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Dear Sir,

In recent years, disease-modifying antirheumatic drugs
(DMARD:), including biological agents, have been used to
inhibit or halt the underlying immune process and prevent
long-term damage in rheumatoid arthritis (RA). The intro-
duction of biological DMARDs has increased treatment
options for RA, and clinical remission is now considered to
be the primary goal of RA treatment. Despite the availabil-
ity of such aggressive therapies, ongoing progressive
destruction of joints occurs in a subgroup of RA patients,
who eventually require joint surgery [1]. Orthopaedic pro-
cedures can substantially improve the overall function and
quality of life in such patients. However, some reports have
suggested that improvements in medical treatment might
partially explain the reduction in the incidence of orthopae-
“dic joint surgery, resulting in a worldwide trend towards
better long-term outcomes [2—3].

In this study, we investigated the disease duration at the
time of orthopaedic surgery among RA patients who partic-
ipated in a large observational cohort study established by
our institute (IORRA) [4]. Outpatients who fulfilled the
American College of Rheumatology criteria for RA and/or
2010 rheumatoid arthritis classification criteria were regis-
tered in this cohort study [6, 7). An average of 4,990 outpa-
tients with RA were seen each month from 2003 to 2009.
Patient information was collected biannually (April/May
and October/November) when the patients visited the
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outpatient unit of the Institute of Rheumatology, Tokyo
Women’s Medical University [8].

Figure ia shows the average RA disease activity from
2003 to 2009. As previously reported, disease activity
decreased during this period [9]. Figure 1b shows the dis-
ease duration trend at the time of surgery. Surprisingly, the
disease duration of patients who underwent total knee
arthroplasty (TKA) gradually increased during this period.
In addition, the disease duration of patients who underwent
any type of surgery, including TKA, total hip arthroplasty,
wrist and finger joint surgeries, and foot surgeries, was also
increased.

The reason for the observed increase in disease duration at
the time of RA-associated surgery may be related to the
decreased number of synovectomies and suppression of dis-
ease activity that has resulted from the use of methotrexate
(MTX) and biological agents [9]. MTX was approved for the
treatment for RA by the Japanese Ministry of Health, Labor
and Welfare in 1999, while infliximab was approved in 2003,
etanercept was approved in 2005, adalimumab and toc-
ilizumab were approved in 2008, and abatacept was
approved in 2009. In addition, the use and dosage of MTX
and the number of use of biological agents have been
increasing every year [9]. Conversely, disease activity score
(CDAL clinical disease activity index, SDAI: simplified dis-
ease activity index) has been decreasing. Therefore, the
recent implementation of medical therapy in RA patients
may have suppressed and delayed the progression of destruc-
tion in arthritic joints, thereby resulting in postponement of
surgery. We believe that these clinical results also provide
evidence that these recently introduced medical therapies
result in better long-term outcomes for RA patients. How-
ever, further studies, including analyses of RA databases that
collect long-term data on a variety of surgical interventions,
are required to confirm this hypothesis.
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Fig. 1 a Clinical disease activity index (CDAI), simplified disease
activity index (SDAI), and number of RA outpatients by year. CDAI
and SDAI data were collected in October/November each year from
2003 to 2009 in a single institute-based large observational cohort
(IORRA). b Number of surgeries and disease duration of patients at
the time of surgery by year
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Abstract The treatment of rheumatoid arthritis (RA) has
improved dramatically with the advent of the latest gen-
eration of disease-modifying antitheumatic drugs. Despite
these advances, in some patients inflammation is not
diminished sufficiently to prevent irreversible musculo-
skeletal damage, thereby necessitating surgical intervention
to reduce pain and improve function. For RA treatment,
Japanese orthopedic surgeons also prescribe medication. In
this study, we examined whether this Japanese system is
effective for RA treatment. We analyzed the clinical con-
dition of RA patients treated by rheumatologists and those
treated by orthopedists in a linked registry study using
information from a large observational cohort of RA
patients followed every half year from 2000 to 2010 (the
IORRA cohort). Two groups of patients were compared:
patients treated by rheumatologists (rheumatologic group)
and patients treated by orthopedists (orthopedic group).
The results revealed that patients in the orthopedic group
were older, more likely to be female, and had a longer
disease duration than patients in the rheumatologic group.
The proportion of patients with a history of joint surgery
was also much higher in the orthopedic group than in the
rheumatologic group. The average scores on the Japanese
version of the Health Assessment Questionnaire, and the
remission ratio determined using a Boolean-based defini-
tion gradually increased from 2000 until 2010, and these
findings were consistently better in the rheumatologic
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group than in the orthopedic group. These data suggest that
patients treated primarily by orthopedists are more likely to
have long-standing RA compared to patients treated by
rheumatologists. Therefore, it is critical for rheumatolo-
gists and orthopedists to complement each other medically
in the treatment of RA patients.

Keywords Health Assessment Questionnaire (HAQ) -
Orthopedist - Rheumatoid arthritis - Rheumatologist -
Remission

Introduction

The course of rheumatoid arthritis (RA) varies greatly from
a mild disease to a severe destructive variant that pro-
gresses rapidly over a few years. In recent years, disease-
modifying antitheumatic drugs (DMARDs), including
biological agents, have been used to inhibit or halt the
underlying immune process and prevent long-term damage
in RA. Biological DMARDs have increased treatment
options for RA patients, and clinical remission is consid-
ered to be the primary goal of RA treatment. However,
despite aggressive treatment with biological DMARD:s,
progressive destruction of joints continues to occur in a
subgroup of RA patients, who eventually require joint
surgery [I, 2]. Orthopedic procedures can substantially
improve the overall function and quality of life of RA
patients. For example, total joint arthroplasty (TJA), such
as total knee arthroplasty (TKA) and total hip arthroplasty
(THA), has proven to be one of the most successful and
most frequently performed orthopedic interventions for
reducing pain and enhancing physical function in RA
patients [3, 4]. It is generally agreed that TJA is the
treatment of choice for relieving pain and improving
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function. Therefore, we consider that cooperation between
rheumatologists and surgeons is imperative for the proper
treatment of RA patients. In western countries, rheuma-
tologists are specially trained to do the investigative work
necessary to discover the causes of swollen and painful
joints, including osteoarthritis (OA), gout, lupus, back pain,
osteoporosis, fibromyalgia, and/or tendonitis, whereas
orthopedic surgeons focus on performing surgical proce-
dures. While orthopedic surgeons are familiar with all
aspects of the musculoskeletal system, many orthopedists
specialize in certain areas, such as the foot and ankle, hand
and wrist, spine, shoulder, hip, or knee. Therefore, specific
expertise is required among orthopedic surgeons.

In contrast with systems in other countries, the medical
service system in Japan differs in that, in Japan, no system
exists in which general and primary care physicians consult
with hospital-based musculoskeletal services, represented
in part by the departments of orthopedics and rheumatol-
ogy in western countries [5]. Moreover, in addition to
performing surgery, orthopedic surgeons in Japan also see
patients who are suffering from OA, back pain, shoulder
pain, and tendonitis, and prescribe medications. For RA
treatment, Japanese orthopedic surgeons also prescribe
both non-biological and biological DMARD:s. In this study,
we examined whether this Japanese system is effective for
RA treatment. We compared the therapeutic efficacy in
patients with RA treated by rheumatologists versus the
efficacy in those treated by orthopedists, using information
from a large prospective observational cohort.

