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ABSTRACT. Objective. We previously reported that the new disease modifying antirheumatic drug leflunomide
resulted in significant improvement in functional ability compared with placebo and sulfasalazine in a
6 month double blind, randomized, Phase III trial in rheumatoid arthritis (RA). The current study compared functional disability in cohorts of patients with RA from the initial study who volunteered to continue treatment with leflunomide or sulfasalazine.
Methods. The Health Assessment Questionnaire (HAQ) was used to assess functional ability in patients
completing 6 months of therapy who chose to continue in double blinded 12 and 24 month extensions.
Patients on active regimens continued taking leflunomide 20 mg/day or sulfasalazine 2 g/day; those taking placebo were switched at Month 6 to sulfasalazine.
Results. Leflunomide significantly improved patients’ functional ability compared to placebo (p ≤
0.0001) and sulfasalazine (p ≤ 0.01) at 6 months. These changes were seen as early as Month 1, and
continued improvements were seen in 12 and 24 month cohorts. Mean HAQ scores were significantly
improved with leflunomide compared with sulfasalazine at 24 months (–0.65 vs –0.36; p = 0.0149); corresponding changes in HAQ Disability Index (DI) were –0.73 vs –0.56 and were not statistically different. Leflunomide is safe and well tolerated and no unexpected adverse events were noted during the
2 year period; diarrhea, nausea, and alopecia were less frequent with continued treatment.
Conclusion. These longterm data confirm leflunomide improves functional ability as shown by reductions in HAQ scores. The benefit of leflunomide is reflected in other efficacy criteria, such as global
assessments and the American College of Rheumatology response rates, all of which showed significantly more improvement with leflunomide than sulfasalazine at 24 months. (J Rheumatol
2001;28:1983–91)
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Rheumatoid arthritis (RA) is a progressive, debilitating disease characterized by pain and functional loss that results in
increased levels of work disability and high medical costs.
The goal of RA therapy is to control disease activity, retard
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radiographic disease progression, and prevent or delay health
related functional disability. This may possibly be achieved by
the early use of disease modifying antirheumatic drugs
(DMARD)1; however, longterm use of current DMARD is
limited due to a lack of sustained efficacy or because of toxicity2-4.
Leflunomide, an isoxazole derivative and inhibitor of de
novo pyrimidine synthesis5,6, represents a novel class of
DMARD. The primary mode of action of leflunomide in RA
is thought to be selective inhibition of dihydroorotate dehydrogenase, a key enzyme in de novo synthesis of pyrimidine,
and subsequent inhibition of RNA and DNA synthesis7,8.
Activated T lymphocytes, which are hypothesized to play a
central role in the pathogenesis of RA7,9, predominantly synthesize pyrimidines via the de novo pathway. Activated T cells
expand their pyrimidine pools 8-fold compared to 3-fold
expansion of purines10. In vitro leflunomide treated T cells
undergo cell cycle arrest at the G1/S phase, thus inhibiting
clonal expansion of T cells11. Recent investigation indicates
that leflunomide also blocks tumor necrosis factor mediated
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activation of the transcription factor nuclear factor κB (NFκB), which is activated in response to proinflammatory
cytokines12. Efficacy and safety of leflunomide have been
demonstrated in Phase II and III studies of patients with
RA13–15.
We reported significantly greater improvement of functional ability following treatment with leflunomide than with
either placebo or sulfasalazine after 6 months of therapy14.
The objective of the current report was to compare functional
disability in patients with RA undergoing longterm treatment
with leflunomide or sulfasalazine. Health related quality of
life was assessed using the Health Assessment Questionnaire
(HAQ)16, a widely used disease-specific instrument for
assessing functional ability provided by antirheumatic treatment regimens.
MATERIALS AND METHODS
Patients. The study population was composed of consenting patients ≥ 18
years of age with active RA based on American College of Rheumatology
(ACR) criteria and ACR Functional Class I, II, or III. Inclusion criteria at
study entry included tender joint count ≥ 6; swollen joint count ≥ 6; physician
and patient global assessment: fair, poor, or very poor; C-reactive protein
(CRP) > 2.0 mg/dl or erythrocyte sedimentation rate (ESR) > 28 mm/h.
Women who were pregnant, breastfeeding, or of childbearing potential who
were not taking oral contraceptives were excluded. As concomitant medications, stable doses of nonsteroidal antiinflammatory drugs (NSAID) (including acetylsalicylic acid), oral steroids (prednisolone ≤ 10 mg qd), and up to 3
intraarticular steroid injections, not exceeding an equivalent dose of 60 mg
triamcinolone, were permitted. Intraarticular steroid injections were not
allowed during the first 6 months.
Study design. This was a multicenter, multinational (sites in Australia,
Europe, New Zealand, South Africa), randomized, double blind, placebo controlled (until 6 months), parallel group study. A one week screening period
was followed by 24 months of treatment with leflunomide (100 mg qd on
Days 1–3, then 20 mg qd) or sulfasalazine (0.5, 1.0, and 1.5 g weekly, respectively, at Weeks 1, 2, and 3; 2.0 g qd from Week 4 to endpoint) and matching
placebo for 6 months. At 6 months, completers were invited to continue treatment for a further 6 months, after which they were again invited to continue
for a further 12 months. Patients in the leflunomide and sulfasalazine arms
continued taking the same dosage while those in the placebo arm switched to
sulfasalazine in a blinded manner. Patients in the placebo-sulfasalazine arm
received standard dose escalation in increments of 0.5 g weekly to reach 2.0
g. The protocols of the initial 6 month placebo controlled phase as well as the
2 extension phases were approved by the ethics committees of all participating institutions. Before treatment in the extension studies, all patients were
informed of the nature, scope, and possible consequences of the extensions
and their informed consent was obtained again.
This report presents a secondary analysis of physical function in patient
cohorts at 6, 12, and 24 months. Initially, 358 patients were randomized
(3:3:2) to leflunomide (n = 133), sulfasalazine (n = 133), and placebo (n =
92). As shown in Figure 1, number of patients evaluable for analyses of function were 310 at 6 months (leflunomide 116, sulfasalazine 113, placebo 81);
160 at 12 months (leflunomide 66, sulfasalazine 62, placebo-sulfasalazine
32); and 117 at 24 months (leflunomide 51, sulfasalazine 45, placebo-sulfasalazine 21).
Assessment of patient function. Functional disability was assessed at baseline
and biweekly intervals for the first 2 months, at monthly intervals for Months
2–6, every 3 months for Months 6–12, and every 2 months thereafter until
endpoint. The Stanford Health Assessment Questionnaire (HAQ)16 was used
to assess functional disability. All participating countries except Slovenia had
previously published language adaptations of the HAQ. The HAQ consists of

