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ABSTRACT
Targeted tumor necrosis factor-α an-
tagonists, first approved by the FDA in
1998, have had a significant impact on
the treatment of patients with rheum-
atoid arthritis. In general, the benefit/
risk ratio for these agents and the IL-1
receptor antagonist, anakinra, has been
quite favorable. However, infrequent ad-
verse events can be serious and require
continued pharmacovigilance. Infec-
tions, particularly tuberculosis and less
commonly fungal infections, are among
the most serious adverse events, espe-
cially given delays in diagnosis due to
subtle or atypical presentations. Ques-
tions have also arisen regarding whe-
ther anti-TNF-α agents increase the risk
of lymphoma, a complicated issue con-
founded by the multiple risk factors for
lymphoma in patients with rheumatoid
arthritis and low observed incidence
rates of lymphoma, requiring prolong-
ed monitoring. Additional rare report-
ed complications include systemic lu-
pus erythematosus-like syndromes, con-
gestive heart failure and demyelinating
syndromes (including cases resembling
progressive multifocal leukoencephalo-
pathy). Ongoing post-marketing sur-
veillance of these and other serious ad-
verse events is necessary to determine
the true incidence rates, and whether a
reassessment of the overall risk-benefit
of tumor necrosis factor-α antagonists
will be required.  

Introduction
Three tumor necrosis factor (TNF)-α
antagonists that neutralize TNF-α are
available for clinical use: etanercept, a
protein composed of two p75 TNF-α
receptors fused to the Fc portion of
IgG1, is approved for rheumatoid arth-
ritis (RA), psoriatic arthritis, psoriasis,
ankylosing spondylitis, and juvenile
chronic arthritis; infliximab, a chimeric
IgG1α monoclonal antibody binding
TNF-α, is approved in the U.S. for RA
and Crohn's disease; and adalimumab,
a fully humanized IgG1α monoclonal

antibody, is approved for RA. World-
wide prescription data through Decem-
ber 2002, reported at the FDA advisory
meeting March 2003, indicate that pa-
tient exposure for infliximab is estimat-
ed at 400,000, etanercept at 150,000
(1), and 2,468 in clinical trials for adal-
imumab (2). 
These biologic agents have had a mark-
ed impact in the treatment of RA, dem-
onstrating efficacy in reducing disease
activity in patients who have incom-
plete responses to conventional disease-
modifying antirheumatic drug (DMARD)
treatment and in retarding radiographic
progression (1). Controlled phase III
trials during clinical development for
TNF-α antagonists did not show an in-
crease in overall serious adverse events
above active comparator controls. How-
ever, clinical trials do not include suffi-
cient numbers of patients or sufficient
time to detect unusual adverse events.
Since the conclusion of the clinical tri-
als, post-marketing reports (MedWatch
program: www.fda.gov/medwatch) of
tuberculosis, opportunistic infection and
lymphoma, have led to FDA-mandated
label changes (1). 
This article focuses on serious adverse
events reported since the time of the
introduction of these biological agents
and reviews the best available evidence
by which to judge the overall safety of
TNF-α blockade. More detailed discus-
sions concerning infection – particular-
ly tuberculosis (3), demyelination (4),
lymphoma (5), congestive heart failure
(6) and drug induced lupus (6) – are
provided elsewhere in this supplement. 

Infections
Serious infections are well-known to
occur in untreated RA patients and in
patients treated with both traditional
DMARDs and TNF-α antagonists (2,
11-11). At the March 2003 Arthritis Ad-
visory Committee meeting, 2782 cases
of infections for etanercept and 1100
for infliximab were reported through
August 2000 (13). Although there may
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be a bias toward increased spontaneous
reporting of adverse events shortly af-
ter the introduction of novel agents, the
evidence does support an increased risk
conferred by TNF-α antagonists for the
development of certain infections (13).
Three recent review articles have ad-
dressed the spectrum of infections not-
ed during TNF-α antagonist therapy (2,
8, 9), and a new review included in this
supplement (3). The most common in-
fections reported are illustrated in Ta-
ble I and are discussed below.

