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Figure 1. (a) Mean score of DAS28-ESR before surgery and at 6 and 12 months postoperatively. (b) Mean score of the mHAQ before surgery and at
6 and 12 months postoperatively. (c) Mean score of PGA on the time of before surgery and at 6 and 12 months postoperatively. (d) Mean score of CRP

on the time of before surgery and at 6 and 12 months postoperatively.

the modified Health Assessment Questionnaire (mHAQ) [7],
patient global assessment (PtGA) using visual analog scale and
serum C-reactive protein (CRP) level. A kind and its dose of
medication including disease-modifying antirheumatic drugs
(DMARD:s) and prednisolone (PSL) during the follow-up period
and postoperative presence of infection or delayed wound heal-
ing were investigated.

All cases in this study group did not change medication from
more than 3 months before surgery.

Also, comparisons were performed on the basis of the preopera-
tive DAS28-ESR between the patients with high and moderate dis-
ease activity, namely the poorly controlled group: DAS28-ESR was
3.2 or more, and the patients with low disease activity and remission,
namely the well-controlled group: DAS28-ESR was less than 3.2.
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Statistical analysis

Mean values and standard deviations (SD) for each group were
calculated. The outcome measures including DAS28-ESR,
mHAQ, PtGA and CRP were compared at the point of just
before the surgery, 6 months postoperatively and 12 months
postoperatively. All of the outcomes were analyzed by Student
t-test with Bonferroni method. It corrected to counteract the
multiple comparisons among the groups of before surgery, 6
months postoperatively and 12 months postoperatively. P value
of less than 0.05 was considered to indicate a significant differ-
ence. The P value in Figures 1 and 3 was adjusted it to double
of the raw P-value.

Results
Overall results

Preoperative DAS28-ESR decreased from 3.71 = 1.19 (mean =*
SD)to03.37 % 1.22 at 6 months and to 3.24 = 1.05 at 12 months post-
operatively. Also, preoperative mHAQ score and PtGA improved
from 0.65 £ 0.55 and 42.68 * 23.84 to 0.6 = 0.56 and 35.6 = 24.75
at 6 months, and to 0.54 = 0.54 and 32.07 = 22.26 at 12 months
postoperatively (Figure 1a, b, ¢). Serum CRP level decreased from
preoperative 1.27 = 1.96 mg/dl to postoperative 0.92 * 1.83 mg/dl
at 6 months and to 0.49 = 1.12 mg/dl at 12 months (Figure 1d). In
all these items except mHAQ between preoperative and postopera-
tive 6 months, between preoperative and postoperative 12 months
and serum CRP level between preoperative and postoperative
6months, statistical significant difference was noted.

The mean dose of oral PSL decreased from 4.4 = 3.8 mg/day
to 4.1 =2.6 mg/day postoperatively. During the postoperative
follow-up period, there was no change in medication: DMARDs
and PSL were used in the same dose in 20 (36.4%) patients.
Decrease in medication: one unchanged and the other decreased,
or both decreased was performed in 23 (41.8%) patients. In con-
trast, increase in medication: one drug unchanged and the other
increased, or both increased was performed in 4 (7.3%) patients,
and switching to different drugs or adding on a new DMARD was
performed in 8 (14.5%) patients (Figure 2).

To investigate the effects of surgery alone on disease activity,
excluding the effect of drugs, the same outcome measures were
evaluated in 43 (78.2%) patients in whom no change or decrease
in medication was performed. As a result, DAS28-ESR decreased
with statistical significance from 3.53 * 1.17 preoperatively to
3.16 £ 1.16 at 6 months and to 3.16 = 0.98 at 12 months postop-
eratively. However, there was not a significant change in mHAQ
score with preoperative 0.68 = 0.56 and postoperative 0.64 = 0.58
at 6 months, and 0.62 + 0.58 at 12 months. (Figure 3a, b).

PtGA and serum CRP decreased from 40.9*24.8 and
1.29 £2.05 mg/dlto 32.1 = 24.5 and 0.77 * 1.73 mg/dl at 6 months
postoperatively, 29.7 =22.3 and 0.38 = 1.08 mg/dl at 12 months,
and statistically significant differences were noted (Figure 3c, d).

