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ABSTRACT

Biologic agents that inhibit proinflam -
matory cytokines have made a pro -
found impact on the treatment of
rheumatoid arthritis (RA). Of the
agents that are currently approved by
the US Food and Drug Administration
(FDA) for this indication, etanercept
and infliximab neutralize tumor necro

sisfactor (TNF), and anakinra inhibits
interleukin-1 (IL-1). Adalimumab, which
was just recently approved by the FDA,
is also a TNF inhibitor. Despite their
common ability to inhibit cytokine bio-
activity, the molecular structures and
mechanisms of action of these biologic
agents are significantly different. The
TNF-binding moiety of etanercept is
derived fromsoluble TNF receptor sub

units. Infliximab is a chimeric (mouse-
human) monoclonal antibody to TNF,
while adalimumab is a fully human
anti-TNF monoclonal antibody. Ana-
kinra has yet another mechanism of ac-
tion: it is an IL-1 receptor antagonist.
The molecular characteristics of these
agents may be relevant to clinical effi

cacy and safety. These agents are till
relatively new: to date, the longest re-
porting time is 5 years, for etanercept.
Additional long-term data will be
required to determinetherelative bene -
fitsand drawbacks of different molecu -
lar characteristicsin these anticytokine
agents.

Introduction

The past few years have witnessed the
appearance of several new biologic
agents for the treatment of rheumatoid
arthritis (RA). These agents share one
important characteristic: they work by
inhibiting specific proinflammatory
cytokine molecules. Although a num-
ber of proinflammatory and anti-in-
flammatory cytokines have been impli-
cated in the pathogenesis of RA, ample
evidence demonstrates that tumor
necrosis factor (TNF) and interleukin-1
(IL-1) play prominent roles in the
inflammation and bone destruction of
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this disease (reviewed by Choy and
Panayi, 2001) (1). Accordingly, much
attention has been focused on the inhi-
bition of these cytokines by therapeutic
agents.

Despite the general similarity in the
modes of action of these biologic
agents, they differ in how they block
cytokine activity. These differences
may impact both the safety and efficacy
of the agent involved. Here we review
the molecular differences among anti-
cytokine therapies, with an emphasis
on their potentia impact on clinical
effects.

Molecular characteristics and
mechanisms of action of anti-
cytokine agents

Four biologic agents have been ap-
proved for use in the treatment of RA.
Three of these, etanercept, infliximab
and adalimumab (D2E7), inhibit TNF
activity, and the fourth, anakinra (IL-1
receptor antagonist; IL-1Ra) inhibits
IL-1. Schematic depictions of the struc-
tures of these agents are shown in Fig-
ure 1, and their molecular and pharma-
cologic characteristics are summarized
in Table I. As shown in Table I, two of
these agents (etanercept and anakinra)
are synthetic forms of naturally occur-
ring cytokines, while the other two are
monoclonal antibodies against the
cytokine TNF.

It should be noted that although these
agents clearly exert their effects through
cytokine inhibition, the precise site at
which such inhibition produces benefi-
cia effects (systemic versus synovial)
has not yet been determined. Both sys-
temic and local beneficia effects are
likely to contribute to the efficacy of
these agents, as improvement in nonar-
ticular symptoms are often observed in
treated patients. In addition, the precise
events following cytokine inhibition
that lead to therapeutic response (e.g.,
decreases in macrophage activity, in-
creased T cell apoptosis, effects on leu-
kocyte migration, effects on up-regula
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tion of matrix metalloproteinases, an-
giogenesis, or any other of amyriad of
possibilities) remain to be elucidated.

