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It has been found that tumour necrosis factor(TNF)-alphaplays a pivotal role in thepathogenesis of
rheumatoid arthritis (RA), and the development of drugs targeting thismolecule has extended the
therapeutical approaches to RA patients. A number of observational studies of large patient series
have also been published over the last few years, many of which have been based on national
registries designed to monitor the efficacy and safety of anti-TNF agents, and allow healthcare
institutions to control expenditure. Registrydata can also help in identifying clinical and laboratory
findings capable of predicting response. It has been suggested that the percentage of responding
patients is lower in everyday clinical practice than that observed in RCTs, possibly because of
patient selection, the use of a washout period before inclusion (which may artificially increase
disease activity), and differences in doses, co-morbidities and adherence to therapy.
A number of safety concerns have been raised since the introduction of anti-TNF agents, and
they are nowcontraindicated in patients with advanced heart failure; however, themost widely
debated current issues regard infections and neoplastic diseases.
Moreover, themarketingof newandexpensivebiological agents hasmade strictly necessary to create
systems capable ofmonitoring their safetyandeffectiveness in everydaypractice, including the use of
longitudinal observational studies. As the first published registry of anti-TNFα-treated patients in
Italy, LombardyRheumatologyNetwork (LORHEN) is alreadymaking its contribution in thisdirection.

© 2008 Elsevier B.V. All rights reserved.
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Table 2
Evaluation of clinical activity and clinical response by EULAR disease activity
score (DAS)

Present DAS N1.2 DAS improvement
0.6–1.2

0.6

≤2.4 inactive Good response Moderate response No response
N2.4 and

≤3.7 moderate
Moderate response Moderate response No response

N3.7 very
active

Moderate response No response No response
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1. Introduction

Rheumatoid arthritis (RA) is one of the most frequent
chronic inflammatory joint diseases as it affects about 0.5–1%
of the world's population. It is characterized by joint pain,
swelling and stiffness due to joint inflammation and damage,
causes disability and lost working capacity, and may cause
premature death.

The treatment of RA has undergone many major changes
over the last 100 years. The concept that drugs should be used
to slow down the damage caused by the disease rather than
simply to control symptoms led to the introduction of various
agents known as disease-modifying anti-rheumatic drugs
(DMARDs), of which methotrexate (MTX) is currently the
most widely used, alone or in combination with other
DMARDs [1]. Other frequently used DMARDs include sulpha-
salazine, hydroxychloroquine and leflunomide.

The cause of RA remains unknown, but the last 20 years
have seen an accumulation of insights into its pathogenetic
pathways [2] that have led to the identification of new
therapeutic targets. Many of the new medications modify the
immune response by blocking the effect of pro-inflammatory
cytokines, or by acting on immune cells such as B lympho-
cytes or on the interaction between T cells and antigen-
presenting cells (APCs).

The advent of these new drugs has also changed the
strategy of treating RA, and the current practice is to start a
DMARD early in the illness in order to prevent joint damage,
and try to induce disease remission by means of more
aggressive treatment.

2. Targeted therapy in RA

Much has been done to develop drugs specifically directed
against the key molecules involved in the pathogenesis of RA.
One of the first attempts was made by Maini et al., who
targeted TNF-alpha as one of the main cytokines in the
inflamed synovium [3], thus leading to one of the major
advances in the treatment of inflammatory arthritis. Since
then, more than one million patients have been treated with
TNF-blocking agents, and different mechanisms of action of
these agents have been identified [4]. However, it seems that
Table 1
Characteristics of the three available TNF inhibitors

TNF inhibitor Infliximab Etanercept Adalimumab
Brand name Remicade Enbrel Humira
Molecular

structure
Human-murine
monoclonal Ab
IgG1K (149 kDa)

Recombinant
human fusion
protein (TNFR:Fc
IgG1-150 kDa)

Recombinant
human
monoclonal Ab
IgG1(148 kDa)

