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Abstract We describe a typical case of a patient with
remitting seronegative symmetrical synovitis and pitting
edema (RS;PE) syndrome. He underwent a successful
clinical course monitored by serologic variables and
radiographic methods. Serum levels of interleukin-6 (IL-6),
endothelial growth factor (VEGF), matrix
metalloproteinase-3 and serum amyloid A were remarkably
elevated. Accumulation of inflammatory cells into the
multiple joints was found by gallium-67 scintigraphy.
Multiple and symmetrical tenosynovitis with hypervascu-
larity in the presence of subcutaneous edema of the hands
and feet were determined by magnetic resonance imaging
(MRI) and ultrasonography. These serologic and radio-
graphic abnormalities immediately improved after treat-
ment with a low-dose steroid. Our present case supports a
previous observation that synovial tissue is a major
inflammatory sowrce of RS;PE syndrome. IL-6 (and
VEGF), probably produced from the synovial tissues, are
considered to be essential factors in the development of
RS;PE syndrome.
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Abbreviations

Anti-CCP Ab  Anti-cyclic citrullinated peptide
antibodies

CRP C-reactive protein

ESR Erythrocyte sedimentation rate
Ga Gallium

MMP-3 Matrix metalloproteinase

MRI Magnetic resonance imaging

IL-6 Interleukin-6

PSL Prednisolone

RF Rheumatoid factor

RS;PE Remitting seronegative symmetrical
synovitis with pitting edema

SAA Serum amyloid A

TNF Tumor necrosis factor

USG Ultrasonography

VEGF Vascular endothelial growth factor

Introduction

Remitting seronegative symmetrical synovitis with pitting
edema (RS;PE) syndrome is a rare inflammatory disease,
first described by McCarty et al. in 1985 [1]. This syn-
drome is characterized by elderly patient status, acute
onset, symmetrical synovitis, pitting edema of the dorsum
of the hands and feet, seronegativity for rheumatoid factor
(RF), and an excellent prognosis with low-dose cortico-
steroid therapy [2]. We previously reported that the serum
level of vascular endothelial growth factor (VEGF) was
markedly elevated in patients with RS3PE syndrome [3].
As diagnostic imaging tools, magnetic resonance imaging
(MRI), ultrasonography (USG), and gallium (Ga)-67
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scintigraphy are useful for the detection of inflammatory
sites [4-8].

Based on this case report, we suggest that the synovial
tissues rich in humoral factors of IL-6, VEGF and matrix
metalloproteinase-3 (MMP-3) are principal in the devel-
opment of RS;PE syndrome.

Case report

A 59-year-old Japanese woman was admitted to our hos-
pital because of polyarthralgia, edema of the dorsum of the
bilateral hands and feet, and high fever on 23 August 2008.
A physical examination showed remarkable symmetrical
pitting edema of the dorsum of the hands and feet, and
tenderness and warmth of joints of the bilateral shoulders,
elbows, wrists and knees. Biochemical and serological data
are shown in Table 1. The blood count showed anemia. C-
reactive protein (CRP) and erythrocyte sedimentation rate
(ESR) were increased. RF and anti-cyclic citrullinated
peptide antibodies (anti-CCP Ab) were negative. The
serum levels of interleukin-6 (IL-6), VEGF, MMP-3 and
serum amyloid A (SAA) were markedly elevated. Bone
erosion was not found by plain radiography. Ga-67 scin-
tigraphy  (Fig. la) showed symmetrically multiple
increased uptakes in the joints of the extremities. Dynamic
MRI (Fig. 1b) detected synovitis of the wrists, metacar-
pophalangeal joints and proximal interphalangeal joints,
tenovitis of extensor and flexor tendons, and diffuse sub-
cutaneous edema in the bilateral hands. USG of the hands
and feet (Fig. 1c) also detected synovitis, tenosynovitis and
subcutaneous edema of the dorsum.

The patient was diagnosed with RS;PE syndrome ful-
filling the following criteria [2]: (1) bilateral pitting edema
of the hands, (2) sudden onset of polyarthritis, (3) age
>50 years, (4) seronegativity for RF. On 29 August 2009,
treatment with oral prednisolone 15 mg daily was initiated.
After the initiation of treatment, symptoms including fever,
edema of the extremities and arthralgia promptly
improved. Serologic variables were remarkably improved
beginning 2 weeks after treatment (Table 2). Tenosynovi-
tis and subcutaneous edema in MRI and USG had almost
disappeared at 1 month after the initiation of treatment,
although a slight elevation of MMP-3 and SAA continued.
We succeeded in tapering the dose of prednisolone without
any recurrence.

