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Background/Aims: To determine the efficacy and safety of low-dose tacrolimus
in Korean rheumatoid arthritis (RA) subjects with an inadequate response to
methotrexate (MTX).

Methods: This was a multicenter, open-label study conducted at five Korean
sites. Fifty-six patients with active RA, despite treatment for = 1 month with a
stable, maximally tolerated dosage of oral M'TX (median dosage, 15 mg/wk), were
enrolled and received 1.5 mg/day of tacrolimus as a single oral dose once per day
for 16 weeks while continuing to receive MTX. All other disease-modifying an-
ti-theumatic drugs were discontinued, whereas stable dosages of nonsteroidal
anti-inflammatory drugs and oral corticosteroids (< 10 mg/day of prednisone or
an equivalent corticosteroid) were allowed. The primary clinical response criteri-
on was the American College of Rheumatology’s definition of 20% improvement
(ACR20) at the end of treatment.

Results: The ACR20 response rate was 42.9% (24 of 56 patients) in patients who
had received tacrolimus at least once. The overall ACR;0 and ACRyo respons-
es at the end of treatment for all patients were 30.4% and 10.7%, respectively.
Throughout the treatment period, 37 patients experienced 71 adverse events (AEs)
in total, and four patients left the study because of AEs. In addition, 15 patients in
total experienced treatment-related AEs. Throughout the treatment period, two
patients were reported to experience two serious AEs, and one patient left the
study because of a serious AE.

Conclusions: In patients whose active RA persists despite treatment with MTX,
low-dose tacrolimus in combination with MTX appears to be safe and well toler-
ated, and provides clinical benefit.
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INTRODUCTION

common form of chronic inflammato-
ry arthritis, and often results in joint

Rheumatoid arthritis (RA) is a chron-
ic inflammatory disease of unknown
etiology characterized by symmetric,
peripheral polyarthritis. It is the most
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damage and physical disability. The
cause of RA is unknown, and the prog-
nosis is guarded. However, advances
in understanding its pathogenesis have
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fostered the development of new therapeutics, resulting
in improved outcomes. The current treatment strate-
gy, which reflects this progress, is to initiate aggressive
therapy immediately after diagnosis and to escalate this
therapy, based on an assessment of disease activity, in
pursuit of clinical remission.

The safety profile of methotrexate (MTX) has made
earlier treatment possible, and most clinicians now pre-
scribe MTX for RA patients. However, strong evidence
regarding the appropriate treatment for patients who
show an inadequate response to MTX is lacking [1-3].

Tacrolimus is a potent macrolide calcineurin inhibi-
tor produced by the bacterium Streptomyces tsukubaensis.
Through its inhibition of calcineurin activity, it is capa-
ble of down-regulating the synthesis of various inflam-
matory cytokines, including tumor necrosis factor-a,
interleukin-13 and -6, and interferon-c, by activated
T-cells by binding to the cytoplasmic FK binding pro-
tein [4]. T-cell involvement has been reported as a mech-
anism of RA pathogenesis [5]. Hence, considering that
tacrolimus can inhibit the release of inflammatory cy-
tokines involved in RA development by blocking T-cell
activation, it has been developed as an anti-RA drug and
was approved for sale in Europe and the United States in
April 2005 after a series of clinical studies.

In Korea, this drug has recently been indicated as
“treatment for some cases of RA where the existing
drugs show no effect,” and the efficacy of high-dose tac-
rolimus has been reported in various academic clinical
studies [6-9]. However, there are currently few studies
examining the effects of low-dose tacrolimus in these
patients, and thus, based on these previous clinical stud-
ies, this study aimed to assess the efficacy of low-dose
tacrolimus (1.5 mg) in Korean RA patients with an inad-
equate response to MTX.

