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various disease activities at registration, and did not receive
standardized treatment in the follow-up period. Third, in
most of the cases included in this study, the physical
examination, US, and ¢cMRI were not performed on the
same day. Fourth, the follow-up period may not have been
sufficient. A more organized and standardized study with a
large number of RA patients and a sufficiently long follow-
up period is needed. Such a study will allow for a more
precise assessment of the significance of US-PD in symip-
tom-free joints of RA patients and the observed significant
difference in outcomes between the joints with clinical and
subclinical synovitis.

In conclusion, cMRI and US-PD are potentially useful
for the detection of subclinical synovitis in patients with
RA. The presence of subclinical synovitis can be regarded
as an early warning sign of future progression to bone
destruction, and could potentially be employed in the
design of RA treatment strategies.
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Discordance in Global Assessments Between Patient
and Estimator in Patients with Newly Diagnosed
Rheumatoid Arthritis: Associations with Progressive

Joint Destruction and Functional Impairment

Yuko Kaneko, Masataka Kuwana, Harumi Kondo, and Tsutomu Takeuchi

ABSTRACT.

Objective. Factors relevant to the discordance between the patient global assessment (PGA) and
estimator global assessment (EGA) in patients newly diagnosed with rheumatoid arthritis (RA) were
examined.

Methods. Seventy-five consecutive newly diagnosed patients with RA were prospectively enrolled.
We used 3 models in which discordance between PGA and EGA at 12 months was set at 5 mm,
10 mm, or 20 mm. We adopted 10 mm as representative and examined time course changes in
clinical variables over 12 months.

Results. No significant difference was found between the concordance and the higher PGA groups
regarding baseline characteristics and treatment. At 12 months, EGA, swollen joint count, and
inflammatory marker values were not different, but pain visual analog scale and tender joint count
were significantly higher in the higher PGA group, and the Health Assessment Questionnaire
improved less. In the 10 mm and 20 mm meodels, the structural remission rate was significantly lower
in the higher PGA group and the rapid radiological progression rate significantly higher. The
discrepancy was already significant at 3 months.

Conclusion. In newly diagnosed RA, PGA at 12 months may be more sensitive for indicating
progressive joint destruction and functional impairment when compared with EGA, and there is a
discrepancy directed toward a worse assessment by patients. (First Release May 1 2014;

J Rheumatol 2014;41:1061-6; doi:10.3899/jrheum.131468)

Key Indexing Terms:
RHEUMATOID ARTHRITIS
ESTIMATOR GLOBAL ASSESSMENT

The management of rheumatoid arthritis (RA) involves
multiple processes, including discussion and agreement
between patients and their physicians. A patient’s condition
is generally expressed using patient’s global assessment
(PGA) and the physician’s evaluation by estimator global
assessment (EGA). The PGA does not necessarily agree
with the EGA!234, The discrepancy between PGA and
EGA has been reported to be 24-76%, varying according to
the definition of the discrepancy and often directed toward a
better assessment by physicians than by patients. Nicolau, ez
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PATIENT GLOBAL ASSESSMENT
DISCORDANCE

al' reported that patients with a greater PGA discrepancy
presented with higher pain scores and tender joint count
(TJC). Barton, et al” reported that depressive symptoms are
associated with greater PGA discordance. Studenic, et al?
described the pain score as the most significant determinant
of greater PGA discordance, and Khan, et al* reported that
pain is the most important determinant of the PGA.
Although these reports suggest that pain is the most influ-
ential factor for elevated PGA, the results were derived from
cohorts including patients with long disease duration. Joint
tenderness is an important feature of disease activity, but
pain is also caused by established joint damage without
active inflammation, which physicians may not be willing to
take into account in disease activity.

Therefore, we focused on newly diagnosed patients with
little joint destruction and examined factors relevant to
discordance between the PGA and EGA 12 months after
diagnosis.

MATERIALS AND METHODS
Patients. This study was conducted with part of the SAKURA cohort of
consecutive patients who were newly diagnosed with RA at Keio
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University Hospital and had never been treated with either disease-modi-
fying antirheumatic drugs or steroids and prospectively observed since
September 2007. The diagnosis of RA was made based on the 1987
American College of Rheumatology (ACR) RA criteria® or 1994 Japanese
College of Rheumatology (JCR) early RA criteria®. Our study was
approved by the ethics committee, and all patients provided written
consent.

Laboratory data included C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR). Patient pain, PGA, and EGA were measured on
a visual analog scale (VAS) ranging from 0 to 100 mm. The questions for
the PGA, EGA, and pain were, “How do you estimate your disease activity
today?”, “How do you estimate the patient’s disease activity today?”, and
“How severe is your pain today?,” respectively. A Health Assessment
Questionnaire (HAQ) was filled out by each patient. EGA and joint
assessment were recorded by 1 of any 5 rheumatologists, all of whom had
more than 10 years of experience. Hands and feet radiographs were taken
at the time of diagnosis and 12 months later. The radiographs were blinded
and read independently by 2 readers (YK and MK) according to van der
Heijde/modified total Sharp score (mTSS); the mean values were used in
the analysis. The @mTSS value was the progression over a year by
subtracting the mTSS at baseline from the mTSS at 12 months. Structural
remission (SREM) and radiological rapid progression (RRP) were defined
as OTSS = 0.5/year and = S/year, respectively.

Analysis of factors relevant to discrepancies between PGA and EGA 12
months after diagnosis. In previous reports, the definition of discordance
between the PGA and EGA was 5 to 30 mm2345, We used 3 models in
which the discordance at 12 months was set at 5 mm, 10 mm, or 20 mm.
Each model divided the patients into 3 groups: higher PGA, concordance,
and higher EGA.

Time course changes in clinical variables. We examined changes in PGA,
EGA, pain VAS, 28-joint Disease Activity Score (DAS28), TIC, swollen
joint count (SJIC), CRP, and HAQ over 12 months and compared them
between groups.

Statistical analysis. The means of continuous variables were compared by
Student’s t test, and proportions were compared by chi-square test. The
level of concordance between PGA and EGA was analyzed using Lin’s
concordance correlation coefficient. The comparisons of time series data
were analyzed by 2-way repeated measures of ANOVA using the posthoc
Tukey method. All statistical analyses were performed using SPSS version
200.

RESULTS

Patients. A total of 75 consecutive patients were newly
diagnosed as having RA in the SAKURA cohort between
September 2007 and August 2009 and included in this
study. Forty-two patients (56%) fulfilled 1987 ACR classi-
fication criteria, and 68 patients (91%) fulfilled 2010
ACR/European League Against Rheumatism (EULAR)
criteria’. Eighty-six percent were female. At the time of
diagnosis, the patients had a mean age of 60.9 years, and
the mean duration from symptom onset to the time of
diagnosis was 9.1 months. Sevenly-nine percent were
positive for anticyclic citrullinated peptide antibodies, and
a mean DAS28 was 4.5.

Comparison of variables between the concordance group
and higher PGA group. When the discordance was defined
as 5 mm, 10 mm, or 20 mm, the higher PGA group
comprised 38 (51%), 34 (45%), and 24 (32%) patients, the
concordance group 29 (39%), 38 (51%), and 48 (64%)
patients, and the higher EGA group 8 (10%), 3 (4%), and 3

(4%) patients, respectively. The higher EGA group did not
have enough patients to analyze; therefore, we compared the
higher PGA group and concordance group.

