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Abstract
Tumor necrosis factor (TNF) antagonists are biologic response modifiers that have significantly
improved the outcomes in patients with rheumatoid arthritis (RA). At this report, safety data were
collected on approximately 271,000 patients administered infliximab (as of February 2002), 121,000
patients administered etanercept (as of December 2001), and on 2400 patients who received
adalimumab in trials in connection with the regulatory approval process (approval granted December
2002 in the US and September 2003 in European Union). Infliximab and etanercept have predictable
and manageable safety profiles, and preliminary data suggest that the profile of adalimumab is
comparable. Safety issues involving the anti-TNF agents as a class include the risk of injection-site
reactions or infusion-related reactions, infection (for example, serious, opportunistic, or tubercular),
malignancy, autoimmunity, and demyelinating and neurologic disorders. Injection-site and infusionrelated reactions are most often easily managed and rarely lead to discontinuation of therapy.
Infections can be minimized or prevented by screening and careful monitoring and follow-up; most
infections respond to appropriate medical treatment. More studies are needed to evaluate the
occurrence of malignancies in patients with RA to determine the potential risk posed by therapy.
Antibody formation can follow the administration of any biologic agent. Although demyelinating disease
has been reported with anti-TNF agents, it is not clear whether a causal relationship exists. Overall, the
anti-TNF agents are well tolerated and have demonstrated a favorable benefit-to-risk profile in patients
with RA.
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Introduction
The clinical availability of tumor necrosis factor (TNF)
inhibitors has markedly improved the treatment of patients
with rheumatoid arthritis (RA) [1,2]. Members of this class
of agents have been shown to reduce symptoms, inhibit
structural damage, and improve physical function in
patients with RA. Infliximab (Remicade®; Centocor, Inc.,
Malvern, PA, USA), etanercept (Enbrel®; Immunex Corp,
Seattle, WA, USA), and adalimumab (Humira™; Abbott
Laboratories, Abbott Park, IL, USA) have been approved by
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the US Food and Drug Administration (FDA) for the treatment of patients with active RA [3–5]. (Adalimumab was
approved by the US FDA on 31 December 2002, after the
meeting of the American College of Rheumatology.)
Although no direct comparisons of these agents have
been made in large clinical trials, an extensive safety database has been developed. This article provides an
overview of the safety of anti-TNF agents as a class and
individually.

ACR = American College of Rheumatology; AE = adverse event; ANA = antinuclear antibodies; ATTRACT = Anti-Tumor Necrosis Factor Trial in
Rheumatoid Arthritis with Concomitant Therapy; CNS = central nervous system; DMARDs = disease-modifying antirheumatic drugs; dsDNA =
double-stranded DNA; FDA = Food and Drug Administration; NSAIDs = non-steroidal anti-inflammatory drugs; RA = rheumatoid arthritis; STAR =
Safety Trial of Adalimumab in Rheumatoid Arthritis; TB = tuberculosis; TNF = tumor necrosis factor; URI = upper respiratory tract infection.
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Table 1

Table 2

Injection-site reaction in controlled clinical trials of etanercept

Injection-site reaction in the STAR trial

Placebo-controlled
patients (%)

Event

Etanercept
(n = 349)

Injection-site reaction

37

Placebo
(n = 152)
10

Active-controlled
patients (%)
Etanercept Methotrexate
(n = 415)
(n = 217)
34

7

Data from [3].

Use and safety of anti-TNF agents
Since their introduction, infliximab and etanercept have
become widely used biologic agents for the treatment of
patients with RA. Together, nearly 400,000 patients have
now used these agents, with approximately 271,000
patients having been administered infliximab as of February 2002 (data on file, Centocor, Inc.) and approximately
121,000 patients having received etanercept as of
December 2001 (data on file, Immunex Corp). Safety data
for adalimumab are limited to phase I and early phase II
data, which are proprietary, and late phase II and III data,
which have been presented at rheumatology congresses;
since approval approximately 2400 patients have received
adalimumab (data on file, Abbott Laboratories).
TNF is an important proinflammatory cytokine that induces
immunologic changes, including the production of other
cytokines, the expression of adhesion molecules, and the
release of procoagulant substances [6]. TNF also participates in host resistance, thus raising concern that antiTNF agents might be associated with an increased risk of
infection and malignancy. Other concerns about the use of
these agents in patients with RA include the risk of
autoimmune disorders, demyelination, and neurologic
events [7].