several questions related to 8 categories of functional ability: dressing and
grooming, rising, eating, walking, hygiene, reach, grip, and other activities.
Patients rated their ability to perform the various activities stated in questions
on a 4 point scale: 0 = without any difficulty; 1 = with some difficulty; 2 =
with much difficulty; and 3 = unable to do. Data on functional ability using
the HAQ were assessed in 2 ways: (1) the average or mean HAQ scores of all
questions in the 8 categories of the HAQ17,18 (referred to as mean HAQ), and
(2) the standard HAQ disability index (HAQ DI), which averages the 8 category scores, each representing the worst/highest item or question score for
that category. A decrease in score corresponded to an improvement in functional ability.
Outcome assessment. This report emphasizes functional assessment; however, the primary outcome measures in each phase of the trial included: tender
and swollen joint counts, physician and patient global assessment, pain intensity assessment, duration of morning stiffness, Westergren ESR, CRP,
rheumatoid factor (RF), and radiographic evaluation of disease progression at
study endpoint compared to baseline. Also assessed was ACR responder rate
(defined as ≥ 20% improvement from baseline in tender and swollen joint
counts and ≥ 20% improvement in 3 of the following 5 criteria: physician
global assessment, patient global assessments, pain intensity assessment,
HAQ, and CRP/ESR).
Safety. Safety was monitored by physical examination, chest radiography,
electrocardiography, blood pressure, pulse rate, body temperature, and body
weight measurements. Standard hematological and biochemical tests and urinalysis were done. The occurrence of adverse events was documented and
included those spontaneously reported by patients as well as those elicited by
general questioning. Investigators recorded adverse events as primary events
including the diagnosis, as well as the symptoms accompanying the primary
event. Analyses of the adverse events were done on the basis of the primary
events.
Laboratory variables were measured at a central laboratory. Statistical
analysis included comparison of median values and normalization of changes
from baseline to endpoint.
Statistical analyses. Analyses reported were performed on the intent-to-treat
(ITT) population of the respective treatment period (0–6 mo, 0–12 mo, and
0–24 mo) and on completers at 6, 12, and 24 months. The primary efficacy
analysis during the first 6 months of the investigation compared leflunomide
to placebo, and the secondary analysis compared active treatments. The primary efficacy analysis during the extension phases compared active treatments. Baseline categorical variables in the treatment groups were compared
by chi-square analysis or Fisher’s exact test. All continuous variables including HAQ analysis were compared based on mean changes from baseline to
endpoint with the technique of last observation carried forward (LOCF) and
analysis of covariance (ANCOVA). Due to the small number of patients per
center, centers were pooled for efficacy analysis; pooling was based on geographical regions, language, and treatment regimen. Evaluation of the HAQ
DI was performed as an endpoint analysis on the ITT population. Missing
HAQ DI values in the 2 year population were replaced by the LOCF
approach.
Global assessments were compared by means of the extended MantelHaenszel test. All laboratory variables were subjected to descriptive statistics
and compared by Wilcoxon signed-rank test. Rates of ACR response were
analyzed by logistic regression, adjusted for center effects and disease duration. All statistical tests were 2 sided and significance was defined as p < 0.05.

