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Abstract

Objective

Both genetic and environmental factors are associated with susceptibility to juvenile idio-
pathic arthritis (JIA). Many studies have reported that both a 'shared epitope’ (SE) encoded
by several HLA-DRB1 alleles and the peptidy! arginine deiminase type 4 (PADI4) gene poly-
morphisms are associated with susceptibility to rheumatoid arthritis (RA). However, itis
uncertain whether JIA and RA share the latter genetic risk factor. Therefore, here we investi-
gated ralationships between HLA-SE and PADI4 polymorphisms with clinical subtypes

of JIA,

Methods

JIA patients (39 oligoarthritls, 48 RF-positive polyarthritis, 19 RF-negalive polyarihritis and
82 systernic) and 188 healthy controls were genctyped for HLA-DRB1 by PCR-sequence-
specific aligonucleotide probe methodelogy, Three PADI4 gene single nucieotide polymor-
phisms {SNPs}, rs2240340, rs2240337 and rs1748033, were genotyped using TagMan
SNP Genotyping Assays.

Results

Frequencies of the HLA-SE were higher in RF-positive palyarticular JIA than in healthy
controls. RF-positive polyarticular JiA was associated with HLA-SE (OR =5.3, 95%
Cl=2.5-11.9, pc < 0,001}, No asscciations Wwere found between clinical subtypes of JIA
and PADI4 allele frequency. Nonetheless, rs2240337 in the PADI4 gene was significantly
associated with anti-cyclic citrullinated peptide antibody (ACPA)-positivity in JIA. The A
allele at rs2240337 was a significant risk factor for ACPA positivity in JIA (OR = 5.6, 95%
Cl=1.71-23.7 pc = 0.03).
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Conclusion

PADI4 gene polymorphism is associated with ACPA-positivity in JIA. The association ot
HLA-SE with RF-positive polyarticular JIA as well as RA is confirmed in Japanese, Thus,
HLA-SE and PADI4 status both influence JIA clinical manifestations.

Introduction

Juvenile idiopathic arthritis (JIA) is defined as a chronic arthritls developing in children <16
years of age and persisting for >6 weeks, According to the International League of Associa-
tions for Rheumatology (ILAR) classification criteria for JIA. it has 7 subtypes [1]. The 4 major
subtypes are oligoarthritis, rheumatoid factor (RF)-positive polyarthritis, RF-negative polyar-
thritis and systemic arthritis. The major pathology of cligoarthritis and polyarthritis is articular
inflammation and joint destruction. RF-positive polyarthritis is considered to be a counterpart
of adult rheumatoid arthritis (RA) [2]. In contrast to the above forms of J1A, the major pathol-
ogy of systemic JIA is systemic inflammation, which is considered similar to adult S1ill's dis-
case [3.4].

In RA and JIA, both genetic and environmental factors are associated with disease suscepli-
bility [5]. HLA class Il gene polymorphisms are considered the most influential for RA suscep-
tibility [6]. Many studies have reporied the association of a ‘shared epitope’ (SE) encoded by
several HLA-DRB1 alleles with RA susceptibility in adults {7]. Similarly, an association
between HLA-SE and susceptibility to JIA has been reported in Caucasians [§]. We have previ-
ously reporled that HLA-DRB}*04:05, a major SE-containing allele, is associated with polyarti-
cular JTA also in the Japanese population [9).

More recently, a number of RA susceptibility genes outside of the HLA region have been
identified by genome-wide association studies (GWAS) [10,11]. One of these, peptidyl argi-
nine deiminase type 4 (PADI4} was first repotted in Japanese RA patients {12,13], and subse-
quently confirmed in several Asian groups and subgroups of Europeans [14-17]. PADI4 is one
member of PADI gene family. It codes for enzymes responsible for the posttranslational con-
version of arginine residues into eitrulline. Tt was indicated that an RA susceptibility haplotype
in PADI4 was associated with increased stability of PADI4 mRNA [13]. And it could lead to
accumulation of PAD4 protein, with subsequent increases in citrullinated proteins and
enhanced production of autoantibodies against these citrullinated peptides {18].

PADI4 mRNA is detected in hematological cells and pathological synovial tissues [19,20].
And it was reported that PADI4 significantly overexpressed in the blood cells of RA patients
[21]. Moreaver, PADI4 have a nuclear localization signal, which affects the expression control
of verious genes [22]. PADI4 may have various role in the immune system and associated with
development of auteimmune disease.

Ins each of the JIA subtypes, age of onset, clinical course and serological findings are differ-
ent, which may be accounted for by different influences of the genetic background. However,
it is uncertain whether JIA (particularly the RF-positive polyarthritic form) and RA share any
genetic risk factors other than HLA-SE. There are no reports that PADT4 risk alleles are
involved in JIA disease susceptibility. In the present study, which includes our previous cohort
[9], we invesdgated relationships between HLA-SE and PADI4 polymorphisms, and clinical
subtypes of JIA in the Japanese population.
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Materials and methods

Study population

Patients were eligible if they met the ILAR classification eriteria for JIA. A total of 138 J1A
patients (39 oligoarthritis, 48 RF-positive polyarthritis, 19 RF-negative polyarthritis and 82 sys-
temic), comprising 59 boys and 129 girls, was enrolled in this study and followed at the Yoko-
hama City University Hospital betiveen December 2006 and December 2009. This cohort
included the 106 oligo- and poly-articular JTA patients who were described in our previous
study [9]. Clinical data including age at onset, gender, RF and anti-cyelic citrullinated peptide
antibody (ACPA) status were reviewed.

We conducted this study in accordance with the Declaration of Helsinki and with the
approval of the Ethics Committee of the Yokohama City University School of Medicine, Writ-
ten informed consent was obtained from each patient and/or their guardian, {(Approval num-
ber: A090528002)

HLA genotyping

Genomic DNA was isolated from peripheral blood using the QlAamp DNA Mini kit (Qiagen
K.K., Tokyo, Japan), J1A patients and healthy adult controls wete genotyped for HHLA-DRB!
using PCR sequence-specific oligonucleotide probes {(SSOP) by the Luminex method with
Genosearch HLA-A, -B and -DRB1 Ver. 2 (Medical & Biological Laboratories Co., Ltd.
Nagoya, Japan), as described previously [9]. HLA-DRB1*01:01, "04:01, "04:04, *04:05, *04:10,
*10:01, " 14:02 and *14:06 were regarded as HLA-SE alleles [23].

PADI4 genotyping

Three single nucleotide polymorphisms (SNPs), rs2240340, r52240337 and rs1748033 in the
PADI4 gene were selected based on previous research {12,13}. Genotyping for these in 188 JTA
patients and 188 healthy adult controls was performed using TaqgMan SNP Genotyping Assays
{AB assay ID: C__16176717_10 for rs2240340, C___3123009_1 for rs2240337 and
C___7541083_1 for rs1748033). These SNPs were analyzed by real-time PCR using the
AB7500 Real Time PCR system (Applied Biosystems, Foster City, CA, USA) under the condi-
tions recommended by the manufacturer. Allele discrimination was accomplished using SDS
software version 1.4 (Applied Biosystems).

Statistical analysis

The statistical significance of the differences in the frequencies of HLA-DRBI alleles or PADI4
gene polymorphisms between JIA subtypes was evaluated by Fishers exact test, A corrected P-
value (Pc) was calculated by muktiplying the P-value by the number of HLA-DRB1 alleles
tested at each Jocus. For the PADI4 gene polymorphisms, we examined 3 SNPsand used a
total of 5 independent tests.

Results

Patients' characteristics

Characteristics of the patients studied are shown in Table 1. Patients comprised 39 children
with oligoarthritis, 48 with RF-positive polyarthrifis, 19 with RF-negative polyarthritis and 82
with systemic arthritis. The mean age at onset of oligoarthritis was 5.6 years, RF-positive poly-
arthritis was 8.2 years, RF-negative polyarthritis was 7.1 years and systemic arthrilis 5.0 years.
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Table 1. Clinicai characteristics of JIA patients.

Oligo articularJIA RF positive, polyarticutar JIA RF negative, polyarticular JIA Systemic JIA
(n=39) (n=48) (n=19) {n=82)
Age at JIA onset (years, 56 8.2 71 5
rmean)
Gender (famale, %} 35 (90%) 40{83%) 10(53%) 44 (53%)
ANA (>1:160,%) 16 (419%) 19{40%) 3(16%} 3/78 (4%)
AF (>14.0 (IU ml-1),%}) 9 (23%) 43(100%) 0(0%) -
Antl-CCP {>4.5(U ml-1),%} B (21%) 40{83%) 0[0%;) 0/43 (0%)

doi:10.1374/journal.pane.0171961.10H

Table 2. Assoclation of HLA-DORB1*04:05 and HLA-SE with susceptibility to JIA subtypes.

HLA-DRB1 and JIA subtypes

188 healthy controls was genotyped for HLA-DREB1 to determine associations of HLA-DRB1
and HLA-SE with JTA subtype susceptibility. According to ILAR dlassification criteria for JIA,
RF-positive oligoarticular JiA is classified as “undifferentiated”. Thus, such cases were
excluded from the oligoarthritis group in HLA association studies. RF-positive polyarticular
J1A was significantly assuciated with HLA-DRB1*04:05 and HLA-SE (OR = 5.1,

956 CI = 2.5-11, pc < 0.001; OR = 5.3, 95% CI = 2.5-11, Pc < 0.001, respectively) (Table 2).
In contrast, frequencies of HLA-DRB1*04:05 and HLA-SE were not higher in the other types

of J1A patients.

PADI4 polymorphisms and JIA subtypes

Frequencies of PADI4 gene polymorphisms studied in JIA patients and controls are shown in
Table 3. Thiere were no associations between elinical subtypes of J1A and PADI4 pene poly-
morphisms, Nonetheless, the PADI4 SNPs were significantly associated with ACPA positivity
in JIA (Table 4), Because the ACPA status of all systemic JIA patients measured in this study
was negative (0/43), systemic JIA was excluded from the data in Table 4. Hence, the A allele at
152240337 is a significant risk factor for ACPA positivity in oligo- and poly-articular JTA

{OR =56, 95% CI = 1.7-24 Pc = (.03). Finally, there were no associations between HLA-SE

and PAD14 gene polymorphisms in oligo- and poly-articular JIA (Table 5).

HLA-DRB1*0405 Genotype (*0405/any) OR 95% Cl P-value Pc
cantral (n = 188} 40 {21.3%) - - - -
Oligoarticular JIA {n = 30) 1(3.3%) 0.1 0.01-0.82 0.02 NS
RF positive, palyarticular JIA (n = 48) 28 {58.3%) 5.1 2.50-10.7 <0.001 <0.001
AF negaliva polyariicularfn = 19) 4{21.1%) 1 0.30-4.42 0.68 NS
RF negativa{oligo+poly){n = 49) 5(10.2%) 0.4 0.86-8.17 0.078 NS
Syslemic JIA (n=82) 21 (25,6%) 1.3 0.66-2.42 0.43 NS
HLA-SE Genolype (SE/any) OR 95% CI P-value Pc
control {n = 138} 68 {36.2%) - - - -
Oligoarticular JIA (= 30) 6(20.0%) 0.4 0.14-1.18 0,082 NS
RF postlive polyarticuar JIA (n = 48) 36 (75.0%) 5.3 2.47-11.8 <0.001 <0.001
RF negative,pelyariicular(n = 19) 5{26.3%) 0.6 0.17-1.96 0.39 NS
AF negativeloligo+poly){n=49) 15(30.6%) 0.8 0.37-1.60 0.47 NS
Systemic JIA {(n=82) 33 (40.2%) 1.8 0.67-2.09 0.59 NS
SE, shared epilope; HLA-DRB1*04:05,01:01,04:01,04:10,10:01,14:02,14:06
dot:10.137 1/journal.pone.0171961.1002
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Table 3. Assaciation between PADIA gene palymorphisms and susceptibility to JIA subtypes,

rs2240340 G allale Aallela MAF OR 95% Ci P Pc

Contro! {n=188) 223 153 0.41 - - - -
Ollgoarlicular JIA (n=30) 37 23 0.38 0.9 0.49-1.64 0.73 NS
AF positive, polyarticular JIA {n = 48) 49 47 0.49 1.4 0.87-2.25 0.17 NS
RF nagative,polyarticular{n = 19) 24 14 0.37 0.9 0.39-1.78 0.64 NS
AF negative,oligo+poly arlicular(n = 49) 61 3r 0.38 0.9 0.54-1.43 0.6 NS
Systamic JIA (n = 82} 92 72 0.44 1.1 0.77-1.68 0.51 NS
rs2240337 G allela Aallate MAF OR 95% Cl P Pc

Control{n = 188) 350 26 0.07 - - - -
Qligoarticular JIA (n = 30) 57 3 0.05 0.7 0.13-2.43 0.456 NS
RF positive, polyarticular JIA (n=48) 85 11 0.12 1.7 0.75-3.82 0.14 NS
AF negative,polyarticutar(n = 19) kY 1 0.03 0.4 0.01-2.36 0.25 NS
RF negative,aligo+poly articular(n = 49) 94 4 0,04 0.6 0.14-1.71 0.21 NS
SystemigJIA (n = 82) 149 15 0.18 1.4 0.65-2.74 0.38 NS
151748033 G allele Aallele MAF OR 95% Cl p Pe

Control {n = 188) 239 137 0.38 - - - -
Qligoarticular JIA {n = 30) 42 18 0.30 0,7 0.38-1,38 0.33 NS
RF positive, polyarticutar JIA {n = 48) 55 41 0.43 1.3 0.80-2.10 0,29 NS
AF negative,polyarticularin = 18) 26 12 0.32 0.8 0,36-1.72 0.55 NS
RF negative,oligo+poly anticular(n = 48} 5] 30 0.31 0.8 0.46-1.27 0.28 NS
Systemic JIA {n = 82} 120 44 0.27 0.6 0.42-0.97 0.03 NS

doi:10.1371fjournakgone,0171961.1003
Table 4. Associatlon betwean PADGIA gene polymorphlems and ACPA positivity in oligo- and poly- articular JIA patiente {n = 108).
Anti-CCP(-) AnN-CCP {+) OR 95% Cl P Pc
{<4.5U ml-1) {>4.5U mk1)
{n=58) (n=48)

152240340 allele 75 46 2 1.1-3.6 0.018 NS
recessive 26 11 27 1.1-7.1 0.024 NS
dominant 48 35 2 0.70-6.0 0.158 NS

152240337 allele 112 a0 5.6 1.7-24 0.002 0.03
recessive 54 a2 6.6 1.9-30 <0Q.001 <0.001
dominant - - - - - -

151748033 allele 80 52 1.9 1.0-3.4 0.03 NS
recessive 30 14 2.8 1.1-6.4 0.029 NS
dominant 53 38 2.8 0.76-11 0.095 NS

Recessive: GG versus (SA/AA), dominant: (GG/GA) versus AA
doi:10.1371/journal. pone.0171861.1004
Table 5. Associalion between PADI4 gene palymorphisms and SE positivity in oligo- and poly- articular JIA (n = 106).
GG GAJAA OR 95% Ct P-value
52240340 SE- 20 31 1.4 0.60-3.5 0.42
SE+ 17 38 - - -
rsP240337 SE- 42 g 1.2 0.39-3.5 0.81
S5E+ 44 11 - - -
rs1748033 SE- 23 28 1.3 0.57-3.1 0.56
SE+ 21 34 - - -
doi:10.1371/jcoma.pore.0171961.1605
PLOS ONE | DOL:10,1371/joumal.pone.01 71861 February 9, 2017 579
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Discussion

Susceptibility to RA is influenced by both genetic and environmental factors such as smoking,
Many studies have determined that the major RA disease susceptibility genes are the HLA
class I1 alleles, The shared epitope (SE) hypothesis for risk of RA is well-established [7], indi-
cating that multiple HLA-DRE]1 alleles are the strongest known genetic risk factors for RA by
virtue of encoding a shared amino acid sequence, known asa shared epitope, SE [6]. Several
studies have also reported associations between the genetic background and JIA susceptibility
[5], including associations with HLA alleles [24~29]. An association between HLA-SE and sus-
ceptibility to JLA has been confirmed in 204 RF- or ACPA-positive Caucasian |IA patients [8],

The contribution of HLA ta RA susceptibility, however, accounts for only about 30% of
incidence, implying that genes other than those in the HLA region are involved; some esti-
males suggest as many as L00. Other genes influencing RA susceptibility have now been identi-
fied, such as PADI4, PTPN22 and CTLA4. Numerous non-HLA JIA susceptibility genes have
also been imputed using GWAS [11]. Variants at the PTPN22, STAT4, TNF-«, TNFAIP3,
MIF, WISP3, SLC11A1 and [L2-Ra loci have been reported as risk factors for JIA by several
investigators [5], although it was also reported Wil several of these are nol necessarily shared
between different ethnic groups [10,30]. Thus, there are likely to be different genetic risk fac-
tors for JIA in different ethnic groups, Therefore, here we sought an influence of HLA-SE and
PADI4 on JIA susceptibility in Japanese, because both HLA-SE and PADI4 were reported as
significant genetic risk factors for RA independent of ethaicity [14,15,31].

We previously reported an association of HLA-A®02:06 with JIA accompanied by uveitis
and of HLA-DRB1*04:05 with polyarticular JIA [9]. In the present study, we confirmed the
association between HLA-SE and RF-positive polyarticular JIA in Japanese. However, we
found that HLA-SE was not associated with oligoarticular or systemic JIA in our cohort.
Recently, it was reported that five amino acids in three HLA molecules, including three amino
acid positions (11, 71 and 74) in HLA-DRBI, were associated with RF-serapositive RA by the
HLA-imputation imethod [32]. It shauld therefore be evaluated whether these HLA amino
acids are also associated with JTA susceptibility in future,

In addition ta RF, ACPA is the most specific serologic marker in adult RA with a specificity
of 95% and a sensitivity of 80%, similar to RF [33,34]. Considering all JIA subtypes together,
ACPA was detected in 1.8-28.6% of patients, a low frequency compared to RA, However,
ACPA was present in 70-90% of RF-positive polyarticular JTA patients [33]. Bone destruction
is more severe in these ACPA-positive patients [36]. These results suggest that ACPA-positive
polyarticular J1A may be similar to RA with regard to pathogenetic processes.

PADI4, a member of the PADI family, was first reported to be associated with RA in a Japa-
nese population [12,13). It encodes a peptidyl arginine deiminase responsible for the post-
translational conversion of arginine residues into citrulline. We investigated associations
between PADI4 gene polymorphisms and ACPA positivity in JTA in our Japanese population.
The stability of PADI4 mRNA differs according to these gene polymorphisms, which may rep-
resent the mechanism by which it influences the production of ACPA [13]. To the best of our
knowledge, there are no reports that PADI4 risk alleles are involved in JIA disease susceptibil-
ity. It is likely that PADI4 is also a JTA susceptibility gene in ethnic groups other than Japanese,
especially in ACPA-positive JIA. This hypothesis needs further exploration.

We found no association between HLA-SE and PADI4 in JIA patients, implying that
HLA-SE and PADI4 are independent JTA susceptibility genes. However, an association
between HLA-SE and citrullination in the pathogenesis of RA has been noted {37]. The elec-
tropositive P4 pocket of HLA-DRB1*04:01/04 can accommodate citrulline-containing epi-
topes, and the CD4" T cell repertoire for citrullinated antigens is increased in RA patients

PLOS ONE| DOIL:10.137 1jcumal.pone.0171961  February 9, 2017 &/8
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harboring HLA-DRB1*04:01/04. These potential pathogenetic mechanisms may also contrib-
ute to J1A. Further study is needed to determine whether this is the case,

In conclusion, we found an association of PADI4 gene polymorphisms with ACPA-
positivity in JIA, as was already known for RA. We also confirmed the influence of HLA-SE on
RF-positive polyarticular J1A in the Japanese population. Thus, JEA may be classified into clini-

«cal and genetic background-based subtypes using HLA-SE and PADI4 genotyping.
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Abstract

Objective: To examine and delineate inflammatory focus in pavients with juvenile Idiopathic
arthritis (JIA), *F-Fluoro-deoxy-glucose (FDG)-positron emisslon tomography (PETY ('5F-FDG-
PET) was applied to patients with JiA, and the images of these patients were compared.
Methods; Sixty-eight children (59 with systamic JIA (s-JIA} and 9 with polyarticular JIA) were
included. The diagnosis of JIA was done to meet the International Lezgue of Associations for
Rheumatology (ILAR) criteria. After 6-h fasting, whale-bady positron emission tomography
(PET} scans were acquired 60 min after intravenous injection of 3-5 MBa/kg '*F-FDG. The
interpretation of *®E.FDG uptake was based on visual characteristics.

Results: Two types of PET images were outstanding in s-JIA; one was "®F-FDG uptake in red
bone marrow, such as the spine, pelvis, and long bones as well as spleen (12 cases), and other
type was the uptake in the major joints, such as hips, elbows, wrists, knees, and ankles (8 cases).
The farmer findings were correlated with elevated levels of inflammatory markers, while the
latter wers with significantly increased levels of MMP-3 {p < 0.05).

Canclysion: There was a noticeable accumulation of "F-FDG uptake in bone marrow of s-JIA
patlents which may indicate the inflammatory focus of this disease and play an important role
in the pathogenic basis of arthritis and systemic inflammation of s-JiA.

