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Abstract Background. Rheumatoid arthritis is a com-
mon disease that causes substantial morbidity and mor-
tality. The responses of patients with rheumatoid arthritis
to treatment with a single so-called disease-modifying
drug, such as methotrexate, are often suboptimal. Despite
limited data, many patients are treated with combinations
of these drugs.

Methods. We enrolled 102 patients with rheumatoid
arthritis and poor responses to at least one disease-
modifying drug in a two-year, double-blind, randomized
study of treatment with methotrexate alone (7.5 to 17.5
mg per week), the combination of sulfasalazine (500 mg
twice daily) and hydroxychloroquine (200 mg twice dai-
ly), or all three drugs. The dose of methotrexate was ad-
justed in an attempt to achieve remission in all patients.
The primary end point of the study was the successful
completion of two years of treatment with 50 percent im-
provement in composite symptoms of arthritis and no ev-
idence of drug toxicity.

HEUMATOID arthritis is a common disease! that
causes substantial morbidity in most patients? and
premature mortality in many.>* Conventional therapy
for rheumatoid arthritis includes the administration of
antiinflammatory drugs, followed by disease-modifying
antirheumatic drugs such as methotrexate, hydroxy-
chloroquine, sulfasalazine, and gold in patients with
persistent active disease. Short-term studies®!* and meta-
analyses'>!® have repeatedly proved the efficacy of dis-
ease-modifying drugs, but their long-term effectiveness
is less than optimal; therefore, most patients do not
take them for more than two to five years,'”'® because
of either lack of efficacy or toxic effects. Patients treat-
ed with methotrexate have the highest rate of contin-
ued long-term therapy,'®?' and therefore most rheuma-
tologists consider it the drug of choice.?? We designed a
study to determine whether disease-modifying drugs
were effective as combination therapy for rheumatoid
arthritis and whether the combinations studied had bet-
ter efficacy than methotrexate alone.

METHODS

This study was conducted by the Rheumatoid Arthritis Investiga-
tional Network (RAIN), which brings rheumatologists at the Univer-
sity of Nebraska together with rheumatologists in Nebraska, Iowa,
South Dakota, Minnesota, and Illinois who are interested in clinical
studies of rheumatoid arthritis. All the participating physicians were
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Results.  Fifty of the 102 patients had 50 percent im-
provement at nine months and maintained at least that
degree of improvement for two years without evidence
of major drug toxicity. Among them were 24 of 31 pa-
tients treated with all three drugs (77 percent), 12 of 36
patients treated with methotrexate alone (33 percent,
P<0.001 for the comparison with the three-drug group),
and 14 of 35 patients treated with sulfasalazine and hy-
droxychloroquine (40 percent, P=0.003 for the compar-
ison with the three-drug group). Seven patients in the
methotrexate group and three patients in each of the oth-
er two groups discontinued treatment because of drug
toxicity.

Conclusions. In patients with rheumatoid arthritis,
combination therapy with methotrexate, sulfasalazine, and
hydroxychloroquine is more effective than either metho-
trexate alone or a combination of sulfasalazine and hy-
droxychloroquine. (N Engl J Med 1996;334:1287-91.)
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involved not only in enrolling patients and collecting data, but also in
developing the study protocols.

Selection of Patients

We asked patients followed in the rheumatology clinics at the Uni-
versity of Nebraska Medical Center, the Omaha Veterans Affairs
Medical Center, or the private offices of physicians in the network
who met the criteria for this study to participate. The protocol was
approved by the Food and Drug Administration and the institutional
review board at the University of Nebraska, and all the patients gave
informed written consent.

