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ABSTRACT
In patients with rheumatoid arthritis
(RA) not controlled on methotrexate
(MTX) alone, clinical trials have shown
that combination therapy with cyclo-
sporine (CSA) and MTX is effective and
relatively well tolerated over 12 months.
Information regarding the long-term
benefits, toxicities and tolerability of this
combination therapy in clinical practice,
and comparisons with alternative strat-
egies, will determine the utility of the
MTX plus CSA combination regimen in
patients with RA not controlled with a
single drug.

The rationale for methotrexate and
cyclosporine combination treatment
in rheumatoid arthritis
With the recognition that rheumatoid
arthritis (RA) results in significant mor-
bidity, decreased earnings, and increased
disability and mortality (1, 2), therapy for
RA has evolved towards earlier and more
aggressive treatment (3). Traditional ther-
apy for RA has consisted of combina-
tions of drugs acting through different
mechanisms, often including a nonster-
oidal antiinflammatory drug (NSAID),
low dose prednisone, and a disease modi-
fying antirheumatid drug (DMARD)
such as gold, an antimalarial, azathio-
prine, or D-penicillamine. During the
1980s more widespread use of metho-
trexate (MTX) in the U.S. and sulfasala-
zine in Europe have been seen, while in
the 1990s cyclosporine (CSA), leflu-
nomide, and etanercept have been intro-
duced (4).
In spite of efforts to obtain maximum
disease control using the therapeutic
strategy of combining an NSAID, a
DMARD, and prednisone, the results are
often unsatisfactory. Response to treat-
ment is often only partial, and many pa-
tients are unable to continue therapy be-
cause of drug toxicity and/or loss of ef-
ficacy (5, 6).
A more aggressive approach to improv-
ing the effectiveness of RA treatment has

been the use of combinations of two or
more DMARDs. Such combination ther-
apies have often been used empirically
in clinical practice (more than 95% of
U.S. rheumatologists use combination
DMARD therapy). Uncontrolled clini-
cal studies have suggested that some
combinations of DMARDs are more
effective than therapy with a single
DMARD (7, 8). However, until recently,
clinical trials of combination therapies
have been disappointing, with most con-
trolled studies finding increased toxic-
ity without increased efficacy (9).
In the last decade a consensus has de-
veloped that MTX is the most effective
DMARD for RA, and it has been shown
that MTX is likely to be continued for
significantly longer than other second-
line drugs (5, 6). Consequently, for many
patients, MTX is a key component of the
therapy of RA. Unfortunately, MTX does
not fully control RA in many patients
despite dose escalation or administration
by the parenteral route. In these patients
with a partial response to MTX, further
therapeutic decisions are difficult. The
options are either to discontinue MTX
and attempt to achieve better disease
control with another DMARD, some-
thing which rarely happened prior to the
availability of newer agents, or alterna-
tively to use combinations of DMARDs,
with MTX forming the foundation of
such combination therapy. CSA in com-
bination with MTX represents one such
regimen, but others have also been
shown to be effective (10, 11).
CSA as monotherapy is an effective
treatment for RA, with an efficacy simi-
lar to that of more established DMARDs
(12). A study in an animal arthritis model
(13) and pilot studies in humans (14)
have suggested that the combination of
MTX and CSA is more effective than
therapy with MTX alone. MTX and CSA
have different mechanisms of action,
which may contribute to the efficacy of
the combination regimen. The mecha-
nisms of action of MTX in RA are poorly
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understood, but are thought to be medi-
ated in part through its effects on inter-
leukin-1 (IL-1), macrophages, mono-
cytes and adenosine production (15, 16).
CSA, by inhibiting calcineurin phospha-
tase activity, prevents the translocation
of the cytosolic nuclear factor of activa-
ted T cells (NF-AT) to the nucleus, and
thus prevents the transcription of genes
for cytokines such as IL-2, with a result-
ing decrease in lymphocyte proliferation
(17).
Evidence supporting the use of CSA and
MTX combination therapy in RA derive
largely from two studies. One was a
randomized, placebo-controlled study
which examined the effects of adding
either CSA or placebo, in a double-blind
fashion, to continuing therapy with a sta-
ble dose of MTX in patients who had
incomplete disease control with MTX
alone (18). The second was an open-
label extension of this study (19).
The latter study design differs from tra-
ditional placebo-controlled RA studies
in which patients randomly assigned to
placebo receive no DMARD therapy,
and is much more in keeping with cur-
rent clinical practice, i.e., an additive
therapeutic strategy that clinicians use to
control disease in patients with incom-
plete responses to MTX. The open-label
extension phase allowed patients who
had been randomly assigned to receive
CSA + MTX in the initial 24-week study
to continue to do so for a further 24
weeks, while those patients who had
been randomly assigned to placebo +
MTX during weeks 0 - 24 received CSA
+ MTX for weeks 24 - 48.
Data from these two 24- and 48-week
studies have been published (18, 19) and
are summarized below. Open-label ex-
tension data beyond 48 weeks from these
patients have not yet been published.