Keywords:
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idiopathic arthritis

History
Received 1 April 2015

Accepted 3 August 2015
Published online 28 Septemnber 2015

Introduction

Systerwic juvenile idiopathic anthritis {s-J1A) is a systemic chronic
inflammatory discase, the main sympioms ol which are remitient
tever, rheumatoid rash, and arthritis [1]. During the clinical course,
about 7% of patients suffer from macrophage activation syndrome
{MAS). which can be life-threatening. Some patients develop
MAS as the first symptom of the disease [2,3]. [n s-J1A, 1he whole
range of symptoms is rarely observed al the onsel, with remitling
fever being an early symplom in most cases, while arthritis 1ends
to appear later. Therefore, carly diagnosis is required bul no
appropriste  diagnostic marker has been established o date,
However, it has been determined that heme osygenase-1 (HO-1)
and interleukin-18 (IL-18) are markedly increased at Uic active
phase of s-}A, unfike in polyarticular and oligoarticular juvenile
idiopathic arthritis, and these two factors Wave been reported to be
uselul serological diagnostic markers [4.53]. In addition, malrix
metallupioteinase 3 (MMP-3), which is produced by inflamed
synovial cells and {ibroblasis, is a useful activity marker for
cartilage destruction. It s become possible lo diagnose the
disease and cvalunate its activity relutively casily. Together widi a
marked clevation in inflammatory markers, such as C-reactive
protein (CRP) and blood sedimentation nate, the diagnosis of s-J1A
can become more accurag.

Correspondenee to: Masaski Mori, Depantment of Pediarrics, Yokohama
City Univessity Medical Center, 4-57 Urafune-cho, Minami-ku,
Yokohama 232-0024, Fipan, E-mail: mmori @med.yokohama-co.ue, jp

Allhough s-JIA is currenily classified as one subtlype of JIA.
there is a school of thought considering the disease as ap
autoinflammatory syndrome [6]. Affecled joints are muarkedly
different from polyarticular and oligoarticular JIA, and the process
of cartilage and hone destruction is also ditferent, suggesting that
5-JIA is a differenl disease. Marked osteoparosis and poor
development of epiphyseal nuclei ure observed in the systemic
type, whereas narrowing of the joint space is characteristic of the
articedar ype [7,8], suggesting different mechanisms responsible
for disease onsel of systemic versus anticular lype.

In the present study, the primary inflammatory lesion was
investigated by "*F-FDG-PET (FDG-PET) in>400 cases wilh
remittent fever. The FDG-PET findings were compared in 59 cases
of s-JIA diagnosed based on serological evaluation and clinical
course, so that chamcteristic FDG-PET findings for the disease
could be determined. 1n cases that do not reccive a firm diagnosis,
these chamcteristic FDG-PET findings may be used as potent
diagnostic 1ools.

Patients and methods

A lotal of 68 cuses wilh JIA eXamined by FDG-PET between
Janvary 2002 and December 201 | at our hospital were retrospect-
ively investigated, There were 59 cases of s-JIA (3] boys and 2§
cirls; average age, 9.1 + 3.9 years) and nine polyarticutar JIA (p-
JA) (5 boys and 4 girls; average age, 11.6+5.2 years). Joints 4t
the bilateral shoulders, elbows, hands, hips, knees, and ankles
were evalugted. Articular symptoms of lenderness aad swelling of
gach joint were recorded, White blood cell count (WBC), CRP,
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werum amyloid A (SAA). ervthrocyle sedimentation rale (ESR),

ferritin, and FDP-E were asscssed as inflammatory markers, while
MMP-3 wus used as a marker of articular destruction; plasma G-
CSF, [L.-6, and IL-15 were measured at (he sume tinie.

For FOG-PET, "*F-FDG was intravenously infused after 6 & of
Fasting, and images were scanned 1 h later. SUVmax 20.5 was
considered positive for defining '"F-FDG accumulation. Next,
clinical symptoms and lnboratory dala at the tinme of FDG-PET and
sccumulation patterns of '|F-FDG were compared among the 12
jaints lisied ahave. In addition, cases with characteristic '"F-FDG
accumulation findings were extracted and their images were
examined.

This sludy was carried out as parl of advanced medicul research
of the bospital {Registration No, 158-1) and all palients
participated in the study only after they gave informed consent,

Results
¥EFDG accumulation in children without inflammation

Afer exploration ol a remittent fever, a case without inflammation
is presented here, as an example (Figure 1) In children without
inflammation, "*F-FDG zccumulates in the brain, heart, bladder,
and joints during growth, This patient is an 8-year-old girl with
low-grade fever of unknown origin and pain in the extremities.
Her complaints were severe and her parents wanted to have her
examined as cxlensively as possible. We undenook FDG-PET
after obtaining informed consent from her and her parents. It was
confimied that she had no inflammation and she was dingrosed as
sulfering from fibromyalgia.

Characteristics of "°F-FDG accumulation In cases with p-JIA

In 11 cases with p-J1A. ""F-FDG accumulation showed a diffuse
distribution pattern in inflamed joints. It was often observed that
""F.FDG accumulated in almost all large joints as in (Figure 2a)
and (Figure 2b) or in those joints with severe inflammation as

Mot Rheumatol, 2HS; Early Online: -6

in (Figure 2¢). There was no accumulation is the bone marrow and
no significant difference in accumulation in the liver or spleen.

Relationship between arthritis and "®F-FDG accumulation in
cases with p-JIA

Rolationships between SUVmax and other laboratory data such as
CRP, ESR, WBC, und MMP-3 were examined, but no significant
correlations were found (Figure 2).

Figure I. FDG-PET findings in a heatthy child. Despite no abnorml
inflammation, accurnulation in the brain, heart, biudder, and joints al the
arowth siage is observed.

Figure 2. FDG accumulation in cases with p-JEA, (a) Accumulation is observed ut the bilateral shoulders, elbows, wrists, and in the knees. In particulir,
marked accumuiation was observed at the bilateral shoulders, the lefi clbow, and in the right knee. (b) Accumulation is observed at the biluteral
shoulders, in the elbows, wrists, hips, knevs, and ankles. () Marked nccumulation is observed in the biluteral knees and the right wrist,

2
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Figure 3. FDG accumulaton in s-JIA (type 1. (1) Accunmlation is observed a1 the bilateral shoulders, in the vertebrae, pelvis, spleen, and hilater)
knees, Avcymulation is centered on the head of the huinernus a1 the shoulder and the proximal tibial bone at the knee. {(b) Accumulation is observed ut the
bilaernt shoulders, in the vertebiue, pelvis, spleer, and biluieral knees, {€) Marked sccumulation a the bilateral shoulders, in the verebme, pelvis, and
spleen. Accumujation is also observed in the knee. At the shoulder and in the knee, sccumulation is ebserved not in the joint but at the epiphysis (bone
marrow tissue), In the pelvis, sccumulation is marked at the als of the ilimm that contained red bone mamrow.

Characteristics of "8F-FDG accumulation in cases with s-JIA

There were Lwo churacteristic patterns in "®F.FDG accumulation in
the 59 cases with s-JIA. They were designated type | and type Il as
follows:

(1} Characteristic accumulation was found in all vericbral bodies
and pelvis and around large joints, such as shoulders and
knces. The accumulation was not in the joint synovia but the
bone itself or at the end of the long bones. It was considered
that accumulation was not in the joints but in the bone
marrow. In uddition. compared with the liver. greater
accumulation in the spleen was characteristic (Figure 3)
{lype I, 12 cuses).

{2) As in cases with p-JA, diffuse accumulation in inflamed
Joints was recognized. There was no accumulation in the bone
marrow and no significant difference between (he liver and
spleen (Figure 4} (type 11, 8 cases).

Relationship between arthritis and '5F-EDG accumulation in
cases with s-NA

Relationships between SUVmax and other laborawory data such as
CRP, ESR, WBC, and MMP-3 were examined. but no significant
correlalions were found,

Comparison of different accumulation patterns in cases with
s-JIA

Age, gender, duralion from onset, (reatment intervention, transi-
tion 10 MAS, reduction in the steroid dose ! year Duler, cases
trealed with biological agents. and nuunber of refractory cases were
comparcd between type | and pe L. With regard (o laboratary
data, WBC, CRP, SAA: ESR. femitin. FDP-E, MMP-3, IL-6.
[L-18, and G-CSF were compared (Tables | and 2, and Figuce 5).

3

Figure 4. FDG accomulation in s-JIA @ype 1), (4) Accumulation is
observed at the bitateral shoulders, in the elbows, hands, hips, knees, and
ankles, fn puticular, it is murked in the hamds, knees, and ankles.
(b) Accumulntion is observed nt the biluteral shoulders, in the hands,
knces, and ankles. I is murked in the knees und unkles,

Type 1 accumulation in FDG-PET was observed in boys, in
particular, immediately after onset and before treatment; the risk of
developing MAS seemed high. There was no significant differcnce
in treatmeént resistance,

The test results (Figure 5) showed that inflammation markers
such as WBC, CRP, SAA, BSR, femitin, IL-6, IL-18, and G-CSF
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woere significantly higher in type L whereas the synovitis marker
MMP-3 was signiticantly higher in type 1L

Discussion

FDG-PET results for the diagnosis of remittent fever and reference
findings of JIA were collected for retrospective comparison over a
10-year period at our department. Of these, 68 cases with JLA were
analyzed. In cases with p-JIA, B¥EFDG accumulated in the joints
with synavitis, as is seen in adult rheumatoid arthritis. These
findings were almost identical to the physical, ultrasonographic,
und magnelic resonance imaging (MRI) findings for arthritis,
Although it was reported that SUVmax correlates with the severity

Tuble 1. Comparison of type-] and type-1i s-JTA (& seanning).

Background of s-JIA subtypes

»-JIA type |

SIIA type Il

Number of cases 12 8
Age (years) B3+23 7.9x4.1
(runge) {3~1d) (3~18)
Boy:girl mtio 84 35
Durmtien from 1.3£1.7 234:+43
onset (months) (O~10) (0~66)
Nu trrutment 7 cases I case
when PET wken (58%) (13%)

Table 2. Comparison of type-l and type-ll s-J1A @l clivical courses).

Course of s-JIA subtypes

s-J1A type |

s-J1A ype 1l

Number of cases 12 q
Muacrophage activation syndrome 3 cases t) cases
(25%)
Reduetion rate of PSL dosage —~63.1% —54.9%
(after 1 year)
Treatment with biologioy 11 cases 6 cases
(91.7%) (85.75%)
Refractery cases 3 cuses S cases
{1 anicular {all cases had

2 systemic course} anicular courses)

Mad Rhoumarol. 2015; Easly Online; |-6

of arthritis, there was no such significant correlation in the preseat
study. The degree of accumulation was influenced by the interval
from radioisoiope injection to scanning, 2 meal and exercise taken
befure the test, und age and bidy build of the subjects, and there
was a large interindividual variation in measurcments.

Characteristic images of "*F-FDG accumulation in the red bone
mamow lissue of the whole body were obtained in 12 enscs, as
shown in Figure 3. Among cases diagnosed with s-JIA, findings
similar to those of p-JIA were sometimes obtained. Cases with
dccumulation in the bone marrow tissue had a shorier period (rom
onset, had received less intensive Ireatment, and showed an
increase in serological markers for systemic inflammalory stalus
(WBC. CRP, SAA, ESR. femitin, FDP-E, 1L-6. TL-I18. and
G-CS8F). Diagnosis of s-fLA at an early stage atter onset is a eritical
issue for tremmeat sclection; these findings will be useful for
diagnosis in this regard,

For reference, in this study, FOG-PET images from 23 juvenile
systemic lupus crythematosus patients, 20 juvenile dermatomyo-
sitis, 10} mixed connective tissue disease, 8 systemic selerosis, and
10 Kawasuki discase patients were examined and no characteristic
findings in these diseases were observed,

1t has been demonstraled that imaging modalities are useful for
the diagnosis and evaluation of wthritis in JIA, and recent
advances in joint ultrasonography, in parttcolar, for p-11A, have
been remarkable [9]. It is highly signilicant that this modality
enubles real-time evaluaion of inflammation based on the
presence of synovitis, retention of synovial Auid, stratification of
synovial membrane, and increased blood flow by power Doppler
imaging. Additionally, joimt ulrasonography is uscful for the
evaluation of arthritis in cases with s-JA, but dilferential dingnosis
is very difficelt when the patient presents with a remilient fever
with unclear anthritis. However, an elevinion in HQ-1 (4] and IL-
18 [3] is discase-specific and these coan be uwselul serological
markers for diagnosis. Therefore, it is expected that 1hey will he
widely used as serological markers.

FDG-PET showed characteristic lindings in this study. In type |
s-JIA, "F-FDG aceumulition was observed in the bone marrow,
in paticular the red bone marrow, reflecting systemic inflamma-
tion; accumulation was also more marked in the spleen than in the
liver. These findings are otherwise seen only in some discases

Laboratery findings of s-JLA. Comparing Type 1 with Type 11

P-0.005
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Figore 5. Laborutery findings of s-1A: compuring type 1 with type 1I. Inflammation markers, such us WBC, CRP, SAA, ESR, femitin, IL-6, {L-18, and
G-CSF. were significantly higher in trpe |, whereas the synavitis marker MMP-3 was significantly higher in type 11
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sich as sepsis and arc hus considered relatively specilic for the
diagnosis of s-JLA in combination with serological tests. FDG ilso
accumufates i the bone matow of palients with leukemia.
Mevertheless, FDG-PET in s-JIA is different in that there is
relatively homogeneous sccunwlation in the bone marrow,
whereas in leukemia 1t has 2 speckled distribution.

It should be noted thal adult-onset Sull’s disease, 1 discase
similar 10 s-JIA, also exhibils characieristic accumwlation of
“E.FDG in the bone mamow, spleen, and lymph nodes, and
FDG-PET is considered an clTective modality for its diagnosis at
the stage of cxploration of remittent fever in adubs [10]. In
addition, FDG aceumulation was observed in inflamed joints as a
cheructeristic finding in ype-1I s-JIA, supgesting synovilis,
Furthermore, there was no significant difference in the amount
of FDG accumulation in the fiver relative to the spleen. and there
wits no accumulation in the bone marrow. In type-Il s-J[A, some
cases manifest arthrilis as the main symptom after a long clinical
course, while others have a tendency to improve after anti-
inflammatory {reatment such s with steroids, The clinical course
of type-I and typc—II s-11A is different, as mﬂcctcd in differences at
the sites of "*F-FDG accumulation, In p-JIA, "8F.FDG accumu-
lated only at the joims with inflammation and there was oo
significant difference in the accumulation in the bone marrow and
spleen. These findings are consistent with the FDG-PET findings
observed ia adull rtheomatoid arthntis [11] and are interpreted as
WEFDG accumulation at the joint synovial membrane znd
synovial fuid in the joinl capsule.s-JLA rarcly develaps a remittent
fever, rash, and arthritis &t the same time during disease
progression. [ slants with a remiltent fever and rash, following
which arthritis develops, and in the long-lerm eventually causes
problems in daily life aclivitics due to polyarthritis [2). Tt is
an inflammatory disease in which systemic inflammation pre-
cedes the appearnnce of urthritis that eventually becomes the
main symplom,

Exploration by FDG-PET in this study showed two patterns
of type-l and type-ll s-JIA "*F-FDG accumulation, with type-l
revealing a pattern at the early slage after onsel based on clinical
findings and laboratory data, and showing infTummation localized
to the bone marrow and spleen. In contrast, lype U is an advanced
inMlammalory discase and progression to arthrilis is exproessed
similarly to p-JIA and theumitoid arthritis.

According to Lhe nationzl survey oo exploration of “‘remittent
fever,” s-JTA is the most frequent outcome wilh 4 delinite
diagnosis [12]. In general, it takes a long iimc before a definite
diagnosis can be made. In addition, 6.8 to 13% of cuses develop
MAS and their prognosis is oflen poor [13], Therefore, carly
diagnosis is desirable for s-J1A (o initiate appropriale mitigating
weatment. Our results that FDG-PET showed a characteristic
accumulation pattern for early sysiemic inflamnution indicate that
this imaging medality is useful for carly diagnosis of s-JIA,

Accumulation of "F-FDG in the bone marrow suguesls that
these cells are protiferating, and differentiating [14]. G-CSF and
GM-CSF administered W counler the adverse elfects of chemo-
therapy is associated with accumulation of ""F-FDG in the bone
marrow and spleen {15]. In that swdy, plasma G-CSF levels wers
markedly increased at (he time of FDG-PET in cases with s-JIA
113}, most of whom also showed an increase in peripheral
blond granulocytes, Therelore, it was suggesled that excessive
G-CSF was involved in the accumulation of PF-FDG in systeniic
inflanimation a1 the eary stage of 5-J1A, and thus not only IL-6 but
also G-CSF was potentially involved in discase pathogencsis [16).

Because HO-1 and IL-18 are increased in the serum [4,5] and
umyloidesis i5 an imporant factor influencing the develepment of
joint destruction, murked osteoporosis (6], and the prognosiz of
s-JIA, it is clear that this discase exhibits dHlerent characleristics
relative 1o p-JIA. The systemic type has the characteristics of

Characteristics of FDGPET findings 5

an “autoinfammatory syndrome™ 25 a systemic inflammatory
discase lacking associations with external factors, and its tentative
assignment into Lhis disease category is currently under consid-
eration |17,18].

Charactenistics of FDG-PET findings were clicidated in the
present study. After infectious discase and malignuncy were ruled
oul based on a blood culture test and bone marrow testing, the
findings of FDG accumulalion in the bone mamow (red bone
marrow) and spleen are consistent with the proposal that s-JIA
should he classified as an  awtoinflanmunatory  disease’
Investigations of larger numbers of similar ciuses to support the
wility of FDG-PEG for disease diagnosis is now required.
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Abstract

Background: Sulfamethoxazole-trimethopsim (SMX/TMP) is a standard drug for the prophylaxis of Pneumccystis
prneumonia (PJP) in immunosuppressed patients with systemic rheumatic diseases, but is scmetimes discontinued
due to adverse events (AEs). The objective of this non-blinded, randomized, 52-week non-inferiority trial was to
quest an effective chemoprophylaxis regimen for PJP with a low drug discontinuation rate. Results at week 24
were reported.

Methods: Adult patients with systemic rheumatic diseases who started prednisolone 206 mg/kg/day were
randomized into three dosage groups: & single-strength group (55, SMX/TMP of 400/80 mg daily), half-strength
group (HS, 200/40 mg daily), and escalation group (ES, started with 40/8 mg daily, increasing incrementally to
200/40 mg daily). The primary endpoint was non-incidence rates (non-[R) of PP at week 24.

Results: Of 183 patients randomly allocated at a 1:1:1 ratio into the three groups, 58 patients in S5, 59 in HS, and
55 in ES started SMX/TMP. A total of 172 patients were included in the analysis, No cases of PJP were reported up
to week 24. Estimated non-IR of FJP in patients who received daily SMX/TME of 200/40 mg, either starting at this
dose or increasing incrementally, was 96.8-100% using the exact confidence interval as a post-hoc analysis, The
overall discontinuation rate was significantly lower with HS compared to S5 (p = 0.007). The discontinuation rates due to
AEs were significantly lower with HS {p = 0.006) and ES (p=0.004) compared to 5. The IR of AEs requiring reduction in
the dose of SMX/TMP (p =0.009) and AEs of spedial interest (o= 0.003) were different amang the three groups with
significantly higher IR in 55 compared to HS and ES.

{Continued on next page)

* Correspondence: harigai.masayoshi@twmu.acip

'Department of Pharmacovigilance, Graduate School of Medical and Dental
Sciences, Tokyo Medical and Dental University (TMDU), 1-5-45 Yushima,
Bunkyo-ku, Tokyo 113-8519, Japan

*Department of Rheumatology, Graduate Scheol of Medical and Denial
Sciences, Tokyo Medical and Dental University (TMDU), 1-5-45 Yushima,
Bunkyc-ku, Tokyo 113-8519, Japan

Full list of authar information is available at the end of the article

- @ The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 40
( BloMed Centl’al Internationat License (httpw/creativecornmons.org/licenses/by/4.0/), which perrnits unrestricted use, distribution, and
repreduction in any medium, provided you give appropriate credit 1o the original author(s) and the source, provide a link to
the Creative Commens license, and indicate if changes were made, The Creative Commons Public Dornain Dedication waiver
[http//creativecommens.crg/publicdomain/zero/1.6/) applies 1o the data made available in this article, unless othenwise stared.



Utsunomiya et al. Arthritis Research & Therapy (2017)19:7

Page 2 of 10

e
{Continued from previous pags)

systemic rheumatic diseases.

