumatoid arthritis, suggesting that
TNFo (acting as an upstream regulator of these
molecules) represents an ideal target for therapeu-
tic intervention.t

Data from clinical trials involving TNFa inhib-
itors perhaps provide the most compelling evi-
dence to support the pivotal role of TNFo in rheu-
matoid arthritis pathogenesis. In the last 3 years,
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the US FDA and the European Union’s (EU)
Commission of the European Communities have
approved two biological agents, etanercept and in-
fliximab, that specifically target TNFot in the treat-
ment of rheumatoid arthritis. As of March 2001,
approximately 147 000 patients worldwide have
been given infliximab including 45 000 rheuma-
toid arthritis patients in the US.[* This review eval-
uates the therapeutic use of infliximab in rheuma-
toid arthritis, summarising efficacy and safety data
from several clinical trials in addition to more re-
cent observations arising from postmarketing sur-
veillance.

1. Pharmacology, Administration and
Monitoring Schedule

Infliximab, a chimeric monoclonal antibody
composed of human constant and murine (mouse)
variable regions (see figure 1), binds soluble TNFo
rendering the molecule biologically inactive. Ini-
tially approved for use in refractory Crohn’s dis-
ease, infliximab is approved for the treatment of
rheumatoid arthritis in combination with low-dose,

Fig. 1. Infliximab is an immunoglobulin G chimeric monoclonal
antibody composed of a human constant region (grey) and
murine (mouse) variable region (black).
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Table I. Adverse effects associated with infliximab use in the treatment of rheumatoid arthritis: estimated frequency of occurrence and potential

preventative measures

Adverse effect Approximate frequency

Potential preventative measures

References

Infusion reaction Mild to moderate (6—17%)

Severe (<1-4%)

Reduce infusion rate 7-9
Premedication (paracetamol [acetaminophen],

antihistamines)
Careful monitoring during and immediately following
infusions

Congestive heart Not well defined

failure

Avoid use in patients with known congestive 10
heart failure

Discontinue in patients developing signs or symptoms
of congestive heart failure

Reduce dose of concomitant nonsteroidal
anti-inflammatory drugs/glucocorticoids

Infection Upper respiratory infection (10-40%)
Requiring antimicrobial therapy
(30-50%)

Tuberculosis (24.4 per

100 000 person-years)

Avoid use with active infection
Use with caution in high-risk patients (i.e. patients
with diabetes mellitus)

Tuberculosis skin testing and chest x-ray prior to
initiating therapy

4,11-13

Antimicrobial prophylaxis for latent tuberculosis infection
Hold in perioperative period

Reduce dose of infliximab and/or concomitant
immunosuppressives

Drug-induced lupus Rare (<1%)

Avoid use in patients with features of systemic lupus 11,14

erythematosus

Discontinue in patient developing signs and symptoms
of lupus

Malignancy Not well defined

Use with caution in patients with malignancy history 11-13

Avoid use with concurrent malignancy

CNS demyelination Rare (approximates 4 per

100 000 person-years)

Avoid use in patients with multiple sclerosis

13,15,16

weekly methotrexate. Infliximab is administered
intravenously (initial recommended dose of 3 mg/
kg) with repeated administration after 2 and 6
weeks and then every 8 weeks thereafter. The drug
is administered in either the inpatient or office set-
ting over a period of 2 hours. Distributed primarily
within the intravascular compartment, serial ad-
ministration does not result in drug accumulation.
The terminal half-life of infliximab has been esti-
mated to be between 8 and 9.5 days.!%]

In contrast to traditional disease-modifying
anti-rheumatic drugs (DMARDS),[! there are no
widely accepted guidelines for toxicity monitoring
with infliximab. However, concomitant metho-
trexate administration (and other agents including
glucocorticoids and nonsteroidal anti-inflamma-
tory drugs) requires careful serial monitoring to
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avoid potential serious drug-related toxicities.[®!
Potential adverse effects associated with inflix-
imab use and strategies aimed at preventing these
toxicities are summarised in table I.

2. Clinical Efficacy

Elliott et al.l'7l reported on the first use of a
biological agent, infliximab, in the treatment of
rheumatoid arthritis. Although primarily designed
to assess issues of tolerability and safety, this ini-
tial phase I investigation provided an early glimpse
of the enormous therapeutic promise of TNFa in-
hibition. Rheumatoid arthritis patients studied (n =
20) had long-standing (median duration 10.5
years), treatment refractory disease having re-
ceived a median of four DMARD:s prior to enrol-
ment (range 2—7). Study subjects were given a total

Drug Safety 2003; 26 (1)
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infliximab dose of 20 mg/kg, administered intrave-
nously over the course of 12—14 days (15 patients
were given 5 mg/kg on days 0, 4, 8, and 12 and 5
patients were given two infusions of 10 mg/kg on
days 0 and 14).