CSA + MTX combination therapy -
Efficacy in clinical trials
The 24-week double-blind data (18)
The double-blind clinical trial randomly
assigned 75 patients to receive MTX +
CSA and 73 patients to receive MTX +
placebo. Combination therapy was con-
vincingly more effective than MTX
alone according to most of the measures
included in the core data set, as shown
in Table I. Clinically and statistically sig-

nificant improvements were noted for all
outcome parameters other than the ery-
throcyte sedimentation rate (ESR). The
lack of effect of CSA therapy on ESR,
despite a significant clinical benefit, has
previously been noted with CSA mono-
therapy (12) and may be related to the
effects of CSA on factors affecting ESR,
independent of changes in the degree of
inflammation.

The 48-week open-label extension
data (19)
Forty-eight of the 56 eligible patients
who had taken CSA + MTX elected to
continue this treatment, and 44 of the 61

subjects who had taken placebo + MTX
elected to now receive CSA + MTX. Sig-
nificant improvement was noted when
patients who had received placebo +
MTX switched to the combination of
CSA + MTX for weeks 24-48. In this
group, significant improvement (com-
paring week 24 and week 48) was noted
in 4 of 7 measures - the tender joint
count, swollen joint count, physician glo-
bal assessment, and joint pain - but not
in the Modified Health Assessment Ques-
tionnaire (MHAQ) scores or ESR. The
improvement in the patient global assess-
ment was of borderline statistical signifi-
cance (P = 0.07). At week 48, nine pa-

Table I. Percent improvement in RA outcomes after 6 months’ treatment with CSA + MTX
combination therapy compared with MTX alone.

Outcome measure Percent improvement P value

Tender joints 25% 0.02

Swollen joints 25% 0.005

Physician global assessment 19% < 0.001

Patient global assessment 21% < 0.001

Modified Health Assessment Questionnaire 26% < 0.001

Joint pain 23% 0.04

RA: rheumatoid arthritis; CSA: cyclosporine; MTX: methotrexate.
Data from Reference 18.

Fig. 1. Changes (mean ± SEM) in the swollen joint count in patients who received cyclosporine (CSA)
and methotrexate (MTX) throughout (■), and in patients who received placebo + MTX for weeks 0 - 24
and CSA + MTX for weeks 24 - 48 (▲).
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tients (26%) met the American College
of Rheumatology preliminary criteria for
improvement in RA (ACR20) (20). The
clinical improvement in the patients who
had initially received CSA + MTX (week
0 - 24) and continued to do so, was main-
tained through week 48. At week 48, 26
patients (54%) met the ACR 20 criteria
for improvement.
The improvement in clinical response
with the combination treatment in both
the double-blind and open-label studies,
and the maintenance of that response
over 48 weeks, is shown for the swollen
joint count in Figure 1. This figure also
shows that, although some improvement
occurred after 8 weeks of treatment with
CSA + MTX, maximum benefit occurred
later and was then constant through
weeks 24 - 48.

CSA + MTX combination therapy -
Adverse effects in the clinical trials
Tolerability
A concern with any combination therapy
in RA is the potential for increased tox-
icity. CSA + MTX was generally well tol-
erated over 48 weeks. Two patients died,
one as a passenger in a motor vehicle
accident, and the other from what was
thought to be a viral pneumonia. In the
initial 24-week study, nine of 75 patients
in the CSA  + MTX group withdrew be-
cause of adverse effects compared with
5 of 73 in the placebo + MTX group. The
most common cause for withdrawal in
the CSA + MTX group was adverse gas-
trointestinal effects (5 patients).
The majority (87%) of the patients who
entered the week 24 - 48 study comple-
ted it, and 45 of the 48 patients (94%)
who had received CSA + MTX for the
first 24 weeks completed weeks 24 - 48.
The overall frequency and type of ad-
verse reactions that occurred with CSA
+ MTX combination therapy was simi-
lar to that observed with CSA mono-
therapy in RA and are listed in Table II.
Nausea was reported more frequently in
the first 6 months after starting CSA,
while a creatinine elevation greater than
30% of the baseline value occurred more
often in the second 6 months of CSA
treatment.

Renal function
CSA results in a small increase in serum

creatinine in most patients, and, in the
combination-therapy studies, this in-
crease in creatinine appeared during the
weeks immediately following the intro-
duction of CSA. Thereafter, the average
serum creatinine concentrations were
relatively stable (Fig. 2). Over the 48-
week study, only 2 patients were with-
drawn from CSA  + MTX combination
therapy due to a > 30% increase in cre-
atinine who did not respond to CSA dose
reduction. However, a more frequent oc-
currence of a > 30% elevation in serum

creatinine above baseline values was
seen in patients who continued to receive
CSA + MTX during weeks 24 - 48, com-
pared with patients who received CSA
for the first time during weeks 24 - 48
(Table II). This observation indicates that
the long-term renal effects of MTX  +
CSA combination therapy require further
study.