Discussion
We previously reported synovial hypervascularity and

subcutaneous edema in dynamic MRI with a remarkable
increment of serum VEGF in patients with RS3;PE

@ Springer

Table 1 Biochemical and serological evaluation

Laboratory Result Laboratory test Result
test
Urine glucose  Negative  Antinuclear 1:160
antibodies (homogenous
pattern)
Urine protein  Negative ~ Rheumatoid factor Negative
Urine Negative  Anti-CCP <4.5 U/ml
urobilinogen
White cell 7,200/ Serum MMP-3 1,274.4 ng/ml
count mm?
Hemoglobin 9.5 g/dl Serum amyloid A 2,190 ng/ml
Platelets 451,000/ Serum VEGF 1,560 pg/ml
mm?
Sodium 134 mEq/l  Soluble IL-2 861 U/ml
receptor
Potassium 3.6 mEq/l IgA 343 mg/dl
Chloride 95 mEg/l  IgG 1.310 mg/dl
BUN 7.0 mg/dl  IgM 168 mg/dl
Creatinine 0.4 mg/dl  C3 122 mg/dl
Uric acid 24 mg/dl  C4 28.5 mg/di
Total protein 6.5 g/dl CH50 40.1 U/ml
Albumin 2.7 g/dl Ferritin 606 ng/ml
Total 134 g/dl C-reactive protein 9.49 mg/di
cholesterol
Triglyceride 84 g/dl ESR 112.4 mm/h
AST 17 10/ Free thyroxine 1.56 ng/mi
ALT 27 U/ TSH 1.37 pU/ml
LDH 155 1U/1  HLA-B7 Positive
yGTP 13 U/
ALP 266 1U/1
Creatine kinase 17 TU/
Aldolase 6.2 TU/

syndrome [3]. After treatment, MRI abnormalities and high
serum VEGF rapidly decreased [3]. We had discussed that
both synovial hypervascularity and increment of vascular
permeability may be facilitated by VEGF [3]. We have
investigated this hypothesis more intensely in the present
case by serologic variables and radiographic methods.
These abnormalities have been reported previously [3-97;
however, this is the first report of a patient showing
recovery from all these parameters at once after treatment.
In vitro studies have revealed that IL-6 induces the pro-
duction of VEGF [10], MMP-3 [11] and SAA [12]. Since
IL-6 concentration in synovial fluid of RS;PE syndrome is
much higher than in serum [9], IL-6, probably produced
from the synovial tissues, may facilitate the pathologic
status of RS;PE syndrome via VEGF and MMP-3.

Ga-67 scintigraphy allows the detection of the distri-
bution of systemic synovitis, whereas MRI and USG are
useful to show the local inflammatory process precisely. As
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Fig. 1 Ga-67 scintigraphy (a) A
showed symmetrically multiple
increased uptakes in the joints
of the extremitics. Dynamic
MRI (b) detected synovitis of
the wrists, metacarpophalangeal
joints and proximal
interphalangeal joints, and
tenovitis of the extensor and
flexor tendons in the bilateral
hands. USG of the hands and

feet (¢) also detected synovitis i L
and subcutancous edema of the e f
dorsum ;’ H

Table 2 Serologic variables at various points

Laboratory test August 23 September 4  October 30
Serum VEGF (pg/ml) 2,190 476 510

Serum IL-6 (pg/ml) 125 5.0 2.5

Serum TNF-alpha (pg/ml) 1.4 1.5 1.1

Serum MMP-3 (ng/ml) 1274.4 164 143.8

SAA (pg/ml) 2,190 154 455

CRP (mg/d}) 9.49 1.02 0.04

ESR (mm/h) 112.4 71.2 25

Normal concentrations of serum MMP-3 and SAA are 17.3-59.7 ng/
ml and <8 pg/ml, respectively

expected, intense accumulation of synovial inflammatory
cells with hypervascularity in the presence of subcutaneous
edema and tenosynovitis was determined in our case,
which may have been driven by IL-6, VEGF, MMP-3 and
was clearly improved by traditional low-dose steroid.

The findings in our present case support a previous
observation that synovial tissues are a major inflammatory
source of RS;PE syndrome. Both serologic and radio-
graphic methods are quite beneficial in monitoring the
disease activity of RS;PE syndrome.
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Abstract We evaluated the short-term effects of the anti-
interleukin-6 (IL-6) receptor antibody tocilizumab (TCZ)
in six patients with rheumatoid arthritis (RA) who had been
refractory to tumor necrosis factor (TNF) antagonist ther-
apy. All subjects were considered to be secondary nonre-
sponders to TNF antagonists as decided by each physician.
The Disease Aclivity Score of 28 Joints (DAS28) appeared
to improve slowly by TCZ compared with TNF antagonist
therapy, but significantly decreased at 24 weeks. One
patient achieved DAS28 remission [DAS28—erythrocyte
sedimentation rate (ESR) <2.60, and 5 of 6 patients
showed good or moderate clinical response. The change in
the clinical Disease Activity Index was similar to that of
the DAS28-ESR. The serum level of matrix metallopro-
teinase-3 (MMP-3), a marker for synovial overgrowth, also
significantly decreased after the treatment (518 & 567 at
baseline, 141 4+ 90 ng/ml at 24 weeks, p < 0.05). One
patient discontinued TCZ because of tuberculous perito-
nitis. Although physicians need to watch for infectious
adverse events, these data indicate that TCZ is effective for
treating RA patients refractory to TNF antagonists.
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Abbreviations
ACR American College of Rheumatology

CRP C-reactive protein

CDAI Clinical Disease Activity Index
DAS28 Disease Activity Score of 28 Joints
DMARDs Disease-modifying antirheumatic drugs
ESR Erythrocyte sedimentation rate

