Mod Rheumatol (2011) 21:458-468
DOI 10.1007/s10165-011-0425-8

ORIGINAL ARTICLE

Efficacy and safety of additional use of tacrolimus in patients
with early rheumatoid arthritis with inadequate response
to DMARDs—a multicenter, double-blind, parallel-group trial

Shinichi Kawai + Tsutomu Takeuchi -
Kazuhiko Yamamoto * Yoshiya Tanaka -
Nobuyuki Miyasaka

Received: 17 November 2010/ Accepted: 28 January 2011 /Published online: 24 February 2011

© Japan College of Rheumatology 2011

Abstract In this trial, we investigated the safety and
efficacy of tacrolimus used in addition to standard anti-
rheumatic drugs in patients with rheumatoid arthritis.
Tacrolimus 3 mg or placebo was orally administered once
daily for 52 weeks in a double-blind manner to patients
with early active rheumatoid arthritis receiving other dis-
ease-modifying antirheumatic drugs (DMARDs). A total of
123 patients were randomized to the tacrolimus group (61
patients) and to the placebo group (62 patients). In the
tacrolimus group, 70.5% achieved a clinical response
according to American College of Rheumatology (ACR)
20 criteria, whereas 45.2% in the placebo group did so
(P = 0.005). The tacrolimus group also showed significant
improvement in terms of the European League Against
Rheumatism (EULAR) response criteria of “good or
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moderate” versus the placebo group (86.9 vs. 56.5%,
respectively). Likewise, significantly more patients in the
tacrolimus group versus the placebo group achieved
remission of the Disease Activity Score in 28 joints
(DAS28) (45 vs. 21%). The mean changes in the Total
Sharp Score and erosion score were lower in the tacrolimus
group, but the differences between the two groups were not
significant. There was no significant difference between the
two groups in the incidence of adverse events. Based on
these results, we can conclude that the additional use of
tacrolimus in patients with early rheumatoid arthritis with
inadequate response to other DMARD treatments is useful,
and this could become one of the treatment options for
these rtheumatoid arthritis patients.

Keywords DMARD - Randomized controlled trial -
Rheumatoid arthritis - Tacrolimus

Introduction

Tacrolimus is an immunosuppressive agent with a macro-
lide structure; it is produced by the streptomycete Strep-
tomyces tsukubaensis and it specifically suppresses T-cell
activation by inhibiting calcineurin. In Japan, this agent is
approved for various indications in transplantations and
autoimmune diseases as an injectable drug, as encapsulated
formulations, and as a granulated powder. It is also
approved as an ointment for the indication of atopic der-
matitis, and as an ophthalmic solution for spring catarrh.
Rheumatoid arthritis is a disease characterized by
destructive synovial joint inflammation, which causes not
only pain but also interference with the activities of daily
living and decreased quality of life because of functional
impairment. The involvement of immunocompetent T cells
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has been reported as the pathogenic mechanism of rheu-
matoid arthritis [1] and the activation of autoreactive T
cells is one cause of inflammatory cytokine production.

Tacrolimus, by inhibiting T-cell activation, inhibits the
production of tumor necrosis factor alpha (TNF-o), inter-
leukin (IL)-1p, and IL-6, which are inflammatory cytokines
that participate in the pathogenesis of rheumatoid arthritis
[2—4]. The efficacy of tacrolimus against collagen arthritis
and adjuvant arthritis, which are animal models of rheu-
matoid arthritis, has also been ascertained [5, 6]. Further-
more, this efficacy has been confirmed in various clinical
trials in patients with rheumatoid arthritis; all the clinical
trials in Japanese patients with rheumatoid arthritis were
implemented as monotherapy trials [7, 8]. In North
America, trial results have also suggested that this drug
used additionally with methotrexate (MTX) is effective [9].
When a single disease-modifying antirheumatic drug
(DMARD) has been found to be insufficient in rheumatoid
arthritis patients, combined therapy with other antirheu-
matic drugs has been recommended [10]. Furthermore,
because joint destruction due to rheumatoid arthritis has
been reported to occur during the early stages of the disease
[11], treatments are required to start at an earlier stage than
has previously been reported.