UMINODO007727, reqistered 10 April 2012

Conclusions: Although there were no PJP cases, the combined group of HS and ES had an excellent estimated
non-IR of PJP and both were superior in safety to 55, From the perspective of feasibility and drug discontinuation
rates, the daily half-strength regimen was suggested to be optimal for prophylaxis of PJP in patients with

Trial registration: The University Hospital Medical information Network Clinical Trials Registry number is

Keywords: Preumocystis pneumonia, Sulfamethexazole-trimethoprim, Prophylaxis, Efficacy, Safety, Drug
discontinuzation rate, Rheumatic disease, Randomized controlled trial

Background

Preuwmocystis pneumonia {PJP, also known as PCP) is a
potentially iife-threatening opportunistic infection caused
by Preumocystis jirovecii [1, 2]. 1t has a predilection for
immunocompromised patients. In the absence of chemical
prophylaxis, the incidence of PJP is more than 50% in hu-
man immunodeficiency virus {HIV)-positive patients [3],
22-45% in patients with hematological malignancy
[4, 5], and 5-10% in post-organ transplantation pa-
tients [4, 6-8]. In rheumatic diseases, the overall in-
cidence is around 2% [9, 10]; however, the risk is
increased by the use of moderate to high doses of
corticosteroids and concomitant immunosuppressive
drugs and by demographic characteristics and comor-
bidities of patients [11-14].

It is also known that morbidity differs according to
underlying rheumatic diseases: 8—12% in granulomatosis
with polyangiitis, 6.5% in polyarteritis nodosa, 2.7% in
polymyositis/dermatomyositis, 2% in systemic [upus ery-
thematosus, and 0.1-0.3% in rheumatoid arthritis [15].
From the results of post-marketing surveillance pro-
grams for tumor necrosis factor inhibitors in patients
with rheumatoid arthritis in Japan, the incidence rates of
PJP were higher compared to those in the USA [16-18].
In patients who started corticosteroids, conventional im-
munosuppressants or biologics for active rheumatic dis-
eases, PJP is reported to be the second most frequent
pulmonary infection after bacterial pneumonia [19). It is
also reported that when HIV-negative patients develop
PJP, the onset is more abrupt and mortality is higher
compared to that in HIV-positive patients [1, 20, 21].

The most common and effective prophylactic
method against P)P is the oral administration of low-
dose sulfamethoxazole-trimethoprim (SMX/TMP)
[22, 231, SMX-TMP consists of two components,
SMX and TMP, both of which inhibit different en-
zymes in the folate synthetic pathway of Preumocystis
[24]. In HIV-positive patients the prevention rate has
been reported to be 89-100% [25-28] if taken prop-
erly. Despite the high efficacy of SMX/TMP, clini-
cians often have to stop or reduce the dose of the

drug due to adverse events {AEs) such as gastrointes-
tinal symptoms, rash, increased serum creatinine,
renal tubular acidosis, elevation of liver enzymes,
hypoglycemia, hyperpotassemia, and hyponatremia
[29-31]. As a second line drug, pentamidine isethion-
ate, dapsone, or atovaquone is sometimes used, but
these drugs are inferior to SMX/TMP in prophylactic
effect [22, 32]. Because patients with rheumatic dis-
eases are frequently in need of long-term or some-
times lifelong immunosuppressive therapy, it would
be very helpful to have an effective chemoprophylaxis
regimen with a high drug retention rate.

Takenaka et al. [33] conducted a retrospective study to
compare the effectiveness and safety of the conventional
regimen (one daily single-strength tablet of SMX/TMP,
400 mg/80 mg) and the dose escalation regimen (started
with the 10% dose of one single-strength tablet and in-
creased the dose by 10% per week). They reported that
there was no significant difference in the prophylactic ef-
fect on PJP; however, the drug retention rate of the dose
escalation regimen proup was better than that of the
conventional regimen group. There is also a systematic
literature review and meta-analysis involving 1245 non-
HIV adults and children with hematologic malignan-
cies, bone marrow transplants, or organ transplants. No
differences in the efficacy between one daily double-
strength (DS} tablet and one DS tablet thrice a week
were reported [28]. Despite these efforts, the optimal
dose and regimen for prophylaxis of PJP in HIV-
negative patients is yet to be determined.

We hypothesized that SMX/TMP of 200 mg/40 mg
with dose escalation had a better drug retention rate and
consequently a better prevention rate than SMX/TMP
of daily 400 mg/80 mg. Considering a cumbersome pre-
scription of the drug with dose escalation, we also set up
an arm of SMX/TMP of 200 mg/40 mg without dose es-
calation. We conducted an open, randomized controlled
trial (RCT) for 52 weeks involving 183 patients with sys-
temic rheumatic diseases starting prednisolone 20.6 mg/
kg/day to compare the efficacy, safety, and treatment
discontinuation rates of the three regimens. Here, we
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report the results of the interim analysis of this study up
to week 24.

Methods

Patients

This study was implemented in five university hospitals
and 10 referral hospitals in Japan. Patients were eligible
for enroliment if they fulfilled all the following criteria:
(1) being 20 years of age or older; (2) being admitted to
one of the participating institutions for treatment of
new-onset or relapsed systemic rheumatic diseases in
the period from 30 March 2012 to 28 february 2015; (3)
giving written informed consent; {4) starting 0.6 mg/kg/
day or more of oral prednisolone or equivalent doses of
corticosteroids regardless of concomitant immunosup-
pressive drugs; (5) having not used SMX/TMP, pent-
amidine isethionate, or dapsone previously; and (6}
having serum creatinine within the upper limit of the
normal range of the institution. Major exclusion criteria
were: (1} withdrawing consent; (2) having contraindica-
tions to SMX/TMP; (3) using biologic agents; (4)
having a history of PJP; (5) having uncontrollable com-
plications; (6) having body weight below 40 kg (7)
being pregnant or a nursing woman; (8) planning to
be pregnant within 24 weeks; and/or (9) being unable
to start SMX/TMP within 10 days of starting
prednisolone,

Study design

This study is a multicenter, open RCT. We performed
computer-based, central, dynamic allocation by using
block randomization. When attending physicians regis-
tered patients to the website, they were automatically
randomly allocated by computer into the single-strength
dosage group (85), the half-strength dosage group (HS),
or the escalation dosage group (ES), at the ratio of 1:1:1.
All patients were prescribed SMX/TMP in granule form.
Patients in 5§ started SMX/TMP at the dose of a single-
strength tablet (400 mg/80 mg) and continued the same
dose for 24 weeks. Patients in HS started SMX/TMP at
the half-dose of a single-strength tablet (200 mg/40 mg)
and continued the same dose for 24 weeks. Patients in
ES started SMX/TMP at 10% of the dose of a single-
sirength tablet (40 mg/8 mg), and the dose was in-
creased by 10% weekly up to the half-dose of a single-
strength tablet (200 mg/40 mg) and was continued up to
week 24. If SMX/TMP was discontinued before week 24
due to any reason, onward prophylaxis was at the discre-
tion of attending physicians.

After week 24, the use of SMX/TMP including doses
and intervals, and treatment duration were determined
by the attending physician. The observation period was
up to week 52 irrespective of continuation/discontinu-
ation of SMX/TMP unless a patient met the exclusion
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criteria. With regard to the protocol, as described in
“Statistical analyses”, we increased the number of cases
because the number of participants meeting the exclusion
criteria was greater than expected. There was no change
in eligibility criteria during the trial. This study was ap-
proved by the ethics committee of the Tokyo Medical and
Dental University Hospital (TMDU) (#2349) and those of
the participating institutions {Additional file 1: Table S1).
This study was registered with the University Hospital
Medical Information Network Clinical Trials Registry
{(UMIN0O0007727).

Endpoints and objectives

The primary endpoint was the non-incidence rate of PJP
{i.e., prevention rate) at week 24. Secondary endpoints
were the following: PJP non-incidence rate at week 52,
treatment discontinuation rate, and AEs. The primary
objective of this study was to show non-inferiority of ES
to SS in terms of non-incidence rates of P)P at week 24.
No patients developed PJP by week 24; thus, we esti-
mated the non-incidence rates of PJP using the exact
confidence interval [33] as a post-hoc analysis. The sec-
ondary objectives were to compare PJP non-incidence
rates between HS and SS, and drug retention rates and
safety among the three groups.

If cases of PJP, suspected PJP, or serious AEs were re-
ported, a clinical event review committee would be
convened according to the study protocol. It comprised
three physicians and included experts in pulmonary
medicine, infectious diseases, and rheumatology. Valid-
ation of PJP as an endpoint was planned to be per-
formed Dby the clinical event review committee.

Statistical analyses

The full analysis set (FAS) of patients in this study were
those who were enrolled in this study, met the inclusion
criteria, did not meet the exclusion criteria, received at
least one dose of SMX/TMP as a study drug, and had at
least one follow-up visit after starting the drug. We used
the FAS of the patients to analyze efficacy, safety, and
treatment discontinuation rates. An intention-to-treat
analysis was used for assessment of efficacy.

With respect to sample size, we assumed the PJP
non-incidence rate in SS to be 93% and that in ES to be
98%, assuming that a lower discontinuation rate in the
latter would result in better efficacy [23, 33]. We set a
non-inferiority limit of 5%, one-sided o of 0.05, and f
of 0.20. Assuming a percentage of patients who were
randomized but did not meet the aforementioned cri-
teria of FAS (i.e, FAS exclusion) as 5%, we calculated
the sample size to be 55 for each group and a total of
165 patients. However, at one year after the start of the
enrollment, the percentage for FAS exclusion was
found to be more than 5%. We recalculated the sample
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size assuming the percentage to be 10%, and enrolled
58 patients in each group, giving a total of 174
patients.

For statistical analysis we used SPSS (ver.20). Data in
accordance with the normal distribution were assessed
by the mean value & standard deviation, and data that
did not conform to the normal distribution were
assessed by the median and interquartile range. With
regard to primary outcome, we interpreted that non-
inferiority will be proved if the lower limit of the 95%
confidence interval of the difference between S5 and ES
was greater than -5%. For secondary outcomes, we used
Kaplan-Meier methods and the log-rank test to analyze
non-incidence rates and treatment discontinuation rates,
and Fisher's exact test with adjusted residuals to analyze
the incidence of AEs. If a patient stopped taking SMX/
TMP and restarted the drug within one week, we
deemed the treatment as being continued. The protocol
of this trial will be provided on request.

Results

Randomization and follow-up

The patient disposition is shown in Fig. 1. Cne-
hundred and eighty-three patients were randomized
into S8 (1#=62), HS (n=61), or ES (n=60). Four pa-
tients in S§, two in HS, and five in ES were found to be in-
eligible after randomization and were excluded: 58
patients in SS, 59 in HS, and 55 in ES started treatment
with SMX/TMP and met the definition of the FAS. Two
patients in S5, two in HS, and three in ES discontinued

Page 4 of 10

the study because of transfer to another hospital or
death. There were 24 patients in SS, 11 in HS, and 14
in ES who stopped or reduced the dosages of SMX/
TMP due to AEs, prescription errors, or at the discre-
tion of the attending physician (Fig. 1). All patients ex-
cept those who died or were transferred to other
hospitals were followed for 24 weeks.

Baseline characteristics of the patients

Baseline characteristics of the FAS of the patients are
shown in Table 1. The average age was around 60 years
in each group. The proportion of the patients with
underlying polymyositis or dermatomyositis in HS and
of patients with vasculitis syndrome in SS was slightly
higher. Median duration of underlying disease was 2—4
months. The proportion of the patients with interstitial
lung disease as a comorbidity was almost the same
across all groups, except for other lung diseases in SS
and diabetes mellitus in ES, which were slightly higher
than in the others.

Corticosteroids were used before enrollment by 13.3—
15.5% of patients and the dose of prednisolone was
0.94-0.97 mg/kg/day when starting SMX/TMP across
all three groups. Prednisolone dose at week 24 was
around 10 mg/day in each group. The proportions of pa-
tients whe used methylprednisolone pulse therapy be-
tween weeks 0 and 12 and those of patients who used
immunosuppressive drugs between weeks 0—12 and weeks
12-24 were slightly different among the three groups.

Enrolled
(n=18%

Randemization

L4 HS ES
(n=062) (n=61) (n =60
Excluded Excluded Excluded
l..........._. =4 l.. (n=2) 1«--.—--.--» m=35
58 HS Esealution
(n =58} (n=15%) (n =55)

Per Pratocol DiC Per Pretocol e Per Protocol DiC
protoeol || deviation || (n=2} || protocol || deviation }[ (n=2) | | protecol deviation {n=3}
(n=32) || {n=24} ||-Death {n=46) (n=11) | -Death {n=738) n=14) -Transfer

-AE (n=2} -AE n=2) -AE(m=10) n=2)
{n=24) (n=11) -Prescription -Deatk
error {n = 3} (n=1)
-Dr."s degision
n=1)

Fig. 1 Randomization and follow-up. There were 183 patients randomized into the single-strength sulfamethoxazole-trimethoprim (SMX/TMP)
dosage group (55) (n=62), half-stength dosage group (HS) (r =61), and the escalation dosage group (ES) {n =60). There were 4 patients in S5, 2
in HS, and 5 in ES who were found to be ineligible after randomization and were excluded. There were 58 patients in 88, 59 in HS, and 55 in ES
who started treatment with SMX/TMP and met the definition of the full analysis set (FAS). Of these, in SS, HS, and ES, respectively, 2, 2, and 3 pa-
tients discontinued this study because of transfer to ancther hospital or death, and 24, 11, and 14 patients stopped or reduced SMX/TMP because
of adverse events (AE), prescription error, or on the decision of the attending physician, 2/C discontinued

.
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Table T Patient characteristics

53 HS ES
(n=758) in=159) {n=>55)
Age, years 5851150 581+159 60.1+£144
Female, % 638 64.4 709
Body weight, kg 559+118 568+ 109 545+99
Dlagnaosis
RA, % B6 68 73
SLE, % 103 1.9 109
PM/DM, % 190 373 29.1
Vasculitis syndrome, % 448 254 309
Others®, % 17.2 186 218
Disease duration, months (IQR) 2(1-5) 3(2-7 4(2-9)
Comorbidities, % 724 79.7 782
ILD, % 380 44,1 436
Other lung comorbidities®, % 121 85 55
Hypertension, % 138 186 14.5
Diabetes, % 69 5.1 145
VD5, % 34 5.1 58
CKD, % 17 0 0
Malignancies, % 69 11,9 9.1
Others, % 414 423 364
Baseline laboratory data
WBC, /ut (NR, 3300 8600} 10401 £ 5359 9901 + 4767 9743 £ 5177
Lymphocyte, /uL 1766+ 1106 1933 + 1244 1656 + 877
I9G, mg/dL (NR, 861 1747) 1676 + 677 1668 + 679 2006+ 1945
Treatment before enrollment®
% 155 133 14.5
Dosage of C5°, mg/day (IQR) 138 {5-15) 88 {5-1046) 68 (5-8.125)
15°, 9% 17 32 73
Biologics, % 17 0 0
Dosage of concomitant CS
Al baseline, ma/kg/day (IQR) 097 {0.89-1.01} 057 (081-1.02) 0.94 {0.75-1.05)
At week 24, mg/day (ICR) 12.5 {10-14.25) 11 (9-15) 10 (9-12.5)
Other immunosuppressive treatment between
weeks 0 and 12
IV pulsed mPSL, % 206 322 20
S, % 706 678 818
Biologics, % 17 34 18
Cther immungsuppressive treatment between
weeks 12 and 24
v pulsed mPSL, % 17 34 0
15, % 655 729 78.2
Biclogics, % 1.7 17 3.6

Values that conform to the normal distribution are expressed as the mean + SD. Values that do not conform to the normal distribution are expressed as the
median (interquartile range). *Others include systemic sclerosis, mixed ¢onnective tissue diseases, Sjogren’s syndrome, adult-anset Still's disease, relapsing poly-
chondritis, IgG4-related disease, and antiphospholipid syndrome. POther lung comorbidities include chranic obstructive lung disease, bronchiectasis, bronchial
asthma, pulmonary hypertension, and old tuberculosis. “Cardiovascular diseases include cerebral infarction, cerebral hemorrhage, myccardial infarction, and angina
pectoris. “Treatment between 84 days and 1 day before starting ar intensifying immunesuppressive treatment, *Prednisolone equivalent dose. iImmunosuppres-
sive drugs include azathioprine, cyclophesphamide, cyclosporine, methotrexate, mizoribine, and mycophenolate mofetil, and tacrolimus. 55 the single-strength
dosage group, HS the half-strength dosage group, £S5 the escalation dosage group, RA rheumatoid arthritis, SLE systemic upus erythematosus, PM polymyositis,
DM dermatomyositis, /QR interguartile range, LD interstitial lung disease, CVD cardiovascular disease, CKD ¢chronic kidney disease, WBC white blood cell, NR normal
range, C5 corticosteroids, mPSL methylpredonisolone, 15 immunosuppressive drugs, JV intravenous
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Efficacy and drug discontinuation rate
Although the primary objective of this study was to
compare the non-incidence rates of PJP at week 24 in §§
and ES, no cases of PJP were reported up to week 24 in
any group. As a post-hoc analysis, we estimated the
non-incidence rates of PJP using the exact confidence
interval [34]. The estimated non-incidence rates in SS,
HS, and ES were 93.8-100%, 93.9-100%, and 93.5-
100%, respectively. Because the patients in HS and ES
received doses of SMX/TMP at 200 mg/40 mg daily
over 24 weeks and 19 weeks, respectively, we combined
these two groups and the estimated non-incidence rate
of PJP was 96.8-100% {(n=114). Estimation using the
rule of three essentially produced the same results (35, 36).
Figure 2a shows the cumulative discontinuation rates
due to any reason, using Kaplan-Meier curves. A signifi-
cant difference was observed between 5SS and HS {(p=
0.007). The cumulative discontinuation rate in ES was
lower than in S8; however, the difference was not statis-
tically significant after Bonferroni correction. Figure 2b
shows the cumulative discontinuation rates due to AEs.
A significant difference was observed between SS and ES
(p = 0.004), and S5 and HS (p = 0.006).

Safety
AEs and the breakdown of different AEs are shown in
Table 2. There was no significant difference in the incidence
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rates of all AEs and serious AEs. The proportion of the pa-
tients with AEs who required reduction in the dose of
SMX/TMP (p =0.009) and of patients with AEs of special
interest (p = 0.003) were significantly different across the
three groups, and were higher in SS than in the other two
groups. The AEs of special interest, thrombocytopenia
and hyponatremia, were observed numerically more fre-
quently in SS. We did not determine the statistical signifi-
cance of differences in the numbers of each AE of special
interest because of the relatively small number of cases.

Discussion

In this study, we compared the non-incidence rates, dis-
continuation rates, and safety among SS, HS, and ES, in
order to determine the optimal dose and regimen of
SMX/TMP as prophylaxis for PJP during the treatment
of systemic rheumatic diseases with prednisolone
20.6 mg/kg/day. Because no patients developed PIP by
week 24 in this clinical trial, it was not possible to show
the non-inferiority of ES to S5, Regarding secondary
endpoints, the discontinuation rate was significantly
lower in HS compared to 33, and it was lower in ES
compared to 85, although the difference was not statisti-
cally significant after adjusting for multiple testing in the
latter comparison. The discontinuation rates due to AEs
were significantly lower in HS and ES than in SS. The
incidence of AEs that required reduction in the dose of

Discontinnation of treatment by any reason

a
2 1.0
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K HS
= iES
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2
2
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Treatment duration (week)
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Number at risk 58 36 34 331 33 32

HS Cumulative discontinuatien rate 012 0.6 0.16 0.16 0.15 0.19
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LLof 95% CI 0.07 012 012 014 0.14 0.14
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Fig. 2 a Discontinuation of treatment due to any reason. b Discontinuation of treatment due to adverse events, Cumulative treatment
discontinuation rates are compared using the log-rank test among groups. Nurmnbers of patients at risk of each group at weeks 0, 4, 8, 12, 16, and 20
are shown. 55 the single-strength dosage group, HS the half-strength dosage group, £5 the escalation dosage group, LL lower limit, UL upper limit
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Table 2 Adverse events
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S5 HS £S P value
(n=58) (n=59) {n=55)
AE, n (%) (95% CI) 32 (35.2) 24 (40.7) 26 {47.3) 0.300
(41.5-68.3) (28.1-54.3) (33.7-61.2)
Serious AE?, n (%) (95% CI) 9155 11 {186) 6(109) 0.534
{7.3-274) 9.7-30.9) 4.1-22.2)
AE required dose reduction of SMX/TMP, n (%), (95% CI) 11 (160) 2 (34)* 3(5.5) 0.009
(99-314) {04-11.7) (1.1-15.1)
AE required discontinuation of SMX/TMP, n (%), (95% CI) 12 20.7) 5(85) 5(9.1) 0110
(11.2-334} (2.8-187) (30-20.0)
AE leading to death, n (%), (95% C1) 107 3{(5.1) 1{1.8) 0622
0-9.2) (1.1-14.1) 0-9.7)
AE of special interest, n (%), (95% CI) 26 (44.8) 12 (203 10 (18.2)* 0003
(31.7-585) (11.0-328) (9.1-309)
Faver, n (%) 2{34) 0 (0.0) 0 (00 ND
Rash, n (9%) 5 (8.6) 2(34) 1(1.8) ND
Appetite loss, n (%) 1(1.7) 0(CcOo 108 ND
Anemia, n (%) 1{1.7) i(1.7) 000 ND
Leukocytopenia, n (%6} 1{(1.79) 101.7) 0{0.0) NC
Thrombocytopenia, 7 (%) 9{15.5) 4 (6.8) 5{0.1) ND
Elevated LFT, n (94) 7020 6(102) 47.3) ND
Elevated serum creatinine, n (%) 3(5.2) 1.7} 1{1.8) ND
Hyponatremia, 1 (%) 5(86) 1(1.7} 0 (0.0) ND
Hyperpatassemia, n (36) 3(52) 351 1{18) ND

2Serious adverse events (AE): sepsis, erganizing pneumonia, severe liver failure, flare of rheumatic disease, rash that required hosgpitalization, thrembocytopenia
that required hospitalization, mental disorder that required hospitalization, and death. 55 the single-strength dosage group, HS the half-strength dosage group, ES
the escalation dosage group, AE adverse events, SMX/TMP sulfamethoxazole-trimethoprim, LFT liver function test, ND not done. *p <005 by adjusted residuals

vs. 5§

SMX/TMP and AEs of special interest were significantly
different among the three groups, and both of these AEs
were observed more frequently in 55 than in the other
two groups, with statistical significance,

There were no cases of PJP in this study. It is conceiv-
able that high awareness of PJP prophylaxis in the par-
ticipating facilities influenced the non-incidence rate. In
the 49 patients who could not continue the allocated
treatment with SMX/TMP, only 6 patients through
weeks 0-12, and 10 patients through weeks 12— 24, did
not have PJP prophylaxis at all, and the others had some
form of chemoprophylaxis such as reduced dosage of
SMX/TMDP, aerosolized pentamidine isethionate, or ato-
vaquone. The incidence rates of PJP in patients with
rheumatic diseases who did not receive chemoprophy-
laxis is reported to be 7.5-9.0% [23, 28, 37]. These data
may explain why there were no cases of PJP in this clin-
ical trial, at least up to week 24.

