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Therapeutic Benefit of Blocking Interleukin-6 Activity With an 
Anti-lnterleukin-6 Receptor Monoclonal Antibody in 

Rheumatoid Arthritis 

A Randomized, Double-Blind, Placebo-Controlled, 
Dose-Escalation Trial 

E. H. S. Choy,’ D. A. lsenberg,2 T. Garrood,’ S. Farrow,’ Y. loannou,2 H. Bird ,3 
N. Cheung,4 B. Williams,’ B. Hazleman,6 R. Price,7 K. Yoshizaki,8 N. Nishimoto,8 

T. Kishimoto,8 and G. S. Panayi’ 

Objective. To investigate the safety and efficacy of 
MRA, a recombinant human anti-interleukin-6 (anti-
I1 -6) receptor monoclonal antibody of the IgGl sub-
class that inhibits the function of IL-6, in patients with 
established rheumatoid arthritis (HA). 

Methods. A randomized, double-blind, placebo-
controlled, dose-escalation trial was conducted in 45 
patients with active RA as defined by the American 
College of Rheumatology (ACR) revised criteria. Pa-
tients were sequentially allocated to receive a single 
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intravenous dose of either 0.1, 1, 5, or 10 mg/kg of MRA 
or placebo. The primary efficacy end point was meeting 
the ACR 2001v response criteria at week 2 after treat-
ment. 

Results. Demographic features were similar be-
tween treatment groups. At week 2, a significant treat-
ment difference was observed between the 5 mg/kg of 
MRA and placebo, with 5 patients (55.6%) in the MRA 
cohort and none in the placebo cohort achieving ACR 
2051v improvement. There was no statistically significant 
difference in the ACR 20% response between the other 3 
MRA cohorts and placebo at week 2. The mean disease 
activity score at week 2 in those who received 5 mg/kg 
and 10 mg/kg of MRA was 4.8 and 4.7 (P < 0.001 and 
P < 0.001 by analysis of variance), respectively. These 
mean scores were statistically significantly lower than 
those in the 0.1- and 1-mg/kg MRA and the placebo 
cohorts (6.4, 6.2, and 7.0, respectively). The erythrocyte 
sedimentation rate and C-reactive protein values fell 
significantly in the 5- and 10-mg/kg MRA cohorts and 
normalized 2 weeks after treatment. Seventeen patients 
(5, 4, 6, 2, and 0 patients in the placebo, 0.1., 1-, 5-, and 
JO-mg/kg MRA cohorts, respectively) required cortico-
steroid or disease-modifying antirheumatic drug treat-
ment because of active disease before study end. They 
were regarded as nouresponders from the time they 
received these treatments. Diarrhea was the most com-
mon adverse event, occurring in 8% of patients. Seven 
patients (15.6%) reported a severe adverse event (3, 1, 2, 
and 2 patients in the placebo, 0.1-, 1-, and 10-mg/kg 
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MRA cohorts). There were no serious adverse events 
that were thought to be related to the study drug. 

Conclusion. This is the first randomized con-
trolled trial showing that inhibition of IL-6 significantly 
improved the signs and symptoms of RA and normal-
ized the acute-phase reactants. Further research with 
multiple dosing is necessary to define the most appro-
priate therapeutic regimen of MRA in RA. 

Rheumatoid arthritis (RA) is a common, severe 
disorder whose distinctive features include a persistent 
and symmetric peripheral inflammatory arthritis as well 
as extraarticular manifestations. The disease is associ-
ated with significant morbidity and mortality (1). The 
exact cause of RA is not known, but it is now clear that 
immunogenetic predisposition to the disease is a con-
tributing factor. 

Since the exact cause of RA is unknown, thera-
pies have been directed against the various components 
of the chronic inflammatory response (2). Interleukin-6 
(IL-6) is produced by lymphocytes, monocytes, fibro-
blasts (3), synoviocytes (4), and endothelial cells, leading 
to local production in RA joints (5). Higher levels of 
IL-6 and soluble IL-6 receptor (sIL-6R) have been 
found in the sera of RA patients compared with con-
trols, and in synovial fluid compared with serum, reflect-
ing local production by the rheumatoid synovium (5-7). 

