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Comparison of Tacrolimus and Mizoribine in a
Randomized, Double-blind Controlled Study in
Patients with Rheumatoid Arthritis
SHINICHI KAWAI, HIROSHI HASHIMOTO, HIROBUMI KONDO, TAKASHI MURAYAMA, TAKAHIRO KIUCHI,
and TORU ABE

ABSTRACT. Objective. To compare the efficacy and safety of tacrolimus and mizoribine in patients with rheumatoid
arthritis (RA).
Methods. Adult patients with RA with an insufficient response to at least one disease modifying
antirheumatic drug (DMARD) were randomized to receive 28 weeks of double-blind treatment with
tacrolimus 3 mg once daily or mizoribine 50 mg three times daily. The primary efficacy endpoint was
the American College of Rheumatology 20% (ACR20) response. Safety was evaluated by adverse
events.
Results. A total of 204 patients were enrolled for study (103 in the tacrolimus group, 101 in the mizorib-
ine group). Significantly more patients receiving tacrolimus achieved an ACR20 response compared
with mizoribine (48.5 vs 10.0%, respectively; p = 0.001). Tacrolimus was also superior to mizoribine
in ACR50 and ACR70 response rate, tender and painful joint counts, swollen joint counts and patient
and physician assessments of pain, disease activity, and patient’s physical function assessment based on
the Modified Health Assessment Questionnaire (p < 0.001). Adverse events were more frequent in the
tacrolimus group than the mizoribine group (65.0 vs 59.4%); however, there were no statistically sig-
nificant differences between treatment groups.
Conclusion. Tacrolimus improves RA symptoms to a significantly greater extent than mizoribine in
patients with RA inadequately controlled with at least one prior DMARD. Tacrolimus has the potential
to be a useful and highly effective treatment for RA. (First Release Sept 1 2006; J Rheumatol
2006;33:2153–61)
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Rheumatoid arthritis (RA) is a chronic progressive inflamma-
tory disease characterized by swelling and pain in multiple
joints. The primary lesion of RA is considered to be in syn-
ovial membranes. Synovial cell proliferation gradually affects
surrounding cartilage and bone, frequently leading to the dis-
ruption or deformation of joints. Physical symptoms other
than those of joints include subcutaneous nodules or vascular
inflammation, skin ulcers, and pulmonary fibrosis. RA is
therefore considered not a joint disease but a systemic disease.
Immune abnormalities underlie the pathology of RA, and the
correction of these abnormalities is currently considered opti-
mal therapy for RA.

Tacrolimus is a compound produced by Streptomyces
tsukubaensis. The efficacy of this immunosuppressant has
been consistently demonstrated in the field of transplantation
involving the liver, kidney, heart, lung, and pancreas1–6. The
clinical usefulness of tacrolimus has also been confirmed in
atopic dermatitis (an allergic disease)7,8 and intractable gener-
alized myasthenia gravis (an autoimmune disease)9,10.

Tacrolimus exerts its immunosuppressive effects primarily
by interfering with the activation of T cells. Tacrolimus
inhibits intranuclear translocation of nuclear factors in the
cytoplasm of activated T cells by binding to tacrolimus-bind-
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ing proteins in T lymphocytes and inhibiting calcineurin.
Tacrolimus also suppresses the production of cytokines such
as interleukin 2 (IL-2), IL-3, IL-4, interferon-γ, and tumor
necrosis factor-α, resulting in immunosuppressive effects11,12.

The usefulness of tacrolimus for RA has been demonstrat-
ed in double-blind, placebo-controlled, parallel-group stud-
ies13–15, but has not yet been reported in controlled studies
compared with active drug.

Mizoribine, an imidazole nucleoside, was first isolated
from a soil fungus in 1974, and has proved to have beneficial
effects in both clinical and experimental transplantation.
Mizoribine blocks the proliferation of T cells to a variety of
stimuli16. Mizoribine has been shown to have beneficial
effects in the treatment of RA in several open trials and a
placebo-controlled clinical trial17. Mizoribine has been avail-
able for 8 years and is indicated for the treatment of RA in
patients with an insufficient response to at least one disease
modifying antirheumatic drug (DMARD).

We carried out a double-blind, parallel-group, controlled
study that compared tacrolimus with mizoribine in Japanese
patients with RA with an insufficient response to at least one
DMARD.

MATERIALS AND METHODS
Patients. Patients were enrolled in the study if they met all the following eli-
gibility criteria: (1) RA of at least 6 months’ duration and diagnosed accord-
ing to the American College of Rheumatology (ACR) 1987 criteria18; (2) age
≥ 20 and < 65 years; (3) insufficient response to at least 6 months’ treatment
with auranofin (3–6 mg/day) and sodium aurothiomalate (10–25 mg/day for
2-4 weeks initially, then 25–50 mg/day) or at least 3 months with one or more
DMARD approved in Japan other than the aforementioned agents,
tacrolimus, or mizoribine; and (4) currently active RA.