METHODS

Patients

Fifty-six patients aged between 18 and 75 years who met
the American College of Rheumatology (ACR) 1987 re-
vised criteria for RA [10], whose disease persisted for =
6 months, and who had active RA (= 5 tender/painful
joints and = 3 swollen joints) at baseline were enrolled at
five Korean centers for this 4-month, open-label study.
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Patients who had been receiving oral MTX (125 to 20
mg/wk) at a stable dosage for = 1 month prior to study
entry were considered eligible, and were continued on
the same dosage of MTX throughout the study. All oth-
er disease-modifying anti-rheumatic drugs (DMARDs)
were discontinued = 8 weeks prior to study entry. Pa-
tients were allowed to receive stable dosages of nonste-
roidal anti-inflammatory drugs and oral corticosteroids
(= 10 mg/day of prednisone or an equivalent corticoste-
roid) from 4 weeks prior to study entry. Intra- and/or
periarticular steroid injections were allowed during the
study period, but the injected joint was excluded from
subsequent efficacy assessments. Exclusion criteria were
pregnancy or lactation, liver disease (defined as levels of
aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, or total bilirubin > 2 times the up-
per limit of normal), serum creatinine (Cr)levels outside
the normal range for the patient’s age and sex, hemoglo-
bin concentration < 9.0 mg/dL, white blood cell count
< 3,000/mm3, and platelet count < 100,000/mm3. The
Institutional Review Board at each study site approved
the protocol, and all patients provided written informed
consent prior to any study-related procedures, which
were performed in accordance with the principles of the
Declaration of Helsinki.

Treatment

Patients were treated with 1.5 mg of tacrolimus (1- and
0.5-mg capsules), administered orally once daily, in ad-
dition to each patient’s current prescribed oral MTX
dosage (highest tolerated MTX dosage < 20 mg/wk). The
MTX dosage was lowered only if the patient experienced
an adverse event (AE) that may have been related to MTX
treatment. All patients received stable folate supplemen-
tation (1 mg/day).

Assessment

All patients who received at least one dose of the study
drug were included in the safety and efficacy analyses.
Clinical and laboratory assessments were performed
at baseline, week 2, and months 1 to 4. Efficacy was as-
sessed at o, 4, 8, and 16 weeks using the ACR definitions
of improvement; ACR20, ACR50, and ACRyo responses
were defined as = 20%, = 50%, and = 70% improvement,
respectively, in the tender or painful joint and swollen
joint counts [11].
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The primary efficacy endpoint was the ACR20 re-
sponse at the end of treatment. Secondary endpoints
were the ACRso and ACRyo responses, the acute-phase
reactant (erythrocyte sedimentation rate [ESR] by the
Westergren method or C-reactive protein [CRP] level),
disease activity score (DAS) 28-ESR score, patient assess-
ment of pain on a 100-mm visual analog scale (VAS),
and patient assessment of physical function (based on
the modified Korean Health Assessment Questionnaire
[KHAQ)]) at o, 4, 8, and 16 weeks after initiating the tacro-
limus combination therapy.

Safety was evaluated by physical examinations, mon-
itoring of vital signs and treatment-emergent AEs, and
routine clinical laboratory testing (with emphasis on pa-
rameters that had previously shown elevations among
transplantation patients who were treated with tacroli-
mus, i.e., serum Cr, blood urea nitrogen, glucose, and he-
moglobin Aic). Patients with ongoing treatment-emer-
gent AEs at the end of treatment were monitored until
the event resolved or stabilized. Serum Cr levels were
measured at o, 4, 8, and 16 weeks and/or at the end of
treatment. Patients who had an increase in the serum Cr
level of = 40% from baseline or = 30% from the previous
visit, which was considered clinically significant, had
the test repeated 1 week later. If the Cr level remained
elevated, treatment with tacrolimus was withheld. If
the elevation persisted, the patient was withdrawn from
the study. If; in the investigator’s opinion, the serum Cr
level decreased to a sufficient level after tacrolimus was
withheld, then the treatment could be reinstated within
2 weeks, and the patient was allowed to remain in the
study. The Cr levels were not routinely monitored after
the end of the study. A serious adverse event (SAE) was
defined as an AE that resulted in any of the following
outcomes: death, life-threatening AE, persistent or sig-
nificant disability or incapacity, in-patient abnormality
or birth defect, or an important medical event.