1L-6 Interleukin-6

mHAQ Modified Health Assessment Questionnaire
MMP-3 Matrix metalloproteinase

PSL Prednisolone

RA Rheumatoid arthritis

SAA Serum amyloid A

TCZ Tocilizumab

TiC Tender joint count

TNF Tumor necrosis factor

SIC Swollen joint count

VAS Visual analogue scale

Introduction

Tumor necrosis factor (TNF) antagonist treatment is
remarkably effective in rheumatoid arthritis (RA), but 20—
40% of RA patients show insufficient responses. Although
switching from one TNF antagonist to another is effective
in some of these cases, there are limited options for the
remaining refractory cases. Tocilizumab (TCZ) is a
humanized anti-interleukin-6 (IL-6) receptor monoclonal
antibody that blocks IL-6 from binding to its receptor {1].
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Japanese clinical studies such as the Study of Active
Controlled Monotherapy for Rheumatoid Arthritis, an IL-6
Inhibitor (SAMURAI) trial [2] or the Study of Active
Controlled Tocilizamab Monotherapy for Rheumatoid
Arthritis Patients with Inadequate Response to Metho-
trexate (SATORI) trial [3] elucidated the efficacy and
safety of TCZ monotherapy in RA patients refractory to
disease-modifying antirheumatic drugs (DMARDs) and
naive to TNF antagonists. In the SAMURAI trial, the
proportions of patients achieving American College of
Rheumatology (ACR)20, ACR50, and ACR70 responses
were 78%, 64%, and 44% in the TCZ group and 34%, 13%,
and 6% in the control DMARD group, respectively. These
data established the significant superiority of TCZ mono-
therapy to conventional DMARD therapy.

As the target of TCZ is different from TNF antagonists,
TCZ is suggested to be effective in RA patients resistant to
TNF antagonists. Based on this point of view, the Rheu-
maltoid Arthritis Study in Anti-TNF Failures (RADIATE)
trial was carried out to determine the effect of TCZ plus
methotrexate in patients with an inadequate response to
TNF-antagonist therapy [4]. At 52 weeks after the initial
infusion, the proportions of patients achieving ACR20,
ACRS50, and ACRT70 responses were 50.0%, 28.8%, and
12.4% in the 8 mg/kg TCZ group, respectively. The pro-
portions of patients achieving low disease activity and
Disease Activity Score of 28 Joints (DAS28) remission
were 51.2% and 30.1%, respectively. These data imply that
TCZ is effective even for RA patients who show inade-
quate responses to TNF antagonists. The RADIATE trial
has revealed important evidence, whereas the dosage as
well as kinds of nonbiologic DMARDs on the “real world”
of RA in Japan is quite different from in Western countries.
Thus, we tried to clarify the usefulness of TCZ for treating
RA patients who did not respond well to TNF antagonists,
and showed short-term (24 weeks) efficacy and safety in
six RA patients.

Materials and methods
Patients

Six RA patients, who met the 1987 criteria of the ACR for
RA [5] and showed insufficient response to one or two TNF
antagonists (infliximab, etanercept, adalimumab) were
consecutively enrolled in the study. All 6 patients were
considered to be secondary nonresponders to previous TNF
antagonists, as decided by each physician. All 6 patients
began receiving TCZ from May 2008 to July 2008. They
gave their informed consent to the protocol, which was
approved by the Institutional Review Board of Nagasaki
University. They received 8 mg/kg of TCZ intravenously

every 4 weeks for 24 weeks. There was no change in the
DMARDs they were receiving during this period. To
maintain patient safety, especially against infection, we did
not directly change TNF antagonists to TCZ at the time
schedule anticipated for which TNF antagonists had been
administrated just before TCZ, and the washout period was
considered for 4 out of the 6 cases, which are described in
“Results”. Clinical response to the therapy was evaluated
by the DAS2S8 (high disease activity >5.1, moderate dis-
ease activity =5.1 and >3.2, low disease activity =3.2,
remission <2.6), ACR response and Clinical Disease
Activity Index (CDATI; high disease activity >22, moderate
disease activity <22 and >10, low disease activity <10,
remission <2.8) [6]. The erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP) (Eiken Chemical Co. Ltd.,
Tokyo, Japan), matrix metalloproteinase-3 (MMP-3)
(Daiichi Pure Chemicals, Fukuoka, Japan), tender joint
count (TJC), swollen joint count (SJC), patient visual
analogue score (VAS), and modified Health Assessment
Questionnaire (MHAQ) values were also evaluated.

Statistical analyses

Changes from baseline were compared using Wilcoxon’s
signed rank test. The overall significance level for statis-
tical analysis was 5% (two-sided). P values <0.05 were
considered statistically significant.

Results
Patients

Demographic and clinical characteristics of the 6 RA
patients are shown in Table 1. The patients had high dis-
ease activity [mean =+ standard deviation (SD) of DAS28~
ESR: 6.54 &£ 1.17 and that of CDAI 29.7 + 138,
respectively] and were classified as having advanced-stage
disease. Three patients had previously received one TNF
antagonist and the other three patients had received two.
All patients had taken oral prednisolone (PSL) (mean dose
6.3 &= 2.3 mg per day). During the study period, PSL. was
reduced in three patients. One patient discontinued TCZ at
22 weeks after the administration of TCZ because of
tuberculous peritonitis (case 6).