We estimated the non-incidence rate of PJP in the
combined HS and ES group (1 =114} as 96.8-100% by
the exact confidence interval. The patients in HS and
ES received doses of SMX/TMP at 200 mg/40 mg daily
for at least 19 weeks, and the estimated non-incidence

rates of PJP were quite similar. Taking these figures into
account, it is plausible that a non-incidence rate of PP in
114 patients receiving SMX/TMP at a dosage of 200 mg/
40 mg daily could be as high as that of the combined
group, suggesting a clinically meaningful prophylactic
effect of this regimen on PJP.

The treatment discontinuation rate due to any reason
was significantly lower in HS compared to SS. The treat-
ment discontinuation rates due to AEs were significantly
lower in HS and ES compared to SS. The incidence rates
of AEs that required discontinuation of SMX/TMP were
lower in HS (8.5%) and ES {9.1%) compared to SS
(20.7%), although there was no statistically significant
difference. These figures were consistent with the previ-
ously reported SMX/TMP discontinuation rates of 8.5~
17.9% in patients with rheumatic diseases [33, 37]. AEs
that required a reduction in the dose of SMX/TMP
were significantly more frequent in $5 compared to the
other groups. These data indicate that SMX/TMP of
200 mg/40 mg daily, starting either at this dose or with
a dose-escalation regimen, is superior in its safety and
drug retention rate compared to SMX/TMP of 400 mg/
80 mg daily. Considering that three patients in ES
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discontinued the allocated treatment of SMX/TMP by
prescription errors, the cumbersome regimen of ES ap-
peared to be less feasible than the simple regimen of
HS in clinical practice.

This study has some limitations. First, there was the
possibility of bias from the participating institutions. All
institutions were specialized in rheumatic diseases, had a
high awareness of PJP prophylaxis, and carried out PJP
preventive measures more properly than expected when
the allocated treatment of SMX/TMP was discontinued,

Second, because this was non-blinded study, there
might be a detection bias. Doctors could have an expect-
ation that there might be more AEs in SS due to the
higher dosage. In ES, the necessity of increasing the dos-
age might affect the incidence of AEs, considering more
opportunities to check the condition of the patient com-
pared to a fixed-dose regimen.

Third, the study period for this interim analysis was
only 24 weeks. In the report of 116 HiV-negative
patients, the median duration from the initiation of cor-
ticosteroids to PJP onset has been reported to be
12 weeks [20], and 25% of them developed PJP after
8 weeks or less of corticosteroid treatment. Taking these
data into account, a 24-week observation period for this
analysis would be appropriate. To overcome this limita-
tion, we are continuing this clinical trial up to week 52,

The fourth point is the exclusion criteria of this study.
Patients with decreased renal function or low body
weight may be in need of PJP prophylaxis in a clinical
setting. Because HS was superior to 55 in safety, chemo-
prophylaxis with SMX/TMP of 200 mg/40 mg daily may
be applicable to these patients.

Fifth, the variability of the quality of reporting of AEs
and serious AEs should be taken into consideration. To
increase the reliability of the reports, each report was
checked and the research headquarters directed en-
quiries to the attending physician as needed. Finally, this
trial is focused on primary prophylaxis of PJP, and there
is no evidence on the use of SMX/TMP of 200 mg/
40 mg daily as secondary prophylaxis (i.e., prophylaxis
after the first event of PJP) at this time.

Conclusions

This study is the first multicenter RCT comparing the
efficacy, safety, and discontinuation rate of PJP prophy-
laxis using different dosing regimens of SMX/TMP in
systemic rheumatic diseases. Although there were no
cases of PJP in any group, it is estimated that daily or in-
cremental administration of 200 mg/40 mg of SMX/
TMP had a clinically meaningful prophylactic effect on
PJP, had a significantly lower discontinuation rate due to
AEs than the daily single-strength tablet dose of
400 mg/80 mg, and was shown to be superior in safety.
From the perspective of efficacy, safety, and feasibility,
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these data suggest that daily SMX/TMP at 200 mg/
40 mg was the optimal regimen for chemoprophylaxis of
PJP in patients with systemic rheumatic diseases. Further
research is required to ascertain data on the efficacy and
safety of PJP prophylaxis using 200 mg/40 mg daily of
SMX/TMP in a clinical setting.
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ABSTRACT ARTICLE HISTORY
Objective: To verify predictive validity of simplified disease activity index (SDAIl) remission for subse- Received 25 August 2016
quent functional and structural outcomes in real-world clinical settings under a treat-to-target strategy ~ Accepted 24 November 2016
{T21),

Methods: in this multicenter, prospective cohort study, T2T was implemented in rheumatoid arthritis

{RA) patients with moderate-to-high disease activity. SDAI or clinical disease activity index (CDAI) was :::;:’:‘:':;fsment
assessed every 12 weeks, and treatment was adjusted to achieve clinical remission or low disease activ- ¢, asrionnaire; Modified
ity {LDA}, Multivariate logistic regression models were used to examine the associations of SDAl remis-  shasp score; Rheumatold

slon (<3.3) at week 24 with the health assessment questionnaire-disability index (HAQ-DI} £0.5 or with arthritis; Simptified disease
the delta van der Heijde-modified total Sharp score {AvdH-mTSS) <smallest detectable change (SDC) at activity index; Treat-to-
week 72. target

Results: Of 318 patients enrolled, 271 completed the follow-up for 72 weeks and were subjects of the

analyses. Factors [odds ratio (95% confidence interval)] significantly associated with the HAQ-DI 0.5

were SDAI remission at week 24 [2.99 {1.42-6.28), p=0,004], baseline HAQ-DI [0.28 (0.18-0.45),

p=13x10"7), and baseline vdH-mTSS [0.986 (0.976-0.996), p = 0.009], A factor associated with AvdH-

mTSS < SDC was SDAI remission at week 24 [3.53 (1.62-7.71), p=0,002],

Conclusion: Predictive validity of SDAI remission for good ocutcomes was verified in a T2T-implement-

ing cohort in the current clinical settings.

Introduction
Publication of treat-to-target {T2T) recommendations for-

The goal in treating patients with rheumatoid arthritis (RA) mulated by an international task force was a landmark step
is to abrogate inflammation and prevent consequent joint in this endeavor [1]. It advocates that the strategy targeting
destruction and functional disability, Concurrently, with the clinical remission with periodical measurement of disease
advent of new therapeutic agents for this purpose, much activity and adjusting therapy optimizes pertinent outcomes
progress was made in terms of treatment strategy. in RA.
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Several composite measures of disease activity are sug-
gested for remission criteria in the T2T recommendations
[2]. Amongst these measures, simplified disease activity
index (SDAI) remission [3,4] was proposed as a provi-
sional index-based definition of remission for clinical tri-
als by the American College of Rheumatology (ACR) and
the Buropean League Against Rheumatism (EULAR) on
the basis of its face and predictive validity, stringency
and the need to incorporate patient-reported outcomes
[5]. The ACR recommends SDAI for the use in clinical
practice as well [6]. Predictive validity of SDAI remission
for good outcomes was shown mainly using data of
patients who received methotrexate {(MTX) monotherapy
in clinical trials [5]. To set SDAI remission as a target
of treatment in a real-world clinical setting, association
of SDAI remission with later functional and structural
good outcomes has to be validated using data of cohort
studies enrolling patients with RA treated with a wide
range of medications.

Cohort studies showing statistically robust results about
the predictive validity of SDAI are quite limited. Ruyssen-
Witrand et al. [7] showed association of SDAI remission
with a later good structural outcome in patients with early
RA, but not with a later good functional outcome. Subjects
of the analysis were retrospectively selected from an early
arthritis cohort and some of the patients were not treated
with disease-modifying antirheumatic drugs (DMARDs). In
addition, the cohort did not reflect the current clinical set-
ting in terms of treatment options and strategy because the
cohort recruited patients far before the T2T recommenda-
tions and no specific treatment strategy was implemented.
The results of other cohort studies were difficult to interpret
because they did not adjust for potential confounders
[8-10}.

To generalize predictability of achieving SDAI remission
for later good functional and structural outcomes in the cur-
rent rtheumatology practice where the T2T strategy has been
widely accepted and implemented with various non-bio-
logical or biological DMARDs, we conducted a prospective
cohort study implementing the T2T strategy on RA patients
with moderate-to-high disease activity. We examined the
association of achieving SDAI remission at week 24 after
intensification of treatment with good functional and struc-
tural outcomes at week 72, and evaluated adherence to the
T2T strategy in terms of adjusting treatment according to
disease activity at week 12.

Patients and methods
Study design and ethics

This study was a multicenter, prospective cohort study, and
its protocol was approved by the Institutional Review Board
of Tokyo Medical and Dental University (#23-10) and by
the respective boards of other participating institutions.
Written informed consent was obtained from each patient.
The study was performed in compliance with the ethical
guidelines for epidemiological research in Japan and the
Helsinki Declaration (revised in 2008).

Patients

Patients with active RA fulfilling the inclusion criteria were
enrolled in the cohort at the time of treatment adaptation,
either by starting, adding, or changing conventional syn-
thetic DMARDs (csDMARDs), or by starting biological
DMARDs (bDMARDs). The inclusion criteria were as fol-
lows: (1) 20 years of age or older, (2) met the 2010 ACR/
EULAR classification criteria for RA [11], {3) had moderate-
to-high disease activity according to SDAI [3] or clinical dis-
ease activity index {CDAT) [12] (SDAI >11 or CDAI >10),
(4) had two or more swollen joint counts and two or more
tender joint counts, (5) had no history of bDMARD use,
and {6) could provide written informed consent to partici-
pate in this study. Patients who started, added, or changed
any DMARDs within two weeks before enrolment were also
eligible if they met criteria 1-6, We used either SDAI or
CDALI for the enrolment because some institutions could not
test C-reactive protein (CRP) on the same day of patients’
visit,

Exclusion criteria were patients who were considered
inappropriate for study enrolment by the attending phys-
ician, were pregnant or breastfeeding, or were thought to be
unable to be followed up for 72 weeks.

Data collection

We collected demographic data and clinical data at baseline
including height, body weight, comorbidities, medical his-
tory, smoking history, history of joint replacement or other
joint surgery related to RA, treatment history of RA before
enrolment, Steinbrocker stage and class [13], disease dur-
ation of RA, extra-articular manifestations, disease activity
and laboratory data. Data related to disease activity were:
swollen joint count in 46 joints and tender joint count in 48
joints, which included the 28 joints used for SDAIT plus
bilateral temporomandibular, sternoclavicular, ankle, tarsal,
and metatarsophalangeal joints, with hip joints only for ten-
der joint count; patient's and physician’s global assessment
of disease; and patient’s global assessment of fatigue (visual
analog scale of 10cm). Collected laboratory data were
rheumatoid factor, anti-cyclic citrullinated peptide (CCP)
antibody, matrix metalloproteinase 3 (MMP-3), erythrocyte
sedimentation rate (ESR), CRP, complete blood counts,
transaminases, and serum creatinine levels. At follow-up vis-
its, disease activity and laboratory data except for rheuma-
toid factor and anti-CCP antibody were collected every 12
weeks. Radiographs of hands and feet were taken at baseline
and every 24 weeks. Structural outcomes were assessed using
van der Heijde-modified total Sharp score (vdH-mTSS) [14].
Functional disability was measured every 12 weeks using the
Health Assessment Questionnaire-Disability Index (HAQ-
DI) [15]. HAQ remission (HAQ-DI <0.5) at week 72 was
defined as a good functional outcome,

Treatment was adjusted according to SDAI or CDAI
assessed every 12 weeks with remission {SDAI <3.3 or
CDAI <£2.8) or low disease activity (LDA) (SDAI <11 or
CDAI £10) as the treatment target, We used either SDAI or
CDAI for adjusting treatment because some institutions



could not obtain CRP on the same day of patients’ visit. No
medication sequence was specified in the protocol for treat-
ing RA. Therefore, the choice of medication was at phys-
icians’ discretion.

For each period of 12 weeks, site investigators were
requested to clarify whether remission was achieved and
maintained during the period. Site investigators were also
requested to clarify whether the treatment was adjusted or
not when remission was not achieved or maintained. If the
treatment was not adjusted, they were asked to choose the
reason from the following or to specify other reasons: (1) an
attending physician predicted to achieve remission by con-
tinuing current therapy; (2) an attending physician permit-
ted LDA as the treatment goal; (3) an attending physician
had no better treatment option than current treatment; {4)
financial reason of the patient; and (5) the patient disagreed
with treatment intensification. We categorized 3-5 into
“T2T not followed”. If an attending physician reported that
they adjusted treatment in a patient, but did not start, add
or increase the dose of DMARDs within four weeks after
the date of assessment, the patient was excluded from this
group and included in the group of “T2T not followed™.
Similarly, if an attending physician reported that remission
was achieved or they permitted LDA but did not achieve
remission or LDA, respectively, either by SDAI or CDAIL
the patient was included in the group of “T2T not
followed”,

Assessment of structural outcomes

Radiographs of hands and feet were scored in a chrono-
logical order by two readers who were blinded to the clinical
information. Missing data were imputed by interpolation or
extrapolation with available radiographs. When such radio-
graphs were not available, missing data were subjects for
multiple imputation [16] (detailed in the statistical analysis
section). Changes in vdH-mTSS scores from baseline
(AvdH-mTS8S) were calculated for each patient. Smallest
detectable change (SDC) [17] was calculated from the differ-
ence between the two readers’ AvdH-mTSS. The AvdH-
mTSS < SDC at week 72 was defined as a good structural
outcome.

Statistical analysis

We chose to examine predictive validity of SDAI remission
at week 24 for later good functional and structural outcomes
because the EULAR recommends that the treatment target
should be attained within six months [18]. We alse assumed
that disease activity status at week 24 is a result of adjusting
treatment at week 12 by the T2T strategy as well as
responses to treatment intensification at enrolment, We ana-
lyzed data using R version 3.0.3 software (R Development
Core Team 2014, Vienna, Austria) with the Amelia II, Zelig,
and mitool packages [19-21]. To deal with missing data, we
applied the multiple imputation method [16,19], and gener-
ated five imputed data sets because five data sets are
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adequate unless the missing rate is unusually high [22] (see
supplementary material).

Multivariate logistic regression models were used to cor-
rect for confounding factors. For selection of potential con-
founding factors, we first performed univariate logistic
regression analyses with the good functional outcome or the
good structural outcome as a dependent variable. Second,
we selected candidate covariates for multivariate analyses
based on statistical significance in the univariate analyses
{Supplementary Tables 1 and 2) and clinical significance,
and determined several candidate sets of covariates. Third,
the candidate sets of covariates were used for multivariate
logistic regression analyses with stepwise selection in the five
imputed data sets. We determined a final set of covariates
which were selected commonly across the five imputed data
sets. Fourth, we applied multivariate logistic regression anal-
yses to the five imputed data sets with the forced-entry
method using these final sets of covariates and determined
their association with the good functional outcome or the
good structural outcome. Finally, combined regression coef-
ficients were obtained for each outcome by averaging the
results of the analyses in the five imputed data sets as we
applied the multiple imputation method. Statistical signifi-
cance levels were adjusted for multiple testing using false
discovery rate and the Benjamini-Hochberg (BH)
method [23].

Results
Patient disposition

Of total 318 enrolled patients, 14 were excluded: eligibility
criteria not met, 6; consent withdrawn, 1; and physician’s
decision, 7. In 33 of these 304 patients, follow-up was dis-
continued before week 72: lost to follow-up, 17; referred to
other clinic, 7; consent withdrawn, 3; physician’s decision, 3;
death, 2; and moved, 1. The data from the remaining 271
patients (i.e. per protocol set) were used in this study.

Patient characteristics

Table 1 summarizes the characteristics of the 271 patients at
baseline, Mean age was 61 years old, and 77% of the
patients were women. Median disease duration of RA was
11 months. Forty-six percent of the patients were naive to
DMARDs, and 66% of the patients were naive to MTX. All
patients were naive to bDMARDSs as per the eligible criteria.

Change in treatment over time

In this study, treatment was intensified by starting, adding,
or changing DMARDs at enrolment. Newly started
DMARDs at enrolment were as follows: MTX in 153
patients (56%), other csDMARDs in 26 patients {10%) (sala-
zosulfapyridine in 10 patients, bucillamine in 10 patients,
tacrolimus in 2 patients, and 1 patient for each of the fol-
lowing: auranofin, iguratimod, salazosulfapyridine plus
bucillamin, and bucillamine plus tacrolimus), bDMARDs in
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Table 1. Patients’ characteristics at baseline {n=271).

Percentage, mean,

Characteristics or median
Age, mean (5D} (years) 61 (14)
Female (%) 77
Disease duration, median (IQR) {months) 11 {3=72}
Ever smoker {%) 3
Extra-articular manifestation (%) 12
History of joint replacement related to RA (%) 5
Number of ¢sDMARDs used before ensolment (%)

0 46

1 3

2 13

3 or more 1
Naive to MTX (%) 66
Riheumatoid factor, positive (%) 76
Anti-CCP antibody, positive {n=253) (%) 78
MMP-3/UNL, median (IQR)* (= 264) 1.7 (0.9-3.6)
HAQ-DI score, median {IQR) 1.0 (0.5-1.8)
vdH-mTSS, median (IQR) (n = 267) 55 (1.0-17.5)

SDAL, median {IQR) 24.1 (17.7-33.9)

The percentage, mean, and median were calculated for 271 patients unless
the number is specified otherwise.

*Serum levels of MMP-3 were shown as the ratio to the upper normal limit
{UNL) because the UNLs are different between male and female.

SD =standard deviation; JQR = interquartile range; RA=rheumatoid arthritis;
csDMARDs = conventional synthetic disease-modifying antirheumatic drugs;
MTX = methotrexate; CCP = ¢yclic citrullinated peptide; MMP-3 = matrix metal-
loproteinase-3; UNL=upper normal limit; HAQ-DI=Health Assessment
Questionnaire-Disability Index; vdH-mTSS=van der Hefjde-modified total
Sharp score; SDAl = simplified disease activity index.

94 patients (35%) (infliximab in 29 patients, etanercept in
13 patients, adalimumab in 6 patients, golimumab in 10
patients, tocilizumab in 25 patients, and abatacept in 11
patients) including 2 patients in whom MTX and a
bDMARD were simultaneously started.

Changes in treatment during the study period in 271
patients are depicted in Figure 1. As a result of the intensifi-
cation at enrolment, 226 patients (83%) were treated with
MTX with or without any other ¢sDMARDs or bDMARDS,
and 94 (35%) were treated with bDMARDs with or without
any csDMARDs, The number of patients treated with MTX
decreased through the study period, whereas the number of
the patients treated with a bDMARD increased. Three to
five percent of the patients at each time point were seen
without any DMARDs.

Corticosteroid was used in 79 patients (29%) during two
weeks before the enrolment, in 95 patients (35%) after the
enrolment and in 81 patients (30%) at week 72. The mean
prednisclone-equivalent dosages amongst corticosteroid
users were 5.6 mg/d at week 0 and 3.9 mg/d at week 72.

Detailed information of treatment regarding DMARDs
and corticosteroid by remission status at week 24 is shown
in Table 2. Use of these drugs was similar between the two
groups except ¢sDMARDs other than MTX (3% for
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Figure 1. Changes in treatment over time. The Y-axis shows proportions of the patients of each treatment group. For week 0, treatment after intensification for
enrelment is shown. For week 12 through week 60, treatment at the beginning of each 12-week period is shown, Far week 72, treatment at the last day of follow-
up is shown. DMARDs = disease-modifying antirheumatic drugs; csDMARDs = conventional synthetic DMARDs; MTX = methotrexate; bDMARDs = bivlogical

DMARDs.



remission group vs. 12% for non-remission group) and cor-
ticosteroids {27% for remission group vs. 41% for non-
remission group).