All clinical parameters measured in the study
showed significant improvement. The duration of
morning stiffness decreased by several-fold, from
amedian baseline value of 3 hours to just 5 minutes
by week 6 (p < 0.001). In the same time period,
pain scores improved from a median of 7.1 to 1.9
(p < 0.001) and median swollen joint counts de-
clined from 18 to 5 (p < 0.001). Functional disa-
bility, measured with a modified version of the
Health Assessment Questionnaire,!'8! improved
from a median baseline value of 2 to 1.1 (p < 0.002).
Moreover, there was a striking decline in acute phase
reactants, particularly with C-reactive protein levels,
which fell from a median of 39.5 mg/dl at week O
to 8 mg/dl by week 6 of follow-up (p < 0.001).

In a follow-up study, eight patients from the ini-
tial open-label investigation were given up to four
repeated infliximab doses (an initial dose of 20 mg/
kg followed by 10 mg/kg on subsequent cycles).[!°]
Treatment intervals varied based on objective evi-
dence of disease flare. Although repeated drug in-
fusions were generally effective in ameliorating
the signs and symptoms of rheumatoid arthritis, the
elapsed time between treatments became gradually
shorter with more extended follow-up. Four of the

eight patients developed human antichimeric anti-
bodies (HACAs) to infliximab, suggesting that
drug-related antigenicity may limit long-term use.

Similar to the results of the initial open-label
study, the first placebo-controlled study of in-
fliximab in rheumatoid arthritis underscored the
therapeutic potential of TNFo, inhibition[??] (table
II). In this study, patients with refractory disease
were given a single infliximab infusion (1 mg/kg
or 10 mg/kg) or placebo. After 4 weeks of follow-
up, 79% of patients in the 10 mg/kg group showed
at least 20% improvement as measured by Paulus
criterial?!l compared with only 8% receiving pla-
cebo (p < 0.0001).

In addition to addressing issues of efficacy and
safety, subsequent phase II and III clinical trials
were designed to examine the durability of the clin-
ical response with repeated infliximab administra-
tion (table II). In the first such study, patients with
methotrexate-refractory disease were given serial
infusions of infliximab (1, 3, or 10 mg/kg at weeks
0, 2, 6, 10, and 14) with or without concomitant low-
dose methotrexate (7.5 mg/week) or intravenous
placebo infusions plus methotrexate.[”] Consistent
with prior results, infliximab was associated with
significant clinical improvement compared with
placebo. Approximately 60% of patients receiving
infliximab experienced at least 20% improvement
using Paulus criteria compared with only 15% of
those receiving placebo plus methotrexate (p <

Table Il. Placebo-controlled trials of infliximab in the treatment of rheumatoid arthritis (RA)

Trial Study No. Active treatment Control Clinical response: Clinical response:
duration enrolled treatment Paulus criteria for ACR criteria for
(weeks) 20% improvement 20% improvement
active control active control
(% pts) (% pts) (% pts) (% pts)
Phase Il 4 73 10 mg/kg IV, single infusion  Placebo 79 8
(Elliott et al.2%)
Phase Il 26 101 3 and 10 mg/kg IV at weeks  Placebo? 60 15
(Maini et al.”l) 0,2, 6,10, and 14 wks
Phase Ib 12 28 5, 10, 20 mg/kg IV, single Placebo? 81 14
(Kavanaugh infusion
et al.l??)
Phase Il 30 428 3 mg/kg IV every 8 wks Placebo? 50 20
(Maini et al.l')

a All patients (placebo and infliximab groups) given concomitant weekly methotrexate.

ACR = American College of Rheumatology; IV = intravenous.
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0.001). Moreover, the coadministration of metho-
trexate with low-dose infliximab (1 mg/kg) was
associated with a substantial increase in both the
magnitude and duration of clinical response.