Statistical analyses

Safety and efficacy analyses were performed on the full
analysis set, consisting of all patients who received at
least one dose of the study drug. The 95% confidence
intervals (CIs) were calculated for the ACR response
rates at the end of treatment, assuming a normal ap-
proximation to the binomial parameter. For continu-
ous variables such as DAS28-ESR, ESR, CRP, and pain
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VAS, the mean value and standard deviation at each time
point along with the 95% CIs were calculated. To eval-
uate the presence of a statistically significant difference
from baseline at each time point, the paired t test was
performed. A p value less than o.05 was considered to
indicate statistical significance.

RESULTS

Demographics, baseline characteristics, and dispo-
sition

Of the 56 patients enrolled in the study, 43 (76.7%) com-
pleted 4 months of treatment. Patients’ demographic
and baseline characteristics are shown in Table 1. Mean
age of enrolled patients was 50.68 years. Thirteen pa-
tients were male and 43 were female. Their mean du-
ration of RA was 71.16 months (range, 6 to 359). The ma-
jority of patients were classified as having ACR classes 2
and 3 RA (23 patients [41.0%] and 20 [35.7%], respectively),
whereas 8 patients (14.2%) and 5 (8.9%) were classified
as having classes 1 and 4 RA, respectively. At baseline,
mean numbers of tender and swollen joints were 11.73
and 8.91, respectively.

Efficacy

The ACR20 response rate was 42.9% (24 of 56 patients)
in patients who had received tacrolimus at least once,
whereas it was 51.2% (22 of 43) in those who completed
the study as per protocol. The overall ACRso and ACRyo
responses at the end of treatment for all patients were
30.4% and 10.7%, respectively (Table 2).

Compared to baseline, the value of DAS28-ESR showed
significant differences at 4, 8, and 16 weeks, with mean
changes 0f—0.86, —1.04, and —1.42, respectively (Fig. 1A). At
baseline, the mean (+ standard deviation) ESR and CRP
were 55.95 + 29.29 and 2.27 * 2.92, respectively. Chang-
es in the ESR from baseline at 4, 8, and 16 weeks were
-8.04, —11.42, and —18.11, respectively, which exhibited
a stable decreasing trend. Similarly, mean changes in
the CRP levels also showed a decreasing pattern; mean
changes from baseline at 4, 8, and 16 weeks were —0.67,
-0.55, and —1.35, respectively (Fig. 1B). In terms of the
pain, the change in VAS from baseline showed signifi-
cant differences at 4, 8, and 16 weeks, with mean changes
of —13.09, 1834, and -25.66, respectively (Fig. 1C). The
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Figure 1. The Disease Activity Score for 28-joint counts (DAS28), erythrocyte sedimentation rate/C-reactive protein (ESR/CRP)
and pain visual analog scale (VAS). Serial changes in the (A) DAS28-ESR score, (B) ESR/CRP, and (C) pain VAS score. The data
are presented as the mean. *®p < 0.05, compared with baseline.

Table 1. Clinical baseline characteristics (n = 56)

Table 2. American College of Rheumatology response (n =
56)

Characteristic Value
Age, yr 50.68 £11.96 ACR response No. (%)
Female sex 43 (76.7) ACR20 24 (42.9)
Time since diagnosis, mon 71.16 £79.58 ACR50 17 (30.4)
Assessments ACRyo 6 (10.7)
Tender joint count 11.73+9.81 Percentage of patients achieving the American College of
Swollen joint count 8.91%6.63 Rheumatology (ACR) definition of 20%, 50%, and 70% im-
Patient pain on 100-mm VAS 63.03 % 2574 provement in 16 weeks of treatment.
DAS28 5.59 £1.05
KHAQ 16.79 £11.84
ESR, mm/hr 55.95 + 29.29 Safety
CRP, mg/dL 2274202 A summary of the AEs is provided in Table 3. Through-
ACR functional classification, class out the treatment period, 71 AEs in 3? patients were re-
L 8 (14.2) ported. The most ﬁ'eql.lent @s, cl:f1551ﬁed by organ sys-
tem class, were gastrointestinal disorders (17 patients),
: 2 (41.0) infection and infestations (15), and general disorders
3 *° g 5'7)) and administration site conditions (10). The most fre-
4 5199

Values are presented as the mean + SD or number (%).