No significant differences were found between the
concordance group and the higher PGA group regarding
baseline characteristics and treatment at 12 months (Table
1). The EGA, SIC, CRP, and ESR did not differ between the
groups in any model at 12 months. However, in all 3 models
at 12 months, the pain and TJC were significantly higher in
the higher PGA group than in the concordance group, and
HAQ improved less. In the 10 mm and 20 mm model, radio-
logical progression as a proportion of sSREM and RRP was
significantly worse in the higher PGA group and the RRP
higher. In addition, in the 20 mm model, SJC was even
higher in the higher PGA group.

Probability plot of yearly radiographic progression with 10
mm discordance. Because a radiological progression and the
lesser improvement in HAQ were picked up by defining
discordance as 10 and 20 mm, we adopted 10 mm as repre-
sentative. The probability plot of ATSS for 10 mm is shown
in Figure 1.

Time course changes in the level of concordance between
EGA and PGA and disease activiry-related variables. The
changes in PGA and EGA over 12 months are presented in
Appendix 1. The levels of concordance shown by Lin’s
concordance correlation coefficient were 0.55, 0.36, 0.37,
0.36, and 0.37 at baseline, 3, 6, 9, and 12 months, respec-
tively. Time course changes in disease activity variables
were examined at a discordance of 10 mm (Figure 2). In the
concordance group, EGA and PGA decreased in parallel, as
well as TIC, SJC, CRP, and HAQ. In the higher PGA group,
the PGA did not change over 12 months, but the EGA
decreased. The discrepancy between the PGA and EGA was
significant at 3 months.

DISCUSSION

Our study shows that about half of newly diagnosed patients
with RA exhibit discordance between PGA and EGA 12
months after diagnosis, and the PGA at 12 months might be
more sensitive for detecting progressive joint destruction
and less improvement of functional impairment when
compared with EGA, and there is a discrepancy toward a
worse assessment by patients.

There is a growing interest in the use of patient-reported
outcomes in RA%Y. However, disagreement exists between
patients and their physicians, often with PGA showing
worse than EGA!?34. We examined patients’ clinical
characteristics using 3 different definitions and found that,
even when defining discordance as 5 mm, a worse PGA
reflected more TIC and worse pain. When the discordance
was defined as 10 mm, the difference in sSREM and RRP
rates became significant. These results show that, while we
could describe 5 mm as discordance between patients and
their physicians, the appropriate definition of discordance
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Table 1. Baseline and 12-month characteristics of concordance and higher PGA groups in the 3 models.

indicated. The numbers for current treatments include combination therapy use.

Data are expressed as mean (SD) unless otherwise

Discordance Model 5mm 10 mm 20 mm
Concordance, PGA Higher, P Concordance, PGA Higher, P Concordance, PGA Higher, P
n=29 n =38 n =38 n =34 n =48 n=24
At baseline
Age, yrs 62.5(13.3) 57.1(14.5) 0.12 62.6 (12.5) 572 (15.1) 0.10 61.9 (13.6) 56.4 (14.3) 0.13
Duration, mos 94 (14.5) 10.2 (20.6) 0.85 9.9 (22.2) 77099 038 9.5 (20.0) 9.5(11.3) 1.00
Smoking, n (%) 5(24) 14 (37) 0.38 9 (24) 10 (35) 0.57 14 (29) 7 (29) 1.00
SE,n (%) 19 (66) 24 (63) 0.90 24 (63) 22 (65) 093 32(67) 14 (58) 0.64
Anti-CCP, n (%) 18 (64) 21(55) 040 25 (66) 18 (52) 0.16 30 (61) 13 (56) 0.61
DAS28 43(1.2) 4.6 (1.1) 0.32 44 (1.1) 47 (1.1 023 44(12) 4.6(10) 0.64
SDAI 153 (10.1) 16.9 (10.6) 0.54 16.2 (10.3) 17.2 (10.9) 0.68 17.0 (11.4) 16.0 (8.9) 0.66
CDAI 133 8.7 150(9.2) 045 14.4 (9.3) 152 (9.5) 0.73 15.1 (10.0) 142 (7.8) 0.67
SIC 3228 38(3.7) 043 40(3.5) 383.7) 09 4139 3530 0.50
TicC 26(29) 31034 0.56 32(32) 32(3.5) 1.0 33@3.7) 293.D) 0.58
PGA, mm 42.6(334) 429(242) 0.97 40.7 (31.4) 436 (23.4) 0.67 42.4 (30.4) 41.5(22.0) 0.89
Pain VAS, mm 428 (33.3) 437 (24.5) 0.90 413 (31.9) 44.7 (24.5) 0.61 44.0 (30.0) 40.8 (25.6) 065
EGA, mm 324 (24.1) 379 (21.3) 033 324 (23.7) 38.2 (20.8) 027 34.5(24.4) 36.3 (18.0) 0.73
CRP, mg/d] 20029 1.9 (2.1) 0.90 1.8 (2.6) 2122 0.63 2027 1.8 (20) 0.78
ESR, mm/h 56.7 (36.4) 60.6 (34.0) 0.65 514 (34.5) 61.5(33.7) 0.11 54.2 (34.3) 64.3 (34.8) 025
HAQ 0.63 (0.75) 0.84 (0.70) 023 0.66 (0.75) 0.84 (0.63) 029 0.77 (0.80) 0.69 (0.49) 0.60
TSS 6.6 (710) 9.6 (20.5) 036 6.3(7.0) 9.9 (21.4) 0.34 54(6.5) 132 (24.9) 0.15
At 12 mos
DAS28 23(0.8) 3.0(1.1) < 0.01 23(0.79) 31 (1. < 0.0! 23(0.8) 33(1.0) <001
SDAI 28(5.1) 7.1(5.1) < 001 3.0 (4.6) 75(52) < 0.0!1 334.5) 33(4.5) <001
CDAI 2.7(5.0) 68(5.0) < 00! 2.854.5) 73(.1) <001 3.1(44) 8.5(4.9) <001
SIC 08(2.0) 1.3(1.8) 0.30 08 (1.8) 1.3(1.9) 0.16 0.7 (1.6) 1.8 (2.0) 0.04
TIC 0.2(0.6) 1.0 (1.8) 0.01 0.3(0.8) 1.0 (1.8) 004 0.3 (0.8) 1320 0.04
PGA, mm 8.7(17.0) 37.1(21.0) < 0.01 8.8 (15.2) 40.1 (20.2) < 0.01 12.1 (16.5) 46.6 (18.9) <001
Pain VAS,mm  8.7(16.3) 30.0(23.2) < 00! 8.5 (14.5) 322236 <001 110 (17.1) 37.0(223) <00!
EGA, mm 82(17.3) 8.3 (10.0) 0.98 8.7 (15.8) 8.8 (104) 0.98 8.7 (152) 8.8(9.0) 0.96
CRP, mg/dl 0.1(0.2) 0.3(0.3) 0.06 02(0.2) 0.3(0.3) 0.16 0.2(0.2) 0304 023
ESR, mm/h 21.6(18.7) 24,7 (22.2) 0.54 20.7 (17.5) 26.1 (22.9) 028 21.2(18.7) 27.3(23.0) 0.27
HAQ 0.26 (0.56) 0.58 (0.46) 0.01 0.25 (0.50) 0.61 (046) <0.0!] 0.29 (0.50) 0.67 (045) <001
DTSS, n (%) 24(6.7) 510.2) 0.17 24(6.3) 79 (12.8) 0.05 2.6 (6.0) 8.2 (14.8) 0.09
=< 0.5 (SREM) 17 (59) 15 (39) 24 (63) 12 (35) 29 (60) 7(29)
053 7(25) 10 27) 0.22 820 927 0.04 10 (21) 7(29) 003
z 5 (RRP) 5(17) 13 (34) 6 (16) 13 (38) 9(19) 10 (42)
Current tx, n (%)
MTX 17 (59) 24 (63) 0.90 24 (63) 21 (62) 0.90 31 (65) 14 (58) 0.80
Steroid 2(7) 3(8) 0.88 3(8) 309 0.89 3 (6) 3(13) 0.65
Biologic 5(17) 10 (26) 0.56 6 (16) 9 (26) 0.41 10 21) 521 1.00
Others 14 (48) 16 (42) 0.80 17 (45) 15 (44) 0.96 20 (42) 12 (50) 0.68

