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Two-Year, Blinded, Randomized, Controlled Trial of
Treatment of Active Rheumatoid Arthritis With Leflunomide

Compared With Methotrexate

Stanley Cohen,1 Grant W. Cannon,2 Michael Schiff,3 Arthur Weaver,4 Robert Fox,5

Nancy Olsen,6 Daniel Furst,7 John Sharp,8 Larry Moreland,9 Jacques Caldwell,10

Jeffrey Kaine11 (for the Utilization of Leflunomide in the Treatment of Rheumatoid Arthritis
Trial Investigator Group), and Vibeke Strand12

Objective. Three 6–12-month, double-blind, ran-
domized, controlled trials have shown leflunomide
(LEF; 20 mg/day, loading dose 100 mg 3 3 days) to be
effective and safe for the treatment of rheumatoid
arthritis (RA). This analysis of the North American trial
assessed whether the clinical benefit evident at month
12 was sustained over 24 months of treatment with LEF
as compared with the efficacy and safety of methotrex-
ate (MTX), an equivalent disease-modifying antirheu-
matic drug, at 24 months.

Methods. The year-2 cohort, comprising patients
continuing into the second year of treatment with >1
dose of study medication and >1 followup visit after
week 52, consisted of 235 patients (LEF n 5 98; placebo
n 5 36; MTX n 5 101). The mean (6SD) maintenance
dose of LEF was 19.6 6 1.99 mg/day in year 2 and that
of MTX was 12.6 6 4.69 mg/week. Statistical analyses
used an intent-to-treat (ITT) approach. Statistical com-

parisons of the active treatments only were prospectively
defined in the protocol.

Results. In total, 85% and 79% of LEF and MTX
patients, respectively, who entered year 2 completed 24
months of treatment. From month 12 to month 24, the
American College of Rheumatology improvement re-
sponse rates of >20% (LEF 79% versus MTX 67%; P 5
0.049), >50% (LEF 56% versus MTX 43%; P 5 0.053),
and >70% (LEF 26% versus MTX 20%; P 5 0.361) were
sustained in both of the active treatment groups. The
mean change in total Sharp radiologic damage scores at
year 2 compared with year 1 and baseline (LEF 1.6
versus MTX 1.2) showed statistically equivalent sus-
tained retardation of radiographic progression in the
active treatment groups. Maximal improvements evi-
dent at 6 months in the Health Assessment Question-
naire (HAQ) disability index (HAQ DI) and the physical
component score of the Medical Outcomes Survey 36-
item short form were sustained over 12 months and 24
months; improvement in the HAQ DI with LEF (20.60)
was statistically significantly superior to that with MTX
(20.37) at 24 months (P 5 0.005). Over 24 months in
the ITT cohort, serious treatment-related adverse events
were reported in 1.6% of the LEF-treated patients and
3.7% of the MTX-treated patients. Frequently reported
adverse events included upper respiratory tract infec-
tions, diarrhea, nausea and vomiting, rash, reversible
alopecia, and transient liver enzyme elevations.

Conclusion. The safety and efficacy of LEF and
MTX were maintained over the second year of this
2-year trial. Both active treatments retarded radio-
graphic progression over 24 months. LEF was statisti-
cally significantly superior to MTX in improving phys-
ical function as measured by the HAQ DI over 24
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months of treatment. Results indicate that LEF is a safe
and effective initial treatment for active RA, with clini-
cal benefit sustained over 2 years of treatment without
evidence of new or increased toxicity.

Leflunomide (LEF), a pyrimidine synthesis inhib-
itor (Arava; Aventis Pharmaceuticals, Bridgewater, NJ),
is a novel immunomodulatory agent that was first shown
to be effective in treating active rheumatoid arthritis
(RA) in a placebo-controlled phase II study of 402
patients with active disease (1). Three multinational,
randomized, controlled phase III trials demonstrated
that LEF is a safe and effective disease-modifying anti-
rheumatic drug (DMARD), equivalent to methotrexate
(MTX) and sulfasalazine, for treating the signs and
symptoms of RA and retarding disease progression as
measured by radiography (2–5).

This report presents the results of the second
year of therapy in the 24-month Utilization of Lefluno-
mide in the Treatment of Rheumatoid Arthritis (UL-
TRA) trial, comparing LEF with MTX and placebo.
Initial 12-month data from this trial have previously
been published and demonstrated American College of
Rheumatology (ACR) response rates of $20% with
LEF, which were significantly better than the response
with placebo and equivalent to the response with MTX
(2). Similar results were evident by ACR $50% and
ACR $70% response rates, as well as by mean improve-
ments in individual measures of disease activity and
retardation of disease progression as assessed by radi-
ography (2,5). Compared with MTX- and placebo-
treated patients, LEF significantly improved physical
function and health-related quality of life as measured
by the Health Assessment Questionnaire disability index
(HAQ DI) at the 12-month followup visit (6,7). The
objectives in evaluating the second year of double-blind
therapy were to determine if the efficacy and safety
observed at 12 months with LEF and MTX were sus-
tained over 24 months of treatment, and to compare the
response to the active treatments at 24 months. Sus-
tained therapeutic benefit is important when treating a
debilitating chronic disease such as RA.

