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Background: Several clinical and experimental lines of evidence suggest that leucotriene B4 (LTB4), an
arachidonic acid derivative with potent proinflammatory properties, plays a key role in the pathophysiology
of rheumatoid arthritis (RA).
Objective: To evaluate the efficacy and safety of BIIL 284, an oral long-acting LTB4 receptor antagonist, as
monotherapy for the treatment of patients with active RA.
Methods: This was a multi-centre, randomised, double-blind, placebo-controlled trial of patients with active
RA of 3 months’ duration. A total of 342 patients were randomised to receive 5 mg, 25 mg or 75 mg of BIIL
284 or placebo. The primary end point was the percentage of patients achieving an American College of
Rheumatology (ACR) 20.
Results: Although a higher percentage of ACR 20 responders was observed in the groups treated with 25 mg
and 75 mg of BIIL 284 compared with those treated with placebo, no statistically significant differences were
found between any of the three active treatment groups compared with the placebo group with regard to the
primary or secondary end points. All trial treatments were safe and well tolerated.
Conclusions: This clinical trial demonstrates that treatment of patients with active RA with a potent oral long-
acting LTB4 receptor antagonist produced only modest improvements in disease activity. The results of this
trial support the conclusion that LTB4 is not a major contributor to the inflammatory process in RA.

L
eucotriene B4 (LTB4) is a product of the metabolism of
arachidonic acid via the 5-lipoxygenase (5-LO) pathway
that plays a key role in the immediate inflammatory

response.1 It has been shown to be an effective chemotactic
factor for neutrophils, eosinophils and monocytes/macro-
phages.2 It promotes neutrophil activation, aggregation and
adherence to endothelial cells, natural killer cell cytotoxicity,
and potentiates cytokine and matrix metalloproteinase release
from T cells.3 4 Two distinct G protein-coupled receptors, BLT1
and BLT2, mediate the effect of LTB4.5 6 BLT1 is a high-affinity
receptor expressed in most leucocytes, and BLT2 is a low-
affinity LTB4 receptor more widely expressed in human tissues.

Several clinical observations have suggested that LTB4 may be
an important mediator of joint inflammation in rheumatoid
arthritis (RA). High concentrations of LTB4 have been found in
both synovial fluid7 8 and serum9 of patients with active RA.
Treatment with either intra-articular injection of corticosteroid7

or methotrexate10 results in rapid reduction in the synthesis of
LTB4 and other products of the 5-LO pathway in neutrophils of
patients with RA. The potential importance of the products of the
5-LO pathway in joint inflammation has been also supported by
animal models of RA. The severity of collagen-induced arthritis
(CIA) is decreased in both 5-LO-deficient11 and 5-LO-activating
protein-deficient mice compared with wild-type animals.12 A
specific role for LTB4 in the development and progression of joint
destruction in vivo was suggested by the observation that
administration of an LTB4 receptor antagonist, CP-105696,
resulted in dramatic reductions in both the clinical severity and
histological evidence of joint damage in the CIA model.12 These
data suggest that products of the 5-LO pathway, including LTB4,
might be important mediators of inflammation in RA and,
consequently, potential targets for therapeutic intervention.

However, the clinical experience with 5-LO and LTB4 inhibitors
in RA has been very limited. The 5-LO inhibitor zileuton was
studied in a small (n = 24) 4-week randomised double-blind trial
in patients with RA. The drug was found to induce a non-
significant trend towards improvement in the number of tender
and swollen joints, number of painful joints, and patient and
physician assessments compared with controls.13 No studies on
the adequate duration to assess efficacy have yet been performed
in RA with an LTB4 receptor antagonist.

BIIL 284 is a prodrug, which is metabolised after oral
administration by ubiquitous esterases to BIIL 260 and its
glucuronidated metabolite BIIL 315.14 BIIL 260 and BIIL 315
interact with the LTB4 receptors in a saturable, reversible and
competitive manner. In vivo, BIIL 284 administered orally
inhibited LTB4-induced mouse ear inflammation, LTB4-induced
transdermal chemotaxis in guinea pigs and LTB4-induced
neutropenia in monkeys.14 BIIL 284 at a dose of 10 mg/kg once
daily orally significantly inhibited disease progression and joint
destruction in a therapeutic murine CIA model (unpublished
observation). BIIL 315 was found to be the predominant active
metabolite in human plasma after oral administration, with an
apparent terminal half-life of 13 h. A phase I pharmacokinetics–
pharmacodynamics study in patients with RA found that doses of
25 mg and 150 mg BIIL 284 once daily could achieve 100%
inhibition of the ex vivo LTB4-induced CD11b/CD18 upregulation
on peripheral blood neutrophils.15 Pharmacokinetic studies of
BIIL 315 showed that the plasma concentration of this metabolite