We thus conducted a double-blind, placebo-controlled
trial to investigate the efficacy and safety of tacrolimus
used in addition to MTX, salazosulfapyridine, or bucill-
amine, which are the standard antirheumatic drugs used in
Japan. We also investigated the efficacy of tacrolimus
against the progression of joint destruction during a dou-
ble-blind trial in patients with early rheumatoid arthritis
with significant progression of bone destruction.

Patients and methods
Patients

Our inclusion criteria included patients aged between 20
and 65 years diagnosed with rheumatoid arthritis based on
the definition (1987) [12] of the American College of
Rheumatology (ACR), with a disease duration of at least
6 months but no more than 3 years, with at least 6 tender
joints and at least 3 swollen joints, a C-reactive protein
(CRP) level higher than 1.0 mg/dL, and an erythrocyte
sedimentation rate higher than 30 mm/h, despite continu-
ous administration of either MTX (6-8 mg/week), sala-
zosulfapyridine (1 g/day), or bucillamine (100-300 mg/
day). Our criteria also included patients with erosions that
had been observed in more than 1 joint by X-ray films of
hands and feet.

Our main exclusion criteria included patients who had
previously received tacrolimus; patients corresponding to

Steinbrocker’s functional classification class 4; patients
who had received biological products with an inhibitory
effect on the progression of joint destruction (such as inf-
liximab or etanercept) or leflunomide within 12 weeks
before administration of the study drug; patients whose
daily oral glucocorticoid dose exceeded 7.5 mg (prednis-
olone equivalent) within 4 weeks before administration of
the study drug; patients who used at least two nonsteroidal
anti-inflammatory drugs (NSAIDs) (oral or suppository)
concomitantly within 4 weeks before administration of the
study drug; and patients with the complications of renal
dysfunction, pancreatitis/glucose intolerance, hyperkale-
mia, advanced liver dysfunction, cardiac disorders (such as
ischemic cardiac disease, arrhythmia requiring treatment or
cardiac failure), severe respiratory disorders, severe infec-
tious disease, severe drug hypersensitivity disorders, or a
malignant tumor.

Study protocol

This trial was conducted in 32 facilities from April 2006 to
October 2008. All participating institutions received the
approval of their governing institutional board or equiva-
lent, and the trial was implemented in accordance with the
ethical principles of the Declaration of Helsinki and the
good clinical practice (GCP) guidelines, as well as relevant
laws or regulations promulgated by the Institutional
Review Boards for clinical trials. This trial is registered at
ClinicalTrials.gov (NCT00319917).

After obtaining written consent, we allocated rheuma-
toid arthritis patients who met the inclusion criteria and did
not fall under the exclusion criteria in a double-blind
manner, and administered tacrolimus 3 mg or placebo
orally once daily after dinner. The treatment period was
52 weeks.

As a general rule, we did not make any changes to the
allocated dosage of MTX, salazosulfapyridine, or bucill-
amine, or to the dosage of oral glucocorticoid and/or
NSAID (oral or suppository) during the treatment period.
However, oral glucocorticoid doses were allowed to be
changed if they were equal to or less than 7.5 mg pred-
nisolone equivalent daily. The average prednisolone
equivalent doses during the study period fluctuated
between 4.3 and 4.5 mg daily in the tacrolimus group and
between 4.9 and 5.7 mg daily in the placebo group. The
differences in the glucocorticoid doses between these 2
groups were not statistically significant. The new admin-
istration of antirheumatic drugs or oral glucocorticoid was
not allowed during the treatment period.

Clinical response was evaluated based on the ACR cri-
teria (ACR20, ACRS50, or ACR70) [13], Disease Activity
Score in 28 joints (DAS28), and the European League
Against Rheumatism (EULAR) response criteria [14, 15].
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Remission was defined as DAS28 <2.6, in accordance with
the EULAR definition [16]. Furthermore, the Modified
Health Assessment Questionnaire (MHAQ) Score [17] was
determined, from answers to the questionnaire given by the
patients.

Joint destruction was assessed based on the change from
baseline in the Total Sharp Score (0—448), erosion score,
and joint-space narrowing score, using the modified Sharp
van der Heijde scoring system [18, 19]. We obtained X-ray
films of the hands and feet before the first administration of
the study drug, then at week 28, and at week 52 (or at the
time of discontinuation). Interpretation of the radiographic
images was conducted by two people, who evaluated each
radiographic image independently, without knowing the
time the radiograph was taken or information relating to the
disease activity or the treatment group. These scores were
calculated based on the average of both readers’ results.