Active RA was defined as (1) erythrocyte sedimentation rate (ESR) ≥ 30
mm/h or C-reactive protein (CRP) concentration ≥ 1.0 mg/dl; (2) at least 6 of
48 joints assessed as tender or painful with pressure; and (3) at least 3 of 46
joints assessed as swollen. The “other DMARD” used in this study included
methotrexate (MTX; n = 102, < 8 mg/wk), salazosulfapyridine (n = 64, < 1
g/day), bucillamine (n = 31, < 300 mg/day), actarit (n = 21, < 300 mg/day),
D-penicillamine (n = 11, 600 mg/day), and lobenzarit disodium (n = 3, 240
mg/day). All drugs were used in the approved dose in Japan. Patients were
excluded from the study if they met any of the following criteria: (1) previous
treatment with tacrolimus or mizoribine; (2) surgery within 1 year prior to the
initiation of the study and residual effects from surgery; (3) oral steroid use >
7.5 mg/day (prednisolone equivalent) within 4 weeks prior to initiation of the
study; (4) use of ≥ 2 nonsteroidal antiinflammatories within 4 weeks prior to
initiation of the study; (5) severely reduced bone marrow function (white
blood cell count ≤ 3000/mm3) or impaired renal function; (6) history of pan-
creatitis, impaired glucose tolerance, heart disease, serious hepatic disorders
(alanine aminotransferase/aspartate aminotransferase levels ≥ 2.5 times the
upper limit of normal), hyperkalemia, malignant tumors, severe infectious
disease, marked drug hypersensitivity; and (7) women who were pregnant,
lactating, or not using adequate birth control.

The institutional review board at each study site approved the protocol,
and all patients gave written informed consent prior to enrollment. Patient eli-
gibility was confirmed during a 1 to 4 week screening period during which
patient characteristics (age, medical history, complications, etc.), concomitant
therapy, disease activity, vital signs (blood pressure, body weight), hematol-
ogy, blood chemistry, urinalysis, immunology, and electrocardiography were
assessed. The randomization was stratified by either insufficient response to
MTX or DMARD other than MTX. Eligible patients were randomized to

receive either tacrolimus or mizoribine within each stratum. All patients and
investigators were blinded to study medication until completion of the study.
Patients in the tacrolimus group received three 1 mg capsules once daily after
dinner and a mizoribine placebo tablet 3 times daily after each meal, and
patients in the mizoribine group received a 50 mg tablet 3 times daily after
each meal and 3 tacrolimus placebo capsules once daily after dinner for 28
weeks.
Criteria for evaluation. The primary efficacy endpoint was the ACR20
response. Secondary efficacy endpoints included ACR20 success (ACR20
responders who completed 28 weeks of treatment), ACR50 and ACR70
response, and change from baseline in individual ACR component scores
[tender joint counts, swollen joint counts, CRP levels, ESR, patient’s assess-
ment of pain on a 100 mm visual analog scale (VAS), patient and physician
global assessment of disease activity (100 mm VAS), and patient’s physical
function assessment based on the Modified Health Assessment Questionnaire
(MHAQ)19] at the end of treatment. ACR20, ACR50, and ACR70 response
are defined as a patient who achieves a 20%, 50%, or 70% improvement from
baseline in tender and swollen joint counts and in at least 3 of the 5 other ACR
components20. Clinical improvement was also assessed using the Disease
Activity Score in 28 joints (DAS28), a validated composite index with meas-
ures of joint tenderness and swelling, global disease activity, and serum lev-
els of acute-phase reactants21-23. Safety was evaluated in terms of adverse
events, including concomitant symptoms, abnormal changes in laboratory
values, and infection.

Discontinuation criteria were as follows: patient request; CRP < 1.0 mg/dl
and ESR 30 mm/h at baseline; concurrent administration of prohibited drugs;
experience of adverse reaction; constant elevated serum creatine (≥ 0.3 mg/dl
from baseline), fasting blood sugar ≥ 125 mg/dl or blood sugar ≥ 200 mg/dl;
HbA1c ≥ 6.5%; marked worsening of RA; or no response.
Statistical methods. All statistical tests were 2-sided with a type I error rate of
0.05. For efficacy analyses, intention to treat with last observation carried for-
ward was used. Cochran-Mantel-Haenszel test stratified by DMARD failure
status was used to compare the end of treatment difference between the
groups for ACR20 response rate, ACR20 success rate, ACR50 and ACR70
response rate, and the change from baseline in individual ACR component
scores. Confidence intervals (95%) of the treatment difference (tacrolimus-
mizoribine) were also calculated for those variables. Fisher’s exact test was
used to compare the incidence of adverse events between the treatment
groups.

RESULTS
Patient demographics and disposition. A total of 204 patients
were randomized to double-blind treatment with tacrolimus or
mizoribine. This consisted of 102 patients with insufficient
response to MTX (54 in the tacrolimus group, 48 in the
mizoribine group) and 102 patients with insufficient response
to DMARD other than MTX (49 in the tacrolimus group, 53
in the mizoribine group). Thirty-nine tacrolimus patients and
68 mizoribine patients discontinued the study; the reasons for
discontinuation were “adverse events” in 22 (12 in the
tacrolimus group, 10 in the mizoribine group), “no
response/worsening” in 71 (19 in the tacrolimus group, 52 in the
mizoribine group), “adverse events” and “no response/worsen-
ing” in one patient (mizoribine group), and “other” in 13
patients (8 in the tacrolimus group, 5 in the mizoribine group;
Figure 1).