TNF inhibitors

Etanercept, the first biologic agent to
be approved for RA, is based on a natu
rally occurring TNF inhibitor, soluble
TNF receptor (2, 3). Etanercept is a
fully human recombinant molecule
composed of 2 soluble TNF receptor
(p75) subunits fused to the Fc portion
of human 1gG1 (Fig. 1) (4). This agent
binds and neutralizes soluble and mem-
brane-bound TNF as well as a related
molecule, lymphotoxin a (LTa, for-
merly known as TNF-b) (5). Like TNF,
LTa plays a key role in immune func-
tioning, particularly lymphoid organ
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development and inflammation (re-
viewed by Ruddle, 1999) (6). Current
data suggest that TNF and LTa share
some hiologic activities but aso have
distinct functions (7). The presence of
LTa is one distinguishing feature of
synovia in patients with juvenile RA
(8), but the role of this molecule in
adult RA is less clear. In one study,
LTa was detected in the serum of 22%
of RA patients (vs 0% in controls) but
was not found to be a good marker of
disease activity (9). The impact of LTa
inhibition by etanercept on clinical out-
come thus remains a matter of specula-
tion. Binding of etanercept to TNF-
expressing cells does not result in cell
lysisin the presence or absence of com-
plement (5, 10).

A} Eererpl
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Fig. 1. Schematic representations of biologic agents for rheumatoid arthritis (RA) and their mode of
action: (A) etanercept, (B) infliximab, (C) adalimumab, and (D) anakinra. TNF indicates tumor necro-

sisfactor; and IL-1, interleukin-1.
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The other two TNF inhibitors, inflix-
imab and adalimumab, are both mono-
clonal antibodies (Fig. 1). Infliximab is
a chimeric mouse-human monoclonal
antibody (11), while adalimumab is a
human antibody (12). Both agents are
specific for TNF; they do not bind LTa
(13, 14). Infliximab binds soluble and
cell-surface TNF (15, 16). Antibodies
(IgG and IgM) are capable of initiating
the classical complement pathway and
antibody-dependent cell-mediated cyto-
toxicity when they bind to their specif-
ic antigen on a cell surface (17, 18).
Because infliximab and adalimumab
are |gG antibodies, they have the po-
tential to cause cell lysis via these
mechanisms (see below). Infliximab
has al so been found to result in apopto-
sis of cultured rheumatoid synovial
cells derived from patients with RA
(19), aswell as apoptosis of T lympho-
cytes and monocytes from patientswith
Crohn’s disease (20, 21). Such activity
could confer aclinical benefit, or, con-
ceivably, lead to detrimental alterations
in immune functioning.

The relative avidity of TNF binding of
these different agents is difficult to
compare, as different assay systems
have generally been used for each. As
shown in Table |, etanercept, inflix-
imab, and adalimumab all bind to TNF
with high afinity (4, 11, 14). In one
study, infliximab and etanercept were
found to be equivalent in their ability to
bind and neutralize cell-surface TNF
(10). Some evidence indicates that
TNF-etanercept complexes are less sta-
ble than TNF-infliximab complexes in
vitro and thus dissociate more rapidly
(22, 23), but the relevance of these data
to in vivo situations is not clear.

IL-1 inhibitor

Anakinra is a recombinant, non-glyco-
sylated, fully human, IL-1Ramolecule
that differs from natural human IL-1Ra
by the addition of a single methionine
residue at its amino terminus (24). This
agent binds IL-1 receptors, thereby
blocking the binding of IL-1a and IL-
1b (25). Anakinra binds both soluble
and cell-bound IL-1 receptors (26). A
50% inhibition of IL-1 activity requires
an approximately 100-fold excess of
this compound (25). Coupled with the
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Tablel. Molecular and pharmacologic features of anticytokine therapies.
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Etanercept

Infliximab

Adalimumab (D2E7)

Anakinra (IL-1Ra)

Description

How produced

Physiologic role of natural
compound from which agent
is derived

Target for binding

Avidity of binding

2 soluble human TNF
receptors (p75) conjugated
to human IgGL1 antibody (5)

Inamammalian (CHO)
cell line (5)

Neutralizes excess
TNF (2, 3)

Soluble and cell-bound
TNF, lymphotoxin-a (5)

High avidity
(Ki=1x 10*° M), rapid
dissociation (4, 22)

Human-mouse
chimeric anti-TNF
1gG1k antibody (13)

In atransfected mouse
myelomacell line (13, 65)

No natural expression

Soluble and cell-bound
TNF (15, 16)

High avidity (K,=1.8 x 10°
M K=4.6 x 10 M),slow
dissociation (11, 15, 66)