The criteria for entry into the study were an age of 19 to 70 years;
rheumatoid arthritis fulfilling the criteria of the American Rheuma-
tism Association®; disease lasting more than six months; and active
disease with at least three of the following: erythrocyte sedimentation
rate =28 mm per hour, morning stiffness lasting 45 minutes or more,
cight or more tender joints, and three or more swollen joints. In ad-
dition, the patients must have had poor responses to treatment with
at least one of the following: gold, hydroxychloroquine, penicillamine,
sulfasalazine, and methotrexate. Patients were not eligible for the
study if they had received combination therapy with two of these
drugs; if they had stage IV disease?* or were allergic to any of the
study drugs; if they were women of childbearing age who were not us-
ing contraception; if they had liver, renal, hematologic, pulmonary, or
cardiovascular disease; if they had visual difficulties, including a re-
cent decrease in visual acuity, retinal disease, or macular degenera-
tion; or if they had active peptic ulcer disease.

Study Design

We enrolled 102 patients in this two-year, double-blind, random-
ized, controlled study. The pharmacy performed the randomization;
equal numbers of cards with each group assignment were mixed,
drawn, and placed in sequentially numbered envelopes that were
opened as the patients were enrolled. The patients were treated with
methotrexate alone, the combination of hydroxychloroquine and sul-
fasalazine, or all three drugs. They received methotrexate (Rheuma-
trex, Lederle, Pearl River, N.Y.) or placebo in one bottle, sulfasalazine
(Azulfidine, Pharmacia, Columbus, Ohio) or placebo in another bot-
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tle, and hydroxychloroquine (Plaquenil, Sanofi Winthrop, New York)
or placebo in a third bottle. The doses of sulfasalazine and hydroxy-
chloroquine were 500 and 200 mg twice daily, respectively, and the
initial dose of methotrexate was 7.5 mg per week.

The patients were evaluated three months after enrollment by phy-
sicians who were unaware of the treatment-group assignments. If a
patient did not meet the criteria for remission,” we increased the dose
of methotrexate (or placebo) to 12.5 mg per week. The patient was
then evaluated at six months. If he or she was not in remission, the
dose of methotrexate (or placebo) was increased to 17.5 mg per week.
Since most patients did not meet the criteria for remission while tak-
ing lower doses, over 90 percent received 17.5 mg of methotrexate or
placebo per week. We evaluated the patients again after nine months
of therapy (i.e., after three months of maximal therapy), and if their
condition had not improved by 50 percent we considered the treat-
ment ineffective. If they had improved by 50 percent or more, we fol-
lowed them every three months for the remainder of the two-year
study period.

Evaluation Criteria

The main end point was whether the patient’s condition improved
by at least 50 percent, as determined by whether three of the following
requirements had been fulfilled (the modified Paulus composite
criteria?): morning stiffness of less than 30 minutes’ duration, or de-
creased by 50 percent; joint tenderness decreased by 50 percent; joint
swelling decreased by 50 percent; and an erythrocyte sedimentation
rate of less than 30 mm per hour in women and less than 20 mm per
hour in men. Patients who did not have this degree of improvement
at any of the three-month evaluations after receiving maximal thera-
py were considered to have had treatment failures.

Additional measures of evaluation included estimates of the dura-
tion of morning stiffness and scores on a modified Ritchie articular
index,” in which 38 joints in each patient were scored on a scale of
0 to 3 with regard to tenderness and swelling. The patient’s global
status and level of overall pain (as scored by the patient) and the phy-
sician’s global assessment were scored on a visual-analogue scale on
which 0 indicated normal and 10 indicated severe problems.?®

Monitoring of Toxicity

An ophthalmologist examined all the patients every six months for
potentially toxic effects of hydroxychloroquine. All the patients had
complete blood counts and measurements of serum aspartate amino-
transferase, albumin, and creatinine concentrations monthly during
the study. Erythrocyte sedimentation rates were measured every three
months. Patients were excluded from the study if their serum aspar-
tate aminotransferase values were more than twice the upper limit of
the normal range on two successive occasions.

Concurrent Therapy

We permitted concurrent therapy with systemic corticosteroids if
the dose remained stable throughout the study period and the patient
took no more than 10 mg of prednisone (or its equivalent) per day.
We also permitted the use of nonsteroidal antiinflammatory medica-
tions, both as regular therapy and on an as-needed basis.