In all these items except mHAQ between preoperative and
postoperative 6 months, between preoperative and postoperative
12 months, DAS28-ESR between preoperative and postoperative 6
months serum CRP level between preoperative and postoperative
6 months, statistical significant difference was noted.

There was neither occurrences of postoperative infection nor
delayed surgical wound healing in all cases.

Findings related to group

In the poorly controlled group, DAS28-ESR improved signifi-
cantly from preoperative 4.53 =0.70 to the postoperative score
3.98 = 0.99 at 6 months and 3.71 = 0.1 at 12 months, whereas in
the well-controlled group, low disease activity or remission was
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maintained during postoperative 12 months as indicated preopera-
tive 2.50 = 0.66 to the postoperative score 2.54 = 1.04 at 6 months
and postoperative 2.51 = 0.81 at 12 months (Figure 4).

The rate of low disease activity at postoperative 12 months was
31.3% in the poorly controlled group, whereas it was 82.6% in
the well-controlled group, indicating that low disease activity or
remission persisted at a high rate in the well-controlled group.

There was not a significant change in the mHAQ score in the
poorly controlled group indicating preoperative 1.26 * 0.79, post-
operative 1.0 = 0.93 at 6 months and 1.09 = 0.82 at 12 months. In
the same way, mHAQ score in the well-controlled group was not
significantly decreased from preoperative 1.06 = 1.32 to postop-
erative 0.8 = 1.32 at 6 months and 0.9 = 1.4 at 12 months. PtGA
in the poorly controlled group, a significant decrease was noted
from preoperative 49.9 =22.1 to postoperative 45.7 +=25.8 at 6
months and 36.66 =25.70 at 12 months. However, PtGA in the
well-controlled group, there was not a significant change, indi-
cating preoperative 30.96 = 22.85 to postoperative 22.2* 16.8
at 6 months and 25.39 = 16.58 at 12 months. Serum CRP lev-
els in the poorly controlled group improved significantly from
preoperative 1.61 = 2.06 mg/dl to postoperativel.32 £2.18 at 6
months 0.63 + 1.04 mg/dl at 12 months. However, in the well-
controlled group, there was not a significant change, indicating
preoperative 0.79 = 1.75 to postoperative 0.36 £ 0.97 at 6 months
and 0.49 * 1.45 at 12 months.

To summarize, the poorly controlled group showed improve-
ment in all the items except mHAQ score, and the well-controlled
group showed improvement keeping low disease activity.

Improvement in terms of EULAR criteria [6] was shown in
Table 2. Rates of responses were as follows: good response was
3.6%, moderate response was 38.2% and no response was 58.2%
(Table 2).

Discussion

As treatment of RA with biologics has spread, surgical trends for
RA have changed greatly [8]. Concurrently, effects of surgical
intervention on disease activity have been reported, and a favorable
effect of combination of biologics and surgery has been described
[1]. We experienced several cases, in which postoperative dose of
DMARDs or PSL was successfully decreased after surgery, and
those in which postoperative disease activity were ameliorated
over a long period of time. Thus, by recruiting the surgically-
treated cases, we examined the details of changes in drug therapy
that can affect postoperative disease activity.

Kanbe and Inoue [9] and Momohara et al. [10] demonstrated
that disease activity is suppressed by surgical resection of the syn-
ovium or replacement arthroplasty. In the present study, we could
successfully reduce disease activity by surgical intervention and
gradually decrease the dose of oral steroid in the study population.

# no change
decrease

increase

E 2 m change to

23 patients .
(41.8%) different drug

N=55

Figure 2. Postoperative medication.
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Figure 3. (a) Mean score of DAS28-ESR on the time of before surgery and at 6 and 12 months postoperatively in the group of no change or decreased
medication. (b) Mean score of the modified HAQ on the time of before surgery and at 6 and 12 months postoperatively in the group of no change
or decreased medication. (c) Mean score of PGA on the time of before surgery and at 6 and 12 months postoperatively in the group of no change or
decreased medication. (d) Mean score of C-reactive protein (CRP) on the time of before surgery and at 6 and 12 months postoperatively in the group of

no change or decreased medication.

When the patients were divided into the well-controlled and poorly
controlled groups, remarkable improvement was observed in the
poorly controlled group. Yano also reported a systemic effect of
TKA on disease activity in patients with moderate or high disease
activity [11]. Differences were found in each outcome measure
of the DAS28-ESR, mHAQ, PtGA and CRP between the well-
controlled group and poorly controlled group.