VAS, visual analog scale; DAS28, the Disease Activity Score
for 28-joint counts; KHAQ, Korean version of Health Assess-
ment Questionnaire; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; ACR, American College of Rheu-
matology.

mean KHAQ at baseline was 16.79, and the mean change
from baseline at 16 weeks was —2.29, which was statisti-
cally significant.

782  www.kjim.org

quent AFEs, according to the preferred terms of the
Medical Dictionary for Regulatory Activities version 12
(MedDRA), were upper respiratory tract infections (11
patients), diarrhea (5), epigastric discomfort (5), pain (4),
face edema (3), and back pain (3).

In total, 15 patients experienced treatment-related
AFEs. The most frequent treatment-related AEs, classified
by organ system class, were gastrointestinal disorders
(9 patients), followed by general disorders and admin-
istration site conditions (6). When classified according
to the preferred terms, diarrhea, epigastric discomfort,
and face edema were the most frequent treatment-relat-
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Table 3. Summary of common treatment-emergent adverse events (n = 56)

System organ class preferred term

Possibly or probably related
to tacrolimus

Regardless of relationship
to tacrolimus

No. with any adverse event

Cardiac disorder

Eye disorder

Gastrointestinal disorder

General disorder and administration site condition
Infection and infestation

Investigation

Musculoskeletal and connective tissue disorder
Nervous system disorder

Respiratory, thoracic and mediastinal disorder

Skin and subcutaneous tissue disorder

37(66) 15 (27)
1(2) o
3(5) °

17 (30) 9(26)

10 (18) 6 (11)

15 (27) o
1(2) 1(2)
6(11) o
5(9) 2(4
2(4) 1(2)
1(2) o

Values are presented as number (%).

ed AEs, each reported by 3 patients.

Throughout the treatment period, two SAEs were re-
ported in two patients; however, neither of these was
treatment-related. The SAEs, as classified by system
organ class, were infection and infestations, and mus-
culoskeletal and connective tissue disorders. One of
the patients experienced arthralgia and exacerbation of
swelling, which resulted in hospitalization. This patient
discontinued the study protocol because of the SAE.
The other patient experienced acute bacterial enteritis,
which also resulted in hospitalization. No subjects died
because of an SAE.

During the study, four patients in total left the study
because of AEs, including the aforementioned patient
who left due to an SAE. Two of these patients experi-
enced treatment-related AEs, whereas the remaining
patient experienced a non-treatment-related AE. The
first patient experienced arthralgia and exacerbation
of swelling, which was reported as an SAE (MedDRA:
musculoskeletal and connective tissue disorders). The
patient discontinued the study protocol because of this
SAE, which was not treatment-related. The second pa-
tient developed gingival hypertrophy (MedDRA: gas-
trointestinal disorders with gingival hypertrophy). This
patient requested to be withdrawn from the study be-
cause of the AE. This AE was considered to be probably
related to the treatment. The third patient reported pain
and showed increased CRP and rheumatoid factor lev-

http://dx.doi.org/10.3904/kjim.2015.066

els, both of which were indications for withdrawal from
the study. Pain was considered to be possibly related to
the treatment, and the increased CRP and rheumatoid
factor levels were considered to be probably related to
the treatment. The last patient experienced myalgia and
myocardial ischemia and requested withdrawal from
the study because of the AE, which was determined not
to be treatment-related.

DISCUSSION

It has been previously reported that use of single-agent
tacrolimus or tacrolimus plus MTX is safe and effective
in the treatment of RA. However, previous studies inves-
tigating combination therapy of tacrolimus plus MTX
used a relatively high dose of tacrolimus (3 mg).

When efficacy in groups with 2 mg of tacrolimus was
compared with 3 mg of tacrolimus, the 2-mg group
showed an ACR20 response rate of 33%, lower than that
of the 3-mg group; however, for the ACRs0 and ACRyo
response rates, there was no difference between groups
[8]. Furthermore, in a study with RA patients aged = 65,
after checking improvement in RA symptoms by admin-
istering 1.5 mg of tacrolimus and increasing the dose
to 3 mg only when necessary, 53.5% of patients showed
improvements just with 1.5 mg without increasing the
dose to 3 mg [12]. Thus, we planned this study under the
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notion that if'a low dose (1.5 mg) can show sufficient effi-
cacy, it would be more favorable in terms of safety.