In a 12-week trial, patients (n = 28) with treat-
ment refractory rheumatoid arthritis were ran-
domised to receive a single infusion of infliximab
(5, 10, or 20 mg/kg) or placebo in addition to
weekly methotrexate (table II).[22! Patients given
infliximab were substantially more likely than
those receiving placebo to obtain at least 20% im-
provement as measured using the American Col-
lege of Rheumatology (ACR)[?3! criteria for im-
provement at some point during follow-up (81 vs
14%, p = 0.003). Clinical improvement was noted
to be evident in the infliximab-treated patients dur-
ing the first week of follow-up. In an open-label
extension of the trial, patients were given repeated
infliximab infusions (10 mg/kg) at weeks 12, 20,
and 28; of 19 patients who received active therapy
in the blinded portion of the trial, 53% maintained
at least 20% improvement through 40 weeks of
follow-up.

In the more recent pivotal, phase III Anti-Tumor
Necrosis Factor Trial in Rheumatoid Arthritis
with Concomitant Therapy (ATTRACT) trial, 428
rheumatoid arthritis patients with methotrexate-
refractory disease were given infliximab (3 or 10
mg/kg) or placebo every 4 to 8 weeks in addition
to stable dose methotrexate (median dose 15 mg/
week).l'!l Using ACR criteria for improvement
one-half of patients receiving infliximab plus
methotrexate (3 mg/kg every 8 weeks) showed at
least 20% improvement compared with only 20%
of those receiving placebo plus methotrexate (p <
0.001). In contrast to experience with standard
DMARRD:s, the clinical response observed with in-
fliximab was rapid, with over one-half of eventual
responders obtaining criteria for improvement by
the second week of observation.

In a separate report from the ATTRACT study
group, investigators examined the impact of in-
fliximab plus methotrexate (vs placebo plus meth-
otrexate) on radiological outcomes over a 1-year
period of follow-up.l'?) While radiographic dis-
ease progression was observed in those given

© Adis Infernational Limited. All rights reserved.

methotrexate alone, patients receiving additional
infliximab showed no evidence of disease progres-
sion. For the first time, a DMARD (or DMARD
combination in this case) arrested the rheumatoid
arthritis erosive process, an effect that appeared to
be independent of other measures of clinical re-
sponse. Importantly, this phase III investigation
showed no evidence of a ‘tapering’ response with
repeat infliximab infusions after 12 months of ther-
apy. However, the issue of drug antigenicity was
not fully addressed in this trial because the pres-
ence of infliximab in serum samples limited the
ability to measure HACAs. Of the 60 patients who
withdrew prior to the study’s termination, five pa-
tients (8%) developed HACAs, all at low titre.
Given the small number of patients in whom
HACASs were ascertained, it is unclear whether the
development of antibodies against infliximab was
associated with a reduced clinical response to the
drug.

3. Adverse Effects: Incidence,
Risk Factors, and Prevention

3.1 Infusion Reactions

Mild to moderate infusion reactions (such as
urticaria, pruritus, flushing, and chills) may occur
with infliximab administration with an observed
cumulative risk as high as 6!7! to 17%.8! Although
severe reactions (including both delayed and im-
mediate hypersensitivity reactions) have been re-
ported,[?*23] such reactions are a relatively rare
complication of infliximab administration and are
an uncommon cause of treatment discontinuation
in published trials. Of the 342 rheumatoid arthritis
patients randomised to receive infliximab (plus
methotrexate) in the ATTRACT trial, none had
serious infusion reactions. In contrast to the
ATTRACT results, the frequency of serious infu-
sion reactions associated with infliximab use has
been reported to be as high as 4% among a com-
munity-based cohort of rheumatoid arthritis pa-
tients.[”) The pathogenesis of infliximab-related
infusion reactions has not been precisely defined.
Moreover, the effectiveness of potential interven-
tions (including pretreatment with histamine-

Drug Safety 2003; 26 (1)
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blocking agents and/or paracetamol [acetamino-
phen] or slowing the drug infusion rate) remains
unproven.

3.2 Infection

In the multicentre ATTRACT trial,['112] the
number of patients with infections requiring anti-
microbial administration were reported to be sim-
ilar for those who received methotrexate alone
(35%) and for those receiving the combination of
infliximab plus methotrexate (44%). Rates of seri-
ous infection were also similar in the two treatment
groups (8 vs 6%, respectively). Although not reach-
ing statistical significance, patients receiving in-
fliximab had slightly higher rates of upper respira-
tory infection (34 vs 22%), sinusitis (17 vs 6%),
and pharyngitis (11 vs 6%).