PATIENTS AND METHODS

Patients. To enroll in the 24-month ULTRA trial,
patients had to be 18–75 years of age, to have had RA (by the
ACR [formerly, the American Rheumatism Association] cri-
teria [8]) for $6 months, and to have not previously received
MTX. Active RA was defined by the presence of at least 3 of
the following 4 criteria: $9 tender joints, $6 swollen joints,
morning stiffness lasting $45 minutes, or Westergren erythro-

cyte sedimentation rate (ESR) $28 mm/hour. Patients could
not have been receiving other DMARDs for $30 days prior to
treatment. Prednisone (#10 mg/day) and nonsteroidal antiin-
flammatory drug (NSAID) doses needed to be stable for $30
days prior to enrollment and remain so during the protocol
treatment. Men and women of childbearing potential were
required to use medically approved contraception that had to
be continued for $6 months after completion of the protocol
treatment. This study received approval from the appropriate
ethics review boards and was conducted following the princi-
ples established by the Declaration of Helsinki.

All patients who continued treatment into the second
year and received at least 1 dose of study medication and
attended 1 followup visit after week 52 were included in the
year-2 cohort, regardless of ACR responder status. Of those
continuing into the second year of treatment, 75 LEF-treated
patients (77%) and 61 MTX-treated patients (60%) were ACR
20% responders at 12 months.

Study medication and administration. During the sec-
ond year of treatment, the daily oral dose of LEF was to
remain at 20 mg/day, unless problems with tolerability required
a dose reduction to 10 mg/day. Weekly doses of MTX could be
increased at the discretion of the investigator, from 15 mg to
17.5 mg or 20 mg/week; almost all patients ($99%) received
daily folate at doses of 1–2 mg. As specified in the ACR
monitoring guidelines for therapy with MTX, dose adjust-
ments, treatment discontinuation, and/or liver biopsy were
mandated for all patients with persistent liver enzyme eleva-
tions (9). The protocol mandated dose adjustments for persis-
tent elevations of alanine aminotransferase (ALT) and/or
aspartate aminotransferase (AST), defined as .2 but #3 times
higher than the upper limits of normal values; either a single
7.5 mg/week reduction in the dose of MTX or a single 10
mg/day reduction in the dose of LEF was to occur. If elevations
in the ALT and AST persisted after these dose reductions in
study medication, the protocol treatment was to be discontin-
ued. For persistent elevations .3 times the upper limit of
normal, treatment discontinuation was mandated.

Outcome measures. In treatment year 2, the following
components of the ACR response criteria were assessed every
6 weeks, from week 52 to week 100 and at week 104 or at the
time of early withdrawal: tender and swollen joint counts (28
joints each), patient and physician global assessments using a
visual analog scale (VAS; 0–10 cm), patient assessment of pain
on VAS (0–10 cm), modified HAQ score, Westergren ESR,
and C-reactive protein level. In addition, the HAQ DI, Prob-
lem Elicitation Technique (PET), Medical Outcomes Survey
36-item short form (SF-36), and work productivity index were
administered at weeks 76 and 104 or at early withdrawal. Single
emulsion radiographs of the hands and feet were obtained at
weeks 52 and 104 or at early withdrawal. Films were random-
ized for sequence and blinded for treatment group and se-
quence before being scored a second time using the modified
Sharp score, in which 34 joints and 36 joints in the hands were
assessed for erosions and joint space narrowing, respectively,
and 12 joints in the feet (10,11).

At 12 and 24 months, ACR $20%, $50%, and $70%
responses and mean changes in each of the individual compo-
nents of the ACR response criteria were compared between
active treatments. The area under the curve (AUC) of the
ACR $20% responses and the number of weeks a patient
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remained an ACR $20% responder were compared between
the active treatments. Mean changes in the HAQ DI, PET
weighted top 5 score, SF-36 scales, and work productivity index
were compared over 12 and 24 months of treatment to assess
whether improvements in physical function and health-related
quality of life were sustained over 2 years within each active
treatment group and between active treatments. Radiographic
analyses were performed at 12 and 24 months and the results
were compared within and between active treatment groups. A
correlation analysis of first versus second year Sharp radiologic
damage readings was performed to assess within-reader reli-
ability using Pearson’s correlation.

Statistical methods. Data from year-2 patients who
continued blinded treatment were analyzed to determine if the
efficacy and safety observed over 12 months with LEF and
MTX would be sustained over 24 months, and to compare
their therapeutic effects. Two populations were prospectively
defined for analysis: the intent-to-treat (ITT) patient popula-
tion (all patients enrolled who received $1 dose of study drug)
and the year-2 cohort (all patients who received $1 dose of
study medication and had $1 followup visit after week 52 and
whose data had undergone analysis with the last observation
carried forward [LOCF] for those withdrawing early). Results
of the 52-week analyses have been published (2,5,6). The
year-2 cohort data were analyzed using an ITT approach in
which the last observation was carried forward (the LOCF) for
those patients discontinuing treatment before week 104; there-
fore, all patients entering the year-2 cohort were included in
the analyses.

Efficacy analyses did not include patients administered
alternate therapy on or after 4 months of treatment or the
small number of patients receiving placebo who entered the
second year of treatment (n 5 36) (2,7,12). In the protocol,
2-year comparisons between the active treatments and placebo
were performed with exclusions made prospectively; only 14 of
the 36 placebo-treated patients completed 2 years of protocol
participation, all as ACR responders.

Demographics and disease history were analyzed using
a chi-square test for categorical data and analysis of covariance
(ANCOVA) for continuous data. Analysis of ACR response

criteria for both the ITT population and the year-2 cohort was
performed using logistic regression. End-point comparisons of
outcome measures between LEF and MTX were performed
using ANCOVA. A multivariate analysis of variance, including
the HAQ DI, the PET weighted top 5 score, and the 8 domains
and physical and mental component scores of the SF-36, was
used to characterize overall differences between LEF and
MTX at 24 months. When differences were present, analysis of
variance was used to compare results on the individual scales
between the LEF and MTX treatment groups. Within both
active treatment groups, analysis of consistency of effect
between month 12 and month 24 was performed using paired
t-tests. Radiographic data were analyzed using ANCOVA to
compare treatment groups, and a Wilcoxon signed-rank test
was performed to compare year-1 and year-2 results within the
active treatment groups.

