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Abstract

Rheumatoid arthritis is a chronic disease with the potential to cause substantial joint damage and
disability.1 During the past 10 years, improved understanding of the pathophysiology of rheumatoid
arthritis has led to several key changes in the approach to therapy. Most important of that is the
development of some biological agents interfering with the activity of several important cytokines.
Infliximab, etanarcept, and adalimumab are TNF blockers, anakinra is IL-1 receptor antagonist, and
rituximab is anti CD-20 monoclonal antibody. These newer agents proved to be useful for alleviating
symptoms and slowing the disease progression in the patients with RA who have failed to respond

to conventional DMARDs.
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Introduction

Rheumatoid arthritis  (RA) is a chronic,
autoimmune, inflammatory systemic disease of
unknown etiology characterized by persistent joint
inflammation that results in progressive joint
destruction, joint deformity, and physical
disability. It affects 1% of the world population.*
When the disease is unchecked, it leads to
substantial disability and premature death. The
average life expectancy of RA patients is
decreased by 3 to 18 years compared to age and
gender matched controls'. Recent advances in
understanding the cytokine networks that are
responsible for the ongoing inflammatory response
in rheumatoid arthritis? have led to the successful
use of therapies that target tumor necrosis factor
(TNF-=) and interleukin-1 and other molecular
mediators®.

During the past 10 years, improved understanding
of the pathophysiology of rheumatoid arthritis has
led to several key changes in the approach to
therapy. First, early diagnosis and treatment are
important. Second, the use of disease-modifying
antirheumatic drugs (DMARDS) in combination is
highly effective. Third, the use of agents that target
cytokines, such as TNF-a and interleukin-1, is an
effective strategy. And fourth, recognition is
growing that the assessment of treatment outcomes
should include an analysis of important coexisting
ilinesses (particularly cardiovascular disease and
osteoporosis). In this article, I will discuss the
clinical application of these principles, which has
resulted in a marked improvement in clinical
outcome.*
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Role of cytokines in the pathogenesis of RA

While a T cell mediated, antigen-specific process
is undoubtedly critical to the initiation of RA,
sustained inflammation is at least equally
dependent on cytokine production by synovial
macrophages and fibroblasts which may act on
each other in an autocrine or paracrine manner.
Tumor necrosis factor-a (TNF-a) and
interleukin-1 (IL-1) are the major macrophage-
derived cytokines present in the rheumatoid joint
and both induce the synthesis and secretion from
synovial fibroblasts of matrix-degrading proteases,
prostanoids, interleukin-6 (IL-6), interleukin-8
(IL-8) and granulocyte-macrophage colony
stimulating factor (GM-CSF). As well as
activating endothelial cells and thereby promoting
adhesion of neutrophils, it had been observed that
TNF-alpha shared with interleukin-1 (IL-1) the
property of stimulating resorption of cartilage and
inhibiting synthesis of proteoglycan. Patients with
rheumatoid arthritis have high concentrations of
TNF-a in the synovial fluid.> Consequently,
attention has focused on inhibition of TNF-alpha
as a way to treat RA.TNF is produced primarily by
macrophages and, to a lesser extent, by
lymphocytes. In contrast to the relatively
restricted synthesis of TNF-a by macrophages and
T cells, TNF receptors (TNF-R) are expressed by
nearly every mammalian cell. There are two types
of TNF receptors, designated as TNF-RI (or p55)
and TNF-RII (or p75).? IL-1 is a cytokine that has
immune and pro—inflammatory actions and has the
ability to regulate its own expression by
autoinduction. Evidence supports the fact that the
level of disease activity in RA, and progression of
joint destruction, correlates with plasma and
synovial fluid levels of IL-1 2. There are two
specific immunoglobulin-like membrane bound
IL-1 receptors (IL-1R), types | and II, found in
both humans and animals. Among these two
interleukin receptors only IL-1 receptor type 1 is
functionally active. A complete biological
response requires only 1% to 2% occupancy of IL-
1 type | receptors on a target cell°.

