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ABSTRACT
Triple combination therapy with hy-
droxychloroquine, sulfasalazine, and
methotrexate (MTX) has been shown in
double-blind, placebo-controlled studies
to be significantly superior to MTX alone
(Paulus 50% responses of 77% versus
33%). In long-term follow-up studies,
this therapy has now been shown to be
well-tolerated with continued efficacy in
the majority of patients.

Introduction
Combinations of disease-modifying anti-
rheumatic drugs (DMARDs) are used by
99% of the rheumatologists in the United
States to treat an estimated 24% of all
RA patients with rheumatoid arthritis
(RA) (1). These figures have increased
significantly in the last few years. This
near-universal acceptance of combina-
tion DMARD therapy is a new phenom-
enon. The increased use of combinations
has evolved for three main reasons: first,
rheumatologists have been increasingly
unwilling to accept incomplete improve-
ment of their patients when remissions
seem possible; second, the recognition
that most DMARDs lose whatever effi-
cacy they do have over time; and finally,
the recent accumulation of data that com-
binations can be given safely and with
greater efficacy than mono-DMARD
therapy (2-4).
A combination that has been shown to
be the most effective in published clini-
cal trials is the combination of meth-
otrexate (MTX), sulfasalazine (SSZ),
and hydroxychloroquine (HCQ), the so-
called triple therapy (2, 5-7). The data
to support the use of this combination
will be reviewed in this report.

Triple DMARD therapy:Trial
design
The initial protocol designed by the
Rheumatoid Arthritis Investigational
Network (RAIN) sought to treat patients
with RA aggressively early in the course

of their disease with a triple combina-
tion of DMARDs (2). This study was de-
signed around several basic beliefs:

1. Clinicians should have a clear goal
in mind when treating RA. We chose
remission as the goal of treatment.

2. MTX was the best single DMARD
available and, for the foreseeable fu-
ture, would be the standard against
which other therapies would be meas-
ured.

3. Because MTX was the best single
DMARD available, it should be in-
cluded in most combinations.

4. The dose of medications should be
flexible, with increases permitted
within certain limits to try to achieve
the treatment goal, thereby assuring
that doses used in the monotherapy
arm and those in the combination
arms would be the same unless pa-
tients met the treatment goal (in this
case, remission).

5. The success of a treatment should be
clinically apparent not only to the
statistician but also to the clinician
and, most importantly, to the patient.
Therefore, we chose a 50% improve-
ment of composite criteria rather than
the more commonly used 20%.

6. Previous blinded studies have been
too short; therefore, we continued our
study for 2 years.

7. Finally, we required that patients not
only show 50% improvement by 9
months but also maintain this degree
of improvement for the duration of
the 2-year blinded portion of the stu-
dy. For practical reasons we did not
want to continue patients in a blinded
trial after the 9-month time point if
they had not achieved a clinically sig-
nificant degree of improvement. At
the same time, we did not want to de-
clare the treatment a success unless
the improvement was maintained for
at least 2 years. Most previous blind-
ed trials had lasted between 3 and 12
months; even our 2-year trial, which
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is one of the longest blinded trials
ever performed in RA, represents a
very short time in a lifelong disease.

Instead of studying patients with early
disease as we had originally intended,
our final design enrolled only those pa-
tients who had failed on at least one
DMARD. This modification was made
at the request of the Food and Drug Ad-
ministration, which expressed concern
for the toxicity of the drugs, and because
such a study population would include
patients who would be more likely to
have ongoing disease. FDA approval was
necessary as the medications and match-
ing placebos were provided by pharma-
ceutical companies.
The dose of SSZ was kept low in our
study because of concerns at that time

about the possible toxicity of the com-
bination of MTX and SSZ, and to avoid
extensive premature withdrawals sec-
ondary to gastrointestinal toxicity.

Triple DMARD therapy:
Characteristics of the study
population
All patients met the American College
of Rheumatology’s (ACR) criteria for
RA (8) and had failed on at least one
DMARD prior to starting in this study.
The clinical characteristics of the pa-
tients, by treatment group, are shown in
Table I. Importantly, no significant dif-
ferences were seen in any of the pretreat-
ment characteristics of these patients.
This cohort had 3 notable features. The
average disease duration was more than

9 years in the MTX and Triple groups,
approximately 85% of the patients were
rheumatoid-factor positive, and approxi-
mately 50% were taking low-dose pred-
nisone (mean dosage 6 mg). A design
flaw in this study allowed patients who
had previously failed MTX to enroll. A
larger number of such patients (who
would naturally be expected to do poorly
on MTX) or the random assignment of a
disproportionate number of them to the
MTX-alone group, might have caused a
serious problem. Fortunately, only 10
such patients were enrolled and they
were randomly assigned evenly among
the 3 groups. Exclusion of these patients
did not change the results of the study.
We were fortunate that this oversight in
our study design did not preclude our ca-
pacity to reach a meaningful conclusion
concerning the differential efficacy of
our treatment arms.