RESULTS

Demographics and patient disposition. Demo-
graphic variables in the patient population entering the
second year of therapy were similar to the overall ITT
population (Table 1). Approximately 40% of patients
had a disease duration of #2 years, and ;45% of
patients were DMARD naive. In all, 508 patients (190
LEF, 128 placebo, 190 MTX) were enrolled in the
ULTRA trial (data from 26 patients enrolled in Canada
and included here were unavailable for inclusion in the
previously reported 1-year results [2]). A total of 199
patients (98 LEF and 101 MTX) continued into the
second year of blinded active treatment. Of these 199
patients, 83 patients (85%) receiving LEF and 80 (79%)
receiving MTX completed the entire 24 months of
therapy (Figure 1). The mean (6SD) maintenance dose
of LEF was 19.6 6 1.99 mg/day during year 2 of
treatment (median 20.0 mg/day) compared with 19.7 6
1.73 mg/day for year 1 (median 20.0 mg/day). The mean

Figure 1. Kaplan-Meier analysis of discontinuations in the intent-to-
treat population. LEF 5 leflunomide; PL 5 placebo; MTX 5 meth-
otrexate.

Table 1. Patient demographics*

ITT population Year-2 cohort

LEF
(n 5 190)

MTX
(n 5 190)

LEF
(n 5 98)

MTX
(n 5 101)

Mean age, years 54 53 55 53
Women, % 73 74 69 68
Mean duration of

RA, years
6.9 6.5 5.9 6.7

RA #2 years, %
patients

39 41 43 44

RA $5 years, %
patients

44 37 42 37

Past DMARDs,
mean no.

0.8 0.9 0.8 0.9

No prior DMARD,
% patients

44 44 45 46

* ITT 5 intent-to-treat; LEF 5 leflunomide; MTX 5 methotrexate;
RA 5 rheumatoid arthritis; DMARD 5 disease-modifying antirheu-
matic drug.
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maintenance dose of MTX administered during treat-
ment year 2 was 12.6 6 4.69 mg/week (median 15.0
mg/week) compared with 11.7 6 3.75 mg/week (median
15.0 mg/week) during year 1. The doses of cortico-
steroids in the year-2 cohort were decreased after month
12, as allowed per protocol, in 22% of LEF-treated
patients (11 of 50) and 24% of MTX-treated patients (9

of 38) (mean decreases of 3.7 mg/day and 3.4 mg/day,
respectively).

Clinical efficacy. Using the LOCF, ACR $20%
response rates in the LEF and MTX treatment groups
were statistically equivalent at 12 months (52% versus
46%, respectively) and 24 months (53% versus 48%; P 5
0.317, 95% confidence interval [95% CI] 25.0–15.3) in
the ITT population (Figure 2). ACR $20% response
rates showed that the effects of LEF were evident as
early as 1 month into therapy. AUC analysis of the
weeks of ACR $20% responses in the ITT population
demonstrated a mean (6SD) of 43.7 6 42.4 weeks of
response with LEF compared with 40.0 6 37.9 weeks
with MTX (P 5 0.339, 95% CI 25.3–15.4) (Table 2).

In the year-2 cohort, maximal ACR $20% re-
sponse rates were attained on or before 6 months and
sustained over 24 months in both active treatment
groups (Table 2 and Figure 3). At 24 months, LEF
treatment was associated with higher ACR $20% re-
sponse rates than was MTX treatment (79% versus 67%;
P 5 0.049, 95% CI 0.1–24.4). ACR $50% response rates
for patients at 24 months were numerically greater
following treatment with LEF compared with MTX
(LEF 56% versus MTX 43%; P 5 0.053, 95% CI
20.2–27.4). This was also the case for ACR $70%
response rates (LEF 26% versus MTX 20%; P 5 0.361,
95% CI 26.1–16.8). Responses were sustained from 12
months to 24 months, reflecting a consistent treatment
effect (Table 2). The AUC analysis of weeks of ACR
$20% response in the year-2 cohort demonstrated a
mean (6SD) of 77.6 6 30.1 weeks (75% of 104 weeks)
with LEF administration compared with 66.4 6 32.0
weeks (64% of 104 weeks) for MTX (P 5 0.082; 95% CI
21.37–23.1). Mean changes from baseline in individual
components of the ACR response criteria over 24

Figure 2. American College of Rheumatology $20% improvement
response rates over time in the intent-to-treat population. For early
withdrawals during year 2, the last observation carried forward is used.
p 5 P # 0.001 versus PL; § 5 P 5 0.317 versus MTX (statistically
equivalent; 95% confidence interval 25.0–15.3). See Figure 1 for
definitions.

Figure 3. American College of Rheumatology $20% improvement
response rates over time in the year-2 cohort. For early withdrawals
during year 2, the last observation carried forward is used. p 5 P 5
0.049 versus MTX (95% confidence interval 0.1–24.4). See Figure 1 for
definitions.