Administration
route

iv sc sc

Half-life 9.5 days 3–5.5 days 10–20 days
Dosage in RA 3–7.5 mg/kg

every 8 weeks
50 mg/week 40 mg every

other week
Other

indications a
AS, PsA,
psoriasis,
Crohn's, UC, JIA

AS, PsA, psoriasis, JIA AS, PsA, psoriasis,
Crohn's

AS: ankylosing spondylitis; PsA: psoriatic arthopathy; UC: ulcerative colitis;
JIA: juvenile idiopathic arthropathy.

a http://www.emea.europa.eu/humandocs/Humans/EPAR 15/1/2008.
TNF is not the only cytokine involved in the pathogenesis of
RA. Interleukin-1 (IL-1) and IL-6 also play an important role as
inhibiting either can allow effective control of the disease, and
other effective approaches these include depleting circulating
CD20+ B lymphocytes using amonoclonal anti-CD20 antibody
[1,2] and blocking the co-stimulatory signal (CD28-CD80/86)
for T cell/APC interactions [1,2].

The action of inflammatory cytokines can be inhibited by
soluble receptors or monoclonal antibodies that 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 frombinding. All of the studies conducted so far have
demonstrated that targeted therapies are more effective than
classic DMARDs in reducing symptoms, reducing or stopping
joint damage, and preventing functional disability: they have
also been shown to be effective in patients with long-standing
disease refractory to conventional DMARDs and in those with
early disease. Moreover, the majority of trials show that
combining a TNF inhibitor with MTX is particularly effective,
and better than using either drug alone.

3. Efficacy

The disease activity outcome measures used in rando-
mised clinical trials (RCTs) involving RA patients are the ACR
20, 50, 70 and 90 criteria, which indicate a 20%, 50%, 70% or
90% improvement in various parameters such as the number
of tender and swollen joints, C-reactive protein levels, pain
measured by means of a visual analogue scale (VAS), and
physician or patient global assessment.

The European League Against Rheumatism (EULAR)
criteria are based on disease activity scores using 44 (DAS)
or 28 joints (DAS28), which provide a continuous measure of
disease activity (Table 1), and other easier-to-calculate scores
have recently been proposed [5]. Another important outcome
measure is the extent of joint damage assessed by means of
plain X-rays, for which themost widely used scoring system is
the van der Heijde-modified Sharp score quantifying erosions
and joint space narrowing [6]. Finally, trials also assess the
impact of the disease on functional disability and the quality
of life, which are most frequently evaluated by means of the
Health Assessment Questionnaire (HAQ) and the Short Form
36 (SF-36), which also has the added dimension of measuring
general mental health (psychological distress and well-
being).

The first TNF-blocking agent on the market was infliximab
(Remicade), followed by etanercept (Enbrel) and adalimumab
(Humira). Infliximab and adalimumab are monoclonal

http://www.emea.europa.eu/humandocs/Humans/EPAR


Table 3
Recommendations for the use of biological agents in the treatment of rheumatoid arthritis in Italy [27]

Specific points approved by the Italian Society for Rheumatology Executive Committee

1. Patients with active RA (DAS N3.7 or DAS28 N5.1) are eligible for the treatmentwith TNF blockers after the failure of an adequate trial of another effective DMARD,
including MTX (at least 15 mg/week for at least 12 weeks).

2. On the basis of the major controlled clinical trials, the right time to evaluate clinical response and stop treatment in the case of a lack of response is usually
12 weeks; the maintenance of clinical response should be further evaluated every three months.

3. Failure to respond to one TNF-blocking agent does not preclude response to another.
4. Increased susceptibility to tuberculosis (TB) or the re-activation of latent TB should be considered a class characteristic of TNF-blocking agents; interestingly,

although etanercept blocks the same cytokine, there have been very few reports of TB after its use.
5. Anti-TNF therapy appears to be safe in patients with chronic HCV infection who are candidates for such treatment for other co-existing medical conditions

such as RA.
6. The incidence of NHL in RA patients treated with TNFα inhibitors is higher than that expected in the general population. However, as severe and active RA is a