Abbreviations: ACR, American College of Rheumatology; AE, adverse
event; CIA, collagen-induced arthritis; DMARD, disease-modifying anti-
rheumatic drug; 5-LO, 5-lipoxygenase; LTB4, leucotriene B4; RA,
rheumatoid arthritis; VAS, visual analogue scale
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is proportional to the dosage, after multiple dosing of 25–250 mg
of BIIL 284 daily in the fed state. Steady state is reached within 3–
4 days, with average plasma concentrations being about 30%
higher compared with the first dose.

This study was designed to evaluate the efficacy and safety of
BIIL 284 at three different dose regimens (5, 25 and 75 mg once
daily) versus placebo for 3 months as monotherapy for the
treatment of patients with active RA.

PATIENTS AND METHODS
Study design
This was a multi-centre, randomised, double-blind, placebo-
controlled and parallel-group study designed to determine the
clinical effect of three oral doses of BIIL 284 (5, 25 and 75 mg
once a day) and its safety in patients with RA. The duration of
the study was 3 months. Patients were recruited from May
2001 to November 2002 by rheumatologists working in 55
centres from Belgium, Canada, France, Germany, Italy and
Spain, and for a planned total sample size of 400 patients, with
the objective of obtaining 372 evaluable patients for efficacy
analysis. The study protocol was approved by the institutional
review board of each of the participating centres, and written
informed consent was obtained from all participants.

Eligibility
Patients of either sex, aged 18–70 years, having active RA16

diagnosed for at least 6 months were eligible. At baseline, active
RA was defined by at least 6 swollen joints out of 28 joints
examined; at least 8 tender joints out of 28 joints examined; and
by 2 of the 3 following criteria: pain assessed by the patient (visual
analogue scale (VAS)) >40 mm, investigator’s assessment of
disease activity (VAS) >40 mm, sedimentation rate >28 mm in
the first hour or serum C reactive protein level >20 mg/l.

The principal exclusion criteria were RA functional class IV
(American College of Rheumatology (ACR) criteria for classi-
fication of functional status in RA); lack of efficacy of more
than three previous different disease-modifying anti-rheumatic
drugs (DMARDs); any of the following treatments within
4 weeks before the baseline study or during the study:
methotrexate, gold agents, D-penicillamine, sulphasalazine,
antimalarial drugs, azathioprine, ciclosporin A, alkylating
agents, minocycline, etanercept, leflunomide; parenteral treat-
ment with corticosteroids, intra-articular corticosteroid injec-
tions, oral corticosteroids (.10 mg/day or 0.2 mg/kg/day
prednisone equivalent) and other leucotriene inhibitors; change
in treatment with non-steroidal anti-inflammatory drugs or
initiation of physiotherapy in the previous 2 weeks; synovect-
omy and/or surgical treatment for RA in the previous 3 months;
synoviorthesis in the previous 4 weeks.

Medication
Eligible patients were sequentially assigned to treatment with
one of three doses of BIIL 284 (5, 25 or 75 mg) or placebo in a
1:1:1:1 allocation ratio. Patients were instructed to take the
study medication orally once daily after breakfast. Patients
were allowed to use their usual analgesic medication as rescue
medication during the screening and treatment phases. It was
necessary to have at least a 12 h wash-out period of rescue
medication before any visit.

Study end points
The primary efficacy end point was the percentage of patients
achieving the ACR 20 improvement criteria.17 Secondary
efficacy end points included the percentage of patients
achieving ACR 50 and ACR 70 criteria,17 morning stiffness,
number of drop-outs for any reason, number of withdrawals
due to lack of efficacy, health-related quality of life assessed by

the 36-item short-form health survey questionnaire,18 disease
activity index and consumption of rescue medication. Safety
end points included incidence and intensity of adverse events
(AEs), number of withdrawals due to AEs, assessment of
tolerability by the investigator, patient’s assessment of fatigue,
laboratory evaluation, vital functions and a 12-lead ECG.

Patient evaluation and study procedures
Swollen and tender joint counts were assessed in 28 joints.19 A
100 mm horizontal VAS was used for the assessment of pain,
disease activity, general health status and fatigue by the patient,
as well as disease activity by the investigator. Functional
disability was measured using the disability section of the
Health Assessment Questionnaire.20 Morning stiffness was
measured in minutes. Disease activity index (disease activity
score (DAS) 28) was calculated by the validated modified DAS
that included 28-joint counts as described by Prevoo et al.21 The
intensity of AEs was judged by the investigator, who determined
the relationship between the study medication and AE.