The precise pathogenic role of IL-6 in RA is a 
subject of controversy, since it has proinflammatory and 
antiinflammatory properties in vitro. The proinflamma-
tory actions of IL-6 include stimulating hepatocytes to 
produce acute-phase reactants, leukocyte chemotaxis, 
and T and B cell proliferation and differentiation (8). In 
contrast, IL-6 can abrogate inflammation by suppressing 
IL-i and tumor necrosis factor a (TNFa) production 
and by inducing the release of IL-1 receptor antagonist 
and soluble TNFi receptor in vitro (8). in patients with 
RA, levels of serum IL-6 and siL-6R have been shown to 
correlate with disease activity (9) and radiologic joint 
damage (10). Disease improvement noted after treat-
ment with disease-modifying antirheumatic drugs 
(DMARDs) is also accompanied by a reduction in 
serum IL-6 levels (9,11). RA synovial fluid containing 
high levels of IL-6 and sIL-6R was shown to promote 
osteoclast cell formation when added to cocultures of 
osteoblasts and bone marrow cells (10). Given these 
observations, trials of anti-IL-6 therapies in RA are 
clearly warranted. 

These observations suggest that inhibition of the 
activity of IL-6 in patients with RA may be of clinical 
benefit. in an open-label study, Wendling et al (12) 
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treated 5 RA patients with a murine monoclonal anti�

IL-6 antibody (B-E8; IgGi) given intravenously (10 
mg/day) for 10 consecutive days. No side effects were 
notcd, although an unexpected rise in serum IL-6 levels 
was seen in 4 of the 5 patients. Clinical improvement 
appeared rapidly during the treatment period, with 
improvement in the degree of pain, the duration of 
morning stiffness, the number of tender and swollen 
joints, and the Ritchie Articular Index. The improve-
ment was associated with a reduction in C-reactive 
protein (CRP) levels and lasted 2 months. 

MRA is a humanized anti-IL-6R monoclonal 
antibody of the IgGI subclass that was developed by 
Chugai Pharmaceutical Company using recombinant 
DNA technology. The antibody was humanized by the 
technique of complementarity-determining region graft-
ing from a mouse anti-human IL-6R monoclonal anti-
body. MRA has been shown to compete for both the 
membrane-bound and the soluble forms of human 
IL-6R and to inhibit the function of IL-6. MRA has also 
been shown to reduce joint inflammation and destruc-
tion in cynomolgus monkeys with collagen-induced ar-
thritis (13). Infusions of MRA in healthy adult men were 
found to be well tolerated. The present study was a 
phase I/Il randomized, double-blind, placebo-
controlled, dose-escalation trial to investigate the safety, 
tolerability, antigenicity, pharmacokmetics, and efficacy 
of MRA in patients with established and active RA. 

PATIENTS AND METHODS 

Patient population. Patients who were ages 18-75 
years and had RA, according to the 1987 American College of 
Rheumatology (ACR; formerly, the American Rheumatism 
Association) diagnostic criteria (14), were recruited from 
outpatient clinics All patients had clinically active disease, as 
defined by the presence of at least 3 of the 4 following features: 
?:3 swollen joints, ?!6 painful or tender joints, duration of early 
morning stiffness ?:45 minutes, and erythrocyte sedimentation 
rate (ESR) 28 mm/hour. They must have failed treatment 
with at least I DMARD. DMARD therapy must have been 
discontinued for at least I month before administration of the 
study medication. Concomitant oral steroid treatment was 
permitted if the dosage was 7.5 mg of prednisolone daily 
and remained unchanged throughout the study. Use of paren-
teral and/or intraarticular steroids, immunosuppressants, in-
vestigational drugs, and oral anticoagulant drugs within 4 
weeks before administration of the study medication was not 
permitted. 

Pregnant women, nursing women, and women of child-
bearing potential who were not using an effective method of 
contraception were excluded. Patients were excluded if they 
had severe disability (Steinbrocker class IV), significant he-
patic or renal impairment, active intercurrent infection, previ-
ous therapy with murine, chimeric, or human monoclonal 
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antibodies or other xenogeneic proteins, history of cancer 
(excluding cervical or basal cell carcinoma), known infection 
with the human immunodeficiency virus, weight >100 kg, or 
significant surgery within 4 weeks prior to inclusion. 

Written informed consent was obtained from each 
patient before enrollment. The study was approved by a 
multicenter research ethics committee and local ethics com-
mittees. Patients were indemnified by the sponsor of the study, 
Chugai Pharmaceutical Company, Ltd. (Tokyo, Japan). 