RESULTS
Baseline demographics. The demographic characteristics of
the treatment groups were similar; baseline demographic data
were obtained only at study entry (Table 1). Patients’ mean
ages in each of the 3 treatment groups ranged from 58 to 59
years, mean disease duration 5–8 years, and 38–46% had disease for 2 years or less. The majority of patients were of ACR
functional class II or III, and 39–53% had no history of
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Table 1. Baseline demographics.

LEF
n = 133
Female, n (%)
Mean age, yrs
Disease duration
Mean, yrs
≤ 2 yrs, n (%)
> 2 yrs, n (%)
Functional class
I
II
III
Mean HAQ*
HAQ DI*

0–6 Months
SSZ
PL
n = 133 n = 92

LEF
n = 80

6–12 Months
SSZ
PL-SSZ
n = 76
n = 41

LEF
n = 60

12–24 Months
SSZ
PL-SSZ
n = 60
n = 26

101 (76)
58 ± 11

92 (69)
59 ± 11

69 (75)
59 ± 12

60 (75)
58 ± 11

50 (66)
59 ± 11

31 (76)
59 ± 12

49 (82)
58 ± 11

41 (68)
59 ± 11

19 (73)
59 ± 12

8±9
50 (38)
83 (62)

7 ± 10
56 (42)
77 (58)

6±6
41 (45)
51 (55)

6±7
33 (41)
47 (59)

7±9
32 (42)
44 (58)

6±7
19 (46)
22 (54)

7±8
25 (42)
35 (58)

6±9
26 (43)
34 (57)

5±5
12 (46)
25 (54)

10 (7)
74 (56)
49 (37)
1.14
1.65

6 (4)
76 (57)
51 (38)
0.98
1.50

3 (3)
50 (54)
39 (42)
1.09
1.59

5 (6)
46 (58)
28 (37)
1.15
1.68

3 (4)
45 (59)
28 (37)
0.91
1.42

1 (3)
21 (51)
19 (46)
0.89
—

3 (5)
36 (60)
21 (35)
1.10
1.6

1 (2)
38 (63)
21 (35)
0.91
1.5

0 (0)
15 (58)
11 (42)
0.82
—

* In evaluable patients. DI: Disability Index, LEF: leflunomide, PL: placebo, SSZ: sulfasalazine.