Ranganath et al. investigated relationship among the use of oral
DMARD:s, disease activity and mHAQ in 889 RA patients [12].
They reported that the factors that improved mHAQ were mainte-
nance of low disease activity as well as short disease duration and
frequent changes or adding on DMARDs. They further stated that
control of disease activity with drugs is important for functional
improvement. In addition, Graell et al. noted that in 105 early RA
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Figure 4. Comparison of the well-controlled group and poorly controlled group. Poorly controlled group: the patients with high and moderate
disease activity (DAS28-ESR score of 3.2 or more), Well-controlled group: the patients with low disease activity and remission (DAS28-ESR score of

less than 3.2).

patients with less than 2-year disease duration, treatment with
DMARD:s alone prevented functional impairment in only 26.6% of
patients and that high age, nHAQ > 0.5, DAS28 > 5.1, high global
assessment, positive theumatoid factor and elevated ESR level were
associated with functional impairment [13]. Among the subjects in
the present study, the poorly controlled group had more impact on
not only DAS28-ESR score but also PtGA score and CRP levels
than the well-controlled group. But they still had frequent relapse
or persisting inflammation at the nonsurgically-treated joints,
resulting in only 31.3% of patients achieving low disease activity at
12 months postoperatively. Whereas, 82.6% of patients in the well-
controlled group maintained low disease activity at 12 months
postoperatively. In the poorly controlled group, impact of surgery
on mHAQ was less than that in the well-controlled group. This
might be a result by there being more number of disabled joints in
the poorly controlled group than in the well-controlled group.
Regarding improvement of EULAR criteria, 41.8% of patients
had a good or moderate response, and it was shown that combina-
tion therapy of biologics and surgery had produced a favorable

Table 2. Improvement in terms of EULAR criteria.

The EULAR response

criteria N=55
<32
Low activity 2 cases 7 cases 14 cases
32-5.1
Moderate activity 6 cases 6 cases 14 cases
>5.1
High activity 2 cases 2 cases 2 cases

3.6% (2/55)
38.2% (21/55)
58.2% (32/55)

Good response
Moderate response
No response

effect on maintenance and improvement of postoperative low dis-
ease activity.

In recent years, along with dramatic advances in drug therapy,
the therapeutic goal of T2T (treat to target) has been defined [14],
and it has become important to evaluate RA disease activity more
accurately and in a timely manner. The present study revealed that
lower limb surgery performed under biological therapy enhances
the effects of not only improving joint function but also of amelio-
rating systemic disease activity.
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Abstract

Background: Multiple sclerosis is a relatively rare disease, and complications of multiple sclerosis and rheumatoid
arthritis are much rarer. Since anti-tumor necrosis factor therapy increases exacerbations of multiple scleross,
complications of demyelinating diseases contraindicate anti-tumor necrosis factor therapy. There have been

few reports of anti-interleukin-6 receptor therapy for patients with rheumatoid arthritis complicated with multiple
sclerosis.

Case presentation: A 53-year-old Japanese woman with multiple sclerosis and rheumatoid arthritis was admitted to
our hospital because her rheumatoid arthritis was uncontrolled with oral methotrexate, tacrolimus, and prednisolone.
She had developed multiple sclerosis when she was 25 years old and was treated with glucocorticoid therapy. Her

multiple sclerosis was in remission for more than 9 years. Because anti-tumour necrosis factor therapy can exacerbate
demyelinating disease, the anti-interleukin-6 receptor antibody tocilizumab was started at 8 mg/kg every 4 weeks. At

of multiple sclerosis.

the second administration of tocilizumab, complete remission was achieved. She has remained in remission with
tocilizumab without recurrence of multiple sclerosis for more than 5 years.