Human anti-TNF
antibody (14)

Phage display ina
mammalian cell line[NR]

No natural expression

Soluble TNF (14); probably
cell-bound TNF as well

High avidity (K,=2.76 X
10* M) (14)

Recombinant, non-glycosylated
form of human IL-receptor
antagonist (27)

In an Escherichia coli
expression system (27)

Inhibits IL-1 receptor activation
by IL-1a and IL-1b (25)

Soluble and cell-bound
IL-1 receptors (26)

High affinity (K,=3.0x 10" M%)
(67); requires 100-fold excess
for 50% inhibition (25)

Molecular weight (daltons) 150,000 (5) 149,100 (13) ~150,000 17,300 (27)
Route of administration SC I\ SCIIV (12) SC
Dose/Frequency of Adults: 25 mg twice 3-10 mg/kg every 4to 8 40 mg every 2 weeks 100 mg/day (27)
administration weekly weeks in combination (68)

Pediatric (> 4y): 0.4 with MTX (13)

mg/kg twice weekly (5)
Serum half-life 102+ 30 h (5) 8-9.5 days (13) ~10 days (69) 4-6 h (27)

IL-1Ra indicates interleukin-1 receptor antagonist; TNF: tumor necrosis factor; 1gG1l: immunoglobulin G1; SC: subcutaneous; IV: intravenous; MTX:
methotrexate; CHO: Chinese hamster ovary; and NR: not reported.

short half-life of anakinra (4 to 6 hours)
(27), frequent dosing is required to
achieve the high levels needed to block
IL-1 activity.

Immune system effects of biologic
agents

As inhibitors of proinflammatory cyto-
kines, a topic of concern has been the
impact that biologic therapies might
have on the immune system. The known
effects of etanercept, infliximab, adali-
mumab, and anakinra on immune func-
tioning are summarized in Table 1.

Etanercept

Etanercept therapy appears to have
minimal effects on normal immunolog-
ic homeostasis (28). In an examination
of serum immunoglobulin levels and
immune effector cells in etanercept-
treated patients, no significant changes
were found in total 1gG and IgA or in
1gG subclasses. IgM levels increased
with etanercept treatment, and at 2
weeks significant increases in CD19*
and CD45RO" cells were observed,
aong with trends toward increases in
CD4 and CD8 cdlls. Other effector cell

populations remained unchanged (28),
although rare cases of leukopenia have
been reported outside of clinical trials
(5). Similarly, neutrophil function was
not adversely affected by etanercept
treatment (28). Long-term (>3 months)
etanercept treatment reduces the num-
ber of TNF- and IL-1—producing peri-
pheral blood mononuclear cells, bring-
ing these levels nearer to those in nor-
mal controls (29). Delayed-type hyper-
sensitivity reactions are not impaired
by etanercept treatment (28). Immune
responses to pneumococcal vaccination
occurred in etanercept-treated patients,
but titers were somewhat lower than in
patients who were not receiving etaner-
cept therapy (5,30). Furthermore, T
cell reactivity was found to be signifi-
cantly increased after 4 weeks of etan-
ercept therapy, and this effect was sus-
tained at the 8-week study end point,
suggesting that TNF blockade may
actually stimulate certain aspects of the
immune system (31).

Theminimal effect of etanercept on the
immune system is also indicated by its
adverse event profile. Although serious
infections have occurred in etanercept-
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treated patients, and patients with on-
going infections should not receive this
agent, the rate and number of serious
infections in treated patients during
clinical trials was not above that ex-
pected in these patient populations (5).
Rare cases of opportunistic infections
in etanercept-treated patients have been
observed (32). In post-marketing stud-
ies of approximately 102,000 patients
receiving etanercept, 9 cases of tuber-
culosis (TB) were reported (33).