Figure 1. Study design: numbers in parentheses denote number of evaluable patients for analyses of functional disability. LEF: leflunomide, SSZ: sulfasalazine, PL: placebo.

DMARD treatment. Use of NSAID and corticosteroids was
similar across groups.
Of the 358 who were randomized, 133 leflunomide, 92
placebo, and 133 sulfasalazine treated patients participated in
the first 6 month study period (Figure 1). Of 230 who completed the study at 6 months, 197 patients (80 leflunomide and
76 sulfasalazine, and 41 patients in the placebo group who
switched to sulfasalazine) entered the 6–12 month extension.
Of the 168 completers at 12 months, 146 (60 leflunomide,

26 placebo-sulfasalazine, and 60 sulfasalazine) entered the
12–24 month extension. Completers at 24 months included 49
leflunomide, 21 placebo-sulfasalazine, and 46 sulfasalazine
treated patients. Patients evaluable for functional assessments
at the 3 study periods were as follows: 0–6 months (116
leflunomide, 81 placebo, 113 sulfasalazine), 6–12 months (66
leflunomide, 32 placebo-sulfasalazine, 62 sulfasalazine), and
12–24 months (51 leflunomide, 21 placebo-sulfasalazine, 45
sulfasalazine).

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2001. All rights reserved.
Kalden, et al: QOL with leflunomide

1985

Downloaded on August 14, 2022 from www.jrheum.org

Table 2. Change in mean HAQ scores.

LEF
n = 116
Baseline
Mean
SD
Range
Endpoint
Mean
SD
Range
Change
Mean
SD
Range
% Change

0–6 Months
SSZ
PL
n = 113 n = 81

LEF
n = 66

0–12 Months
SSZ
PL-SSZ
n = 62
n = 32

LEF
n = 51

0–24 Months
SSZ
PL-SSZ
n = 45
n = 21

1.14
0.62
0.0–2.7

0.98
0.55
0.0–2.6

1.09
0.62
0.0–2.7

1.15
0.61
0.0–2.6

0.91
0.52
0.0–2.6

0.89
0.47
0.0–2.0

1.10
0.59
0.0–2.5

0.91
0.57
0.0–2.6

0.82
0.41
0.0–1.6

0.63
0.56
0.0–2.6

0.69
0.64
0.0–2.6

1.05
0.70
0.0–2.9

0.57
0.55
0.0–2.9

0.49
0.53
0.0–2.1

0.59
0.58
0.0–2.4

0.45
0.49
0.0–2.0

0.55
0.60
0.0–2.5

0.62
0.55
0.0–1.7

–0.5*†
0.53
–2.2–1.0
44

–0.29*
–0.04
0.46
0.49
–1.5–1.9 –1.5–1.9
30
4

–0.58
0.52
–2.3–0.4
50

–0.41
–0.29
0.49
0.43
–1.5–1.3 –1.5–0.5
45
32

–0.65‡
0.48
–2.4–0.1
56

–0.36
0.53
–1.6–1.0
45

–0.20
0.46
–1.1–0.8
24

* p ≤ 0.0001 vs PL; † p ≤ 0.01 vs SSZ; ‡ p = 0.0149 vs SSZ.