Treatment schedule. Four cohorts of 12 subjects were 
sequentially allocated to a single intravenous dose of MRA or 
placebo. The dose levels studied were 0.1, 1, 5, and 10 mg/kg. 
Within each cohort, 9 subjects received MRA and 3 subjects 
received placebo. Both active drug and placebo were allocated 
randomly by a predetermined computer-generated randomiza-
tion schedule. Escalation to the next dose level was permitted 
only if the previous dose level was satisfactory in terms of 
safely and tolerability, as determined by an independent safety 
reviewer. Patients, assessors, and local investigators were all 
blinded to the nature of treatment. MRA or placebo was 
administered by slow intravenous infusion over 1 hour. Pa-
tients were observed and monitored for another 8 hours alter 
treatment. 

Assessment of efficacy. Efficacy of treatment was based 
on the World Health OrganizationIlnternational League of 
Associations for Rheumatology Outcome Measures in RA 
Clinical Trials core data set (15). These included tender and 
swollen joint counts, a pain score, patient’s and physician’s 
global assessments of disease activity, the modified Health 
Assessment Questionnaire, and the ESR and CRP values. 
Assessments were performed at baseline and at 1, 2, 3, 4, 6, and 
8 weeks after treatment. The primary end point of the study 
was achievement of an ACR 20% response (16) at week 2. 
Secondary efficacy parameters included an ACR 20% re-
sponse at weeks 4, 6, and 8; an ACR 50% response at weeks 2, 
4, 6, and 8; and the Disease Activity Score in 28 swollen and 28 
tender joints (17) at weeks 2, 4, 6, and 8. 

Assessment of safety. A physical examination, includ-
ing a 12-lead electrocardiogram, measurement of vital signs 
(supine blood pressure and pulse rate), respiratory rate, oral 
body temperature, height, and weight, were performed at 
regular intervals throughout the clinical study. Hematologic 
and biochemical analyses, urinalysis, and the assay for the 
presence of antibody to MRA were performed on blood and 
urine samples collected at the screening visit, baseline, and at 
weeks 1, 2, 3, 4, 6, and 8 of study. 

Statistical analysis. The study was analyzed on an 
intent-to-treat basis with the last observation carried forward 
method. All analyses included pairwise comparisons between 
each dose group and the combined placebo group. Categorical 
data were analyzed using the Cochran-Mantel-Haenszel test. 
Where transformed or untransformed continuous data fulfilled 
the normality assumptions, analysis of variance was used. 
Normality assumptions were checked by review of residual 
plots. If the data did not fulfill the assumptions, then they were 
analyzed using Wilcoxon’s rank sum test for nonparalnetric 
data. Fisher’s exact test was used for the ACR response data. 
Analysis of variance models included the baseline value of the 
variable to ensure that change was included in the analysis. The 
null hypothesis for the overall analysis was that there was no 
difference in the means of the treatment groups; the null 
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Figure 1. flowchart showing randomization of the total population of 
rheumatoid arthritis patients who were initially screened for study 
inclusion. ACR = American College of Rheumatology; AE = adverse 
event. 

hypothesis for each comparison of Dunnett’s test was that 
there was no difference in the means, while the overall 
significance level was maintained. For all analyses, a 5% 
significance level was used. No adjustments were made for 
multiple testing, other than the use of Dunnett’s test. 

RESULTS 

A total of 57 patients were screened for entry into 
the clinical study (Figure 1). Nine patients failed to 
satisfy the inclusion and exclusion criteria. Three pa-
tients did not give their consent. The remaining 45 
patients were randomized and received treatment. De-
mographic data for the randomized patients are given in 
Table 1. 

Eleven patients (24.4%) were randomized to the 
placebo group, 9 patients (20.0%) were randomized to 
each of the 0.1-, 1-, and 5-mg/kg MRA groups, and 7 
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Table II. Demographics of the study patients* 

CHOY ET AL 

Placebo group 
(n = 11) 

0.1 mg/kg 
(n = 9) 

MRA group (n = 34) 

1.0 mg/kg 5.0 mg/kg 
(n = 9) (n = 9) 

10.0 mg/kg 
(n = 7) 

Age, mean – SD years 61.8 – 10.6 54.6 – 10.0 55.7 – 9.0 57.2 – 12.1 61.5 – 7.8 
Sex, no. of males:no. of females 6:5 3:6 2:7 2:7 2:5 
Disease duration, mean – SD years 14 – 10 17 – 15 6 – 4 14 

– 12 13 – 11 
No. of failed DMARDs, mean – SD 4 

– 2 3 – 2 3 – 2 2:t 3 3 – 2 
No. positive for rheumatoid factor 7 6 4 6 6 
Race, no. (%) 