Mycobacterium tuberculosis
The infection that appears to be most
increased relative to usual occurrence
rates in post-marketing data has been
Mycobacterium tuberculosis (TB).
Through December 2002 in the United
States, TB was reported to have devel-
oped in 39 patients treated with etaner-
cept, with at least one fatal outcome,
and in 335 patients who took inflix-
imab, with at least 12 deaths (1, 11, 14,
16). During adalimumab clinical trials,
13 cases of TB were observed in 2,468
patients, most of which developed be-
fore implementation of TB surveillance
(2). The baseline TB incidence rate in
patients with RA in the United States
has been estimated at 6.2 per 100,000
per year (15), although the rate in pa-
tients with RA may be higher. Wallis et
al. recently analyzed the FDA Adverse
Event Reporting System database and
calculated an estimated 144 TB cases
per 100,000 infliximab-treated patients
and 35 TB cases per 100,000 etaner-
cept-treated patients based on cases re-
ported from 1998 through the third
quarter of 2002 (11) 
The majority of TNF-α antagonist as-
sociated TB cases are believed to be the
result of reactivation of latent disease.
Nearly 50% of the TB cases associated
with TNF-α antagonists were extrapul-
monary and/or disseminated disease.
The diagnosis may therefore be delay-
ed due to atypical presentation, with
many patients requiring an invasive
procedure for diagnosis. It should be
noted, however, that even in the ab-
sence of TNF-blockers, there may be
an increased risk of TB in rheumatoid
arthritis patients. For example, a recent
study from Spain of 788 biologically

naïve RA patients had a 4-fold in-
creased risk of developing TB compar-
ed with the general population (134 per
100,000 versus 23 per 100,000 per
year, respectively (18).)
Because many TB infections following
TNF-α antagonist treatment appear to
be cases of reactivation, routine tuber-
culin skin testing before initiating treat-
ment has been recommended (2, 7, 15,
19, 21). However, in an FDA-sponsor-
ed study surveying various practices in
the United States, rates of tuberculin
skin testing before administration were
only 31% for infliximab and 10% for
etanercept as of June 2002 (22). Evi-
dence from a review of infliximab clin-
ical trials for spondyloarthropathy as
well as from a surveillance study sug-
gests that meticulous screening with
chest roentgenograms and a two-step
Mantoux skin test along with prophy-
laxis for latent TB has been effective in
reducing reactivation of TB (23, 24).
There are no published data, however,
that confirm the effectiveness of isoni-
azid prophylaxis in patients with a pos-
itive tuberculin skin test before treat-
ment with TNF-α antagonists. Indeed
in 2 patients treated with infliximab, 6
months of isoniazid did not prevent the
reactivation of pansensitive TB (25,
26). Physicians must be alert to false-
negative tuberculin skin testing as des-
cribed in RA patients, as well as atypi-
cal presentations of TB.

Fungal and other opportunistic
infections
Through June 2002, opportunistic in-
fections were reported in 337 patients
treated with either infliximab or etaner-
cept for various indications, leading to
at least 21 deaths. Reported organisms
have included other mycobacteria, fun-
gi such as Histoplasma capsulatum, and
Coccidioides immitis, Pneumocystis
jirovecii (carinii), yeasts such as Cryp-
tococcus neoformans and Candida spe-
cies, molds such as Aspergillus, bacteria
such as Listeria monocytogenes and
Nocardia, the protozoan parasite Toxo-
plasma, Brachiola algerae and cytome-
galovirus (1, 7, 11, 12, 27, 28,). Aware-
ness of risk factors, endemic areas, aty-
pical presentations, specialized diag-
nostic tests, and antimicrobials for

these infections are important in mini-
mizing morbidity and mortality (Table
I). Patients should be educated to avoid
live vaccinations (29), and unpasteuriz-
ed dairy products as a potential source
of Listeria (30). Physicians should be
vigilant for unusual presentations of in-
fections before initiating biologics. In
one reported case, a patient treated with
TNF-patients antagonists developed
disseminated sporotrichosis that initial-
ly masqueraded as synovitis of an auto-
immune etiology (31). 
With regard to the underlying mecha-
nisms, one recent study demonstrated a
decreased Th1 immune response in vit-
ro against H. capsulatum by host de-
fense cells treated with infliximab (32).
In TNF-deficient mice, impaired gran-
uloma formation is seen, with increas-
ed susceptibility to TB and increased
dissemination (33,34). Because TNF-α
also plays a central role in granuloma
formation, the production of cytokines
and adhesion molecules, the release of
enzymes, and the migration and matu-
ration of inflammatory cells, the neu-
tralization of TNF-α may contribute to
an increased susceptibility to infections
(9, 35). There is no experimental evi-
dence that the three available TNF-α
antagonists differ in this regard, and
therefore susceptibility to infection
should be viewed as a class effect. 