Safety was evaluated by determining the incidence of
adverse events (AEs) and laboratory abnormalities. We
also measured the concentration of tacrolimus in whole
blood, using the microparticle enzyme immunoassay
technique in a blind manner, within a period (mean £ SD)
of 12 + 4 h after every administration of the study drug.

Statistical analysis

Efficacy analyses were based on the full analysis set (FAS),
which consisted of all randomized subjects with rheuma-
toid arthritis who received at least one dose of the
randomized study drug and who had at least one set of
post-randomization data. Safety analyses were performed
for all patients who received at least one dose of the
randomized study drug.

All reported P values are two-sided; those less than 0.05
were considered to indicate statistical significance. ACR20,

ACRS50, and ACR70 responses, EULAR response criteria
(good or moderate response), and DAS28 remission (cut-
off point of DAS28 <2.6) were compared between the
treatment groups using logistic regression analyses, adjus-
ted for additional MTX use. For the radiographic end
points, changes from baseline in the modified Sharp Scores
(Total Sharp Score, erosion score, joint-space narrowing
score) over 52 weeks were compared. The radiographic
progression was extrapolated to impute 52-week values if
patients had discontinued treatment after 28 weeks of study
drug administration. Analyses of covariance were per-
formed with the additional use of MTX as the covariate.
For the other efficacy endpoints, means and proportions
were compared using analyses of covariance and logistic
regression analyses, respectively. Frequencies of adverse
events (AEs) were compared with the use of Fisher’s exact
test. The coding dictionary for this study was the medical
dictionary for regulatory activities (MedDRA), version
11.1. It was used to summarize AEs by system organ class
and preferred term.

Results
Patient characteristics

Figure 1 shows the patient disposition in this trial. Of the
157 patients who gave their consent, 123 patients (61 in the
tacrolimus group, 62 in the placebo group) were random-
ized. All of them received the study drug to be analyzed for
safety and efficacy. Ninety-five patients (56 in the tacrol-
imus group, 39 in the placebo group) completed the
treatment.

Twenty-eight patients discontinued the study drug (5 in
the tacrolimus group, 23 in the placebo group). Reasons for

for withdrawal, and numbers of

Fig. 1 Randomization, reasons
patients who completed the trial ‘

Enrolled
123

L 2
Placebo group ’

62

-
Tacrolimus group
61

Withdrawn: 5(8.2%)

Withdrawn: 23(37.1%)
Adverse event: 7

Unsatisfactory response: 16

Adverse event: 1
Patient’s request: 1

Investigator’s judgment: 1

-

Completed
39(63%)
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Table 1 Baseline characteristics of the patients
Placebo (n = 62) Tacrolimus (n = 61) P value
Gender [number, female (%)] 50 (80.6) 55 (90.2) 0.202%
Age (years) 50.0 £ 11.6 47.1 £9.9 0.144°
Weight (kg) 564 £+ 12.7 534 £ 8.1 0.130°
Disease duration (years) 1.7 £ 0.7 1.6 £ 0.7 0.276°
Steinbrocker stage [number (%)]
I 1(1.6) 0 (0.0) 0.792°
I 43 (69.4) 42 (68.9)
I 16 (25.8) 19 (31.1)
v 2(3.2) 0 (0.0)
Steinbrocker class [number (%)]
1 14 (22.6) 12 (19.7) 0.970°
2 45 (72.6) 48 (78.7)
3 3(4.8) 1 (1.6)
4 0 (0.0 0 (0.0
Concomitant therapy at baseline
Glucocorticoids [number (%)] 31 (50.0) 32 (52.5) 0.857%
Prednisolone equivalent dose (mg/day) 49 + 1.6 44 +19 0.328°
MTX [number (%)] 42 (67.7) 42 (68.9) 1.000*
Dose (mg/week) 73+ 1.0 72+ 1.0
SASP [number (%)] 12 (19.4) 14 (23.0) 0.664*
Dose (mg/day) 1.0 £0.0 1.0 £ 0.0
BUC [number (%)] 8 (12.9) 5(8.2) 0.559*
Dose (mg/day) 150 £+ 54 190 £ 55
Tender joint count 11.7 £ 49 133+ 75 0.152°
Swollen joint count 9.7 £5.1 10.9 £ 5.7 0.225°
CRP (mg/dL) 22 +21 1.8+ 1.6 0.186°
ESR (mm/h) 46.3 + 25.1 449 £+ 21.7 0.738°
MHAQ 0.5+ 04 0.5+ 0.5 0.473°
Total Sharp Score 17.2 £ 20.6 17.7 £ 18.7 0.889"
Erosion score 8.3 £ 10.1 10.1 £ 10.9 0.354°
Joint-space narrowing score 8.8 £ 129 7.6 £9.5 0.537°
Yearly progression 10.8 £ 12.2 12,7 £ 15.2 0.433°
Rheumatoid factor (IU/mL) 128.6 £ 140.2 105.3 £ 1374 0.353°