predisposing factor forNHL, it is essential to avoid a channellingbiasdue to the fact that onlypatientswith active and severe disease are selected for anti-TNF therapy.
7. High-dose infliximab (10 mg/kg) seems to be associated with an increased relative risk of worsening congestive heart failure (CHF) and mortality, particularly in
RA patients with NYHA class III–IV CHF.
8. The incidence of ANAs and anti-dsDNA autoantibodies is increased after TNF-blocking treatment, but there is no evidence that the patients developing such

autoantibodies are at any increased risk of developing drug-induced lupus.
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antibodies directed against TNF; etanercept is a construct of
two TNF receptors (p75 receptors) linked to the Fc portion of
IgG1 that gives rise to an immunoglobulin-like molecule
(Table 2). The first clinical trials of the three agents showed
that they were highly efficacious in RA patients failing on
traditional non-biological DMARDs, and even more so when
used in combinationwithMTX [7–9]. In comparisonwithMTX
and placebo, 12 months' treatment with MTX plus any of the
anti-TNF agents leads to ACR 20, 50 and 70 responses of
respectively about 60% vs 25%, 40% vs 10%, and 20% vs 5%.
Modified Sharp scores are even more impressive and indicate
that all three prevent joint damage as assessed by serial X-rays
[10], and there is also an improvement in function as evaluated
by the HAQ.

The therapeutic effects of anti-TNF agents are clearly
better than those obtained with conventional DMARDs, but
some patients do not respond. However, a number of studies
have shown that patients who fail on one TNF inhibitor may
still respond well to either of the other two [11], and even
those failing on two may still respond to the third.
Furthermore, more recently developed agents with distinctly
different mechanisms of action have been shown to be
effective in patients failing one or more TNF inhibitors [12].

A number of observational studies of large patient series
have also been published over the last few year, many of
which have been based on national registries designed to
monitor the efficacy and safety anti-TNF agents, and allow
healthcare institutions to control expenditure. Registry data
can also help in identifying clinical and laboratory findings
capable of predicting response. It has been suggested that the
percentage of responding patients is lower in everyday
clinical practice than that observed in RCTs, possibly because
of patient selection, the use of a washout period before
inclusion (which may artificially increase disease activity),
and differences in doses, co-morbidities and adherence to
therapy. Kievit et al. [13] have recently compared the efficacy
of anti-TNF agents in RCTs with the results recorded in the
Dutch Rheumatoid Arthritis Monitoring (DREAM) registry
and found lower ACR20 responses in everyday clinical
practice than in the active drug groups of the RCTs, in ten
out of eleven comparisons, five of which were significant.
Only 34–79% of the DREAM patients fulfilled the disease
activity criteria required for inclusion in a number of the RCTs,
and the DREAM patients who would have been eligible
showed a higher response rate than those who would have
not, and their ACR20 responses were similar to those reported
in the active drug groups of the RCTs. This seems to suggest
that the lower response rates may be due to the less active
disease observed in patients in everyday clinical practice.
Similar findings have also been reported by Sokka and Pinkus
[14], and Zink et al. [15]. Wolfe and Michaud concluded that
RCTs exaggerate the effect of anti-TNF treatment because of
their use of washout periods and selected patients [16], which
seems to be supported by the data from the DREAM study
[13].

These data underline the importance of registries in
identifying patients in whom anti-TNF treatment may be
useful, and designing appropriate guidelines for the clinical
setting [17]. There are in fact a number of largely overlapping
national guidelines: e.g. patients in Italy may be treated with
anti-TNF agents if they show active RA (documented by DAS
or DAS28) after an adequate trial of another effective DMARD,
including MTX at a dose of at least 15 mg/week for at least
12 weeks [18] (Table 3).

4. Safety

A number of safety concerns have been raised since the
introduction of anti-TNF agents, and they are now contra-
indicated in patients with advanced heart failure [19];
however, the most widely debated current issues regard
infections and neoplastic diseases [20].

Infections are potentially serious side effects of any drug
that modifies immune responses [19], and bacterial and viral
infections both continue to be a source of concern in TNF-
treated RA patients. Once again, data from everyday clinical
practice have revealed some issues that were probably
underestimated by the results of RCTs, most of which did
not show any statistically significant increase in the occur-
rence of serious infections (not surprisingly, as the selected
nature of the small numbers of patients and their short
follow-ups may have limited their statistical power). How-
ever, caution is also necessary when interpreting post-
marketing study data as there is no control for possible
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selection or indication biases, and the patients are often not
followed up as closely as those participating in RCTs. Finally,
significant infections and serious infections are often poorly
defined, and their definitions may vary from study to study.