The assessments were performed at visit 1 (screening), visit 2
(baseline, day 0), visit 3 (day 14), visit 4 (day 28), visit 5 (day 56),
visit 6 (end of treatment, day 84) and at follow-up visit (day 98).
At baseline, RA activity (as defined in the section Eligibility) was
confirmed. Blood samples for the determination of BIIL 315 were
taken on visits 2, 4 and 6 during two prespecified time windows.
Descriptive statistics for BIIL 315 plasma concentrations were
calculated by treatment group, visit and sampling window. For
visits 4 and 6, descriptive statistics were also calculated separately
for ACR 20 responders and ACR 20 non-responders.

Statistical analysis
The primary statistical analysis was performed for the full
analysis set population (patients who had received at least one
dose of treatment and who had at least a baseline value and a
post-treatment value for the end point). Additionally, a per-
protocol analysis was conducted (as a secondary analysis),
excluding 98 patients for important protocol violations, poor
compliance (,60%) or insufficient exposure (duration of
treatment ,50 days). All patients receiving at least one dose of
trial medication were considered valid for the analysis of safety.

The Cochran–Mantel Haenszel test stratified by centre was
used for treatment comparison of binary data. For continuous
data, the comparison between BIIL 284 and placebo was
assessed with an analysis of covariance, with main factor
treatment and centre and baseline data as covariates. For
missing data (particularly for premature withdrawal), the last
observation carried forward method was used. Statistical
significance was set at p,0.05 (two-sided).

Sample size
A placebo response rate of 30% was assumed as the highest
response rate reported in the literature. A sample size of 372
evaluable patients (93 per arm) was determined to detect a 20%
point difference in ACR 20 response rate between the highest
dose of BIIL 284 (75 mg) and placebo for a type I error rate of
5% and a statistical power of 80% using a two-tailed x2 test. The
sample size was increased to 100 patients per arm for an
anticipated 7% drop-out rate.

RESULTS
Patients and study course
Of a total of 404 eligible patients, 342 were entered into this
trial and treated (BIIL 284 5 mg, n = 80; BIIL 284 25 mg,
n = 83; BIIL 284 75 mg, n = 87; placebo, n = 92). The treatment
trial was prematurely discontinued in 111 patients for the
following reasons: AEs in 55, lack of efficacy in 47, consent
withdrawn in 6, non-compliance with the protocol in 2 and

Clinical trial of a leucotriene B4 receptor antagonist 629

www.annrheumdis.com



other reasons in 1 patient. Figure 1 shows a summary of the
patients’ disposition by treatment groups. Table 1 shows the
demographic data of the full analysis set population (n = 342).

Efficacy evaluation
The primary end point of the study (percentage of ACR 20
responders) was analysed for all treatment groups at days 14,
28, 56 and 84 after the start of treatment. As shown in table 2,
no statistically significant differences between the four treat-
ment groups at any time point were observed, except for a small
but significant increase in the percentage of responders in the
25 mg BIIL 284 group at day 28 compared with the placebo
group (27.7% vs 15.2%; p = 0.042). However, after 3 months,
the percentages of patients achieving ACR 20 improvement in
the 25 mg and 75 mg BIIL 284 groups were almost identical
(about 29%) and, although they were somewhat higher than
that in the placebo group (18.5%), they did not reach statistical
significance. Furthermore, the individual components of ACR
20 did not show any significant differences among treatments.

A variety of subpopulation analyses were performed to
identify potential responders to BIIL 284, including patients
aged .60 years (n = 131) and the group of patients with
.5 years, duration of RA (n = 198). Again, no clinical or
statistical differences in the individual components of ACR 20
were observed at the end of the study.

With regard to the secondary end points, no statistically
significant difference was found in any of the comparisons
performed for each treatment group at any time point.

Safety evaluation
In all, 222 patients experienced at least one AE during the
treatment phase of the trial: 58 (72.5%) patients in the 5 mg
BIIL 284 group, 51 (61.4%) patients in the 25 mg BIIL 284
group, 55 (63.2%) patients in the 75 mg BIIL 284 and 58
(63.0%) patients in the placebo group. There were also no
significant differences in the intensity of the AEs among the
treatment groups.