The efficacy analysis was based on the full analysis set,
which included all randomized patients who received at least
one dose of study medication and had ACR20 evaluation
(total 203 patients). The safety analysis set was defined as all
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randomized patients who received at least one dose of study
medication. Table 1 presents patient demographics, baseline
disease characteristics, and prior therapy in the full analysis
set.
Efficacy. The ACR20 response rate in the full analysis set was
significantly higher in the tacrolimus group (48.5%; 50/103
patients) compared with the mizoribine group (10.0%; 10/100
patients; p < 0.001). The 95% CI for the difference between
the groups was 28.1%–50.2%. In the subgroup analysis based
on response to DMARD, the ACR20 response rate was 40.7%
(22/54) in the tacrolimus group and 4.2% (2/48) in the
mizoribine group in patients with an insufficient response to
MTX, and 57.1% (28/49) in the tacrolimus group and 15.4%
(8/52) in the mizoribine group in patients with an insufficient
response to DMARD other than MTX (Figure 2A).

The ACR20 success rate (i.e., the proportion of patients
achieving ACR20 and completing 28 weeks of therapy) in the
full analysis set was significantly higher in the tacrolimus
group (43.7%; 45/103 patients) than in the mizoribine group
(8.0%; 8/100 patients; p < 0.001; Figure 2B). The 95% CI for

the difference between the groups was 25.3%–47.0%. In the
subgroup analysis based on response to DMARD, the ACR20
success rate was 37.0% (20/54) in the tacrolimus group and
4.2% (2/48) in the mizoribine group in patients with an insuf-
ficient response to MTX, and 51.0% (25/49) in the tacrolimus
group and 11.5% (6/52) in the mizoribine group in patients
with an insufficient response to DMARD other than MTX.

The ACR50 response rate in the full analysis set was also
significantly higher in the tacrolimus group (27.2%; 28/103
patients) compared with the mizoribine group (2.0%; 2/100
patients; p < 0.001; Figure 2C). The 95% CI for the difference
between the groups was 16.4%–34.4%. In the subgroup analy-
sis based on response to DMARD, the ACR50 response rate
was 22.2% (12/54) in the tacrolimus group and 2.1% (1/48) in
the mizoribine group in patients with an insufficient response
to MTX, and 32.7% (16/49) in the tacrolimus group and 1.9%
(1/52) in the mizoribine group in patients with an insufficient
response to DMARD other than MTX.

In addition, the ACR70 response rate in the full analysis set
was 11.7% (12/103 patients) in the tacrolimus group and 0%
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Figure 1. Disposition of patients in the trial. Completed: patients completing 28 weeks of treatment.
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(0/100 patients) in the mizoribine group. The 95% CI for the
difference between the groups was 5.6%–18.1%. In the sub-
group analysis based on response to DMARD, the ACR70
response rate was 7.4% (4/54) in the tacrolimus group in
patients with an insufficient response to MTX, and 16.3%
(8/49) in the tacrolimus group in patients with an insufficient
response to DMARD other than MTX.

The greater efficacy of the tacrolimus group over the
mizoribine group was highly significant for all individual
ACR component scores (p < 0.001; Table 2).

The DAS28 response rate in the full analysis set was sig-
nificantly higher in the tacrolimus group (60.8%; 62/102
patients) compared with the mizoribine group (25.5%; 25/98
patients; p < 0.0001). In the subgroup analysis based on
response to DMARD, the DAS28 response rate was 50.9%
(27/53) in the tacrolimus group and 14.9% (7/47) in the
mizoribine group in patients with an insufficient response to
MTX, and 71.4% (35/49) in the tacrolimus group and 35.3%
(18/51) in the mizoribine group in patients with an insufficient
response to DMARD other than MTX (Figure 2D).
Safety. The overall incidence of adverse events was numeri-
cally higher in the tacrolimus group (65.0%; 67/103 patients)
than in the mizoribine group (59.4%; 60/101 patients); how-
ever, the difference was not statistically significant (p =

0.471). The discontinuation rate due to adverse events was
similar between the groups, 11.7% (12/103) in the tacrolimus
group and 9.9% (10/101) in the mizoribine group.
Symptomatic adverse events. There were 88 symptomatic
adverse events in 49 patients (49/103; 47.6%) in the
tacrolimus group, and 48 adverse events in 35 patients
(35/101; 34.7%) in the mizoribine group. In the tacrolimus
group, gastrointestinal system disorders were the most fre-
quent, with 21 events reported, followed by 20 events classi-
fied as skin and limb disorders, and 10 events classified as
body as a whole, general disorders. In the mizoribine group,
the most frequent adverse events were skin and limb dis-
orders, with 18 events reported, followed by 11 cases of gas-
trointestinal system disorders and 5 events classified as
whole-body/general disorders (Table 3). The majority of
adverse events in both groups were transient.
Laboratory data. Abnormal changes in laboratory values
occurred in 24.3% of patients (25/103) in the tacrolimus group
and 21.8% of patients (22/101) in the mizoribine group. There
was no significant difference between the groups (p = 0.740).
Overall, the incidence of abnormal renal function tests was
higher in the tacrolimus group compared with the mizoribine
group. Abnormal tests included increased blood urea nitrogen
(8.7% in the tacrolimus group vs 2.0% in the mizoribine
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Table 1. Demographics and baseline characteristics of patients in the full analysis set (FAS).