Adverse events
The anti-TNF agents are biologic response modifiers that
have been developed for parenteral administration. Infliximab is administered intravenously, and etanercept and
adalimumab are administered subcutaneously [3–5]. Many
of the adverse events (AEs) discussed below are related
mainly to the administration of these drugs (e.g. injectionsite reactions, infusion-related reactions).
Etanercept

Because etanercept (Enbrel®, Immunex Corp) was the
first anti-TNF agent introduced (November 1998), it has
been studied the most extensively. Among AEs reported in
3% or more of all patients in placebo-controlled and
active-controlled RA clinical trials of etanercept, the most
frequently encountered have been injection-site reactions,
which were reported in 37% of etanercept-treated
patients versus 10% of controls in placebo-controlled

Patients (%)

Event
Injection-site reaction

Adalimumab
+ SOC
(n = 318)

Placebo
+ SOC
(n = 318)

P

19.5

11.6

<0.05

More than one occurrence per patient is possible. Injection-site
reactions were the most frequent reported non-infection adverse event.
Data on file, Abbott Laboratories, Abbott Park, IL, USA.
STAR, Safety Trial of Adalimumab in Rheumatoid Arthritis;
SOC, standard of care.

trials, and 34% of etanercept-treated patients versus 7%
of controls in active-controlled trials (Table 1) [3]. These
reactions are generally mild-to-moderate, occur sporadically (in an average of 4 of approximately 104 injections
yearly) and do not necessitate the discontinuation of the
agent [3,8]. In controlled trials, upper respiratory tract
infections (URIs) were the most common type of infection,
occurring in approximately 20% of etanercept-treated
patients and controls [3].
Adalimumab

The Safety Trial of Adalimumab in Rheumatoid Arthritis
(STAR) was a 24-week study that evaluated the safety
and efficacy of adalimumab (Humira™; Abbott Laboratories) in combination with standard-of-care therapy (namely
disease-modifying antirheumatic drugs [DMARDs], corticosteroids, and non-steroidal anti-inflammatory drugs
[NSAIDs]) in 636 patients with active RA [9]. The safety
results of this trial showed no significant difference in the
incidence of AEs between adalimumab-treated patients
and controls (86.5% versus 82.7%) [9]. AEs were categorized as non-infectious or infectious. Among the non-infectious AEs, injection-site reactions were the most
commonly reported, occurring in 19.5% of adalimumabtreated patients and 11.6% of controls (P < 0.05; Table 2)
(data on file, Abbott Laboratories). Infections reported as
AEs included URIs, sinusitis, and the influenza syndrome.
URIs were reported most frequently (19.8% of adalimumab-treated patients versus 15.1% of controls) (data
on file, Abbott Laboratories).
Keystone and colleagues conducted a 52-week, doubleblind, randomized trial to evaluate the efficacy and safety
of adalimumab in 619 patients who had active RA despite
methotrexate therapy [10]. Patients were randomized to
receive adalimumab subcutaneously 20 mg weekly or
40 mg every 2 weeks, or placebo. Efficacy results at
52 weeks showed a significant response in clinical measures of disease activity (for example, tender joint counts)
and significant differences between adalimumab and
placebo in radiographic end points (namely Sharp score,
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erosion score, joint-space narrowing score) [10]. Safety
results showed injection-site reactions (erythema, itching,
hemorrhage, pain or swelling at the site of injection) to be
the most frequently reported AE, occurring in a similar percentage of patients in the adalimumab and placebo
groups (22.9% and 23.5%, respectively) [5]. The rate of
withdrawals due to AEs was 10.0% among adalimumabtreated patients compared with 6.5% among placebotreated patients [10].