A dlight increase in the percentage of
patients who devel oped new antinucle-
ar antibodies (ANA) has been observed
in etanercept clinica studies (5). Over-
all, approximately 11% of etanercept-
treated patients devel oped new positive
ANA compared with 5% of placebo-
treated patients. Using radioimmunoas
say, 15% of etanercept-treated patients
developed new positive anti—double-
stranded DNA (dsDNA) antibodies
compared with 4% of placebo-treated
patients. No pattern of increased
autoantibody development was seen in
etanercept-treated patients compared
with methotrexate (MTX)-treated pa-
tients (5). No cases of lupus-like syn-
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Tablell. Effects on immune system and immunogenicity of biologic agents.

Etanercept

Infliximab

Adalimumab (D2E7)

Anakinra (IL-1Ra)

Effect on cells

reactivity (31)

Generally minimal (70, 71);
modulates TNF-induced
expression of adhesion
molecules (5); does not
result inimmune cell lysis
(10); increases T cell

Antibody-mediated and
complement-mediated
lysis of TNF-producing
cells, and possibly non—
TNF-producing cells (10,
15); reduced monocyte
cell counts (36); increased
number of B cellsin

patients with spondyloar-
thropathy (39)
Effect on ANA 11% of patients became 62% of patients became NR
positive vs 5% positive vs 27%
of placebo (5) of placebo (13)
Effect on anti-double- 15% of patients became 15% of patients became NR
stranded DNA antibodies positive vs 4% of placebo (5) positive vs 0% of placebo
(13); 16% incidenceiin
long-term study (45)
Effect on anti-cardiolipin Noincreasein clinical 46.7% became positive (47) NR
antibodies trids; (5) transient increases
in 62% of patientsin small,
85-week study (35)
Immunogenicity < 5% of patients formed 17.4% of RA patients NR

antietanercept antibodies;

all antibodies were
non-neutralizing (5)

formed anti-infliximab
antibodies (51); antibodies
are formed against murine
epitopes and are
neutraizing (72)

Potential for antibody-
mediated and complement-
mediated lysis of TNF-
producing and non—TNF-
producing cells; slight
increasesin certain T and B
cell populations (38) and B
cell hyperreactivity (42)

Minimal effectsin rat model
system (48); decreases
neutrophil counts (27)

NR

NR

NR

28% of patients developed
anti-anakinratiters a 6 months,
none neutralizing at > 1 time
point (27)

IL-1Raindicates interleukin-1 receptor antagonist; TNF: tumor necrosis factor; ANA: antinuclear antibodies; NR:not reported; and RA: rheumatoid arthri-

tis.

drome were identified during etaner-
cept clinical trials. Howvever, during cli-
nical use after trial completion, 4 cases
of suspected drug-induced systemic
lupus erythematosus (SLE) in associa
tion with etanercept therapy have been
reported (34). The proportion of etaner-
cept-treated patients who developed
anticardiolipin antibodies during clini-
cal trials was similar to that of the
placebo-treated group (5). Inamorein-
depth look at the devel opment of these
antibodies, an increase in anticardi-
olipin antibodies was obsetved in 5 of 8
(62.5%) patients receiving etanercept
over 85 weeks of treatment. The appear-
ance of these antibodies correlated with
urinary tract or upper respiratory tract
infections, and antibiotic treatment
resulted in areturn to normal anticardi-
olipin antibody levels in al but one
patient. These data suggest that the
presence of bacterial DNA may act asa
stimulant in the formation of anticardi-
olipin antibodies (35).

Anti-TNF monoclonal antibodies

As discussed above, the anti-TNF mon-
oclonal antibodies infliximab and adal -
imumab have the potential to cause cell
lysis through antibody-mediated and
complement-mediated pathways. Inflix-
imab has been shown to result in the
lysis of TNF-producing cells and may
affect non-TNF-producing cells as well
(15, 16, 36). In an invitro study, 60%
of TNF-expressing cells were lysed in
the presence of complement and 0.5
mg/mL of infliximab (10). This lysis
probably happens in vivo aswell, since
persistent decreases in monocyte cell
counts have been observed in inflix-
imab-treated patients (36). Whether
lysis of immune cells is a benefit or a
drawback of therapy is not clear. Posi-
tive effects could potentially be pro-
duced by reductions in the population
of TNF-producing cells, but possible
negative effects could include reduc-
tions in overall immune functioning,
particularly if TNF-bearing immuno-
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regulatory cells are affected. The inef -
fectiveness of anti-T cell therapies in
treating RA (reviewed by Moreland,
1997) (37) suggests that the reduction
of T cells observed in infliximab-treat-
ed patients probably is not clinically
helpful. Adalimumab treatment has
been found to result in asmall increase
in memory CD4" and CD8" T cells.
Other T cell populations, NK cells,
neutrophils, and macrophages are unaf-
fected by adalimumab therapy (38).