Liver function tests
The combination of CSA and MTX, two
drugs that may individually result in liver

Fig. 2. Mean (± SEM) serum creatinine concentration in patients who received cyclosporine (CSA) and
methotrexate (MTX) throughout (■), and in patients who received placebo + MTX for weeks 0 - 24 and
CSA + MTX for weeks 24 - 48 (▲). In both groups, P < 0.0001 for week 0 versus week 48. Reproduced
with permission from reference 19.

Table II. Adverse events reported during CSA + MTX combination therapy during weeks
24-48.

Patients receiving
Patients receiving Placebo + MTX (weeks 0 - 24)

CSA + MTX (weeks 0 - 48) and CSA + MTX (weeks 24 - 48)
(n = 48) (n = 44)

Adverse event No. % No. %

Nausea 2 4 13 30*

Diarrhea 3 6 6 14

Mouth ulcers 2 4 4 9

Paresthesia 2 4 4 9

Creatinine increase > 30% 18 38 7 16*

Hypertrichosis 1 2 4 9

Breast tenderness 0 0 2 5

Hypertension 8 17 10 23

Note: A single patient could report more than one side effect.
* = P < 0.05 comparing the frequency of each adverse effect in the two groups.
Reproduced with permission from reference 19.
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toxicity, raised the concern that additive
hepatotoxicity might occur. Also, if the
combination regimen resulted in an in-
creased frequency of abnormal aspartate
aminotransferase (AST) or alanine ami-
notransferase (ALT) concentrations,
even if these elevations were clinically
insignificant, it would complicate the
monitoring of liver function tests for
MTX and the clinical management of
these patients. The addition of CSA to
MTX therapy for 24 weeks did not af-
fect the AST and ALT concentrations and
did not increase the frequency of abnor-
mal liver function tests (21). There was
a clinically unimportant increase in bi-
lirubin and alkaline phosphatase, but no
evidence of additive liver toxicity over
24 weeks with CSA + MTX combina-
tion therapy (21).

CSA + MTX combination therapy -
Present and future
Currently, we are at the point where CSA
+ MTX is one of the relatively few com-
bination therapies that have convincingly
been shown to be effective in RA. Fur-
thermore, evidence has been presented
that an aggressive therapy with CSA +
MTX + intraarticular corticosteroids is
more effective than monotherapy with
sulfasalazine (22). However, many ques-
tions still need to be answered in order
to define the clinical role of this combi-
nation therapy. Guidelines have provided
consensus recommendations regarding
the current clinical use of CSA in RA
(23), and these will not be reviewed here.
It is important for clinicians and re-
searchers to recognize the strengths and
limitations of the data available regard-
ing the following key issues in CSA com-
bination treatment, and to endeavor to
obtain information that will guide ther-
apy in the future.

The dose of CSA
The optimal dose of CSA in the MTX +
CSA combination regimen remains to be
determined. The adverse effects of CSA
are dose-related; thus, identifying the
lowest effective dose in patients gener-
ally (as well as in the individual patient)
is important. In clinical trials, the start-
ing dosage of CSA has most often been
2.5 mg/kg/day, with incremental increas-
es by 0.5 mg/kg at approximately 4-week

intervals if a clinical response is not ob-
served, and with decreases if adverse ef-
fects are seen, such as an increase in cre-
atinine > 30% of baseline. The average
daily dosage of CSA after week 24 in
the MTX  + CSA combination study was
2.97 mg/kg, and was lower than the av-
erage dosage of 3.8 mg/kg at the com-
pletion of a CSA monotherapy study (12,
18).
In the CSA  + MTX extension study, the
average daily dose of CSA prescribed for
patients who had previously received
CSA + MTX during weeks 0 -24 was 2.8
± 0.17 mg/kg at week 24, 2.7 ± 0.14 mg/
kg at week 36, and 2.5 ± 0.16 mg/kg at
week 44. In some patients the clinical
response was maintained despite a dos-
age of CSA less than 2.5 mg/kg, suggest-
ing that the minimum effective mainte-
nance dosage of CSA, when used in
combination with MTX for RA, may in
some patients be lower than the stand-
ard starting dosage of 2.5 mg/kg/day.
A small study examining the effect of
CSA + chloroquine (24) in RA suggested
that a CSA dosage of 1.25 mg/kg was
not effective in this combination regi-
men, whereas CSA at 2.5 mg/kg was ef-
fective. The effective dose of CSA is
likely to differ among individual pa-
tients, among combination regimens,
and, perhaps, also during the “induction”
and the “maintenance” phases of treat-
ment.