Figure 1

Infliximab

Although infliximab has been used for a shorter time than
etanercept, it has been administered to almost twice as
many patients. As a result, the number of patient-years of
the use of these agents can be considered comparable.
Because infliximab is administered intravenously, patients
can develop an infusion-related reaction rather than an
injection-site reaction. Infusion-related reactions are
defined as AEs occurring within 1–2 hours of infusion
therapy [4].
Clinical trial data have shown that 22% of infliximabtreated patients have experienced an infusion reaction
compared with 9% of controls [4]. Considering that a
patient with RA might receive more than one infusion of
infliximab over time, another way of determining how often
infusion reactions have occurred in clinical trials of infliximab is to divide the number of infusions that resulted in
infusion reactions by the total number of reactions. Clinical
trial data from 1678 infliximab-treated patients and 731
placebo-treated subjects show that 4.8% of infliximab
infusions resulted in infusion reactions (537 infusions with
reactions/11,253 total infusions) compared with 2% of
placebo infusions (85 infusions with reactions/4183 total
infusions; data on file, Centocor, Inc.). However, fewer than
1% of infliximab-treated patients develop serious infusionrelated reactions, and only 2.5% of reactions result in a
discontinuation of therapy (data on file, Centocor, Inc.).
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Infusion reactions by dosage of infliximab as reported in the ATTRACT
study. All patients received concomitant methotrexate. ATTRACT, AntiTumor Necrosis Factor Trial in Rheumatoid Arthritis with Concomitant
Therapy [12–14].

Infection
Factors predisposing patients to infection include the use
of concomitant immunosuppressant therapy and the
severity of the underlying inflammatory disease [17].
Etanercept

Infusion-related reactions are generally mild and nonspecific, can usually be prevented or easily managed, and
seem not to be related to changes in dose or frequency of
administration (Fig. 1) [4,11–14]. As with etanercept and
adalimumab, the most frequently reported infectious AEs
in infliximab-treated patients are URIs; they have been
shown to occur with a similar incidence between treated
patients and controls (34% versus 33%) [4].

The incidence of serious infections (namely infections
requiring hospitalization or parenteral antibiotics) in
patients with RA before the anti-TNF era ranged from
approximately 0.02 to 0.12 per patient-year [18–21]. Clinical data have shown the incidence of serious infections in
patients treated with etanercept to be 0.041 per patientyear, or approximately 1%, which is similar to the incidence
reported in controls (data on file, Immunex Corp). Postmarketing data have indicated an incidence of 0.007 serious
infections per patient-year in etanercept-treated patients,
although under-reporting cannot be discounted (data on
file, Immunex Corp). Postmarketing studies of etanercept
have also yielded reports of sepsis and death, sometimes
occurring within weeks of initiation of therapy (data on file,
Immunex Corp) [3]. For this reason it is important not to
institute etanercept therapy in patients with an active infection or in those with chronic infections, and to withhold
therapy in patients who develop a serious infection.

Symptomatic injection-site reactions can be managed with
warm compresses and oral antihistaminics. Acute infusion
reactions generally respond to a decrease in the rate of infusion of the drug [15]. Pretreatment with an oral H1 blocker
such as diphenhydramine (25–50 mg) and acetaminophen
(500–1000 mg) can be used to prevent many of the symptoms [16]. Viral URIs are usually self-limiting, whereas bacterial URIs generally respond to oral antibiotic therapy.

Tuberculosis (TB) has been reported in patients receiving
anti-TNF agents; it remains the subject of safety surveillance in the use of these agents [22]. Although no cases
of TB occurred in etanercept-treated patients during clinical trials, there have been 20 confirmed cases of etanercept-associated TB worldwide since the drug was
approved (data on file, Immunex Corp). Of those cases,
75% occurred in the USA, which has reported approxi-
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mately 14.3 cases per 100,000 etanercept-treated
patients; the remainder came from Europe. (To place this
in perspective, the incidence of TB in the USA, as
reported by the most recent data from the Centers for
Disease Control and Prevention, is 6.2 cases per 100,000
population [23]). It is not known what the incidence of TB
is in the RA population not treated with anti-TNF agents.
Of the 20 cases, 85% were of localized disease. In postmarketing reports, serious infections, including TB, and
sepsis have been reported with etanercept. Close monitoring is advised for patients who develop a new infection
while undergoing therapy with etanercept. Treatment
should not be initiated in those with active infections,
including chronic or localized infections [3].
Postmarketing data have also reported serious opportunistic infections in etanercept-treated patients (data on file,
Immunex Corp). Fungal (Histoplasma, Aspergillus, Candida,
Cryptococcus, Sporothrix), viral (cytomegalovirus), bacterial
(Listeria), and protozoal (Pneumocystis) infections have
been noted in all organ systems of patients receiving etanercept as monotherapy or in combination with immunosuppressive agents [3].
Adalimumab