It is notable that there were two infection-
related deaths in the ATTRACT trial, one from
disseminated coccideomycosis and one from tuber-
culosis. Recently published results from post-
marketing surveillance have also suggested a po-
tential association between infliximab therapy and
the incidence of opportunistic infections, particu-
larly those arising from the reactivation of Myco-
bacterium tuberculosis.1*1 Results from in vitro and
animal studies suggest that TNFo may play an im-
portant role in localising infection and thus pre-
venting reactivation of tuberculosis.?0-281 As of
March 2001, passive surveillance data from the US
FDA revealed 70 cases of tuberculosis associated
with infliximab use, two-thirds of which received
the agent for the treatment of rheumatoid arthri-
tis.[l Of note, there appeared to be a temporal re-
lationship between the time of drug initiation
and the development of infection with a median
elapsed time between first dose and tuberculosis
diagnosis of 12 weeks (range 1 to 52 weeks).
Alarmingly, over one-half of cases showed evi-
dence of extrapulmonary involvement and one-
fourth had disseminated disease at the time of di-
agnosis.

Results from passive surveillance suggest that
infliximab use is associated with an approximate
4-fold increase in tuberculosis incidence among
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rheumatoid arthritis patients compared with sim-
ilar patients not receiving infliximab (24.4 vs 6.2
cases per 100 000, respectively).¥! However, given
the number of potential confounding variables, es-
tablishing a causal association between infliximab
use and increased tuberculosis risk in rheumatoid
arthritis remains difficult. A significant proportion
of these patients (almost 80%) were receiving con-
comitant immunosuppressive agents including
glucocorticoids, methotrexate, and/or azathioprine.
Despite the imprecision of risk assignment, post-
marketing observations have led the manufacturer
to place a boxed warning on the packaging insert
for the drug, identifying the need to evaluate for
and treat latent tuberculosis infections prior to ini-
tiating infliximab.

In addition to infections secondary to M. tuber-
culosis and coccideomycosis, there have been re-
ports of infliximab-associated histoplasmosis, lis-
teriosis, and Pneumocystis carinii pneumonia.[!3-2%]
Given the role that TNFo plays in keeping infec-
tion localised, time is of the essence. It is essential
that TNFo inhibitors are discontinued at the first
sign of infection and only restarted after complete
resolution of the superimposed infection. To that
end, both physicians and patients alike should be
acutely aware of the risk of serious infection with
infliximab. TNFa inhibitors should not be used in
rheumatoid arthritis patients with ongoing active
infection and should be used with caution in those
at high risk for infection (i.e. patients with diabetes
mellitus, splenectomised patients). In addition to
close surveillance and patient education, we advo-
cate the routine use of age-appropriate preventive
healthcare that includes pneumococcal and influ-
enza vaccinations.

3.3 Demyelinating Disease

In contrast to data from animal studies that sug-
gested a beneficial effect of TNFo inhibition in the
treatment of disorders characterised by CNS demy-
elination,[3%-3!1] human studies have shown a dele-
terious effect of anti-TNFo therapy. In a study in-
volving two patients with rapidly progressive
multiple sclerosis, infliximab therapy was associ-

Drug Safety 2003; 26 (1)
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ated with an increase in the number of gadolinium-
enhancing lesions observed on magnetic reso-
nance imaging (MRI).32! Although investigators
observed no deterioration in the patients’ overall
clinical status, they did note significant increases
in cerebrospinal fluid (CSF) immunoglobulin (Ig)
G index and CSF lymphocyte counts following
each drug infusion. In a randomised, double-blind
study, patients with multiple sclerosis given lener-
cept (a soluble pS5 TNF-receptor-Ig fusion protein)
were significantly more likely to experience disease
exacerbations than patients with multiple sclero-
sis given placebo.l33!

Results of passive surveillance from the US
FDA’s Adverse Events Reporting System suggest
that in addition to exacerbating the signs and
symptoms of pre-existing multiple sclerosis anti-
TNFa therapy may actually be associated with
multiple sclerosis incidence. In December of 2001,
Mohan and colleagues!'> reported the occurrence
of 19 cases of suggestive CNS demyelination in
the setting of TNFo inhibition (17 following
etanercept therapy; two following infliximab infu-
sions). As with infection risk, the investigators site
a temporal relationship between the initiation of
therapy and the onset of neurological symptoms
(mean 5 months; range 1 week to 15 months). Drug
discontinuation led to improvement or resolution
of neurological signs and symptoms in all cases. In
one case, re-exposure to etanercept led to worsen-
ing status on MRI examination. Although a major-
ity represented incident cases, 4 of the 19 patients
had previous diagnoses of either multiple sclerosis
or other multiple sclerosis-related conditions and
experienced flares of their previous symptoms.