Bacterial infections
Although attention has been drawn to
opportunistic infections, common bac-
teria have also led to serious infections
and fatalities in patients treated with
TNF-α antagonists. One study com-
pared serious bacterial infections in pa-
tients treated with TNF-α antagonists
to patients treated with conventional
DMARDs, identified 2 years before bi-
ologics, calculating an incidence of
0.181 per year for TNF-α inhibitors and
0.008 per year for traditional DMARDs
(36). On reviewing each case, C-reac-
tive protein appeared to be a more sen-
sitive marker of infections than temper-
ature, the erythrocyte sedimentation
rate, or the white blood cell count, and
rose before evidence of infection in
several cases. 
Although sepsis has been seen with all
available TNF-α antagonists to date,
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only two cases of septic arthritis have
been reported (37, 38). The first was in
a 12-year-old girl with group A-hemo-
lytic streptococci, multifocal septic ar-
thritis, and osteomyelitis, whose left
toe abscess recurred despite surgical
drainage, appropriate antibiotics, and
discontinuation of etanercept. The sec-
ond was a case of bilateral septic hip
arthritis with Staphylococcus aureus in
a 27-year-old woman who had an 11-
year history of RA, after treatment with
4 months of etanercept. Currently, no
clinical studies have been conducted in
patients with RA who were taking bio-
logics to establish perioperative guide-
lines. Given the potential risk of septic
arthritis and the indeterminate effect on
wound healing, withholding biologics
1 week before and after surgery may be
prudent (39, 40).

Lymphoma 
An increased incidence of lymphoma
among patients with RA had been re-
ported ranging from 2 to 25-fold, even
before the introduction of TNF-α anta-
gonists (41-48). To what extent the dis-
ease alone and/or concomitant therapies
such as azathioprine and methotrexate
(49, 50) may contribute to this increas-
ed risk has not been well delineated. 
Brown et al. (51) reviewed MedWatch
reports of 26 cases of lymphoma
through December 2000 in patients
who were treated with infliximab from
May 1999 and in patients treated with
etanercept from November 1998. The
main indication for treatment was RA,
followed by Crohn's disease, and psori-
atic arthritis. From these data, a crude
extrapolation of the lymphoma inci-
dence for etanercept was 19 cases per
100,000 persons treated. For inflixi-
mab, a crude rate of 6.6 cases per
100,000 persons treated was calculat-
ed. These rates alone do not indicate an
increased risk for developing lymph-
oma with TNF-α antagonists, because
the annual incidence in the general
population is 24.8 per 100,000 for men
and 17.7 per 100,000 persons for wom-
en (52). Furthermore, comparing such
rates is difficult due to an imprecise es-
timation of patient drug exposure used
to calculate the incidence rates. 
Despite the low rates, salient features