In placebo-controlled trials, the incidence of serious infections, including TB, in adalimumab-treated patients (0.04 per
patient year) was similar to that in placebo-treated patients
(0.02 per patient year) [5]. The 13 cases of TB reported in
clinical trials with adalimumab included several types e.g. military, lymphatic, peritoneal, and pulmonary TB [5].
However, in phase I trials in which adalimumab was
administered at 20-fold higher doses than that used in
current trials (approximately 40 mg every 2 weeks),
researchers noted a 2.5% incidence of TB infections in
study participants (Table 3) (data on file, Abbott Laboratories). In early phase II clinical trials, the dose of adalimumab was reduced to about four times the currently
used dose, and the incidence of TB dropped to 1%.
Patients had not been screened for TB in these trials
before the administration of adalimumab. In phase III trials
in which the dose of adalimumab was double that used in
current trials and in which chest X-ray was used to screen
for TB, no cases of TB were reported. These short-term
safety data for adalimumab suggest that the risk of reactivation of latent TB is increased relative to controls.
No data on other opportunistic infections have yet been
made available, nor have there been any reports of such
infections. Postmarketing data will be needed for a full
evaluation of this potential risk.
Infliximab

Clinical data have shown the incidence of serious infections in patients treated with infliximab to be 0.030 infec-

Table 3
Impact of adalimumab dose and screening on tuberculosis
rates
Intensity
of dosea

Screening by
chest X-ray

I

×20

No

198

5

II

×4

No

284

3

III

×2

Yes

511

0

Trial phase

Patients Tuberculosis
tested
cases

aNumber

of times above the commonly administered dose of 40 mg
every 2 weeks.
Data on file, Abbott Laboratories, Abbott Park, IL, USA.

tion per patient-year (data on file, Centocor, Inc.). Postmarketing surveillance up to December 2001 has not
detected any change in this rate.
Opportunistic infections caused by viral, fungal, bacterial,
and protozoal pathogens have been observed with infliximab. Data from postmarketing surveillance for infliximab
(used by 271,000 patients as of February 2002) and etanercept (used by 121,000 patients as of September 2001)
indicate that an apparently greater number cases of
certain opportunistic infections – particularly Pneumocystis infections and histoplasmosis – have been reported in
infliximab-treated patients (26 and 18 cases, respectively)
(data on file, Centocor, Inc.) than in etanercept-treated
patients (4 and 1 cases, respectively) (data on file,
Immunex Corp) [24].
As of February 2002, postmarketing surveillance indicates
181 confirmed cases of TB worldwide in patients who
have received infliximab (data on file, Centocor, Inc.). Most
(70%) of the reported cases have come from Europe, with
the remainder coming from the USA, where approximately
31 cases of TB have been reported per 100,000 patients
treated with infliximab. At the time of diagnosis, two-thirds
of the cases were non-disseminated. In most cases, TB
had developed by the time of the third infusion, suggesting
that the active infection might be a result of the reactivation of latent TB [7].
Precautions can be taken to prevent or minimize serious
infections that might occur while a patient is receiving antiTNF therapy. Anti-TNF agents should not be administered
to patients with clinically significant acute infections. In
addition, caution should be exercised when treating
patients with a chronic infection, a history of recurrent
infections, or a disease, such as poorly controlled diabetes
mellitus, that predisposes them to infection. If a patient
develops a serious infection, TNF antagonist therapy
should be discontinued until the infection has resolved. To
reduce the risk of opportunistic infections, a careful
risk–benefit assessment of anti-TNF therapy should be
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made before such therapy is administered to patients who
reside in endemic areas; additionally, such patients need to
be monitored carefully during treatment. TB is a preventable disease; therefore, screening with purified protein
derivative or chest X-ray is extremely important.

therapy with a TNF antagonist. Nonetheless, lymphadenopathy in a patient treated with a TNF antagonist is an indication for follow-up and biopsy if the etiology is not known
and nodal enlargement persists or increases.