Subjects and methods
Patients and study design

The clinical condition of RA patients treated by rheuma-
tologists and orthopedists in a linked registry study was
analyzed using information from a large observational
cohort of RA patients followed at the Institute of Rheu-
matology, Tokyo Women’s Medical University (IORRA)
[6, 7]. The IORRA is an observational study of RA patients
that has been conducted at the Institute of Rheumatology,
Tokyo Women’s Medical University, since October 2000.
The medical staff of this institute includes both rheuma-
tologists and orthopedists (36 rheumatologists and 12
orthopedists in 2010). All patients in the cohort fulfilled the
1987 revised American College of Rheumatology criteria
for RA and/or the 2010 RA classification criteria [8-10],
and more than 98% of the RA patients at our institute have
been registered in this study. An average of 5,000 outpa-
tients with RA was seen each month from 2000 to 2010.
Patient information was collected biannually (April/May
and October/November) when the patients visited the
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outpatient unit of the Institute of Rheumatology, Tokyo
Women’s Medical University. This information was used
to construct a database that consists of three sections:
evaluation data generated by trained rheumatologists and
orthopedists, information contributed by patients, and
results of laboratory evaluation. RA disease activity was
measured using the Disease Activity Score 28 (DAS28),
Simplified Disease Activity Index (SDAI), and the ratio of
remission determined using a Boolean-based definition
derived from RA clinical trials [i}, 12]; health-related
quality of life was evaluated using a Japanese version of
the Health Assessment Questionnaire (J-HAQ) [13].

As mentioned above, these patients had participated in
IORRA, and the Tokyo Women’s Medical University
ethics committee approved the present study. Study details
were explained to each patient by rheumatologists and
orthopedists during clinic visits, and informed consent was
obtained from each patient.

Statistical analysis

Patient characteristics in October 2000 and April 2010 are
expressed using the mean, standard deviation, and median.
Characteristics in 2000 and 2010 were compared using the
Mann-Whitney test and Fisher’s exact test. A P value of
<0.05 was considered to be statistically significant. All
analyses were performed using the statistical package, R,
version 2.9.1.

Results

Tables { and 2 show the characteristics of the total study
population in October 2000 (Table 1) and April 2010
(Table 2). The characteristics of the registered RA patients
were actually investigated every half year from October
2000 until April 2010. However, as it would have been
very complicated to check the data from each phase, we
elected to compare the data from the first and final phases.
Table 1 shows the baseline characteristics of the total study
population in 2000; at that time, biological agents could not
be prescribed for RA patients in Japan. We investigated
two groups: patients treated by rheumatologists (theuma-
tologic group) and patients treated by orthopedists (ortho-
pedic group). Significant differences in background
characteristics, including the percentage of females, age,
and RA disease duration, were observed between the
groups. The orthopedic group included older patients, more
women, and patients with a longer disease duration com-
pared to patients in the rheumatologic group. Due to the
condition of the patients in the orthopedic group, disease
activity as measured by DAS28 and SDAI was also sig-
nificantly different. Otherwise, the incidence of a history of
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Table 1 Baseline characteristics of the total study population and of each patient group in 2000
Variable Rheumatologic group (n = 2,694) Orthopedic group (n = 1,142) P value
NA Mean SD Median 25% 75% NA Mean SD Median 25% 75%
Gender (female/all) 0 0.81 - - - - 0 0.85 - - - - 0.0049
Age (years) 0 57.08 12.84 5834 499 66.2 0 5923 117 6002 523 67.6  5.65E—06
Duration of disease 1 10.07 846 8 4 14 0 1174 836 10 6 16 348E—14
(years)
BMI (kg/m?) 39 2134 3 21.09 19.3 23.1 12 2146 3.02 21.32 193 23.2 022
DAS28 535 4.03 1.13 398 3.19 4.77 223 4.47 125 44 3.6 522 2.87E—18
SDAI 541 136 8.7 118 73 177 237 1735 117 148 92 219 176E-17
J-HAQ 6 0.74 072 056 0.13 1.25 2 0.96 0.82 075 0.25 1.63 5.45E-14
RF (IU/ml) 132 1298 2174 57 20 132 103 148 297 60 23 142 0.096
Remission rate 528 5.63 - - - - 223 3.59 - - - - 0.27
(Boolean-clinical trial-
based definition) (%)
DMARD use (%) 0 7584 - - - - 0 7452 - - - - 0.39
PSL use (%) 0 4551 - - - - 0 55.78 - - - - 6.62E—09
MTX use (%) 0  35.67 - - - - 0 30.65 - - - 0.0029
MTX dose (mg/week) 1,777 5.89 256 5 4 7.5 810 4.75 249 4 4 6 1.63E—-06
PSL dose (mg/day) 1,472 5.03 3.5 5 3 6 505 4.4 2.8 4 2.5 5 6.17E—05
Joint surgery (%) 0 108 -~ - - - 0 33.36 - - - - 1.18E—58
TKA (%) 0 2.45 - - - - 0 1147 - - - - 1.00E—27
THA (%) 0 0.74 - - - - 0 3.33 - - - - 1.65E—-08

Mean and median values are shown for continuous variables. Frequency (%) is used for dichotomous variables. Ranges for variables are as
follows: J-HAQ [0-3; 3, worst score]

NA number of subjects unavailable for analysis, BMI body-mass index, DAS28 Disease Activity Score in 28 joints, SDAI Simplified Disease
Activity Index, J-HAQ Japanese version of the Health Assessment Questionnaire, RF rheumatoid factor, DMARD disease-modifying anti-

rheumatic drug, MTX methotrexate, PSL prednisolone, TKA total knee arthroplasty, THA total hip arthroplasty

joint surgery, TKA, and THA was much higher in RA
patients in the orthopedic group than in those in the rheu-
matologic group. No significant differences in rheumatoid
factor positivity or DMARD use were observed between
the groups. In this phase, the Boolean-defined ratio of
remission was not significantly different between the
groups.

Table 2 shows the characteristics of the total study
population in the year 2010, at which time biological
agents (infliximab, etanercept, adalimumab, tocilizumab,
and abatacept) could be prescribed for RA patients in
Japan. Similar to the 2000 data, significant differences in
background characteristics were observed between the two
groups. In 2010, the patients in the orthopedic group were
also older, more likely to be female, and had longer disease
durations compared to patients in the rheumatologic group.
Moreover, the incidence of a history of joint surgery, TKA,
and THA was also higher in the orthopedic group than in
the rheumatologic group. It follows that disease activity as
measured by DAS28 and SDAI was higher in patients in
the orthopedic group than in those in the rheumatologic

group.

Figure 1 illustrates the increasing trends of the female-
to-all patient ratio, mean age, and mean disease duration
from October 2000 to April 2010. Similar trends were
observed in both the rheumatic and orthopedic groups.
However, the female-to-all patient ratio, age, and disease
duration of patients in the orthopedic group were always
higher than those in the rheumatologic group.

As shown in Fig. 2, methotrexate (MTX) use and dose,
glucocorticoid dose, and DMARD use were similar in the
rheumatologic and orthopedic groups. Over the 10-year
study period, there was a trend toward a decreased average
glucocorticoid [prednisolone (PSL)] dose and an increased
MTX dose. Compared to rheumatologists, orthopedists
prescribed lower PSL and MTX doses. However, no sig-
nificant difference in DMARD or biological agent use was
observed between the rheumatologic and orthopedic groups
(this point is also illustrated in Table 2).