P values in italics are considered significant. SE: shared epitope; anti-CCP: anticyclic citrullinated peptide antibody; DAS28: 28-joint Disease Activity Score;
SDAI: Simplified Disease Activity Score; CDAI: Clinical Disease Activity Score; TJC: tender joint count; SJC: swollen joint count; PGA: patient global
assessment; VAS: visual analog scale; EGA: evaluator global assessment; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; MMP: matrix metal-
loproteinase; HAQ: Health Assessment Questionnaire; TSS: van der Heijde/modified total Sharp score; sSREM: structural remission (@TSS < 0.5/yr); RRP:
rapid radiographic progression (JTSS = 5/yr); tx: treaument; MTX: methotrexate.

may be 10 mm, which allowed us to detect differences in the
progression of structural damage.

Several reports showed that pain is the most influential
factor for elevated PGA!23#, and our results are compatible
with those studies. Although PGA has been shown to be
influenced by noninflammatory factors'®-!l our study
shows that PGA at 12 months may be more sensitive than
the EGA for indicating progressive joint destruction and
functional disorder. Studenic, ef al® reported that in patients
with average pain a concordance between EGA and PGA is

attained at 10 swollen joints, suggesting that physicians
weigh SJC heavily. However, 10 swollen joints appears
quite many, and some studies have reported that synovitis
can be detected by sensitive modalities in joints without
swelling!2. We consider that EGA need to be more reflective
of pain in newly diagnosed patients.

When we looked at the time course changes, the discor-
dance was already significant at 3 months and increased at 6
months. This result is presumably due to decreases in SJC
leading physicians toward an improved rating, but it is not
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Figure 1. Radiological changes in patients at 12 months expressed by a probability plot with 10 mm discor-
dance. The concordance group is indicated by solid lines, the higher PGA group by dotted lines. The PGA
higher group showed worse progression than concordance group. The sSREM rate was significantly lower in
the higher PGA group and the RRP higher (35 vs 63%, 38 vs 16, respectively). TSS: modified total Sharp
score; PGA: patient’s global assessment; SREM: structural remission; RRP: rapid radiological progression.

necessarily the same for the perception of patients with
persistent pain. Based on our results indicating that a higher
level of pain or a modest increase in SJC can be associated
with radiological progression, physicians should be more
aware of the importance of pain and small changes in SIC in
newly diagnosed patients.

Our study has some limitations. It was conducted in a
single Japanese center. Because pain is expressed differently
among different cultural backgrounds'3, future investiga-
tions are encouraged. As a result of the small sample size,
very few patients were in the higher EGA group, which
forced us to exclude those patients from the analysis.
Patients with higher EGA may have different features* and
need to be investigated. Some characteristics associated
with poor prognosis were inclined to be higher in the higher
PGA group, including HAQ and mTSS. Although these
differences were not statistically significant, it might be
partly due to the relatively small number of patients in each
group. Moreover, over 12 months, more patients in the
higher PGA group started to use biological agents. Hence,
the differences in the worse outcomes in HAQ and mTSS
may in addition to discordance between PGA and EGA
reflect some underlying propensity for worse prognosis.
Nonetheless, our findings point to focusing closer attention
on the patient’s disease experience. We did not examine a
Routine Assessment of Patient Index Data 3 (RAPID3)
score composed of major patient-reported outcomes: multi-

dimensional HAQ, pain, and patient global estimate.
However, our results warrant further research on the impor-
tance of patient-reported outcomes. Our patients were
diagnosed based on 1987 ACR criteria or 1994 JCR early
RA criteria because the SAKURA study was started before
2010 ACR/EULAR classification criteria were announced.
However, because more than 90% of our patients fulfilled
the new criteria, our results have enough generalizability.

In newly diagnosed patients with RA, PGA at 12 months
may be more sensitive for indicating progressive joint
destruction and less improvement of functional impairment
when compared with EGA, and there is a discrepancy
toward a worse assessment by patients.
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difference between the two, the upper was the mean plus 2 SD, and the lower the mean minus 2 SD. PGA: patient’s global assessment; EGA: evaluator global
assessment.
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Abstract

Objectives To investigate the duration of remission and
low disease activity (LDA) after cessation of tocilizumab
(TCZ) treatment in rheumatoid arthritis patients who
showed remission or LDA as assessed by DAS28 in
response to preceding TCZ monotherapy, and to explore
the factors contributing to prolonged efficacy duration.
Methods Disease activity was monitored for 56 weeks.
The rate of continued efficacy was estimated by Kaplan—
Meier curves.
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Results A total of 187 patients were eligible. At baseline
of this study, median disease duration was 7.8 years, pre-
ceding TCZ treatment period was 4.0 years and DAS28
was 1.5. The rate of continued LDA at 52 weeks was
134 % according to the Kaplan—-Meier estimate. 19
patients (10 %) were completely drug-free and 17 patients
(9.1 %) fulfilled DAS28 remission at 52 weeks. Multivar-
iate Cox regression analysis identified low serum IL-6 and
normalisation of MMP-3 levels at cessation of TCZ as
independent predictive markers for longer duration of
LDA. In patients with low serum IL-6 (<12.9 pg/mL) and
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normal MMP-3 levels, the rate of continued LDA reached
38.0 % at 52 weeks.

Conclusions TCZ monotherapy may induce biologics-
free remission or LDA without concomitant use of syn-
thetic DMARDs. Serum levels of IL-6 and MMP-3 are
useful markers for identifying patients who could discon-
tinue TCZ without acute disease flare.

Keywords Tocilizumab - Rheumatoid arthritis - Duration
of efficacy - Drug free - Interleukin 6 - Matrix
metalloproteinase 3

Introduction

Newly licensed medications, especially biological agents,
have enabled the attainment of unprecedented outcomes for
patients with rheumatoid arthritis (RA) [1-4], and struc-
tured patient management aiming to achieve remission is
an achievable goal in many patients in clinical trials and in
actual clinical practice [5-8]. However, because biologics
are more expensive than conventional synthetic DMARDs,
continuous therapy with biologics strains medical finances;
the next step in research on the treatment of RA should be
to evaluate the possibility of sustaining remission without
the use of biologics.