White 9(81.8) 7(77.8) 5(55.6) 6(66.7) 6(85.7) 
Asian 1(9.1) 2(22.2) 1(11.1) 

- 

1(14.3) 
Black 1(9.1) 

- 3(33.3) 3(33.3) - 

* MRA is a recombinant human anti-interleukin-6 receptor monoclonal antibody of the IgGl subclass; it inhibits the function of interleukin-6. 
DMARDs = disease-modifying antirheumatic drugs. 

patients (15.6%) were randomized to the 10-mg/kg 
MRA group. All patients who received treatment were 
included in the analyses. Only 1 patient (in the 1-mg/kg 
cohort) did not attend the final visit at week 8. This 
patient withdrew because of an adverse event and sub-
sequently died. A further 2 patients withdrew during the 
clinical study because of adverse events but attended the 
week 8 visit. Seventeen patients (5, 4, 6, 2, and 0 patients 
in the placebo and the 0.1-, 1-, 5-, and 10-mg/kg MRA 
groups, respectively) required treatment with cortico-
stcroids or DMARDs because of active disease before 
the end of the trial. They were regarded as nonre-
sponders from the time they received these treatments. 

Pharmacokinetics The terminal half-life of 
MRA increased with an increasing dose over the dose 
range of 1 mg/kg to 10 mg/kg. In the 5- and 10-mg/kg 
groups, plasma half-life was 136 hours and 158 hours, 
respectively. 

Efficacy. The primary efficacy analysis showed a 
significant treatment difference in the ACR 20% re-
sponse criterion at week 2 in the 5-mg/kg MRA group 
and the placebo group (Figure 2). There was no evi-
dence of a statistically significant difference between the 
other treatment groups and placebo at week 2 in this 
analysis, since as a modestly sized study, it does not have 
the necessary power to exclude small differences. 

The analysis of secondary clinical efficacy vari-
ables supported the findings of the primary efficacy 
analysis. In the secondary analysis of the ACR 20% 
response, the treatment difference between 5 mg/kg of 
MRA and placebo was maintained until week 8. The 
5-mg/kg MRA group demonstrated a consistent treat-
ment difference from placebo across all secondary effi-
cacy variables. A significant increase in the number of 
patients with a ACR 20% response was also noted in the 

10-mg/kg MRA group versus the placebo group at weeks 
6 and 8. The 10-mg/kg MRA group also showed a 
statistically significant improvement in the ACR 50% 
response at week 8. Furthermore, a difference in the 
Disease Activity Score and several disease activity mea-
surements at week 2 was observed between the 5- and 
10-mg/kg MRA groups and the placebo group (Figure 
3). The secondary analysis did not provide any convinc-
ing evidence of a statistically significant difference be-
tween the lower-dose MRA groups and the placebo 
group. 

A beneficial effect of MRA treatment in the 
5-mg/kg MRA group was further suggested by the 
observation that fewer patients in this group had disease 
activity that required either corticosteroids or DMARDs 

70 
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Figure 2. American College of Rheumatology (ACR) 20% response 
to treatment with 0.1 mg/kg (open bars), 1 mg/kg (darkly shaded bars), 
5 mg/kg (solid bars), or 10 mg/kg (hatched bars) of MRA, a recombi-
nant human anti-interleukin-6 receptor monoclonal antibody of the 
IgGi subclass that inhibits the function of interleukin-6. * = P = 0.023, 
** = P = 0.002, § = P = 0.008, and t = P = 0.043 versus placebo, by 
Fisher’s exact test. All other treatment groups were not signifleantly 
different from placebo (P >0.05). 
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Figure 3. Individual components of the World Health Organization/International League 
. of Associations for Rheumatology core data set in rheumatoid arthritis patients treated with 

placebo (�_�) or with 0.1 mg/kg (  ---- �), 1 mg/kg (A-----A), 5 mg/kg (O-----0), 
or 10 mg/kg (� ---- �) of MRA, a recombinant human anti�interleukin-6 receptor 
monoclonal antibody of the IgGI subclass that inhibits the function of interleukin-6. 

compared with the placebo group. The mean time to 
initiation of rescue treatments in the 5-mg/kg (24 days; 
range 5-43) and the 10-mg/kg (41 days; range 6-57) 
MRA groups compared with the placebo group (11 days; 
range 0-29) also indicates a reduced need for rescue 
medication. Efficacy in the 5- and 10-mg/kg MRA 
groups was further supported by a suppression of the 
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ESR and CRP values to normal levels compared with 
the placebo group (Figure 3). 