As with tuberculosis risk, investigators are lim-
ited in their ability to conclude a causal association
between anti-TNFo. therapy and CNS demyelin-
ation. The incidence of neurological events in pa-
tients receiving anti-TNFo agents does not appear
to be higher than the background incidence of
multiple sclerosis in the general population.[!3]
Clearly, the precise role that TNFo plays in medi-
ating CNS demyelination remains incompletely
defined and further investigation in this area is
warranted.!'®! In the meantime, healthcare pro-
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viders should not use TNFa inhibitors in patients
with known multiple sclerosis or multiple sclerosis-
related conditions. Additionally, an appropriate
diagnostic evaluation should be undertaken for pa-
tients developing neurological symptoms and/or
signs suggestive of CNS demyelination in the con-
text of anti-TNF therapy.[13]

3.4 Congestive Heart Failure

Results from experimental studies have sug-
gested that TNFo may play an important role in
the pathogenesis of congestive heart failure
(CHF).134.35] While results of initial randomised,
double-blind studies suggested that etanercept
may be beneficial in CHF treatment,3%37] sub-
sequent phase III studies of the drug were halted
when it appeared that statistical significance for
primary efficacy outcomes would not be
reached.[38! Clinical studies of infliximab in CHF
have been similarly disappointing. In October of
2001, the manufacturers of infliximab released a
warning regarding the use of this drug in the setting
of CHF.!'% In an ongoing phase 1I study, patients
with moderate to severe CHF experienced higher
mortality and hospitalisation rates; 7 of 101 pa-
tients treated with infliximab died compared with
no deaths among the 49 patients with CHF given
placebo. As a result, the manufacturer has cau-
tioned that healthcare providers should avoid ini-
tiating infliximab in patients with CHF; that treat-
ment should be discontinued in patients with
worsening signs or symptoms of CHF; and that
infliximab discontinuation should be considered in
patients with stable, concomitant CHF (particu-
larly for those who have not had a significant clin-
ical response to the drug).

3.5 Autoimmunity

Autoantibody formation to double-stranded
DNA (dsDNA) has been well described in associ-
ation with infliximab administration.['!-14] In the
phase III ATTRACT trial, 16% of infliximab-
treated patients developed anti-dsDNA antibodies
compared with none in the placebo-treated
group.[!!l Charles et al.['4l recently pooled data
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from a single open-label trial and two randomised
trials involving a total of 153 rheumatoid arthritis
patients treated with infliximab. The incidence of
anti-dsDNA antibody development was dependent
on the measurement technique employed and varied
from as low as 7% to as high as 14%. In the same
report, the incidence of antinuclear antibody for-
mation in the infliximab-treated patients increased
from 29% prior to treatment to 53% following
treatment.

Although autoantibody production appears to
be a relatively frequent phenomenon in the setting
of infliximab therapy, drug-induced lupus appears
to be substantially less common, occurring in less
than 1% of those studied. In the ATTRACT trial
(which involved >300 infliximab-treated rheuma-
toid arthritis patients), one patient developed drug-
induced lupus in the absence of autoantibody pro-
duction.['!] The patient’s symptoms resolved with
the cessation of infliximab. Similarly, Charles et
al.l] reported a single case of drug-induced lupus
associated with infliximab therapy in rheumatoid
arthritis. The patient’s symptoms and anti-dsDNA
antibodies resolved within 8 weeks of infliximab
discontinuation and the initiation of glucocorticoid
therapy. Given these reports, it is our practice to
avoid the use of TNFa-antagonists in arthritis pa-
tients with clinical features suggestive of systemic
lupus erythematosus. For patients developing signs
and symptoms of lupus while receiving infliximab
treatment, infliximab therapy should be held and a
thorough evaluation (including the measurement
of anti-dsDNA antibodies) should be undertaken.

3.6 Malignancy

There has been significant speculation regard-
ing the potential impact of TNF antagonism on
malignancy risk. In the ATTRACT trial, five in-
fliximab-treated patients developed a malignancy
(two were recurrences and three were newly diag-
nosed).[!12] Malignancies diagnosed during the
study included basal cell carcinoma (n = 1), rectal
carcinoma (1), recurrent breast cancer (n = 1),
squamous cell carcinoma and melanoma (1), and
B-cell lymphoma (1). Notably, all five patients

© Adis Infernational Limited. All rights reserved.

developing malignancy were receiving high dose
infliximab (10 mg/kg).