Tacrolimus Group, Mizoribine Group,
n = 103 n = 100

Sex. no. female (%) 91 (88.3) 89 (89.0)
Age, yrs, mean ± SD 51.1 ± 8.8 52.5 ± 8.4
Weight, kg, mean ± SD 52.8 ± 7.8 53.2 ± 8.2
Steinbrocker stage (progression of RA)

I 8 (7.8) 6 (6.0)
II 29 (28.2) 21 (21.0)
III 32 (31.1) 25 (25.0)
IV 34 (33.0) 48 (48.0)

Steinbrocker class (functional status in RA)
1 14 (13.6) 15 (15.0)
2 73 (70.9) 63 (63.0)
3 15 (14.6) 22 (22.0)
4 1 (1.0) 0 (0.0)

Duration of RA, mo, mean ± SD 120.7 ± 98.7 126.8 ± 104.9
Anamnesis, no. (%) 54 (52.4) 63 (63.0)
Complications, no. (%) 59 (57.3) 65 (65.0)
Tender or painful joint count, mean ± SD 13.6 ± 7.2 12.4 ± 6.4
Swollen joint count, mean ± SD 10.2 ± 6.2 9.6 ± 5.3
ESR, mm/h, mean ± SD 62.8 ± 28.1 60.4 ± 25.8
CRP, mg/dl, mean ± SD 3.37 ± 3.05 3.54 ± 2.52
Treatment of RA 103 (100.0) 100 (100.0)

Immunosuppressants, no. (%) 96 (93.2) 90 (90.0)
Corticosteroids, no. (%) 84 (81.6) 78 (78.0)
NSAID, no. (%) 93 (90.3) 99 (99.0)
DMARD, no. (%) 3 (2.9) 2 (2.0)
Physiotherapy, no. (%) 3 (2.9) 3 (3.0)

CRP: C-reactive protein level; ESR: erythrocyte sedimentation rate; NSAID: nonsteroidal antiinflammatory
drug; DMARD: disease modifying antirheumatic drug.
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group), increased creatinine (1.9% vs 0%), increased uric acid
(1.9% vs 0.0%), and increased ß2-microglobulin (2.9% vs
3.0%). Two patients in the tacrolimus group experienced
increases in creatinine level; in a female patient, serum creati-
nine level increased from 0.8 mg/dl at baseline to 1.2 after 24
weeks. In a male patient serum creatinine level increased from
0.8 mg/dl at baseline to 1.3 after 12 weeks. Increased HbA1c
was 2.0% in the tacrolimus group and increased blood glucose
was 1.0% in the mizoribine group. Discontinuations due to
abnormal changes in laboratory values were similar between
the groups: 1.0% (1/103 patients) in the tacrolimus group and
1.0% (1/101 patients) in the mizoribine group (Table 3).
Except for the following patients, the abnormal changes in
laboratory values in the tacrolimus group resolved within the
period of observation after discontinuation of tacrolimus. One
patient with hepatic function abnormalities in the tacrolimus
group did not recover; AST and ALT were 60 and 71 at base-
line, 75 and 94 after 15 days, 94 and 100 after 22 days, and 73

and 100 after 64 days (47 days from discontinuation), respec-
tively. Similarly, a patient with renal function abnormalities in
the mizoribine group did not recover: ß2-microglobulin was
2.4 at baseline, 4.1 after 15 days, 4.0 after 85 days, and 2.8
after 183 days (98 days from discontinuation).
Infections. The incidence of infection was 17.5% (18/103
patients) in the tacrolimus group and 24.8% (25/101 patients)
in the mizoribine group, with no significant differences
between the groups (p = 0.232). These infections generally
resolved in both treatment groups upon treatment discontinu-
ation. Two cases with severe infection (urinary infection, cel-
lulitis) in the tacrolimus group and one case with severe infec-
tion (pericarditis) in the mizoribine group were hospitalized
and treated with intravenous antibiotics such as meropenem,
ceftriaxone, and clarithromycin, respectively.

DISCUSSION
This 28-week randomized, double-blind study compared the
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Figure 2. Percentage of patients in the full analysis set (n = 200) achieving ACR 20% and 50% improvement in prespecified criteria17 following 28 weeks of treat-
ment with tacrolimus or mizoribine. A. ACR20 response rate. B. ACR20 success rate. C. ACR50 response rate. D. DAS28 response rate. *p < 0.001, Cochran-
Mantel-Haenszel test stratified by DMARD failure status.
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efficacy and safety of tacrolimus 3 mg/day and mizoribine
150 mg/day in adult patients with RA with an insufficient
response to at least one DMARD. The ACR20 response rate
was significantly higher in the tacrolimus group compared
with the mizoribine group (p < 0.001). The ACR20 response
rate was higher in both the tacrolimus group and the mizorib-
ine group for the subgroup of patients with an insufficient
response to DMARD other than MTX.