Both infliximab and adalimumab have
been found to affect B cells. Infliximab
causes increases in B cells, especially
plasma cells, in the joint tissue of
patients with spondyloarthropathy (39),
but not in patients with RA (40). The
reason for this disparity is unclear but
may involve the different methodolo-
gies used in the two studies. In a recent
abstract, infliximab was demonstrated
to increase the number of CD20*
CD27* (memory) B cells in the periph-
eral circulation of patients with rheuma-
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toid arthritis. These cells have been
demonstrated to be deficient in RA pa
tients, and the use of infliximab ap-
pears to correct this deficit (41). Adali-
mumab resultsin small increasesin cir-
culating CD19* B cells (38), aswell as
B cel hyperreactivity in patients with
RA (42). The potential clinical conse-
guences of alterations in B cell number
or activity are not known.

It is possible that the effects of inflix-
imab on the immune system play arole
in opportunistic infections that occur in
some patients who are treated with
infliximab. In post-marketing studies
involving approximately 147,000 pa-
tients who received infliximab therapy,
70 cases of TB have been reported.
These cases typically appear after the
first few infusions and are likely to be a
reactivation of latent TB (33). Impor-
tantly, many of these cases are extra-
pulmonic or miliary in pattern, reflec-
tive of a profound defect in host
defenses. Tuberculin skin tests are now
recommended for al patients prior to
receiving infliximab (13). Other oppor-
tunistic infections have also been
observed in patients receiving inflix-
imab, including histoplasmosis and
invasive pulmonary aspergillosis (43,
44).

The appearance of opportunistic infec-
tions in infliximab-treated patients
recently led the FDA to request that a
warning about the association between
infliximab therapy and opportunistic
infections, including TB, be added to
the infliximab prescribing information.
In clinica trials, no overall increased
risk of serious infections was observed
in infliximab-treated patients compared
with the placebo group (13). Whileitis
too early to determine whether adali-
mumab will be associated with the
same increased propensity to oppor-
tunigic infections, a recent immuno-
logic analysis of a 52-week study sug-
gests that this molecule does not pro-
foundly affect the normal immune re-
sponse. In this study, a subgroup of 64
patients underwent intense immuno-
logic investigation. Overall, there was a
slight increase in circulating lympho-
cytes at 24 weeks in patients treated
with adalimumab. This was reflected in
a small increase in memory CD4* and

CD8' T cellsaswell as CD19" B cells.
Phagocytic function of neutrophils and
macrophages was similar in both adali-
mumab and placebo groups, and there
was no impairment of B and T cell pro-
liferative responses to mitogen stimula-
tion. Delayed hypersensitivity and total
immunoglobulin levels as well as
response to pneumococcal vaccination
were unchanged in the adalimumab-
treated group (38).

Antinuclear antibody formation occurs
at afairly high frequency in infliximab-
treated patients, with 62% of patients
who received infliximab plus MTX
developing ANA compared with 27%
of patients treated with placebo plus
MTX. Anti-dsDNA antibodies were
detected in 15% of patients in the in-
fliximab plus MTX group and in none
of the patientsin the placebo plusMTX
group (13). In along-term safety study,
the incidence of infliximab-treated pa-
tients who devel oped anti-dsDNA anti-
bodies was 16% (45). In a separate stu-
dy, 7% to 14% of patients developed
anti-dsDNA antibodies after treatment
with infliximab, depending on the pre-
cise assay used (46). Symptoms consis-
tent with lupus-like syndrome are rare
but have been reported in 4 of 1,987
(0.2%) patients in the long-term safety
study and in 1 of 156 (0.6%) patientsin
the separate analysis of anti-dsDNA
antibodies (45, 46). In a study of 45
infliximab-treated patients, 21 (46.7%)
were found to have anticardiolipin anti-
bodies and 1 developed a transient
ischemic attack (47). No data on auto-
antibody formation in response to adal-
imumab have been reported.