Ten cases of lymphoma involving infliximab-
treated patients were reported to the US FDA be-
tween March of 1999 and December of 2000;!13!
six of these patients were being treated for active
Crohn’s disease. Based on these data, the lympho-
ma incidence rate for patients receiving anti-
TNFo agents approximates that of the general
population.['31 However, these data must be inter-
preted with caution given the limitations of passive
surveillance, particularly in regards to problems of
under-reporting.[13]

As with other potential adverse effects, estab-
lishing a causal association between TNFa antag-
onism and the occurrence of malignancy is diffi-
cult. Rheumatoid arthritis patients have been
estimated to have a 2- to 20-fold increase in risk of
non-Hodgkin’s lymphoma in the absence of anti-
TNFo. therapy.39] Additionally, patients taking in-
fliximab are frequently given concomitant immu-
nosuppressive agents (i.e. methotrexate) that have
been independently implicated in lymphoma inci-
dence and, thus, may confound any potential asso-
ciation between TNFa inhibition and malignancy
risk. Continued follow-up of infliximab-treated
rheumatoid arthritis patients will be needed to
more clearly define the malignancy risk associated
with its long-term use. Until such time, it seems
prudent to use anti-TNFa agents with caution in
patients with a history of malignancy, particularly
lymphoproliferative malignancy. The onset of new
constitutional symptoms or those out of proportion
to disease activity (e.g. fevers, chills, night sweats,
anorexia) in the absence of infection or significant
rheumatoid arthritis disease flare should raise sus-
picion for the existence of a neoplasm and prompt
an appropriate diagnostic evaluation.

4. Conclusion

The availability of anti-TNFo agents, including
infliximab, has dramatically changed the treatment
landscape in rheumatoid arthritis. With the addi-
tion of biologicals to the rheumatoid arthritis arma-
mentarium, the major task facing physicians is
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finding ways to accurately predict response and/or
toxicity to these agents as well as that to other
standard DMARDs and DMARD combinations.
The unique mechanism of action of infliximab
makes it a potentially attractive agent in combina-
tion regimens. Additionally, its rapid onset of ac-
tion may make it an ideal ‘induction’ therapy.!40]
Trials comparing infliximab-methotrexate with
other DMARD combinations and trials assessing
the use of TNFo inhibitors as induction therapies
would be of great interest.

As the rheumatology community awaits the re-
sults of such trials, healthcare providers must con-
tinue to exercise caution with the use of these
agents. A growing awareness of potentially life-
threatening complications of infliximab adminis-
tration mandates that both patients and physicians
prescribing these agents are aware of these risks.
Other than judicious patient selection, strategies
aimed at preventing infliximab-associated toxicity
(table I) remain untested and require investigation
in a randomised prospective fashion. With an im-
proved understanding of how to optimise TNFa
antagonism for the individual patient, infliximab
and other TNFa. inhibitors are likely to become
increasingly important in the effective manage-
ment of rheumatoid arthritis.

Acknowledgements

Dr Mikuls has no conflicts of interest to report. Dr
Moreland is the Director of a large academic Arthritis Clin-
ical Intervention Programme. He has received grant support
or served as a consultant for the biotechnology and/or phar-
maceutical companies that develop and/or market tumour
necrosis factor inhibitors. These include: Centocor, Im-
munex, Amgen, Wyeth, Pharmacia, Knoll, Abbott, and
Johnson and Johnson. Dr Moreland also received grant sup-
port and has been a consultant for other companies that are
developing antirheumatic medications.

References

1. Chu C, Field M, Feldmann M, et al. Localization of tumor
necrosis factor alpha in synovial tissues and at the cartilage-
pannus junction in patients with rheumatoid arthritis. Arthri-
tis Rheum 1991; 34: 1125-32

2. Saxne T, Palladino M, Heinegard D, et al. Detection of tumor
necrosis factor alpha but not tumor necrosis factor beta in
rheumatoid arthritis synovial fluid and serum. Arthritis
Rheum 1988 Aug; 31 (8): 1041-5

© Adis Infernational Limited. All rights reserved.

10.

12.

14.

15.

17.

19.

20.

21.