Autoimmunity
Malignancy
Patients with RA who receive anti-TNF therapy might be at
an increased risk of malignancy. This is suggested by the
following: (1) the involvement of TNF in host defense
mechanisms, (2) the role of TNF as a modulator of cellular
immune responses, and (3) previous reports describing a
possible increased risk of certain cancers (such as lymphomas) in patients with RA [25–27]. Importantly, it is not
certain whether this increase was related to the disease
itself, the earlier antirheumatic therapies available, or other
factors.
Etanercept

The observed incidence of malignancy in etanercept-treated
patients in clinical trials conducted so far (41 cases) is
close to the expected incidence of malignancy in non-etanercept-treated patients with RA (42 cases), on the basis of
findings from the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) database (data on file,
Immunex Corp). Additionally, no type of cancer was noted
to predominate in etanercept-treated patients. Longer-term
data might be needed to clarify the risk of malignancy, especially the risk of lymphoma, for patients with RA receiving
this anti-TNF therapy.

Etanercept

In randomized clinical trials, the development of new positive antinuclear antibodies (ANA, titer ≥1:40) was noted in
a greater percentage of patients treated with etanercept
than with placebo (11% versus 5%) [3]. On the basis of a
radioimmunoassay, new positive anti-double-stranded
deoxyribonucleic acid (anti-dsDNA) antibodies developed
in 15% of etanercept-treated patients compared with 4%
of placebo recipients [3]. Although there were no cases
suggestive of a lupus-like syndrome in clinical trials, postmarketing surveillance has identified 16 such cases (data
on file, Immunex Corp).
Adalimumab

Although adalimumab is a fully human anti-TNF monoclonal antibody, antibodies against adalimumab have been
reported (data on file, Abbott Laboratories). However, no
data are currently available in the public domain.

Adalimumab

Infliximab

The number of patients treated with adalimumab so far
might be too small, and the time for pharmacosurveillance
too short, to detect an association (or lack thereof)
between adalimumab and the incidence of malignancies.
In the STAR trial [9], malignancy developed in two
patients treated with adalimumab but not in the controls
(data on file, Abbott Laboratories).

The placebo-controlled, 102-week Anti-Tumor Necrosis
Factor Trial in Rheumatoid Arthritis with Concomitant
Therapy (ATTRACT) [12–14] showed that new positive
ANA (titer ≥1:40) developed during the period between
screening and last evaluation in a greater percentage of
infliximab-treated patients than in controls (62% versus
27%) [4]. Similarly, positive anti-dsDNA antibodies developed in a greater percentage of infliximab-treated patients
than in controls (13% versus 0%) [4]. The development of
both forms of antibodies in the infliximab-treated patients
was not associated with the dose or administration schedule of the agent.

Infliximab

On the basis of data from completed trials of infliximab for
up to 102 weeks, 18 of 1372 patients developed 19 new
or recurrent malignancies of various types over 1430
patient-years of follow-up [4]. New or recurrent malignancies included non-Hodgkin’s B-cell lymphoma, breast
cancer, melanoma, squamous, rectal adenocarcinoma,
and basal-cell carcinoma. The observed rate of risk for
developing malignancy with infliximab-treated patients
(1.3%) was similar to that expected for non-infliximabtreated patients with RA from a previous study (1.5%;
95% confidence interval 0.9–2.3) [4,28].
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Antibody formation can follow the administration of biologic agents such as the TNF antagonists. Immunologic
reactions that can occur with TNF blockade include the
development of neutralizing and non-neutralizing antibodies and autoantibodies [2].