Periods of TNF antagonists washout before TCZ

The washout period was considered to be 2 weeks for the
two cases with etanercept (case 1 and 2). In cases 4 and 5,
no intentional washout period was planned because eta-
nercept had been stopped 2 months and 1 year before the
introduction of TCZ in case 4 and case 5, respectively.
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Table 1 Demographic and clinical characteristics of 6 rheumatoid arthritis (RA) patients

Age Sex Disease duration  Stage/class DAS28 CDAI  mHAQ  Concomitant Previous TNF antagonist
(years) (years) DMARDs therapy
Case I 45 Female 3 Iv/2 6.47 29.8 1.63 MTX 8 mg/week ETN
Case 2 67 Male 4 v/3 6.32 225 1.63 SASP 1.000 mg/day ETN
Case 3 065 Female 1 11/2 7.96 47.6 3.38 MTX 8 mg/week ETN (first), IFX (second)
Case 4 37 Female 8 v/2 4.95 12.5 0.38 MTX 8 mg/week IFX (first), ETN (second)
Case 5 55 Female 8 v 7.82 44.5 2.50 MTX 10 mg/week IFX (first), ETN (second)
Case 6 67 Female 8 1v/3 6.28 215 1.25 No ADA

DAS28 Disease Activity Score of 28 Joints, CDAI Clinical Disease Activity Index, mHAQ Modified Health Assessment Questionnaire, DMARD:s
disease-modifying rheumatoid drugs, TNF tumor necrosis factor, WTX methotrexate, SASP salazosulfapyridine, IFX infliximab, ETN etanercept,

ADA adalimumab

Fig. T Discase Activity Score A B —a—0 8@
of 28 Joints—erythrocyte o 60 ® ——®
sedimentation rate (DAS28- —e—@
ESR) (a) and Clinical Discase 3 - ® B Mein
Activity Index (CDAI) (b) 50
during 24 weeks after 7r
tocilizumab administration.
Changes in cach patient as well & 6 40 -
as the mean change of the six ;
patients are shown in the figure o 5t =
< Q30
a4t ©
3t 20t
2 L
10
1
0 . - . - : . g 0 : : : : . . -
oW 4W SW 1ZW 16W  20W 24w oW 4w SW 12w 16W  20W  24W

The washout period was 4 weeks for infliximab (case 3)
and 3 weeks for adalimumab (case 6). Intravenous dexa-
methasone palmitate was administrated in cases 2 and 3,
and oral PSL was increased in case 5 before TCZ devel-
oped clinical efficacy in order to control disease activity.

Efficacy

The decrement of DAS28 by TCZ was relatively slow, but
significant improvement was achieved at 24 weeks
(mean + SD of DAS28-ESR at 24 weeks: 3.85 & .77,
p < 0.05, Fig. 1a). As for the European League Against
Rheumatism (EULAR) response at 24 weeks, a good
response was observed in 3 patients (cases 3, 5, 6) and a
moderate response in two (cases 1, 4). One patient (case 2)
showed no response. One patient (case 3) achieved DAS
remission. The ACR20, ACR50, and ACR70 responses
were confirmed in four patients, three patients, and one
patient, respectively. In Fig. 2, changes in TJC (Fig. 2a),
SIC (Fig. 2b), and patient VAS (Fig. 2c) during the study
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Week after tocilizumab

period are demonstrated. The numbers of both TIC and
SJC were gradually decreased in all patients except the one
nonresponder (case 2). The mHAQ values were also
improved from baseline by —0.35 greater than —0.22,
which means clinically significant improvement. Disease
activity was also monitored by CDAI and the change of
CDATI was similar to DAS28-ESR (Fig. 1b). At 24 weeks,
two patients (cases 3, 5) achieved CDAI remission, one
(case 6) achieved low CDAI disease activity, and two had
moderate CADI disease activity.

Laboratory findings

Changes in laboratory findings during the study are shown
in Table 2. The ESR and serum levels of CRP were mark-
edly decreased to almost the normal range (Table 2;
Fig. 2d, ¢). Hemoglobin and albumin levels were restored,
and platelet level decreased significantly at 24 weeks. The
total cholesterol level increased at 24 weeks (p < 0.05), but
no patient needed cholesterol-lowering agents. The MMP-3
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Fig. 2 Change in tender joint count (TLC) (a), swollen joint count
(SJC) (b), patient visual analogue scale (VAS) (c¢), erythrocyte
sedimentation rate (ESR) (d), and C-reactive protein (CRP) (e) during

serum concentration markedly decreased (59.5% reduction,
significant, p < 0.05).

