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ABSTRACT
It is now accepted that rheumatoid
arthritis is not a benign disease, and
has considerable morbidity and in-
creased mortality rates. Monotherapy
with disease modifying anti-rheumatic
drugs (DMARDs) is often ineffective,
and rarely leads to sustained clinical
remission. Many clinical trials suggest
the effectiveness of using combination
therapies, and also the benefit of ag-
gressive management early in the
course of the disease. However, recent
publications studying a variety of com-
bination therapies in rheumatoid arth-
ritis have shown diverse results. Drug
combinations at an early stage of rheu-
matoid arthritis which slow radiogra-
phic progression appear to be the most
convincing. These data suggest that
practitioners should begin with inten-
sive therapy in early disease, and not
reserve combination therapy for those
who fail monotherapy. The therapeutic
strategy should be positioned accord-
ing to the severity of the disease: in RA
with markers indicating severity, com-
bination should be initiated at the start
of therapy while it should be instituted
in a rapid step-up fashion in mild RA if
insufficient efficacy is seen for mono-
therapy. In general, combinations ap-
pear safe and well-tolerated, but con-
tinued caution with appropriate moni-
toring of long-term results and possible
toxicities is required.

Introduction
Recognition of a need for aggressive
therapy, introduction of new disease-
modifying antirheumatic drugs
(DMARDs), and recent data supporting
the use of combination therapy have
markedly changed rheumatoid arthritis
(RA) treatment over the last 20 years.
In 1989, Healy and Wilske proposed a
new therapeutic approach to combina-
tion therapy called the "step-down
bridge" (1). The concept was to intro-
duce medications at the onset of thera-
py, and then to withdraw them sequen-

tially, in contrast to the traditional pyra-
mid approach in which drugs were
added sequentially. Thus, based on
their own experience, the authors sug-
gested the initiation of early treatment
and the use of a combination of
DMARDs. 

What is the rationale for combina-
tion therapy?
The understanding that patients must
be treated earlier (2-8) has led to great
interest in combination treatments.
Monotherapy with DMARDs is often
ineffective and combining DMARDs
might lead to additive effects (9, 10).
The major concept is to enhance effica-
cy with an expected synergistic action,
and possibly to reduce doses and avoid
or reduce toxicities. DMARDS gener-
ally act via different mechanisms, sug-
gesting that combination DMARD ther-
apy might have extra beneficial effects.
In addition, over the last decade a bet-
ter understanding has been gained of
the immunopathogenesis of RA and of
the mechanisms of DMARD action.
Combining two or more DMARDs has
been now widely used and accepted (9,
10) without increasing drug side ef-
fects.
Nonetheless, despite significant ad-
vances in understanding RA and the
introduction of more sophisticated ther-
apies, the optimal approach remains
undefined. In patients with early ag-
gressive disease, it is unclear whether
we should begin with intensive therapy
– mostly methotrexate plus another
agent – or reserve combination therapy
for those who fail methotrexate mono-
therapy. In other words which regimen
– step-up or step-down – should be
used? The response is not unequivocal.
Although many patients are adequately
treated by methotrexate alone, this drug
rarely leads to true remission, and for
the most severe patients precious time
can be lost. One approach would be to
treat patients who have severe disease
with combination therapy at the first
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visit, but the majority with mild disease
could have a single DMARD such as
methotrexate, and be seen 8-12 weeks
later to determine whether a further
combination seems to be indicated.
Many other questions remain to be
answered: Which drug(s) to use? How
many drugs and which ones to combine
? Which patients will be candidates ?
When to start them? 
Over the past 4 years, several studies of
combination therapy have been pub-
lished, which are briefly summarized in
Table I. Three main strategies are rec-
ognized (9, 10): Step-up, in which pa-
tients with active disease despite prior
drug therapy receive an additional
drug; Step-down, in which a combina-
tion is initiated in the patient, with
sequential removal of individual drugs
over 3-12 months; and a "parallel"
strategy, with neither the addition nor
the subtraction of drugs.