Although treatment with immunosuppressive agents is
linked to an increase in lymphoproliferative diseases, there
is no clear evidence that this is a direct consequence of

An analysis of the ATTRACT data [12–14] showed that
20% and 50% improvements in American College of
Rheumatology (ACR) criteria (that is, ACR20 and ACR50
responses, respectively) were reported by similar percentages of patients who tested positive or negative for serum
antibody against infliximab [29]. ACR20 responses at 102
weeks were achieved by approximately 40% of patients
who demonstrated antibodies against infliximab at any
time during the study (n = 25 of 295, or 8.5% of the total
patients in this analysis) compared with 38% of patients
with no antibodies against infliximab (n = 105) and 62% of

Available online http://arthritis-research.com/content/6/S2/S12

patients with inconclusive antibody status (n = 165) [29].
ACR50 response rates at 102 weeks were 16%, 20%,
and 41% for the antibody-positive, antibody-negative, and
inconclusive antibody status groups, respectively [29].
The higher clinical response rates for the patients with
inconclusive antibody status were attributed to their maintaining higher residual concentrations of infliximab [29,30].

Currently, there is no clear causal relationship between
demyelinating or neurologic disorders and anti-TNF
therapy. However, it makes good clinical sense to exercise
caution in prescribing these agents to certain patients,
such as those with pre-existing or recent-onset CNSdemyelinating disorders.

Conclusion
In clinical studies with infliximab, three patients with RA
were diagnosed with a possible lupus-like syndrome [4].
There was no indication of central nervous system (CNS)
or renal involvement, and improvement followed the discontinuation of therapy and appropriate medical treatment
[4]. Importantly, no lupus-like reactions have been
observed in up to 3 years of long-term follow-up [4]. Postmarketing data have identified a total of 39 cases of lupuslike syndrome, all of which improved on discontinuation of
therapy (data on file, Centocor, Inc.). When interpreting
the data on immunologic events, it is important to remember that antibody development can be influenced by
several factors (such as immunogenic potential of the biologic agent, route of administration, and repeated dosing)
and that assay methods to detect antibodies differ in their
sensitivity and specificity [31].

Demyelinating disorders and neurologic events
The epidemiology of demyelinating disorders in patients
with RA has not been definitively established. However,
there have been rare instances of new episodes and
exacerbations of CNS-demyelinating disorders and neurologic events in patients with RA who were receiving antiTNF therapy.

The anti-TNF agents have been shown to achieve a marked
improvement in outcomes in patients with RA; in addition,
they are well tolerated. Safety concerns of rheumatologists,
about the use of anti-TNF agents, include the potential for
adverse events (such as injection-site reactions, infusionrelated reactions, or URIs), infections (such as serious,
opportunistic, or tubercular), malignancies, autoimmunity,
and demyelinating and neurologic disorders. Generally,
injection-site or infusion-related reactions are easily
managed and rarely lead to discontinuation of therapy.
Infections can be prevented and generally respond to
appropriate medical treatment. Hence, the value of screening and monitoring should be emphasized.
Antibody development can occur after the administration
of any biologic agent but, as Porter reports, “the presence
of antibodies does not necessarily mitigate against the
therapeutic viability of a recombinant protein drug” [31] as
has been demonstrated with anti-TNF agents [29]. No
causal relationship has been established between the
administration of anti-TNF agents and demyelinating disorders or malignancies, although more studies are needed
to validate any potentially heightened risk. Overall, the TNF
biologic response modifiers have demonstrated a risk–
benefit profile that strongly favors benefit.

Etanercept

Some of the demyelinating disorders have been observed
with etanercept. Indeed, the label for etanercept includes
a warning about the association of etanercept with rare
cases of new onset or exacerbation of demyelinating disorders. Myelitis, optic neuritis, multiple sclerosis, and
seizure disorders have been observed in association with
etanercept therapy [3].

Choice of the optimal agent is based on accumulated clinical experience, convenience, patient preference, route of
administration, and cost. The issue of safety as a factor in
making the best choice of anti-TNF agent for patients with
RA should be clarified with the availability of more data
from clinical trial and practice experience, and from postmarketing surveillance reports.

Adalimumab
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Infliximab

Postmarketing surveillance data for infliximab as of February 2002 indicate reports of central demyelination (n = 8),
optic neuritis (n = 6), and Guillain–Barré syndrome/
chronic inflammatory demyelinating polyradiculoneuropathy in treated patients (n = 4) (data on file, Centocor, Inc.).