Figure 3 shows disease activity as presented by the
DAS28 and SDAI scores. In both groups, DAS28 and SDAI
scores gradually decreased during the 10-year period; how-
ever, the scores in the rheumatologic group were slightly but
consistently lower than those in the orthopedic group.
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Table 2 Characteristics of the total study population and of each patient group in 2010

Variable Rheumatologic group (n = 4,490) Orthopedic group (n = 1,071) P value
NA Mean SD Median 25% 75% NA Mean SD Median 25% 75%
Gender (female/all) 0 0.84 - - - - 0 0.86 - - - - 0.04
Age (years) 0 59.05 1337 6092 51 68.6 0 633 11.82 64.46 56.4 712 1.94E-20
Duration of disease 189  12.65 9.59 11 5 17 30 1674 10 16 9 22 4.88E—41
(years)
BMI (kg/m?) 98 214 3.17 21 19.2 23.2 19 2147 3.02 21.23 19.5 233  0.14
DAS28 83 3.11 1.11  3.001 2.31 3.81 33 33 1.1 3.23 2.54 396 9.93E-08
SDAI 80 7.49 6.81 5.87 252 104 32 8 643  6.69 35 10.8  3.06E-05
J-HAQ 4 0.65 0.72 038 0 1 4 0.88 0.84 0.625 0.13 1.5 3.86E—15
RF (IU/ml) 53 121.8 283.8 48 14 110 27 1208 216 53 17 112 0.1
Remission rate 80 22.13 - - - - 32 1713 - - - - 0.0037
(Boolean-clinical
trial-based definition)
(%)
DMARD use (%) 0 9114 - - - - 0 8982 - - - - 0.19
PSL use (%) 0 41.65 - - - - 0 4846 - - - - 5.79E-05
MTX use (%) 0 7038 - - - - 0 68381 - - - - 0.32
Biological agent use 0 11.87 - - N - 0 1046 - - - - 0.2
(%)
MTX dose (mg/week) 1,355 8.47 344 8 6 10 339 7.05 318 6 5 3.11E-13
PSL dose (mg/day) 2,620 4.12 318 395 2 5 552 3.54 22 3 2 0.0041
Joint surgery (%) 0 1657 - - - - 0 3921 - - - - 6.26E—54
TKA (%) 0 6.08 - - - - 0 1699 - - - - 5.92E-27
THA (%) 0 1.4 - - - - 0 4.11 - - - - 1.S1E-07

Mean and median values are shown for continuous variables.
follows: J-HAQ [0-3; 3, worst score]

Frequency (%) is used for dichotomous variables.

Ranges for variables are as

NA number of subjects unavailable for analysis, BMI body-mass index, DAS28 Disease Activity Score in 28 joints, SDAJ Simplified Disease
Activity Index, J-HAQ Japanese version of the Health Assessment Questionnaire, RF rheumatoid factor, DMARD disease-modifying anti-
rheumatic drug, M7TX methotrexate, PSL prednisolone, TKA total knee arthroplasty, THA total hip arthroplasty

Finally, Fig. 4 illustrates the changes in functional
ability as measured by J-HAQ and the ratio of remission
determined using a Boolean-based definition derived from
RA clinical trials. In contrast to the DAS28 and SDAI
results, the average ‘J-HAQ score and Boolean-defined
remission ratio gradually increased from 2000 until 2010.
However, the J-HAQ scores and Boolean-defined remis-
sion ratios were consistently better in the rheumatic group
than in the orthopedic group.

Discussion

The course of RA varies greatly from mild and sometimes
self-limiting disease to a severe destructive variant that
progresses rapidly [14]. In general, the immunopathologic
characteristics of patients with early RA have few differ-
ences compared to those of patients with established RA,
suggesting that any unique changes in the synovial micro-
environment of early RA patients may occur at very early
disease stages. Therefore, from an immunomodulatory

@ Springer

standpoint, the “therapeutic window of opportunity” may be
more critical than previously thought.

However, recent findings regarding cytokine-indepen-
dent pathways of joint inflammation might explain the
basic disease activity that remains despite the use of cur-
rently available pharmaceutical therapies [I5], and the
progression of radiological damage in patients in clinical
remission [16]. In particular, patients who fail to respond to
pharmaceutical therapies require surgical intervention to
prevent further loss of function [1, 2, 17]. Orthopedic
procedures can substantially improve the overall function
and quality of life in such patients. Therefore, it is believed
that medication and surgical intervention are required for
proper RA treatment, and that medical care and treatment
for RA should be conducted by a rheumatologist and/or an
orthopedist.

The system for RA treatment in Japan is unique in that
orthopedists perform surgery and also prescribe RA med-
ications, including biological agents. In the present study,
we validated the current status of RA treatment by ortho-
pedists in Japan.
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Fig. 1 Trends in the female-to-
all patient (female: all) ratio,
mean age, and mean disease
duration from 2000 to 2010. yrs
years

Fig. 2 Use and dose of MTX
and use of glucocorticoids and
DMARD:s from 2000 to 2010.
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Fig. 3 Disease activity as measured by DAS28 and SDAI scores
from 2000 to 2010. DAS28 Disease Activity Score (DAS) using 28
joint counts, SDAI Simplified Disease Activity Index

We analyzed data acquired over a period of 10 years from
the IORRA database, which was established as a large
observational cohort of RA patients followed at the Institute
of Rheumatology, Tokyo Women’s Medical University, in
2000. The medical staff of this institute includes both
rheumatologists and orthopedists. While these physicians
have their own distinctive styles for treating RA patients,
they work in an atmosphere of cooperation. For example, if
the rheumatologist thinks there is an indication for surgery in
a patient with RA, it is easy to consult with the orthopedist.

In the IORRA database, the female-to-all patient ratio,
age, and disease duration of patients treated by orthopedists
were higher than those of patients treated by rheumatolo-
gists. Many studies have reported that female patients have
higher RA disease activity and are prone to greater and
faster progression of disability over time [18, 19].

Moreover, joint surgery, including TKA and THA,
showed a significantly higher rate in patients treated by
orthopedists than in patients treated by rheumatologists.
However, the patients in the two groups did not receive
significantly different medications, with the exception of
the doses of MTX and PSL. These data suggested that
patients treated primarily by orthopedists were more likely
to have established RA compared to patients treated by
rheumatologists. The increasingly long life-spans in RA
patients are believed to be due to the use of more
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Boolean-based definition from 2000 to 2010. J-HAQ Japanese version
of the Health Assessment Questionnaire

aggressive pharmacological treatment than that used pre-
viously, including biological DMARDs. Thus, these char-
acteristics might explain the greater age and longer disease
duration of patients in the orthopedic group.

Disease activity as measured by DAS28 and SDAI was
very similar in both groups, albeit that the scores were
slightly lower in patients treated by rheumatologists. How-
ever, the mean J-HAQ score and the rate of the remission
determined using a Boolean-based definition derived from
RA clinical trials were consistently better in the rheumato-
logic group, likely because patient background directly
influences both functional ability and remission. Compari-
son between the backgrounds of patients in the two groups
revealed that the rheumatologic group included younger
patients and patients with earlier RA compared to patients in
the orthopedic group. These results suggest that disease
activity in patients seen by rheumatologists could be rela-
tively well controlled with medication, whereas patients seen
by orthopedists were more likely to have relatively long-
standing active RA. Therefore, the surgery rate was higher
and functional ability and remission rates were worse in
patients treated by the orthopedists. These observations
suggest that patients with long-standing RA were more likely
to be treated by orthopedists.
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We have previously reported that the declining use of
orthopedic surgery at our institute appeared to be primarily
influenced by increased treatment with MTX and biologicals

20, 21]. However, a recent multicenter study that included
our institute has revealed that the total number of RA-asso-
ciated surgeries has actually not decreased, and that the
numbers have been relatively stable from 1998 to 2008 [22].
Although the number of synovectomies has definitely
declined, the numbers of upper limb surgeries and foot ar-
throplasties have increased. Moreover, when disease activity
is increased in joints undergoing damage and destruction in
established RA patients, surgical intervention should be
considered as a therapeutic option [3]. Together, these
studies suggest that RA treatment consisting of both medical
treatment and orthopedic joint surgery may lead to a greater
improvement in patient quality of life.