In the case of tuberculosis (TB), the possible reactivation of
latent TB described since themarketing of anti-TNF drugs was
not revealed by their RCTs [20]: more than 50% of the
described cases have involved extra-pulmonary infections,
and most of them have occurred in Europe in patients with a
known history of TB. As TNF-alpha plays a role in the host
defences against M. tubercolosis (particularly granuloma
formation and the containment of latent disease) [19], such
clinical observations have led to the introduction of TB
screening before starting treatment and the use of prophy-
lactic antibiotic treatment in patients with signs of latent TB
[20]. Some serious bacterial infections have also been
described in patients treated with TNF blockers, as well as
opportunistic infections such as histoplasmosis, listeriosis,
pulmonary aspergillosis and pneumocystis carinii pneumonia
[21]. In France, it has been estimated that the risk of Legionella
in anti-TNF treated patients is 20 times higher than in the
general population [22].

On the other hand, anti-TNF agents may be safe and even
beneficial in patients with chronic hepatitis C infections [23],
which are believed to affect nearly 200 million people
throughout the world, although it is recommended to
monitor serum amino-transferase and HCV load during
therapy. The data are less clear in patients with chronic
hepatitis B, in whom anti-TNF therapy should only be
considered together with antiviral agents such as lamivudine.

It should finally be noted that many of the usual signs of
sepsis may be suppressed in patients treated with TNF
inhibitors, who may not be capable of mounting an adequate
inflammatory response. Physicians looking after such patients
need to be alert for unusual signs of infection.

As regards malignancies, it is still not clear whether anti-
TNF agents increase the risk of lymphoma; the currently
available evidence suggests they do, but the magnitude of the
increased risk is not clear and may be small [24]. It is worth
noting that RA patients in any case are at increased risk of
developing lymphoma, and that only a few studies have
analysed differences in lymphoma rates between the patients
treated or not with anti-TNF agents. Whether treatment with
anti-TNF agents leads to a higher risk of solid malignancies is
still unclear and, although the findings of most studies seem
to be reassuring, more data are needed.

The majority of studies addressing safety issues in TNF-
treated patients have dealt with morbidity, but two observa-
tional studies have also considered mortality, and neither
noted any increased risk of death following treatment [25,26].
Moreover, there are early indications that sustained treatment
with biological agents may reduce the risk of premature
mortality in RA, as well as the higher risk of cardiovascular
disease and strokes [27]. It has also been shown that
infliximab and etanercept reduce insulin resistance, and
there is early evidence that this helps themetabolic syndrome.

5. Impact of TNF-alpha blockers on clinical practice

Biological drugs represent advances in the treatment of
autoimmune disease, particularly in the case of RA patients.
There used to be patients in whom none of the existing
therapies could control inflammation, joint destruction and
the progression of disability, whereas these new drugs now
offer them an opportunity for disease control and a good
quality of life [28]. They may also dramatically slow disease
activity, induce a clinically disease-free status (clinical
remission), and halt the progression of X-ray changes. As
previously pointed, the majority of RCTs and registry reports
indicate that anti-TNFα agents are much more efficacious
when administered together with another DMARD, particu-
larly MTX.

Various strategies have been proposed in order to optimise
the use of biological therapies in RA. The most widely
discussed aspects so far include the appropriateness of
treating patients with early disease, the best approach to
non-responders, and the use of the possible remission-
induction and maintenance therapeutic strategy.

It has been shown that using TNF inhibitors in early RA
relieves symptoms and slows the rate of joint destruction in
comparison with their later use. The Early RA trial compared
etanercept with MTX monotherapy in patients affected by RA
for less than three years and, although the two groups showed
similar ACR responses after one and two years, etanercept led
to significantly less radiographic progression as measured by
means of total Sharp and erosion scores at six and 24 months
[29]. Similarly, the PREMIER study showed that adalimumab
monotherapy in early RA (duration less than three years) was
significantly more effective than MTX in slowing the rate of
radiographic progression, despite comparable clinical
responses [30].