Plus-minus values are means + SD

MTX methotrexate, SASP salazosulfapyridine, BUC bucillamine, CRP C-reactive protein, ESR erythrocyte sedimentation rate, MHAQ modified

health assessment questionnaire
 Fisher’s exact test
" rtest

¢ Wilcoxon rank sum test

discontinuation in the tacrolimus group were “AE”,
“patient’s request”, and “investigator’s judgment” in one
patient each, and “unsatisfactory response” in two patients.
In the placebo group, seven patients discontinued the trial
due to “AEs” and 16 patients discontinued due to
“unsatisfactory response”.

Table 1 shows the patient characteristics. The age
range (mean £ SD) was 47.1 & 9.9 years in the tacroli-
mus group and 50.0 & 11.6 years in the placebo group;

disease duration (mean = SD) was 1.6 £ 0.7 years in the
tacrolimus group, and 1.7 & 0.7 years in the placebo
group. The Total Sharp Score according to the modified
Sharp van der Heijde scoring system was 17.7 & 18.7 in
the tacrolimus group, and 17.2 &£ 20.6 in the placebo
group; yearly progression was 12.7 & 15.2 in the
tacrolimus group, and 10.8 & 12.2 in the placebo group.
There were no major differences between the two
groups.
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Of the antirheumatic drugs used, MTX was the most
commonly used: in 42 patients (68.9%) in the tacrolimus
group, and 42 patients (67.7%) in the placebo group; sal-
azosulfapyridine was used by 14 patients (23.0%) in the
tacrolimus group, and 12 patients (19.4%) in the placebo
group; bucillamine was used by five patients (8.2%) in the
tacrolimus group and eight patients (12.9%) in the placebo
group. Oral glucocorticoids (prednisolone, <7.5 mg per
day) were used in 32 patients (52.5%) patients in the
tacrolimus group and 31 patients (50.0%) in the placebo

group.
Efficacy
Clinical responses

In the tacrolimus group, 70.5% (43/61 patients) achieved
an ACR20 response at the end of treatment, compared with
45.2% (28/62 patients) in the placebo group; with a sig-
nificantly higher response rate in the tacrolimus group
(P = 0.005). Although the ACR50 and ACR70 response
rates were higher in the tacrolimus group, the difference
between the two groups was not statistically significant
(P = 0.085, P = 0.166, Table 2).

According to the EULAR criteria, the incidence of a
“good or moderate” response at the end of treatment was
86.9% (53/61 patients) in the tacrolimus group, and 56.5%
(35/62 patients) in the placebo group, with the incidence
being significantly higher (P < 0.001) in the tacrolimus
group. Likewise, for a “good” response according to the
EULAR criteria, the rate was 55.7% (34/61 patients) in the
tacrolimus group, compared with 29.0% (18/62 patients) in
the placebo group. Furthermore, the incidence of a “good”
and that of a “good or moderate” response according to the
EULAR criteria was significantly higher in the tacrolimus
group (P < 0.001 to P = 0.009, Fig. 2) at any time after
8 weeks during the assessment period.

The percentage of patients achieving DAS28 remission
(DAS28 < 2.6) after study drug administration was 45.0%
(27/60 patients) in the tacrolimus group and 21.0% (13/62
patients) in the placebo group; there was a significantly greater
response in the tacrolimus group (P = 0.005, Table 3).