Adverse events

One patient (case 6) underwent an emergency operation for
ileus due to peritonitis at 22 weeks after the initial TCZ
infusion. She had bloody ascites and multiple nodules on
her peritonea. Culture and PCR of acid-fast bacillus were
all negative in the sputum, ascites, and gastric juice. The
tuberculin skin test, QuantiFERON TB-2G (QFT-TB), was
also negative. In addition, CRP was completely negative,
and this patient did not run a fever until the operation.
Pathologic examination of the peritonea confirmed epi-
thelioid cell granuloma with caseous necrosis, indicating
peritonitis by Mycobacterium tuberculosis infection. She
had no history of exposure to M. tuberculosis. Before
administration of TCZ, QFT-TB and culture and PCR of
acid-fast bacillus in the sputum and gastric juice were all
negative. Each time she was administered TCZ, her chest
X-ray findings were normal, and they were also normal
when peritonitis was diagnosed. She discontinued TCZ
therapy and is being treated with antituberculosis drugs.

0W  4W B8W 12W 16W 20W 24W

ON 4% BN 120 TEW 200V 240

E (mg/ay CRP
0

0 - T

oW 4w 8w 12W 16W W MW

the 24-week period after tocilizumab administration. Changes in each
patient as well as the mean change of the six patients are shown

One patient (case 3) developed hypercholesterolemia and
liver dysfunction, both of which were mild. One patient
(case 2) developed leucopenia, 1.3 x 10%/mm’.

Discussion

IL-6 is one of the crucial proinflammatory cytokines
involved in rheumatoid synovial inflammation [7, 8]. As its
signaling pathway is different from TNF, IL-6 blockade
therapy is a suggested alternative for RA patients with an
unsatisfactory response to TNF antagonists. Moreover,
Karlsson et al. [9] reported that the therapeutic response to
a second or third TNF antagonist is limited compared with
the first TNF antagonist. These data prompted us to
administer TCZ to RA patients who showed insufficient
response to TNF antagonists. In this study, we excluded
patients who discontinued TNF antagonists for adverse
events and only selected patients who showed an insuffi-
cient response toward TNF antagonists. All six cases were
considered secondary nonresponders to TNF antagonists by
their attending physician. TCZ demonstrated remarkable
clinical effects for 5 out of the 6 patients in this study,
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Table 2 Changes of laboratory findings in 6 rheumatoid arthritis (RA) patients after 6-month treatment with tocilizumab

Baseline After 24 weeks P value
Hemoglobin (g/dI*) 0.6 (7.3-10.9) 12.9 (14.6-8.8) <0.05
Platelets (x 10%/mm?) 33.2 (22.9-36.1) 18.0 (15.1-26.2) <0.05
White blood cell (x 10*/mm”) 6.6 (4.5-10.2) 4.8 (13-7.5) NS
CRP (mg/dl*) 8.7 (2.0-20) 0.7 (0-1.4) <0.05
ESR (mm/h¥) 90 (119-77) 26 (3-77) <0.05
Albumin (g/dI*) 3.2 (2.7-3.5) 42 (3.7-4.7) <0.05
AST (UNI*) 25 (11-28) 26 (14-49) NS
ALT (U/1%) 15 (7-22) 26 (11-38) NS
Total cholesterol (g/dI”) 160 (119-208) 199 (162-258) <0.05
Triglyceride (g/dI*) 59 (51-108) 67 (46-120) NS
MMP-3 (U1 299 (137-1647) 121 (58-310) <0.05

CRP C-reactive protein, ESR erythrocyte sedimentation rate, AST aspartate aminotransferase, ALT alanine aminotransferase, MMP-3 matrix

metalloproteinase-3, NS not significant

¢ Median (range)

which is comparable to its efficacy observed in the
RADIATE trial [4]. It should be noted that the 5 out of 6
cases achieved a moderate to good EULAR response.
In addition to CRP and ESR, the synovial inflammatory
marker MMP-3 was significantly decreased, supporting
evidence that TCZ truly acts as biologic DMARDs in RA.
The decrement of CDAI at 24 weeks may also support this
notion.

As the simultaneous blockade of TNF and IL-6 may
induce severe immune dysfunction, a washout period was
intentionally planned for 4 out of the 6 cases. The disease
activity of RA can be exacerbated before the effect of TCZ
develops. Systemic administration of low-dose glucocor-
ticoids is effective in relieving short-term signs and
symptoms in patients with RA. As mentioned in our case
series, the temporary use of glucocorticoids at the early
therapeutic course of TCZ may be a clinically good choice.

Peritonitis due to M. tuberculosis occurred in one patient
who had switched from adalimumab to TCZ. Before the
switch, all of the examinations for acid-fast bacilli were
negative. This patient refused chemical prophylaxis for
tuberculosis because she had a repeated history of allergic
reactions to a variety of drugs, including DMARDs. Both
TNF and 1L-6 play crucial roles in the cell-mediated
immune response to M. tuberculosis, which was elucidated
by infecting the bacteria to TNF-alpha or I1.-6 knockout
mice, whereas the antituberculous effect is achieved by
different mechanisms through TNF-alpha or 1L-6 [10-12].
A previous report showed that the incidence of infections
in the RA population was nearly twice as high as in mat-
ched non-RA controls [13]. Furthermore, older age, longer
RA duration, prior infections, higher comorbidity, and use
of corticosteroid were reported to increase the risk of
serious infections [14]. This patient was 67 years old at the
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initiation of TCZ, with 8 years of RA duration, and was
concurrently administrated with 6 mg per day of prednis-
olone, suggesting that this case would be at high risk for
infectious adverse events. TCZ, as well as adalimumab in
this case, might accelerate to induce immune compromise
to M. tuberculosis. Also, physicians need to be aware that
TCZ may mask the increment of inflammatory reactions in
such cases, as this patient did not show an elevation of CRP
and fever until the emergency operation was performed.
Further research on the safe use of TCZ, especially when
switching from other biologics, is needed.