Adverse events. A total of 34 (75.6%) patients 
reported an adverse event (Table 2). There were no 
differences in the incidence or type of adverse events 
between treatment groups. The most common adverse 
event was diarrhea (8 patients, 17.8%). The incidence of 
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Table 2. Adverse events occurring in more than 20% of patients in any cohort 

CHOY Er Al 

System affected 
Placebo group 

(n 11) 
0.1 mg/kg 
(n = 9) 

MRA group (n = 34) 

1.0 mg/kg 5.0 mg/kg 
(n = 9) (n = 9) 

10.0 mg/kg 
(n = 7) 

All 
patients 
(n = 45) 

No. (%) of patients experiencing 9(81.8) 6(66.7) 6(66.7) 7(77.8) 6(85.7) 34 (75.6) 
an adverse event 

Blood and lymphatic system 1(9.1) 2(22.2) - - 1(14.3) 4(8.9) 
Gastrointestinal tract 7(63.6) 2(22.2) 4(44.4) 4(44.4) 2(28.6) 19(422) 
General disorders and injection 4(36.4) 2(22.2) 2(22.2) 2(22.2) 2(28.6) 12 (26.7) 

site conditions 
Infections and infestations - 2(22.2) 1(11.1) 1(11.1) 1(14.3) 5(11.1) 
Musculoskeletal system, 2(18.2) 2(22.2) 2(22.2) 3(33.3) 4(57.1) 13 (28.9) 

connective tissue, and bone 
Nervous system 1(9.1) - 1(11.1) 2(22.2) 1(14.3) 5(11.1) 
Psychiatric disorders 1(9.1) - 1(11.1) - 2(28.6) 4(8.9) 
Respiratory, thoracic, and 1(9.1) 2(22.2) - - 1(14.3) 4 (8.9) 

mediastinal disorders 
Skin and subcutaneous tissue 2(18.2) 1(11.1) 1(11.1) 1(11.1) 2(28.6) 7(15.6) 
Vascular disorders 2(18.2) 1(11.1) 1(11.1) 2(22.2) 1(14.3) 7(15.6) 

� MRA is a recombinant human anti-interleukin-6 receptor monoclonal antibody of the IgGi subclass; it inhibits the function of interleukin-6 
Values are the number (91) of patients. 

diarrhea was comparable between treatment groups. 
The incidence of nausea was higher in the placebo group 
(3 patients [27.3%]) compared with all MRA treatment 
groups (1 patient at 1 mg/kg 111.1%1). The majority of 
adverse events were of mild or moderate intensity. 

Seven patients (15.6%) reported a severe adverse 
event: 3 patients in the placebo group, I patient each in 
the 0.1-mg/kg and 1-mg/kg MRA groups, and 2 patients 
in the 10-mg/kg MRA group. One serious adverse event 
(myocardial ischemia) led to death in a patient in the 
1-mg/kg MRA group, but the adverse event was not 
considered to be related to the MRA. This patient also 
had evidence of preexisting ischemic heart disease. Two 
adverse events led to withdrawal from the study: one of 
the patients experienced a severe aggravation of arthritis 
and the other had a moderate swelling of the right knee. 

There were minor changes in liver enzyme levels, 
neutrophil counts, and white blood cell counts in the 
higher dose groups. These changes were not thought to 
be of clinical significance. Specific antibodies to MRA 
could not be detected in the serum from patients in any 
of the treatment groups. There were no between-group 
differences in electrocardiographic changes or changes 
in vital signs over time. 

DISCUSSION 

Our study is the first randomized placebo-
controlled trial that has assessed the effect of blocking 
IL-6 in patients with RA. Although this is a preliminary 

study, it suggests that IL-6 blockade may be beneficial in 
patients with active RA. 

In this study, both the primary and secondary 
efficacy analyses demonstrated a superior effect of 5 
mg/kg, and probably of 10 mg/kg, of MRA compared 
with placebo. The sample size of this study is too small to 
distinguish any difference in effect between 5 mg/kg and 
10 mg/kg of MRA. A recent open-label trial in 15 
patients with RA in Japan who were treated with MRA 
infusions every 2 weeks for 6 months showed an ACR 
20% response rate of 60% and 80% after 6 weeks and 6 
months, respectively (18). A larger multiple-dose study 
is currently in progress to define the optimum dose of 
MRA in the treatment of RA. However, the findings of 
the present study suggest that IL-6 has a predominantly 
proinflammatory effect in RA despite some in vitro 
studies which suggested otherwise (reviewed in the 
introduction) (8). 