Regarding MHAQ Scores, improvement was observed
after the start of study drug administration in the tacrolimus
group. The improvement effect at the end of treatment was
significantly higher in the tacrolimus group than in the
placebo group (P < 0.05) (Fig. 3).

The efficacy parameters, including Total Sharp Score,
were compared in the patients with and without glucocor-
ticoid use in the tacrolimus group. There were no signifi-
cant differences between these 2 groups in any of the
parameters (data not shown). The efficacy parameters were
also compared in the patients in the tacrolimus group

@ Springer

Table 2 ACR20, ACR50, and ACR70 response rates at week 28,
week 52, and end of the treatment

Placebo Tacrolimus
n =62 n =61
n (%) n (%)
ACR20
Week 28 22 (44.0) 39 (67.2)*
Week 52 23 (59.0) 42 (75.0)
End of treatment 28 (45.2) 43 (70.5)**
ACRS50
Week 28 15 (30.0) 19 (32.8)
Week 52 16 (41.0) 29 (51.8)
End of treatment 20 (32.3) 29 (47.5)
ACR70
Week 28 7 (14.0) 10 (17.2)
Week 52 9 (23.1) 16 (28.6)
End of treatment 10 (16.1) 16 (26.2)

ACR American College of Rheumatology

* P < 0.05, ** P < 0.01 compared with placebo (logistic regression
analysis)

End of

treatment
p<0.001

Week 52
p<0.009

Week 28
p=0.001

Week 8
p<0.001

100%

80%

60% -

40%

20%

0%

Fig. 2 European League Against Rheumatism (EULAR) response
criteria. Open bars indicate “no response”, shaded bars indicate
“moderate response”, and solid bars indicate “good response”.
EULAR response criteria (good or moderate response) were com-
pared between treatment groups, using logistic regression analyses

receiving MTX, salazosulfapyridine, or bucillamine thera-
pies. We could not find any significant differences among
these 3 groups either (data not shown).

Joint destruction

The change from baseline in the Total Sharp Score (mean
value £ SD) at 52 weeks was 6.16 £ 10.84 in the tacrol-
imus group and 7.73 £ 12.23 in the placebo group.
Although the score was lower in the tacrolimus group, this
—1.44 difference between the two groups was not statisti-
cally significant (P = 0.485). The change from baseline in
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Table 3 The proportions of patients in DAS28 remission

Table 4 Radiographic analysis

Placebo Tacrolimus P value Placebo (n = 50) Tacrolimus (n = 58) P value

Week 28 7 (14.0) 16 (28.1) 0.084 Total Sharp Score
Week 52 11 (28.2) 27 (49.1) 0.041 Mean + SD 7.73 + 12.23 6.16 + 10.84 0.485
End of treatment 13 (21.0) 27 (45.0) 0.005 Median (IQR) 3.50 (0.75-8.00) 3.25 (0.50-7.00)
No. of patients (%) Erosion score
Disease Activity Score in 28 Joints (DAS28) remission, defined as Mean £ SD 427 £753 2.50 £ 4.56 0.090
DAS28 <2.6, was compared between treatment groups using logistic Median (IQR) 2.00 (0.50-5.00) 1.00 (—0.50 to 4.50)
regression analyses Joint-space narrowing score

Mean + SD 346 £ 5.33 3.67 £ 7.03 0.665

0.6
2 0.4
=)
o
S 0.2 1’
()
=
S 0.0
e
é *
5 -0.2
Y]
o
«©
S -0.4
-0.6

Placebo Tacrol imus

Fig. 3 Change in the Modified Health Assessment Questionnaire
(MHAQ) Score from baseline to end of treatment. *P < 0.05,
analysis of covariance (ANCOVA)

the erosion score (mean value + SD) at 52 weeks was
2.50 £ 4.56 in the tacrolimus group and 4.27 £ 7.53 in
the placebo group; although the score was lower in the
tacrolimus group, this —1.91 difference between the groups
was not significant (P = 0.090). The joint-space narrowing
scores were 3.67 £ 7.03 in the tacrolimus group and
3.46 + 5.33 in the placebo group; there was no significant
difference between these groups. (P = 0.665, Table 4).