Methotrexate plus sulfasalazine 
plus hydroxychloroquine
One of the first trials of combination
therapy was reported by O'Dell et al.,
who established the effectiveness of the
triple combination of methotrexate +
sulfasalazine + hydroxychloroquine
over both methotrexate alone and the
double combination of sulfasalazine +
hydroxychloroquine (11). Later, the
same authors confirmed their results,
documenting the superior efficacy of
the triple therapy versus the double
therapies of methotrexate + sulfasala-
zine or methotrexate + hydroxychloro-
quine (12).
In the FINRACO (FINnish Rheuma-
toid Arthritis Combination therapy) tri-
al, the triple combination of methotrex-
ate, sulfasalazine, and hydroxychloro-
quine and prednisolone (5-10 mg/day)
induced more remissions than did ther-
apy using a single-drug strategy of sul-
fasalazine or methotrexate, with or
without prednisolone, in DMARD-
naive patients with early arthritis (13).
A delay to the introduction of therapy
of less than 4 months was predictive of
remission in the single drug-treated
patients, while no variable was found
to be predictive in the combination-
treated patients. These data emphasize
the value of introducing combination

DMARDs as an initial therapy, particu-
larly when a delay in the initiation of
therapy was seen (14). More recently, a
5-year follow-up study of patients
showed an improvement in terms of
work productivity in patients with
combination therapy – with no work
disability in those who had remission
compared to substantial work disability
in patients who had ACR 20 or 50
responses (15).
In the COBRA (Combinatietherapie
Bij Reumatoide Artritis) study, the
combination of methotrexate (stopped
after week 40) and sulfasalazine, as
well as prednisolone (initially 60
mg/day, resulted in significantly better
clinical outcomes in patients with early
RA, compared to sulfasalazine alone
(10). The corticosteroids were tapered
in 6-weekly steps to prednisolone 7.5
mg/day and discontinued after week
28) (16). The combined therapeutic
regimen slowed radiologic progression
significantly more than sulfasalazine
alone at weeks 28, 56, and 80. More-
over, the 5-year follow-up COBRA
study showed a sustained reduction in
the rate of radiological progression
(17).
In contrast, in two studies – one by
Haagsma et al. (18) and one by Douga-
dos and associates (19) – no differences
were seen in clinical or radiological ef-
fects between sulfasalazine and the
combination of sulfasalazine and meth-
otrexate in patients with RA. These re-
sults were confirmed in a 5-year fol-
low-up study (20). Therefore, it ap-
pears possible that differences in ef-
fectiveness between combination ther-
apy and sulfasalazine in the study by
Boers and colleagues may have been
due to the additional effect of predni-
solone. 

Methotrexate plus leflunomide
Open studies suggested an improved
clinical response with combination
therapy using methotrexate plus leflu-
nomide (21). A 24-week randomized,
double-blind, placebo-controlled study
was conducted in patients who had per-
sistently active RA despite six months
of methotrexate therapy, by comparing
leflunomide plus methotrexate to
placebo plus methotrexate (22). This

step-up trial showed a clinical benefit
with the combination therapy, but with
slightly greater liver toxicity resulting
in elevated levels of liver aminotrans-
ferase enzymes. Thus, this combination
appears to be of benefit with appropri-
ate liver enzyme and hematologic mon-
itoring.

