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Abstract
Rheumatoid arthritis is a common and potentially devastating condition which did not have

good treatment options until recently. Pharmacological treatment should not just comprise anti-
inflammatory agents and corticosteroids. The current therapeutic approach is to start a disease
modifying agent early in the illness to prevent eventual joint damage. Older disease modifying
anti-rheumatic drugs (DMARDs) include methotrexate, sulphasalazine and hydroxychloroquine.
Newer ones such as leflunomide and cyclosporine are also used. A recent advance in the
management of rheumatoid arthritis is the use of biological agents which block certain key
molecules involved in the pathogenesis of the illness. They include tumour necrosis factor (TNF)-
blocking agents such as infliximab, etanercept and adalimumab, the anti-CD 20 agent rituximab
and CTLA-4 Ig abatacept. Other agents which are in development include anti-IL6 tocilizumab,
anti-CD22 and anti-lymphostat B. In this review, the efficacy and side effects of these agents, their
impact on current clinical practice and future trends are discussed.
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Introduction
The treatment of rheumatoid arthritis (RA) has gone

through many major changes in the past 100 years.
Historically, it was essentially untreatable and many patients
like the French impressionist painter Renoir had to live
with the ravages of the disease through sheer courage and
determination. In 1948, the use of corticosteroids was
introduced which seemed at first to be an extremely effective
treatment but the severe side effects of long-term therapy
soon limited their use.

The concept that drugs should be used to slow down
damage caused by the disease rather than simply to control
symptoms resulted in various agents being introduced,
which were initially called SAARDS or “slow acting anti-
rheumatic drugs.” These included drugs such as
intramuscular or oral gold salts, D-penicillamine, anti-
malarial agents, sulphasalazine and methotrexate (MTX).1
The term SAARD was replaced with disease modifying
anti-rheumatic drug (DMARD) and currently MTX is the
most commonly used DMARD in several rheumatic

diseases, particularly in rheumatoid arthritis and possibly
psoriatic arthritis. Other commonly used DMARDs include
sulphasalazine, hydroxychloroquine and leflunomide.

As we begin to understand the pathogenesis of auto-
immune disease and the contribution of the different
pathways of activation of inflammation and tissue damage,
we are able to identify new targets for therapy. Many of
these new medications modify the immune response by
blocking the effect of pro-inflammatory cytokines or by
acting on various immune cells such as the B lymphocyte
or the interaction between the T cell and the antigen-
presenting cell (APC). Recent studies have shown that
50% of patients with rheumatoid arthritis are disabled
within 10 years of the onset of disease and survival is
reduced.2 With the advent of more potent drugs, the strategy
of treating rheumatoid arthritis has changed. In the past,
there was a tendency to start a DMARD late in the illness
when erosions or deformities were established. Current
practice is to start a DMARD early on in the illness in order
to prevent joint damage.3



February 2007, Vol. 36 No. 2

129Use of Biological Agents in the Treatment of RA—Peng-Thim Fan and Keng-Hong Leong

Targetted Therapy – Chance of a Cure?
The advances made in the understanding of autoimmunity

have led to the idea that a cure may be possible if the
initiating event in the pathogenesis of rheumatoid arthritis
can be modified or stopped. However, research with vaccines
and agents blocking the interaction of the T cell and APC
has not resulted in any outcome that even looks like a cure.
This is because the immune system is complex and there
does not seem to be a single key cytokine or process which
drives the whole series of events (Fig. 1).

Maini et al4 were instrumental in elucidating the major
role of tumour necrosis factor alpha (TNF-α) and paving
the way for TNF blocking agents to become one of the
major advances in the treatment of inflammatory arthritis.
It appears, though, that TNF is not the central cytokine it
was once thought to be in the pathogenesis of rheumatoid
arthritis. Other cytokines such as interleukin-1 (IL-1) and
IL-6 also do not play a central dominant role. Inhibiting any
one of these cytokines may produce very effective control
of the disease but it does not constitute a cure, since the
disease returns after a variable interval when treatment is
stopped. In a substantial proportion of patients, the disease
progresses even if treatment is sustained. Other approaches
have been shown to be effective. These include eliminating

circulating CD20 positive B lymphocytes and blocking the
co-stimulatory signal (CD28-CD80/86) for T cell-APC
interaction.