Interestingly, levels of the acute-phase reactants 
ESR and CRP normalized after a single dose of either 5 
mg/kg or 10 mg/kg of MRA, and the effects lasted for 4 
weeks. This confirms IL-6 as the major cytokine respon-
sible for the production of acute-phase reactants in RA. 
In studies of other cytokine inhibitors, such as TNF 
blockers (19,20) and the IL-I receptor antagonist (21), 
ESR and CRP levels decreased with treatment but not 
to normal levels. A further study of MRA treatment in 
Japan confirms the impressive normalization of the ESR 
and CRP values in patients with established RA (18). 
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MRA was well tolerated, with no drug-related 

serious adverse events. There were, however, a few 

minor, transient adverse events, with raised transami-

nase levels and decreased white blood cell counts, which 

returned to normal at the end of the trial. A long-term 

study will be needed to confirm the good safety profile. 

It is worth placing this study in the context of 
other therapies involving the neutralization of cytokines 

thought to be of relevance to the pathogenesis of R.A. 

There are currently 2 medications that inhibit TNFa, 
etanercept and infliximab, and both are in clinical use. 

The findings from clinical trials as well as from clinical 

practice confirm the concept that TNFcs is an important 

inflammatory mediator in the pathogenesis of RA (22). 

Clinical trials of IL-1 receptor antagonist therapy sug-

gest that, although it has limited antiinflammatory ef-

fects, it may retard radiologic joint destruction (21). The 

findings of the present study suggest that inhibition of 

IL-6 also has a beneficial effect on established RA. One 

potential advantage of IL-6 blockade is the avoidance of 

secondary amyloidosis, in which accumulation of amy-

bid A by the liver as a result of chronic inflammation 

leads to end organ damage. Normalization of the levels 

of acute-phase reactants may therefore make MRA the 

treatment of choice in such patients. IL-6 has also 

recently been implicated in the pathogenesis of osteo-

porosis (23). Since osteoporosis is more common in RA 

(24) as a result of chronic inflammation and concomitant 

steroid usage, IL-6 blockade may provide the additional 

benefit of reducing bone loss. Hence, IL-6 blockade may 

improve the signs and symptoms of RA and provide 

better control of the acute-phase response, protection 

from osteoporosis, and a lower risk of infection. 
Standard treatment with DMARDs improves the 

signs and symptoms of RA but does not alter the 

long-term prognosis of this chronic inflammatory dis-

ease (25). Recent studies using agents that block prom-

flammatory cytokines, such as TNFa and IL-1, have 

shown that this approach is an effective strategy for the 

treatment of RA (22). Cytokines have been extensively 

studied in RA synovitis, but how they interact with each 

other in RA remains unknown. In particular, it remains 

unclear whether there is a cytokine network or a cyto-

kine hierarchy in RA (26). Our data suggest that IL-6 is 
an important cytokine for maintaining synovial inflam-

mation and that the interrelationships between cytokines 

may be more complex than a simple hierarchy. Rather, 

RA may be thought of as a disease whose activity at any 

time is maintained by the synergistic and/or additive 

effects of several cytokines within a network. Such a 
hypothesis better explains why only a proportion of 
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patients at any one time respond to inhibition of the 
action of one cytokine alone, such as TNFa or IL-6. 
Greater understanding of the cytokine network in RA 
may help us to develop rational combination therapies 
that may be more effective than blocking a single 
cyokine. 

In summary, a single dose of MRA was safe and 
was well tolerated in patients with RA. A larger study 
with repeated doses of MRA will be necessary to assess 
the antigenicity and long-term safety and efficacy of 
MRA as well as its potential to retard or inhibit the 
development of joint erosions. 

ACKNOWLEDGMENTS 

We wish to thank Noriaki Yoshida, Dr. Simon Long, 
and Dr. John Efthimiou for their assistance and input into the 
design and analysis of the study and into the writing of the 
manuscript. 

REFERENCES 

I. Pincus T. Long-term outcome in rheumatoid arthritis. Br J Rheu-
matol 199534 Suppl 2:59-73. 

2. Harris ED Jr. Management of rheumatoid arthritis. In: Kelley 
WN, Barns ED Jr, Ruddy S, Sledge CB, editors. Textbook of 
rheumatology. Philadelphia: WB Saunders; 1993. p. 912. 