Conclusion: Anti-interleukin-6 therapy was safely used in this patient with rheumatoid arthritis without exacerbations

Keywords: Rheumatoid arthritis, Multiple sclerosis, Tocilizumab, Interleukin-6, Tumour necrosis factor

Background

Multiple sclerosis (MS) is an autoimmune, inflammatory,
demyelinating disease of the central nervous system
characterised by repeated relapses and remissions. The
prevalence rate of MS in Japan is reportedly 8 to 9 per
100,000 persons. High-dose glucocorticoid therapy is
used for initial and relapsed progression of MS with or
without immunosuppressive agents. Although MS is an
autoimmune inflammatory disease, as is rheumatoid
arthritis (RA), and although the level of tumour necrosis
factor (TNF) in cerebrospinal fluid is correlated with the
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severity and progression of the disease [1], anti-TNF
therapy fails and actually increases exacerbations [2,3].
Therefore, complications of demyelinating diseases con-
traindicate anti-TNF therapy. There have been few re-
ports of anti-interleukin (IL)-6 receptor therapy for
patients with RA complicated with MS.

We herein describe a patient with RA and MS treated
with anti-IL-6 receptor therapy.

Case presentation

A 53-year-old Japanese woman was admitted to Niigata
Rheumatic Centre, Shibata city, Japan. She had been
diagnosed with MS associated with right optic neuritis
and thoracic myelitis when she was 25 years old and
treated with high-dose prednisolone (PSL). The myelitis
had relapsed three times when she was 36, 37 and
40 years old and treated with high-dose PSL. Oligoclonal

© 2014 Sato et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
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unless otherwise stated.
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IgG band was found in cerebral spinal fluid (CSF) and
IgG and myelin basic protein in CSF were elevated
(4.9 mg/dL and 1.2 mg/dL, respectively). Brain T2
weighted magnetic resonance imaging (MRI) showed
high intensity area beside left lateral ventricle indicating
asymptomatic plaque lesion due to MS. High intensity
area was also shown in T2 weighted MRI of cervical
spinal cord. Anti-aquaporin 4 antibody was negative.
Slight right hemiparesis remained, and she needed a
cane to walk outside. The MS achieved remission and
PSL was stopped for 9 years. When she was 50 years
old, polyarthritis developed, and rheumatoid factor and
C-reactive protein (CRP) levels were high. She was diag-
nosed with RA. The PSL was restarted at 7.5 mg daily
and methotrexate (MTX) was begun. Because the MTX
could not be increased over 8 mg/week because of mild
elevation of transaminases, tacrolimus (3 mg daily; TAC)
was added to MTX and leukocyte apheresis was per-
formed. However, the RA activity remained high: the
CRP was 2.3 mg/dL and the disease activity score
(DAS28ESR) was 4.94 (moderate disease activity). Fur-
thermore, joint space narrowing of both knees and
ankles had progressed obviously over 1 year. Because
anti-TNF therapy can exacerbate demyelinating disease,
the anti-IL-6 receptor antibody tocilizumab (TCZ) was
started at 8 mg/kg every 4 weeks. At the second admin-
istration of TCZ, the CRP was <0.1 mg/dL and the
DAS28ESR was 2.0 (complete remission). The MTX and
TAC were tapered and stopped in 6 months, and the
PSL was tapered to 0.5 mg daily in 1 year. The health
assessment questionnaire disability index (HAQ DI) in
1 year was 1.88 and functional disability was remained.
At the 5-year follow-up, she remained in remission
with TCZ.

Serum interferon (IFN) -y was negative (<0.1 IU/mL)
and serum high sensitivity TNF-a was within normal
range (1.6 pg/mL) before starting TCZ therapy. Both of
them kept the same levels for a year. Serum IL-6 level
was elevated, 51.2 pg/mL (normal range; <4.0 pg/mL)
before starting TCZ therapy and it was 57.1 pg/mL a
year later.

Discussion

Complications of MS and RA are rare, and only a few
cases have been reported [4,5]. In two case reports, the
duration between the onset of each disease was long
(8-20 years), and RA or MS was preceded by the other
and the two diseases did not flare at the same time [4,5].
Our patient with MS also developed RA 25 years after
the onset of MS, which was well controlled without
medication for 9 years. Thus, the onset mechanisms of
MS and RA are expected to fundamentally differ
despite the fact that both are autoimmune inflam-
matory diseases.