Statistical Analysis

The primary end point was successful completion of the two-year
study. Differences among the three treatment groups in the number
of patients who completed the study and the number who had treat-
ment failures were analyzed by both the chi-square test and the log-
rank test.? We developed a Kaplan—Meier curve for the patients
who completed the study, with all those who did not do so consid-
ered to have had treatment failures. The log-rank test was used to
compare these groups.?® Cox proportional-hazards regression anal-
ysis was used to adjust for differences among the groups at study
entry.

Differences in the mean values of other outcome variables were
evaluated by two-tailed Student’s t-tests, assuming unequal vari-
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ance.?’ Analysis of covariance was used to adjust for base-line differ-
ences in the severity of disease among the treatment groups.?

RESULTS

We randomly assigned 36 patients to receive metho-
trexate, 35 patients to receive sulfasalazine and hydrox-
ychloroquine, and 31 patients to receive all three drugs.
There were no significant differences among the groups
at study entry (Table 1). Thirteen patients discontinued
the study because of drug toxicity, and 37 patients did
so because of lack of efficacy. Two patients were with-
drawn from the study for protocol violations (failure to
have laboratory studies done). The remaining 50 pa-
tients completed the two years of the study successful-
ly, having 30 percent or greater improvement at nine
months and maintaining at least 50 percent improve-
ment for the duration of the study.

Toxicity

Treatment with all three drugs did not produce more
toxic effects than did methotrexate therapy alone. Sev-
en patients in the methotrexate group discontinued
treatment because of toxic effects: two patients had
pneumonia; one patient each had stomatitis, diarrhea,
nausea, and vertigo; and one patient had sepsis and
subsequently died. Three patients assigned to sulfasal-
azine and hydroxychloroquine discontinued treatment
because of pneumonia, diarrhea, and Crohn’s disease,
respectively; and three patients in the three-drug group
discontinued treatment because of nausea, cervical can-
cer, and weight gain, respectively.

No patient had serum aspartate aminotransferase
values more than twice the upper limit of the normal
range during the study. The patients in the three-drug
group had higher serum creatinine values than those in
the other two groups at nine months (P =10.03), but this
difference was not apparent at two years.

Treatment Outcomes

The 50 patients who had at least 50 percent improve-
ment at nine months and maintained that degree of im-
provement to the end of the two-year treatment period
included 24 of the 31 patients receiving all three drugs
(77 percent), 14 of the 35 patients receiving sulfasala-
zine and hydroxychloroquine (40 percent), and 12 of
the 36 patients receiving methotrexate alone (33 per-
cent) (P=0.003 and P<<0.001 for the respective com-
parisons between the three-drug group and the other
two groups). Three patients in the three-drug group, 18
in the sulfasalazine—hydroxychloroquine group, and 16
in the methotrexate group were considered to have had
treatment failures. The remaining patients in each group
discontinued the study because of toxic effects or pro-
tocol violations.

The proportions of patients who completed the two-
year treatment period successfully are shown in Figure
1. In the figure, all the patients who did not complete
the study are counted as having had treatment failures,
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Table 1. Base-Line Characteristics of Patients with Rheumatoid
Arthritis, According to Study Group.*

SULFASALAZINE

AND HYDROXY- ALL
METHOTREXATE ~ CHLOROQUINE THREE DRUGS
CHARACTERISTIC (N =36) (N =35) (N =31)
Age (yr)
Mean 50 49 50
Range 21-69 36-63 27-67
Sex (F/M) 25/11 26/9 20/11
Duration of disease (yr) 10+8 6*+6 10x10
Rheumatoid factor present 89 85 84
(% of patients)
Current prednisone therapy 53 46 52
(% of patients)
Prednisone dose (mg/day) 6*3 5+3 6+3
Disease-modifying antirheu- 1.6£0.8 1.6+£0.8 1.5+£0.8

matic drugs previously
used (no. of drugs)

Prior methotrexate therapy 3 4 4
(no. of patients)

Erythrocyte sedimentation rate 39+29 4527 36*26
(mm/hr)
Duration of morning stiffness 190+109 15696 135+98
(min)
Scores on assessment scales
Tender joints 31£18 32*14 29*13
Swollen joints 3119 3120 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 (g/dl) 13+2 13+2 13+2
Platelets (X10~3/mm?) 376118 357100 340*123
Serum aspartate aminotrans- 22*10 19£6 2010
ferase (Ul/liter)
Serum creatinine (mg/dl)% 0.84+0.21 0.79%0.16 0.89+0.20

*Plus—minus values are means *SD. TAs described in the Methods section.