Clinical, functional, and structural outcomes

Figure 2(A) shows the change in SDAI over time. At week
24, 34% of the patients achieved SDAI remission, and the
proportion increased to 51% at week 72. Figure 2(B) shows
the changes in HAQ-DI over time. At enrolment, 28% of
the patients were in the range of HAQ remission (HAQ-DI
<0.5). At week 24 and 72, 54 and 62% were in HAQ remis-
sion, respectively. Figure 3 is a cumulative probability plot
of AvdH-mTSS (average of the two raters’ score) at week 72
in 264 cases in whom vdH-mTSS were assessable both at
weeks 0 and 72, In 21 of the 264 cases, AvdH-mTSS was
interpolated or extrapolated using available radiographs. The

MODERN RHEUMATOLOGY (&) 5

SDC was 2.98 and AvdH-mTSS at week 72 was <2.98 in
78% of the patients assessed.

Multivariate logistic regression models and factors
associated with good functional and structural
outcomes

Variables included in the final model for HAQ-DI <0.5 at
week 72 were SDAI <3.3 at week 24, age in years, history of
joint replacement related to RA, baseline HAQ-DI, and
baseline vdH-mTS$S. Those for AvdH-mTSS at week
72 < SDC were SDAI <3.3 at week 24, baseline vdH-mTSS,
log,(MMP-3/upper normal limit (UNL) of MMP-3 in corre-
sponding sex) at week 24 and number of csDMARDs used
before enrolment. SDAI remission at week 24, HAQ-DI at
baseline, and vdH-mTS5S at baseline were significant predic-
tors of HAQ remission at week 72 after adjusting for mul-
tiple test (Table 3)., SDAI remission was also a significant

Table 2. Disease-modifying antitheumatic drugs and corticosteroid use by remission status at week 24,

remission at week 24 (n=193)

non-remission at week 24 (n=168)

DMARDs
no DMARDs 1 {1%)
csDMARDs other than MTX 3 (3%)
MTX = other ¢sDMARDs 47 (51%)
bDMARDs + MTX + other csDMARDs 33 (35%)
bDMARDs + csDMARDs other than MTX 9 (10%)
Corticosteroid
Corticosteroid user 25 (27%)
Mean prednisolone-equivalent dosage (mg/d) 3.9

6 (4%)

19 (12%)
75 (45%)
50 (30%)
18 (11%)

72 (41%)
55

Data are presented as the number and percentage of the patients in different categories of DMARDs treatment at week 24,
The number and percentage of corticosteroid vsers and mean prednisolone-equivalent dosage amongst the corticosteroid
users at week 24 are also presented. Ten patients whose disease activity were not assessable because of missing compo-

nent variables at week 24 are excluded.

DMARDs = disease-modifying antirheumatic drugs; csSDMARDs = conventional synthetic DMARDs; MTX =methotrexate;

bDMARDs = biological DMARDs.
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Figure 2. Change in outcomes over the period of 72 weeks. (A) Change in SDAI over time. The Y-axis shows praportions of the patients in different disease activity
status using SDAI at each visit. At enrolment, two cases were LDA by SDAI, but were MDA by CDAI, meeting the inclusion criteria, (B) Change in HAQ-DI over time.
The Y-axis shows propertions of the patients in different ranges of HAQ-DI score at each visit, SDA| = simplified disease activity index; CDAl = clinical disease activity
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6 (&) F.HIRANO ET AL

25

20— s e
" :
& 15 -
Bl
z HvdH-mTSS < SDC {2.98) g
S 5 I . R e __,_-;__-f‘,,

0 = — -

N )

0 20 40 60 80 100

Cumulative Probability (%)
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Table 3. Multivariate logistic regression analysis with HAQ remission (HAQ-DE <0.5) at week 72 as a dependent variable.

Variables Qdds ratio (95% CI) p value
{Intercept) 357 (762-167.3) 59 %1078
SDAl <33 at week 24 2.99 (1.42-6.28) 0.004*

Age (year) 0.98 (0.95-1.00) 0.06
History of joint replacement  related to RA 0.14 (0.02~1.01) 0.05
Baseline HAQ-DI 0.28 (0.18-0.45) 13x1077*
Baseline vdH-mT3S 0.986 (0.976-0.996) 0.009*

Predictors of HAQ remission {HAQ-DI <0.5) at week 72 were determined using multivariate logistic regression model with
the forced entry method in the five imputed data sets, and the regression coefficients of each vartable were averaged and

converted to odds ratio.

*Significant after adjusting for multiple tests using false discovery rate and BH method [23).
HAQ-DI = Health Assessment Questionnaire-Disability Index; Ct= confidence interval; SDAl = simplified disease activity index;
RA =rheumateid arthritis; vdH-mTS5 = van der Heijde-modified total Sharp score.

Table 4. Multivariate logistic regression analysis with AvdH-mT5S at week 72 < SDC as a dependent variable.

Variables Qdds ratio (95% (I p value
{Intercept) 3.21 (2,10-4.93) 981078
SDAI <33 at week 24 353 (1.62-7.71) 0.002%
Baselina vdH-mTS5 0.994 (0.986-1.001) .11
log(IMMP-3/UNLIT at week 24 0.76 (0.59-0.97) 0.03
Number of csDMARDs used  before enrolment 0.81 (0.64-1.02 0.07

Predictors of AvdH-mTSS at week 72 < SDC at week 72 were determined using multivariate logistic regression medel with
the forced entry method in the five imputed data sets, and the regression coefficients of each variable were averaged and

converted to odds ratio.

*Significant after adjusting for multiple tests using false discovery rate and 8H method [23]. $5erum levels of matrix metal-
loproteinase-3 (MMP-3) were used as a variable after it was converted to the logarithmic of the ratio to the UNL with base
2 [log,{MMP-3/UNL}] because the ULs were different between male and female. vdH-mT35 = van der Heijde-modified total
Sharp score; SDC=smallest detectable change; Ci=confidence interval; SDAI=simplified disease activity index;
csDMARDs = conventional synthetic disease-modifying antirheumatic drugs.

predictor of AvdH-mTSS at week 72 < SDC after adjusting
for multiple test (Table 4).

Adherence to T2T strategy at week 12

As the protocol of this study requested the site investigators
to follow a T2T strategy, we analyzed adherence to the strat-
egy at week 12. At week 12, both SDAI and CDAI were not
assessable in seven patients because one or more of the
component variables were missing. These patients were
excluded from this adherence analysis. In the remaining 264
patients, 60 patients achieved SDAI or CDAI remission. In
73 patients, remission was not achieved and treatment was
adjusted. In four patients, attending physicians reported that

the patients achieved remission but did not actually achieve
remission. In 33 patients, an attending physician reported
that they adjusted treatment but did not intensify treatment
within four weeks after the date of agsessment,

In the remaining 94 patients, remission was not achieved,
but treatment was not adjusted. The attending physicians
specified the following reasons according to the study proto-
col: (1) an attending physician predicted to achieve remis-
sion by continuing current therapy in 50 patients; (2) an
attending physician permitted LDA as the treatment goal
and achieved LDA at week 12 in 14 patients; (3) an attend-
ing physician had no better treatment option than current
treatment in two patients; (4) financial reason of the patient
in three patients; (5) the patient disagreed with treatment
intensification in four patients; and (6) other reasons in 18



patients. In three patients, an attending physician reported
that they permitted LDA, but patients did not achieve LDA
at week 12. Overall, 67 patients were deemed as “T2T not
followed” according to the definition described in the meth-
ods section, and 197 (75%) of the 264 patients followed the
strategy at week 12.

Discussion

This study showed that 34 and 51% of the patients with
active RA achieved SDAI <3.3 at weeks 24 and 72, respect-
ively, in a T2T-implementing cohort and that achieving
SDAI <€3.3 at week 24 was an independent predictor of
good functional and structural outcomes at week 72. These
results verified the predictive validity of SDAI remission for
later good functional and structural outcomes in the real-
world clinical setting and strengthen the evidence that SDAI
is recommended as a disease activity measure for clinical
practice under the T2T strategy.

Relationship between disease activity status by SDAI and
consequent functional and structural outcomes has been
investigated in several cohort studies [7-10], which provided
moderate to weak evidence at best as follows. First, Ruyssen-
Witrand et al. (7] compared the performance of SDAI
remission to that of SDAI LDA using a multivariate linear
mixed model and revealed significantly different effects on a
structural outcome between the two, but not on a functional
outcome. The other studies simply compared outcomes of
patients with different disease activity or calculated likeli-
heood ratios for good outcomes without adjusting for poten-
tial confounders [8-10). Second, these cohort studies started
data collection far before the publication of T2T recommen-
dations and did neot implement the T2T strategy. As such,
they did not necessarily reflect current clinical practice
under the T2T advocacy. Third, in the report from Ruyssen-
Witrand et al,, subjects of the analysis were not limited to
patients with active RA who received treatment with
DMARDs. In this study, we enrolled RA patients with mod-
erate-to-high disease activity and treated them with the T2T
strategy because we considered it is pertinent to examine
predictive validity of achieving SDAI remission under the
current rheumatology practice rather than simply being in
the status of SDAI remission.

In the logistic regression model with structural outcome
as a dependent variable, log,{(MMP-3/UNL) at week 24 was
selected as a covariate based on the results of univariate
analyses and clinical significance. Although MMP-3 was not
a significant predictor in the model after adjusting for mul-
tiple test, the association between MMP-3 and structural
damage is plausible because MMP-3 is an enzyme involved
in joint destruction and its serum level has been reported to
associate with a structural outcome [24].

The T2T recommendations state that low-disease activity
may be an acceptable alternative therapeutic goal, but remis-
sion should be a clear target [1]. Although we did not
intend to compare remission to LDA as a treatment target
in this study, remission may be a superior target, as the
point estimates of the odds ratios of SDAI remission were

MODERN RHEUMATOLOGY @ 7

better than those of SDAI LDA (SDAI <11) for both out-
comes [odds ratio (95% CI) for the good structural outconie,
2.35 (1.16-4.78); for the good functional outcome, 2.19
(1.08-4.46)] (Supplementary Tables 3 and 4). These data are
concordant with the fact that clinical remission has been
shown to convey better outcomes than other disease activity
states, even LDA [7,25-29]. The superiority of SDAI remis-
sion to SDAI LDA should be further consolidated with add-
itional evidence because the trials from which the T2T
recommendations stemmed [30,31] mostly employed LDA
as a treatment target, and few of them showed significantly
better functional and structural outcomes in a targeted treat-
ment group compared to a conventional treatment group.

This study has two methedological strengths. First, we
adjusted for potential confounders associated with good
functional and structural outcomes using the multivariate
analysis. Amongst the above-mentioned cohort studies
[7-10] where predictability of SDAI remission for good out-
comes were analyzed, only Ruyssen-Witrand et al. [7]
adjusted for potential confounders. Second, we used multi-
variate logistic regression analysis with the multiple imput-
ation method [16). The rate of missing information in our
cohort was not high since missing rates of the variables
were 7% at most. However, with the multiple imputation
method, we were able to make the most of the collected
data for the multivariate analysis and could reflect the real-
world practice on our study.

There are some limitations in this study. First is the insti-
tutional bias. We recruited patients with moderate-to-high
disease activity from university hospitals and tertiary care
centers in their geographical areas. Baseline data in Table 1
shows that 77% of the patients were women with mean age
of 61 years and median disease duration of 11 months. All
were naive to bDMARDs, and 66% were naive to MTX.
These data indicate that the enrolled patients appeared to
possess characteristics of active patients with recent-onset
RA seen in usual clinical setting, Second is the lack of a spe-
cific medication sequence in our protocol to adjust the treat-
ment. We intentionally did not specify treatment because we
wanted to show the utility of the SDAI remission in clinical
practice where various combinations and sequences of
DMARDs are used. Third, this study did not compare
patients who adhered to T2T with patients who did not.
Instead, we focused on the achieved status of disease activity
at week 24 as a candidate predictor of good outcomes fur-
ther down the road. As the T2T strategy was widely
accepted in clinical practice of rheumatology in Japan when
this study was implemented, it was against ethical obligation
to designate a non-T2T group. We believe our study had an
appropriate study design to see whether achieved status of
remission predicted subsequent good outcomes in a T2T-
implementing cohort.

In conclusion, this study showed that achieving SDAI
remission in RA patients with moderate-to-high disease
activity 24 weeks after treatment intensification was an inde-
pendent predictive factor of subsequent geod functional and
structural outcomes. This study is the first to show the sig-
nificant association between achieving SDAI remission and
both functional and structural outcomes in a T2T-
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implementing cohort of adult RA patients with.moderate-to-
high disease activity.
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ABSTRACT

Objective: To evaluate association of clinical remission at month & with functional and structural
remissions at month 12 during abatacept treatment in patients with rheumatoid arthritis (RA),
Methods: This 12-month prospective, multicenter cohort study enrolled 168 patients with RA who
started abatacept. Outcomes were assessed using composite measures, quality of life indices, and the
van der Heijde-modified total Sharp score (mTSS). The logistic regression analysis was applied to iden-
tify factors associated with outcomes and their odds ratios {OR) with 95% confidence interval (95% Cl).
Results: At month 6 and 12, 21.4% and 26.2% of the patients achieved Simplified Disease Activity
Index (SDAI) remission (SDAI <3.3}, and 40.6% and 41.7% achieved Health Assessment Questionnaire-
Disability Index (HAQ-DI <0.5) remission. Among 129 patients whose mTSS progression was evaluated
at month 12, 83 (64,3%) achieved structural remission (AmTSS <0.5 for 12 months), SDAI remissicn at
month 6 was identified as a significant predictor of both functional (OR, 3.732; 95% CI, 1.328-10.489)
and structural remissions (OR, 4.301; 95% CI, 1.298-14.243} at month 12 after adjusting for covariates.
Conclusions: Aiming for SDAI remission at month 6 is an appropriate strategy to obtain good func-
tional and structural cutcomes at month 12.
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Recommendations for RA treatment indicate the import-
ance of periodic assessment of disease activity by using com-
posite measures, including joint assessments [4]. Among
currently available composite measures for RA, the
Simplified Disease Activity Index (SDAI) is used for the pro-
visional definition of remission because of its better associ-
ation with subsequent good functional and structural
outcomes than other candidate criteria. However, long-term
benefits of achieving SDAI remission and risks for patients
who were administered individual biological DMARDs in a
clinical setting remain to be demonstrated. Therefore, we
implemented a 12-menth multi-center, prospective cohort
study to investigate clinical, functional, and structural out-

Introduction

The treatment of rheumatoid arthritis (RA) has significantly
advanced with the introduction of biologic disease-modify-
ing antirheumatic drugs {(biclogic DMARDs). Currently, five
tumor necrosis factor (TNF) inhibitors, tocilizumab, and
abatacept are widely used in Japan, and the numbers of
patients treated with these agents are increasing. Abatacept,
a new class of biologic DMARDs that inhibits T-cell activa-
tion by selective modulation of the interaction between
CD380/86 and CD28, was approved in Japan in 2010. The
result of post-marketing surveillance program revealed safety
and effectiveness of abatacept for six months in clinical set-

tings in Japan [1]. In recent meta-analyses, the efficacy of
abatacept has been shown to be comparable to that of other
classes of biologic DMARDs with relatively better safety pro-
file [2,3].

comes and safety in Japanese patients with RA treated with
abatacept, and analyzed the association of clinical remission
at month 6 with functional and structural remissions at
month 12. This study identified patients with RA who were
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most likely to obtain therapeutic benefits from treatment
with abatacept in clinical practice. Our results indicated that
SDAI remission at month 6 was an appropriate short-term
treatment goal in patients with RA who were administered
abatacept.

Materials and methods
Patients

Patients with active RA who newly started abatacept des-
pite more than three months of treatment with DMARDs
were enrolled. All patients had to satisfy the 2010
American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) classification criteria
for RA [5] and provide written informed consent. Seven
institutions participated in this study, including three uni-
versity hospitals and four referral hospitals in Japan.
Enrollment in this study started from June 2010 to
December 2012, This study was in accordance with the
Helsinki Declaration (revised in 2008) and approved by the
ethics committees of the Tokyo Medical and Dental
University Hospital (#836) and the other participating insti-
tutions. A written informed consent was obtained from
each patient. This study was registered at the University
Hospital Medical Information Network Clinical Trials
Registry (UMING00005144).

Treatment with abatacept

All patients were administered fixed doses of abatacept
intravenously, based on a Japanese medical package insert;
patients weighing <60kg, 60-100kg, and >100kg were
administered 500mg, 750mg, and 1000mg of abatacept,
respectively, at weeks 0, 2, 4, and then every four weeks for
up to week 52. Concomitant use of methotrexate (MTX),
DMARDs other than MTX, oral corticosteroids, and non-
steroidal anti-inflammatory drugs (NSAIDs) was allowed at
the discretion of the site investigators.

Data collection

We used a predefined case report form at baseline and six
months and 12 months after enrollment. We collected
demographic data at baseline and clinical data at baseline
and after patients started abatacept. Disease activity was
evaluated with SDAI, Clinical Disease Activity Index
(CDAI), Disease Activity Score 28-erythrocyte sedimenta-
tion rate {DAS28-ESR), and DAS28-C-reactive protein
(DAS28-CRP} [6]. American College of Rheumatology
response rate was not collected because we considered that
remission defined by composite indices including SDAI/
CDAI was more stringent and suitable for our purpose
[7]. Health-related quality of life was assessed with the
Health Assessment Questionnaire-Disability Index (MHAQ-
DI) and EuroQol 5 Dimension (EQ-5D). Structural dam-
age was measured with the van der Heijde modified total
Sharp score (mTSS) [8]. SDAI, CDAI, DAS28-ESR, and

DAS28-CRP were collected at baseline and month 1, 3, 6,
9, and 12, and HAQ-DI and EQ-5D were collected at
baseline and every three months. Radiographs of the hands
and feet were collected at baseline and month 6 and 12 to
define the yearly change of mTSS measured at month 12
(AmTSS). Radiographs of the hands and feet were scored
in a chronological order by two independent raters, Linear
extrapolation was used for patients without mTSS meas-
ured at month 12 if they had mTSS measured both at
baseline and at month 6. Observation ceased when
patients discontinued abatacept, died, or were lost to fol-
low up. In cases where observation ceased by month 12,
all outcome data were obtained on the day of the last
visit. All serious adverse events (SAEs) were reported at
the time of onset. Qur definition of a SAE was based on
the report by the International Conference on
Harmonization [9].

Statistical analysis

Patient demographics, SDAI, CDAI, DAS28-ESR, DAS28-
CRP, HAQ-DI, EQ-5D, and mTSS were summarized using
descriptive statistics. Results were expressed as mean # stan-
dard deviation (SD) or medians and ranges based on the
data distribution or number (%). The chi-square test for
categorical ~ variables, and  Student’s  ft-test  or
Mann~Whitney test for continuous variables were used for
comparisons of two groups depending on the data distri-
bution. The last-observation-catried-forward (LOCF)
method was used for patients who discontinued observa-
tion by month 12 to replace missing data. Disease activity
was categorized into remission (SDAI <3.3, CDAI <28,
DAS28-ESR  <2.6, and DAS28-CRP <£2.6), low disease
activity (3.3 <SDAI <11, 2.8 <CDAI <10, 2.6 <DAS28-
ESR <3.2, and 2.6 < DAS28-CRP <3.2), moderate disease
activity (11 <SDAI <26, 10<CDAI <22, 3.2<DAS28-
ESR <5.1, and 3.2 <DAS28-CRP <5.1), and high disease
activity (SDAI >26, CDAI >22, DAS28-ESR >5.1, and
DAS28-CRP >5.1) based on the original definition [6].
The Kaplan-Meier method was used to assess the reten-
tion rate of abatacept. We identified the independent pre-
dictors for achieving SDAI remission (SDAI <3.3) at
month 6 and HAQ (HAQ-DI <0.5) and structural remis-
sions (AmTSS <0.5/year) at month 12. First, we compared
patients who succeeded and did not succeed to achieve
each outcome by using univariate analyses. Second, we
performed multivariate logistic regression analysis with
forced entry method to determine the predictors for
achieving each outcome, Variables included in the multi-
variate analysis were selected based on the results of the
univariate analyses. Achievement of clinical remission with
each composite index at month 6 was included as an
independent variable in the multivariate analysis for HAQ
and structural remissions at month 12. Collinearity and
medical significance of the variables were also considered
for the selection of independent variables. All p values
were two-tailed, and p<0.05 was considered statistically



Table 1. Baseline patient characteristics,

Variables Total (n=168)
Age, years 653£11.2
Female (%) 84.5

Disease duration, years* 7.21 [0.3, 59.3]
Disease duration, <3 years (%) 51 (30.4)
Body mass index 21,7+£40

Ever smoker (%) 26.8

RF positive (%) 76.6 [n==167)
Anti-CCP antibody positive (%) 87.2 {n=156)
Comorbidity 64.3
[nterstitial prieurmnonia (%) 185

COPD (%) 3.0

Previous pulmonary tuberculosis (%) 54

Diabetes mellitus (%) 10.7

Chronic kidney disease (%) 48

Prior use of biclagics (%) 48.8

MTX use (%) 56.0

MTX dose, mg/week
Conventional DMARDs use excluding MTXt

8.2x£3.5 (n=96)
256

Corticosterold use (%) 51.2

Corticosteroid dose, mg/day$ 49+29 (n=288)

SIC, 0-28* 50 [0, 26]

TIC, 0-28* 4.0 [0, 26]

PtGA, VAS 0-100 mm 5231257

PhGA, VAS 0-100 mm 47.1£206

ESR, mm/h* 47.5 [2, 139]

CRP, mg/dI* 09 [0.00, 10.3]
MMP-3, ng/ml* 151,0 [26, 1357]

SDAI 2411126

CDAI 2244190

DAS28-ESR 5.14+1.28
DAS528-CRP 435 1.16

HAQ-DI* 13 [0.0, 3.0] {n = 167)
mT55* 24.0 [0, 331.5) (n=161)

mTSS yearly progression™ 3.0 [0, 54.0] (n=161)

CCP: cyclic citrullinated peptide; CDAL: Clinical Disease Activity Index; COPD:
chronic obstructive pulmonary disease; CRP; C-reactive protein; DAS: disease
activity score; DMARDs: disease-modifying antirheumatic drugs; ESR: erythro-
cyte sedimentation rate; HAQ-DI: Health Assessment Questionnaire Disability
Index; MMP-3; matrix metalloproteinase 3; mTSS: modified Sharp-van der
Heijde total score; MTX: methotrexate; PhGA: physidans’ global assessment of
disease activity; PtGA: patients’ global assessment of disease activity; RF:
rheumatoid factor; SDAIl: Simplified Disease Activity Index; SJC: swollen joint
count; TIC: tender joint count.