According to the investigator’s judgement, the relationship
between the AEs and the trial drug medication was positive in
162 patients. The distribution of these patients among the four
treatment groups was 39, 37, 36 and 50 patients for the 5, 25,
75 mg and placebo groups, respectively. There were 10 patients

with a serious AE. Two patients died. One patient who died owing
to a fatal choking episode belonged to the 75 mg BIIL 284
treatment group. The second patient who died had acute
leukaemia, but had received placebo. In neither case were these
deaths thought to be causally related to the study drug by the
investigator. In 21 patients, treatment was discontinued owing to
an AE considered to be causally related to study drug treatment
by the investigator. Six of these patients had received placebo.

With respect to RA exacerbations, the difference in worsen-
ing rates between pooled BIIL 284 arms (16.8%) and placebo
(12%) did not reach significance (p = 0.27).

Pharmacokinetics
Plasma concentration data showed the presence of exposure to
BIIL 315, and increased with dose after administration of BIIL
284, acheiving steady state at visit 4 (28 days), with no further
accumulation. Trough levels for patients with RA were in the
same range as found previously for healthy subjects and patients
with RA.15 Exposure to BIIL 315 was not significantly different
between ACR 20 responders and ACR 20 non-responders.

DISCUSSION
The results of this multi-centre, randomised, double-blind,
placebo-controlled trial failed to show significant clinical efficacy
for the long-acting oral LTB4 receptor antagonist, BIIL 284, as
monotherapy in patients with active RA. Although the proportion
of patients achieving the ACR 20 criteria was highest in the
higher dosing groups, 25 and 75 mg daily, this trend did not
reach statistical significance at the end of the study. The
difference between the placebo response rate and those of the
two highest BIIL 284 dose groups was approximately 10%. In
contrast, the difference based on ACR 20 between currently used
DMARDs and their placebo control groups in recent clinical trials
was at least 20%.22–24 The design of the current trial, as well as
demographics and baseline clinical characteristics of patients
enrolled in this study were comparable to recent trials of synthetic
and biological DMARDs.22–24

It is unlikely that the failure to show greater efficacy for BIIL
284 was due to inadequate dosing, exposure to active
metabolite BIIL 315 or duration of the trial. The exposure to
BIIL 315 measured in the study guarantees a nearly complete
inhibition of LTB4-induced upregulated expression of CD11b/

Eligible patients
n = 404

Entered in the trial, randomised and treated
n = 342

Completed the study
n = 52

Prematurely
discontinued

n = 31

BIIL 284 BS 25 mg
n = 83

Completed the study
n = 50

Prematurely
discontinued

n = 30

BIIL 284 BS 5 mg
n = 80

Completed the study
n = 62

Prematurely
discontinued

n = 25

BIIL 284 BS 75 mg
n = 87

Completed the study
n = 67

Prematurely
discontinued

n = 25

Placebo
n = 92

Figure 1 Patients’ disposition.
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Table 1 Demographic and baseline clinical characteristics of the study population (full
dataset)

Total

BIIL 284

Placebo5 mg 25 mg 75 mg

Study patients 342 80 83 87 92
Sex n (%)

Men 58 (17.0) 12 (15.0) 13 (15.7) 17 (19.5) 16 (17.4)
Women 284 (83.0) 68 (85.0) 70 (84.3) 70 (80.5) 76 (82.6)

Age (years), mean (SD) 54.3 (11.4) 54.8 (11.2) 53.2 (11.5) 54.5 (10.6) 54.9 (12.4)

Race n (%)
Caucasian 335 (98.5) 79 (98.8) 79 (97.5) 86 (98.9) 91 (98.9)
Black 2 (0.6) 0 1 (1.2) 0 1 (1.1)
Asian 3 (0.9) 1 (1.3) 1 (1.2) 1 (1.1) 0

Weight (kg), mean (SD) 72.0 (16.3) 71.4 (16.2) 74.4 (17.9) 71.1 (15.2) 71.2 (16.0)

Height (cm), mean (SD) 162.9 (8.3) 161.6 (8.6) 163.9 (8.1) 163.2 (8.0) 162.7 (8.4)

Duration of RA (years), mean (SD) 9.6 (9.2) 10.3 (10.0) 8.7 (7.1) 8.4 (8.2) 10.9 (10.9)
Rheumatoid factor + (%) 58.7 53.6 63.8 58.9 58.5

Baseline efficacy assessments, mean
(SD)