We conclude that these clinical data suggest that
patients treated primarily by orthopedists are more likely to
have long-standing RA compared to patients treated by
rheumatologists. Therefore, it is critical for rheumatolo-
gists and orthopedists to complement each other medically
in the treatment of RA patients.

Acknowledgments The authors would like to thank all participating
rheumatologists and orthopedic surgeons, as well as the staff of the
IORRA cohort study group. This study was funded through a research
grant from 37 pharmaceutical companies given for the support of the
large observational cohort study of RA at the Institute of Rheuma-
tology, Tokyo Women’s Medical University.

Conflict of interest None.

References

1. Yano K, Ikari K, Inoue E, Tokita A, Sakuma Y, Hiroshima R,
et al. Effect of total knee arthroplasty on disease activity in
patients with established rheumatoid arthritis: 3-year follow-up
results of combined medical therapy and surgical intervention.
Mod Rheumatol. 2010;20(5):452-7.

2. Simmen BR, Bogoch ER, Goldhahn J. Surgery insight: ortho-
pedic treatment options in rheumatoid arthritis. Nat Clin Pract
Rheumatol. 2008;4(5):266-73.

3. Momohara S, Inoue E, Ikari K, Yano K, Tokita A, Suzuki T, et al.
Efficacy of total joint arthroplasty in patients with established
rheumatoid arthritis: improved longitudinal effects on disease
activity but not on health-related quality of life. Mod Rheumatol.
2011. doi:10.1007/510165-011-0432-9.

4. Trieb K, Schmid M, Stulnig T, Huber W, Wanivenhaus A. Long-
term outcome of total knee replacement in patients with rheu-
matoid arthritis. Joint Bone Spine. 2008;75(2):163~6.

5. Rymaszewski LA, Sharma S, McGill PE, Murdoch A, Freeman S,
Loh T. A team approach to musculo-skeletal disorders. Ann R
Coll Surg Engl. 2005;87(3):174-80.

6. Yamanaka H, Inoue E, Singh G, Tanaka E, Nakajima A, Taniguchi
A, et al. Improvement of disease activity of rheumatoid arthritis
patients from 2000 to 2006 in a large observational cohort study
TORRA in Japan. Mod Rheumatol. 2007;17(4):283-9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

- 146 -

. Shidara K, Hoshi D, Inoue E, Yamada T, Nakajima A, Taniguchi

A, et al. Incidence of and risk factors for interstitial pneumonia in
patients with rheumatoid arthritis in a large Japanese observa-
tional cohort, IORRA. Mod Rheumatol. 2010;20(3):280-6.

. Arnett FC, Edworthy SM, Bloch DA, McShane DI, Fries JF,

Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum. 1988;31(3):315-24.

. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham

CO 3rd, et al. 2010 Rheumatoid arthritis classification criteria: an
American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Ann Rheum Dis. 2010;69(9):
1580-8.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham
CO 3rd, et al. 2010 Rheumatoid arthritis classification criteria: an
American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Arthritis Rheum. 2010;
62(9):2569-81.

Felson DT, Smolen JS, Wells G, Zhang B, van Tuyl LH, Funovits J,
etal. American College of Rheumatology/European League Against
Rheumatism provisional definition of remission in rheumatoid
arthritis for clinical trials. Arthritis Rheum. 2011;63(3):573-86.
Felson DT, Smolen JS, Wells G, Zhang B, van Tuyl LH, Funovits J,
etal. American College Of Rheumatology/European League Against
Rheumatism provisional definition of remission in rheumatoid
arthritis for clinical trials. Ann Rheum Dis. 2011;70(3):404-13.
Matsuda Y, Singh G, Yamanaka H, Tanaka E, Urano W, Tan-
iguchi A, et al. Validation of a Japanese version of the Stanford

Health Assessment Questionnaire in 3,763 patients with rheu-

matoid arthritis. Arthritis Rheum. 2003;49(6):784-8.

Wolfe F, Zwillich SH. The long-term outcomes of rheumatoid
arthritis: a 23-year prospective, longitudinal study of total joint
replacement and its predictors in 1,600 patients with rheumatoid
arthritis. Arthritis Rheum. 1998;41(6):1072-82.

Tarner TH, Muller-Ladner U, Gay S. Emerging targets of biologic
therapies for rheumatoid arthritis. Nat Clin Pract Rheumatol.
2007;3(6):336-45.

Cohen G, Gossec L, Dougados M, Cantagrel A, Goupille P, Daures
JP, et al. Radiological damage in patients with rheumatoid arthritis
on sustained remission. Ann Rheum Dis. 2007;66(3):358~63.
Verstappen SM, Hoes JN, Ter Borg EJ, Bijlsma JW, Blaauw AA,
van Albada-Kuipers GA, et al. Joint surgery in the Utrecht
Rheumatoid Arthritis Cohort: the effect of treatment strategy.
Ann Rheum Dis. 2006;65(11):1506~11.

Tikuni N, Sato E, Hoshi M, Inoue E, Taniguchi A, Hara M, et al.
The influence of sex on patients with rheumatoid arthritis in a
large observational cohort. J Rheumatol. 2009;36(3):508-11.
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.
2008;59(6):762-84.

Momohara S, Inoue E, Ikari K, Kawamura K, Tsukahara S,
Iwamoto T, et al. Decrease in orthopaedic operations, including
total joint replacements, in patients with rheumatoid arthritis
between 2001 and 2007: data from Japanese outpatients in a
single institute-based large observational cohort (IORRA). Ann
Rheum Dis. 2010;69(1):312-3.

Momohara S, Ikari K, Mochizuki T, Kawamura K, Tsukahara S,
Toki H, et al. Declining use of synovectomy surgery for patients with
rheumatoid arthritis in Japan. Ann Rheum Dis. 2009;68(2):291-2.
Momohara S, Tanaka S, Nakamura H, Mibe J, Iwamoto T, Ikari
K, et al. Recent trends in orthopedic surgery performed in Japan
for rheumatoid arthritis. Mod Rheumatol. 2011. doi:10.1007/
$10165-011-426-7.

‘2_) Springer



=]
o
>
o
o
]
o
by
o
2]
£
o
L
g
J
£
«
e
s
@
£
Lo
o
g
3
=
]
4
N
~
=)
N
9

nature

g@r}@m@s

®

Meta-analysis identifies nine new loci associated with
rheumatoid arthritis in the Japanese population
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Rheumatoid arthritis is a common autoimmune disease
characterized by chronic inflammation. We report a meta-
analysis of genome-wide association studies (GWAS) in

a Japanese population including 4,074 individuals with
rheumatoid arthritis (cases) and 16,891 controls, followed by
a replication in 5,277 rheumatoid arthritis cases and 21,684
controls. Our study identified nine loci newly associated with
rheumatoid arthritis at a threshold of P < 5.0 x 1078, including
B3GNT2, ANXA3, CSF2, CD83, NFKBIE, ARID5B, PDE2A-
ARAP1, PLD4 and PTPN2. ANXA3 was also associated with
susceptibility to systemic lupus erythematosus (P = 0.0040),
and B3GNT2 and ARID5B were associated with Graves’
disease (P = 3.5 x 10~* and 2.9 x 104, respectively). We
conducted a multi-ancestry comparative analysis with a
previous meta-analysis in individuals of European descent
(5,539 rheumatoid arthritis cases and 20,169 controls).