Values are presented as meanzstandard deviation (SD) unless ctherwise
indicated.

*Median [minimum, maximum).

+Bucillamine (17 patients were given), tacrolimus (14), salazosulfapyridine (11),
mizoribine (4), leflunomide (3), cyclosporin (1), and azathioprine (1),

$0ral prednisolone-equivalent dose.

significant. These statistical analyses were conducted by
using SPSS (version 20.0, SPSS Inc, Chicago, IL),

Results

Demaographic and clinical characteristics of patients at
baseline

A total of 168 patients were enrolled in this study. The base-
line data of these patients are shown in Table t. The
mean+SD age was 65.3+11.2 years, and the percentage of
patients >65 years was 52.4%. The disease duration was
relatively long with a median [minimum, maximum] of 7.21
[0.3, 59.3] years, and 64.3% of the patients had comorbid-
ities. The concomitant use of MTX and corticosteroids was
56.0% and 51.2% with mean doses of 8.2+ 3.5 mg/week and
49+£29mg/day of  prednisclone-equivalent  dose,

MODERN RHEUMATOLOGY (&) 3

respectively. Most of the patients had moderate or high dis-
ease activity. The median [minimum, maximum] mTSS was
24.0 [0, 331.5], reflecting long-standing disease and high dis-
ease activity of this patient population.

Patient disposition

All patients received abatacept as scheduled and included in
the analysis. The number of patients who discontinued aba-
tacept for any reasons during the observation period was 52
(31.0%). The lack of effectiveness was the most common
reason for abatacept discontinuvation and reported in 34
patients (20.2%}. The second most common reason of dis-
continuation was adverse events, which occurred in nine
patients (5.4%) (Supplementary Table 1).

Among the 168 patients enrolled, two were excluded
from the analysis of change of disease activity due to the
lack of data after baseline. All disease activity indices
decreased by three months after baseline and reached a
plateau (Figure la,b). The percentage of the patients who
achieved remission by SDAI, CDAI, DAS28-ESR, and
DAS28-CRP at month 6 was 21.4%, 20.8%, 19.0%, and
47.0%, respectively. The percentage of patients who were
categorized in remission or low disease activity was almost
stable at month 6 and 12 (Figure lc). As the remission
rates using DAS28-CRP were higher than DAS28-ESR, we
examined the correlations between DAS28-CRP and
DAS28-ESR at month 6 and 12. The slopes and intercept
of the regression lines were 1.009 and 0.847 at month 6
and 0.972 and 0.914 at month 12, respectively, which were
similar to those of 1.0l and 0.59 reported previously from
a large cohort of Japanese patients with RA [10]. The
patients who achieved HAQ remission (HAQ-DI <0.5} and
showed clinically important improvement in HAQ
(AHAQ-DIL__-0.22) were stable with 38,1-423% and
46.4-53.0% at each visit after month 3, respectively (Figure
1d). The mean +SD (number of the patients with available
data) of EQ5D index at baseline and month 3, 6, 9, and
12 was 0.609+0.159 (164), 0.661+0.169 (153),
0.679+0.195 (138), 0.686+0.198 (123), and 0.684+0.210
{109), respectively. The mean £ SD increase of EQ5D index
from baseline to month 6 and 12 was 0.070£0.180 and
0.075£0.1986, respectively.

Structural changes over time

A tota] of 129 patients were evaluated for mTSS progression
at month 12. Among the patients, 100 underwent hand and
feet radiographs at both baseline and month 12, whereas lin-
ear extrapolation method was applied to the other 29
patients to calculate for mTSS at month 12 using mTSS at
baseline and month 6. The mean AmTSS at month 12 from
baseline was 2.12£10.46, and 83 patients (64.3% of the
assessed patients) achieved structural remission (AmTSS
<0.5). A total of nine patients (7.0%) showed rapid mTSS
increase (AmTSS >5/year). One patient who obtained mT8S
at month 12 using the linear extrapolation method showed
pronounced AmTSS of 114/year. The mean AmTSS at
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Figure 2. Cumulative probability of a change in mTSS at month 12, The mTSS
progression of 129 patients was evaluated at month 12. Among them, 83
patients {64.3%) achieved structural remission {AmTSS <0.5).

month 12 excluding this case was 1.25+3.32, which sug-
gested that one outlier considerably increased the mean
AmTSS at month 12. The cumulative probability of AmTSS
at month 12 is shown in Figure 2.

12

Months

Figure 1, Changes of disease activity and physical function over time after commencement of abatacept. {a) A time course of mean SDAt and CDAL (b) A time
course of mean DAS28-ESR and DAS28-CRP. (c) Proportions of patients categorized as each disease activity by SDAI, CDAI, DAS28-ESR, and DAS28-CRP, at baseline,
six months, and 12 months, (d) Proportion of patients with HAQ-D! <0.5 and AHAQ-DI< —0.22 at baseline and each visit. Among all patients enrolled (n = 168),
166 were assessed with SDAJ, CDAI, DAS28-CRP, DAS28-ESR, and HAG-DI by using the last-observation-carried-forward method. Values shown in (a) and (b} illustrate
the mean of each score. CDAL linical disease activity score; DAS28-CRP: disease activity score 28-C-reactive protein; DAS28-ESR: disease activity score 28-erythrocyte
sedimentation rate; HAQ-DI: Health Assessment Questionnaire Disability Index; SDAL simplified disease activity index.

Factors associated with SDAI remission

We investigated the variables associated with SDAI remis-
sion at month 6. We compared patient baseline characteris-
tics (n=166) who did and did not achieve SDAI remission
at month 6 using the univariate analyses, and identified that
age, disease duration, prior use of biologics, patients’ global
assessment of the disease activity, physicians’ global assess-
ment, SDAI, CDAI, DAS28-ESR, DAS28-CRP, HAQ-DI,
and mTSS were significantly different between the groups
(data not shown), The concomitant MTX use was not sig-
nificantly different between the groups. Among them, we
selected age, sex, disease duration, prior use of biologics,
and SDAI as covariates of the multivariate logistic regression
analysis with forced entry method to calculate their odds
ratios {OR) and 95% confidence intervals (95% CI). Age
{per decade) (OR, 0.670; 95% CI, 0.472-0.951; p=0.025),
disease duration (years) (OR, 0.946; 95% CI, 0.898-0.997;
p=0.039), prior use of biologics (OR, 0.394; 95% CI,
0.169-0.917; p=0.031), and SDAI at baseline (OR, 0.958;
95% CI, 0.922-0.996; p =0.030) were significantly associated
with achieving SDAI remission at month 6.



Table 2. Factors assoctated with HAQ remission at month 12.
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Table 3. Factors associated with structural remission at month 12,

HAQ remission at month 12

AmTSS <0.5 at month 12

OR (95% CI) o value OR (95% CI) p value
Age, decades 1.386 (0.929-2.068) 0110 Age, decades 0,696 (0.464~1,042) 0.07¢
Fernale (%) 1.297 (0.424-3.969) 0.649  Sex 0.601 (0.173-2.086) 0.423
Disease duration, years 0.963 (0.910~1.018) 0,181  Disease duration <3 years 3.225 (1.099-9.460) 0,033
Prior use of biologics, yes 0.323 (0.140-0.745) 0.008  SDAI at baseline 0.951 {0.918-0.986) 0.007
Comorbidity, yes 0.604 (0.248~1.470) 0.267  SDAI remission at month 6 A.301 {1,298-14,243) 0.017
SDAI at baseline 1.016 (0.977-1.057) 0.427  mTSS at baseline 0.997 {0.989-1.005) 0443
SDAI remission at month 6 3.732 (1.328~10.489) 0012 (. confidence interval: mTSS: modified Shar " . OR
| : ; : p-van der Heijde total score; OR:
HAQ-DI at baseline 0.148 (0.070-0.311) <0001 4445 ratio; SDAL Simplified Disease Activity Index.
mT5S5 at baseline 1.003 {0.992-1.013) 0.634

Cl: confidence interval; HAQ-DI: Health Assessment Questionnaire Disability
Index; mTSS: modified Sharp-van der Heijde total score; OR: odds ratio; SDAL
Simplified Disease Activity Index.

Factors associated with HAQ remission

We next investigated the association of HAQ remission at
month 12 and clinical response at month 6. We compared
patients (n=166) who did and did not achieve HAQ remis-
sion at month 12 using the univariate analyses and found
that disease duration, prior use of biologics, comorbidity,
SDAI, CDAI DAS28-ESR, DAS28-CRP, HAQ-DI, and
mTSS at baseline and SDAIL, CDAI, DAS28-ESR, and
DAS28-CRP at month 6 were significantly different between
the two groups {data not shown). We applied logistic regres-
sion analysis with forced entry method to identify significant
predictors for achieving HAQ remission at month 12. For
each model, age, sex, disease duration, prior use of biologics,
comorbidity, HAQ-DI, and mTSS at baseline and one of the
three disease activity indices (SDDAI, DAS28-ESR, and
DAS28-CRP) at both baseline and month 6 were included as
covariates. CDAI at baseline and month 6 was not used as a
covariate because SDAI and CDAI were found to have an
extremely strong correlation, with a correlation coefficient of
0.987 and 0.992 at baseline and month 6, respectively. We
found that prior use of biologics (OR, 0.323; 95% CI,
0.140-0.745), SDAI remission at month 6 (OR, 3.732; 95%
CI, 1.328-10.489), and HAQ-DI at baseline {OR, 0.148; 95%
CI, 0.070-0.311) were significantly associated with HAQ
remission at month 12 (Table 2). When DAS28-ESR or
DAS28-CRP was used in this model instead of SDAI, remis-
sion at month 6 was not identified as a significant predictor
(data not shown).

Prognostic factors for structural changes

We finally investigated factors associated with achieving
structural remission by the same procedure of analyzing pre-
dictors of HAQ remission. The univariate analyses revealed
that age, disease duration <3 years, DAS28-CRP, SDAI, and
mTSS at baseline and DAS28-CRP and SDAI at month 6
were significantly different between patients who did and
did not achieve structural remission at month 12 (data not
shown). The multivariate logistic regression analysis with
forced entry method was applied to identify predictors of
structural remission at month 12 using age, sex, disease dur-
ation <3years, mTSS at baseline, and one of the three dis-
case activity indices (SDAI, DAS28-ESR, and DAS28-CRP)

at both baseline and month 6. The results of the analyses
showed that disease duration (<3 years) (OR, 3.225; 95%
CI, 1.099-9.460), SDAI at baseline (OR, 0.951; 95% CI,
0.918-0.986), and SDAI remission at month 6 (OR, 4.30I;
95% CI, 1.298-14.243) were significantly associated with
achieving structural remission at month 12 (Table 3). SDAI
remission at month 6 was still identified as a significant pre-
dictor in this analysis, but not DAS28-ESR or DAS28-CRP
(data not shown). Consequently, SDAI remission at month
6 was the best predictor not only for achieving HAQ remis-
sion, but also of achieving structural remission at month 12
in our cohort among all clinical activity indices analyzed.

Serious adverse events

A total of 17 SAEs were reported in 14 cases (8.3%) during
the observation period (Supplementary Table 2). Of these,
three events were considered to be related to the treatment
with abatacept, causal relationship with the treatment could
not be denied in eight events, and six events were unrelated
to the treatment with abatacept according to the site investi-
gators. The outcomes of all SAEs were reported as improved
or recovered, Serious infections were reported in six
patients: three cases of acute pyelonephritis, and one case
each for skin abscess, Preumocystis jirovecii pneumonia, and
shingles. The incidence of serious infections was 4.29 (95%
CI, 0.86-7.71) per 100 patient years (PY).

Discussions

We implemented a prospective cohort study to evaluate the
association of clinical remission at month 6 with functional
and structural remissions at month 12 in 168 Japanese
patients with RA who were administered abatacept in the
clinical setting. During 12 months of the observation period,
SDAI and HAQ remissions were achieved in 21.4% and
40.6% at month 6 and 26.2% and 41.7% at month 12,
respectively, Of 129 patients who were evaluated with mTSS
at month 12, 64.3% achieved structural remission at month
12. The multiple logistic regression analysis showed that age,
disease duration, prior use of biologics, and SDAI at baseline
were significantly associated with SDAT remission at month
6. Clinical remission at month 6 with SDAI, but not with
other indices, was significantly associated with both HAQ
and structural remissions at month 12 after adjusting for
covariates.
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Although many studies regarding effectiveness and safety
of abatacept for treating RA have been reported [11-14],
studies seeking for predictors of treatment outcomes with
abatacept are limited [15-21], particularly in the Asian
population. Results of our study have identified predictors
of all clinical, functional, and structural remissions of treat-
ment with abatacept in Japanese patients with RA. For the
assessment of clinical remission predictors, we used SDAI
remission at month 6 as an objective variable of the
multivariate analysis because it is used in the provisional
definition of remission of RA proposed by ACR/EULAR [8]
and because clinical response of treatment with abatacept
plateauved after six months in previcus studies [11-14].
QOur results are in line with previous reports that identified
age, prior use of biologics, and baseline disease activity as
predictors of pood clinical response in patients with
RA treated with abatacept [16-19]. Seropositivity was not
associated with clinical, functional, or structural remission in
this study.

As structural damages account for a substantial propor-
tion of functional impairment [22], prevention or minimiza-
tion of the progression of structural damages is one of the
most relevant goal in treatment of RA. Indeed, the provi-
sional definition of RA remission based .on ACR/EULAR
[8), defined as SDAI <3.3, is aimed to prevent progression
of radiographic damage and decline of functional capacity.
In our study, SDAI remission at month 6 was an independ-
ent predictor of HAQ and structural remissions at month
12, but DAS28-ESR or DAS28-CRP remission at month 6
was not an independent predictor. Among eight patients
who achieved DAS28-ESR remission without achieving
SDAI remission at month 6, four patients (50.0%) achieved
HAQ remission at month 12 and only two patients (28.6%)
out of seven patients who were evaluated mTSS achieved
mT5S remission at month 12, respectively. In contrast, eight
patients {66.7%) and 11 patients (91.7%) out of 12 patients
who achieved SDAI remission without achieving DAS28-
ESR remission at month 6 achieved HAQ remission and
mTSS remission at month 12, respectively. These data sug-
gest that SDAI remission at month 6 would be an appropri-
ate short-term treatment goal to prevent the progression of
structural damages as well as functional impairment in the
next six months in patients with RA treated with abatacept.
Results from a post hoc analysis of the abatacept study to
gauge remission and joint damage progression in MTX-
naive patients with early erosive RA (AGREE) are in line
with our data. In AGREE, patients receiving abatacept plus
MTX who achieved remission or LDA according to compos-
ite indices at month 3 achieved greater improvements in
HAQ-DI scores at month 12 versus patients with MDA or
HAD. At every time point, mean HAQ-DI scores were
numerically lower for patients in SDAI and CDAI remis-
sions versus DAS28 remission [23].

In our study, functional impairment was evaluated not
only by using HAQ-DI, but also by using EQ-5D. The mean
of EQ5D index increased from 0.609 at baseline to 0.679
and 0.684 at month 6 and 12, respectively, Of 124 patients
who had EQ-5D score <0.7 at baseline, 45 (36.3%) and 27
(21.8%) had EQ-5D scores >0.7 and >0.8, respectively, at

month 6. As Tanaka et al. [24] reported that both mean
expected annual out-of-pocket direct medical and nonmedi-
cal cost per patient with RA decreased with increased
EQ-5D score, one could expect that nonmedical cost of
these patients decreases after the successful treatment with
abatacept.

Although treatment with abatacept increased the risk for
serious infections in clinical trials [25,26], the risk might be
modest compared with that of other biologic DMARDs [2].
The incidence rate of serious infection in this study [4.29
(95% CI, 0.86-7.71)/100 PY] was similar to that of Japanese
patients with RA who were administered TNF inhibitors in
2008 or later in a prospective cohort study [3.33 (95%
C1,1.65-6.08)/100 PY] [27]. Considering older age (mean
agexSD, 65.3+11.2 years vs, 57.9:+14.8 years) and higher
percentage of comorbidity {64.3% vs. 33.0%), which are the
two major risk factors for infection in patients with RA
[28,29], in the patients in this study compared with that of
Sakai et al. [27], the use of abatacept was at least similar and
may be associated with lower risk for serious infection in
patients with RA than the TNF inhibitor use. Further studies
are needed to compare the safety of abatacept with other
biologic DMARDs in a clinical setting.

Our study has several limitations. First, we have to con-
sider possible selection bias in our study. All patients were
enrolled from university hospitals or referral hospitals that
are dedicated to the treatment of RA. The effectiveness and
safety data of this study may have been affected by unmeas-
ured selection bias. Second, as many as 34% of patients dis-
continued abatacept during the 12-month observation
period, As lack of effectiveness was the main reason for dis-
continuation, the majority of patients who prematurely
dropped out of the study did not achieve good clinical
response on their last observation day. The high percentage
of patients who discontinued abatacept because of lack of
effectiveness may be related to the relatively high percentage
of patients {i.e. 48.8% of all patients) with prior use of bio-
logics in our cohort. The LOCF method was applied to
replace the missing data of our cohort, but the relatively
high proportion of patients who discontinued abatacept
might decrease the reliability of our results to some extent.
Third, the number of patients included in our study may
not be large enough to identify all relevant factors associated
with clinical, structural, and functional remissions by using
multiple logistic regression analyses. Finally, we could not
show the effectiveness and safety of subcutaneous adminis-
tered abatacept because all patients were administered intra-
venous abatacept. However, the results of our study would
be applicable to patients who were administered subcutane-
ous abatacept because a non-inferiority study comparing
subcutanieous and intravenous abatacept has shown the
comparable efficacy and safety of these drugs [30].

In conclusion, our prospective cohort study has demon-
strated that SDAI remission at month 6 in patients with RA
who were administered abatacept was an independent pre-
dictor for achieving functional and structural remissions at
month 12, SDAI remission at month 6 should be a short-
term treatment goal to obtain greater therapeutic benefits
with abatacept in patients with RA.



Acknowledgments

The authors sincerely thank Ms. Marie Yajima (Tokyo Medical and
Dental University) for helping us in maintaining the database of this
study. The authors also thank the patients and their health care pro-
viders who participated in this study.