There are several ways of inhibiting the action of an
inflammatory cytokine which usually exerts its effect after
binding to its cell surface receptor. Soluble receptors or
monoclonal antibodies bind to the cytokine and compete
for binding with the cell surface receptor. Alternatively,
receptor antagonists or monoclonal antibodies bind to the
cell surface receptor and prevent the cytokine from binding.

Although none of these newer agents achieve a permanent
drug-free remission, they are much more effective than the
older DMARDs in reducing symptoms, reducing or stopping
joint damage and preventing functional disability. They
have been shown to be effective in patients who are
refractory to conventional DMARDs. These drugs work
very well in patients with long-established disease of 12
years or more as well as in those with early disease of less
than 3 years duration. Patients with early disease respond
much better than those with long-standing disease. In these
patients, complete remission can be accomplished with the
TNF-inhibitors. Several trials show that combining a TNF-
inhibitor with MTX is particularly effective and far superior
to using either drug alone. Radiographic damage can be

Fig. 1. The integrated immune response and pathogenesis of rheumatoid arthritis.
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stopped entirely with such treatment.
These observations have led to the idea that there is a

window of opportunity within which aggressive treatment
of RA can produce permanent remission.5 Several
professional organisations, including the American College
of Rheumatology (ACR), have adopted new aggressive
strategies. It is likely that the same approach may also be
effective in managing ankylosing spondylitis and psoriatic
arthritis.

Efficacy of Biological Response Modifiers
In clinical trials with rheumatoid arthritis and psoriatic

arthritis, outcome measures for disease activity are the
ACR 20, 50 and 70, which indicate 20%, 50% or 70%
improvement in various parameters such as number of
tender and swollen joints, C reactive protein, pain on visual
analogue scale and physician or patient global assessment.6,7

Some trials use the Disease Activity Score 28 (DAS 28),
which is similar. Another outcome measure determines the
extent of joint damage as assessed by X-rays and the most
common scoring system is the van der Heijde-modified
Sharp score which quantifies erosions and joint space
narrowing. Finally, trials also assess the impact on functional
disability quality of life. The common tools used are the
Health Assessment Questionnaire (HAQ) and the Short
Form 36 (SF-36). The latter has the added dimension of
measuring general mental health (psychological distress
and well-being). There are also various scores and indices
relevant to psoriasis and ankylosing spondylitis.8

The earliest approved biologic response modifier is
anakinra, an IL-1 receptor antagonist.9,10 It is administered
as a daily subcutaneous injection and has efficacy in
treating RA when used alone or in combination with MTX.
It is not commonly used since the TNF-inhibitors show
much greater efficacy in comparison and have a more
convenient dosing regimen. However, it is a valuable drug
in the treatment of some diseases such as adult Still’s
disease and systemic-onset juvenile idiopathic arthritis,
where it works much better than the TNF-inhibitors.11,12

Among the TNF-blocking agents, the first to be introduced
was infliximab (Remicade), followed by etanercept (Enbrel)
and adalimumab (Humira). Infliximab and adalimumab
are monoclonal antibodies directed against TNF while
etanercept is a construct of 2 TNF receptors (p75 receptors)
linked to the Fc portion of IgG1, giving rise to an
immunoglobulin-like molecule. Clinical trials with the 3
agents show high efficacy in RA patients who failed
traditional non-biologic DMARDs. The anti-TNF agents
can be used alone or in combination with MTX,13,14 but the
combination has superior efficacy.15-18 After 12 months of
anti-TNF with MTX compared to placebo with MTX, all 3
agents show ACR 20, 50 and 70 responses in the order of

60% versus 25% , 40% versus 10% and 20% versus 5%
respectively. Modified Sharp scores are even more
impressive, indicating that these agents prevent joint damage
as assessed by serial X-rays out of proportion to their ability
to reduce clinical signs and symptoms of disease.5 There is
also improvement in function as assessed by HAQ.