This provided evidence of shared genetic risks of rheumatoid
arthritis between the populations.

Rheumatoid arthritis is a complex autoimmune disease characterized by
inflammation and the destruction of synovial joints and affects up to 1%
of the population worldwide. To date, more than 35 rheumatoid arthritis
susceptibility loci, including HLA-DRBI, PTPN22, PADI4, STAT4,
TNFAIP3 and CCR6, among others, have been identified by GWAS in
multiple populations'~!? and by several meta-analyses of the original
GWAS!3-18, In particular, each meta-analysis of these GWAS uncovered
a number ofloci that were not identified in the single GWAS, leading to
recognition of the enormous power of the meta-analysis approach for
detecting causal genes in disease. However, these previous meta-analyses
have been performed solely in European populations'®-16 and not in

Asian ones. As multi-ancestry studies on validated rheumatoid arthritis
susceptibility loci showed the existence of both population-specific and
shared genetic components of rheumatoid arthritis'®!”, additional studies
in Asian populations might provide useful insight into the underlying
genetic architecture of rheumatoid arthritis, which would otherwise be
difficult to capture using the studies in a single population. Here, we
report a meta-analysis of GWAS and a replication study for rheumatoid
arthritis in a Japanese population that was conducted by the Genetics
and Allied research in Rheumatic diseases NETworking (GARNET)
consortium!%12, We subsequently performed a multi-ancestry com-
parative analysis that incorporated results from a previously conducted
meta-analysis of individuals of European ancestry!>.
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Figure 1 Manhattan plots of the GWAS meta-analysis for rheumatoid
arthritis in the Japanese population. The genetic loci that satisfied the
genome-wide significance threshold of P < 5.0 x 10-8 (gray line) in the
meta-analysis or in the combined study of the meta-analysis and the
replication study are presented. The y axis shows the —log; P values of
the SNPs in the meta-analysis. The SNPs for which the P values were
smaller than 1.0 x 10-15 are indicated at the upper limit of the plot.
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The meta-analysis included 4,074 rheuma-
toid arthritis cases (with 81.4% and 80.4% of
the subjects being positive for antibody to
cyclic citrullinated peptide (anti-CCP) and
rheumatoid factor, respectively) and 16,891
controls from three GWAS of Japanese sub-
jects (from the BioBank Japan Project!%-18,

Kyoto University!? and the Institute of
Rheumatology Rheumatoid  Arthritis

the application of stringent quality control
criteria, including principal-component ana-

(IORRA)!'%; Supplementary Table 1). After
lysis (PCA; Supplementary Fig. 1) for each

GWAS, the meta-analysis was conducted

by evaluating ~2.0 million autosomal SNPs
with minor allele frequencies (MAFs) 20.01,
which were obtained through whole-genome
imputation of genotypes on the basis of the

HapMap Phase 2 East Asian panels (Japanese
in Tokyo (JPT) and Han Chinese in Beijing
(CHB)). The inflation factor of the test
statistics in the meta-analysis Agc was as
low as 1.036, suggesting no substantial effects
of population structure (Supplementary

P values showed a marked discrepancy in
the values in its tail from those anticipated

Table 2). The quantile-quantile plot of
under the null hypothesis that there is no

association—even after removal of the
SNPs located in the human leukocyte anti-
gen (HLA) region, the major rheumatoid
arthritis susceptibility locus—thereby show-

We identified seven loci in the current
meta-analysis that satisfied the genome-wide

ing the presence of significant associations in
the meta-analysis (Supplementary Fig. 2).
significance threshold of P < 5.0 x 1078, These

92x1071,1.0x1078

and 3.5 x 1078, respectively).

2.6 x 107118 was found at the HLA-DRBI

locus; Fig. 1 and Table 1). To our knowledge,
To validate the associations identified in

the meta-analysis, we conducted a replication
study of two independent Japanese rheuma-

tis susceptibility loci, such as PADI4 at 1p36,

included previously known rheumatoid arthri-
HLA-DRBI at 6p21.3, TNFAIP3 at 6923 and
CCR6 at 6q27 (refs. 1,3,6,10,15) (the smallest
the other three loci identified, NFKBIE at
6p21.1, ARID5Bat 10921 and PTPN2 at 18p11,
toid arthritis case-control cohorts (cohort 1:
3,830 rheumatoid arthritis cases and 17,920
controls, cohort 2: 1,447 rheumatoid arthri-
tis cases and 3,764 controls; Supplementary
Table 1). To increase the number of subjects
and enhance statistical power, genotype
data obtained from other GWAS projects
conducted for non-autoimmune diseases in
Japanese using Illumina platforms were used
for the replication control panels. For each
of the 46 loci that exhibited P < 5.0 x 10~ in

are newly associated (P

P
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Figure 2 Regional plots of the loci newly associated with rheumatoid arthritis at the genome-wide significance threshold of P < 5.0 x 1078 in the
combined study of the meta-analysis and the replication study. (a-i) Regional plots are shown at B3GNTZ (a), ANXA3 (b), CSF2 (c), CD83 (d), NFKBIE (e),
ARID5B (f), PDEZA-ARAPI (g), PLD4 (h) and PTPNZ (i). Diamonds represent the —log;q P values of the SNPs, and the red diamonds represent the
~log, P values of the SNPs in the meta-analysis. Red color for the smaller circles represents the r2 value with the most significantly associated SNP
(larger red circle). The purple circle represents the P value in the combined study. The blue line shows the recombination rates given by the HapMap
Phase 2 east Asian populations (release 22). RefSeq genes at the loci are indicated below. Genes nearest to the marker SNPs at the loci are colored
blue (Supplementary Note), and genes implicated in eQTL analysis are colored red (Supplementary Table 4). At 11q13, two genes (PDE2A and ARAPI)
that are nearest to the SNP selected for the replication study and the most significant SNP in the meta-analysis are highlighted. The plots were drawn

using SNP Annotation and Proxy Search (SNAP) version 2.2.

the meta-analysis and had not been reported as rheumatoid arthritis
susceptibility loci!-16, we selected a marker SNP for the replication
study (Online Methods and Supplementary Table 3).

In the combined analyses of the meta-analysis and the replication
study, including a total 0of 9,351 rheumatoid arthritis cases and 38,575
controls, we identified six newly associated loci, in addition to the
NFKBIE, ARID5B and PTPN2 loci, that satisfied the significance
threshold of P < 5.0 x 1078, including B3GNT2 at 2p15, ANXA3 at
4q21, CSF2 at 5q31, CD83 at 6p23, PDE2A-ARAPI at 11q13 and PLD4
at 14q32 (Figs. 1 and 2 and Table 1). Of these loci, NFKBIE had the
smallest P value (5.8 x 107'9). Although association with rheumatoid
arthritis has been described for the CSF2 and PTPN2 loci!l»15:16:2021,
ours is the first report to our knowledge validating these associations
with a threshold of P < 5.0 x 1078, Suggestive associations were also
observed in ETSI-FLII at 11q24, GCHI at 14q22, PRKCH at 14q23,
ZNF774 at 1526, PRKCBI at 16p12 and IRF8 at 16924 (5.0 x 1078 <
P < 5.0 x 107%). A summary of the genes in the newly associated loci
and the results of cis expression quantitative trait locus (cis eQTL)
analysis of the marker SNPs are provided (Supplementary Table 4
and Supplementary Note).