In the groups treated with leflunomide and sulfasalazine,
continuation in double blinded extensions was on a voluntary
basis and was not a reflection of lack of efficacy. For example, of the 33 six-month completers not participating in the
6–12 month extension, 7/16 in the leflunomide group, 3/7 in
the sulfasalazine group, and 1/10 in the placebo group were
ACR 20% responders. Eighty-three percent of leflunomide
treated patients entering the 6 to 12 month extension completed therapy, and 85% completed therapy during the 12 to 24
month extension.
Functional ability assessed by mean HAQ scores.
Improvement in functional ability as assessed by changes in
mean HAQ scores from baseline at Months 0–6, 6–12, and
12–24 is shown in Table 2. At each consecutive study period,
the percentage reductions in the mean HAQ tended to be
greater in the leflunomide cohorts (44%, 50%, and 59%) compared with the sulfasalazine (30%, 45%, and 39%), or placebo-sulfasalazine (4%, 32%, and 24%) groups (Figure 2).
Significant differences were observed as early as 1 month14
and at Month 6 with leflunomide compared with placebo
(–0.5 vs –0.04; p ≤ 0.0001) or sulfasalazine (–0.50 vs –0.29;
p ≤ 0.01). Continued improvements were noted in patients in
the leflunomide arm at Months 6–12. Although reductions in
scores at Months 0–12 were quantitatively greater with
leflunomide than sulfasalazine (–0.58 vs –0.41), these
changes were not statistically significant. At 0–24 months,
changes from baseline mean HAQ scores with leflunomide
were again significantly greater than with sulfasalazine (–0.65
vs –0.36; p = 0.0149); corresponding changes (discussed
below) in HAQ DI at 24 months were –0.73 vs –0.56, which
did not prove statistically significant.
Changes in the completers in each treatment group at the
end of the 2 year study period are shown in Table 3 and Figure
3. Changes in HAQ scores in the completers show the same
trend of reductions observed above. Reductions in HAQ

scores seen as early as 6 months with leflunomide (57%) were
maintained at 12 (57%) and 24 months (59%).
HAQ subscale scores. Changes in HAQ subscale scores at
Months 0–6, 0–12, and 0–24 between leflunomide, sulfasalazine, and placebo-sulfasalazine in each individual category (dressing and grooming, rising, eating, walking, hygiene,
reach, grip, other activities) were also compared. At 6 months,
improvements in all categories with leflunomide were significantly greater than placebo (Figure 4, upper panel).
Additionally, improvements in dressing and arising at 6
months were significantly greater than with sulfasalazine.
Continued improvements were seen in all categories with
leflunomide and sulfasalazine at Months 0–12 and 0–24. A
consistent trend toward greater numerical improvement was
seen in patients taking leflunomide compared to the sulfasalazine and placebo-sulfasalazine groups during the entire
study period.
HAQ Disability Index. The HAQ Disability Index is calculated by summing the highest scores in each of the 8 categories
and dividing this by the number of categories. Changes in
HAQ DI are shown in Figure 5. The leflunomide group
showed significant improvement at 6 months (34%, ∆HAQ DI
–0.56) compared with sulfasalazine (25%, ∆HAQ DI –0.37; p
≤ 0.05) and placebo (5%, ∆HAQ DI –0.08; p ≤ 0.001).
Proportionately similar trends in improvement were observed
in leflunomide cohorts compared to sulfasalazine at Months
0–12 (40% vs 37%) and Months 0–24 (46% vs 37%).
Other efficacy criteria. The level of improvement observed in
functional ability with leflunomide and sulfasalazine is
reflected in the other primary efficacy criteria (Figure 6).
Improvement seen in completers at 6 months in these outcomes is increased or maintained at 24 months with leflunomide. At 24 months, changes from baseline values in global
assessments with leflunomide were significantly greater (p <
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Figure 2. Change in mean HAQ scores in patient cohorts at 0–6, 0–12, and 0–24 month study periods. Numbers in
parentheses along the x-axis represent patients evaluable for analysis. Percentages in parentheses represent improvement from baseline. *p ≤ 0.0001 vs placebo (PL); †p < 0.01 vs sulfasalazine (SSZ); ‡p = 0.0149 vs SSZ. Baseline
HAQ scores are as shown in Table 1.

Figure 3. Changes in mean HAQ scores in completers at 24 months: leflunomide (LEF), n = 51; sulfasalazine (SSZ),
n = 45; placebo-sulfasalazine (PL-SSZ), n = 21. *p < 0.0001 vs PL; †p = 0.0149 vs SSZ.
Table 3. Change in HAQ scores in completers at endpoint.