3. Kishimoto T. Interleukin-6 and its receptor in autoimmunity. 3 
Autoimmun 1992;5 Suppl A.123-32. 

4. Guerne PA, Zuraw BL, Vaughan JH, Carson DA, Lotz Ni 
Synovium as a source of interleukin 6 in vitro: contribution to local 
and systemic manifestations of arthritis. 3 CJin Invest 1989;83: 
585-92. 

5. Hirano T, Matsuda T, Turner M, Miyasaka N, Buchan 0, Tang B, 
et al. Excessive production of interleukin-61B cell stimulatory 
factor-2 in rheumatoid arthritis. Eur 3 Immunol 1988;18:1797-801. 

6. Houssiau FA, Devogelaer 3-F, Van Damme J, Nagant de Deux-
chaisnes C, Van Snick J. lnterleukin-6 in synovial fluid and serum 
of patients with rheumatoid arthritis and other inflammatory 
arthritides. Arthritis Rheum 1988;31:784-8. 

7. Swaak Al, van Rooyen A, Nieuwenhuis E, Aarden LA. Interleu-
kin-6 (IL-6) in synovial fluid and serum of patients with rheumatic 
diseases. Scand J Rheumatol 1988;17:469-74. 

8. Taga T, Kishimoto T. 0p130 and the interleukin-6 family of 
cytokines. Ann Rev Immunol 1997;15:797-819. 

9. Dasgupta B, Corkill M, Kirkham B, Gibson T, Panayi G. Serial 
estimation of interleukin-6 as a measure of systemic disease in 
rheumatoid arthritis. 3 Rheumatol 1992;19:22-5. 

10. Kotake S, Sato K, Kim 1(3, Takahashi N, Udagawa N, Nakamura 
I, et al. Interleukin-6 and soluble interleukin-6 receptors in the 
synovial fluids from rheumatoid arthritis patients are responsible 
for osteoclast-like cell formation. 3 Bone Miner Res 1996;11: 
88-95. 

11. Watson 3, Crilly A, Madhok R, Capell H, Sturrock R. IL-6 and 
soluble IL-2 receptor in rheumatoid arthritis patients treated with 
second line drugs. Biochem Soc Trans 1992;20:138S. 

12. Wendling D, Racadot E, Wijdenes J. Treatment of severe rheu-
matoid arthritis by anti-interleukin-6 monoclonal antibody. 
3 Rheumatol 1993;20:259-62. 

13. Masahiko M, Kotoh M, Oda Y, Kumagai E, Takagi N, Tsunemi K, 
et al. Anti-I1-6 receptor antibody suppresses the onset of collagen 



3150 

arthritis in monkeys [abstract]. Arthritis Rheum 1997;40 Suppl 
9:S133. 

14. Arnett FC, Edworthy SM, Bloch DA, McShane Di, Fries iF, 
Cooper NS, Cl al. The American Rheumatism Association 1987 
revised criteria for the classification of rheumatoid arthritis. 
Arthritis Rheum 1988;31:315-24. 

15. Boers M, Tugwell P, Felson DT, van Riel PL, Kirwan JR. 
Edmonds JP, et al. World Health Organization and International 
League of Associations for Rheumatology core endpoints for 
symptom modifying antirheumatic drugs in rheumatoid arthritis 
clinical trials. J Rheumatol Suppl 1994;41:86-9. 

16. Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D, 
Goldsmith C, ci al. American College of Rheumatology prelimi-
nary definition of improvement in rheumatoid arthritis. Arthritis 
Rheum 1995;38:727-35. 

17. Prevoo MLL, van ’t Hof MA, Kuper HH, van Lecuwen MA, van 
de Putte LBA. van Riel PLCM. Modified disease activity scores 
that include twenty-eight-joint counts: development and valida-
tion in a prospective longitudinal study of patients with rheuma-
oid arthritis. Arthritis Rheum 1995;38:44-8. 

18. ishimoto N, Maeda K, Kuritani T, Deguchi H, Sato B, lmai N, et 
I. Safety and efficacy of repetitive treatment with humanized 

anti-interleukin-6 receptor antibody (MRA) in rheumatoid arthri-
tis (RA) labstract]. Arthritis Rheum 2001;44 Suppi 9:S84. 