Previous studies have reported associations of rheumatoid arthritis
susceptibility loci with other autoimmune diseases®!%1%16, Therefore,
we assessed the association of these newly identified susceptibility
loci with systemic lupus erythematosus (SLE) by examining the
results of an SLE GWAS in the Japanese population (891 cases and
3,384 controls)?? and in Graves’ disease by genotyping 1,783 cases!?
(the controls from the SLE analysis were used for testing for Graves’

disease). We observed significant associations of the ANXA3 locus
with SLE and of the BSGNT2 and ARID5B loci with Graves’ disease,
which showed the same directional effects of the alleles as in rheu-
matoid arthritis (P < 0.05/9 = 0.0056, Bonferroni correction of the
number of loci; Supplementary Table 5). It should be noted that
relatively small sample sizes in the SLE and Graves’ disease cohorts
might yield limited statistical power, and further evaluations enrolling
larger numbers of subjects would be desirable.

To highlight genetic backgrounds of rheumatoid arthritis that are
common and divergent in different ancestry groups, we conducted
a multi-ancestry comparative analysis of the present study in
Japanese and a previous GWAS meta-analysis in Europeans that
included 5,539 rheumatoid arthritis cases and 20,169 controls!®
(Fig. 3a-c). First, we compared associations in the reported!~1¢ or
newly identified rheumatoid arthritis susceptibility loci (Fig. 3a and
Supplementary Table 6). Of the 46 rheumatoid arthritis risk variants
evaluated, 6 were monomorphic in Japanese, and all were polymor-
phic in Europeans. We observed significant associations at 22 loci in
Japanese and at 36 loci in Europeans (false discovery rate (FDR) <
0.05, P < 0.0030), with 14 loci being shared between the populations.
Of the newly associated rheumatoid arthritis susceptibility loci iden-
tified in our Japanese meta-analysis, significant associations were
also observed in the European meta-analysis at the ARID5B and
PTPN2 loci (P = 1.9 x 107 and 9.2 x 1075, respectively; Table 1).
Significant positive correlation of odds ratios was observed between
the studies (r = 0.822, P = 8.1 x 107!!; Fig. 3b), suggesting that
a substantial proportion of genetic factors are shared between
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of the odds ratios of the genome-wide SNPs, excluding the rheumatoid arthritis susceptibility loci. Correlations were evaluated for sets of SNPs stratified
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are indicated on the y axis. Significant correlation of the odds ratios was observed (f, P < 0.005), even for the SNPs that showed moderate associations

with rheumatoid arthritis (meta-analysis P < 0.4 in each population).

the two ancestry groups!’. When the rheumatoid arthritis cases of
the Japanese GWAS meta-analysis were stratified into anti-CCP-
positive or rheumatoid factor-positive cases (# = 3,209) and controls
(n = 16,891), similar results were observed (data not shown).
Nevertheless, most of the SNPs assessed here are not necessarily causal
variants, and further fine mapping of the loci is warranted to precisely
evaluate the shared genetic predisposition between the populations.

Next, we compared regional associations within each of the
loci and identified unique patterns in the ARID5B locus at 10921
(Supplementary Fig. 3). In Japanese, three peaks of association were
observed (P =1.0 x 10~8 at rs10821944, P= 5.7 x 1078 at rs10740069
and P = 8.5 x 107% at rs224311). These three variants were in weak
linkage disequilibrium (LD) in Japanese (r2 <0.10), indicating inde-
pendent associations with each of the other SNPs that satisfied a
region-wide significance threshold of P < 3.5 x 107> (conditional
P=43%107%1.7x 107> and 1.8 x 1075, respectively) (Supplementary
Fig. 3). In contrast, there was only one peak of association in
Europeans (P = 1.2 x 107% at rs12764378; r2 = 0.59 with rs10821944
in Europeans), and no additional association was observed in
conditional analysis with rs12764378 (the smallest conditional
P =22 x107%), suggesting that the number of independent associa-
tions may be different at this locus in the two populations.

Finally, we conducted polygenic assessment for common vari-
ants showing modest associations to rheumatoid arthritis (those not
meeting the genome-wide association threshold). This approach has
been recognized to be a means to explain a substantial proportion
of genetic risk?’. For the SNPs that were shared between the two
meta-analyses but not included in the validated rheumatoid arthritis

susceptibility loci, we adopted LD pruning of the SNPs (r? < 0.3). We
then evaluated the correlation of odds ratios of the SNPs between
the two meta-analyses and observed a significant positive correlation
(r=0.023,P<1.0 x 1073%). When the SNPs were stratified according to the
P values in each meta-analysis, significant positive correlations of
odds ratios were observed for the SNPs, even for those showing
modest association (P < 0.4 in the meta-analysis of Japanese or
Europeans; r = 0.014-0.36 for each P value range, P < 0.005 for each
correlation test) (Fig. 3¢). Correlations () of odds ratios observed
herein suggest substantial overlap of the genetic risk of rheumatoid
arthritis between the two populations, not only in the validated rheu-
matoid arthritis susceptibility loci but also at the loci showing nonsig-
nificant associations. This suggests the usefulness of a meta-analysis
approach involving multiple ancestry groups in identifying additional
susceptibility loci.

In summary, we identified multiple new loci associated with rheuma-
toid arthritis through a large-scale meta-analysis of GWAS in Japanese.
Multi-ancestry comparative analysis provided evidence of significant
overlap in the genetic risks of rheumatoid arthritis between Japanese
and Europeans. Thus, findings from the present study should contribute
to the further understanding of the etiology of rheumatoid arthritis.

URLs. GARNET consortium, http://www.twmu.ac.jp/IOR/garnet/
home.html; The BioBank Japan Project (in Japanese), http://biobankjp.
org/; International HapMap Project, http://www.hapmap.org/;
PLINK, http://pngu.mgh.harvard.edu/~purcell/plink/; EIGENSTRAT,
http://genepath.med.harvard.edu/~reich/Software.htm; MACH and
mach2dat, http://www.sph.umich.edu/csg/abecasiss/MACH/index.
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html; R statistical software, http://cran.r-project.org/; SNAP, http://
www.broadinstitute.org/mpg/snap/index.php; NCBI GEO database,
http://www.ncbi.nlm.nih.gov/geo/.

METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS

Subjects. The Japanese participants in the meta-analysis (4,074 rheuma-
toid arthritis cases and 16,891 controls) and the replication study (5,277
rheumatoid arthritis cases and 21,684 controls) were obtained through the
collaborations of the GARNET consortium (Supplementary Table 1)1012,
The meta-analysis was conducted on three independent GWAS (from the
BioBank Japan Project!® with 2,414 rheumatoid arthritis cases and 14,245
controls!®, Kyoto University with 1,237 rheumatoid arthritis cases and 2,087
controls'? and IORRA!® with 423 rheumatoid arthritis cases and 559 con-
trols). The replication study consisted of two independent cohorts (cohort 1
included 3,830 rheumatoid arthritis cases and 17,920 controls, and cohort 2
included 1,447 rheumatoid arthritis cases and 3,764 controls). We employed
a case-control cohort of SLE (891 cases and 3,384 controls)?? and 1,783 cases
with Graves’ disease!’. Details of 5,539 rheumatoid arthritis cases and 20,169
controls included in the meta-analysis in European populations were described
elsewhere!®. All participants provided written informed consent for participa-
tion in the study, as approved by the ethical committees of the institutional
review boards. Detailed descriptions of the participating subjects are provided
(Supplementary Note).