Acknowledgement
The sections on etanercept were written by RF, and those on infliximab
by DY. The transcript of the World Class Debate for ACR 2002 has
been published electronically in Joint and Bone. This article, and others
published in this supplement, serve as a summary of the proceedings
as well as a summary of other supportive, poignant research findings
(not included in the World Class Debate ACR 2002).

S17

Arthritis Research & Therapy

Vol 6 Suppl 2

Fleischmann and Yocum

References
1.
2.
3.
4.
5.
6.
7.
8.

9.

10.

11.
12.

13.

14.

15.
16.
17.
18.
19.

20.

21.
S18

Pisetsky DS, St Clair EW: Progress in the treatment of
rheumatoid arthritis. JAMA 2001, 286:2787-2790.
α blockade in the treatKeystone EC: Tumor necrosis factor-α
ment of rheumatoid arthritis. Rheum Dis Clin North Am 2001,
27:427-443.
Medical Economics Company Inc: Prescribing information:
Enbrel®. In Physicians’ Desk Reference®. Montvale, NJ; 2002:
3504-3507.
Centocor, Inc.: Remicade: Package insert, revised June 2002.
Malvern, PA; 2002.
Abbott Laboratories: Humira: Package insert. Abbott Park, IL;
2002.
Eigler A, Sinha B, Hartmann G, Endres S: Taming TNF: strategies to restrain this proinflammatory cytokine. Immunol Today
1997, 18:487-492.
Centocor, Inc.: Advisory Committee Briefing Document for
Safety with REMICADE®. Malvern, PA; 2001.
Moreland LW, Cohen SB, Baumgartner SW, Tindall EA, Bulpitt K,
Martin R, Weinblatt M, Taborn J, Weaver A, Burge DJ, Schiff MH:
Longterm safety and efficacy of etanercept in patients with
rheumatoid arthritis. J Rheumatol 2001, 28:1238-1244.
Furst DE, Schiff M, Fleischmann R, Birbara C, Strand V, Compagnone D, Chartash E: Safety and efficacy of adalimumab
α monoclonal antibody, given
(D2E7), a fully human anti-TNF-α
in combination with standard antirheumatic therapy: safety
trial of adalimumab in rheumatoid arthritis (RA) [abstract].
Arthritis Rheum 2002, 46(Suppl):S572.
Keystone E, Kavanaugh AF, Sharp J, Hua Y, Teoh L, Fischkoff S,
α
Chartash E: Adalimumab (D2E7), a fully human anti-TNF-α
monoclonal antibody, inhibits the progression of structural
joint damage in patients with active RA despite concomitant
methotrexate therapy [abstract]. Arthritis Rheum 2002, 46
(Suppl 9):S205.
Bray VJ: The safety of infliximab (Remicade®) infusion in clinical
practice [abstract 153]. Arthritis Rheum 2001, Suppl 9:S83.
Lipsky PE, van der Heijde DMFM, St Clair EW, Furst DE, Breedveld FC, Kalden JR, Smolen JS, Weisman M, Emery P, Feldmann
M, Harriman GR, Maini RN, for the Anti-Tumor Necrosis Factor
Trial in Rheumatoid Arthritis With Concomitant Therapy Study
Group: Infliximab and methotrexate in the treatment of
rheumatoid arthritis. N Engl J Med 2000, 343:1594-1602.
Maini R, St Clair EW, Breedveld F, Furst D, Kalden J, Weisman M,
Smolen J, Emery P, Harriman G, Feldmann M, Lipsky P, for the
ATTRACT Study Group: Infliximab (chimeric anti-tumour necrosis factor α monoclonal antibody) versus placebo in rheumatoid arthritis patients receiving concomitant methotrexate: a
randomised phase III trial. Lancet 1999, 354:1932-1939.
Lipsky P, van der Heijde D, St Clair W, Furst D, Kalden J,
Weisman M, Breedveld F, Emery P, Keystone E, Harriman G,
Maini R: The ATTRACT Investigators. 102-week clinical and
radiologic results from the ATTRACT trial: a 2-year, randomized, controlled, phase 3 trial of infliximab (Remicade®) in
patients with active RA despite MTX. Arthritis Rheum 2000, 43
(Suppl 9):1216.
Breedveld FC: Therapeutic monoclonal antibodies. Lancet
2000, 355:735-740.
Cheifetz A, Mayer L, Plevy S: The incidence and management
of infusion reactions to infliximab: a large center experience
[abstract]. Am J Gastroenterol 2001, 96:S287.
Hanauer SB: Review article: safety of infliximab in clinical
trials. Aliment Pharmacol Ther 1999, 13:16-22.
Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE:
Predictors of infection in rheumatoid arthritis. Arthritis Rheum
2002, 46:2294-2300.
Jeurissen ME, Boerbooms AM, van De Putte LB, Doesburg WH,
Mulder J, Rasker JJ, Kruijsen MW, Haverman JF, van Beusekom
HJ, Muller WH: Methotrexate versus azathioprine in the treatment of rheumatoid arthritis. A forty-eight-week randomized,
double-blind trial. Arthritis Rheum 1991, 34:961-972.
Schnabel A, Herlyn K, Burchardi C, Reinhold-Keller E, Gross WL:
Long-term tolerability of methotrexate at doses exceeding
15mg per week in rheumatoid arthritis. Rheumatol Int 1996,
15:195-200.
Singh G, Ramey DR, Rausch P, Schettler JD: Serious infections
in rheumatoid arthritis: relationship to immunosuppressive
use [abstract]. Arthritis Rheum 1999, 42(Suppl):S242.