In this study, 33% to 48% of enrolled patients had
Steinbrocker stage IV RA (Steinbrocker stage I being mild
and IV severe). One reason that a relatively higher percentage
of patients with advanced stages of RA took part in this study
might be the enrollment of patients with an insufficient
response to DMARD including MTX. However, the baseline
characteristics of the 2 groups of patients were similar, so the
reason for this result remains to be elucidated.

The ACR20 success rate and ACR50 and ACR70 response
rate were also significantly higher in the tacrolimus group
than in the mizoribine group (p < 0.001 for both). The combi-
nation of these results indicates the superior efficacy of
tacrolimus compared with mizoribine.

The standard dosage regimen of mizoribine approved by
the Ministry of Health, Labour and Welfare in Japan is 150
mg, i.e., oral administration of 50 mg mizoribine 3 times
daily, for adult patients with RA. Although up to 300 mg daily
mizoribine was allowed, efficacy rates of 150 mg and 300 mg
mizoribine were 21.1% and 25.5%, respectively (from the
mizoribine package insert). Thus, we decided to use the stan-
dard dose of mizoribine in our study.

The study included 54 patients in the tacrolimus group and
48 patients in the mizoribine group who had experienced an
insufficient response to MTX prior to enrollment. The highest
approved dose of MTX in Japan is 8 mg/week, whereas it is

15 mg/week or more in the US24. It may be possible that some
patients with insufficient response to MTX might have
responded with a higher dose of MTX and then would not be
considered DMARD failures. Since the clinical utilization of
DMARD such as MTX is considerably different between the
US and Japan, data in our study may not be immediately
adaptable to countries outside of Japan.

Progression of RA may lead to destruction of joints, result-
ing in markedly decreased quality of life as a result of
impaired joint function. Greater emphasis is being placed on
quality of life and patients’ physical function assessment (by
MHAQ) in the treatment of RA25. Our study showed signifi-
cantly greater improvements in MHAQ scores in the
tacrolimus group compared with the mizoribine group and
baseline scores. Tacrolimus improved all indicators according
to the ACR criteria; in particular, a vast improvement was
obtained in physical function assessed by patients via the
MHAQ. This is considered meaningful as many patients in the
study had insufficient response to MTX, which is regarded as
the first-line drug for treatment of RA26.

The number of patients discontinuing treatment due to “no
response/worsening” was greater in the mizoribine group (52
patients) than in the tacrolimus group (19 patients). Patients
discontinuing treatment due to “no response/worsening” with-
in 8 weeks in the mizoribine group totalled 19.2% (10/52) and
this incidence was about 2-fold greater than in the tacrolimus
group [10.8% (2/19)]. Although it is known that efficacy of
mizoribine is usually observed at 2 to 4 months, patients dis-
continuing treatment due to “no response/worsening” within
16 weeks in the mizoribine group totalled 80.8% (42/52),
while patients discontinuing treatment due to “no
response/worsening” within 16 weeks in the tacrolimus group
were 52.6% (10/19). CRP and ESR values, which are objec-
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Table 2. Change from baseline to end of treatment for individual ACR component scores of the full analysis set
of patients.

ACR Component Drug Baseline Change from Baseline p*

Tender/painful joint count Tacrolimus 13.6 ± 7.2 –5.5 ± 6.7 < 0.001
Mizoribine 12.4 ± 6.4 –1.0 ± 7.8

Swollen joint count Tacrolimus 10.2 ± 6.2 –4.0 ± 5.5 < 0.001
Mizoribine 9.6 ± 5.3 –1.0 ± 5.6

CRP, mg/dl Tacrolimus 3.37 ± 3.05 –1.13 ± 2.89 < 0.001
Mizoribine 3.54 ± 2.52 +1.29 ± 3.09

ESR, mm/h Tacrolimus 62.8 ± 28.1 –12.6 ± 24.2 < 0.001
Mizoribine 60.4 ± 25.8 +11.7 ± 23.5

Patient assessment of pain, mm Tacrolimus 58.2 ± 23.4 –21.0 ± 30.5 < 0.001
Mizoribine 61.2 ± 22.9 +6.4 ± 23.9

Patient global assessment of disease activity, mm Tacrolimus 59.7 ± 23.5 –20.9 ± 30.6 < 0.001
Mizoribine 66.3 ± 21.5 +1.8 ± 23.7

Physician global assessment of disease activity, mm Tacrolimus 59.8 ± 18.6 –22.0 ± 26.1 < 0.001
Mizoribine  61.5 ± 16.9 –0.3 ± 21.3

Modified HAQ Tacrolimus 0.85 ± 0.52 –0.21 ± 0.42 < 0.001
Mizoribine 0.85 ± 0.62 +0.17 ± 0.46

* Cochran-Mantel-Haenszel test stratified by DMARD failure status. ACR: American College of Rheumatology;
CRP: C-reactive protein level; ESR: erythrocyte sedimentation rate; HAQ: Health Assessment Questionnaire.
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tive indicators for RA activity, showed a lower response pro-
file in the mizoribine group compared with the tacrolimus
group. These results confirmed the efficacy results, showing a
difference in the beneficial effects of treatment in favor of
tacrolimus over mizoribine.