Genotyping and quality control in the GWAS. Genotyping platforms and
quality control criteria for the GWAS, including cutoff values for sample
call rates, SNP call rates, MAF and Hardy-Weinberg P values, are given
(Supplementary Table 2). For the subjects enrolled in each of three GWAS,
we excluded closely related subjects with first- or second-degree kinship, which
was estimated using PLINK version 1.06 (see URLs). We also excluded the
subjects determined to be ancestry outliers from East Asian populations using
PCA performed by EIGENSTRAT version 2.0 (see URLSs) along with HapMap
Phase 2 panels (release 24; Supplementary Fig. 1). Genotype imputation was
performed on the basis of the HapMap Phase 2 East Asian populations, using
MACH version 1.0.16 (see URLs) in a two-step procedure as described else-
where?®. We excluded imputed SNPs with MAF < 0.01 or Rsq < 0.5 from each
of the GWAS. Associations of the SNPs with rheumatoid arthritis were assessed
by logistic regression models assuming additive effects of the allele dosages of
the SNPs using mach2dat software (see URLs).

Meta-analysis. We included 1,948,139 autosomal SNPs that satisfied quality
control criteria in all three GWAS (Supplementary Table 2). SNP information
was based on a forward strand of the NCBI build 36.3 reference sequence. The
meta-analysis was performed using an inverse variance method assuming a
fixed-effects model from the study-specific effect sizes (logarithm of odds
ratio) and the standard errors of the coded alleles of the SNPs determined
with the Java source code implemented by the authors?>. Genomic control
corrections®® were carried out on test statistics of the GWAS using the study-
specific inflation factor (Age) and was applied or reapplied to the results of
our current meta-analysis (Supplementary Fig. 2).

Replication study. We selected a SNP for the replication study from each of the
loci that exhibited P < 5.0 x 107% in the meta-analysis that had not previously
been reported as rheumatoid arthritis susceptibility loci!~1¢ (Supplementary
Table 3). For control subjects, we used genotype data obtained from additional
GWAS for non-autoimmune diseases or healthy controls, genotyped using
Mumina HumanHap550 BeadChips or HumanHap610-Quad BeadChips, and

the cases for rheumatoid arthritis and Graves’ disease were genotyped with the
TagMan genotyping system (Applied Biosystems; Supplementary Table 1).
Selection of the SNP was conducted according to the following criteria: if the
SNP with the most significant association in the locus was genotyped in the
replication control panel, then that SNP was selected; otherwise, a tag SNP
in the replication control panel with the strongest LD was selected (mean
2 =0.89). For the three SNPs that yielded low call rates (<90%), we alterna-
tively selected proxy SNPs with the second strongest LD. As a result, average
genotyping call rates of the SNPs were 99.9% and 99.0% for the controls and
cases, respectively. We then evaluated concordance rates between the assayed
genotypes by applying these two different methods to samples from 376 sub-
jects who were randomly selected. This procedure yielded high concordance
rates of 299.9%. Associations of the SNPs were evaluated using logistic regres-
sion assuming an additive-effects model of genotypes in R statistical software
version 2.11.0 (see URLs). The combined study of the meta-analysis and rep-
lication study was performed using an inverse variance method assuming a
fixed-effects model®.

Cis eQTL analysis. For each marker SNP of the newly identified rheuma-
toid arthritis susceptibility locus, correlations between SNP genotypes and
expression levels of genes located 300 kb upstream or downstream of the SNP
measured in B-lymphoblastoid cell lines (GSE6536) were evaluated using data
from the HapMap Phase 2 east Asian populations?’.

Multi-ancestry analysis of the meta-analyses in Japanese and Europeans. We
evaluated the associations of the variants in the validated rheumatoid arthritis
susceptibility loci by comparing the results from the current meta-analysis in
Japanese with those from a previous meta-analysis in Europeans!>, We assessed
two variants in the IRF5 locus, where different causal variants were identified
in the two populations?. For the conditional analysis of the regional associa-
tions in the ARID5B locus (Supplementary Fig. 3), we repeated the meta-
analysis at that locus by incorporating genotypes of the referenced SNP(s) as
additional covariate(s). For comparison of the odds ratios of the SNPs, we first
selected SNPs that were shared between the meta-analyses in Japanese and
Europeans. Next, we removed the SNPs located more than 1 Mb away from
each of the marker SNPs in the validated rheumatoid arthritis susceptibility
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Abstract Tumor necrosis factor (TNF) inhibitors have
produced improvements in clinical, radiographic, and
functional outcomes in rheumatoid arthritis (RA) patients.
However, it remains unclear whether factors affecting
physical functions remain following TNF therapy. The
objective of our study was to assess factors affecting
improvement of physical functions and to shed light on
relations to disease activity and structural changes in
patients with RA treated with etanercept. The study
enrolled 208 patients, all of whose composite measures
regarding clinical, radiographic, and functional estimation
both at 0 and 52 weeks after etanercept therapy were
completed. Mean disease duration of 208 patients was
9.6 years, mean Disease Activity Score for 28 joints
(DAS28) was 5.4, and mean van der Heijde modified total
Sharp score (mTSS) was 94.6. Mean Health Assessment
Questionnaire Disability Index (HAQ-DI) improved from
1.4 at 0 weeks to 1.0 at 52 weeks after etanercept therapy,
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a 31% reduction, which was much less than changes in
DAS28 and mTSS. By multivariate analysis, HAQ-DI and
mTSS at baseline were significantly correlated HAQ
remission. Median HAQ-DI improved in 100 versus 20%
of the HAQ-DI <0.6 versus >2.0 groups, respectively. The
mTSS cutoff point at baseline to obtain HAQ remission
was 55.5. During etanercept treatment in the mTSS <55.5
versus >55.5 groups, median HAQ-DI improved in 70
versus 39%; remission was achieved in 59 versus 33%; and
there was no improvement inl14 versus 30%, respectively.
HAQ-DI improvement was significantly correlated with
that of DAS28 but not of mTSS. In conclusion, higher
HAQ and mTSS at baseline inhibits HAQ-DI improvement
within 1 year of etanercept treatment, and the cutoff point
necessary for mTSS to improve physical functions in
patients with RA was 55.5.

Keywords Rheumatoid arthritis - Anti-TNF - Treatment -
Disease activity - Physical function

Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory
disease that causes significant morbidity and mortality.
Tumor necrosis factor (TNF) plays a pivotal role in the
pathological processes of RA through accumulation of
inflammatory cells and self-perpetuation of inflammation,
leading to joint destruction. The combined use of biologics
targeting TNF and methotrexate (MTX) has revolutionized
RA treatment, producing significant improvements in
clinical, radiographic, and functional outcomes that were
not previously observed, as well as producing the emerging
outcome of clinical, structural, and functional remission
[1-5]. Among them, the most important endpoint is
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improvement and maintenance of physical functions and
functional remission, but the relevance of clinical and
structural factors affecting physical functions and limiting
improvement of physical functions remain unclear.

The safety and efficacy of the representative TNF
inhibitor etanercept, a fully human TNF soluble receptor Fc
fusion protein, have been reported in patients with active
RA regardless of treatment with MTX [6—10]. One of the
most important reports regarding long-term safety, main-
tenance, and efficacy of etanercept for RA was reported by
Weinblatt et al. [11-13]. In their studies, the Health
Assessment Questionnaire Disability Index (HAQ-DI)
score assessing physical functions decreased rapidly, and
the HAQ-DI reductions were clinically significant and
maintained for >10 years in all RA patients treated with
etanercept. Also, greater median reductions in HAQ-DI
scores occurred in patients with early (mean duration 1
year) compared with longstanding (mean duration 12
years) RA, and that difference was sustained at each
observation point for 10 years, implying that HAQ-DI
improvement is limited in longstanding RA patients. Fur-
thermore, HAQ-DI decreased rapidly within 1 year, and
the reduction maintained for 10 years and median HAQ-DI
responses at year 11 were 0.4 for the early and 0.9 for
longstanding RA patients, suggesting that HAQ-DI score at
10 years after initiation of etanercept therapy depends on
HAQ-DI changes at during the first year of treatment [11].
Hence, it appears that physical function after a decade of
etanercept therapy depends on the degree of HAQ-DI
reduction within the first year of treatment initiation.