Table 2. ACR response rates*

LEF MTX 95% CI P

ITT population
No. of patients 190 190
1-year results

ACR $20% 52 46
ACR $50% 34 23
ACR $70% 20 9

2-year results
ACR $20% 53 48 25.0–15.3 0.317
ACR $50% 34 28 22.1–16.6 0.127
ACR $70% 17 12 21.8–12.2 0.143

Mean 2-year AUC, weeks 44 40 25.3–15.4 0.339
Year-2 cohort

No. of patients 98 101
1-year results

ACR $20% 77 60
ACR $50% 57 32
ACR $70% 32 13

2-year results
ACR $20% 79 67 0.1–24.4 0.049
ACR $50% 56 43 20.2–27.4 0.053
ACR $70% 26 20 26.1–16.8 0.361

Mean 2-year AUC, weeks 78 66 21.37–23.1 0.082

* Except where otherwise indicated, values are the percentage of
patients. For early withdrawals during the trial, the last observation
carried forward is used. ACR 5 American College of Rheumatology;
95% CI 5 95% confidence interval; AUC 5 area under the curve (see
Table 1 for other definitions).
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months in the year-2 cohort were similar to those
observed at 12 months with both active treatments
(Table 3).

A total of 137 of 199 patients (69%) in the year-2
cohort had baseline, 12-, and 24-month (or early exit)
radiographs. As previously reported, to estimate how
rapidly joint destruction occurred between disease onset
and study entry, a yearly rate of radiographic progres-
sion was estimated by dividing the individual baseline
total radiographic score by disease duration for that
patient (10). The imputed yearly progression rate for the
LEF-treated patients was a 4.03/year increase in total
Sharp scores, and for the MTX-treated patients, a
3.75/year increase in total Sharp scores. When compar-
ing the mean changes in total Sharp scores from baseline
over 12 months and 24 months of active treatment, both
the LEF and MTX treatment groups demonstrated
retardation of disease progression (Table 4). In addition,
an evaluation of the erosion and joint space narrowing
subscores demonstrated retardation of disease progres-
sion.

There were no changes from baseline in the
median total Sharp scores in both active treatment
groups at 12 and 24 months. A high correlation between
the duplicate readings of baseline and year-1 radio-
graphs was confirmed when these were reread along
with the year-2 films (correlation coefficient 0.971 for
year-1 films and 0.972 for baseline films; P 5 0.0001).

Patients in both treatment groups showed little or
no progression of radiographic damage. A total of 88%
of LEF-treated patients and 80% of MTX-treated pa-
tients in the year-2 cohort had no newly eroded joints
during year 2. In addition, 73% of patients in both active
treatment groups in the year-2 cohort had no newly
eroded joints during 24 months of treatment; 72% of
patients in the LEF and 70% in the MTX year-2 cohorts

Table 3. Mean changes in individual American College of Rheuma-
tology outcome parameters and morning stiffness in the year-2 cohort*

Leflunomide
(n 5 98)

Methotrexate
(n 5 101)

TJC (28 joints)
Baseline 13.4 6 5.6 14.3 6 6.5
D at 12 months 210.7 6 6.4 28.3 6 7.1
D at 24 months 210.1 6 6.7† 28.8 6 9.0

SJC (28 joints)
Baseline 13.3 6 6.3 13.0 6 5.4
D at 12 months 28.7 6 5.6 26.6 6 5.3
D at 24 months 28.2 6 6.1 27.7 6 6.7

Patient global assessment (VAS)
Baseline 5.3 6 2.0 5.1 6 2.2
D at 12 months 23.4 6 2.2 22.4 6 2.6
D at 24 months 23.3 6 2.6 22.4 6 2.8

Physician global assessment
(VAS)

Baseline 5.9 6 1.5 5.6 6 1.7
D at 12 months 24.3 6 1.9 23.2 6 2.2
D at 24 months 24.1 6 2.4† 23.4 6 2.7

MHAQ score
Baseline 0.7 6 0.5 0.7 6 0.5
D at 12 months 20.45 6 0.5 20.25 6 0.5
D at 24 months 20.43 6 0.5† 20.28 6 0.5

Patient assessment of pain (VAS)
Baseline 5.5 6 2.2 5.3 6 2.1
D at 12 months 23.2 6 2.6 22.4 6 2.6
D at 24 months 23.3 6 2.6† 22.4 6 2.8

ESR, mm/hour
Baseline 38.3 6 26.0 35.9 6 25.7
D at 12 months 210.7 6 24.8 211.0 6 22.1
D at 24 months 26.5 6 27.2 27.9 6 23.5

CRP, mg/dl
Baseline 22.1 6 27.5 20.2 6 19.4
D at 12 months 29.6 6 25.8 27.8 6 19.3
D at 24 months 29.8 6 27.9 25.4 6 26.8

Morning stiffness, minutes
Baseline 191.4 6 304.8 144.0 6 215.8
D at 12 months 2152.8 6 260.9 295.1 6 226.0
D at 24 months 2149.8 6 321.0† 290.8 6 265.5

* Values are the mean 6 SD. TJC 5 tender joint count; SJC 5 swollen
joint count; VAS 5 visual analog scale (0–10 cm); MHAQ 5 modified
Health Assessment Questionnaire; ESR 5 erythrocyte sedimentation
rate; CRP 5 C-reactive protein.
† P # 0.05 versus methotrexate.