Renal tolerability
The potential for irreversible nephrotox-
icity is a major concern with the long-
term use of CSA. The risk of structural
renal damage is related to the CSA dose
and the maximum increase in serum cre-
atinine (25). Strategies used in RA, such
as the careful selection of patients, a low
CSA dosage in the range of 2.5 - 5.0 mg/
kg/day, and CSA dose reduction to limit
the rise in serum creatinine to less than
30% of baseline, have effectively mini-
mized CSA-induced nephrotoxicity (25).
Patients with RA, who are often also
treated with NSAIDs, may be more sen-
sitive to the renal effects of CSA, and
MTX may also cause a minor decrease
in renal function (26). Therefore, the
long-term effects of MTX + CSA com-
bination therapy on renal function are of
particular interest.

Substantial data regarding long-term
CSA use and renal function in renal
transplant recipients indicate that CSA-
induced alterations in renal function in
these patients appear to be stable over
time (27). Many fewer data are available
for RA. The small rise in serum creati-
nine observed in most studies is seen pri-
marily during the first 2 - 3 months of
treatment and then remains relatively
stable over 12 months (19, 28). In one
12-month study performed in 102 pa-
tients, a rise in serum creatinine of > 30%
occurred in 50% of the patients, with half
of these responding to CSA dose reduc-
tion (28).
Emerging data indicate that long-term
renal tolerability may limit therapy with
CSA in patients with RA. Many patients
with RA who received CSA for longer
than one year, including some of those
who participated in the CSA + MTX stu-
dies (and with a stable, acceptable in-
crease in creatinine concentration while
on CSA over the first year), subsequently
had a creatinine rise to > 30% of base-
line that was not controlled by dose re-
duction and had to discontinue treatment
(29).
Renal biopsies in 11 patients with RA
who had received CSA monotherapy
(average dosage 3.3 mg/kg/day) for an
average of 26 months, and who had an
average increase in serum creatinine of
31%, showed no significant CSA in-
duced-renal changes (30). The authors
concluded that the continuous long-term
treatment of RA with CSA did not cause
any more structural nephropathy than RA
itself, in spite of the persistent deterio-
ration of renal function. Biopsy studies
have limitations, however, in that there
are both sampling error and inter-indi-
vidual variability in the interpretation of
early histologic changes. An alternative
approach has been to study the revers-
ibility of the CSA-induced decrease in
renal function. Using this approach, the
number of months that the serum creati-
nine was elevated > 30% above baseline
was found to be an independent predic-
tor of a persistent decrease in renal func-
tion (31).

CSA dosing strategies
It appears that long-term, continuous
CSA therapy is associated with an in-
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crease in creatinine of > 30% in many
patients with RA that may not allow the
continuation of therapeutic doses of CSA
(29, 31). In early studies, a 50% increase
in creatinine was allowed, and it is pos-
sible that fastidious monitoring and strict
adherence to the 30% threshold value (as
currently advocated) may improve the
renal tolerability of CSA over 2 - 4 years
in RA. However, more productive strat-
egies might include the exploration of
alternative CSA therapeutic regimens
and the gathering of information regard-
ing the stability, or lack of stability, of
the decrease in renal function associated
with the long-term use of CSA in RA.
Therapeutic strategies that might be stu-
died include intermittent CSA therapy
and concomitant therapy with agents that
may diminish the renal toxicity of CSA.

Other long-term concerns
There are limited data regarding the risks
of malignancy and/or infection with the
use of CSA in RA, and even fewer data
on the combination of MTX and CSA.
While occasional serious infections have
been reported in patients receiving com-
bination therapy, similar infections have
also been reported in patients receiving
MTX alone (32). Rare Epstein-Barr vi-
rus-associated B cell lymphomas have
been described in patients receiving
MTX, CSA, and the combination of the
two drugs (33-35). However, the overall
data regarding malignancy in patients re-
ceiving CSA for RA are reassuring, with
no increase in the frequency of malig-
nancy (36), although the duration of CSA
exposure in the patients studied to date
has been relatively short.

Conclusions
Uncontrolled RA is associated with in-
creased long-term disability and de-
creased life expectancy. Control of dis-
ease activity, with combination therapy
if required, has the potential to modify
the natural history of RA, particularly if
therapy is begun early enough in the dis-
ease. The combination of CSA and MTX
has been shown in clinical trials to be an
effective therapeutic strategy for patients
whose RA is not controlled by MTX
alone. Clinical trials, while providing
important information, do not necessar-
ily predict long-term responses to ther-

apy in RA (37, 38). The critical infor-
mation regarding the long-term benefits,
toxicities, tolerability, and optimization
of CSA + MTX combination therapy in
clinical practice are awaited.
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