The dose of tacrolimus used in this study was 3 mg/day.
For this dose, our results are consistent with those from dose-
finding studies in Japan13 and the US15. In a randomized, dou-
ble-blind, placebo-controlled Japanese study13, 212 patients
were randomized to receive tacrolimus 3 mg/day, tacrolimus
1.5 mg/day, or placebo for 16 weeks. The resulting ACR20
response rates were 48.3%, 24.6%, and 14.1%, respectively,
with a significantly higher response rate in the 3 mg/day group

compared to the placebo group. Further, no statistically sig-
nificant differences were noted in the incidence of adverse
events among the 3 groups, and the optimal dosage was thus
concluded to be 3 mg/day13. Similarly, in a randomized, dou-
ble-blind, placebo-controlled US study15, 268 patients with
RA who were resistant to or intolerant of MTX were random-
ized to receive tacrolimus 5 mg/day, 3 mg/day, 1 mg/day, or
placebo for 24 weeks. ACR20 response rates were 50%,
34.4%, 29%, and 15.5%, respectively, with significantly high-
er rates in 5 mg and 3 mg tacrolimus groups compared with
the placebo group. However, 12.5%–15.6% of patients in the
5 mg and 3 mg tacrolimus groups discontinued the study
because of adverse events. Of these, 28.1% of patients receiv-
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Table 3. Incidence of adverse events in the 2 treatment groups (safety analysis set). Values in parentheses are
percentages, rounded and reported to the nearest whole number. More than 1 adverse event could be reported
by a single patient.

Adverse Events, No. of Patients (%) Tacrolimus Group, Mizoribine Group, p*
n = 103 n = 101

Any system 67 (65.0) 60 (59.4) 0.471
Symptomatic events 49 (47.6) 35 (34.7) 0.066

Nervous system 4 (3.9) 0.121
Headache 2 (1.9) 0.498

Psychiatric 1 (1.0) 1.0
Visual 4 (3.9) 1 (1.0) 0.369
Dysacusis 1 (1.0) 1.0
Respiratory 6 (5.8) 3 (3.0) 0.498

Pharynx pain 3 (2.9) 0.246
Cardiovascular 2 (1.9) 2 (2.0) 1.0

Heart beat 1 (1.0) 1.0
Vascular (extracardiac) 1 (1.0) 0.495

Gastrointestinal 21 (20.4) 11 (10.9) 0.083
Stomach ache 4 (3.9) 1 (1.0) 0.369
Stomach dysphoria 3 (2.9) 1 (1.0) 0.621
Diarrhea 3 (2.9) 2 (2.0) 1.000
Stomatitis 1 (1.0) 3 (3.0) 0.366

Urinary system 1 (1.0) 1.0
Musculoskeletal 2 (1.9) 3 (3.0) 0.681
Skin and appendages 20 (19.4) 18 (17.8) 0.858

Eczema 1 (1.0) 6 (5.9) 0.064
Itch 3 (2.9) 1 (1.0) 0.621

Body as a whole 10 (9.7) 5 (5.0) 0.284
Fever 3 (2.9) 2 (2.0) 1.000

Lesions 2 (1.9) 0.498
Laboratory data 25 (24.3) 22 (21.8) 0.740

Blood urea nitrogen increased 9 (8.7) 2 (2.0) 0.058
Creatinine 2 (1.9) 0.498
Uric acid 2 (1.9) 0.498
ß2-microglobulin increased 3 (2.9) 3 (3.0) 1.0
Urinary NAG increased 3 (2.9) 8 (7.9) 0.132
Hemoglobin decreased 1 (1.0) 5 (5.0) 0.117
Platelets increased 1 (1.0) 5 (5.0) 0.117
Triglycerides increased 4 (3.9) 0.121
Potassium increased 3 (2.9) 1 (1.0) 0.621
Magnesium decreased 3 (2.9) 0.246

Infections 18 (17.5) 25 (24.8) 0.232
Cold 8 (7.8) 15 (14.9) 0.125
Upper airway infection 2 (1.9) 3 (3.0) 0.681

* Fisher exact test. NAG: N-acetyl-3b-d-glucosaminidase.
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ing tacrolimus 5 mg/day, 18.8% receiving tacrolimus 
3 mg/day, 8.7% receiving tacrolimus 1 mg/day, and 7%
receiving placebo had an increase in creatinine levels of more
than 40% compared with baseline. Based on this result, the
optimal tacrolimus dosage was estimated to be 1 to 3 mg/day.

In our study, a tacrolimus concentration > 10 ng/ml of
blood was found in 10 patients and, of these, 7 experienced
adverse events [decreased magnesium, diarrhea, vomiting,
stomach ache, weight loss, urinary tract infection, elevated
HbA1c, herpes, epigastrium, headache, dizziness, skin erup-
tion, flu, LDH increase, elevation of urinary NAG (N-acetyl-
3b-d-glucosamine), elevated blood urea nitrogen, and retrob-
ulbar neuritis]. However, these adverse events were not seri-
ous. It has been reported that tacrolimus blood concentrations
correlate closely with adverse events in renal transplant recip-
ients. Higher incidences of adverse events were observed in
patients with higher tacrolimus blood concentrations (≥ 10
ng/ml)27. In our study, mean blood concentrations of
tacrolimus in patients with adverse events were not different
from those in patients without adverse events, so we did not
find a clear relationship between tacrolimus blood concentra-
tions and adverse events. This lack of correlation may be due
to the small sample size and/or lower tacrolimus blood con-
centrations, as in the previous study of tacrolimus in elderly
patients with RA28.