+To convert values to micromoles per liter, multiply by 88.4.

including the 13 with toxic effects, the 37 with treat-
ment failures, and the 2 who were withdrawn from the
study because of protocol violations. The comparison
between the three-drug group and each of the other
groups with respect to good responses (Fig. 1) was sta-
tistically significant (P=0.003 by the log-rank test). To
ensure that these divergent results were not caused by
differences in the severity of disease at base line, we
performed an adjusted analysis of the time to treatment
failure, using the presence of rheumatoid factor, the
erythrocyte sedimentation rate, the duration of disease,
the number of previous disecase-modifying drugs taken,
the patient’s global status, the physician’s global assess-
ment, and the total joint score as variables. The sedi-
mentation rate, the patient’s global status, and the total
joint score all had weak but statistically significant ef-
fects on the time to treatment failure. However, the dif-
ference between the three-drug group and the metho-
trexate group remained significant after this adjustment

(P=0.009).

Other Measures of Efficacy

Table 2 shows the other clinical measurements of ar-
thritis activity at base line, after nine months, and after
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two years of therapy. We chose nine months because
that was the point at which the decision to retain the
patient in the study (on the basis of at least 50 percent
improvement) was made. There were trends toward clin-
ical improvement in the three-drug group as compared
with the other two groups on all measures of efficacy.
The results at two years were particularly impressive,
considering that all these patients had already been se-
lected as those who were doing well (i.e., who had at
least 50 percent improvement).

Di1SCUSSION

With the disease-modifying therapy currently avail-
able, complete remissions of rheumatoid arthritis are
disappointingly rare.?>* Therefore, most clinicians have
resorted to using combinations of drugs to treat a sub-
stantial subgroup of patients.?>?! There are few data to
suggest that combinations of drugs are better than
therapy with single drugs, however. A recent meta-
analysis of combination therapy in rheumatoid arthritis
concluded that there is little evidence to support the
use of combination therapy,* but few studies have been
done, and only two have included methotrexate.*3* In
one of these, the dose in the methotrexate-plus-azathi-
oprine group was only half the dose in the methotrex-
ate-alone group,** making comparison difficult or im-
possible. In the other study using methotrexate, the
maximal dose was only 7.5 mg per week.** Three stud-
ies in the meta-analysis included oral gold or penicilla-
mine, %% medications that are now seldom used by
rheumatologists.??

Our double-blind, controlled, randomized study dem-
onstrates the tolerability and the benefit of combination
therapy with methotrexate, hydroxychloroquine, and
sulfasalazine as compared with methotrexate alone. This
enhanced efficacy occurred with no increase in toxicity.
We believe that our results are particularly pertinent to
clinicians for several reasons. The study design includ-

100 —e
90 _______Alithree drugs
801 - T
704 e
60 Sulfasalazine and

Patients with Good
Responses (%)

50 == hydroxychloroquine
30 Methotrexate
20
104 P =0.003 by log-rank test
0 T T T 1
0 6 12 18 24
Month
No. oF PATIENTS
Methotrexate 36 34 20 14 12
Sulfasalazine 35 31 19 15 14
and hydroxy-
chloroquine
All three drugs 31 29 27 25 24

Figure 1. Patients with Good Responses to the Assigned Study
Treatment.
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Table 2. Changes in Joint Symptoms and Measures of Activity in the Study Patients, patients with rheumatoid arthritis
According to Treatment Group.* and their physicians. Therefore, we
SULFASALAZINE allowed patients to continue taking
AND HYDROXY-  ALL THREE nonsteroidal antiinflammatory drugs

VARIABLE METHOTREXATE ~ CHLOROQUINE DruGs P VALUET . .
and prednisone if the dose was rel-

SULFASALAZINE .
METHOTREXATE AND HYDROXY- atlvely 1OW.
VS. CHLOROQUINE VS.