Table 4. Total Sharp scores and erosion and joint space narrowing (JSN) subscores at 1 and 2 years, and
change between year 1 and year 2*

Leflunomide
(n 5 71)

Methotrexate
(n 5 66) 95% CI P†

Total Sharp score
Baseline 23.8 6 38.5 25.1 6 42.3
D at year 2 1.6 6 4.2 1.2 6 3.8 21.39–2.19 0.659
D between year 1 and year 2 0.4 6 2.7 0.7 6 2.1
P, year 1 D vs. year 2 D‡ 0.0172 0.4572

Erosion subscore
Baseline 10.3 6 25.6 10.6 6 22.9
D at year 2 1.0 6 3.1 0.6 6 1.7 20.67–1.63 0.412
D between year 1 and year 2 0.3 6 1.8 0.3 6 1.1
P, year 1 D vs. year 2 D‡ 0.0689 0.8934

JSN subscore
Baseline 13.5 6 17.2 14.5 6 21.7
D at year 2 0.5 6 1.7 0.6 6 2.6 21.01–0.87 0.878
D between year 1 and year 2 0.1 6 1.31 0.4 6 1.4
P, year 1 D vs. year 2 D‡ 0.1621 0.4443

* Values are the mean 6 SD, except where indicated otherwise. 95% CI 5 95% confidence interval.
† Relates to comparison between treatment groups.
‡ Relates to change from year 1 to year 2 within treatment groups.
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had no change in erosion scores from baseline to 24
months. During the second year, 81% of LEF-treated
patients and 70% of MTX-treated patients had no
change in joint space narrowing scores; 73% and 71%,
respectively, had no change in joint space narrowing
scores from baseline to 24 months.

Analyses of physical function in the year-2 cohort

demonstrated that the significant improvements ob-
served at 6–12 months in the HAQ DI, PET top 5 score,
and SF-36 scores were maintained over 24 months in
both treatment groups (Table 5). Consistent with the
data reported following 12 months of treatment (6,7),
significantly greater improvements were evident with
LEF compared with MTX at 24 months in the HAQ DI
(20.60 versus 20.37; P 5 0.005), the PET weighted
top 5 score (29.12 versus 24.34; P 5 0.0010), and 3 of
the 8 SF-36 domains: bodily pain (30.13 versus 19.18;
P 5 0.0023), vitality (19.07 versus 12.50; P 5 0.0290),
and emotional role (22.40 versus 6.83; P 5 0.0029)
(Table 5) (6).

Safety. Adverse events were monitored for the
entire ITT population over 24 months of treatment
(Tables 6 and 7). Adverse events reported in placebo-
treated patients (n 5 128) were included in the 24-
month safety comparison and were used for comparison
of event rates per 100 patient-years of exposure (Table
7). During the 24 months of treatment, 27% of LEF-
treated, 9.4% of placebo-treated, and 17% of MTX-
treated patients withdrew as a result of adverse events.

Serious adverse events were reported in 18.9% of
LEF-treated, 9.4% of placebo-treated, and 18.9% of
MTX-treated patients over 24 months. Serious adverse
events considered by the investigators to be related to
study drug administration were reported in 3 LEF-
treated (1.6%), 2 placebo-treated (1.6%), and 7 MTX-
treated (3.7%) patients. These included asymptomatic
liver enzyme elevations (2 LEF, 1 placebo, 4 MTX),

Table 5. Mean change in the HAQ DI, PET top 5, and SF-36 scores
in the year-2 cohort*

Leflunomide
(n 5 97)

Methotrexate
(n 5 101) P

HAQ DI
Baseline 1.2 1.2
D at 12 months 20.61 20.38
D at 24 months 20.60 20.37 0.005

PET top 5
Baseline 19.9 18.4
D at 12 months 29.5 24.5
D at 24 months 29.12 24.34 ,0.010

SF-36 PCS
Baseline 30.9 30.2
D at 12 months 11.88 7.97
D at 24 months 10.8 8.37 0.195

SF-36 MCS
Baseline 48.5 49.8
D at 12 months 3.57 2.51
D at 24 months 4.65 2.67 0.062

* Negative change indicates improvement for the Health Assessment
Questionnaire disability index (HAQ DI) and the Problem Elicitation
Technique (PET) weighted top 5 score; positive change indicates
improvement for the Medical Outcomes Survey 36-item short form
(SF-36) physical and mental component scores (PCS and MCS,
respectively).

Table 6. Summary of reported serious adverse events (AEs) in the intent-to-treat population*

First 12 months 24 months

LEF
(n 5 190)

PL
(n 5 128)

MTX
(n 5 190)

LEF
(n 5 190)

PL
(n 5 128)

MTX
(n 5 190)

All serious AEs 16.3 8.6 7.4 18.9 9.4 18.9
Treatment-related AEs 1.1 1.6 2.6 1.6 1.6 3.7
AEs leading to withdrawal 3.7 1.6 3.2 4.2 1.6 6.3
Treatment-related AEs leading to withdrawal 0.5 0.8 1.6 1.1 0.8 1.6
Specific AEs

Diarrhea 32.6 18.8 19.5 36.8 20.3 21.6
URI 28.9 21.1 31.6 37.4 25.0 38.4
Headache 18.4 16.4 20.5 20.0 17.2 23.2
Nausea 16.3 18.0 17.9 18.4 18.8 20.5
Dyspepsia 16.3 14.8 13.2 18.4 16.4 14.2
Rash 14.2 8.6 8.9 17.4 8.6 11.1
Hypertension 11.6 6.3 3.2 18.4 8.6 4.7

New onset 2.1 0.0 1.6 4.7 0.0 2.6
Alopecia 10.0 0.8 5.8 10.5 0.8 5.8
Abdominal pain 8.9 3.1 7.9 11.6 3.9 7.9
Dizziness 7.9 7.0 4.7 8.9 7.0 5.8
UTI 6.8 7.8 1.6 8.4 9.4 5.8
Vomiting 5.8 6.3 2.6 7.4 6.3 3.7
Mouth ulcer 5.8 5.5 9.5 6.8 5.5 10.5
Pruritis 4.7 0.8 2.1 4.7 0.8 3.2

* Values are the percentage of patients. PL 5 placebo; URI 5 upper respiratory tract infection; UTI 5 urinary tract infection (see Table 1 for other
definitions).
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pneumonia (1 LEF, 1 MTX), hypertension (1 placebo),
sepsis (1 LEF, 1 MTX), and interstitial pneumonitis (1
MTX). Three deaths occurred during the 24-month trial,
of which 1 occurred in a placebo-treated patient (cardiac
arrest) and 2 in MTX-treated patients (1 from sepsis and
pneumonia [treatment related]; 1 from cardiac arrest
and pulmonary embolism [not treatment related]).