22. Wallis WJ, Burge DJ, Holman J, Spencer-Green G, Gardiner M:
Tuberculosis reports with etanercept (Enbrel) therapy
[abstract]. Arthritis Rheum 2001, 44(Suppl):S78.
23. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC: Consensus statement. Global burden of tuberculosis: estimated incidence, prevalence, and mortality by country. WHO Global
Surveillance and Monitoring Project. JAMA 1999, 282:677686.
24. Lee JH, Slifman NR, Gershon SK, Edwards ET, Schwieterman
WD, Siegel JN, Wise RP, Brown SL, Udall JN Jr, Braun MM: Lifethreatening histoplasmosis complicating immunotherapy with
tumor necrosis factor alpha antagonists infliximab and etanercept. Arthritis Rheum 2002, 46:2565-2570.
25. Beauparlant P, Papp K, Haraoui B: The incidence of cancer
associated with the treatment of rheumatoid arthritis. Semin
Arthritis Rheum 1999, 29:148-158.
26. Gridley G, McLaughlin JK, Ekbom A, Klareskog L, Adami HO,
Hacker DG, Hoover R, Fraumeni JF Jr: Incidence of cancer
among patients with rheumatoid arthritis. J Natl Cancer Inst
1993, 85:307-311.
27. Thomas E, Brewster DH, Black RJ, Macfarlane GJ: Risk of malignancy among patients with rheumatic conditions. Int J Cancer
2000, 88:497-502.
28. Jones M, Symmons D, Finn J, Wolfe F: Does exposure to
immunosuppressive therapy increase the 10 year malignancy
and mortality risks in rheumatoid arthritis? A matched cohort
study. Br J Rheumatol 1996, 35:738-745.
29. Wagner CL, St Clair EW, Han C, Ford J, Schantz A, Maini RN,
Lipsky PE, the ATTRACT Study Group: Effects of antibodies to
infliximab on ACR response in patients with rheumatoid
arthritis in the ATTRACT study [abstract]. Arthritis Rheum
1999, 42(Suppl 9):S132.
30. St Clair EW, Wagner CL, Fasanmade AA, Wang B, Schaible T,
Kavanaugh A, Keystone EC: The relationship of serum infliximab concentrations to clinical improvement in rheumatoid
arthritis. Results from ATTRACT, a multicenter, randomized,
double-blind, placebo-controlled trial. Arthritis Rheum 2002,
46:1451-1459.
31. Porter S: Human immune response to recombinant human
proteins. J Pharm Sci 2001, 90:1-11.

Correspondence
Roy Fleischmann MD, Clinical Professor, Division of Rheumatology, St
Paul University Hospital, University of Texas Southwestern Medicine
Center at Dallas, 5939 Harry Hines Blvd Ste 400, Dallas, TX 752356209, USA. Tel: +1 214 879 6700; fax: +1 214 879 8877; e-mail:
royfleischmann@radiantresearch.com