. Moreland L, Koopman W. Biological agents as potential ther-

apies for autoimmune diseases. In: Koopman W, editor. Ar-
thritis and allied conditions. 13th ed. Vol. 1. Baltimore:
Williams and Wilkins, 1997: 777-809

. Keane J, Gershon S, Wise R, et al. Tuberculosis associated with

infliximab, a tumor necrosis factor a-neutralizing agent. N
Engl J Med 2001; 345: 1098-104

. Schwab M, Klotz U. Pharmacokinetic considerations in the

treatment of inflammatory bowel disease. Clin Pharma-
cokinet 2001; 40 (10): 723-51

. American College of Rheumatology Ad Hoc Committee on

Clinical Guidelines. Guidelines for monitoring drug therapy
in theumatoid arthritis. Arthritis Rheum 1996; 39: 723-31

. Maini R, Breedveld F, Kalden J, et al. Therapeutic efficacy of

multiple intravenous infusions of anti-tumor necrosis factor
monoclonal antibody combined with low-dose weekly meth-
otrexate in rheumatoid arthritis. Arthritis Rheum 1998; 41:
1552-63

. Schaible T. Treatment of inflammatory diseases: safety of long-

term use of infliximab. Presse Med 2001; 30: 610-3

. Warner A, Huston K, Scott T, et al. Community experience with

infliximab infusion reactions [abstract]. Arthritis Rheum
2001; 44 (9): S181

Centocor Inc. Dear healthcare professional [letter]. 2001 Oct 18
[online]. Available from URL: http://www.fda/gov/medwatch/
safety/2001/remicade_deardoc.pdf [Accessed 2002 Nov 8]

. Maini R, St Clair E, Breedveld F, et al. Infliximab (chimeric

anti-tumour necrosis factor oo monoclonal antibody) versus
placebo in rheumatoid arthritis patients receiving concomi-
tant methotrexate: a randomised phase III trial. Lancet 1999;
354:1932-9

Lipsky P, van der Heijde D, St Clair E, et al. Infliximab and
methotrexate in the treatment of rheumatoid arthritis. N Engl
J Med 2000; 343: 1594-602

. US Food and Drug Administration. Safety update on TNF-o

antagonists: infliximab and etanercept. Washington, DC; US
Food and Drug Administration, 2002

Charles P, Smeenk R, DeJong J, et al. Assessment of antibodies
to double-stranded DNA induced in rheumatoid arthritis pa-
tients following treatment with infliximab, a monoclonal an-
tibody to tumor necrosis factor o.. Arthritis Rheum 2000; 43:
2383-90

Mohan N, Edwards E, Cupps T, et al. Demyelination occurring
during anti-tumor necrosis factor o therapy for inflammatory
arthritides. Arthritis Rheum 2001; 44: 2862-9

. Robinson W, Genovese M, Moreland L. Demyelinating and

neurologic events reported in association with tumor necrosis
factor o antagonism. Arthritis Rheum 2001; 44: 1977-83

Elliott M, Maini R, Feldmann M, et al. Treatment of rheumatoid
arthritis with chimeric monoclonal antibodies to tumor necro-
sis factor a.. Arthritis Rheum 1993; 36: 1681-90

. Fries J, Spitz P, Kraines R, et al. Measurement of patient out-

come in arthritis. Arthritis Rheum 1980; 23: 137-45

Elliott M, Maini R, Feldmann M, et al. Repeated therapy with
monoclonal antibody to tumour necrosis factor alpha (cA2)
in patients with rheumatoid arthritis. Lancet 1994; 344: 1125-7

Elliott M, Maini R, Feldmann M, et al. Randomised double-
blind comparison of chimeric monoclonal antibody to tumour
necrosis factor o (cA2) versus placebo in rheumatoid arthri-
tis. Lancet 1994; 344: 1105-10

Paulus HE, Egger MJ, Ward JR, et al. Analysis of improvement
in individual rheumatoid arthritis patients treated with disease-
modifying antirheumatic drugs, based on the findings in pa-

Drug Safety 2003; 26 (1)



32

Mikuls & Moreland

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

tientstreatedwithplacebo.ArthritisRheum1990;33:477-84

Kavanaugh A, St Clair E, McCune W, et al. Chimeric anti-
tumor necrosis factor-alpha monoclonal antibody treatment
of patients with rheumatoid arthritis receiving methotrexate
therapy. J Rheumatol 2000; 27: 841-50

Felson D, Anderson J, Boers M, et al. The American College of
Rheumatology preliminary core set of disease activity meas-
ures for rheumatoid arthritis clinical trials. Arthritis Rheum
1993; 36: 729-40