Other studies show that the use of a combination of these
agents with MTX early on in the course of RA has the
highest efficacy and far superior disease and radiographic
progression compared to using MTX alone.18-22 This further
supports the concept of treating RA aggressively early in
the disease in order to achieve better long-term outcomes.

The 3 TNF blocking agents have also been approved in
several countries for the treatment of ankylosing spondylitis
and psoriatic arthritis.23-30 Etanercept is approved for skin
psoriasis and for juvenile idiopathic arthritis.31-33 Infliximab
is approved for Crohn’s disease.34 At the time of writing,
adalimumab is under review for skin psoriasis and Crohn’s
disease.

Although the therapeutic effects of anti-TNF agents are
superior to conventional DMARDs, there are still non-
responders. Patients who fail 1 TNF-inhibitor may still
respond well to either of the other 2 agents.35-37 Even those
who fail 2 TNF-inhibitors may still respond to the third one.
However, 2 newer agents have been developed with
distinctly different mechanisms of action that have been
shown to be effective in patients who fail 1 or more TNF-
inhibitors. Rituximab is a monoclonal antibody directed
against an antigen, CD20, on the surface of all B cells other
than stem cells and pre-B lymphocytes. It does not affect
plasma cells since they do not possess CD20 on their cell
surface. Rituximab is approved for the treatment of non-
Hodgkin’s lymphoma and diffuse large B cell lymphoma.
It exerts its effect by binding to CD20 on B cells and
causing cell lysis by both complement-dependent and
antibody-dependent cell mediated cytotoxicity. It has
efficacy in RA patients who have failed conventional
DMARDs and also in RA patients who have failed anti-
TNF agents.38-40 For this latter group of patients, it shows
efficacy in the REFLEX Trial at 24 weeks in controlling
disease activity and slowing radiographic deterioration at
56 weeks.41 Abatacept is a fusion protein linking the
extracellular domain of human cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) to the Fc portion of human
IgG1. It works by competing for the binding between CD
28 on the T cell and CD80/86 on the antigen-presenting
cell. This is an important co-stimulatory signal that is
essential for T cell activation. Blocking T cell activation
results in a reduction of the autoimmune process and
clinical improvement is demonstrated. It is effective in
patients who have an inadequate response to either MTX or
1 or more TNF-inhibitors.42-45
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Side Effects
Infections are serious potential side effects of any drug

that modifies the immune response.46,47 For the anti-TNF
agents, one particular infection that has to be looked for is
tuberculosis (TB).48,49 Screening for TB before starting
treatment is prudent since there is a high risk for re-
activation of latent TB early in the course of anti-TNF
therapy. Any latent TB should be treated preferably for a
month before initiating anti-TNF therapy. Recent data
have documented exacerbations of hepatitis in chronic
hepatitis B patients and carriers.50,51 Prolonged suppression
of the immune response may allow for the re-activation of
slow viruses such as the JC polyoma virus. Two cases of a
fatal brain disease caused by JC virus, called progressive
multifocal leukoencephalopathy (PML), have been reported
in patients with systemic lupus erythematosus who were
administered rituximab.52 However, anti-TNF agents are
safe in patients infected with hepatitis C.53-55 Many of the
usual signs of sepsis may be suppressed in patients treated
with TNF-inhibitors, since their ability to mount an
inflammatory response may be seriously compromised.
Physicians looking after such patients have to be constantly
on the lookout for unusual signs of infection.

It is uncertain as to whether anti-TNF agents increase the
risk of lymphoma, but the current available evidence
suggests that this is the case, although the magnitude of
increased risk is very small.56,57 In the case of rituximab this
is unlikely to be an issue, since it is used to treat B cell
lymphoma and has a record of over 950,000 patient
treatments without de novo lymphomas or other
malignancies appearing as a result of treatment. The issue
of whether treatment with anti-TNF agents poses a higher
risk for solid malignancies remains unresolved.58,59 RA
patients as a group appear to be at higher risk of developing
lung cancer and lymphoma and at lower risk for developing
breast and colon cancer.60 Treatment with biologic agents
has not consistently affected these risks.