Conflict of interest

Tokyo Medical and Dental University (TMDU) has received unre-
stricted research grants for Department of Lifetime Clinical
Immunology from Chugai Pharmaceutical Co., Ltd, Ono
Pharmaceuticals, Mitsubishi Tanabe Pharma Co., UCB Japan, CSL
Behring, Towa Pharmaceutical Co,, Ltd., Abbvie Japan Co., Ltd., Japan
Blood Products Organization, Ayumi Pharmaceutical Co., and Nippon
Kayaku Co,, Ltd. with which TMDU currently pays the salary of FH.
FH also has received a speaking fees from Astellas Pharma Inc, TT has
received grants, consulting fees and/or speaking fees from Abbvie
Japan Co., Ltd., Asahi Kasei Medical K.K., Astra Zeneca KK., Astellas
Pharma Inc, AYUMI Pharmaceutical Corporation, Bristol Myers
Squibb K.K., Celtrion, Chugai Pharmaceutical Co., Ltd., Daiichi Sankyo
Co., Ltd,, Eisai Co., Ltd., Eli Lilly Japan K.K., Merck Serono Co., Ltd.,
Mitsubishi Tanabe Pharma Ce., Nipponkayaku Co. Ltd., Novartis
Pharma KK, Janssen Pharmaceutical K.K., Pfizer Japan Inc, Taisho
Toyama Pharmaceutical Co., Ltd, Takeda Pharmaceutical Co., Ltd,
Teijin Pharma Ltd. AK has received grants and/or speaking fees {rom
Abbvie Japan Co., Ltd., Astellas Pharma Inc, Bristol Myers Squibb
K.K., Chugai Pharmaceutical Co., Ltd., Mitsubishi Tanabe Pharma Co.,
Pfizer Japan Inc. TS has received grants and/or spesking fees from
Abbvie Japan Co., Ltd, Asahi Kasei Medical KK, Astellas Pharma
Inc,, AYUMI Pharmaceutical Corporaticn, Bristol Myers Squibb KK,
Chugai Pharmaceutical Co., Ltd., Mitsubishi Tanabe Pharma Co.,
Janssen Pharmaceutical K.K,, Pfizer Japan Inc., Takeda Pharmaceutical
Co., Ltd,, Teijin Pharma Ltd. RS has received a grant from Bristol
Myers Squibb K.K. TN has received grants, consulting fees and/or
speaking fees from Bristol Myers Squibb K.K., Chugai Pharmaceutical
Co., Ltd,, Eisai Co., Ltd., and Eli Lilly Japan K.K. MH received unre-
stricted research grants for Department of Pharmacovigilance at
TMDU from Abbvie Japan Ce., Ltd., Astellas Pharma Ine., Bristol
Myers Squibb KK, Chugai Pharmaceutical Co., Ltd., Eisai Co., Ltd.,
Mitsubishi Tanabe Pharma Co., Ono Pharmaceuticals, Pfizer Japan
Inc, Sanofi-Aventis KK., Santen Pharmaceutical Co., Ltd.; Sekisui
Medical Co., Ltd,, Takeda Pharmaceutical Co., Ltd, Teijin Pharma
Ltd, and UCB Japan with which TMDU paid salary for HY, RS, TN,
and MH. HK received grants from AbbVie Japan Co., Ltd, Astellas
Pharma In¢c., Ayumi Pharmaceutical Co., Ltd., Chugai Pharmaceutical
Co., Ltd, Eisai Co, Ltd, Japan Blood Products Organization,
Mitsubishi Tanabe Pharma Co., Ono Pharmaceuticals, Pfizer Japan
Inc., Takeda Pharmaceutical Co., Ltd., and Teijin Pharma Ltd. KA, JK,
MK, WY, KN, HH, YN, MT, RK, and NM have nothing to declare.

Funding

This work was supported by Ministry of Health Labour and Welfare
KAKENHI Grant Number H22-Menneki-Ippan-001 and unrestricted
research grants for Department of Pharmacovigilance, Tokyo Medical
and Dental University.

References

1. Harigai M, Ishiguro N, Inckuma 8, Mimori T, Ryu ], Takei §,
et al, Postmarketing surveillance of the safety and effectiveness
of abatacept in Japanese patients with rheumatoid arthritis. Mod
Rheumatol. 2016;26:491-8.

2. Singh JA, Christensen R, Wells GA, Suarez-Almazor ME,
Buchbinder R, Lopez-Olive MA, et al. A network meta-analysis
of randemized controlled trials of biologics for rheumatoid arth-
ritis: a Cochrane overview. CMAJ. 2009;181:787-96.

10,

11,

12.

13.

14,

16.

17.

18.

MODERN RHEUMATOLOGY (&) 7

Singh JA, Wells GA, Christensen R, Tanjong Ghogomu E,
Maxwell L, Macdonald JK, et al. Adverse effects of biologics: a
network meta-analysis and Cochrane overview. Cochrane
Database Syst Rev, 2011;2:CD008794,

Smolen ]S, Aletaha D, Bijlsma JW, Breedveld FC, Boumpas D,
Burmester G, et al. Treating rheumatoid arthritis to target: rec-
ommendations of an international task force. Ann Rheum Dis,
2010;69:631-7.

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

Aletaha D, Smolen ]. The Simplified Disease Activity Index
(SDAI) and the Clinical Disease Activity Index (CDAI): a review
of their usefulness and validity in rheumatoid arthritis. Clin Exp
Rheumatol, 2005;238uppl39:8100-58.

Felson DT, Smolen J§, Wells G, Zhang B, van Tuyl LH, Funovits
], et al. American College of Rheumatology/European League
against Rheumatism provisional definition of remission in
rheumatoid arthritis for clinical trials. Ann Rheum Dis.
2011;70:404-13.

van der Heijde D, How to read radiographs according to the
Sharp/van der Heijde method. ] Rheumatol. 2000;27:261-3.

ICH Steering Committee. Clinical safety data management: defi-
nitions and standards for expedited reporting [Internet].
Available from: httpi/fwww.ich.org/fileadmin/Public_Web_Site/
ICH_Products/Guidelines/Efficacy/E2A/Step4/E2A_Guideline.pdf
[accessed 3 Jun 2016},

Incue E, Yamanaka H, Hara M, Tomatsu T, Kamatani N.
Comparison of Disease Activity Score {DAS)28-erythrocyte sedi-
mentation rate and DAS28-C-reactive protein threshold values.
Ann Rheum Dis. 2007;66:407-9.

Maxwell L], Singh JA. Abatacept for rheumatoid arthritis: a
Cochrane systematic review. ] Rheumatol. 2010;37:234-45.
Bathon ], Robles M, Ximenes AC, Nayiager S, Wollenhaupt ],
Durez P, et al, Sustained disease remission and inhibition of
radiographic progression in methotrexate-naive patients with
rheumatoid arthritis and poor prognostic factors treated with
abatacept: 2-year outcomes, Ann Rheum Dis. 2011;70:1949-56,
Kremer M, Genant HK, Moreland LW, Russell AS, Emery P,
Abud-Mendoza C, et al. Effects of abatacept in patients with
methotrexate-resistant active rheumatoid arthritis: a randomized
trial. Ann Intern Med. 2006;144:865-76.

Genovese MC, Becker JC, Schiff M, Luggen M, Sherrer Y,
Kremer |, et al. Abatacept for rheumatoid arthritis refractery to
tumor necrosis factor alpha inhibition. N Engl | Med.
2005;353:1114-23.

Daien CI, Morel J. Predictive factors of response to biological
disease modifying antirheumatic drugs: towards personalized
medicine. Mediat Inflamm. 2014;2014:386148,

Leffers HC, Ostergaard M, Glintborg B, Krogh NS, Foged H,
Tarp U, et al, Efficacy of abatacept and tocilizumab in patients
with rheumatoid arthritis treated in clinical practice: results from
the nationwide Danish DANBIO registry, Ann Rheum Dis.
2011;70:1216-22,

Gottenberg JE, Ravaud P, Cantagrel A, Combe B, Flipo RM,
Schaeverbeke T, et al. Positivity for anti-cyclic citrullinated pep-
tide is associated with a better response to abatacept: data from
the 'Orencia and Rheumatoid Arthritis' registry. Ann Rheum
Dis. 2012;71:1815-19.

Takahashi N, Kojima T, Kaneko A, Kida D, Hirano Y,
Fujibayashi T, et al. Use of a 12-week observational period for
predicting low disease activity at 52 weeks in RA patients treated
with abatacept: a retrospective observational study based on data
from a Japanese multicentre registry study. Rheumatology
{Oxford). 2015;54:854-9.

Tanaka Y, Kubo §, Yamanaka H, Amano K, Hirata §, Tanaka E,
et al. Efficacy and safety of abatacept in routine care of patients
with rheumatoid arthritis: Orencia(®) as Biological Intensive



8 (@) H. YAMAZAKI ET AL,

20.

21.

22,

23,

24,

25,

Treatment for RA (ORBIT) Mod  Rheumatol.
2014;24:754-62.

Maneiro R], Salgado E, Carmona L, Gomez-Reino J].
Rheumatoid factor as predictor of response to abatacept, rituxi-
mab and tocilizumab in rheumatoid arthritis: systematic review
and meta-analysis. Semin Arthritis Rheum. 2013;43:9-17.

Scarsi M, Ziglioli T, Airo P. Baseline numbers of circulating
CD28-negative T cells may predict clinical response to abatacept
in  patients with rheumatoid arthritis, ] Rheumatal.
2011;38:2105-11.

Scott DL, Smith C, Kingsley G. Joint damage and disability in
rheumatoid arthritis: an updated systematic review, Clin Exp
Rheumatol. 2003;21:520-87.

Smolen JS, Wollenhaupt ], Gomez-Reino J], Grassi W, Gaillez C,
Poncet G, et al. Attainment and characteristics of clinical remis-
sion according to the new ACR-EULAR criteria in abatacept-
treated patients with early rheumatoid arthritis; new analyses
from the Abatacept study to Gauge Remission and joint damage
progression in methotrexate (MTX)-naive patients with Early
Erosive rheumatoid arthritis (AGREE)., Arthritis Res Ther.
2015;17:157.

Tanaka E, Hoshi D, Igarashi A, Inoue E, Shidara K, Sugimoto N,
et al. Analysis of direct medical and nonmedical costs for care of
rheumatoid arthritis patients using the large cohort database,
IORRA. Mod Rheumatol. 2013;23:742-51.

Weinblatt M, Combe B, Covucci A, Aranda R, Becker JC,
Keystone E. Safety of the selective costimulation medulator aba-
tacept in rheumatoid arthritis patients receiving background

study.

26.

27,

28,

29.

30.

biologic and nonbiologic discase-modifying antirheumatic drugs:
a one-year randomized, placebo-controlled study. Arthritis
Rheum. 2006;54:2807-16.

Weinblatt M, Schiff M, Goldman A, Kremer ], Luggen M, Li T,
et al. Selective costimulation medulation using abatacept in
patients with active rheumatoid arthritis while receiving etaner-
cept: a randomised clinical trial. Ann Rheum Dis,
2007;66:228-34.

Sakai R, Cho SK, Nanki T, Koike R, Watanabe K, Yamazaki H,
et al, The risk of serious infection in patients with rheumatoid
arthritis treated with tumor necrosis factor inhibitors decreased
over time: a report from the registry of Japanese rheumatoid
arthritis patients on biologics for long-term safety (REAL) data-
base, Rheumatol Int. 2014;34:1729-36.

Sakai R, Komano Y, Tanaka M, Nanki T, Koike R, Nagasawa H,
et al. Time-dependent increased risk for sertous infection from
continuous use of tumor necrosis factor antagonists over three
years in patients with rheumatoid arthritis. Arthritis Care Res
(Hoboken). 2012;64:1125-34,

Schneeweiss §, Setoguchi §, Weinblatt ME, Katz JN, Avorn J, Sax
PE, et al. Anti-tumor necrosis factor alpha therapy and the risk
of serious bacterial infections in elderly patients with rheumatoid
arthritis. Arthritis Rheum, 2007;56:1754-64,

Genovese MC, Covarrubias A, Leon G, Mysler E, Keiserman M,
Valente R, et al. Subcutaneous abatacept versus intravenous aba-
tacept: a phase IIIb noninferiority study in patients with an inad-
equate  response to  methotrexate,  Arthritis  Rheum,
2011;63:2854-64.



httpi/finformahealthcare.com/mor

Japan College of Rheumatolo
o ge of w ISSN 1439-7595 (print), 1439-7609 (online)

MODERN
RHEUMATOLOGY

Mod Rheumatol, 2016; 26{4):491-498
© 2016 Japan College of Rheumatology
DOI: 10.3109/14397595.2015.1123211

Taylor & Francis
Taylor & Francis Group

ORIGINAL ARTICLE

Postmarketing surveillance of the safety and effectiveness of abatacept
in Japanese patients with rheumatoid arthritis

Masayoshi Harigai', Naoki Ishiguro?, Shigeko Inokuma®, Tsuneyo Mimori®, Junnosuke Ryu®, Syuji Takel®,
Tsutomu Takeuchi’, Yoshiya Tanaka®, Yoshinari Takasaki®, Hisashi Yamanaka'®, Masahiko Watanabe'’,
Hiroshi Tamada'', and Takao Koike'*"?

'Graduate School of Medical and Dental Sclences, Tokyo Medical and Dental University, Tokyo, Japan, “Graduate School & Faculty of Medicine,
Nagoya University, Nagoya, Japan, *Chiba Central Medical Center, Chiba, Japan, *Kyoto University Graduate School of Medicine, Kyoto, Japan,
®Nikon University School of Medicine, Tokyo, Japan, SFaculty of Medicine, School of Health Sciences, Kagoshima University, Kagoshima, Japan,
7Kelo University School of Medicine, Tokyo, Japan, BUm‘vers.l'ry of Occupational and Environmental Heaith, Fukuoka, Japan, luntendo University
School of Medicine, Tokyo, Japan, **Tokyo Women's Medical University, Tokyo, Japan, ' Bristol-Myers K.K., Tokyo, Japan, "*NTT Sapporo Medical
Center Minami, Sapporo, Japan, and Hokkaido University Graduate School of Medicine, Sappero, Japan

Keywords

Abatacept, Japan, PMS, Rheumatoid
arthritis, Safety

Abstract

Objective: To perform a postmarketing surveillance study evaluating the safety and effective-
ness of abatacept in Japanese patients with rheumatoid arthritis (RA).

Methods: Safety and effectiveness data were collected for all RA patients (at 772 sites) treated
with intravenous abatacept between September 2010 and June 2011, Patients were treated by
the approved dosing regimen according to the package insert, Treatment effectiveness was
evaluated at baseline and at weeks 4, 12, and 24 using Disease Activity Score 28 (DAS28)
according to erythrocyte sedimentation rate or serum C-reactive protein concentrations.
Resuits: Overall, 3882 and 3016 abatacept-naive RA patients were included in safety and
effectiveness analyses, respectively. Adverse drug reactions (ADRs) were reported for 15.66% of
patients and serious ADRs were detected for 2.52% of patients. The incidence of serious
infections was 1.03% and these were mainly attributed to different types of bacterial
pneumonia. Disease activity improved significantly over 6 months. Separate multivariate
analysis identified predictors of severe ADR, and severe infections and factors predictive of
clinically meaningful DAS28 improvement after 6 months of treatrent with abatacept.
Conclusions: Abatacept was efficacious and well tolerated in a clinical setting. No new safety
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concerns were detected,

Introduction

Rheumatoid arthritis (RA) is a persistent and erosive arthritis with
systemic inflammation that affects the synovial membrane of the
joints, causing erosion of cartilage and bone. Chronic inflamma-
tion can lead to joint deformity, disability, and poor quality of life
[1,2]. A recently published study based on data from a Japanese
claims database reported that the estimated prevalence of RA in
Japan is ~0.6-1.0% (about 1.24 million individuals ranging from
16 to 75 years of age) [3].

According to the updated recommendations of the American
College of Rheumatology (ACR) [4] and the recommendations of
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the European League against Rheumatism (EULAR) [5], the
treatment goal for RA is to achieve low disease activity or
remission using a treat-to-target approach to prevent joint damage
and deformity and preserve physical function and quality of life. In
the Japanese guidelines [6], biologics are recommended when and
if there is lack of response to initial treatment with disease-
modifying anti-rheumatic drugs (DMARDs) over 3 months.
Among biologic agents for the treatment of RA, tumor necrosis
factor (TNF) inhibitors are the most widely used in Japan to reduce
inflammation and prevent joint destruction. However, ~30% of
patients treated with a TNF inhibitor failed to achieve improve-
ment in ACR20 [7-9], and patients may also develop resistance to
anti-TNF agents [10]. Therefore, other biologic agenis such as
abatacept that function via different mechanisms have been
developed as alternatives to anti-TNF therapies.

Joint degradation in RA is caused by an inflammatory cascade
triggered by T-cell activation [11]. Abatacept is a genetically
engineered fusion protein that selectively inhibits T-cell activation
by binding to CD8(/86 and modulating its interaction with CD28.
The safety and efficacy of abatacept in patients with RA who
responded poorly to other biologics or DMARDS, such as TNF
antagonists and methotrexate (MTX), have been shown in several
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randomized, controlled clinical trials (RCTs) [12-14].
Execution of all-cases {(a mandatory registry) postmarketing
surveillance (PMS) was required as a condition of regulatory
approval for all patients in Japan undergoing treatment with
intravenous (IV) abatacept [15]. This surveillance was undertaken
by Bristol-Myers K.K., under the guidance of the Japan College of
Rheumatology (JCR), to evaluate the real-world safety and
effectiveness of abatacept in Japanese patients with RA,

Materials and methods
Study design and patients

In this all-cases PMS, patients treated with IV abatacept at 772
sites were registered between September 2010 and June 2011.
Data on the safety and effectiveness of registered patients were
prospectively collected during a 24-week treatment period and a
4-week follow-up period. All patients with RA who received
commercial IV abatacept in Japan after the drug was approved
were registered for inclusion. With a sample of 3000 patients, the
probability of detecting an unknown rare adverse event {(occurring
at a frequency of 1 per 1000 patients) is 95%. Assuming a dropout
rate of 25%, the target number of patients was determined to be
4000.

Abatacepl was administered as an IV infusion (following the
initial dose, it was given at week 2 and week 4, and then every 4
weeks thereafter). The recommended abatacept dose [15] was
based on the patient’s body weight and was increased in 250mg
increments as follows: weight<60kg, 500mg; 60-100kg,
750 mg; and >100kg, 1000 mg in accordance with the indications
listed in its package insert and the guidelines of the JCR for the
appropriate use of abatacept.

Data collected included age, sex, body weight, disease duration,
Steinbrocker stage and class, past medical history, comorbidities,
prior use of biologics, concomitant use of MTX and other
DMARD:s, and concomitant use of glucocorticoids, non-steroidal
anti-inflammatory drugs (NSAIDs), or other medications, This
PMS was conducted in accordance with Good Postmarketing
Surveillance Practices and the ethical principles stated in the
Declaration of Helsinki. Data collection was performed using both
an electronic data capture system and report forms, depending on
the preference of the researchers at each site. The ethics review
board of each participating site approved the study.

Endpoints and assessments

Data on all adverse events (AEs, defined as any undesirable
experience observed during the use of abatacept in a patient),
serious AEs, adverse drug reactions (ADRs, defined as any
noxious and unintended responses for which a causal relationship
with the use of the drug could not be ruled out), and serious ADRs
(defined as any ADR causing death, that was life-threatening, or
caused hospilalization or prolongation of hospitalization, disabil-
ity, or permanent injury) that occurred during the observation
period (24-week treatment period and 4-week follow-up period)
were prospectively monitored and collected. ADRs were reported
in terms of system organ class using MedDRA versicn 15.0
(Maintenance and Support Services Organization, McLean, VA).

Disease activities were evaluated using Disease Activity Score
28 (DAS28), which takes into account the numbers of tender joints
and swollen joints, general health status (patients’ visnal analog
scale [mm], 0-100), and erythrocyte sedimentation rate (ESR,
mm/h) or serum C-reactive protein concentration (CRP, mg/dL)
[16], before and at weeks 4, 12, and 24 of abatacept treatment.
Both DAS28-ESR and -CRP were divided into four categories
using the same cut-off values (2.6, 3.2, and 5.1) as follows:
remission (DAS28 «<2.6), low disease activity (DAS28 > 2.6 and
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<3.2), moderate disease activity (DAS28 > 3.2 and <5.1), and
high disease activity {DAS28>5.1). Patients were categorized
according to improvement in DAS28 as EULAR good, moderate,
and nonresponders. A good response was defined as an improve-
ment in DAS28 from baseline of < —~1.2 and a DAS28 of <3.2
during follow-up. Patients with score improvements of > —0.6, as
well as those with improvements <—0.6 and >—1.2 plus a
DAS28 of >5.1 during follow-up were defined as nonresponders.
Moderate responders were those with DAS28 improvements from
baseline of < —1.2 and a DAS28 > 3.2 during follow-up and those
with score improvements < —0.6 and > —1.2 plus a DAS28 of
<5.1 during follow-up [16].

Statistical analysis

Data from all patients who received at least one dose of abatacept
were included in the safety evaluation. The incidence rate of
ADRs was determined using descriptive statistics. The cumulative
rates of AEs, ADRs, and drug-retention rates of abatacept were
determined by the Kaplan-Meier analysis, Variables for multi-
variate analysis were selected based on the results of univariate
analysis and degree of medical significance. Effectiveness was
evaluated in all patients for whom DAS28 scores were available
before and afier abatacept treatment, and the last-observation-
carried-forward (LOCF) method was used to impute data for
withdrawals. The abatacept retention rate by the Kaplan-Meier
analysis and paired #tests were used to compare DAS28 scores
change from baseline and week 24. Statistical significance was
defined as p =0.05 (iwo-tailed test). The p values reported in this
manuscript are nominal without adjusting for multiplicity. Data
and statistical analyses were conducted using SAS V.9.2 (SAS
Institute Inc., Cary, NC).

Results
Patient disposition and baseline characteristics

In total, 3985 patients were treated with abatacept, 103 of whom
had been administered abatacept in phase II and III clinical trials
conducted for the new drug application. These 103 patients (i.e.
abatacept non-naive patients), did not meet the objective of this
PMS to evaluate abatacept performance in a real clinical setting
and were excluded; therefore, the number of patients in the safety
analysis was 3882. For the effectiveness evaluation, a further 866
patients were excluded from the 3882 because their DAS data
before abatacept treatment were not available. Table 1 summarizes
the baseline characteristics of patients. The majority of patients
were women (82.3%) with a mean age (+SD) of 61.4 + 12.6 years.
The median disease duration was 8.2 years (IQR 3.3-15.3), and
69.5% of patients had comorbidities. Additicnally, 69.6% of
patients had been exposed previously to biologics other than
abatacept (mainly anti-TNF agents), and 66.3% and 81.2% were
being treated concomitantly with MTX or other DMARD:s,
respectively.