In our study, the incidence of adverse events was numeri-
cally higher in the tacrolimus group than in the mizoribine
group, but the difference was not statistically significant, and
the discontinuation rates due to adverse events were compara-
ble between the groups (tacrolimus 12 patients vs mizoribine
10 patients). One patient in the tacrolimus group did not
recover from abnormal hepatic function and one patient in
the mizoribine group did not recover from abnormal renal
function. The most common events were gastrointestinal sys-
tem disorders in the tacrolimus group and skin and limb dis-
orders in the mizoribine group. The incidence of abnormal
renal function, an adverse event specific to tacrolimus, was
relatively high in the tacrolimus group. Since most of the
adverse events in the tacrolimus group resolved, we suggest
that tacrolimus can be used safely in clinical settings, as long
as patients are closely monitored for clinical and laboratory
adverse events, and there is an appropriate action plan in
place if an event does develop. On the other hand, the inci-
dence of impaired glucose tolerance as a specific adverse
event associated with tacrolimus was not different between
the 2 groups.

These results indicate that tacrolimus may be useful and
highly valuable in treating patients with RA with insufficient
response to existing DMARD including MTX.
ACKNOWLEDGMENT
The members of the study group were as follows: Michio Minami, MD
(Hokkaido Orthopedics Memorial Hospital, Hokkaido); Koji Taneichi, MD
(Kitami Red Cross Hospital, Hokkaido); Makoto Nishinarita, MD (Taga
General Hospital, Ibaraki); Hitoaki Okazaki, MD (Jichi Medical School

Hospital, Tochigi); Kimihiro Suzuki, MD (National Defense Medical College
Hospital, Saitama); Tsutomu Takeuchi, MD (Saitama Medical School
Hospital, Saitama); Hirobumi Kondo, MD (Kitasato University School of
Medicine, Kanagawa); Takashi Murayama, MD (Kanazawa Rehabilitation
Hospital, Ishikawa); Yuichi Nishioka, MD (Yamanashi Prefectural Central
Hospital, Yamanashi); Eisuke Shono, MD (Fukuoka University Hospital,
Orthopedics, Fukuoka); Masakazu Kondo, MD (Kondo Clinic of
Rheumatology and Orthopaedy, Fukuoka); Hideyuki Ikematsu, MD (Haradoi
Hospital, Fukuoka); Shigeto Touma, MD (National Sagamihara Hospital,
Kanagawa); Tadao Mitsui, MD (Aichi Medical University Hospital, Aichi);
Takashi Kanno, MD (Ohta Nishinouchi Hospital, Fukushima); Takayuki
Sumita, MD (Tsukuba University Hospital, Ibaraki); Tsukasa Matsubara, MD,
PhD, Keisuke Hashimoto, MD, PhD (Matsubara Mayflower Hospital,
Hyogo); Osamu Saiki, MD (National Hospital Organization, Osaka Minami
Medical Center, Osaka); Seigaku Hayashi, MD (Fukui General Hospital,
Fukui); Hisaaki Miyahara, MD (National Hospital Organization Kyushu
Medical Center, Fukuoka); Katsuji Shimizu, MD (Gifu University School of
Medicine and Gifu University Hospital, Gifu); Shoji Kumaki, MD (Hokushin
General Hospital, Nagano); Kenji Maeda, MD (Ureshino Medical Center,
Saga); Michishi Tsukano, MD (Kumamoto Orthopedics Hospital,
Kumamoto); Fumihiko Imai, MD (Imai Medical Clinic, Saitama); Terufumi
Fukui, MD (Fukui Clinic, Tokyo); Shigeru Hosaka, MD (Hosaka Clinic,
Tokyo); Naoya Takashina, MD (Takashina Clinic, Tokyo); and Ryuji
Nagamine, MD (Kyushu Rosai Hospital, Fukuoka, Japan).

REFERENCES
1. Lerut J, Mathys J, Lemaire J, et al. Tacrolimus monotherapy in 100

adult liver transplant recipients: one year results of a prospective,
randomized, blinded, placebo-controlled, single centre study
[abstract]. Transplantation 2004;78:173.

2. Artz MA, Boots JMM, Ligtenberg G, et al. Conversion from
cyclosporine to tacrolimus improves quality-of-life indices, renal graft
function and cardiovascular risk profile. Am J Transplant 
2004;4:937-45.

3. Kramer BK, Krüger B, Mack M, et al. Steroid withdrawal or steroid
avoidance in renal transplant recipients: focus on tacrolimus-based
immunosuppressive regimens. Transplant Proc 2005;37:1789-91.

4. Pollock-Bar Ziv SM, Dipchand AI, McCrindle BW, Nalli N, West LJ.
Allograft rejection in pediatric heart transplant recipients on
tacrolimus or cyclosporine primary immunosuppression: results of a
randomized trial at mean 25 month follow-up. Am J Transplant 2004;4
Suppl 8:177.