Tolerability
Rheumatologists are by nature conserva-
tive and take seriously Hippocrates’
edict, “First, do no harm.” Therefore, the
initial question we sought to address was
whether this aggressive approach would
be well tolerated. Many were concerned
about the possible additive or even syn-
ergistic toxicity of MTX and SSZ. Our
results, with more toxicity withdrawals
in the MTX-alone arm, were at first sur-
prising. We believe, however, that the
enhanced efficacy of triple therapy is the
major reason for this; patients who are
doing well are less likely to complain of
minor toxicities and are therefore more
likely to continue with the protocol. A
similar observation was made by Boers
et al. in a recent combination vs. mono-
therapy study in which patients in the
combination arm also had enhanced ef-
ficacy and decreased withdrawals due to
side effects (4).

Triple therapy: Enhanced efficacy
Figure 1 illustrates the major findings of
the blinded portion of our study; therapy
with all 3 active drugs provided a sub-
stantially greater benefit than treatment
with what most would agree is the stand-
ard of treatment for RA, MTX alone (P
= 0.003). All patients who failed because
of efficacy, toxicity, or protocol viola-
tions were considered as failures for the

Table I. Baseline characteristics of the patients with rheumatoid arthritis, according to study
group (plus-minus values are means ± SD).

Sulfasalazine plus
Methotrexate hydroxychloroquine All 3 drugs

Characteristic (n = 36) (n = 35) (n = 31)

Age (yrs.)
   Mean 50 49 50
   Range 21 - 69 36 - 63 27 - 67

Sex (F/M) 25/11 26/9 20/11

Duration of disease (yrs.) 10 ± 8 6 ± 6 10 ± 10

Rheumatoid factor present (%) 89 85 84

Current prednisone therapy (%) 53 46 52

Prednisone dosage (mg/day) 6 ± 3 5 ± 3 6 ± 3

DMARDs* previously used (no. of drugs) 1.6 ± 0.8 1.6 ± 0.8 1.5 ± 0.8

Prior methotrexate therapy (no.) 3 4 4

Erythrocyte sedimentation rate (mm/hr) 39 ± 29 45 ± 27 36 ± 26

Duration of morning stiffness (min.) 190 ± 109 156 ± 96 135 ± 98

Scores on assessment scales†
   Tender joints 31 ± 18 32 ± 14 29 ± 13
   Swollen joints 31 ± 19 31 ± 20 27 ± 12
   All joints 63 ± 33 62 ± 31 56 ± 19

Patient’s global status and pain 6 ± 2 6 ± 2 6 ± 2

Physician’s global assessment 6 ± 2 6 ± 2 6 ± 1

Hemoglobin (gm/dl) 13 ± 2 13 ± 2 13 ± 2

Platelets (x 10-3/mm3) 376 ± 118 357 ± 100 340 ± 123

Serum aspartate aminotransferase (IU/l) 22 ± 10 19 ± 6 20 ± 10

Serum creatinine (mg/dl)§ 10.84 ± 0.21 0.79 ± 0.16 0.89 ± 0.20

*DMARDs: Disease-modifying antirheumatic drugs.
†As described in the Methods section.
§To convert values to micromoles per liter, multiply by 88.4.
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purposes of this Kaplan-Meier plot. Ad-
ditionally, patients treated with the com-
bination of SSZ and HCQ had efficacy
similar to those treated with MTX alone.
Some have criticized our results on the
basis of the response of our MTX-alone
group, arguing that our patients did not
do as well as other MTX-treated patients.
However, we have been unable to find
any published series of MTX-treated
patients who have done better than ours
when the 50% improvement criteria are
used. In the published reports that we are
aware of, the percentages of patients who
have achieved 50% improvement have
been 35% by Weinblatt at four years (9)
and 39% by Rau at one year (10).
Since the design of our study called for
escalation of the dose of MTX, if toler-
ated, to aim for remission, and since few
of our patients achieved remission, the
dose of MTX for patients in the MTX-
alone group (16.6 mg/week) and those
in the triple arm (16.4 mg/week) were
similar, thus allowing for the direct com-
parison of these treatments.