in these cases raised concern. Fifty-
four percent of the patients developed
lymphoma within 8 weeks of initiation
of treatment, and regression of lymph-
oma occurred in 2 patients whose only
intervention was discontinuation of
medication, one with etanercept and
one with infliximab (51). Three deaths
occurred, 2 in patients with fulminant
recurrence of lymphoma that had been
in remission. In an addendum to this
article, 68 new cases of "probable/pos-
sible" medication-associated lympho-
ma were reported to MedWatch during
November 2001 to September 2002. 
Information concerning the risk of lym-
phoma in patients treated with TNF-α
antagonists was reviewed at an Arthri-
tis Advisory Committee meeting in
March 2003 (1). Nine cases of lympho-
ma occurred among 3,389 patients
treated with etanercept in clinical trials,
including patients in extension studies,
treated for a median of 2.2 years, re-
sulting in a standardized incidence ra-
tio of 3.47 (95% CI, 1.58 to 6.59). For
infliximab, 4 cases were observed
among 555 patients with RA in the
ATTRACT trial (standardized inci-
dence ratio, 6.35; 95% CI, 1.73 to
16.26) and 2 cases occurred in Crohn's
disease trials (standardized incidence
ratio, 8.7; 95% CI, 1.05 to 31.41). For
adalimumab, 10 cases were reported
over the 24-month clinical trial among
2,468 RA patients (standardized inci-
dence ratio, 5.4; 95% CI, 2.6 to 10.0). 
Comparing these incidence ratios is
complex because of the absence of def-
initive information concerning lymph-
oma incidence ratios in the RA popula-
tion (41-47). Three studies have been
cited frequently to mitigate concerns
about potential increased incidences
with the biologics. A study by Baeck-
lund et al. (44) demonstrated a 25.8-
fold increased risk for lymphoma in
biologically naïve RA patients with
high disease activity. The 95% confer-
ence intervals CI for this odds ratio,
however, were extremely wide (3.1 to
213.0), suggesting that more data are
needed before definitive conclusions
may be drawn. A study by Prior et al.
(42) reported a 23-fold increased risk
for lymphoma in RA patients. Because
this involved a small patient population
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treated at a tertiary referral center, re-
ferral bias may have influenced the re-
sults. Lastly, in a 1994 study by Wolfe
and Fries (53), a correction was made
in the incidence death rate for leuke-
mia/lymphoma in RA patients, reduc-
ing it from 8.02 to 1.78. 
An important concern raised at the
FDA Advisory Committee meeting in
March 2003 was the absence of lymph-
oma in comparator groups in clinical
trials of etanercept, infliximab, and ad-
alimumab, although this suggests that
the biologic agents increase the risk of
lymphoma because the control group
of RA patients with parallel disease ac-
tivity not treated with TNF-α antago-
nists had a lower incidence. One ratio-
nale is that the control groups were con-
siderably smaller and were followed
only for brief periods. Therefore, the
increased number of lymphoma cases
in patients treated with TNF-α antago-
nists could have been the result of
chance. Further data, including careful
longitudinal assessment of treated pa-
tients, are required and are being col-
lected to clarify the risk of lymphoma
with TNF-α antagonists (4).

Systemic lupus erythematosus-like
syndromes
Systemic lupus erythematosus-like syn-
dromes and autoimmune serology con-
version has been described with all the
TNF-α antagonists. Of the confirmed
cases of etanercept-associated systemic
lupus erythematosus (SLE) from Nov-
ember 1998 to February 2002, 12 of 13
patients had complete resolution of
symptoms by 1 to 4 months after dis-
continuation of the biologic agent (54).
A caveat is the difficulty in detecting
TNF-α antagonist-induced SLE be-
cause these features may be misinter-
preted as symptoms resulting from RA
(55). In a few recently reported cases of
drug-induced SLE, patients initially
had objective evidence of RA but vague
symptoms and serologic findings typi-
cal of SLE. Treatment with TNF-α an-
tagonists appeared to lead to the pro-
gression of subtle SLE manifestations
(56), causing re-evaluation of the origi-
nal diagnosis of RA. 
Although monitoring of autoantibodies
may be important, the predictive value

of seroconversion while taking biolog-
ics for developing SLE still needs to be
determined. In a one-year randomized,
controlled trial of RA patients treated
with infliximab, antinuclear antibodies
were detected in 29% of the patients
before and in 53% after treatment, and
approximately 10% of the patients dev-
eloped IgM anti-dsDNA antibodies
(pre-treatment anti-dsDNA levels were
not reported). However, only one pa-
tient with all three isotypes (IgG, IgM,
and IgA anti-dsDNA) was observed to
develop a reversible lupus syndrome
(57). 
Positive dechallenge and rechallenge
cases are the strongest evidence that
these TNF-α antagonists induce fea-
tures of SLE (54,58). One proposed ex-
planation for the development of auto-
antibodies is that administration of an-
tibodies to TNF-α on the cell surfaces
leads to apoptosis releasing nuclear
antigens that promote the formation of
antinuclear antibodies (57). 

Heart failure
Questions have arisen concerning the
possibility that TNF-α antagonists may
cause new congestive heart failure
(CHF) or worsen pre-existing disease
(6). In clinical trials of infliximab for
CHF, mortality and hospitalizations for
heart failure were increased (1). A re-
port from the MedWatch database des-
cribed 47 cases of heart failure after in-
itiation of TNF-α antagonists (59).
These cases included new onset or ex-
acerbations that were diagnosed a me-
dian of 3.5 months and 4 months re-
spectively after the initiation of thera-
py. New-onset heart failure without a
known risk factor occurred in 19 (50%)
of these patients with a median ejection
fraction of 0.2 (range, 0.1 to 0.45). For
the 10 patients under age 50, 9 had stop-
ped the TNF-α antagonist and received
treatment for heart failure. Three pa-
tients completely resolved, 6 patients
partially resolved, and one patient died.
Despite the temporal association, no
definitive conclusions can be made be-
cause coincidental occurrence cannot
be ruled out with this small number of
case series (59). 
In response to the FDA warning of cas-
es of heart failure in patients treated