Tocilizamab (TCZ) is a humanised anti-human IL-6
receptor (IL-6R) monoclonal antibody that inhibits IL-6
binding to IL-6R [9]. TCZ as monotherapy and in combi-
nation with methotrexate (MTX) has been demonstrated to
frequently induce remission according to the 28-joint dis-
ease activity score (DAS28)-erythrocyte sedimentation rate
(ESR) and also to prevent joint damage [10-20].
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In a previous study, we showed that the degree of
abnormality of serum IL-6 levels in RA patients was posi-
tively correlated with RA disease activity, and that serum [L-
6 levels were decreased in patients who sustained DAS28
remission by TCZ monotherapy [21, 22]. This evidence
suggests that TCZ may be able to be discontinued without
acute flare of disease activity in patients whose serum IL-6
has normalised. Based on this assumption, we planned an
open-labelled, single-arm, multicentre clinical trial to
investigate Drug-free REmission/low disease activity (LDA)
after cessation of tocilizumab (Actemra as a product name)
Monotherapy (DREAM study) in RA patients.

Method
Patients

Eligible patients were those who had participated in pre-
vious long-term clinical studies of TCZ monotherapy
conducted in Japan, and the inclusion criteria and study
design for each of these studies have already been reported
[23]. Briefly, eligible patients were >20 years of age and
fulfilled the 1987 American Rheumatism Association cri-
teria for RA[24] with a disease history of 6 months or
longer (with the exception of the SAMURAI study [14], in
which the eligible disease duration was restricted to
between 6 months and 5 years). All subjects failed to
respond satisfactorily to treatment with at least one
DMARD, including MTX or immunosuppressants. At
enrolment in the initial trials, the patients had active RA,
defined as the presence of six or more swollen joints and
six or more tender joints. Patients receiving corticosteroids
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(<10 mg/day as prednisolone equivalent) and/or non-ste-
roidal anti-inflammatory drugs (NSAIDs) were eligible if
the dose had not increased during the 1-month washout
period. Sexually active premenopausal women were
required to have a negative urine pregnancy test at entry
and periodically thereafter and to use effective contracep-
tion during the study period.

All patients were registered in this study within 4 weeks
of the last observation in each preceding long-term extension
study of TCZ monotherapy. Patients were enrolled if their
DAS28-ESR was <2.6 at two or three of three consecutive
assessment points, including the last observation point in the
preceding study. Patients with DAS28-ESR <3.2 at two or
three of three consecutive assessment points were addition-
ally enrolled to know if the disease activity at TCZ discon-
tinuation might influence the duration of DAS28 remission
or LDA. Patients were excluded if they had received
DMARDs, immunosuppressants, oral corticosteroids in
excess of the dose at the initial infusion of TCZ, intravenous
or intramuscular injections of corticosteroids, or plasma-
pheresis before being enrolled in this study. The baseline for
each enrolled patient was defined as the time of the last TCZ
infusion in the preceding clinical trial.

Study protocol

The study protocol was approved by the Ministry of
Health, Labour and Welfare of Japan, and by the local
ethical committees. All patients gave their written
informed consent. This study is registered with
http://clinicaltrials.gov/ (NCT00661284).

The primary endpoint of this study was the rate of
DAS28 remission (DAS28-ESR <2.6) or LDA (DAS28-
ESR <3.2) at 52 weeks after cessation of TCZ mono-
therapy, which was estimated from Kaplan—-Meier curves
prepared with the duration of continued efficacy for each
patient defined as the time from the last infusion of TCZ in
the preceding clinical study until loss of efficacy.

Nineteen hospitals in Japan participated in this study.
Disease activities were monitored every 4 weeks for
56 weeks after cessation of TCZ for RA disease activity.
During the study period, concomitant uses of NSAIDs and
oral corticosteroid were allowed if the doses were not
increased. Intra-articular injections of corticosteroids and
hyaluronate preparations were avoided as far as possible, but
surgical treatments were not limited. Additional RA treat-
ments, including DMARD:s, increases in oral corticosteroid
dose, intravenous or intramuscular injections of corticoste-
roids, or plasmapheresis, were not allowed throughout the
discontinuation period. Criteria for loss of efficacy was
defined as DAS28-ESR >3.2 at two consecutive observa-
tions, initiation of additional RA treatments including
increase in oral corticosteroid dose, the patient’s request for

retreatment, or the treating physician judging that retreat-
ment was necessary. If patients met the criteria for loss of
efficacy, observations in the study period were terminated.

Statistical analysis

Patients who had maintained a DAS28-ESR <3.2 at the
last observation point in this study were handled as cen-
sored at that time. DAS28 remission and the 2011 Amer-
ican College of Rheumatology (ACR)/European League
Against Rheumatism (EULAR) remission criteria (Boolean
approach) were also considered [25].

The rate of continued efficacy at each time point was also
estimated from Kaplan-Meier curves. The factors contribut-
ing to the duration of efficacy were estimated from univariate
and multivariate Cox regression analyses using the following
patient background data for this study: age, gender, disease
duration, American College of Rheumatology functional
class, RA stage determined by Steinbrocker’s criteria, corti-
costeroid dose, rheumatoid factor (RF), DAS28-ESR, modi-
fied health assessment questionnaire (MHAQ) score, serum
IL-6 concentration, and serum matrix metalloproteinase
(MMP)-3 concentration. The receiver operating characteristic
(ROC) curve was used to determine the most sensitive and
specific cut-off value for the serum IL-6 level. Ineligible
patients were excluded from efficacy evaluations.

Results
Characteristics of patients

We enrolled 189 patients and 187 of them were eligible.
The two patients who did not meet DAS28-ESR LDA at
the last observation of preceding long-term extension
studies were excluded from this study from 189 patients. At
the baseline of this study, the median disease duration was
7.8 years and the median preceding TCZ treatment period
was 4.0 years (min-max = 1.9-8.6 years). Of the patients,
126 (67.4 %) received TCZ with 8 mg/kg every 4 weeks
before enrolling in this study, 45 (24.1 %) extended the
treatment interval (39.7 & 10.9 days, mean £ SD) and 3
reduced the TCZ dosage (2 for 4 mg/kg; 1 for 6 mg/kg
every 4 week), mostly due to sufficient efficacy, while 13
patients (7.0 %) shortened the interval (10 for patient’s
convenience; 3 for insufficient efficacy).

Oral corticosteroids were being taken by 64 patients
(34.2 %), with a mean dose of 2.8 mg/day for those
patients; 143 patients (76.5 %) had no swollen joints; 137
patients (73.3 %) had no tender joints; 115 patients
(61.5 %) had no swollen and no tender joints. The medina
serum IL-6 concentration and serum MMP-3 concentration
were also decreased at enrolment in this study compared
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Table 1 Demographic and clinical characteristics of patients at
baseline

Total of 187
patients

Before first TCZ
infusion (baseline of
previous studies)

At cessation of TCZ
treatment (baseline
of this study)

Age, years (range) 52 (21-75) 57 (26-18)
Gender, female (%) 164 (87.7) 164 (87.7)
Disease duration, 3.1 (0.4-20.9) 7.8 (3.7-24)
years
Functional class®, 16:154:17:0 91:94:2:0
1:2:3:4
RA stage®, LILIILIV - 9:90:48:40 13:76:40:58
Number of prior use 2 (1-9)
of DMARDs
Cortjcosteroid dose, 5 (0-15.0) 0 (0-7.0)
mg/d
No of patients who 169 (90.4)
used MTX
previously (%)
RF positive, RF 160 (85.6) No data
>20 IU/mL (%)
TCZ treatment 4.0 (1.9-8.6)
period (years)
DAS28-ESR 6.2 (2.2-8.8) 1.5 (0-3.2)
Tender joint count 9 (0-28) 0 (0-7)
(28-joint count)
Swollen joint count 9 (0-26) 0 (0-6)
(28-joint count)
CRP, mg/dL 3.29 (0.3-20.1) 0.02 (0-5.2)
ESR, mmv/h 57 (11-165) 5 (1-28)
MHAQ score 0.6 (0-2.0) 0 (0-1.4)
IL-6, pg/mL 32 (1.6-611) 19 (3.3-431)
MMP-3, ng/mL 346 (38-300) 55 (23-697)