Triple therapy: Efficacy failures
Patients who were not randomized to the
triple-therapy arm of the initial blinded
trial and who failed to meet the 50%
improvement criteria were offered an op-
portunity to receive triple therapy in an
open observational trial (5). Table II
shows the results when patients who took
17.5 mg/week of MTX (median dosage)
in the blinded trial were then treated with
the addition of SSZ (1 gram/day) and
HCQ (400 mg/day) in the open trial.
Since MTX is the most commonly used
DMARD in the US and the majority of
patients treated with it will have a par-
tial response, rheumatologists’ offices
are loaded with patients such as these,
i.e., with partial but sub-optimal respon-
ses to MTX. Our results indicate that this
group can be expected to experience sub-
stantial improvement when SSZ and
HCQ are added to 17.5 mg/week of
MTX.
When patients who had been treated with
the combination of SSZ and HCQ in the
original study failed because of efficacy,

MTX was added and increased in a step-
wise fashion to 17.5 mg/week. These
patients had a similar degree of improve-
ment (data not shown) to those shown
in Table II.

Triple therapy: Long-term follow-up
We have now monitored 60 patients
treated with triple therapy for a mean of
3.3 years (6). Thirty-one of these patients
had been randomly assigned to triple
therapy in the initial trial, while the other
29 had been treated with triple therapy
after suboptimal responses in the initial
protocol. Table III presents these data.
We now have 275 patient years of expe-
rience with this combination; 200 in the
patient group described above and an
estimated 75 in our current follow-up
triple II study. Toxicity has forced with-
drawal in 6 of the original 60 patients
(10%). These toxicities included 3 with-
drawals in the initial blinded study; one
each for nausea, weight gain, and cervi-
cal cancer. The woman with cervical can-
cer was withdrawn 2 months into the
study after she had visited her gynecolo-
gist for the first time in 20 years at the
urging of our study coordinator. During
the open portion of the study, 3 additional
patients were withdrawn; one for liver
enzyme elevations, one for possible ocu-
lar toxicity, and one for gastrointestinal
intolerance. The patient who developed
elevated liver enzymes had this occur at
51 months, simultaneously with psori-
atic skin lesions (rheumatoid factor and
shared-epitope [DRB1 0401] positive).
Forty-four patients (73%) have main-
tained 50% improvement while on tri-
ple therapy and 10 patients (17%) have
failed to maintain this degree of improve-
ment or have required changes in ther-
apy. The other 10%, as mentioned above,
had side effects. Eight patients (13%;

Table II. Results of triple therapy for patients with suboptimal response to MTX.

Variable Initial Follow-up   P

Erythrocyte sedimentation rate (mm/hr) 30.3 19.0 0.06

Morning stiffness (min.) 104.0 28.0 0.03

Swollen joint score 29.7 11.7 0.001

Tender joint score 30.1 10.4 0.001

Patient global status 4.1 2.6 0.03

Physician global status 5.1 3.1 0.009

Fig. 1. Time until failure (toxicity or efficacy) of treatment. P = 0.003 by the log-rank test.

Table III. Triple therapy: Results at 3.3
years (60 patients and 200 patient years of
follow-up).

50% Improvement* 44 pts. 73%

Withdrawal: Side effects 6 pts. 10%

Withdrawal: Efficacy 10 pts. 17%

*Remission = 8 patients (13%)
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examined at only one point) fulfilled
modified ACR remission criteria (11).
We have been unsuccessful in most of
our attempts to withdraw any of the 3
DMARDs in this group of patients.
Therefore, most of our patients are con-
tinuing to take all three DMARDs.

Predicting responses to therapy
One of the biggest challenges that faces
most rheumatologists when treating RA
patients is selecting the best DMARD or
combination of DMARDs for each pa-
tient and doing so in a timely fashion. In
most instances, unfortunately, while we
are searching for the best drug our pa-
tient’s arthritis is continuing to destroy
bone and cartilage. Therefore, we are
sorely in need of predictive markers early
in the patient’s disease process for which
DMARDs are most likely to induce re-
sponses in individual patients. For our
patients treated with triple therapy, we
asked whether HLA-DRB1 typing might
predict response to therapy [Table IV
(7)].
Patients were classified as “shared epi-
tope” positive or negative and then di-
vided by treatment group. MTX-treated
patients who were shared epitope-nega-
tive were much more likely to achieve a
50% response than those who were
shared epitope-positive (83% versus
32%, P = 0.03). Shared-epitope positivity
is known to be a poor prognostic factor
in RA patients, and although it has not
previously been reported, it was not a big
surprise that shared epitope-positive
MTX-treated patients did less well than
like-treated shared epitope-negative pa-
tients. Further studies on the effects of
the shared epitope dose confirmed this
observation; patients who had a double