Puchner T, Kugathasan S, Kelly K, et al. Successful desensiti-
zation and therapeutic use of infliximab in adult and pediatric
Crohn’s disease patients with prior anaphylactic reactions.
Inflamm Bowel Dis 2001; 7: 34-7

Soykan I, Ertan C, Ozden A. Severe anaphylactic reaction to
infliximab: report of a case. Am J Gastroenterol 2000; 95:
2395-6

Senaldi G, Yin S. Corynebacterium parvum- and Mycobacte-
rium bovis bacillus Calmette-Guerin-induced granuloma
formation is inhibited in TNF I receptor (TNF-RI) knockout
mice and by treatment with soluble TNF-RI. J Immunol 1996;
157: 5022-6

Kindler V, Sappino A, Grau G, et al. The inducing role of tumor
necrosis factor in the development of bactericidal granulomas
during BCG infection. Cell 1989; 56: 731-40

Mohan V, Scanga C, Yu K, et al. Effects of tumor necrosis
factor alpha on host immune response in chronic persistent
tuberculosis: possible role for limiting pathology. Infect Im-
munol 2001; 69: 1847-55

Lee JH, Slifman NR, Gershon SK, et al. Life-threatening histo-
plasmosis complicating immunotherapy with tumour necrosis
factor alpha antagonists infliximab and etanercept. Arthritis
Rheum 2002; 46: 2565-70

Selmaj K, Raine C, Cross A. Anti-tumor necrosis factor therapy
abrogates auto-immune demyelination. Ann Neurol 1991; 30:
694-700

Selmaj K, Papierz W, Glabinski A, et al. Prevention of chronic
relapsing experimental auto-immune encephalomyelitis by

© Adis Infernational Limited. All rights reserved.

32.

33.

34.

35.

36.

37.

38.

39.

40.

soluble tumor necrosis factor receptor I. J Neuroimmunol
1995; 56: 135-41

van Oosten B, Barkhof F, Truyen L, et al. Increased MRI activ-
ity and immune activation in two multiple sclerosis patients
treated with the monoclonal anti-tumor necrosis factor anti-
body cA2. Neurology 1996; 47: 1531-4

TNF Neutralization in MS. Results of a randomized, placebo-
controlled multicenter study. The Lenercept MS Study Group
and The University of British Columbia MS/MRI Analysis
Group. Neurology 1999; 53: 457-65

Levine B, Kalman J, Mayer L, et al. Elevated circulating levels
of tumor necrosis factor in severe chronic heart failure. N Engl
J Med 1990; 26: 236-41

Kubota T, McTiernan C, Frye C, et al. Dilated cardiomyopathy
in transgenic mice with cardiac-specific overexpression of
tumor necrosis factor-alpha. Circ Res 1997; 81: 627-35

Bozkurt B, Torre-Amione G, Warren M, et al. Results of tar-
geted anti-tumor necrosis factor therapy with etanercept
(ENBREL) in patients with advanced heart failure. Circula-
tion 2001; 103: 1044-7

Deswal A, Bozkurt B, Seta Y, et al. Safety and efficacy of a
soluble p75 tumor necrosis factor receptor (Enbrel, Etan-
ercept) in patients with advanced heart failure. Circulation
1999; 99: 3224-6

Pugsley M. Etanercept. Immunex. Curr Opin Investig Drugs
2001; 2: 1725-31

Mikuls T, Saag K. Comorbidity in rheumatoid arthritis. Rheum
Dis Clin North Am 2001; 27: 283-303

O’Dell J. TNF-a. inhibition: the need for a tumor necrosis factor
thermostat. Mayo Clin Proc 2001; 76: 573-5

Correspondence and offprints: Dr Ted R. Mikuls, 983025
Nebraska Medical Center, Omaha, NE 68198-3025, USA.
E-mail: tmikuls@unmc.edu

Drug Safety 2003; 26 (1)



	Abstract 23
	Contents 23
	1. Pharmacology, Administration and Monitoring Schedule 24
	2. Clinical Efficacy 25
	3. Adverse Effects: Incidence, Risk Factors, and Prevention 27
	3.1 Infusion Reactions 27
	3.2 Infection 28
	3.3 Demyelinating Disease 28
	3.4 Congestive Heart Failure 29
	3.5 Autoimmunity 29
	3.6 Malignancy 30

	4. Conclusion 30
	Acknowledgements 31
	References 31
	Correspondence and offprints 32
	E-mail 32