Conflict of interest statement None.
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Abstract We attempted to determine what baseline
variables are responsible for the efficacy of tacrolimus at
6 months in Japanese patients with rheumatoid arthritis
(RA). One hundred and six RA patients treated with
tacrolimus for 6 months were entered in this study. The
outcome was set as the achievement of Disease Activity
Score 28 C-reactive protein (DAS28-CRP) remission at
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6 months. We examined the association of gender, DAS28-
CRP at baseline, concomitant use of methotrexate (MTX),
and concomitant use of prednisolone with the achievement
of DAS28-CRP remission at 6 months by logistic regression
analysis. Twenty-three of 106 patients (21.7%) achieved
DAS28-CRP remission at 6 months. There was concomitant
use of MTX by 20 patients (18.9%), prednisolone by 93
(87.7%), and prednisolone >5 mg/day by 43 (40.6%) at
baseline. Logistic regression analysis showed that male
gender (first) and moderate disease activity at baseline
(second) are independent predictors toward achieving
DAS28-CRP remission at 6 months. Maximum tacrolimus
dosage administrated for patients over a 6-month period
appeared not to be predictive for the DAS28-CRP remission
at 6 months. In conclusion, we revealed for the first time that
good outcome in RA patients treated with tacrolimus can be
predictive by some baseline variables. That is clinically
valuable for daily practice in the choice of disease-modifying
antirheumatic drugs (DMARDs), especially tacrolimus.

Keywords DAS - Gender - MTX - Rheumatoid arthritis -
Tacrolimus

Abbreviations

ACR American College of Rheumatology

DAS Disease Activity Score

DMARDs Disease-modifying antirheumatic drugs
MTX Methotrexate

RA Rheumatoid arthritis

Introduction

Tacrolimus targets tacrolimus-binding protein and inhibits
calcineurin-dependent expression of cytokine genes such as
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interleukin-2 [1]. Tacrolimus is defined as a new type of
nonbiologic disease-modify antirheumatic drug (DMARD)
in patients with rheumatoid arthritis (RA) [2]. Its efficacy
and safety toward RA have been reported from several
countries, including Japan [3-7]. However, compared with
standard DMARDs such as methotrexate, there is little
evidence published in the literature regarding tacrolimus.
Therefore, the American College of Rheumatology (ACR)
2008 recommendations for the use of nonbiologic and
biologic DMARDs in rheumatoid arthritis do not refer to
tacrolimus in patients with RA [8]. This situation requires
clinical evaluation of tacrolimus in patients with RA. We
therefore examined prospectively the efficacy of 6 months
of tacrolimus treatment in patients with RA and shown that
male gender and moderate disease activity at baseline are
predictive for good therapeutic response at 6 months.

Patients and methods
Patients

Patients were recruited from Unit of Translational Medi-
cine, Department of Immunology and Rheumatology,
Graduate School of Biomedical Sciences, Nagasaki Uni-
versity; Sasebo Chuo Hospital; Gotokai Hospital; The
Japanese Red Cross Nagasaki Atomic Bomb Hospital;
Nagasaki Citizens Hospital; and Nagasaki Kita Hospital.
Written informed consent, approved by the above hospi-
tals, was obtained from each patient. Figure 1 summarizes
the study design. At first, 127 patients with RA classified
by the 1987 criteria of the ACR [9], whose Disease
Activity Score 28 C-reactive protein (DAS28-CRP) at
baseline was high or moderate (DAS28-CRP at baseline
higher than 2.67 according to the literature) [10] were
entered into the study. Seventeen patients discontinued due
to adverse events, one discontinued for other reasons, and
three were excluded due to lack of data. Twelve patients,
who discontinued due to lack of response to tacrolimus,
were, however, included in the analysis. Therefore, 106
patients were evaluated.

Statistical analysis

Distribution of baseline variables was examined by Mann—
Whitney's U test and chi-square test. Logistic regression
analysis was performed to investigate a relationship
between baseline variables and clinical efficacy at
6 months. Good clinical efficacy was set as the achieve-
ment of DAS28 remission at 6 months calculated by
DAS28-CRP. As previously described in the literature,
DAS28-CRP < 2.67 was considered as low disease activity
[10]. Baseline variables were gender, DAS28-CRP at

Enrolled in study
(N=127)

Withdrown through 6 months (N = 30)
¢ Adverse event (N = {7)
« Other reason (N = 1)

Completion through 6 months (N = 97)
; continuation rate 76.3% at 6 months
Withdrown due to lack of efficacy (N=12)

————>| Three patients withdrown (N = 3)
* Lack of data

Data completion
to logistic regression analysis

(N=106)

Fig. 1 Patient enrollment. Study design for logistic regression
analysis of 106 patients with rheumatoid arthritis treated with
tacrolimus for 6 months

baseline [high disease activity (>4.09) vs. moderate dis-
ease activity (2.67 < DAS28-CRP < 4.09)], concomitant
methotrexate (MTX) use, and concomitant prednisolone
use. Concomitant prednisolone use >5 mg/day was also
examined for logistic regression analysis. P value <0.05 is
considered significant.