Figure 4 shows the cumulative probability plots for the
modified Sharp Scores (Total Sharp Score, erosion score,
joint-space narrowing score). The proportion of patients
with change from baseline of the Total Sharp score of <0
over 52 weeks was 14/58 patients (24.1%) in the tacroli-
mus group, higher than the 7/50 patients (14.0%) in the
placebo group. Similarly, the proportion of patients with
change from baseline of the erosion score of <0 over
52 weeks was 21/58 patients (36.2%) in the tacrolimus
group, and 11/50 patients (22.0%) in the placebo group,
also being higher in the tacrolimus group.

Safety

The incidence of AEs was 86.9% (53/61 patients) in the
tacrolimus group, and 79.0% (49/62 patients) in the pla-
cebo group; the incidence of discontinuation of the study

Median (IQR) 1.75 (0.00-4.00)  0.50 (0.00-5.50)

Changes from baseline to end of treatment in radiographic outcomes.
P values for between-group differences in change were calculated by
analysis of covariance (ANCOVA)

IOR interquartile range

drug due to AEs was 3.3% (2/61 patients) in the tacrolimus
group and 11.3% (7/62 patients) in the placebo group.
There was no significant difference between the two groups
(P = 0.338 and P = 0.163, respectively). Furthermore, the
incidence of serious AEs (SAEs) was significantly higher
in the placebo group (P = 0.017, Table 5).

One SAE was observed in the tacrolimus group (benign
giant cell bone tumor), with nine SAEs (in nine patients)
observed in the placebo group (peritonitis, deep vein
thrombosis, thrombotic stroke, organizing pneumonia,
pyoderma gangrenosum, subarachnoid hemorrhage, herpes
zoster, retinal break, and colon cancer). All the events
(with the exception of organizing pneumonia and colon
cancer with unchanged outcome) that were observed in the
placebo group were resolved by appropriate treatment. The
benign giant cell bone tumor that occurred in a patient in
the tacrolimus group was identified as multiple microcystic
lesions in the left patella during an X-ray examination on
day 85 after the first administration of the study drug. In
this patient, administration of tacrolimus had been with-
drawn since day 57 due to the occurrence of other AEs, and
administration was discontinued after the tumor was
identified. We then conducted nidus curettage and bone
cement filling and the patient recovered on day 234. The
investigator determined that the possibility of a causal
relationship with the study drug could not be ruled out.

Regarding AEs which led to discontinuation of the trial
for other reasons, two events (vomiting and high blood
pressure) in four patients in the tacrolimus group and four
events (hypoglycemia, headache, glucose-positive urine,
tendon rupture) in two patients in the placebo group were
observed. All events observed in the tacrolimus group were
resolved by discontinuation of the study drug.

Regarding AEs in the tacrolimus group, the highest inci-
dence was observed in “infectious and parasitic diseases” ,
followed by “laboratory data” and “gastrointestinal
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Fig. 4 Cumulative probability plots of radiographic changes from treatment effects with a considerable difference in favor of the
baseline to week 52 for patients treated with tacrolimus or with tacrolimus group. a Total Sharp Score, b Erosion score, ¢ Joint-space
placebo. The space between the curves indicates the different narrowing score
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Table 5 Treatment-related adverse events (AEs)

Placebo (n = 62) Tacrolimus (n = 61)

All

Serious AEs

Infections and infestations

Vascular disorders

Respiratory, thoracic, and mediastinal disorders
Gastrointestinal disorders

Hepatobiliary disorders

Skin and subcutaneous tissue disorders
Musculoskeletal and connective tissue disorders

Renal and urinary disorders

Neoplasms: benign, malignant, and unspecified (including cysts and polyps)

Reproductive system and breast disorders
Congenital, familial, and genetic disorders

General disorders and administration-site conditions
Laboratory data

Injury, poisoning, and procedural complications
Blood and lymphatic system disorders