However, the most impressive results in early RA have
been obtained using combinations of TNF-blockers and MTX.
The ASPIRE trial of infliximab was the first to investigate the
use of combined treatment as first-line therapy in early RA
[31]. TheMTX-naive patients affected by RA for less than three
years) who received infliximab plus MTX showed signifi-
cantly less radiographic progression and a greater improve-
ment in physical function after 54 weeks than those who
received MTX alone. The TEMPO trial [32] showed that the
response of patients with early RA to etanercept plus MTX
was significantly greater than their response to MTX alone in
terms of ACR, DAS and HAQ scores: The PREMIER study found
that the combination of MTX and adalimumab was more
effective than either drug alone in terms of all outcome
measures after two years, and radiographic progression was
also significantly less in the patients treated with the
combination after both one and two years. A 2-year controlled
trial of the immediate or delayed addition of infliximab to
MTX after one year also supported the early addition of TNF
inhibition to MTX therapy in patients with erosive early RA of
less than three years' duration, who were taking MTX at the
time of enrolment [33]. At the end of the study, the patients
who had received one year of MTX alone followed by one year
of combined therapy showed significantly greater structural
damage than those who had received infliximab plus MTX for
the full two years.

The BeSt study is probably one of the most important
recently published studies in the field of early RA [34], and
made head-to-head comparisons of the efficacy in a clinical
setting of four of the most frequently used RA treatment
strategies: sequential monotherapy, step-up combination
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therapy, initial combination therapy with tapered high-dose
prednisone (COBRA-like strategy), and initial combination
therapy with infliximab. Tri-monthly therapy adjustments
were dictated by DAS evaluations, with the goal of achieving a
DAS of b2.4. After one year, 74% of the patients treated with
infliximab plus MTX had achieved the goal, but so had a
similar proportion of patients in the other groups, however,
the difference in radiographic progression was significantly
lower in the infliximab and COBRA-like groups than in the
groups treated more conventionally way. The results were
confirmed after two years of therapy [35].

All of the above studies confirmed that rapid and
aggressive treatment of early RA, possibly DAS-driven and
aiming at a low level of disease activity (the so-called tight
control strategy) [36], is crucial for obtaining good clinical
results in a high proportion of patients. They also clearly
showed that combined first-line therapy with a TNF inhibitor
and MTX is more effective than either agent alone, particu-
larly in terms of halting radiographic progression.

Unfortunately, most institutional players are reluctant to
support such an approach for economic reasons, although a
number of studies have demonstrated its cost-effectiveness.
For example, the ASPIRE trial evaluated the effect of
infliximab therapy on the employment status of patients
with early RA and, although the actual week 54 employment
rates were similar among the patients receiving infliximab
plus MTX and those receiving MTX alone, the former had a
higher probability of maintaining their employability [37].

However, treatment failure due to lack of efficacy or adverse
events is observed in up to one-third of patients, and there are
even newer drugs on themarket (e.g. rituximab and abatacept)
and other molecules in clinical development [12]. Switching to
a second- or even third-line TNF inhibitor has also now become
common practice because, although similar, infliximab, etaner-
cept and adalimumab have different molecular structures,
mechanisms of action, pharmacokinetics, and efficacy in
diseases other than RA, all of which provide a solid scientific
rationale for switching treatments in the case of failure [11].

There have been a number of reports concerning switch-
ing TNF inhibitors in RA and, although the lack of RCTs makes
it difficult to interpret the results, the aggregate data and
growing clinical experience suggest that it may be beneficial.
However, some still open questions require further investiga-
tion, including the differences in response rates between the
patients who never responded to the previous agent and
those who have lost an initial response, and the magnitude of
the responses to a second or third TNF inhibitor. One Danish
national registry study [38] suggests that patients switching
due to lack of efficacy showed a better clinical response to the
second agent, and that patients switching because of adverse
effects responded equally well to both and were at low risk of
discontinuing the second treatment because of adverse
effects.