The most frequently reported adverse events in
all groups (placebo and active treatment) included up-
per respiratory tract infections, diarrhea, headache, nau-
sea, dyspepsia, and rash. The incidence of infections in
the active and placebo treatment groups was not signif-
icantly different and resulted in treatment withdrawal of
1.0% and 2.1% of the LEF-treated and MTX-treated
patients, respectively. No opportunistic infections were
reported.

Diarrhea was more prevalent in patients receiv-
ing LEF; 9.5% of patients receiving LEF withdrew from
treatment because of diarrhea. Oral ulcers were seen

more often in patients receiving MTX. Rash and pruri-
tus were observed more frequently with LEF treatment.
Reversible alopecia was reported in 10.5%, 0.8%, and
5.8% of patients receiving LEF, placebo, and MTX,
respectively. Three LEF-treated, 1 placebo-treated, and
5 MTX-treated patients withdrew early because of alo-
pecia. The commonly reported adverse events in the
active treatment groups were comparable when patient-
years of exposure were taken into account (Table 7).

Mild-to-moderate hypertension was more fre-
quent in the LEF treatment group after 24 months.
However, hypertension was more common in the LEF
group at baseline (LEF 13.7%, placebo 8.6%, MTX
2.1%). New-onset hypertension occurred in 4.7% of
LEF-treated, 0% of placebo-treated, and 2.6% of MTX-
treated patients, all of whom were receiving concomitant
NSAIDs. During the 24-month study, mean increases
from baseline in the supine systolic and diastolic blood
pressures were higher with LEF treatment but remained
small in magnitude: 1.61 and 1.31 mm Hg, respectively,
with LEF, 0.91 and 0.04 mm Hg, respectively, with
placebo, and 0.27 and 20.08 mm Hg, respectively, with
MTX treatment.

Mean changes in hematologic parameters were
small and not clinically important. No thrombocytopenia
(,100,000), leukopenia (,2,000), or pancytopenia was
observed. Elevations in the ALT and/or AST levels were
observed in all treatment groups. All ALT and/or AST
elevations in the LEF-treated patients reversed to #2
times the upper limit of normal and/or normalized to
#1.2 times the upper limit of normal, without a change
in dose in approximately half of the LEF-treated pa-
tients (13 of 24) (Table 8). Following the ACR guide-
lines for monitoring liver toxicity (9), 2 liver biopsies
performed during the first year of the trial, as previously
reported (1 patient receiving LEF [week 10] and 1
patient receiving MTX [week 50]), showed no evidence
of fibrosis (2). Three additional biopsies were performed

Table 7. Summary of adverse events in .10 patients per 100 patient-
years in any treatment group*

Leflunomide
(n 5 190)

Placebo
(n 5 128)

Methotrexate
(n 5 190)

Respiratory infection 32.1 32.0 32.3
Diarrhea 31.7 26.0 18.1
Headache 17.2 22.0 19.5
Nausea 15.8 24.0 17.3
Dyspepsia 15.8 21.0 11.9
Hypertension 15.8 11.0 4.0
Rash 14.9 11.0 9.3
LFE elevations 13.1 4.0 9.7
Abdominal pain 10.0 5.0 6.6
Arthralgia 9.5 12.0 8.8
Accidental injury 9.0 11.0 12.4
Asthenia 9.0 12.0 6.2
Sinusitis 9.0 11.0 10.2
UTI 7.2 12.0 4.9
Increased cough 6.3 12.0 7.5

* Values are the number of patients per 100 patient-years of exposure.
LFE 5 liver function enzyme; UTI 5 urinary tract infection.

Table 8. Patients with liver enzyme elevations in the intent-to-treat population*

Measure, outcome
Leflunomide

(n 5 190)
Placebo

(n 5 128)
Methotrexate

(n 5 190)

ALT
.23 ULN 24 5 19
Reversed to #23 ULN 24 5 18
Normalized to #1.23 ULN 22 5 15
Normalized without dose change 13 3 8

AST
.23 ULN 17 4 15
Reversed to #23 ULN 17 4 13
Normalized to #1.23 ULN 17 4 13

* Elevations defined as .2 times the upper limit of normal (ULN). Values are the number of patients.
ALT 5 alanine aminotransferase; AST 5 aspartate aminotransferase.
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in the second and third year of treatment (including an
extension to this trial) in 2 LEF-treated patients at weeks
106 and 135, and in 1 MTX-treated patient at week 156. All
liver specimens were classified as Roegnik grades I–IIIA,
indicating no significant evidence of fibrosis.

Malignancies were reported in 5 LEF-treated, 3
placebo-treated, and 6 MTX-treated patients. One case
of vasculitis was reported in each active treatment group.
One case of interstitial pneumonitis and 1 reversible
renal failure were reported with MTX treatment.

DISCUSSION

Data from the second 12 months of this random-
ized, controlled, 24-month trial demonstrate that the
beneficial effects observed with LEF and MTX admin-
istration over 1 year of treatment are sustained over 2
years. Sustained improvements were observed in the
ACR $20%, $50%, and $70% response rates, in the
mean changes in individual components of the ACR
response criteria (including the MHAQ), in the HAQ
DI, PET, and SF-36 scores, and in the modified Sharp
scores comparing changes in radiographs from baseline
to those observed at 12 and 24 months.