Results

Baseline variables of 106 patients with RA treated with
tacrolimus for 6 months and gross outcome at 6 months

Table 1 summarized the data. Most patients had estab-
lished disease with a mean disease duration of 10.2 years at
baseline. MTX was already being administered to 20
patients. None of the patients received biologic DMARDs
(infliximab, etanercept, adalimumab, tocilizumab) during
the 6 months. All 106 patients expressed high (N = 75) or
moderate (N = 31) disease activity at baseline (Table 1),
and 23 out of 106 achieved DAS28-CRP remission at
6 months (21.7%). Eighty-four patients (87.7%) received
prednisolone, and 38 (40.6%) received prednisolone
>5 mg/day at baseline.

Male gender and moderate disease activity at baseline
are independent predictors for DAS28-CRP remission
at 6 months

Table 2 shows the data of logistic regression analysis. Male
gender (first) and moderate disease activity at baseline
(second) were independent predictors. Similar results were
obtained if the dosage of prednisolone at baseline was
limited to >5 mg/day. Other variables of the concomitant
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Table 1 The characteristics of rheumatoid arthritis {(RA) patients

Baseline characteristics

All patients

Baseline DAS28-CRP

High group Moderate group p value

(DAS > 4.09) (2.67 < DAS < 4.09)

No. of patients N =106 N =75 (70.8%) N = 31 (29.2%) -
Age (years) mean £ SD 62.1 £ 12.6 64.2 = 10.8 58.4 + 16.2 0.20
Gender (male/female) 22/84 17/58 5/26 0.45%
Duration of disease 10.2 + 8.6 10.9 + 9.2 7.7 £ 5.7 0.15
DAS28-CRP, mean £ SD 4.76 £ 1.04 5.24 + 0.80 357 £034 <0.01
Concomitant MTX use at baseline (yes/no) 20/86 12/63 8/23 0.24*
Maximum dosage of tacrolimus over a 6-month period (mg/day) 1.91 £ 0.76 1.93 £ 0.72 1.89 £ 0.85 0.49

Baseline characteristics, including age, gender, duration of disease at baseline, concomitant methotrexate (MTX) use at baseline, and maximum
t=} t=1
dosage of tacrolimus over a 6-month period were no different between high and moderate Disease Activity Score 28—C reactive protein
g g2 I
(DAS28-CRP) patients. The distribution is characterized by Mann—-Whitney’s U test or *chi-square test

SD standard deviation

Table 2 Logistic regression analysis to estimate response to tacrolimus

Baseline variables Comparison

Odds ratio

95% confidence interval p value

Variables: gender, concomitant use of MTX, concomitant use of nonbiologic DMARDs other than MTX, concomitant use of prednisolone,

DAS28-CRP

Gender Male/female 4.75
MTX Yes/no 2.20
DMARDs other than MTX Yes/no 2.09
Prednisolone Yes/no 1.71
Disease activity Moderate/high 2.88

1.53-14.78 0.007
0.69-7.08 0.19
0.25-17.92 0.50
0.35-8.42 0.51
1.07-7.77 0.04

Variables: gender, concomitant use of MTX, concomitant use of nonbiologic DMARDs other than MTX, concomitant use of prednisolone

>5 mg/day, DAS28-CRP

Gender Male/female 4.43
MTX Yes/no 2.25
DMARDs other than MTX Yes/no 2.30
Prednisolone Yes/no 0.77
Disease activity Moderate/high 2.88

1.46-13.44 0.009
0.71-7.16 0.17
0.27-19.59 0.45
0.30-1.96 0.58
1.07-7.77 0.04

Male gender and moderate disease activity at baseline are predictive for low disease activity

MTX methotrexate, DMARDs disease-modifying antitheumatic drugs, DAS28-CRP Disease Activity Score 28 —C-reactive protein

use of MTX and that of prednisolone did not reach statis-
tical significance. We also compared variables at baseline
by gender, and accordingly, there was no significant dif-
ference in age at baseline, duration of disease, and DAS28-
CRP at baseline (Table 3). In addition, maximum dosage
of daily tacrolimus did not differ between male and female
patients. Baseline demographic data was also compared
between high and moderate disease activity, and no sig-
nificant difference was determined in age at baseline
(64.2 & 10.8 years vs. 58.4 £ 16.2 years), duration of
disease (10.9 4+ 9.2 years vs. 7.7 4+ 5.7 years), concomi-
tant use of MTX at baseline (12 of 75 vs. 8 of 31), and
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maximum dosage of daily tacrolimus over the 6-month
period (1.93 £ 0.72 mg/day vs. 1.89 £ 0.85 mg/day).