dose of the shared epitope had the least
chance of achieving a 50% response (P
= 0.05).
Since there were very few efficacy fail-
ures in patients treated with triple therapy
in our study, it was also not surprising
that shared-epitope status did not predict
response (88%  versus 94% for negative
versus positive, respectively, P = 0.53).
Patients treated with SSZ-HCQ had si-
milar response rates regardless of their
shared-epitope status (38% if shared epi-
tope-negative versus 43% if positive, P
= 0.52).
Based on these data, one might specu-
late that all patients would benefit (at
least in terms of the frequency of achiev-
ing a 50% improvement) if they received
triple therapy. However, a closer inspec-
tion of these data in the shared epitope-
negative patient group reveals that this
subset of patients responded equally well
to MTX alone as to triple therapy (83%
versus 88%, respectively, P = 0.69). This
observation suggests for the first time a
clinically important differential response
to therapy based on shared-epitope sta-
tus.
These findings require confirmation by
other investigators in other patient co-
horts. If confirmed, early HLA-DRB1
typing might be indicated to facilitate
more intelligent selections of DMARDs.
The earliest possible selection of the
most effective DMARD or DMARD
combinations would be expected to lead
to significant benefits for our patients.

Triple therapy versus MTX - cyclo-
sporine A: Efficacy comparisons
The first double-blind, controlled trial to
demonstrate a significant advantage of
combination therapy over therapy with

MTX alone was the MTX and cyclo-
sporine A (CSA) trial published in 1995
(3). In this trial, patients were on base-
line MTX, but had a less-than-optimal
response to dosages as high as tolerated
(up to 15 mg/week; mean dose of MTX
10.2 mg). These patients were then ran-
domly assigned to receive CSA or pla-
cebo in addition to continuing the MTX
that they were already receiving. The
combination group had statistically sig-
nificant improvement compared with the
placebo group. Joint counts improved in
the CSA group, but serum creatinine rose
modestly as well (P = 0.02).
The triple-therapy data that are most
similar are from our follow-up of patients
treated with MTX alone in our original
study (5). These patients, who were al-
ready taking 17.5 mg/week, had a 70%
chance of improving by 50%, which
compares favorably with those in the
MTX-CSA study, who had a 48% chance
of improving by 20%.
As is always the case, comparisons of
results between studies is difficult; in this
case the MTX-CSA patients were in a
blinded study, while those treated with
triple therapy after MTX had failed were
in an open study, and patients in open
studies can be expected to have better
outcomes in general than those in blinded
studies. However, the dosage of MTX
in the CSA-treated patients was signifi-
cantly lower than that in the MTX fail-
ures enrolled in the triple study (10.2 mg
per week versus 16.4 mg/week), which
might suggest a greater effect of the com-
bination of SSZ and HCQ when added
to MTX since it was added to a greater
baseline dose of MTX. Additionally, our
study used modified Paulus criteria (12)
to measure improvement, while the
MTX-CSA study used ACR criteria (13).
The ACR criteria are more stringent for
several reasons, but our requirement of
50% improvement rather than 20% in the
MTX-CSA study more than made up for
this difference.
Perhaps the biggest advantage of MTX-
SSZ-HCQ over MTX-CSA, other than
cost, is related to concern about the long-
term toxicity of the MTX-CSA combi-
nation. Triple therapy has been shown
to be well tolerated at 3 years, as previ-
ously discussed (6), while data on the
long-term follow-up of CSA-treated pa-

Table IV. HLA-DRB1 typing: Selecting patients’ combination therapy.

MTX Rx MTX + SSZ + HCQ Rx
SE + SE - SE + SE -

Successful completers 7 5 17 7

Efficacy failures 15 1 1 1

% successful 32 83 94 88

P = 0.03 P = 0.5
SE +: MTX versus Triple P ≤ 0.001
SE -: MTX versus Triple P = 0.69

SE: Shared epitope.
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tients reveals a dropout rate of 25% every
6 months, usually secondary to elevated
creatinine or hypertension (14). The
long-term renal toxicity of CSA is a con-
cern, particularly in patients who receive
concomitant MTX, a drug that depends
on renal clearance.