5. Sarahrudi K, Estenne M, Corris P, et al. International experience with
conversion from cyclosporine to tacrolimus for acute and chronic lung
allograft rejection. J Thorac Cardiovasc Surg 2004;127:1126-32.

6. Bechstein WO. Efficacy and safety of tacrolimus compared with
cyclosporine microemulsion in primary simultaneous pancreas-kidney
transplantation: 1-year results of a large multicenter trial.
Transplantation 2004;77:1221-8.

7. Drake L, Prendergast M, Maher R, et al. The impact of tacrolimus
ointment on health-related quality of life of adult and pediatric
patients with atopic dermatitis. J Am Acad Dermatol 2001;44
Suppl:S65-72.

8. Moeremans K, Annemans L. Economic evaluation of tacrolimus 
ointment versus current care in moderate to severe atopic dermatitis.
Value Health 2003;6:784-5.

9. Konishi T, Yoshiyama Y, Takamori M, Yagi K, Mukai E, Saida T;
Japanese FK MG Study Group. Clinical study of FK506 in patients
with myasthenia gravis. Muscle Nerve 2003;28:570-4.

10. Kawaguchi T, Yoshiyama Y, Nemoto Y, Munakata S, Fukutake T,
Hattori T. Low-dose tacrolimus treatment in thymectomised and
steroid-dependent myasthenia gravis. Curr Med Res Opin
2004;20:1269-73.

11. Kino T, Hatanaka H, Miyata S, et al. FK-506, a novel 
immunosuppressant isolated from a Streptomyces. II.

2160 The Journal of Rheumatology 2006; 33:11

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


Immunosuppressive effect of FK-506 in vitro. J Antibiot
1987;40:1256-65.

12. Kelly PA, Burckart GJ, Venkataramanan R. Tacrolimus: a new
immunosuppressive agent. Am J Health Syst Pharm 1995;52:1569-71.

13. Kondo H, Abe T, Hashimoto H, et al. Efficacy and safety of
tacrolimus (FK) in treatment of rheumatoid arthritis: a randomized,
double blind, placebo controlled dose-finding study. J Rheumatol
2004;31:243-51.

14. Yocum DE, Furst DE, Kaine JL, et al. Efficacy and safety of
tacrolimus in patients with rheumatoid arthritis: a double-blind trial.
Arthritis Rheum 2003;48:3328-37.

15. Furst DE, Saag K, Fleischmann MR, et al. Efficacy of tacrolimus in
rheumatoid arthritis patients who have been treated unsuccessfully
with methotrexate: a six-month, double-blind, randomized, 
dose-ranging study. Arthritis Rheum 2002;46:2020-8.

16. Ishikawa H. Mizoribine and mycophenolate mofetil. Curr Med Chem
1999;6:575-97.

17. Takei S. Mizoribine in the treatment of rheumatoid arthritis and 
juvenile idiopathic arthritis. Pediatr Int 2002;44:205-9.

18. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

19. Pincus T, Summey JA, Sopaci SA, Wallston KA, Hummon NP.
Assessment of patient satisfaction in activities of daily living using a
modified Stanford Health Assessment Questionnaire. Arthritis Rheum
1983;26:1346-53.

20. Felson DT, Anderson JJ, Boers M, et al. The American College of
Rheumatology preliminary definition of improvement in rheumatoid
arthritis. Arthritis Rheum 1995;38:727-35.

21. Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, van de
Putte LB, van Riel PL. Modified disease activity scores that include
twenty-eight-joint counts: development and validation in a prospective
longitudinal study of patients with rheumatoid arthritis. Arthritis
Rheum 1995;38:44-8.

22. van Gestel AM, Haagsma CJ, van Riel PL. Validation of rheumatoid
arthritis improvement criteria that include simplified joint counts.
Arthritis Rheum 1998;41:1845-50.

23. Prevoo ML, van Gestel AM, van’t Hof MA, van Rijswijk MH, van de
Putte LB, van Riel PL. Remission in a prospective study of patients
with rheumatoid arthritis: American Rheumatism Association 
preliminary remission criteria in relation to the disease activity score.
Br J Rheumatol 1996;35:1101-5.

24. Methotrexate prescribing information. Cranbury, NJ, USA: Stada
Pharmaceuticals, Inc. Revised 10/2003 Rhumatrex®.

25. Dadoniene J, Uhlig T, Stropuviene S, Venalis A, Boonen A, Kvien TK.
Disease activity and health status in rheumatoid arthritis: a 
case-control comparison between Norway and Lithuania. Ann Rheum
Dis 2003;62:231-5.

26. Wilke WS. Should methotrexate be a first-line treatment for 
rheumatoid arthritis? Cleve Clin J Med 1999;66:207-8.

27. Bottiger Y, Brattström C, Tyden G, Sawe J, Groth CG. Tacrolimus
whole blood concentrations correlate closely to side-effects in renal
transplant recipients. Br J Clin Pharmacol 1999;48:445–8.

28. Kawai S, Yamamoto K. Treatment of rheumatoid arthritis in elderly
patients. Rheumatology Oxford 2006;45:441-4.

2161Kawai, et al: Tacrolimus vs mizoribine in RA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