However, factors affecting reduced physical function at
the initial 1 year remain unclear. Based on this back-
ground, the multicenter study reported here was undertaken
to assess factors at baseline affecting improvement of
physical functions, shedding light on not only disease
activity but also on structural values to evaluate progres-
sion of articular destruction.

Materials and methods
Patients and methods

Data and information on RA patients that fulfilled the
diagnostic criteria of the American College of Rheuma-
tology (ACR) [14] were collected from the major rheu-
matology centers in Japan, including the First Department
of Internal Medicine, School of Medicine, University of
Occupational and Environmental Health Japan, Kitakyu-
shu; the Division of Rheumatology and Clinical Immu-
nology, Department of Internal Medicine, Saitama Medical
Center, Saitama Medical University, Saitama; Department
of Rheumatology and Clinical Immunology, School of

Medicine, Keio University; and the Institute of Rheuma-
tology, Tokyo Women’s Medical University. This retro-
spective study (the ENRICH study) enrolled 208 patients
with RA, all of whose information collection regarding
composite disease activities, functional ability, and physi-
cal functions both at 0 and 52 weeks after initiation of
etanercept therapy was completed. All patients who
received etanercept treatment (25 mg twice a week in 203
patients and 25 mg once a week in five patients) by March
2009 were registered. The study design was approved by
each institution, and informed consent was obtained from
each patient before etanercept treatment was undertaken.
Demographic data, including disease duration and con-
comitant therapy, were collected from medical charts. The
following parameters were evaluated before and at
52 weeks after the initial etanercept therapy: tender joint
count (TJC) 28, swollen joint count (SJC) 28, patient’s
global assessment of disease activity (PGA), and C-reac-
tive protein (CRP). Disease activity of individual patients
was assessed by the Disease Activity Score for 28 joints
(DAS28) erythrocyte sedimentation rate (ESR) or DAS28-
CRP, calculated according to the authorized formula
(http:/fwww .das-score.nl/). Concomitant use of MTX was
instituted in all patients, although dose was determined by
each attending physician. Joint damage was assessed by
van der Heijde modified total Sharp score (mTSS). X-ray
images of hands and feet at baseline, study entry, and
1 year after the study were available and evaluable for 120
patients due to loss of radiographs and/or low-quality of
X-ray images. Two expert readers independently scored
articular damage and progression in a blinded fashion
according to the mTSS scoring method. Difference of the
two readers’ scores for each patient’s radiographs was <1%
of the maximum mTSS score—that is, 448 [15-17]. Patient
demographic indicators and baseline disease characteristics
are summarized in Table 1.

Statistical analysis

Patient’s baseline characteristics are summarized in Table |
using the mean values for continuous variables. All multi-
variate analyses were conducted using the variables of
gender, age, disease duration, DAS28-ESR score, DAS28-
CRP score, tender joint count (TJC) (0-28), swollen joint
count (SJC) (0-28), PGA (0-100 mm, visual analogue
scale), ESR, CRP, HAQ-DI, rheumatoid factor (RF), MTX
dose, and prednisolone (PSL) dose at baseline. Spearman’s
correlation analyses were performed to evaluate the asso-
ciation between multivariables at baseline and at 52 weeks
after initiation of etanercept therapy (last observation car-
ried forward) of 208 patients. Logistic regression analysis
was carried out to estimate HAQ-DI at 52 weeks as
dependent variables (probability), and by mTSS at 0 weeks
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Table 1 Demographic indicators and baseline disease characteristics

Mean Standard deviation Maximum Median Minimum
Age 54.6 13.4 84.0 56.0 18.0
Sex f=2831%
Duration (year) 9.6 8.2 41.0 8.0 1.0
MTX w/= 65%
Cs w/= 68%
Prior biologics w/=20%
RF 210 346 3510 116 0
MMP-3 278 311 2400 178 8
SiC 7.5 5.2 28.0 6.5 0.0
TIC 7.5 6.3 28.0 6.0 0.0
CRP (mg/dl) 2.9 3.1 234 1.9 0.0
ESR (mm/1 h) 51.9 25.6 140.0 49.0 23
GH (mm/100 mm) 56 23 100 60 1
DAS28-ESR 55 1.1 8.2 5.6 29
DAS28-CRP 49 1.2 7.8 4.9 22
HAQ-DI 1.4 0.8 3.0 1.4 0.0
mTSS 94.6 79.6 378.0 74.0 6.0
EJ 479 47.5 233.0 375 0.0
JSN 46.7 339 145.0 38.6 0.0
AmTSS 152 16.1 133.8 11.3 0.5

Data are number of patients (%) for categorical data and means for continuous data. Statistical difference was assessed by nonparametric
Wilcoxon ¢ test and P (Prob > ChiSq) values are shown. Data supplied for 208 patients with RA

HAQ-DI Health Assessment Questionnaire Disability Index, DAS28 Disease Activity Score for 28 tender and 28 swollen joints, CS cortico-
steroid, RF rheumatoid factor, MMP-3 matrix metalloprotease-3, SJC swollen-joint count, TJC tender-joint count, GH Global Health Assess-
ment, CRP C-reactive protein, ESR erythrocyte sedimentation rate, EJ erosive joint, JSN joint-space narrowing, m7SS van der Heijde modified

total Sharp score, A estimated yearly progression

as independent variables. A receiver operating characteris-
tic (ROC) curve was developed based on logistic analysis,
and the significant cutoff point was determined from the
curve. For categorical response parameters, group com-
parisons were made using a nonparametric Wilcoxon ¢ test.
Statistical analyses were performed using JMP software
version 8 (SAS Institute, Cary, NC, USA). All reported
P values are two sided; P < 0.05 was considered significant.

Results

Changes in DAS28, AmTSS, and HAQ-DI in patients
with RA before and after etanercept treatment

Demographic indicators and baseline characteristics of the
208 patients were: mean age 54.6 years; mean disease
duration 9.6 years; mean HAQ-DI 1.4; mean DAS28-ESR
5.5, implying that most patients had highly active disease;
and mean mTSS 94.6, indicating that the population
included patients with long-established RA (Table 1).
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Mean DAS28-CRP was 4.9 at baseline, but DAS28-CRP at
52 weeks after initiation of etanercept treatment was 2.6
(P < 0.0001 by nonparametric Wilcoxon ¢ test), producing
a 46% reduction in DAS (Fig. 1a). Furthermore, as shown
in the probability plot, score improvement was observed in
the majority of patients, and 55% reached DAS remission,
showing values of DAS28 < 2.6 (Fig. 1d). Estimated
yearly mTSS progression (AmTSS) at 0 weeks was 15.3,
whereas that at 52 weeks after etanercept therapy was 2.0
(P < 0.0001 by nonparametric Wilcoxon ¢ test), producing
a 87% reduction rate in joint destruction (Fig. 1b). In
addition, progression was completely inhibited in 48% of
patients (Fig. ie). In contrast, after initiation of etanercept
treatment, the HAQ-DI at 52 weeks was not markedly
improved, and patients who showed higher HAQ-DI
appeared to remain unchanged (Fig. ic), although the
mean HAQ-DI improved from 1.4 at 0 weeks to 1.0 at
52 weeks. The reduction in HAQ-DI from O to 52 weeks
was 31%, which was much less than changes of DAS28-
CRP and AmTSS; a similar probability curve was observed
before and after initiation of etanercept treatment (Fig. 1f).
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