Methotrexate plus cyclosporin 
Tugwell et al. performed a 6-month
randomized, double-blind trial, com-
paring combination methotrexate plus
cyclosporin to methotrexate plus place-
bo in 148 patients with active RA
despite partial responses to prior
methotrexate treatment (23). After 6
months, patients who received combi-
nation therapy showed greater clinical
improvement than patients who were
receiving methotrexate only. The fre-
quency and causes of adverse events
were similar to those of methotrexate
and cyclosporin as monotherapies.
More recently, a randomised single-
blind controlled study (24) compared
the same therapies with a parallel
design in early RA, and did not find
clinical advantage to the combination .
However, the combination was found
to reduce the damage score progression
when considering the values greater
than the smallest detectable difference.
Gerards et al. compared the same com-
bination with cyclosporin monotherapy
in a 48-week randomised, double-blind
controlled study also in early RA (25).
A trend to the superiority of combina-
tion therapy was found in clinical mea-
surements, but differences were not
statistically significant. Nevertheless,
the capacity of cyclosporin to slow ra-
diological progression was confirmed.
Regarding safety, these last two trials
and two others (26, 27) suggested an
increased number of adverse events in
the combination group, including hy-
pertension and a rise in serum creati-
nine. In two studies comparing metho-
trexate plus cyclosporin with sulfasal-
azine alone, the combination appeared
to be more efficient as rescue therapy
(28), but when used as first-line thera-
py the aggressive regimen was not bet-
ter than monotherapy, although it led to
more rapid disease suppression (27). 
Differences in apparent effectiveness
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between these trials may be explained
primarily by differences in study de-
sign. The findings would suggest that a
step-up strategy with the addition of
cyclosporin in non-responders would
be more appropriate than a step-down
strategy, mainly because with an
anchor drug like methotrexate (10,29),
many patients can be effectively con-
trolled, covering the apparent benefit of
cyclosporin. 

Methotrexate plus tacrolimus 
A multi-center open-label study con-
ducted at 13 United States sites enrol-
led 80 patients who had active RA des-
pite methotrexate treatment (30). They
received 3 mg tacrolimus as a single
oral dose once per day for 6 months
while continuing to receive methotrex-
ate. The ACR20 clinical response rate
at the end of treatment was 52.5%
(95% confidence interval 41.6  63.4%).
However 7 patients (12.5%) withdrew
from the study because of adverse
events, including one serious case (pan-
creatitis), possibly or probably related
to treatment with tacrolimus.

TNFαa blocking drug plus 
DMARDs
A multicenter, placebo-controlled trial
– the Anti-Tumor Necrosis Factor Trial
in Rheumatoid Arthritis with Concomi-
tant Therapy (ATTRACT) – showed
that infliximab in combination with
methotrexate provided clinical and
radiological benefit in patients with ac-
tive RA who had only partial responses
to methotrexate therapy (31, 32). No
significant differences were seen in the
number of adverse events in the inflix-
imab plus methotrexate versus metho-
trexate only groups, but higher levels
of autoantibodies were observed in the
infliximab groups. It should be recog-
nized that the design of this trial, as in
many "step-up" trials, excluded pa-
tients who had responded effectively to
methotrexate.
The clinical benefit of the combination
of etanercept and methotrexate com-
pared with methotrexate alone in pa-
tients with persistent active RA was
demonstrated in a 24-week, step-up,
double-blind trial (33). Mild injection-
site reactions were reported to occur

more often in the combination group.
These results were confirmed by the
TEMPO (Trial of Etanercept and Meth-
otrexate with Radiographic Patient
Outcome) study (34). This parallel trial
with three arms compared the efficacy
and safety of the same combination
with the two monotherapies in 686
patients with active RA. The combina-
tion treatment was shown to be more
effective than either monotherapy to
control disease activity. The combina-
tion also led to a negative progression
rate of the total Sharp score, suggesting
the induction of the repair of structural
damage (35). The number of patients
reporting infections or adverse events
was similar in each group, except that
the number of injection-site reactions
which was higher in the patients treated
with etanercept.
The Anti-TNF Research Study Pro-
gram of the Monoclonal Antibody
Adalimumab (D2E7) in Rheumatoid
Arthritis (ARMADA) trial was con-
ducted with a step-up design in 336
patients with active RA, again after
partial responses to methotrexate thera-
py (36). The addition of adalimumab
was well tolerated and led to rapid clin-
ical improvement, although again
patients who had good responses to
methotrexate had been excluded.
In early studies, such as the ATTRACT
and ARMADA trials (32,36) which se-
lected for patients who were only par-
tial responders to methotrexate, the
superiority of combination methotrex-
ate with TNF blocker agents was docu-
mented in patients who demonstrated
only partial responsiveness to prior
monotherapy. However, recent trials
like TEMPO (34), in which three arms
were compared, suggest that combina-
tion therapy is more effective than
methotrexate monotherapy in patients
who had never been treated with this
drug.
No controlled trial is available compar-
ing the efficacy and safety of lefluno-
mide alone with a combination of lef-
lunomide plus a TNF blocking agent.
However, two open studies provide in-
formation concerning leflunomide and
infliximab. In an open-label study, 20
patients with active RA received leflu-
nomide initially for 32 weeks followed