This multicenter, open-label study assessed the safe-
ty and efficacy of low-dose tacrolimus in combination
with oral MTX for the treatment of RA. Patients whose
disease remained active despite treatment with their
highest tolerated dosage of MTX were enrolled. After
the study period, half of the patients showed clinical
improvement because 1.5-mg/day tacrolimus was add-
ed to their prescribed stable MTX dosage regimen, as
measured by the ACR20 response rate. Overall, low-dose
tacrolimus appeared generally safe and well tolerated by
patients in this study.

Efficacy results for all patients in this open-label study
demonstrated that 42.9% of patients achieved an ACRz20
response rate, whereas 30.4% and 10.7% of patients
achieved ACR50 and ACRyo response rates, respective-
ly, with tacrolimus. The efficacy of tacrolimus use in RA
has been previously studied in four double-blind ran-
domized controlled trials (RCTSs) (Table 4) [6-9,12-14].
The highest ACR20 response rate was seen in two Jap-
anese studies [6,7], in which it approached 50%, where-
as a lower rate of approximately 30% was found in two
other studies conducted in the United States [8,9]. All
of these RCT's, which incorporated different tacrolimus
dose groups, demonstrated dose-dependent ACR20 re-
sponse rates, with statistically significant differences in
the ACR20 response rates observed among the 3-, 5-mg,
and placebo groups in the study by Furst et al. [9]. How-
ever, interestingly, no statically significant differences
were found between the placebo and low-dose groups
(1, 1.5, and 2 mg) in each study. Unlike these RCTS, the
present study was an open-label, single-arm study. The
ACR20 response rate of this study was 42.9%, which is
similar to those reported in the Japanese studies. How-
ever, the dosage used in this study was 1.5 mg/day for
all patients, which was relatively low when compared to
both the previous RCTs and open label studies. With
regard to the efficacy of this combination therapy, we
found that the mean DAS28-ESR score also was im-
proved. Furthermore, in contrast to cyclosporine, which
has not been reported to result in improvements in the
ESR [15,16], low-dose tacrolimus treatment resulted in
improvements in both the CRP level and ESR. Although
we cannot be sure what caused the ACR20 response rate
to be higher for the low dose, we can suppose that an
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RA duration of 7 years, which is shorter than 11 years in
the previous study, and racial difference, as it has never
been studied in Korea, may influence this result. Also, it
is considered that there are limitations to making a defi-
nite conclusion from the short duration of this study,
thus a longer study with a larger group size should be
conducted.

The incidence of AEs in this study was 66.1%, and the
rate of withdrawal due to AEs was 5.4%. This rate was
relatively low when compared to previous studies on the
topic (Table 5) [6-9,12-14]. Gastrointestinal tract-relat-
ed AEs were among the most commonly reported AEs
across all tacrolimus dose groups in the four RCT's and
in the open-label studies (Table 5), which is similar to the
findings of our study. Among tacrolimus users, a higher
incidence of AEs involving any system was reported in
RCTs from the United States (80% to 92.8%) compared
with RCT's from Japan (44.4% to 65%), and the open-la-
bel study by Yocum et al. [13] (59%, possibly or probably
related to tacrolimus). However, of note, a higher in-
cidence of AEs was also seen in the placebo groups in
RCTs in the United States, with an overall withdrawal
rate due to AEs within the RCT's ranging between 4%
and 16%.

Our study has several limitations. First, compared to
other open-label studies, our sample size was small and
the treatment duration was short. However, we wish to
determine the effectiveness of low-dose tacrolimus, and
the results of this study will help in planning a large-
scale, long-term study. Second, no radiographic data
were available, and hence, we could not assess structur-
al damage. Nevertheless, our study duration may have
been too short to identify radiographic changes, and so
we did not assess changes in structural damage. Finally,
the tacrolimus blood concentration was not measured.
Further study is therefore needed to determine the
blood concentration of tacrolimus with the administra-
tion of high-dose and low-dose tacrolimus.