with etanercept or infliximab, Wolfe et
al reviewed their National Data Bank
for cases of heart failure in patients with
RA. The most relevant information
gleaned from this data is that there
were no incidents of heart failure in
1,569 patients who were less than 50
years old and treated with TNF-α an-
tagonists. However, heart failure asso-
ciated with TNF-α antagonists appears
to be a rare event, with only 47 cases
reported to the FDA among approxi-
mately 270,000 patients exposed to
TNF-α antagonists. Furthermore, there
was a strong temporal association in
the cases reported by the FDA, as the 9
patients who had no predisposition to
cardiac disease had resolution of their
depressed ejection fractions after with-
drawal, as well as treatment for heart
failure. Detection of cases of heart fail-
ure may have been limited, as 8% of
their population declined to participate
in the study. Approximately 0.017% of
the FDA database patients developed
heart failure. (60)
Because TNF-α is important for viral
clearance (61, 62), a possible explana-
tion for congestive heart failure in pa-
tients without a history of heart disease
might be that myocardial decompensa-
tion is secondary to viral myocarditis.
A study with TNF-deficient mice dem-
onstrated decreased survival after in-
fection with encephalomyocarditis vir-
us, resulting from viral defects in clear-
ance from the myocardium (63, 64).
Survival improved with the administra-
tion of recombinant human TNF-α.
These findings suggest that viral my-
ocarditis may develop during treatment
with TNF-α antagonists. Further evalu-
ation for viral infection may help char-
acterize new cases of heart failure in
patients treated with TNF-α antago-
nists.

Demyelination
Twenty cases of patients developing
neurologic symptoms with accompany-
ing demyelination on MRI scans have
been reported to the FDA database as a
TNF-α antagonist-associated adverse
event (4, 65). Although this complica-
tion has been attributed to possible pre-
cipitation of a multiple sclerosis-like de-
myelinating syndrome, a brain biopsy

                                                 



from one index case demonstrated leu-
koencephalopathy. The patient's symp-
toms and progressive lesions on MRI
were consistent with progressive multi-
focal leukoencephalopathy. This report
raises an intriguing possibility: namely,
that some cases categorized as multiple
sclerosis-like demyelinating syndromes
could in fact represent progressive mul-
tifocal leukoencephalopathy. The organ-
ism responsible for progressive multi-
focal leukoencephalopathy is human
JC papovavirus, which can be detected
in the cerebrospinal fluid by the poly-
merase chain reaction (66-69). Cases of
"demyelination syndrome" will require
careful analysis to determine the etiolo-
gy of the symptoms, and increased
scrutiny is necessary to exclude pro-
gressive multi-focal leukoencephalopa-
thy. 

Conclusion
The introduction of TNF-antagonists
has been a major advance for patients
with inflammatory arthritis. The over-
all safety of these agents appears to be
comparable to traditional DMARDs.
However, patients may be at a small
but increased risk for specific serious
adverse events such as tuberculosis, op-
portunistic infection, and possibly lym-
phoma. In general, the perception by
many patients and physicians that these
agents also offer greater therapeutic
benefit with respect to symptoms, qual-
ity of life and retardation of disease
progression, has led to the widely held
view that the benefit/risk ratio for TNF-
blockers is positive despite a small pos-
sibility of an increase in serious ad-
verse events. 
Ongoing surveillance is crucial to de-
fine accurately the incidences of ad-
verse events, with a particular focus on
lymphoma. Pharmaceutical companies,
working with the FDA, have developed
pharmacovigilance programs to collect
data in clinical trials and registries for 3
to 10 years with projected enrollments
of 600 to 5000 patients per program
(70), in addition to efforts by rheuma-
tologists such as the National Database
for Rheumatic Diseases under leader-
ship of Dr. Frederick Wolfe, and the Al-
berta Pharmacosurveillance Program
under leadership of Dr. Walter Maksy-

mowych (71). Voluntary health care
professional reporting is also making a
key contribution to surveillance via the
FDA MedWatch program. Anticipating
and identifying complications early
should decrease the frequency and sev-
erity of adverse events and improve the
overall safety of these highly effective
agents.
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