Discussion

Postmarketing surveillance (PMS) of biologic DMARDs
has revealed that some baseline demographic data associate
with better outcome, including male gender, concomitant
use of MTX and lower disease activity at baseline for
etanercept and younger age, and negative test for rheu-
matoid factor and lower disease activity at baseline for
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Table 3 Baseline characteristics between female and male patients

Gender Female Male p value
No. of patients N = 84 N=22 -

Age (years) mean & SD 619 £ 12.7 62.7 £ 12.6 0.82
Duration of disease 10.1 £ 8.9 8.5£733 0.30
DAS28-CRP, mean £ SD 475 £ 1.07 4.78 £+ 0.94 0.68
Concomitant MTX use at baseline (yes/no) 16/68 4/18 0.93*
Maximum dosage of tacrolimus over a 6-month period (mg/day) 1.93 £+ 0.75 1.84 =+ 0.81 0.57

Baseline characteristics, including age, duration of disease at baseline, Disease Activity Score 28—C reactive protein (DAS28-CRP) at baseline,
concomitant methotrexate (MTX) use at baseline, and maximum dosage of tacrolimus over a 6-month period were no different between female
and male patients. The distribution is characterized by Mann—Whitney’s U test or *chi-square test

SD standard deviation

infliximab [11, 12]. We have shown for the first time if the
patients of having some characteristics at baseline suggest
good therapeutic response in tacrolimus-treated patients
with RA. Previous studies reported an efficacy of tacroli-
mus in RA patients receiving concomitant MTX, though
precise statistical analysis was not performed [6, 7]. Our
study is based on PMS, and therapeutic options during the
treatment are dependent on each physician’s decision.
Thus, we cannot refer to the concomitant use of DMARDs
during the 6-month period, and MTX use at baseline did
not determine the achievement of DAS28-CRP remission
at 6 months. However, the percentage of achievement of
DAS28-CRP remission at 6 months tended to be higher in
MTX user at baseline compared with the MTX nonuser
[7/20 MTX users (35.0%) vs. 16/86 MTX nonusers (18.6%),
p = 0.11 by chi-square test]. Therefore, we suggest that
in patients with active RA, despite being treated with MTX,
add-on therapy of tacrolimus may provide clinical benefit.

Male gender and moderate disease activity at baseline
are determined to be predictors of better clinical response
by tacrolimus-treated patients with RA. This is a first
observation in tacrolimus users and is already published in
the case of MTX, etanercept, and infliximab, as described
above [11-13], indicating that these demographic data may
be common indicators for good therapeutic response of
DMARD:s in patients with RA.

Maximum dosage of daily tacrolimus during the
6 months was not different if RA patients were divided
by either the achievement of DAS28-CRP remission at
6 months (1.93 + 0.71 mg/day in remission vs. 1.90 &
0.78 mg/day in nonremission, p = 0.81) or gender. A
recent report demonstrates that no significant correlation
was observed between the blood concentration level of
tacrolimus and DAS28 improvement at 4 weeks [14];
however, further studies are necessary with regard to the
dose-dependent effect of tacrolimus. Recent studies have
shown a good safety profile of tacrolimus in Japanese
patients with RA {4, 5]. This is an open-labeled PMS study,

which therefore could have limitations. However, our
results indicate that efficacy of tacrolimus can be predicted
by baseline demographic data. Our data show clinical
benefit for tacrolimus use in clinical practice.

Acknowledgments We thank Miss Kuniko Matsushita for excellent
practical assistance. This study was supported by a grant from The
Ministry of Health, Labour and Welfare, Japan

Conflict of interest statement None.

References

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

2. Fleischmann R, Igbal I, Stern RL. Tacrolimus in rheumatoid
arthritis. Expert Opin Pharmacother. 2006;7:91-8.

3. Kawai S, Yamamoto K. Safety of tacrolimus, an immunosup-
pressive agent, in the treatment of rheumatoid arthritis in elderly
patients. Rheumatology. 2006;45:441-4.

4. Kawai S, Tanaka K, Ohno I, Utsunomiya K, Seino Y. Safety of
long-term therapy for rheumatoid arthritis; an open-label,
uncontrolled study in non-elderly patients. Mod Rheumatol.
2008;18:345-53.

5. Akimoto K, Kusunoki Y, Nishio S, Takagi K, Kawai S. Safety
profile of tacrolimus in patients with rheumatoid arthritis. Clin
Rheumatol. 2008;27:1393-7.

6. Morita Y, Sasae Y, Sakuta T, Satoh M, Sasaki T, Kashihara N.
Efficacy of low-dose tacrolimus added to methotrexate in patients
with rtheumatoid arthritis in Japan: a retrospective study. Mod
Rheumatol. 2008;18:379-84.

7. Kremer JM, Habros JS, Kolba KS, Kaine JL, Ann Borton M,
Mengle-Gaw LJ, et al. Tacrolimus in rheumatoid arthritis patients
receiving concomitant methotrexate. A six-month, open-label
study. Arthritis Rheum. 2003;48:2763-8.

8. Saag KG, Teng GG, Patkar NM, Anuntiyo J, Finney C, Curtis JR,
et al. American College of Rheumatology 2008 recommendations
for the use of nonbiologic and biologic disease-modifying anti-
rheumatic drugs in rheumatoid arthritis. Arthritis Rheum
(Arthritis Care & Research). 2008;59:762-84.

9. Inoue E, Yamanaka H, Hara M, Tomatsu T, Kamatani N.
Comparison of disease activity score (DAS)28-erythrocyte

@ Springer