Page 2 of 3

On the other hand, there are several reports of pa-
tients with RA who developed demyelinating diseases
during anti-TNF therapy [6-8] and patients with MS
who developed inflammatory arthritis during IFN-f
therapy [9,10]. The mechanisms of demyelinating disease
induced by anti-TNF therapy are not clear, but inhibition
of TNF leads to IFN-y production, which is associated
with MS [11]. Moreover, TNF polymorphism may be as-
sociated with anti-TNF therapy-induced demyelinating
diseases [12]. IFN-P therapy for preventing recurrence of
relapsing-remitting MS and secondary progressive MS is
now widely used. Arthritis reportedly develops during
IFN-f therapy in patients with MS, and the HLA pheno-
type may be involved in its pathogenesis [9]. Elevated
levels of IL-6 in the serum in response to IFN-B therapy
may also be associated with arthralgia [10].

In comparison, few studies have reported anti-IL-6 ther-
apy in demyelinating disorders. A case report of a 72-year-
old woman with leukoencephalopathy that developed in a
Phase 3 clinical trial of TCZ for treating RA has been pub-
lished [13]. However, the relationship between TCZ and
leukoencephalopathy was not clear because the possibility
of infection had not been completely excluded and the
symptoms did not improve after discontinuing TCZ.

Studies involving mouse models of MS (experimental
autoimmune encephalomyelitis, EAE) and RA (collagen-
induced arthritis, CIA) have revealed that Th-17 plays
an important role in the development of both diseases
[14,15]. Furthermore, IL-6 mainly affects the differen-
tiation of Th-17 in the mouse, and anti-IL-6 therapy in-
hibits the onset of EAE and CIA. Meanwhile, TNF
affects local inflammation [14,15]. Thus, anti-IL-6 the-
rapy may control EAE and CIA earlier and more radic-
ally than anti-TNF therapy. In humans, IL-6 mainly
affects the differentiation of Th-17, as in the mouse, and
anti-IL-6 therapy should theoretically inhibit both RA
and MS. However, the cytokine pathways differ in
humans and mice, and further studies are needed to de-
termine whether anti-IL-6 therapy can be used safely in
patients with MS.

Conclusion

Here, we reported a patient with RA complicated by MS
who was treated with anti-IL-6 therapy for more than
5 years without an exacerbation of the MS. Because
anti-TNF therapy can induce and worsen demyelinating
diseases, anti-IL-6 therapy is a potential treatment for
patients with RA complicated by MS.
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Abstract The aim of this study was to compare the efficacy
and retention rates of three biologics (abatacept, tocilizumab,
and etanercept) after switching from first-course anti-TNF
monoclonal antibody therapy. We performed a retrospective
multicenter study of 89 patients who underwent second-
course biologic therapy for 52 weeks after switching from
first-course anti-TNF monoclonal antibody therapy. Patients
at baseline had a mean age of 58.7 years, mean disease
duration of 9.8 years, and mean clinical disease activity index
(CDAI) of 22.4. There was no significant difference between
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the three drugs, except in rheumatoid factor positivity. Reten-
tion rates for abatacept, tocilizumab, and etanercept treatment
at 52 weeks were 72.0, 89.5 and 84.6 %, respectively. The
evaluation of CDALI indicated no significant difference at
52 weeks among the three drugs. Discontinuation due to all
unfavorable causes did not significantly differ among the three
drugs in hazard ratio-based evaluations. Our results show that
patients treated with abatacept, tocilizumab, and etanercept
achieved a high response rate with no significant differences
in drug retention rates and clinical efficacy. These drugs
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represent good therapeutic options for patients with RA who
are refractory to anti-TNF monoclonal antibody therapy.

Keywords Abatacept - Etanercept - Rheumatoid arthritis -
Switching medications - Tocilizumab

Introduction

Rheumatoid arthritis (RA) is a chronic and systemic autoim-
mune inflammatory disease that clinically manifests as joint
pain and swelling [1]. In the past decade, treatment of RA has
improved significantly with the introduction of tumor necrosis
factor inhibitors (TNF1), which reportedly demonstrate high
efficacy [2-4]. However, these drugs have little or no effect in
about 30 % of treated patients, with two thirds demonstrating
moderate to high disease activity at 1 year post-treatment [5].
In clinical practice, switching biologics remains a difficult
issue. According to the European League Against Rheuma-
tism recommendations, patients who do not respond to initial
TNFi therapy should switch to a different TNFi or use a
different class of biologics (abatacept, rituximab, or toci-
lizumab) [6]. While some studies reported on the outcomes
of switching from TNFi to other biologics [7, 5, 8], no con-
sensus has been reached on the strategy of switching.