Development of TNF inhibitors

The two strategies for inhibiting TNF that have
been most extensively studied to date consist of
monoclonal anti-TNF antibodies and soluble TNF
receptors (STNF-R). Both constructs  will
theoretically bind to circulating TNF-a, thus
limiting its ability to engage cell membrane-bound
TNF receptors and activate inflammatory
pathways.

The best studied of the monoclonal anti-TNF
antibodies is infliximab originally referred to as
CcA2. Infliximab is a chimeric human/mouse
monoclonal anti-TNF alpha antibody composed of
the constant regions of human IgG, coupled to the
high-affinity neutralizing murine anti-Human TNF
alpha antibody. The antibody exhibits high
affinity for recombinant and natural human TNF
alpha, and neutralizes TNF-mediated cytotoxicity
and other functions in vitro.® Because of the
potential for an immune reaction to the mouse
protein components of a chimeric antibody, an
alternate strategy has been to develop a fully
human anti-TNF monoclonal antibody. One such
antibody, known as D2E7, also known as
adalimumab, was generated by phage display
technology.

In the second approach to TNF inhibition, soluble
TNF-receptors have been engineered as fusion
proteins in which the extracellular ligand-binding
portion of the human TNF-RI or human TNF-RII
is coupled to a human immunoglobulin-like
molecule. Although TNF-RI is thought to mediate
most of the biological effects of TNF in vivo,
engineered STNF-RI and sTNF-RII constructs
both appear to be effective in vivo inhibitors of
TNF. Etanercept is the best studied of the STNF-R
and is approved for the treatment of rheumatoid
arthritis in adults and in children. It is a dimeric
construct in which two sTNF-RII (p75) are linked
to the Fc portion of human IgG1.Pegylated soluble
TNF receptor 1,which has a prolonged half life, is
under development #(Table 1).



Table I: TNF Inhibitors Currently Approved or in
Development

Name Description Status
Infliximab Mouse-human FDA approved
chimeric anti-hu TNF

monoclonal Ab

Adalimumab Fully human anti-hu  FDA approved
TNF monoclonal Ab

Etanercept  p75 sTNF-RII-Fc FDA approved
(dimeric)

(None) PEG-p55 sSTNF-RI In development
(monomeric)

Lenercept p55 sTNF-RI-1gG1 Development

(dimeric) terminated
Clinical trials with TNF inhibitors

Because the safety of the TNF inhibitors in
humans was unknown, early trials in RA targeted
patients with severe, longstanding disease that had
failed to respond adequately to conventional
treatments such as methotrexate, gold salts,
immunosuppressives and others. More recently, as
the safety of these agents unfolded, patients with
juvenile RA and adults with early RA have been
targeted.

Both the short-term efficacy and the toxic effects
of new drugs for rheumatoid arthritis are usually
evaluated in clinical trials of 6 to 12 months'
duration. Improvement is most often defined by an
outcome measure of the American College of
Rheumatology (ACR) called the ACR 20.° The
ACR 20 is defined as a reduction by 20 percent or
more in the number of tender and swollen joints
plus similar improvement in at least three of the
following five measures: pain, global assessments
by the patient and the physician, self-assessed
physical disability, and levels of acute-phase
reactant. Two other outcome measures that are
deemed to be more clinically relevant, the ACR 50
(improvement of 50 percent or more) and the ACR
70 (improvement of 70 percent or more), are also
often reported. However, the “gold standard” for
evaluating the efficacy of a treatment in
rheumatoid arthritis is its ability to slow or halt
radiographic progression of the disease - that is,

the treatment must slow or halt the development of
new or enlarging erosions and slow the
development of new or progressive joint space
narrowing.