Anakinra

In rats, anakinra treatment for at least
21 days had minimal effects on the
structure and function of the immune
system, except for a dight enhance-
ment of NK cell activity (48). The ef-
fects of anakinra on immune function-
ing in humans have not been studied in
detail. In al placebo-controlled trials
with anakinra, 8% of anakinra-treated
patients had decreases in neutrophil
counts of at least 1 World Health Orga-
nization toxicity grade compared with
2% of placebo-treated patients (27). An
increased incidence of seriousinfection
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was reported in anakinra-treated pa
tients (2%) relative to those in the pla-
cebo group (< 1%).

Although to date there has been no evi-
dence of infections with opportunistic
pathogens, patients with underlying
cardiopulmonary disease appear to
have a higher risk of developing serious
infections, such as community-acquired
pneumonia, during anakinra therapy:
5% in patients taking anakinra com-
pared with less than 1% in patients tak-
ing placebo (27). Combination therapy
with etanercept and anakinraincreased
the incidence of serious infections and
neutropenia (27). In a6-month study of
anakinra in combination with MTX,
leukopenia necessitated treatment with-
drawal in 1.2% of patients. Eight of
297 (2.7%) treated patients developed
antibodies to anakinra at some point
during the study, but none were serore-
active at more than one time point.
Seven of these 8 patients experienced
injection site reactions during anakinra
treatment, but no other clinical seque-
lae were observed. Neutralizing anti-
bodies to anakinra were not detected in
this study (49).

I mmunogenicity

The formation of antibodies to biologic
agents is a significant issue because
such antibodies could potentially im-
pair the efficacy of the agent or cause
adverse events. Unfortunately, detect-
ing or quantifying antibodies to biolog-
ic agentsis problematic. In some cases,
the presence of the agent in blood con-
founds the measurement of antibody
activity against that agent. For instance
the presence of anti-infliximab anti-
bodies cannot be measured in patients
currently receiving infliximab therapy
(50). For al of the agents, high levels
of rheumatoid factor may complicate
the measurement of antibody protein.
Each biologic agent requires a unique
assay, and different assays can vary
widely in specificity and sensitivity.
Because of the multiple assays used
and the technical difficulties in quanti-
fying antibodies to biologic agents, the
comparison of the incidence of antia-
gent antibodies among different prod-
ucts can be misleading. The presence
or absence of neutralizing antibodies
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may be more informative and more rel-
evant to clinical outcomes than the
absolute incidence of antibodies.

Etanercept

Etanercept is not highly immunogenic.
Fewer than 5% of patientsin RA trials
tested positive for anti-etanercept anti-
bodies. All antibodies were non-neu-
tralizing, and no correlations with clin-
ical response or adverse events were
observed (5).

Infliximab

Because infliximab contains mouse se-
guences, the formation of human anti-
chimeric antibody (HACA) is a poten-
tial issue. HACA assays can only be
performed after treatment has stopped,
because the presence of infliximab in
serum confounds test results (51).
Accordingly, determining whether a
patient is developing HACA while on
infliximab therapy is not possible.

In apivotal study, the incidence of anti-
infliximab antibodies was 17.4% at 26
weeks after initiating infliximab thera-
py. Rates of HACA formation ranged
from 53% in patientsreceiving 1 mg/kg
infliximab alone to 0% in patients
receiving 10 mg/kg infliximab plus
low-dose MTX (51). Overall, approxi-
mately 10% of the patients treated with
infliximab in clinical trials were anti-
body positive (13). Patients who were
antibody-positive were more likely to
experience an infuson reaction (13).
Because of the ability of MTX to
reduce HACA formation, infliximab is
indicated for RA only in combination
with MTX (13). MTX appears to be
effective in reducing the appearance of
HACA during short-term therapy, but
no long-term data on this parameter are
available. A recent study showed that
functional improvement in response to
infliximab diminished after the first 6
months of therapy regardliess of con-
comitant MTX use (52). The reason for
this observation is unclear but may be
due to the occurrence of neutralizing
antibodies to infliximab.