Values are median (range) except where indicated otherwise

RA rheumatoid arthritis, RF rheumatoid factor, DAS28 28-joint dis-
ease activity score, ESR erythrocyte sedimentation rate, MHAQ
modified health assessment questionnaire, /L-6 interleukin 6, MMP-3
matrix metalloproteinase 3

* RA functional status determined by the American College of
Rheumatology criteria. RA stage determined by Steinbrocker’s
criteria

with the patient background before starting the TCZ treat-
ment (Table 1). At enrolment in this study, 169 (90.4 %)
met DAS28 remission, and 107 (57.2 %) met Boolean
remission. The DAS28 remission and LDA were kept more
than 24 weeks in 133 patients (71.1 %) and 159 patients
(85.0 %), respectively, before enrolment into this study.

Continuation rate of DAS28 remission and LDA
efficacy after cessation of TCZ treatment

The rate of continued efficacy LDA without concomitant
use of synthetic DMARDs was 35.1 % [95 % confidence
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Fig. 1 Rate of continued LDA after cessation of tocilizumab
treatment estimated by Kaplan-Meier method over 52 weeks

interval (CI) 28.2—42.0 %] at 24 weeks and 13.4 % (95 %
CI 8.4-18.3 %) at 52 weeks according to the Kaplan—
Meier estimate (Fig. 1). DAS28 remission and 2011 ACR/
EULAR remission criteria (Boolean approach) were
maintained in 17 patients (9.1 %) and 14 patients (7.5 %),
respectively, at 52 weeks. Furthermore, efficacy continued
throughout the study period without concomitant use of
corticosteroids or NSAIDs during the study period in 19
patients (10.2 %). The mean DAS28-ESR of these 19
patients was 2.2 at week 52.

When we estimated the LDA continuation rates by the
Kaplan—-Meier method in the patients with DAS28 remis-
sion and new stringent Boolean-based remission at the
cessation of TCZ, LDA continuation rates (95 % CI) at
52 weeks were 142 % (8.9-195 %) and 16.1 %
(9.1-23.1 %), respectively. Further analysis for the factors
contributing to the prolongation of efficacy duration is
described later.

In total, 161 patients were withdrawn from this study.
The major reason for the loss of efficacy was DAS28-ESR
>3.2 at two consecutive visits in 44.7 % of patients
(72/161 patients) and investigator’s judgment in 39.8 % of
patients (64/161 patients). The major reason of investiga-
tor’s judgement was DAS28-ESR >3.2 at one visit in
84.4 % of patients (54/64 patients). However, there were
no patients in whom disease activity flared up at the end of
the observational period. Only 6.8 % (11/161 patients)
were patients’ request.

In terms of disease activity at cessation of TCZ mono-
therapy, the patients who completed the 52 weeks of this
study period were comparable to the patients who with-
drew from the study and restarted anti-rheumatic therapy
before 52 weeks (Table 2).The serum IL-6 levels at base-
line in the patients who restarted anti-rheumatic therapy
before 52 weeks were higher than those in the patients who
completed the 52-week study period [19.3 (range
0.7-431.0) pg/mL vs 10.9 (range 0.9-32.6) pg/mL]. In
addition, the percentage of patients whose MMP-3 levels
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Table 2 Comparison of disease activity between patients who completed the 52-week TCZ-free period and those who restarted anti-rheumatic

treatment
Before first TCZ infusion n At cessation of TCZ n Last observation n Difference®
(baseline of previous treatment point of this 95 % CI)
studies) (baseline of this study) study
DAS28-ESR, median (range)
Completed 6.3 (2.2-7.5) 24 1.0 (0.0-2.7) 24 2.4 (0.5-3.3) 23 1.05 (0.75-1.35)
Restarted 6.2 (3.2-8.8) 160 1.5 (0.1-3.2) 161 4.3 (0.8-7.8) 161 2.85 (2.67-3.03)
treatment
Tender joint count, median (range), 28-joint count
Completed 9 (0-19) 24 0 (0-2) 24 0(0-3) 23 0.2 (-0.1t0 0.4)
Restarted 9 (1-28) 160 0 (0-7) 161 3(0-27) 161 3.9 (3.2-4.5)
treatment
Swollen joint count, median (range), 28-joint count
Completed 8 (0-26) 24 0 (0-2) 24 0 (04 23 0.3 (=0.1 t0 0.7)
Restarted 9 (1-25) 160 0 (0-6) 161 2 (0-16) 161 2.8 (2.3-3.3)
treatment
CRP, median (range), mg/dL
Completed 4.9 (0.5-9.3) 24 0.0 (0.0-0.7) 24 0.1 (0.0-2.3) 23 0.23 (0.02-0.45)
Restarted 3.1 (0.3-20.1) 161 0.0 (0.0-5.2) 161 0.8 (0.0-13.5) 161 1.52 (1.18-1.86)
treatment
ESR, median (range), mm/h
Completed 62 (16-123) 24 4 (1-28) 24 14 (2-53) 23 13.7 (8.0-19.3)
Restarted 57 (11-165) 161 5 (1-26) 161 36 (2-115) 161 34.3 (30.7-37.8)
treatment
MHAQ scores, median (range)
Completed 0.3 (0.0-2.0) 24 0.0 (0.0-0.4) 24 0.0 (0.0-0.5) 23 0.02 (—0.01 to 0.05)
Restarted 0.8 (0.0-2.0) 161 0.0 (0.0-1.4) 161 0.3 (0.0-2.1) 161 0.29 (0.23-0.35)
treatment
MMP-3, median (range), ng/mL
Completed 262.0 (38-800) 17 47.7 (32-225) 24 57.1 (13-109) 23 5.7 (0.6-10.8)
Restarted 365.0 (38-800) 88 58.7 (23-697) 157 98.9 (36-800) 142 86.9 (64.4-109.5)
treatment

Percentage of patients whose MMP-3 levels were within normal range (%)

Completed 5.9 91.7
Restarted 3.4 56.7
treatment

73.9 -
24.6 -

* Difference: mean of the difference between the value at cessation of TCZ treatment (baseline of this study) and at the last observation point of

this study

DAS28 28-joint disease activity score, ESR erythrocyte sedimentation rate, MHAQ modified health assessment questionnaire, MMP-3 matrix
metalloproteinase 3, Completed patients who completed the 52-week observational period without anti-theumatic treatment, Restarted treatment

patients who restarted anti-rheumatic treatment

were within normal range was lower in the group of
patients who restarted anti-theumatic therapy (56.7 %)
than in the group who completed the 52-week study period
(91.7 %).

Even though the median DAS28 was slightly increased
from 1.0 at baseline of this study to 2.4 at the last obser-
vation point of this study (Table 2), tender joint count and
swollen joint count at week 52 did not meaningfully wor-
sen from the baseline of this study in the patients who

completed the 52-week study period. MMP-3 concentra-
tion at week 52 was also almost stable during the study
period in these patients.