by the addition of infliximab (37). The
results revealed a high frequency of ad-
verse events leading to premature with-
drawal in 55% of the patients. An open,
retrospective study was conducted on
the safety and efficacy of leflunomide
in combination with infliximab in 88
patients (38). In general, leflunomide
was used initially and infliximab was
added to better control disease activity.
Improvement was seen in efficacy
measures and the safety profile appear-
ed acceptable.
The interleukin 1 receptor antagonist
(IL-1Ra), anakinra has demonstrated
modest clinical efficacy in RA as mono-
therapy or combination therapy with
methotrexate, including slowing radio-
graphic progression (39, 40). Animal
data supported the hypothesis that IL-
1Ra administered in combination with
PEGylated soluble tumor necrosis fac-
tor receptor type I (PEG sTNFRI)
might provide substantially more clini-
cal benefit to RA patients than either
agent alone, at the blood levels that are
currently achievable in patients (41).
To test this hypothesis, 244 patients
with active RA despite methotrexate
therapy were treated with addition of
etanercept (soluble TNFα receptor)
alone or combined with anakinra for 6
months in a double-blind study (42).
The triple combination therapy offered
no added benefit over the combination
of etanercept + methotrexate, and ap-
peared to increase the risks of serious
infection and neutropenia.

Conclusions
Most available data support the use of
combination DMARDs in early RA
(43) and the early use of disease modi-
fying drugs has become widespread.
Combinations of traditional agents
such as methotrexate with sulfasalazine
or with cyclosporin appear to be not so
positive in studies conducted in pa-
tients in an early stage of the disease.
However, data concerning cyclosporin
suggest a positive outcome in terms of
the reduction of structural progression.
Some possible explanations are differ-
ences in patient populations, metho-
trexate dose, dose strategy and, most of
all, study design. Nonetheless, the safe-
ty profiles of most combinations are
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good or satisfactory. 
Studies using methotrexate in combi-
nation with leflunomide, and those in-
cluding cyclosporin should be specifi-
cally monitored. Liver toxicity for lef-
lunomide and nephrologic toxicity for
cyclosporin should be further detailed. 
It appears that a combination of anti-
TNF and methotrexate is superior to
either therapy alone (44). The only stu-
dy evaluating a biotherapy combina-
tion (i.e. anakinra and etanercept)
based on animal data showed no added
benefit but greater toxicity (42). This
result suggests a need to maintain cau-
tious monitoring of the potential side
effects, particularly with any new drug
combination.
The appropriate strategy for combining
drugs remains under discussion. The
step-down strategy seems to be the
most appropriate for patients with
severe disease. By contrast the step-up
strategy, with the addition of DMARDs
in non-responders, would appear to be
more appropriate for most patients with
mild disease activity, as many can be
effectively controlled with an anchor
drug like methotrexate (44). However,
it is now recognized that radiological
progression can be slowed by suppress-
ing the inflammation response during
the first year (20). In this respect, the
most convincing combinations include
those using prednisolone or TNFα
blocker agents, showing the ability to
slow radiographic progression (9, 32,
34). Thus, the early and aggressive use
of combined treatment in severe forms
of RA is supported by these findings.
The next generation of studies should
target people with early RA in order to
analyze whether there is a critical "win-
dow of opportunity" during which
these combined therapies might offer
the greatest benefits (45, 46). Also, in
further studies, it would be of consider-
able interest to compare step-up and
step-down strategies.
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