19. Lipsky FE, van der Hei;de DM, St. Clair EW, Furst DE, Breedveld 
FC, Kalden JR, ci al, for the Anti-Tumor Necrosis Factor Trial in 
Rheumatoid Arthritis with Concomitant Therapy Study Group. 

C 

CHOY FF AL 

Infliximab and methotrexate in the treatment of rheumatoid 
arthritis. N Engl J Med 2000;343:1594-1602. 

20. Moreland LW, Schiff MH, Baumgartner SW, Tindall EA, Fieisch-
mann RM, Bulpitt K), et al. Etanercept therapy in rheumatoid 
arthritis: a randomized, controlled trial. Ann Intern Med 1999;130: 
478-86. 

21. Bresnihan B, Alvaro-Gracia JM, Cobby M, Doherty M, Domljan 
Z, Emery F, et al. Treatment of rheumatoid arthritis with recom-
binant human interleukin-1 receptor antagonist. Arthritis Rheum 
1998;41:2196-204. 

22. Choy EH, Panayi GS. Cytokine pathways and joint inflammation 
in rheumatoid arthritis. N Engl J Med 2001;344907-16. 

23. Papanicolaou DA, Wilder RL, Manolagas SC, Chrousos GP. Thc 
pathophysiologic roles of interleukin-6 in human disease. Ann 
Intern Med 1998;128:127-37. 

24. Sinigaglia L, Nervetti A, Mela 0, Bianchi G, Del Puente A, Di 
Munno 0, et al, for the Italian Study Group on Bone Mass in 
Rheumatoid Arthritis. A multicenter cross sectional study on bone 
mineral density in rheumatoid arthritis. i Rheumatol 2000;7: 
2582-9. 

25. Bondeson J, Sundler R. Antirheumatic gold compounds and 
penicillamine enhance protein kinase C-mediated activation of the 
arachidonate-mobilizing phospholipase A2 in mouse macrophages. 
J Leukocyte Biol 1993;54:329-35. 

26. Brennan FM, Maini RN, Feldmann M. TNT alpha: a pivotal role 
in rheumatoid arthritis? Br J Rheumatol 1992;31:293-8. 



XP-002298380 

191 

RD  ......... loz.......... 

p.........c-m...........= 

I 

SAFETY ’AND EFFICACY OF REPE1TTIVE TREATMLNT WITH HL;MANIZa ANTI-LNTERLEL;KLN.6 
REEkrrOR ANTIBODY (MRA) IN Itatt:tTorn .&itmium (RA). Nodhiro Nisbimoto, Keiji 
Maeda. ’Tarn Kuritani. Hitoshi Deguchi. Bunzo Sato. Nobuyuki tmai. Takaliiro Kakehi. Masaki 
Sucmui-a, ’Tadamitsu kishimoto, Kazuyuki Yoshizaki Osaka. Hyogo and Tokyo. Japan 

Objectives: In an open-label multi-dose trial. 15 RA patients received an intravenous infusion 
with either 2, 4. or 8 mg/kg of humanized 2nti-lnteiieuldn-6 receptor antibody (MRA) every 2 weeks 
for 6 months. Safety and efficacy on inflammatory markers including CRP and ESR. and ACR core 

S 
set were assessed. 

Results: The treatment was well tolerated at all doses without any serious acivetse reactions and 
no patients were withdrawn. increase in set-urn total cholesterol was detected as a MRA-related 
reaction In 10/15 (66%). No antinuclear antibody or anti-DNA antibody newly appeared. No 
anti-MRA antibody was detected. 

CRP(7.2–0.7mgjdl before therapy). E.SR(114–3mm/hr). and serum ainyloid A protein (MA) 
(604–243pgJm1) were completely normalized in 12/15 (80%) after the 3rd dose. The other 3 
patients whose blood MRA concentrations were not maintained did not become semnegative for 
CRP. Increase in serum albumin was also documented for all patients. In addition, decrease in 
tender or Swollen joint counts were also noted. The efficacy assessed by the ACR core set was as 
shown In the table. 

response at 6 weeks at 6 months 

ACR20 60% 80% 
ACR50 6.7si 40% 

Conclusion: Repetitive therapy with MRA appeared cot siderably safe. The improvement of 
objective markers such as CRY and ESK as well as ACK core set suggests MRA is therapeutically 
beneficial In RA. At present a double-blind comparative trial in patients with RA is ongoing. 

Keywords, LL-6. I66 receptor, humanized antibody. rheumatoid arthritis, safety. CR1’, serum 
amyloid A protein 
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