Both infliximab and etanercept have been studied
extensively in human subjects, and both are now
FDA approved for the treatment of RA. Initially,
because of the experimental nature of these
treatments, only patients with long-standing,
severe RA were evaluated and the identified
outcome was clinical (but not radiologic)
improvement. Although many of these patients
had failed multiple conventional treatments for RA
(such as methotrexate, gold, etc.), clinical
responses to the TNF inhibitors were gratifyingly
robust and rapid. More recently, patients with
early disease have been targeted for study and
their responses have been similarly robust. Even
more compelling are radiographic data in both
early and late disease patients which demonstrate
the ability of anti-TNF agents to slow or halt
radiographic damage in the majority of patients.
These data provide “proof of concept” in humans
that TNF is indeed an important pathogenic
mediator of joint damage in RA. Perhaps most
intriguing about these studies is that targeting
(inhibiting) a single cytokine can profoundly alter
the natural history of this disease.

Infliximab is usually given in a dose of 3mg/kg as
an IV infusion at ‘0’, ‘2’, ‘6’weeks repeated every
two months thereafter. It has a half-life of 8-12
days. A single infusion of infliximab (1 or 10 mg
per kilogram) was reported to improve symptoms
of rheumatoid arthritis rapidly, providing early
evidence of the effectiveness of TNF antagonism. °
Subsequent studies demonstrated that
monotherapy with infliximab (at a dose of 3 or 10
mg per kilogram) was superior to placebo,” but
the frequent development of anti-infliximab
antibodies led to its use in combination with
methotrexate rather than as monotherapy. Four
regimens — infliximab at a dose of 3 or 10 mg per
kilogram every four or eight weeks combined with
methotrexate—were all similarly and significantly
more effective than methotrexate plus placebo.



After 54 weeks, the ACR 20 response rate ranged
from 42 percent (with 3 mg per kilogram every 8
weeks) to 59 percent (with 10 mg per kilogram
every 4 weeks)."* All regimens of infliximab plus
methotrexate  were  more  effective  than
methotrexate  plus placebo in  preventing
progression as measured radiologically.'*Patients
who do not have an adequate response or who
have an initial response followed by a relapse may
have a better response either if the interval
between infusions is decreased to every four to six
weeks or if the dose is increased.*

In the Anti TNF Research Study Programme of the
Monoclonal Antibody Adalimumab in RA
(ARMADA) 15 trial 271 patients with active RA
on concurrent methotrexate were randomized to
Adalimumab (in doses of 20,40, or 80 mg
subcutaneously every other week) or placebo. At
24 weeks

more patients in the Adalimumab group met ACR
20 response criteria than in placebo group (47.8%,
65.7%, 65.8% Vs 14.5%; P<0.001for each
comparison).?

In a randomized, double-blind study, the ACR 20
response rate for 40 mg of adalimumab
administered subcutaneously weekly was similar
to the rate for the same dose administered every
other week (53 percent and 46 percent,
respectively), and both were significantly higher
than the rate with placebo (19 percent)®™.
Adalimumab appears to have additive effects when
used with methotrexate.'

Etanercept is given as a 25 mg subcutaneous (sc)
injection twice a week. It has a half life of 4-5
days. In TEMPO trial (Trial of Etanercept and
Methotrexate with radiographic Patient Outcomes)
combination  therapy of etanercept with
methotrexate significantly slowed progression of
structural damage as assessed by
radiography.ZAfter dose-finding studies, a 10-mg
dose of etanercept, a 25-mg dose of etanercept,
and placebo were compared in 234 patients in a
six-month randomized study.’> Both doses of

etanercept appeared to be effective, resulting in
ACR 20 response rates of 51 percent and 59
percent, respectively, as compared with 11 percent
in the placebo group. The 25-mg dose resulted ina
more rapid response and more frequent ACR 50
responses (40 percent) than the 10-mg dose (24
percent) or placebo (5 percent). Another study
indicated that patients with an inadequate response
to methotrexate receive benefit when etanercept is
added to their regimen rather than placebo .*°