Baseline
6 months
Endpoint
Change
% Change
12 months
Endpoint
Change
% Change
24 months
Endpoint
Change
% Change

LEF
n = 51

SSZ
n = 45

PL-SSZ
n = 21

1.10 ± 0.59

0.91 ± 0.57

0.82 ± 0.41

0.48 ± 0.48
–0.63 ± 0.43*†
57

0.51 ± 0.58
–0.41 ± 0.42
45

0.72 ± 0.59
–0.1 ± 0.54
12

0.48 ± 0.47
–0.63 ± 0.27
57

0.46 ± 0.52
–0.46 ± 0.35
50

0.50 ± 0.44
–0.32 ± 0.50
39

0.45 ± 0.49
–0.65 ± 0.48†
60

0.55 ± 0.59
–0.36 ± 0.36
38

0.62 ± 0.55
–0.20 ± 0.46
23

* p ≤ 0.0001 vs PL; † p ≤ 0.01 vs SSZ.

0.03) than sulfasalazine, resulting in improved physician
(42% vs 32%) and patient (44% vs 30%) global scores.
Reductions in CRP levels, a good prognostic indicator of
functional outcome19, were seen with both leflunomide and
sulfasalazine at Months 6 and 24. Optimal improvement in
most efficacy criteria with sulfasalazine appears to be leveling
off at 6 months. The overall improvement seen in efficacy outcome with leflunomide as reflected in the ACR 20% response
rate at endpoint, including tender and swollen joint counts,
was significantly greater with leflunomide than sulfasalazine
(82% vs 60%; p = 0.0085).
Safety. As reported14, during the first 6 months, the most frequent drug related adverse events in the leflunomide group
were diarrhea (leflunomide 16%, sulfasalazine 9%), nausea
(leflunomide 10%, sulfasalazine 17%), and alopecia (lefluno-
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Figure 4. Changes in subscale scores at 6, 12, and 24 months. *p < 0.01 vs PL; †p < 0.05 vs SSZ. DI: HAQ Disability
Index; ACT: activities; ARIS: arising; DRES: dressing; EAT: eating; GRIP: gripping; HYGI: hygiene; REAC: reaching; WALK: walking.

mide 8%, sulfasalazine 5%). Three leflunomide and 5 sulfasalazine patients with normal SGOT at baseline had
increased SGOT values (> 2 times the upper limit of normal)
during treatment with the study medication. Two cases of
reversible agranulocytosis in the sulfasalazine group were
reported within 6 weeks of treatment initiation and required
hospitalization due to infections. No unexpected adverse
events occurred with longterm leflunomide treatment; frequency of adverse events tended to subside with decreased
incidence of diarrhea (17% to 2%), alopecia (13% to 5%), and
nausea (12% to 0%) reported with leflunomide at 6 months
compared to 24 months.
During the initial 6 month study, hypertension possibly
related to study medication was reported in 2% leflunomide,
1% placebo, and 2% sulfasalazine treated patients; most of
these patients had preexisting elevated blood pressure. At 24

months, hypertension possibly related to study medication
was observed in 2% of leflunomide treated patients and in no
sulfasalazine treated patient. No clinically relevant changes
were observed in other laboratory variables.
DISCUSSION
Previously reported 6 month data have shown the efficacy and
safety of leflunomide in patients with active RA14.
Significantly greater improvement in functional ability was
seen after 6 months of treatment with leflunomide than with
placebo or sulfasalazine. Data at 2 years show that the
improvement in functional ability seen with leflunomide at 6
months is maintained; leflunomide was significantly superior
to sulfasalazine in improving functional ability at 2 years as
assessed by mean HAQ scores.
Patient disposition during the extension phases showed a
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Figure 5. Changes in HAQ Disability Index at 0–6, 6–12, and 12–24 months study periods. *p ≤ 0.001 vs PL, †p ≤
0.05 vs SSZ. Baseline HAQ DI scores are as shown in Table 1.