The efficacy of TNF inhibitors in controlling disease
activity has given rise to new approaches to RA management,
including considering remission a realistic goal and the
possibility of maintaining the remission induced by anti-TNF
treatment using conventional DMARDs. A number of studies
have reported a high rate of remission in early RA using a
combination of MTX and TNFα blockers, with DAS remission
being achieved by respectively 19%, 34% and 43% of patients
treated with MTX alone, etanercept alone or their combina-
tion; after two years of treatment, 49% of the patients
receiving combination therapy showed disease remission
(DAS28 b2.6), comparedwith 25% in each of themonotherapy
arms. In the PREMIERE study, the rate of clinical remission
(DAS28) among the patients treated with adalimumab plus
MTX was as much as 49% after two years of treatment.

The induction-maintenance approach has been mainly
supported by studies of infliximab in early RA. One pilot study
has attempted inducing remission usingMTXwith or without
infliximab in patients with poor-prognosis, early RA (symp-
toms b12 months) [39]; the primary endpoint was synovitis
as measured by means of magnetic resonance imaging (MRI).
After one year, all of the MRI scores were significantly better
in the infliximab plus MTX group, and there were no newMRI
erosions; the one-year ACR50 and ACR70 response rates were
also significantly higher in the combination group than in the
group treated with MTX alone, and the combination group
received greater functional benefit. After stopping infliximab
after two years, there were no significant between-group
differences in terms of DAS28, ACR responses or radiographic
scores, but the differences in the HAQ and RA Quality of Life
scores were maintained. The authors concluded that if these
findings were confirmed by larger studies, this approach
could solve the economic problems associated with the early
use of biological agents.

In the BeSt study, 74% of the patients treated with
infliximab plus MTX achieved a low level of disease activity
after a median of 12.6 months, and 50% of the “responders”
(the patients who had not needed any escalation of therapy)
were able to discontinue infliximab because of persistent low
disease activity; 8% required the resumption of infliximab
within one year. After two years, 54% of the patients initially
treated with infliximab plus MTX had switched to MTX
monotherapy. Radiographic progression was halted in 93% of
the patients treated with infliximab plus MTX after one year,
and this was maintained in the responders up to two years.

The available data suggest that the rapid control of
inflammation by means of induction therapy leads to benefits
in terms of function, the quality of life and structural damage.
Furthermore, remission induction protocols may allow these
drugs to be used for a limited period at the time when they
have the best chance of making a difference.

6. Conclusions

Improved versions of existing drugs and other targeted
therapies will be developed in the future, but we have so far
learnt how to stratify patients prognostically as a means of
deciding to start anti-TNF treatment in patients with a high
probability of responding, and identifying those with rapidly
progressing disease. Many studies have addressed these
topics and provided important information, but we are still
awaiting a complete set of clinical and biological criteria
capable of classifying RA patients and predicting their
responses to different treatments. At the moment, an early
diagnosis, early DMARD treatment and frequent dose titra-
tions are necessary to reduce disease activity to the point that
it and the progression of disability can be halted.

Moreover, the marketing of new and expensive biological
agents has made it strictly necessary to create systems
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capable of monitoring their safety and effectiveness in
everyday practice, including the use of longitudinal observa-
tional studies. It is likely that such systems will become
increasingly important in defining the cost-effective use of
drugs. As the first published registry of anti-TNFα-treated
patients in Italy, LORHEN is already making its contribution in
this direction [40].

Take-home messages

• TNF-α plays a pivotal role in the pathogenesis of rheuma-
toid arthritis.

• Many studies evaluated the efficacy and safety of anti-TNF
agents.

• Registry data can help in identifying clinical and laboratory
findings capable of predicting and monitoring the clinical
response.

• Early diagnosis, early DMARDs and/or biological treatment
and frequent dose titrations are necessary in order to reduce
the disease activity and to delay or to stop the progression of
disability.

• The marketing of new and expensive biological agents has
made strictly necessary to create systems capable of
monitoring their safety and effectiveness in everyday
practice.
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