Some will question the fact that
only a small percentage of patients
in the methotrexate group complet-

THREE DRUGS THREE DRUGS

No. of patients
Base line 36 35 31

9 Mo 33 30 29 ed the two-year study successfully.
24 Mo ) ) 12 14 24 Most clinicians believe that metho-
Eryﬂ;;(z;y(:l;e/ilrr;ﬂemamn trexate is more effective than our re-
Base line 3929 45+27 36+26 0.63 0.19 sults suggest, and in open-label stud-
34M1\(/;0 }gf}g ?gffi }gféz 8% 8'(1)(1)1 ies lasting three to five years 50 to
Duration of morning stiffness B - - ’ ' 65 percent of patients were reported
B(milr'l) 100+ 100 . 135208 00 0 to have sustained improvement.'%?!
ase line T " " : ' Reconciling these seemingly dispar-
34M1\;[)0 22;2; gé;g gg;zg 851 8% ate results requires acknowledging
Tender joints (score) that the measure of efficacy we used
Base line 31+18 3214 29+13 0.58 053 . .
9 Mo 20=16 1516 10=15 0018 025 (50 percent improvement) differs
24 Mo 7+8 7+6 3+3 0.06 0.016 from the measures used in routine
Swollen joints (score) clinical practice and other longitu-
Base line 3119 31%20 27x12 0.25 0.35 . . ..
9 Mo 16+14 17+17 8+7 0.004 0.008 dinal studies. In one Clll’llC, for ex-
. 24§ M‘Ot 5+4 7+6 2=2 0.006 0.001 ample, 64 percent of patients were
“asetne 63+33 62+31 56+19 0.33 0.36 still tﬁ};“}f methotrexate after five
9 Mo 36+27 31429 1818 0.003 0.03 years, ut only 35 percent had at
24 Mo 1210 14211 5+3 0.007 <0.001 least 50 percent improvement.”’ The
Paneg;ﬁiﬁg tatus and percentage of patients who dropped
Base line 6+2 6+2 6+2 0.59 0.92 out of our study because of side ef-
34th’[0 gig ‘3‘2 ;ig gg; 8'(3)3 fects was higher because of the dou-
Physician’s global assess- ’ ’ ble-blind nature of this study. These
ment (score) side effects would often not have
gﬁzlme gig gig g; 8:‘5‘? 82% precluded the continuation of metho-
24 Mo 2+1 3+1 1+1 0.002 <0.001 trexate therapy if the patients had

been followed in clinical practice or

TP values shown are for individual comparisons. Seven comparisons of efficacy were made at each point; if the Bonfer- an Open_label StudY'
:‘)o(r;; T::;Tigltiﬂﬁu;:;ple comparisons was applied, the P value would need to be less than 0.008 for significance at the We are indebted to Ledcrlc, Sanofi Win-

*Plus—minus values are means =SD. Joint scores and other assessment scores are described in the Methods section.

throp, and Pharmacia for providing the study
drugs and placebos; to Ms. Lucie Case for
ed a combination of the three most widely used disease- data entry and assistance in the preparation of the manuscript; to Mr.
modifying drugs. We compared this combination ther- David Nicklin for expert review of the manuscript; to Muriel Block,

ith thot te al tlv th 1d stand R.N., and Rayla Otto, P.A., for assistance with data collection; to
apy with methotrexate alone, currently the gold stand- Michael Reece, B.S., for assistance in dispensing the study medica-

ard of treatment for rheumatoid arthritis. The goal of tions; and to James Anderson, Ph.D., and Kash Patil, Ph.D., for sta-
the study was to induce remission, and the dose of tistical assistance.

methotrexate was increased (to up to 17.5 mg per week)
to try to achieve this goal. The dose of the other drugs
remained the same in the two groups that received
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