Figure 6. Percentage improvement in efficacy outcomes with leflunomide and sulfasalazine completers at 6 vs 24
months. *Changes from baseline, p < 0.05 vs SSZ.

progressive reduction in patient numbers during each extension. Although difficult to quantify, a recent investigation suggests that pyschosocial and socioeconomic factors are more
important determinants of continued participation in longterm
research investigations than most clinical disease characteristics20. Of the patients declining continued participation in the
0 to 12 month extension, about half were ACR 20% responders. The progressive reduction diminishes the initial statistical power of the trial.
Several instruments are available for measuring physical
function16,21,22. We utilized the Health Assessment Questionnaire (HAQ)16, a widely used disease-specific instrument for
assessing change in functional ability over time or as a result

of treatment. The HAQ was used to compare the effect of
auranofin with that of placebo in a 6 month trial; the results
favored auranofin23. The HAQ was also used in addition to
other instruments to compare cyclosporin A and placebo24. A
recent report showed significant improvement in functional
ability and health related quality of life with leflunomide compared to placebo and methotrexate as assessed by the HAQ,
the modified HAQ, the Problem Elicitation Technique (PET),
and the Medical Outcomes Study Short Form-36 (SF-36)25.
In the current study, functional ability was measured using
both mean HAQ scores and the standard HAQ Disability
Index. The mean HAQ score uses the mean score of each category instead of the worst score used to determine the HAQ
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DI. There is some suggestion that the disability index does not
reflect progress on items whose functional scores are not the
worst in that category17. The study17 of 107 patients with RA
assessed one year after hospitalization concluded that the
mean HAQ scores (because of its statistical properties) was
more sensitive than the HAQ Disability Index for documenting changes in functional outcome. This observation was corroborated by Tennant, et al, indicating that scoring all 20
items of the HAQ might improve sensitivity and that vital
information is lost when scoring only the worst response in
each category of the HAQ26. As seen in this report, the mean
HAQ scores generally correlated to the HAQ Disability Index.
However, in the 24 month cohorts, mean HAQ scores were
significantly improved with leflunomide compared with sulfasalazine at 24 months (–0.65 vs –0.60; p < 0.0149); corresponding changes in HAQ Disability Index were –0.73 vs
–0.56 and were not significant.
Outcome Measurements in RA Clinical Trials (OMERACT) guidelines suggest that improvements of 36% above
that of baseline or 18% above placebo constitute clinical benefit27. Changes in HAQ scores from baseline at 6, 12, and 24
months in leflunomide cohorts (44%, 50%, 56%, respectively) and completers (57%, 57%, 60%, respectively) all exceeded the OMERACT stipulated 36% above baseline improvement. Corresponding changes from baseline with sulfasalazine cohorts at 6, 12, and 24 months were 30%, 45%,
and 39%, respectively.
At 6 months, leflunomide showed a 92% improvement
above placebo, again exceeding the OMERACT recommended 18% improvement above placebo. Additionally, the magnitude of improvement in all subscales in the leflunomide group
at endpoint was clinically meaningful (> 0.22)28,29. Changes in
almost all subscales with leflunomide at 24 months
approached 0.5. A reduction of 7–23% in HAQ scores is considered by patients as clinically important28, and the changes
observed with leflunomide (57% to 60%) in this report substantially exceed this.
Changes in the HAQ DI from baseline at 6, 12, and 24
months in leflunomide cohorts were –0.56, –0.67, and –0.73,
respectively; corresponding changes in sulfasalazine cohorts
were –0.37, –0.53, and –0.56. An Australian study of early RA
noted no change in HAQ disability scores between sulfasalazine and placebo at 6 months30. An open trial of patients
randomly assigned to either sulfasalazine or D-penicillamine
was conducted with the objective of determining the effect of
single DMARD therapy on longterm function in established
RA31. Very few of the patients assigned to the sulfasalazine
group continued taking the drug for the duration of the study;
however, for the small subset continuing sulfasalazine there
was no significant change in HAQ disability scores after 12
years of therapy (baseline 2.13 vs 2.25 at 12 years).
In 2888 RA patients followed prospectively for up to 29
years, Fries and colleagues1 reported that increased DMARD
use was strongly associated with better longterm disability