Triple therapy: Questions
Many questions remain about the use of
triple therapy to treat RA.
1. Should triple therapy be begun
initially or only in a sequential fashion
after patients have had a sub-optimal
response to MTX alone ?
The patients in our protocol had a mean
disease duration of 9 years and had pre-
viously “failed” at least one DMARD;
therefore, these patients do not directly
address this question. The only study to
do so comes from Finland, by Möttönen
and colleagues (15). This study reported
that the chance of achieving the goal of
remission at 2 years is increased signifi-
cantly if patients begin on MTX-SSZ-
HCQ at the outset of therapy as opposed
to taking SSZ alone (Odds ratio 2.7; 95%
confidence intervals 1.3 - 5.4).
We strongly believe that the goal of treat-
ment for RA should be remission, and to
this end advocate the use of triple therapy
early in the course of RA in patients who
have only a partial response to MTX. If
other studies corroborate our findings of
the capacity of HLA-DRB1 typing to
predict response to MTX, as well as the
findings of Möttönen et al., the initial
use of triple therapy would be indicated,
particularly in shared epitope-positive
patients. Perhaps shared epitope-nega-
tive patients could be treated in a less
aggressive manner.

2. Is it necessary to add both SSZ and
HCQ to MTX to achieve the significantly
enhanced response over MTX alone, or
is one of them sufficient ? If so, which
one ?
Our initial study clearly demonstrated
that in the patient population we treat-
ed, therapy with MTX-SSZ-HCQ was
superior to therapy with MTX alone or
to therapy with SSZ-HCQ. We are cur-
rently addressing this important question
with a follow-up study (Triple II) in
which triple therapy is compared with
MTX-SSZ and with MTX-HCQ. Of

note, the combination of SSZ and HCQ
was as potent as MTX alone at two years
in our initial study, and attempts to stop
either of these drugs in patients who are
doing well on triple therapy have led to
flares of disease. Early results from the
Triple II study strongly suggest an ad-
vantage for the triple combination over
the two double combinations.

3. When, if ever, can the therapy be taper-
ed  ?  And if it is tapered, which drug or
drugs should be tapered first ?
Even with triple therapy, most patients
do not achieve remissions; remissions
were seen in only 13% at 3 years. There-
fore, if remission is the goal of therapy,
few will be candidates for tapering. As
previously noted, when we have attempt-
ed to taper any of the 3 drugs, patients
have experienced flares.

4. Could higher doses of SSZ and/or
MTX be used to further improve effica-
cy without significantly increasing toxi-
city ?
This is an important question because the
doses of MTX currently in use are sig-
nificantly higher than those used in our
study, which was begun in 1989. Low-
dose SSZ (1 gm/day) was used in our ini-
tial study. At that time, 17.5 mg/week of
MTX was on the “high” side of what
rheumatologists were using. In pursuit
of remissions, or at least more complete
responses, we frequently push MTX to
22.5 mg/week and SSZ to 2 gm/day. In
patients on triple therapy, we have not
seen any significant toxicity with this
approach, although we continue to moni-
tor these patients closely. In our current
blinded study of triple therapy versus the
double combinations, we are using 2 gm
per day of SSZ. Except for a few patients
who have some minor gastrointestinal
side effects, we have not encountered
problems.

5. What happens when folic acid is added
to this regimen ?
Folic acid use in patients on MTX is now
widespread, as it does not interfere with
efficacy but does appear to decrease tox-
icity in doses up to 27.5 mg/week (16,
17). Similar data on the effect of folic
acid on the efficacy of SSZ do not exist,
and little is known about this interaction.

In the early part of our triple study, folic
acid was not used, but since we allowed
clinicians to use it at their discretion, it
was frequently prescribed by the end of
the study when its ability to alleviate tox-
icity without interfering with efficacy
was apparent. We do not know whether
this intervention had an effect on effi-
cacy or side effects in the patients on tri-
ple therapy.

The future of combination DMARD
therapy
The possible combinations and permu-
tations of DMARDs that could be used
to treat RA are extensive, particularly if
one includes corticosteroids, steroids,
biologicals, and drugs such as minocy-
cline or doxycycline in these calcula-
tions. These choices are further compli-
cated if certain combinations have dif-
ferential effects in patients relative to the
stage or duration of their disease, a likely
possibility. Therefore, many more ques-
tions than answers exist for combination
therapy.
I believe that for the foreseeable future,
MTX will continue to hold its position
as the primary anchor of combination
therapy, and that both low-dose corti-
costeroids and metalloproteinase inhibi-
tors will likely be important adjuncts.
Clearly, the goal of remission for a sub-
stantial portion of our patients remains
elusive. However, with the recent suc-
cess of combinations (2-6), biologicals
(18-22), and metalloproteinase inhibitors
(23-25), the pace of progress is acceler-
ating, as we currently have many potent
therapeutic agents. The challenge for the
future will be to design and conduct in-
novative clinical research protocols that
will uncover the answers we need to al-
low us to use these agents at the correct
time relative to the stage or duration of
disease and in the best possible sequen-
ces and combinations.
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