As would be expected, the year-2 cohort included
a higher percentage of ACR $20% responders than did
the ITT population over 12 and 24 months because
patients doing well are more likely to continue treat-
ment. In the year-2 cohort, improvements with LEF
treatment at 24 months were statistically significant
compared with MTX for ACR $20% responses, tender
joint count, patient-assessed pain, MHAQ scores, phy-
sician global assessment, morning stiffness, HAQ DI,
PET weighted top 5 score, and 3 of 8 domains of the
SF-36.

The mean changes in HAQ-DI scores from base-
line to 12 and 24 months in the LEF-treated and
MTX-treated patients exceeded the 0.22 units reported
to represent minimum clinically important improvement
(13–15). This sustained improvement at 24 months is
important because previous studies have demonstrated
that worsening in the HAQ DI in the first 2 years of
disease resulted in significantly greater disability and
higher cost at 3 and 8 years of followup (16).

The sustained benefit of both LEF and MTX
treatment over 2 years of blinded treatment is further
supported by reports from 2 clinical trials conducted in
Europe. Kalden et al reported that the therapeutic effect
of LEF at 24 months was statistically significant com-
pared with sulfasalazine by ACR $20%, $50%, and
$70% responses as well as by patient and physician
global assessments and mean HAQ scores (17). Radio-

graphic data at 24 months from this comparative trial
demonstrated that the retardation of disease progres-
sion initially observed with LEF treatment at 6 months
was maintained over 12 and 24 months (3,17,18). Emery
et al reported similar 24-month findings in a large,
active-controlled trial of LEF and MTX. LEF or MTX
treatment resulted in sustained improvement in ACR
$20% and $50% responses, tender and swollen joint
counts, and the HAQ DI. ACR $20% and $50%
responses, which were statistically different between
treatments at 12 months, were statistically equivalent
between LEF and MTX at 24 months (4).

The safety profile after 24 months of treatment
with either LEF or MTX was similar to that reported
over 1 year of treatment (2). The most commonly
reported adverse events following both active treatments
included upper respiratory tract infections, which are
generally more common in RA subjects than in the
general population (19). As reported in the first 12
months of the trial (2), diarrhea, rash, and reversible
alopecia were most commonly associated with LEF
treatment; oral ulcers, nausea, and headache were more
common with MTX. The incidence of adverse events
commonly associated with LEF decreased in year 2
when compared with year 1 in the LEF group, as
demonstrated by the modest increase in reported ad-
verse events over 24 months compared with the initial 12
months of the study (Table 6). Although alopecia was
reported more frequently in LEF-treated patients, more
MTX-treated patients withdrew early because of alope-
cia (5 MTX, 3 LEF). In addition, although diarrhea
occurred in 36.8% of LEF-treated patients, only 9.5% of
patients discontinued LEF due to the diarrhea.

ALT elevations were most sensitive to treatment
with either LEF or MTX. Although regular monitoring
of ALT or AST is required with both agents, approxi-
mately half of the elevations resolved without dose
reductions in either active treatment group. Close fol-
lowup, as recommended by the protocol guidelines, did
not identify any cases of hepatocellular disease. Of 1,339
patients who received LEF in clinical trials, only 3
patients required liver biopsy as recommended by the
protocols. In addition, no significant fibrosis or cirrhosis
was observed. Although clinical hepatic toxicity was not
observed in the patients treated with LEF for 2 years in
this study, long-term followup through postmarketing
surveillance will be necessary to determine the clinical
significance of the elevated liver transaminase levels
observed in some LEF-treated patients.

Results in patients receiving LEF or MTX over 2
years of controlled treatment offer compelling evidence
that improvements evident at 12 months were sustained
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at 24 months. These data are consistent with results from
other long-term studies of patients receiving MTX
monotherapy (20–23). The change in total Sharp scores
was equivalent between the 2 active treatments at 24
months and indicated that both agents retarded radio-
graphic disease progression as compared with baseline
and 1-year scores (2,5). These benefits with LEF treat-
ment were equivalent or statistically significantly supe-
rior to MTX, the current gold standard for treating RA.

These clinical trial results confirm that LEF is an
important first-line treatment for active RA, offering
improvement in the signs and symptoms of active disease
as early as 1 month into therapy, which is further
improved at 12 months and is sustained over 24 months
of administration. In addition, LEF also retards the
radiographic progression of disease over 24 months of
therapy. LEF is significantly more effective than MTX in
improving physical function and health-related quality
of life.

ACKNOWLEDGMENTS

The authors acknowledge the assistance of Neil Ma-
lone, MA, Karen Simpson, MD, and Catherine Dorrier, MS, in
the development of this manuscript.

REFERENCES

1. Mladenovic V, Domljan Z, Rozman B, Jajic I, Mihajlovic D,
Dordevic J, et al. Safety and effectiveness of leflunomide in the
treatment of patients with active rheumatoid arthritis: results of a
randomized, placebo-controlled, phase II study. Arthritis Rheum
1995;38:1595–1603.

2. Strand V, Cohen S, Schiff M, Weaver A, Fleischmann R, Cannon
G, et al. Treatment of active rheumatoid arthritis with leflunomide
compared with placebo and methotrexate. Arch Intern Med
1999;159:2542–50.