Metabolic and nutritional disorders

Psychiatric disorders

Nervous system disorders

Visual disorders

49 (79.0) 53 (86.9)
9 (14.5)" 1(1.6)
22 (35.5) 26 (42.6)
3 (4.8) 3 (4.9)
9 (14.5) 8 (13.1)
10 (16.1) 25 (41.0)""
1(1.6) 0 (0.0
10 (16.1) 14 (23.0)
3 (4.8) 4 (6.6)
5(8.1) 2 (3.3)
1(1.6) 1 (1.6)
0 (0.0) 3 (4.9)
0 (0.0) 1(1.6)
3 (4.8) 4 (6.6)
16 (25.8) 26 (42.6)
6 (9.7) 2(33)
1 (1.6) 5(8.2)
0 (0.0) 3 (4.9)
1(1.6) 0(0.0)
4 (6.5) 7 (11.5)
1 (1.6) 5(82)

Data are numbers of patients (%). * P < 0.05 compared with tacrolimus, ** P < 0.01 compared with placebo (Fisher’s exact test)

disorders”. Aside from these events, only “gastrointestinal
disorders” was observed at a significantly higher incidence
than in the placebo group (P = 0.003). In addition, naso-
pharyngitis, which occurred in 24.6% (15/61 patients), was
the AE with the highest incidence in the tacrolimus group. The
incidence of nasopharyngitis in the placebo group was 29.0%
(18/62 patients). Events observed in at least five patients were
diarrhea (seven patients), upper respiratory tract inflammation
(seven patients), oral inflammation (six patients), upper
abdominal pain (five patients), alanine and aminotransferase
elevations (five patients), and abnormality in liver function
tests (five patients)in the tacrolimus group , and upper respi-
ratory tract inflammation (six patients) in the placebo group.

Serum creatinine had increased by more than 40% after
study drug administration compared with the pre-dose
value in 12/61 patients (19.7%) in the tacrolimus group,
and in 1/62 patients (1.6%) in the placebo group
(P = 0.001). This number was higher in the tacrolimus
group, but no patient discontinued the trial for this reason.
Changes in blood pressure and laboratory data results did
not show any notable differences between the two groups.

Blood concentration of tacrolimus

The mean and median tacrolimus blood concentration
values in each evaluation period (weeks 2—52) were in the

range of 4.9-6.1 ng/mL and 4.5-5.5 ng/mL, respectively.
Though the blood concentration in one patient increased to
20 ng/mL or higher (day 253 after administration of the
study drug, 23.8 ng/mL), it was only a transient increase
and the value measured at any other time point was not
higher than 10 ng/mL. Moreover, in the patients with AEs
or side effects, there was no trend in which the blood
concentrations prior to the onset of the AEs or side effects,
or the mean blood concentration values during the treat-
ment period were higher than those in the patients without
AE:s or side effects.

Discussion

The efficacy of tacrolimus monotherapy in Japanese
patients with rheumatoid arthritis has been demonstrated
previously [7, 8]. On the contrary, in this double-blind
experiment, we showed for the first time sufficient efficacy
and safety of tacrolimus administered in addition to the
standard DMARDs used in Japan (MTX, salazosulfapyri-
dine, or bucillamine) in patients with early rheumatoid
arthritis with an inadequate response to previous treatment.

Regarding efficacy in terms of disease activity, 70.5% of
the tacrolimus group in the present study achieved an
ACR20 response, compared with 45.2% in the placebo
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group; the incidence of a “good or moderate” response
according to the EULAR criteria was 86.9% in the
tacrolimus group, and 56.5% in the placebo group at the
end of treatment; furthermore, 45.0% of the tacrolimus
group and 21.0% of the placebo group achieved DAS28
remission (DAS28 < 2.6). The patients in the tacrolimus
group exhibited significantly better results in comparison
with the placebo group. The difference between the group
with the additional use of tacrolimus and the placebo group
(DMARD only) was significant, and sufficient efficacy of
the additional use of tacrolimus is considered to be proved.

It has been shown previously that the use of biological
products in addition to MTX is more effective than MTX
monotherapy [20-22]. In the present study, the difference
in the DAS28 remission rate between the tacrolimus group
and the placebo group (the existing therapy group) was
found to be comparable to that in studies using biological
products. In recent years, combined treatment with anti-
rheumatic drugs has been recommended for rheumatoid
arthritis patients with a poor prognosis[10] and it has been
noted that the ultimate goal of antirheumatic treatment is to
approach clinical remission [23-25]. Considering these
facts, the result of the present trial is clinically significant.