According to the recommendations for treating RA pa-
tients proposed by the European League Against Rheu-
matism and other authorities [17,18], early initiation
of DMARDs with the aim of remission or low disease
activity while avoiding bone destruction is desirable.
Thus, biologics are usually recommended for patients
who have an inadequate response to MTX. However,
many physicians hesitate to prescribe biologics to pa-
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Table 4. Summary of randomized, double-blind, controlled trials of tacrolimus in rheumatoid arthritis and this study

Duration, No. of ACR20 response

Study Country wk e Dose group rate, % (mg)

Randomized controlled study

Kawai et al. (2000) [6] Japan 28 204 TAC 3 mg/day or mizoribine 150 mg 48:5(3)
Kondo et al. (2004) [7] Japan 16 212 TAC 1.5 or 3 mg/day or placebo 483(3)
24.6 (1.5)
Yocum et al. (2003) [8] USA 24 464 TAC 2 or 3 mg/day or placebo 32(3)
21.4(2)
Furst et al. (2002) [9] USA 24 268 TAC 1, 3, or 5 mg/day or placebo 29 (1)
34.4(3)
50 (5)
Open-label study
Kawai et al. (20006) [12] Japan 28 57 TAC 1.5 to 3 mg/day 46.3 (overall)
Yocum et al. (2004) [13] USA 52 896 TAC 2 or 3 mg/day 38.4 (overall)
Kremer et al. (2003) [14] USA 24 80 TAC 3 mg/day 52.5(3)
Present study Korea 16 56 TAC 1.5 mg/day 42.9 (1.5)

ACR, American College of Rheumatology; TAC, tacrolimus.

Table 5. Summary of tacrolimus-related adverse events in rheumatoid arthritis studies and this study

Study TACI:nngSC' Leading AEs I;;C;iesr’l; Xlt?:::i
Randomized controlled study
Kawai et al. (2000) [6] 3 GI system, skin and appendages, body as a whole 65 11.7
Kondo et al. (2004) [7] 1.50r3 Urogenital, GI system, liver and biliary 44.4 43
Yocum et al. (2003) [8] 20r3 GI system, respiratory symptom, nervous >80 13.4
Furst et al. (2002) [9] 1 GI system, body as a whole, nervous 92.8 10.1
3 90.6 18.8
5 89.1 12.5
Open-label study
Kawai et al. (2000) [12] 1.5-3 Skin and appendages, GI system, body as a whole 463 123
Yocum et al. (2004) [13] 20r3 GI system, nervous, respiratory 59 16.2
Kremer et al. (2003) [14] 3 GI system, respiratory, nervous 863 12.5
Present study 15 GI system, infection, musculoskeletal 66.1 5.4

AEs, adverse events; TAC, tacrolimus; GI, gastrointestinal.

tients who have comorbidities such as severe interstitial apy was found to result in significant improvements in
lung disease, nontuberculous mycobacterial infection, the relief and control of rheumatoid symptoms, as de-
chronic hepatitis B infection, and cachexia. In addition, termined by the ACR response rate and health condition
some patients refuse biologics owing to fear of injection of RA subjects with active RA who showed an inadequate
or for financial reasons. response to MTX. In such patients, 1.5 mg of tacrolimus
Reducing the disease activity of RA is the main strate- may be a good therapeutic option.
gy for obtaining a long-term favorable outcome. In this In conclusion, as RA is not a uniform disease, and since
study, the addition of tacrolimus (1.5 mg) to MTX ther- patients react differently to different drugs, a variety of
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treatment options for RA are needed. The present study
showed that the addition of tacrolimus (1.5 mg) to MTX
in RA patients who responded inadequately to MTX was
an effective and safe treatment option. Accordingly, we
believe that this combination therapy is a useful alter-
native RA treatment, and further large-scale, open-label
as well as blinded, placebo-controlled studies should be
performed to confirm our findings, both in Korean and
international populations.

KEY MESSAGE

1. The addition of tacrolimus (1.5 mg) to metho-
trexate (MTX) in rheumatoid arthritis patients
who responded inadequately to MTX was an
effective and safe treatment option.
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