3. Smolen JS, Kalden JR, Scott DL, Rozman B, Kvien TK, Larsen L,
et al. Efficacy and safety of leflunomide compared with placebo
and sulphasalazine in active rheumatoid arthritis: a double-blind,
randomized, multicenter trial. Lancet 1999;353:259–66.

4. Emery P, Breedveld FC, Lemmel EM, Kaltwasser JP, Dawes PT,
Gomer B, et al. A comparison of the efficacy and safety of
leflunomide and methotrexate for the treatment of rheumatoid
arthritis. Rheumatology (Oxford) 2000;39:655–65.

5. Sharp JT, Strand V, Leung H, Hurley F, Loew-Friedrich I, on
behalf of the Leflunomide Rheumatoid Arthritis Investigators
Group. Treatment with leflunomide slows radiographic progres-
sion of rheumatoid arthritis: results from three randomized con-
trolled trials of leflunomide in patients with active rheumatoid
arthritis. Arthritis Rheum 2000;43:495–505.

6. Strand V, Tugwell P, Bombardier C, Maetzel A, Crawford B,
Dorrier C, et al. Function and health-related quality of life: results
from a randomized controlled trial of leflunomide versus metho-
trexate or placebo in patients with active rheumatoid arthritis.
Arthritis Rheum 1999;42:1870–8.

7. Tugwell P, Wells G, Strand V, Maetzel A, Bombardier C, Craw-
ford B, et al, on behalf of the Leflunomide Rheumatoid Arthritis

Investigators Group. Clinical improvement as reflected in mea-
sures of function and health-related quality of life following
treatment with leflunomide compared with methotrexate in pa-
tients with rheumatoid arthritis: sensitivity and relative efficiency
to detect a treatment effect in a twelve-month, placebo-controlled
trial. Arthritis Rheum 2000;43:506–14.

8. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315–24.

9. Kremer JM, Alarcón GS, Lightfoot RW Jr, Willkens RF, Furst
DE, Williams HJ, et al. Methotrexate for rheumatoid arthritis:
suggested guidelines for monitoring liver toxicity. Arthritis Rheum
1994;37:316–28.

10. Sharp JT, Lidsky MD, Collins LC, Moreland J. Methods of scoring
the progression of radiologic changes in rheumatoid arthritis:
correlation of radiologic, clinical and laboratory abnormalities.
Arthritis Rheum 1971;14:706–20.

11. Sharp JT, Young DY, Bluhm GB, Brook A, Brower AC, Corbett
M, et al. How many joints in the hands and wrists should be
included in a score of radiologic abnormalities used to assess
rheumatoid arthritis? Arthritis Rheum 1985;28:1326–35.

12. Olsen N, Schiff M, Strand V. Alternate therapy with leflunomide
or methotrexate after switch from initial treatment in patients with
active rheumatoid arthritis [abstract]. Arthritis Rheum 1999;42
Suppl 9:S241.

13. Goldsmith C, Boers M, Bombardier C, Tugwell P. Criteria for
clinically important changes in outcomes: development, scoring,
and evaluation of rheumatoid arthritis patients and trial profiles.
J Rheumatol 1993;20:561–5.

14. Wells G, Tugwell P, Kraag G, Baker P, Groh J, Redelmeier D.
Minimum important difference between patients with rheumatoid
arthritis: the patient’s perspective. J Rheumatol 1993;20:557–60.

15. Guzman J, Maetzel A, Peloso P, Yeung M, Bombardier C.
Disability scores in DMARD trials: what is a clinically important
change? [abstract]. Arthritis Rheum 1996;39:S208.

16. Singh G, Terry R, Ramey D, Wolfe F, Fries J. Long-term medical
costs and outcomes are significantly associated with early changes
in disability in rheumatoid arthritis [abstract]. Arthritis Rheum
1996;39 Suppl 9:S318.

17. Kalden JR, Schattenkirchner M, Smolen JS, Scott DL, Loew-
Friedrich I, Oed C, et al. Leflunomide vs sulfasalazine in rheuma-
toid arthritis: 24-month update of a randomized, double-blind
study [abstract]. Arthritis Rheum 1999;42 Suppl 9:S271.

18. Smolen JS, Larsen A, Kalden JR, Scott DL, Oed C, Rosenburg R,
et al. Retardation of structural damage with leflunomide in
rheumatoid arthritis assessed by Larsen methodology: 2-year
results [abstract]. Arthritis Rheum 1999;42 Suppl 9:S82.

19. Kelly WN, Harris ED, Ruddy S, Sledge CB. Textbook of rheuma-
tology. 5th ed. Philadelphia: WB Saunders Corinth; 1996.

20. Weinblatt ME, Maier AL, Fraser PA, Coblyn JS. Longterm
prospective study of methotrexate in rheumatoid arthritis: conclu-
sion after 132 months of therapy. J Rheumatol 1998;25:238–42.

21. Kremer JM. Safety, efficacy, and mortality in a long-term cohort of
patients with rheumatoid arthritis taking methotrexate: fol-
lowup after a mean of 13.3 years [letter]. Arthritis Rheum
1997;40:984–5.

22. Haagsma CJ, van Riel PLCM, DeJong AJL, van de Putte LBA.
Combination of sulphasalazine and methotrexate versus the single
components in early rheumatoid arthritis: a randomized, con-
trolled, double-blind 52 week clinical trial. Br J Rheumatol
1997;36:1082–8.

23. Mottonen T, Hannonen P, Leirisalo-Repo M, Nissila M, Kauti-
ainen H, Korpela M, et al. Comparison of combination therapy
with single drug therapy in early rheumatoid arthritis: a random-
ised trial. Lancet 1999;353:1568–73.

1992 COHEN ET AL