The importance of immunogenicity in
modulating the pharmacokinetic prop-
erties of monoclona antibodies such as
infliximab has recently been called into
guestion based on a detailed study of
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pharmacokinetics of that molecule by
St Clair and colleagues (53). In this
study, the investigators performed phar-
macokinetic modeling of varying dos-
ing regimens of infliximab and found
that positive clinical and radiographic
responses were correlated with higher
trough concentrations. They also found
that in the lowest-dose cohort (3 mg/kg
every 8 weeks), over 20% of patients
had undetectable trough levels, but
only one third of these had detectable
antibodies to infliximab, suggesting
that undefined metabolic factors are
likely contributing to rapid clearancein
some patients.

Adalimumab

Asyet, no data have been reported on
the immunogenicity of adalimumab.
Because of the fully human amino acid
sequences of this antibody, reduced
immunogenicity relative to chimeric
antibodiesis to be expected (54). How-
ever, humanized antibodies do not
always show reduced immunogenicity
(reviewed by Clark, 2000) (55). Accord-
ingly, assessments of the immuno-
genicity of adalimumab must avait fur-
ther studies.

Anakinra

In one of the anakinra clinical trials,
28% of patients tested positive for anti-
anakinra antibodies at month 6 in a
highly sensitive anakinra-binding bio-
sensor assay (27). Using a cell-based
bioassay, less than 1% of patients test-
ed seropositive for neutralizing antibo-
dies. None of the seropositive patients
were positi ve for neutralizing antibod-
ies at more than one time point, and all
subjects were negative for neutralizing
antibodies by 9 months. The immuno-
genicity of anakinra appears to be rela
tively low, at least during the first 9
months of administration.

Other potential cytokine-directed
therapies

In addition to the biologic agents
reviewed here, several other therapeutic
strategies are also being pursued for use
in RA. It is important to note that
although such strategies have excellent
potential, in most cases clinical data to
support their use are lacking. Severa

246

potential biologic agents for RA have
aready falen by the wayside, including
monodonal antibodies against I1L-6, a
key proinflammatory cytokine (56).
Nevertheless, the activities displayed by
the TNF and IL-1 inhibitors have
spurred active investigations into other
biologic agents. Rather than inhibiting
proinflammatory cytokines, the possi-
bility of reducing the inflammatory
response through the use of anti-inflam-
matory cytokines, such as IL-10 (57,
58), is receiving significant atention.
Agentsthat inhibit late-acting cytokines,
such as|L-18, are another potentia ther-
apeutic avenue (59, 60). Antibodies
directed againgt interferon gamma, a
key immunoregulator, are also being
examined (61). Interrupting the activa
tion of T or B cells may also affect
cytokine production and the pathogene-
sis of RA. Early studies have examined
the effects of denileukin diftitox (62),
which prevents high affinity IL-2 recep-
tor activation, and rituximab, a mono-
clonal chimeric antibody directed
against the B cell-surface marker CD20
(63), in patients with RA. Gene therapy
may be an option for some molecules,
including IL-1Ra and IL-10 (reviewed
by van de Loo and van den Berg) (64).
Treatment with combinations of biolog-
ic agents, particularly those that target
inflammatory events a different stages,
isan exciting possibility.

Conclusions

Although current biologic agents for
RA work by inhibiting pro-inflammato-
ry cytokines, at the molecular level
these anticytokine therapies are distin-
guished by differences in structure,
mechanism of action, pharmacokinet-
ics, and immune system effects. Differ-
ences in immunogenicity and target
cytokine have the potential to impact
safety and efficacy, particularly during
extended administration. Only short-
term data are available for anakinra
Limited information has been published
on adalimumab. As new data become
available, the clinical impact of the
molecular differences in these anticy-
tokine therapies will be of interest.
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