In the patients who restarted anti-rheumatic therapy,
disease activity and MMP-3 levels had worsened compared
to the baseline of this study. Nevertheless, the values of
those parameters were no worse than they had been before
the initiation of TCZ treatment in previous studies
(Table 2).
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Factors contributing to the prolongation of duration
of DAS28 remission and LDA

Univariate Cox regression analysis showed the following
variables to be associated with the rate of continued
efficacy: negative RF at baseline of the previous study
and low serum IL-6 level (<35 pg/mL), under upper limit
of the normal MMP-3 level, no concomitant corticoste-
roid use, DAS28-ESR <median, and an MHAQ score of
zero at TCZ discontinuation.In contrast, disease duration,
gender, functional class, and RA stage were not associ-
ated with continned efficacy (Fig. 2a). Multivariate Cox
regression analysis showed that low serum IL-6 (<35 pg/
mL) and normalisation of MMP-3 levels at TCZ cessation
were independently associated with continued efficacy
(Fig. 2b).

Based on this result, we examined the effects that I1L-6
and MMP-3 levels at cessation of TCZ treatment had on
the rate of continued efficacy. We found that the rate of
continued efficacy in the patients with low serum IL-6
(<35 pg/mL) was 39.3 % (95 % CI 31.1-47.4) at 24 weeks
and 15.9 % (95 % CI 9.7-22.0) at 52 weeks (Fig. 3a). In
contrast, 69.7 % of the patients with serum IL-6 levels
>35 pg/mL met the criteria for loss of efficacy within
12 weeks, and in none was efficacy maintained until
52 weeks. Analysis of the ROC curve identified the most
sensitive and specific cut-off value for the serum IL-6 level
to be 12.9 pg/mL. The rate of continued efficacy in patients
whose serum IL-6 levels were less than 12.9 pg/mL was

632 % (95 % CI 48.8-77.5) at 24 weeks and 30.2 %
(95 % CI 16.4-44.0) at 52 weeks (Fig. 3b).

The rate of continued efficacy in those with normalised
MMP-3 levels was 509 % (95 % Cl 41.6-60.2) at
24 weeks and 20.3 % (95 % CI 12.8-27.8) at 52 weeks
(Fig. 3c), compared with 11.8 % at 24 weeks and 3.0 % at
52 weeks in patients with abnormal MMP-3 levels.

In patients with both serum IL-6 <12.9 pg/mL and
normalised MMP-3 level, the rate of continued efficacy
reached 70.6 % (95 % CI 55.3-85.9) at 24 weeks and
38.0 % (95 % CI 21.6-54.4) at 52 weeks (Fig. 3d).

Discussion

This study indicated that, in about 13 % of patients who
achieve LDA (70.8 % of them were DAS28 remission)
during long-term TCZ monotherapy, efficacy can be sus-
tained for 1 year after cessation of TCZ treatment without
concomitant use of synthetic DMARDs or immune sup-
pressants; and in 79 % of them (19 patients), efficacy was
maintained without concomitant use of corticosteroids or
NSAIDs. To the best of our knowledge, this is the first
report to show evidence that anti-IL-6 therapy can induce
drug-free remission/LDA for 1 year in RA patients. The
treatment recommendations of the EULAR state that, in
patients who achieve remission with biological products, it
may be possible to taper off the biological product after
tapering off the corticosteroid. However, at present,

Fig. 2 Factors associated with a

continued LDA. a Univariate
Cox regression analysis,
b multivariate Cox regression

analysis. HR hazard ratio, C/
confidence interval, RF
rheumatoid factor, DAS28
28-joint disease activity score,
MHAQ modified health
assessment questionnaire, IL-6
interleukin 6, MMP-3 matrix
metalloproteinase 3
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Gender (male vs. female) 061 (037 -1.00 ) - —
Disease duration (<median vs. Zmedian) 081 (060 - 1.10 ) ——
IL-6 (<35 pg/mL vs. 235 pgimL) 037 (025 -054 ) —o—
MMP-3 (normal vs. abnormal) 033 (024 -046 ) .
Steinbrocker Stage (I + I vs. I[+V) 077 (057 -1.04 ) —t
Steinbrocker Class (1+2 vs. 3+4} 082 (020 -333 ) Py )sr
RF {negative vs. positive) 053 (033 -085 ) o
Steroid (non-concomitant vs. concomitant) 064 (046 -088 ) ——
DAS28 (<median vs. 2median) 059 (044 - 081 ) —o—
MHAQ (0 vs. >0) 073 (053 -0389 ) ——

05 1 15 2

HR 95%ClI

IL-6 (<35 pgimL vs. 235 pg/mL) 041 (027 -063 ) -
MMP-3 {normal vs. abnormal) 029 (019 -043 ) P
RF (negative vs. positive) 066 (040 -1.08 ) ——i
Steroid {(non-concomitant vs. concomitant) 11 (076 - 159 ) e
DAS28 (<median vs. Zmedian) 077 (054 - 111 ) ——1-
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Fig. 3 Effects of serum IL-6 and MMP-3 levels on rate of continued
LDA after cessation of tocilizumab treatment estimated by Kaplan-
Meier method over 52 weeks. Contributing factors: a serum IL-6
level (cut-off level: 35 pg/mL), b serum IL-6 level (cut-off level:

evidence in support of this conjecture is insufficient [26].
We believe that this report supports the possibility of dis-
continuing biological products as per the ACR/EULAR
recommendations.

In a previous study (the BeST study), van der Kooij
et al. [27] indicated that 18 % of patients could discontinue
infliximab and synthetic DMARDs. Even though the
characteristics of the patients in our study differed from
those in BeSt study, the success rate of discontinuing TCZ
without synthetic DMARDs in our study is comparable to
that of the BeSt study. Moreover, with the use of synthetic
DMARD:s including MTX, a high rate of continued effi-
cacy was shown after discontinuation of infliximab in the
BeSt study [27]. A similar result was shown in the Japanese
RRR study [28]. Therefore, it can be expected that intro-
ducing the use of synthetic DMARDs would similarly
result in an increased rate of continued DAS28 remission
or LDA after cessation of TCZ.

Because multivariate Cox regression analysis identified
low serum IL-6 and normalised MMP-3 levels at the start
of cessation of TCZ to be factors associated with continued
efficacy, it can be considered that these factors may predict
continued efficacy of a preceding TCZ treatment. With
long-term TCZ treatment, reduced serum IL-6 levels are
observed in some patients although TCZ does not directly
inhibit IL-6 production but blocks IL-6R. We previously
reported that, during blockade of IL-6R by TCZ, the serum
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12.9 pg/mL), ¢ MMP-3 level (normal vs abnormal), d combinations
of MMP-3 (normal vs abnormal) and serum IL-6 levels (cut-off level:
12.9 pg/mL). Space between curves represents the contribution of
each factor to rate of continued efficacy

IL-6 level represents the true IL-6 production in vivo and
correlates well with true disease activity in RA patients
[21, 22]. Therefore, TCZ treatment may improve not only
inflammation-related symptoms but also the underlying
cause of RA in patients whose serum IL-6 levels decrease.
This implies that TCZ could be discontinued without acute
disease flare in patients with normalised serum IL-6 levels.
IL-6, as such a biomarker, is available only for anti-IL-6R
antibody therapy but for anti-IL-6 neutralizing antibody
therapies.