index values. The magnitude of effect was a change of 0.53
disability units between 100% and 0% DMARD use. This is
comparable to findings for leflunomide reported in this study,
and strongly suggests that effective DMARD such as leflunomide reduce disability and improve longterm disease outcome.
More than 38% of patients enrolled in this study had disease duration of less than 2 years and showed baseline HAQ
scores close to or greater than 1. Pain and synovitis may
account for the relatively high HAQ scores seen at initial
stages of the disease. Levels of CRP correlate with functional
outcome, as reported in a prospective study of 109 patients
with early RA; low CRP levels were associated with functional improvement, while persistently elevated CRP levels
were associated with functional deterioration19. This finding
suggests that the effect of leflunomide in reducing HAQ could
be partially explained by a concomitant reduction in the acute
phase response; leflunomide showed reductions (48% to 60%)
in CRP levels. Reduction in CRP at Month 6 was significantly greater than with placebo (–2.3 vs –0.2; p ≤ 0.0001). This
observation is consistent with leflunomide improving function
through suppression of disease activity.
Over the 2 year period, 20-mg leflunomide was safe and
well tolerated. There were no unexpected adverse events during the 2 year period with leflunomide therapy compared to
those adverse events observed during the first 6 months.
Diarrhea, nausea, and alopecia were less frequent with continued leflunomide treatment. Throughout the full treatment
of up to 2 years, no clinically relevant hematological toxicity
was observed with leflunomide. No hematologic toxicity was
observed with sulfasalazine between 6 and 24 months, after
the 2 cases of agranulocytosis reported during the first 6
months. Further, there appears to be no risk of renal toxicity
with leflunomide32.
The data presented indicate that leflunomide significantly
improves functional ability at 2 years compared with sulfasalazine. The benefit of leflunomide in improving physical
function is reflected in other efficacy criteria of utmost importance to patients, such as the patient global assessment. Global
assessment scores and ACR response rate at 2 years with
leflunomide were significantly superior to sulfasalazine.
Leflunomide shows both an immediate (reductions in HAQ
scores at 6 months) and sustained (reductions in HAQ scores
at 24 months) effect on HAQ scores, which benefits patients
in terms of disability and health status.
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The European Leflunomide Study Group: I. Andreasson, MD, Gothenburg,
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Vienna, Austria; R. Grigor, MD, Auckland, New Zealand; B. Hazleman, MD,
Cambridge, UK; P. Jones, MD, PhD, Rotorua, New Zealand; J.R. Kalden,
MD, Erlangen, Germany; A.A. Kalla, MD, Capetown, South Africa; G.H.
Kingsley, MD, London, UK; R. Kreuzeder, MD, Vienna, Austria; T.K. Kvien,
MD, Oslo, Norway; G.M. Mody, MD, Durban, South Africa; P. Nash, MD,
Cottontree, Queensland, Australia; G. Nuki, MD, Edinburgh, UK; T.G.
Palferman, MD, Yeovil, Somerset, UK; M. Pattrick, MD, Crumpsall,
Manchester, UK; P. Pitt, MD, Orpington, Kent, UK; P.J. Prouse, MD,
Basingstoke, Hampshire, UK; F. Rainer, MD, Graz, Austria; B. Rozman, MD,
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Smolen, MD, Vienna, Austria; S.F. Sørensen, MD, København, Denmark; M.
Tikly, MD, Johannesburg, South Africa; L.B.A. van de Putte, MD, Nijmegen,
Netherlands; R. Westhovens, MD, Pellenberg, Belgium; B.D. Williams, MD,
Cardiff, UK; R. Williams, MD, Hereford, UK.
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