Potential side effects of TNF blockers

TNF plays an important role in host defenses,
particularly in the killing of intracellular
microorganisms  such  as  Listeria  and
mycobacteria, aspergillosis, histoplasmosis and in
inducing apoptosis of some tumor cells.
Consequently, there has been some concern that
long-term inhibition of TNF could lead to an
increased incidence of infection and of malignancy
(especially lymphoma). In addition, as these
agents are genetically engineered proteins that will
be given repeatedly over long periods, issues of
immunogenicity with formation of antibodies
against these drugs, require scrutiny. Injection site
reactions like minor redness, itching, urticaria and
very rarely anaphylaxis can also occur. Thirteen
percent patients treated with infliximab developed
human anti chimeric antibodies thereby increasing
the potential for future infusion reactions. Drug
induced lupus erythematosus occurred in less than
0.5% of patients treated with infliximab."’

Precautions while using TNF alpha blockers

Anti-TNF therapy should not be started in patients
with active infection and should be discontinued if
a serious infection occurs. Chronic or recurrent
infection is a relative contraindication. All patients
should be screened for latent tuberculosis before
anti-TNF therapy is begun, and should be treated
before starting such therapy if they test positive.™
Physicians should be alert to the increased risk of
tuberculosis and other opportunistic infections.



IL-1 receptor antagonist

Anakinra is a recombinant form of human
interleukin-1-receptor antagonist that targets the
type | interleukin-1 receptor that is expressed in
many tissues. Anakinra, alone or in combination
with methotrexate, has been more effective than
placebo in randomized, controlled trials involving
approximately 900 patients with rheumatoid
arthritis . Anakinra is given subcutaneously in a
dose of 1-2 mg/kg /day. A long-term extension
study documented that responses seen in the first
24-week phase of the study were durable; after 48
weeks, 18 percent of patients treated with anakinra
had an ACR 50 response, and 3 percent had an
ACR 70 response.” Treatment with anakinra also
significantly slows the rate of damage, as
measured on radiography. Anakinra may be useful
in patients who have no response to or are unable
to tolerate methotrexate, leflunomide, or TNF
antagonists. The combination of anakinra and
methotrexate appears to be well tolerated.
However, both drugs can lower the white-cell
count; thus, regular laboratory monitoring is
required. Concomitant use of anakinra and a TNF
antagonist may increase the risk of infections and
should be avoided.”

Rituximab

Rituximab is an anti-CD 20 chimeric
mouse/human monoclonal antibody approved in
1997 for the treatment of B-cell lymphomas. It is
hypothesized that, rheumatoid arthritis may be
driven by auto-reactive B-lymphocytes. Rituximab
tends to deplete B cells, thus diminishing the
progression of the disease. Five patients with
refractory seropositive rheumatoid arthritis who
had failed five or more disease modifying drugs,
were treated with a four week course of rituximab
in conjunction with prednisolone (60 mg. daily for
10 days, then 30 mg. daily for 12 days) and
cyclophosphamide (750 mg. iv x2). At six months
all patients achieved an ACR 50, and three
achieved an ACR 70.%

Limitations and future directions

The drugs discussed above appear to be relatively
safe and effective in the short-to-intermediate—
term treatment of rheumatoid arthritis. Treatments
for rheumatoid arthritis continue to advance
rapidly, and many new drugs are under
investigation; some have shown promise in clinical
trials that have been published. These include
tacrolimus, an interleukin-6 antagonist, and a
fusion protein — cytotoxic T-lymphocyte—
associated antigen 4-1gG1 (CTLA-4-l1g) — that
blocks T-cell costimulatory pathways. Other drugs
that are now at earlier stages of development
include pegylated, soluble TNF receptor
antagonists and agents that trap cytokines, block
interleukin-15, prevent the cleavage of human
complement component C5, or inhibit adhesion
molecules. The introduction of additional effective
therapies for rheumatoid arthritis will improve the
outlook for patients, since even with the range of
therapies currently available, some patients still
have poorly or incompletely controlled disease.??
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