The inhibition of joint destruction has been reported
mainly with biological products, including TNF inhibitors,
and also with other products such as oral antirheumatic
MTX, leflunomide, and salazosulfapyridine [20, 26-30].
During the present trial, there was no significant difference
in Total Sharp Score, erosion score, or joint-space nar-
rowing score for joint destruction between the tacrolimus
group and the placebo group. Regarding the change in
erosion score from before study drug administration,
the erosion score showed a lower value at 52 weeks in
the tacrolimus group than that in the placebo group
(P = 0.090), and this suggested the possibility that the
progress of erosion was delayed. Furthermore, 24.1% (14/
58 patients) of patients in the tacrolimus group showed
inhibition of joint destruction over 52 weeks (Total Sharp
Score <0). This was higher than the 14.0% (7/50 patients)
in the placebo group. In addition, 36.2% (21/58 patients) of
patients in the tacrolimus group and 22.0% (11/50 patients)
in the placebo group had a change in the erosion score of
<0 from baseline ; this percentage was also higher in the
tacrolimus group. The inhibitory effect of joint destruction
with the additional use of tacrolimus was unclear partly
because the number of the patients was small. However, it
appears that the use of tacrolimus with other DMARDs can
delay erosion, and further investigation is considered to be
necessary.

In the present study, the incidence of AEs was 86.9%
(53/61 patients) in the tacrolimus group and 79.0% (49/62
patients) in the placebo group; there was no significant
difference between the two groups. When classifying the
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AEs by organ, “infectious and parasitic diseases” occurred
with a high incidence in the tacrolimus group, followed by
“laboratory data” and “gastrointestinal disorders”. The
incidence of “gastrointestinal disorders” was significantly
higher in the tacrolimus group than that in the placebo
group (P = 0.003), but there were no patients who dis-
continued the trial because of AEs or severe events. This
result is not significantly different from those of tacrolimus
monotherapy trials [7, 8, 31, 32] in patients with rheuma-
toid arthritis, and in the present study, good tolerability of
tacrolimus was shown in patients with early rheumatoid
arthritis who also received other DMARDSs. Moreover, the
main side effects, such as infections, gastroenterological
disorders, abnormal variations in renal function test
valuesand abnormal variations in glucose tolerance test
valueshave been observed in previous studies [7, 8, 32].
However, in the present trial, no significant abnormal
variations in renal function test values or abnormal varia-
tions in glucose tolerance test values were observed. The
number of patients with an increased creatinine level after
study drug administration was larger in the tacrolimus
group, which is similar to results previously reported from
trials conducted elsewhere [33—-35]. However, there was no
serious increase in serum creatinine in patients who dis-
continued tacrolimus administration in our study.

Tacrolimus is a drug metabolized in the liver, yet
hepatic dysfunction has never been a major problem in
trials of tacrolimus monotherapy . However, hepatic dys-
function is known as a side effect of MTX [36, 37].
Because MTX was used together with tacrolimus in about
70% of patients in the present trial, we looked closely at the
occurrence of hepatic disorders due to the additional use of
tacrolimus. Regarding abnormal liver function test values
and variations in various liver function test values (alanine
aminotransferase [ALT] increased, aspartate aminotrans-
ferase [AST] increased, y-guanosine triphosphate [GTP]
increased, alkaline phosphatase [ALP] increased), 15
events occurred in 12 patients in the tacrolimus group, and
seven events occurred in 10 patients in the placebo group
among patients who concomitantly received MTX. The
tacrolimus group had a slightly higher incidence of events,
but most of the events were “slight”. These results suggest
a low possibility of perturbation of liver function even with
the additional use of tacrolimus, suggesting that, in this
respect, combined tacrolimus and MTX therapy is not
significantly different from tacrolimus monotherapy.
Therefore, it is concluded that the combination therapy can
be used without major problems.

The safety profile of the additional use of tacrolimus
with DMARDs (MTX, salazosulfapyridine, or bucillamine)
was almost the same as that of the tacrolimus monotherapy
which was reported previously [7, 8, 32, 33]. Based on the
results mentioned above, we can conclude that the
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additional use of tacrolimus in patients with early rheu-
matoid arthritis with an inadequate response to other
DMARD treatments is useful, and this could become one
of the treatment options for these rheumatoid arthritis
patients.
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