Tender joints 16.5 (6.1) 17.0 (6.1) 16.0 (5.7) 16.3 (6.7) 16.7 (6.0)
Swollen joints 11.7 (4.7) 11.5 (4.0) 11.7 (4.6) 11.7 (5.2) 11.9 (5.0)
Morning stiffness 114.4 (118.1) 103.8 (90.1) 114.3 (129.1) 124.9 (152.3) 113.7 (89.6)
ESR (mm/h) 34.8 (24.6) 31.9 (22.2) 36.2 (27.3) 36.8 (25.7) 34.0 (23.3)
CRP (mg/l) 27.0 (31.0) 24.8 (29.5) 26.5 (31.7) 29.2 (33.4) 27.5 (29.9)

Medication history
DMARD (%) 84.2 81.3 88.0 81.6 85.9
Different DMARD (median) 3 3 3 3 3
Different DMARD, mean (SD) 3.0 (1.9) 3.4 (2.2) 2.9 (2.0) 3.0 (1.7) 2.9 (1.8)
MTX (%) 62.9 63.8 68.7 60.9 58.7
Corticosteroids (%) 61.1 57.5 67.7 62.1 57.6
NSAIDs (%) 80.1 75.0 86.7 85.1 73.9

Concurrent medication
Corticosteroids (%) 10.5 16.3 6.0 13.8 6.5
NSAIDs (%) 9.1 5.0 9.6 14.9 6.5

CRP, C reactive protein; DMARD, disease-modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; MTX,
methotrexate; NSAID, non-steroidal anti-inflammatory drug.

Table 2 American College of Rheumatology 20 response and p value comparison with
placebo by treatment group and time since start of drug administration (last observation
carried forward)

Visit day

BIIL 284
Placebo

5 mg (n = 80) 25 mg (n = 83) 75 mg (n = 87) (n = 92)

Day 14
n (%) 9 (11.2) 11 (13.2) 9 (10.3) 9 (9.9)
p Value* 0.837 0.479 0.979

Day 28
n (%) 13 (16.2) 23 (27.7) 14 (16.1) 14 (15.2)
p Value* 0.725 0.042 0.816

Day 56
n (%) 16 (20.0) 24 (28.9) 23 (26.4) 16 (17.4)
p Value* 0.624 0.070 0.165

Day 84�
n (%) 16 (20.0) 24 (28.9) 25 (28.7) 17 (18.5)
p Value* 0.795 0.097 0.109

Results of the analysis of efficacy in the full analysis set (n = 342).
*Cochran–Mantel Haenszel test adjusted for centre effects.
�End of treatment.
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CD18 over the dosing interval.15 In addition, BIIL 315 plasma
levels were comparable in responders and non-responders.
Furthermore, at the end of the trial (day 84), the proportion of
patients responding by ACR 20 criteria in the 25 and 75 mg BIIL
284 dose groups was the same. At earlier time points, 28 and
56 days, the proportion of patients responding in the 25 mg
dosing group was slightly higher than that seen in the 75 mg
group. The maximal responses to BIIL 284 were observed by day
56 for both the 25 and 75 mg dosing groups, with no further
increase by day 84. These findings support the conclusion that
dose of drug used and duration of trial were adequate to test
the drug’s potential efficacy in RA.

Yokomizo et al5 6 described two different functionally active
subtypes of the LTB4 receptor. Recently, differential expression of
these LTB4 receptor subtypes has been reported in the tissues of
patients with RA.25 Although BLT1 was found to be strongly
expressed on leucocytes from the synovial fluid of patients with
RA, BLT2 was found to be the predominant receptor expressed on
synovial macrophages, fibroblast-like synoviocytes and synovial
lymphocytes. Recent studies of the active metabolites of BIIL 284,
BIIL 315 and BIIL 260 have revealed that both are potent
antagonists of both the BLT1 and BLT2 receptors (Yokomizo,
personal observation). Therefore, the differential LTB4 receptor
subtype potency of BIIL 315 cannot be an explanation for the lack
of relevant clinical efficacy of BIIL 284 found in the current trial.

In conclusion, despite clinical observations in patients with RA
and positive studies in animal models such as the murine CIA
model suggesting that LTB4 antagonism might be a promising
therapeutic strategy in RA,26 27 this clinical trial showed that the
effect of a potent long-lasting oral LTB4 receptor antagonist was
modest. The results of this clinical trial are consistent with the
conclusion that LTB4 is not a major inflammatory mediator of the
rheumatoid inflammatory process in humans.
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Federico Dı́az-González, Service of Rheumatology, Hospital Universitario
de Canarias, Santa Cruz de Tenerife, Canary Islands, Spain
Rieke H E Alten, Schlobparkklinik, Berlin, Germany
William G Bensen, Charlton Medical Centre, Hamilton, Ontario, Canada
Jacques P Brown, Centre de l’osteoporose et de rheumatologie de Québec,
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