MMP-3 is deeply involved in cartilage destruction in
RA and is also correlated with disease activity [29]. Since
normalisation of the MMP-3 level is thought to reflect
inhibition of excessive cartilage and bone destruction in the
joints, normalisation of the MMP-3 level may indicate an
improvement in the underlying cause of RA as well as
synovial inflammation. In this study, we did not examine
the progression of joint damage by imaging after cessation
of TCZ. However, since the MMP-3 level during the TCZ-
free period did not increase in the majority of the patients
showing continued efficacy, it can be inferred that there
was no sudden progression of joint destruction during the
cessation of TCZ treatment. Further study will be necessary
to evaluate this question.

In conclusion, these results showed that TCZ mono-
therapy can induce biologics-free remission/LDA without
concomitant use of conventional DMARDs. Serum levels
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of IL-6 and MMP-3 are useful markers for identifying
patients who could possibly discontinue TCZ without acute
disease flare. This evidence has also encouraged us to taper
and adjust the interval of TCZ treatment in patients who
show good response and normalisation of serum IL-6 and
MMP-3 levels.
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Effects of Smoking and Shared Epitope on the
Production of Anti-Citrullinated Peptide Antibody
in a Japanese Adult Population

CHIKASHI TERAO,* KOICHIRO OHMURA,* KATSUNORI IKARI,? TAKAHISA KAWAGUCHI,!

MEIKO TAKAHASHI,* KAZUYA SETOH, TAKEO NAKAYAMA,’ SHIN]JI KOSUGI,? AKIHIRO SEKINE,’
YASUHARU TABARA,' ATSUO TANIGUCHI,? SHIGEKI MOMOHARA,? HISASHI YAMANAKA 2

RYO YAMADA,! FUMIHIKO MATSUDA,' ano TSUNEYO MIMORI,” oN BEHALF OF THE

NAGAHAMA STUDY GROUP

Objective. Anti-citrullinated peptide antibody (ACPA) and rheumatoid factor (RF) are markers to rheumatoid arthritis
(RA). Smoking and shared epitope (SE) in HLA-DRB1 are associated with the production of these autoantibodies in RA.
Detailed distribution and characterization of ACPA and RF in the general population have remained unclear. We aimed
to evaluate positivity of ACPA and RF in a general Japanese population and to detect correlates, including genetic
components.

Methods. ACPA and RF were quantified in 9,804 Japanese volunteers ages 30-75 years. Logistic regression analyses were
performed to evaluate the effects of candidates of correlates on the autoantibody positivity. A genome-wide association
study (GWAS) was performed using 394,239 single nucleotide polymorphisms for 3,170 participants, and HLA-DRB1
alleles were imputed based on the GWAS data.

Results. A total of 1.7% and 6.4% of subjects were positive for ACPA and RF, respectively, and the 2 markers showed a
significant correlation (P = 2.0 x 107%%). Old age was associated with ACPA positivity (P = 0.00062). Sex, smoking, SE,
and other candidates of correlates did not have significant effects. Interaction between smoking and SE positivity was not
apparent, but smoking showed a significant association with high levels of ACPA (P = 0.0019).

Conclusion. ACPA and RF could be detected in 1.7% and 6.4% of the Japanese adult population without RA, respectively.
ACPA and RF were suggested to share mechanisms even in healthy populations. Old age was associated with increasing
ACPA positivity. While positivity of ACPA and RF was not associated with SE and smoking, an association between high
ACPA and smoking was observed.

INTRODUCTION found to show high specificity to RA and was able to
distinguish RA from other connective tissue diseases with
higher accuracy compared with RF (1,10). Although some
studies reported functional pathogenicity of ACPA (11),
pathogenicity and production mechanisms of ACPA and
RF are largely unknown. Vigorous studies that address
associations with the positivity and levels of ACPA and
RF in patients with RA identified a wide range of fac-
tors. Some are disease-specific factors, such as disease

Rheumatoid factor (RF), an IgM autoantibody against the
Fc fraction of IgG, is a serum marker of rheumatoid arthri-
tis (RA) (1,2). In spite of its specificity to RA, RF appears in
other diseases, especially connective tissue diseases, he-
patic disorders, and even in healthy populations (3-9).
Recently, anti~citrullinated protein antibody (ACPA) was
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Significance & Innovations

s Positivity of anti—citrullinated peptide antibody
(ACPA) in the general population is associated
with aging and high C-reactive protein level.

e Smoking and shared epitope do not have compa-
rable effect in the general population on the pro-
duction of ACPA and rheumatoid factor (RF) as
with patients with rheumatoid arthritis.

¢ Smoking may be associated with a high level of
ACPA, even in healthy subjects.

e Correlates should be taken into account for RF and
ACPA positivity in the general population. Novel
findings of RF and ACPA production in general
populations would provide clues to uncover the
pathophysiology of the production of these auto-
antibodies.

activity and extraarticular symptoms (12—14) and others
are disease—non-specific factors such as age, smoking, and
common variants of HLA alleles (8,15-17). Smoking was
shown to have an effect on the susceptibility to seroposi-
tive RA, especially in men (18). HLA-DRB1 is the strong-
est susceptibility locus to RA and is associated with ACPA
or RF positivity in patients with RA (19). In particular,
shared epitope (SE), an allelic group with a common
amino acid pattern from the 70th to the 74th amino acid of
the HLA-DRB1 protein (20), is strongly associated with
RA susceptibility and production of ACPA and RF in
patients with RA (15,17).

However, the distribution of these antibodies and
whether the correlates are associated with positivity of
ACPA or RF in the general population is largely unknown.
There are no reports where ACPA levels were quantified
and correlates of ACPA were analyzed in a large-scale
study of healthy individuals. Although there are reports
suggesting that the positivity of RF in healthy individuals
is influenced by age and smoking in a European popula-
tion (8,21-25), the positivity of RF and its correlates in
healthy individuals is not known in Asian populations. If
the likelihood of having RA based on positivity of ACPA or
RF is different between subgroups with and without cor-
relates, determining the distribution and correlates of
ACPA and RF in a healthy population would lead to effi-
cient screening to identify subjects at risk of RA. Moreover,
determining the distribution and correlates would give
clues for novel insights of mechanisms of production for
ACPA and RF.

Here, we quantified circulating levels of ACPA and RF
in 9,804 healthy Japanese subjects, identified prevalence,
and estimated correlates, including genetic factors, of
these 2 autoantibodies.

PATIENTS AND METHODS

Study population. This study was conducted as a part
of the Nagahama Prospective Genome Cohort for Compre-
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hensive Human Bioscience (The Nagahama Study) (26), a
community-based prospective multiomics cohort study
conducted by Kyoto University. A total of 9,804 volunteers
in Nagahama City, Shiga Prefecture, Japan were recruited
in this study from 2008 to 2010. All participants were
asked to complete a detailed questionnaire about their
present symptoms, present illness, past history of illness,
family history, and smoking status. Written informed con-
sent was obtained from all of the participants. This study
was approved by Kyoto University Graduate School and
Faculty of Medicine Ethics Committee.

Exclusion of samples. We excluded volunteers from the
association studies if they had or have had autoimmune
diseases. Individuals who were judged from their answers
to the questionnaire to possibly have autoimmune diseases
were also excluded from the analyses. As a result, a total of
9,575 subjects were recruited for the analysis.