There are early indications that sustained treatment with
biologic agents may reduce the risk of premature mortality
in RA and the higher risk of cardiovascular disease and
strokes may be ameliorated.61 Infliximab and etanercept
have been shown to reduce insulin resistance, with early
evidence that this helps the metabolic syndrome.62,63

What is the Impact of These Agents in Current Clinical
Practice?

Biological response modifiers represent advancement in
the treatment of autoimmune disease. In the past, there
were patients in whom all existing therapies were unable to
control the inflammation and subsequent destruction of
their joints. For such patients, these new drugs have given
them a new lease on life. For the first time, disease activity

can be well-controlled to the extent that function improves
almost to normal, X-ray changes of destruction stop
progressing and ACR 70 responses which were very rare in
the past are now possible in about 20% of patients.

However, there are still non-responders and newer agents
such as rituximab and abatacept address some of these
needs, but as yet, there is no consistent way of inducing a
permanent drug-free remission. Perhaps the answer may lie
in combining these agents. Using 2 biological agents with
different mechanisms of action may provide more profound
suppression of the autoimmune disease. Unfortunately,
trials combining agents with different loci of action have,
to date, resulted in an increased risk of infection without
any increased efficacy. This is true of combining anakinra
with etanercept and abatacept with etanercept.64,65 In fact,
the current evidence indicates that such agents should not
be combined. Alternatively, there is a rationale for
combining an anti-inflammatory biological agent such as a
TNF blocker with a drug more effective at inhibiting bone
loss and erosions like denosumab. This drug is a monoclonal
antibody that binds RANK ligand, the major signal for
osteoclast activation.66 It has the unique ability to prevent
bone loss and erosions without any effect on the
inflammatory response.67 Such approaches have yet to be
tested in well-designed clinical trials.

A major problem in the use of these agents is cost.
Insurance companies and state-funded healthcare systems
set various criteria for reimbursement for these agents in an
attempt to control spiraling healthcare expenditure. Never-
theless, the efficacy of these agents prompt their wide-
spread acceptance by physicians and currently 40% of
patients with RA in the United States are receiving a
biologic agent.68 In countries where there is no reimburse-
ment, using these drugs on a long-term basis is a real
challenge. In such situations, the alternative is to optimise
the use of existing DMARDs. This involves the use of
combination DMARDs and frequent review and escalation
of therapy if the response does not meet strict preset criteria
at each review.69 Recently 2 major trials (BeST70 and
TICORA71) have demonstrated the value of such an ap-
proach. Using conventional DMARDs and a tight monitor-
ing approach, these researchers have achieved remission
rates comparable to the biologic agents. Furthermore, the
BeST72 study shows that it is possible to use a biologic
agent, infliximab, as induction treatment at the onset of
early RA and the drug can then be withdrawn when
remission is achieved while low disease activity is main-
tained using only MTX.73 These approaches may prove
feasible in reducing the need for prolonged use of biologic
therapy. Early attempts to identify which patients are most
likely to respond to a particular biologic agent have not
been successful. It was thought that such patients might
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have a unique profile of genes controlling TNF production
or Fc receptor function. However, the technique of gene
profiling using microarrays is becoming more feasible as
the cost to perform these assays continue to fall and we may
yet find distinct gene profiles that will allow us to match an
individual patient with a specific therapy.

Future Trends
In the future, improved versions of existing drugs will

become available. Anti-TNF preparations that are given as
monthly subcutaneous injections are currently being
developed. Other targets for therapy that are under study
include IL6, CD22, CD40-CD40L, lymphostat B and many
others. It would be ideal if pathogenesis is found to be
driven solely by one of these key molecules. However, this
seems increasingly unlikely and there may be better ways
in the future of choosing the best therapy for an individual
patient based on predictive factors. Current best practice is
to optimise the use of DMARDs including the newer
agents. This would involve frequent titration of therapy and
the use of combination DMARDs if necessary, to ensure
good control of inflammation. The issue of cost needs to be
addressed and in the future, every patient with inflammatory
arthritis will have therapeutic options which will bring their
illness into a prolonged, if not, permanent remission.
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