Loss of therapeutic efficacy is readily observed with anti-
TNF monoclonal antibodies (adalimumab and infliximab) in
patients receiving concomitant low-dose methotrexate (MTX)
due to immunogenicity-related issues [9-11]. This is one
factor leading to withdrawal from anti-TNF monoclonal anti-
body therapy. The dose of concomitant MTX in Japan is lower
compared to other countries [12], and switching from anti-
TNF monoclonal antibodies is often required. To this end, we
compared three drugs (abatacept, tocilizumab, and etanercept)
that are considered to exhibit low immunogenicity [13, 14, 2].

In this study, etanercept, a drug with proven efficacy, was
compared with abatacept and tocilizumab. In view of the
different characteristics of available TNF1i, switching from an
anti-TNF monoclonal antibody to a TNF receptor fusion
protein (etanercept) may be helpful if initial treatment fails.
On the other hand, several new biologics with different mech-
anisms of action are now available (e.g., abatacept, rituximab,
and tocilizumab). Some reports have compared switching to
tocilizumab and abatacept [15, 16, 7]. Hyrich et al. reported
that when the first TNFi treatment fails, the best alternative is
to start on a different class of biologics [16]. However, there
are no reports to date comparing new biologics with
etanercept. Accordingly, this study aimed to compare patients
who switched to etanercept, abatacept, and tocilizumab from
first-course anti-TNF monoclonal antibody therapy.

Abatacept and tocilizumab are recently approved non-
TNFi biologics that are marketed for the treatment of RA.
Abatacept is the first member of a new class of biologics

@ Springer

which inhibit T-cell activation by binding to CD80/86 and
modulating its interaction with CD28. Based on this mecha-
nism, abatacept is expected to achieve clinical efficacy in
patients who respond inadequately or are naive to other clas-
ses of biologics. Tocilizumab, a humanized monoclonal anti-
body against the IL-6 receptor, was approved in 2008 for use
in clinical practice in Japan. The efficacy of tocilizumab for
RA has been demonstrated in several clinical trials [14, 17] as
well as in actual practice [18, 19]. Both drugs show low
immunogenicity, with anti-drug antibody production rate of
2.3 % for abatacept and 2.5 % for tocilizumab [13, 14]. The
efficacy and safety of these drugs in patients who are naive or
refractory to TNF1 therapy have been demonstrated in several
randomized controlled clinical trials (RCTs) [20-23]. Howev-
er, controversy exists as to whether a different TNFi (e.g.,
etanercept) should be selected or other elements of the inflam-
matory process should be modified when switching from anti-
TNF monoclonal antibodies.

Patients may exhibit differential responses to the three
agents (abatacept, tocilizumab, and etanercept) upon
switching, although there is no direct evidence to support this.
The present study compared retention rates and clinical effi-
cacy of abatacept, tocilizumab, and etanercept switched from
first-course anti-TNF monoclonal antibody therapy based on
retrospectively registered observational data.

Materials and methods
Tsurumai Biologics Communication Registry

The Tsurumai Biologics Communication Registry
(TBCR) was developed in 2008 to explore the long-term
prognosis of biologics in clinical practice and consisted of
patients who were starting biologic treatments. Data were
collected prospectively from 2008 and retrospectively for
patients treated up to 2008 [24]. The present study includ-
ed all patients (n=89) who switched to abatacept, toci-
lizumab, or etanercept as a second biologic agent from
first-course anti-TNF monoclonal antibody due to inade-
quate efficacy from September 2010 to September 2011 at
Nagoya University Hospital or one of 12 other institutions
affiliated with the TBCR and were prospectively enrolled
in the TBCR. During the study period, we were able to
choose freely among the five biological DMARDs
(infliximab, etanercept, adalimumab, tocilizumab,
abatacept) at our discretion as a second-line as well as a
first-line biologic. All patients met the 1987 American
College of Rheumatology classification criteria for RA
and received abatacept, tocilizumab, or etanercept infu-
sions according to the drug label and Japan College of
Rheumatology guidelines for treatment. Patient anonymi-
ty was maintained during data collection, and the security
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