RA patients. A total of 2,067 patients with RA in Tokyo
Women's Medical University, whose age at onset, sex, and
data of ACPA and RF were available, were registered in
this study. A total of 1,237 patients with RA in Kyoto
University were used for correlation analysis of genetic
components.

Quantifying of circulating autoantibody. Serum sam-
ples were obtained from all the participants. ACPA was
quantified as second-generation anti—cyclic citrullinated
peptide (anti-CCP) antibody by MesaCup CCP enzyme-
linked immunosorbent assay kit (Medical and Biological
Laboratories) (27,28). IgM-RF was quantified by latex tur-
bidimetric immunoassay, latro-RF II (Mitsubishi Kagaku
Medience) (29). Both autoantibodies were quantified by
SRL for healthy individuals and in Tokyo Women’s Med-
ical University for patients with RA. The cutoff levels of
the autoantibodies were according to manufacturer’s in-
structions (ACPA <4.5 units/ml, RF =20 IU/ml).

Candidates of correlates for ACPA and RF. Age, sex,
smoking status, Brinkman index (BI; number of cigarettes
a day X smoking years) as a quantitative measure of smok-
ing, alcohol consumption, body mass index (BMI), and
serum level of C-reactive protein (CRP) were selected as
candidates of correlates for ACPA and RF. They were
selected based on the previous reports of significant asso-
ciation between RA and smoking and a study from the US
analyzing correlates of anti-nuclear antibody in the gen-
eral population (30). We classified all the included partic-
ipants into 5 groups according to their age at 10-year
intervals. Logistic linear regression analysis or chi-square
test was performed to analyze the influence of candidates
of correlates on the positivity of autoantibodies. The ef-
fects of smoking in conditions with alcohol consumption
were also analyzed.

Genome-wide association study (GWAS). GWAS was
performed for 3,710 samples of participants who joined
the Nagahama Study during 2008 to 2009. A series of
BeadChip DNA array was used for the genotyping and
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several samples were repeatedly genotyped using different
arrays. All samples were scanned by at least 1 of 3 arrays,
namely, Ilumina HumanHap610Quad, Omni2.5-4, and
Omni2.5-8 (see Supplementary Table 1, available in the
online version of this article at http://onlinelibrary.wiley.
com/doi/10.1002/acr.22385/abstract). A total of 394,239
markers that were common across the 3 arrays were used
for the current study. Genotyping quality was controlled
by excluding single-nucleotide polymorphisms (SNPs)
with a call rate below 95%, with minor allele frequency
below 5%, and deviating from Hardy-Weinberg equilib-
rium (P < 1.0 X 1077). Excluded from the analysis were
162 samples with a call rate <95%, 295 individuals esti-
mated to have kinship within this population (PI-hat more
than 0.35), and 7 ancestry outliers identified by principal
component analysis, with HapMap Phase 2, release 28,
data set as reference. A total of 83 individuals were ex-
cluded, because of having or being suspected of having
connective tissue diseases from their answers to the ques-
tionnaire. As a result, 3,170 samples were analyzed for
GWAS. Logistic regression analyses were performed by
using positivity of ACPA and RF as dependent variables,
each SNP as an independent variable, and age and sex as
covariates.

HLA imputation. Alleles for HLA-DRB1 were imputed
based on genotypes in the GWAS by using HLA-IMP2
(31). We imputed HLA-DRB1 alleles for 589 patients with
RA for a test set as reported previously (28). Imputed
HLA-DRB1 alleles were compared with genotyped HLA-
DRB1 alleles and an algorithm for determining HLA-DRB1
alleles was established (See Supplementary Appendix A,
available in the online version of this article at hitp://
onlinelibrary.wiley.com/doi/10.1002/acr.22385/abstract).
Next, HLA-DRB1 alleles were determined based on the
same algorithm for 932 healthy individuals as described
previously (32), and compared with the genotyped HLA—~
DRB1 alleles. The algorithms for HLA-DRB1 based on
imputation provided more than 93.5% of sensitivity and
99.8% of specificity for SE. HLA-DRB1 alleles were in-
ferred for the 3,170 individuals in the current GWAS using
the same algorithm.

Correlation analysis. Effect sizes of SNPs in the logistic
regression analysis for the autoantibody positivity in the
healthy population were compared with those in the asso-
ciation study for RA susceptibility, recruiting 1,237 cases
and 2,087 controls in Kyoto University and previously
described elsewhere (19,32). The 259,249 SNPs that were
common across the current study and the previous study
were pruned by linkage disequilibrium of r* > 0.3. As a
result, there were 82,445 SNPs remaining for further ana-
lysis. Correlation analysis was performed by using Pear-
son’s correlation coefficients with 8 intervals, according to
the P values in each study.

Power analysis. Power analysis was performed by an
online power calculator (http://pngu.mgh.harvard.edw/
~purcell/gpc/).

Statistical analysis. Logistic regression analyses in ge-
netic studies were performed by Plink, version 1.07 (33).
Other statistical analyses were performed using the R sta-
tistic system (http://www.R-project.org) or SPSS (version
18). We regarded P values less than 0.005 as significant to
assess correlations in a conservative manner. A stringent
cutoff value of P < 5 X 107% was adopted for the GWAS.

RESULTS

Characteristics of ACPA and RF. In the current study,
1.7% and 6.4% of the study population (n = 9,575)
showed positive ACPA and RF, respectively (Tables 1 and
2). The distribution of titers is shown in Table 1. We also
found 0.44% of subjects being positive for both ACPA and
RF, and a significant association between ACPA and RF
positivity (P = 2.0 X 107%® in chi-square test [odds ratio
(OR) 5.19 (95% confidence interval [95% CI] 3.62-7.44)])
(see Supplementary Table 2, available in the online ver-
sion of this article at http://onlinelibrary.wiley.com/doi/
10.1002/acr.22385/abstract). The individuals who were
positive for both ACPA and RF showed a significant cor-
relation of the titers of these autoantibodies (p = 0.60) (see
Supplementary Figure 1, available in the online version of
this article at http://onlinelibrary.wiley.com/doi/10.1002/
acr.22385/abstract). When we analyzed effects of candi-
dates of correlates on positivity of these autoantibodies,
we did not observe a significant difference in positivity for
RF and ACPA between men and women. We found that
ACPA positivity increased with respect to older age (P =
0.00045 in logistic linear regression analysis), especially
for those in their 70s (P = 0.00062) (Table 2). While people
in their 50s showed an increase of RF positivity (P = 5.4 X
107°) (Table 2), no linear effect of age on RF positivity was
observed (P = 0.093 in logistic linear regression analysis).
The associations between age and ACPA or increase of RF
for those in their 50s were observed mainly in women (see
Supplementary Table 3, available in the online version of
this article at http://onlinelibrary.wiley.com/doi/10.1002/
acr.22385/abstract). Next, BMI, smoking, alcohol consump-
tion, and serum level of CRP were analyzed for associa-
tions with ACPA and RF positivity. While we did not find

Table 1. Distribution of titers in ACPA and RF in the
general population*
No. Ratio, %
ACPA (units/ml)
<4.5 9,408 98.3
4.5-13.5 100 1.0
>13.5-45 33 0.3
>45 34 0.4
RF (1U/ml)
=20 8,961 93.6
20-60 486 5.0
>60~200 87 0.9
>200 41 0.4
* ACPA = anti-citrullinated peptide antibody; RF = rheumatoid
factor.
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