Overall safety and ADRs of interest

A total of 3882 patients with an observation period of 1886.2
patient-years were included in the safety analysis, Serious ADRs
and all ADRs were reported by 2.52% and 15.66% of patients,
respectively (Supplementary Table 1). The majority of the serious
ADRs (1.03%) were categorized as infections and infestations.
Commonly reported categories of all ADRs included infections
and infestations (5.87%); skin and subcutaneous tissue disorders
(2.19%); respiratory, thoracic, and mediastinal disorders (2.16%);
gastrointestinal disorders (1.96%); and hepatobiliary disorders
(1.06%).
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Table 1. Patient demographic and clinical baseline characteristics.

Variables

Effectiveness analysis
set (1 =23016)

Safety analysis
set (n=3882)

Sex (females, %)
Age [mean x SD, years (% =65 years))
Body weight (mean + SD, kg)
Disease duration (median and IQR, years)
Steinbrocker stage VIV (%)
Steinbrocker class 1/2/3/4 (%)
Past medical history (%)
Allergy history (%)
Smoking history (years)
Comorbidities (%)
History of surgery for RA (%)
Prior use of biologics (%)
Concomitant MTX use [% (mean + SD, mg/week)]
Concomitant DMARD use (%)
Concomitant oral glucocorticoid use
[% (mean & SD, PSL equivalent dose, mg/day)]
Concomitant NSAID use (%)
Other concomitant medication use (%)
Baseline DAS28-ESR (mean +5D)
Baseline DAS28-CRP {mean £ SD)

823 82.4
61.4£12.6 (44.1) 61.1+12.8 (43.4)
53.5+10.5 53.6+104
8.2 (3.3-15.3) 8.3 (3.4-15.5)

11,2/26.5/31,3/31.0
11.6/63.7/23.1/1.6

10.8/26.0/31.5/31.6
11.5/63.4/23.5/1.7

29.1 204
19.5 20.2
127 12.8
69.5 69.3
236 23.1
69.6 70.2
66.3 (7.1 +2.7) 66.7 (7.1 £2.6)
81.2 81.0
63.1 (5.0%3.0) 63.0 {5.0£3.0)
69.8 69.3
85.0 85.8
- 507+1.30
- 447+1.23

IQR =interquartile range; PSL = prednisolone; SD = standard deviation.

Table 2. Incidence rates of the most commonly reported adverse drug
reactions (>>0.5%).

PMS (1= 3882)*

ADRst Serious ADRs
ADRs (%) (%)
Upper respiratory tract inflammation 1.21 0.03
Herpes zoster 1.00 0.08
Bronchitis 0.90 0.03
Stomatitis 0.88 0
Nasopharyngitis 0.80 0
Abnormal hepatic function tests 0.75 0.05
Pyrexia 0.62 0
Rash 0.59 0

*1886.20 person-year.
TAll ADR events including serious ADRs.

Table 2 shows the incidence rates of the most commonly
reported ADRs in this PMS. Upper respiratory tract inflammation
was the most common ADR (1.21%), followed by herpes zoster,
bronchitis, stomatitis, nasopharyngitis, abnormal hepatic function
tests, pyrexia, and rash, all with incidences ranging from 0.59% to
1.00%. The incidence of serious ADRs was 0.03% for upper
respiratory inflammation and bronchitis, 0.053% for abnormal
hepatic function tests, and 0.08% for herpes zoster.

A list of ADRs of interest is presented in Table 3. Pneumonia of
different types was reported in 28 patients (0.72%), with mean
treatment duration of 95.8 days, One and four patients developed
tuberculosis (TB; 0.03%) and Pneumocystis pneumonia (0.10%),
respectively. Twelve cases of interstitial pneumonia were reported,
with an incidence rate of 0.31%. There were six cases of
malignancy (0.15%), including two cases of lymphoma and one
case each of gastric cancer, malignant lung neoplasm, colorectal
cancer, and borderline ovarian cancer. Eight deaths (0.21%)
occurred during the PMS, four of which were attributed to
interstitial pneumonia and one case each to bronchopulmonary
aspergillosis, mycosis/acute disseminated encephalomyelitis,
Pneumocystis pneumonia, or pulmonary tuberculosis/tuberculous
peritonitis. Kaplan-Meier analysis was used to assess the cumu-
lative occurrence rates of AEs and ADRs (Supplementary

Figure 1). Occurrences of both AEs and ADRs increased at a
constant rate until Day 197, with a slightly proncunced increase on
Days 14 and 29.

Risk factors for ADRs

Multivariate logistic regression analysis revealed risk factors for
all ADRs and serious ADRs (Figure 1a and b). Factors that
significantly increased the risk for serious ADRs were
Steinbrocker class 3 or 4 (odds ratio [OR] 1.63; 95% class
interval [CI] 1.04-2.55; p=0.034), comorbidity of hepatobiliary
disorders (OR 1.99; 95% CI 1.12-3.55; p=0.020), renal
comorbidity (OR 2.06; 95% Cl 1.03-4.10; p = 0.041), comorbidity
or history of respiratory disease (OR 1.79; 95% CI 1.14-2.80;
p=0.011), peripheral lymphocyte count <1000/mm® (OR 1.76;
95% C11.11-2.78; p = 0.016), and concomitant glucocorticoid use
(>5mg/day of prednisolone) (OR 1.63; 95% CI 1.01-2.62;
p=0.046).

Multivariate logistic regression analysis also revealed signifi-
cant risk factors for infections as follows: age >65 years,
comorbidity of hepatobiliary disorders, comorbidity or history of
respiratory disease, allergy history, prior use of biologics, and
concomitant glucocorticoid use (>3 mg/day of prednisclone)
(Figure lc), and for serious infections: body weight <40kg,
comorbidity or history of respiratory disease, and concomitant
glucocorticoid use (>5 mg/day of prednisolone) (Figure 1d).

Effectiveness

Figure 2 shows the change in DAS28 based on ESR (Figure 2a}
and CRP (Figure 2c) from baseline to week 24. Mean+3D
DAS28-ESR and -CRP at baseline were 5.07+1.30 and
4.47+1.23, respectively, and 3.93+1.40 and 3.25+1.33 at
week 24, respectively. The changes from baseline in DAS28-
ESR and -CRP at week 4 were —0.63+1.03 and —0.73 £ 1.03,
respectively, and—1.14+1.39 and—1.21+1.34 at week 24,
respectively. DAS28-ESR and -CRP atl week 24 were significantly
lower than at baseline (p < 0.001, paired r-tests) (Figure 2b and d).
The DAS28 decreased progressively and significantly throughout
the observation period in both DAS28-ESR and -CRP; however,
the trend was more marked with DAS28-CRP.
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Table 3. Summary and incidences rates of adverse drug reactions of interest.

Adverse drug

n Incidence

Sex

Age
(years)

Duration of
Onset (days)

reactions rates (%) (males/females, n} Mean Min-Max Mean Min-Max Cause of incident
Deaths 8 0.21 3/5 735 61-86 974 30-176 (1) Interstitial pneumonia (n=4)
(2) Bronchopulmenary aspergillosis
(3) Mycosisfacute disseminated encephalomyelitis
(4) Pneumocystis pnenmonia
(5) Pulmonary tuberculosisftuberculous peritonitis
Pneumonia 28 072 7121 662 25-79 958 6-178 (1) Pneumonia (n=18)
(2) Bacterial pneumonia (n = 5}
{3) Bronchopneumonia (n=3)
{4) Pneumococcal pneumonia (1 =2)
Tuberculosis 1 0.03 01 86.0 - 176.0 - Concurrent pulmonary tuberculosis
and tuberculons peritonitis
Pneumaocystispneumonia 4 0.10 1/3 623 6067 643 28-124
Interstitial pneumonia 12 0.31 4/8 733 62-82 1015 22-183
Malignancies 6 0.15 1/5 752 62-83 983 59-127 (1) Lymphoma (n=2)

(2) Gastric cancer

(3) Malignant lung neoplasm
(4) Colorectal cancer

(5) Borderline ovarian cancer

Supplementary Figure 2a and b illustrates the proportion of
patients in each DAS28 category from baseline to week 24. An
increasing trend was observed in the proportion of patients with
remission (<2.6) and low disease activity (>2.6 and <3.2) by both
DAS28-ESR and DAS28-CRP toward the end of the 24-week
treatment period.

Supplementary Figure 2c and d shows the overall EULAR
responses at weeks 4, 12, and 24. An increasing trend was
observed in the proportion of patients that showed good responses
by both DAS28-ESR (from 8,7% at week 4 to 24.3% at week 24)
and DAS28-CRP (from 11.1% at week 4 to 27.5% at week 24) or
moderate responses by both DAS28-ESR (from 33.9% at week 4
to 38.3% at week 24) and DAS28-CRP (33.3% at week 4 to 36.0%
at week 24) toward the end of the 24-week treatment period. The
overall Kaplan—-Meier-estimated drug retention rate of abatacept
decreased slowly and progressively from baseline until the end of
the observation period (Day 169), but remained high at 78.9%
(data not shown).

Separate multivariate analyses for patients with high or
moderate disease activity at baseline were performed to detect
factors predictive of a clinically meaningful DAS28 improvement
after 6 months of treatment with abatacept. Of 773 patients with
high disease activity, DAS28-CRP decreased from <-1.2 at
baseline ({clinically meaningful difference) in 526 patients.
Multivariate analysis revealed that Steinbrocker class 1 and 2
(p=10.029), concomitant MTX use (p=0.003), and positive
serology (ACPA or RF) (p=10.026) were significantly associated
with a decrease in DAS28-CRP (DAS28-CRP of < —1.2) during
abatacept treatrent (Figure 3a). Prior use of two or more biclogics
was associated with not achieving DAS28-CRP <-1.2. Of the
1394 patients with moderate disease activity, 648 achieved a
change in DAS28-CRP of <-1.2 from baseline. On logistic
regression analysis, Stetnbrocker class 1 or 2 (p < 0.001), biologic-
naive (p<0.001), and positive serclogy (RF or ACPA)
(p=0.002) were highly significantly associated with DAS28-
CRP < ~1.2 during abatacept treatment, Concomitant MTX use
was not selected as a variable for the final model (Figure 3b).

Discussion

In this PMS, we evaluated the safety and effectiveness of abatacept
in a clinical practice setting in Japanese patients with RA,

Abatacept was well tolerated, and no new safety concerns were
detected. During the observation period, the indexes of disease
activity of RA decreased significantly, Risk factors for ADRs and
infections, as well as predictors of clinically meaningful improve-
ment in DAS28 (DAS28-CRP change from baseline <—1.2) after 6
months of abatacept treatment, were identified.

In this PMS, serious ADRs and ADRs were reported by 2.52%
and 15.66% of patients, respectively. The incidence rate of serious
infections was not high (1.03%), in particular to various types of
bacterial pnewmonia, which were also the most common serious
ADRs reported in PMS of etanercept [17] and adalimumab [18] in
Japan. The most common ADR was upper respiratory tract
inflammation (1.21%), followed by herpes zoster, bronchitis,
stomatitis, nasopharyngitis, abnormal hepatic function tests,
pyrexia and rash, all with very low incidences (0.59-1.00%).
Furthermore, there were no particular periods of increased overall
AE/ADR incidence rates during the treatment course as observed
in the Kaplan-Meier analyses. In comparison with the ADRs
reported at approval, the ADRs observed at the time of this PMS
did not raise any new safety concerns.

Notably, there was only one case of TB reported in this study.
This finding is also in line with a previous epidemiological
assessment by Simon et al. [19]. Patients to be treated with any of
the biologics approved in Japan are required to go through TB
screening, Therefore, the low incidence rate of TB found in this
PMS suggests that this screening practice was successful for the
diagnosis of pre-existing or concurrent pulmonary infections, such
as TB, when identifying patients that can benefit from abatacept
treatment. However, other PMS studies of biologics in Japan, such
as infliximab [20], etanercept [17], and adalimumab [18], found
higher incidences of TB. It has been reported that the mechan-
ism of action of TNF inhibitors can activate latent TB infections
[21-26]. These findings strongly suggest that TNF is more
important for maintaining a latent TB lesion than the interaction
with CD28-CD80/86. Additionally, physicians, under the auspices
of the JCR, are being educated to screen for TB more thoroughly
than before. As a result, patients with higher TB risk were
excluded from treatment with abatacept.

Based on logistic regression analysis, we identified several
risk factors that were significantly associated with infections and
serious infections. Age >65 years, comorbidity of hepatobiliary
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Figure 1. Multivariate logistic regression analysis revealed risk factors for all (a) ADRs, (b) serious ADRs, (¢) infections, and (d) serious infections.
Candidate variables for multivariate analysis were selected among many others based on their degree of clinical significance and the results of the
univariate analysis. Variable selection for the final model of the multivaniate logistic regression analysis was performed by stepwise methods.

disorders, comorbidity or history of respiratory disease, allergy
history, prior use of biclogics, and concomitant glucocorticoid
use (>5mg/day of prednisolone) were agsociated with a signifi-
cant increase in the risk for infections. Body weight <40kg,
comorbidity or history of respiratory disease, and concomitant
glucocorticoid (>3 mg/day of prednisolone) use were associated
with serious infections. Interestingly, in a recent interimn analysis
of a PMS evaluating the safety of tocilizumab for the treatment

of RA, logistic regression analysis indicated thal respiratory
comorbidities or medical history of respiratory disorders, pred-
nisolone dose >5mg, and age >65 years were significant risk
factors for the development of serious infections [27). Similarly,
a recently published PMS report evaluating the safety and
effectiveness of adalimumab in Japanese patients with RA
identified the concomitant use of glucocorticoids at a prednis-
olone-equivalent dose >35mg/day, age, and pulmonary disease
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Figure 2, Change in disease activity over time in patients treated with abatacept. The last-observation-carried-forward (LOCF) imputation method was
used. (a) DAS28 based on erythrocyte sedimentation rate (DAS28-ESR). (b) DAS28-ESR changes. (¢) DAS28 based on C-reactive protein
(DAS28-CRP). (d) DAS28-CRP changes.
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Figure 3. Multivariate logistic regression analysis revealed factors associated with improved DAS (DAS28-CRP31.2) in patients with (a) baseline
DAS28-CRP45.1, and (b) baseline DAS28-CRP3.,2 and 3,1, Candidate variables for multivariate analysis were selected among many others based on
their degree of clinical significance and the results of the univariate analysis. Variable selection for the final model of the multivariate logistic regression
analysis was performed by stepwise methods.
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history or comorbidity as risk factors for infections, serious
infections, and serious respiratory infections [28]). In the same
report, co-existing diabetes mellitus and concomitant MTX at a
dose of >8mg/week were also found to increase the risk of
infections and serious infections [28]. Conversely, these factors
were not found to increase the risk of infections or serious
infections among patients treated with abatacept in this study.
These data indicated that respiratory comorbidity and taking
prednisolone >5mg/fday are common risk factors for serious
infection when receiving these biologics, whereas each biologic
has its own risk factors. Patients should be evaluated carefully
prior to abatacept treatment for the identified risk factors to
evaluate benefit-risk balance.

The drug retention rate of abatacept treatment was ~80% in this
PMS [29]. As the patients in the study cohort had a mean age of 61
years and long disease duration, RA was generally established and
accompanied by comorbidities. Additionally, 70% of patients had
a history of use of biologics, and these patients are usually difficult
to treat; nonetheless, the majority of patients in this PMS
experienced significant improvement in DAS28-ESR and -CRP
by the end of the 6 months treatment, The effectiveness data were
similar to findings in a recently published retrospective study by
Tanaka et al. [30] of Japanese patients with RA treated with
abatacept for 24 weeks. They reported that DAS28-ESR signifi-
cantly decreased from baseline to week 24 (from 52+1.4 to
3.9+ 1.4) [30). Similar findings were reported by Niillein et al.
[31,32] in European and Canadian populations,

Multivariate logistic regression analysis indicated that
Steinbrocker class 1 or 2, concomitant MTX use and positive
serology (RF or ACPA) in patients with high disease activity, and
Steinbrocker class | and 2 and positive serology (RF or ACPA) in
patients with moderate disease activity were the factors signifi-
cantly associated with an improvement of DAS28-CRP<~1.2,
Fewer biological treatment failures reported previously were also
predictive of better response to treatment with abatacept. These
findings are in line with a recent observational registry on
abatacept treatment, which suggested that patients with seroposi-
tive RA status may have better responses to abatacept, independ-
ent from disease activity [29,33],

This PMS had several limitations, including a short observation
period, absence of comparators, and lack of functional and
structural endpoints. However, the results of this 6-month PMS
demonstrate the only real-world, prospective, powered-for-safety
study of abatacept in patients with RA. Abatacept was well
tolerated in clinical practice, and no new safety concerns were
detected. This study also demonstrated that less exposure to
biologics and positive serology were associated with a good
clinical outcome. The findings of this PMS should be helpful in
considering the appropriate use of abatacept in Japanese patients
with RA.
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Abstract Keywords

Introduction: We aimed to identify causes of false-positives in ultrasound scanning of synovial/

tenosynovial/bursal inflammation and provide corresponding imaging examples, Ultrasound
Methods: We first performed systematic literature review to identify previously reported causes .
of false-positives. We next determined causes of false-positives and corresponding example  History

images for educational material through Delphi exercises and discussion by 15 experts who
were an instructor and/or a lecturer in the 2013 advanced course for musculoskeletal
ultrasound organized by Japan College of Rheumatology Committee for the Standardization of
Musculoskeletal Ultrasonography.,

Resuits: Systematic literature review identified 11 articles relevant to sonographic false-positives
of synovial/tenosynovial inflammation. Based on these studies, 21 candidate causes of false-
positives were identified in the consensus meeting, Of these items, 11 achieved a predefined
consensus (> 80%) in Delphi exercise and were classified as follows: (I} Gray-scale assessment
[(A) non-specific synovial findings and (B} normal anatomical structures which can mimic
synovial lesions due to either their low echogenicity or anisotropyl; (I Doppler assessment [(A)
Intra-articular normal vessels and (B) reverberation)]. Twenty-four corresponding examples with
49 still and 23 video images also achleved consensus.

Conclusions: Our study provides a set of representative images that can help sonographers to
understand false-positives in ultrasound scanning of synovitis and tenosynovitis.
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Introduction

Musculoskeletal ultrasonography visualizes inflammation in the
synovial tissues as synovial hypertrophy with or without Doppler
signals inside or as synovial fluid [1]. A number of studies have
shown that ultrasound detects synovial inflammation more

*Members of the Japan College of Rheumatology Commitice for the
Standardization of Musculoskeletal Ultrasonography (JCR-CoSMUS).
Correspondence to: Kei lkeda, Department of Allergy and Clinical
Immunology, Chiba University Hospital, 1-8-1 Inohana, Chuo-ku, Chiba-
shi, Chiba 260-8670, Japan. Tel: +81 432262198, Fax: +81 432262199.
E-mail: K.Ikeda@faculty.chiba-u.jp

sensitively than does clinical joint examination [2-3] and ultra-
sound-detected synovitis correlates well with magnelic resonance
imaging (MRI} [4,6~8] and histopathological findings [9,10]. As
synovial inflammation is the most characteristic pathophysiology
of rheumatoid arthritis (RA), sonographic assessment of synovial
inflammation has been shown to improve the accuracy of
diagnosis [LI-16], optimize the assessment of disease activity
[15,17-22], predict relapse after discontinuation of biological
treatment [23], and also improve the physicians’ joint examination
skill [24] in the management of RA. Therefore, a rapidly
increasing number of rheumatologists now use ultrasound for
the assessment of synovial inflammation in daily practice, training,
and education [25].
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One of the advantages of ultrasound over other imaging
modalities is its flexibility. In order to visualize highly poly-
morphic synovial lesions in various joints in patients under
various conditions, the transducer of ultrasound can be placed at
any joints, from various angles, using a variety of dynamic
procedures {(e.g. joint movement and applying pressure). The
downside, however, is that this flexibility allows for variable
imaging planes under variable conditions, which can result in
variable interpretation of the same joint lesion, necessitating the
standardization of the image acquisition and interpretation.

Japan College of Rheumatology Committee for the
Standardization of Musculoskeletal Ultrasonography (JCR-
CoSMUS) has previously shown that the sonographic assessment
of milder synovial inflammation is less reproducible than that of
more severe synovial inflammation even among experts with
training and experience [26]. These data indicate that the
assessment of mild or equivocal images is frequently affected
by artifacts and within-normal/non-specific findings and may
explain the limited specificity of low-grade sonographic findings
for synovitis reported in recent studies [27-29]. Because joints
with mild or equivocal inflammation are the ones where imaging
plays a significant role in the management of rheumatic condi-
tions, these sonographic false-positives need to be characterized
for sonographers to discriminate between normal and arthritic
joints and maximize the utility of ultrasound. However, no studies
have systematically identified the causes of false-positives in
imaging synovial inflammation with ultrasound.

The present study was undertaken by JCR-CoSMUS, aiming to
identify causes of false-positives in ultrasound scanning of
synovial/tenesynovial/bursal inflammation and provide a set of
example images which represent the false-positives. For this
purpose, we performed systematic literature review and built
consensus through Delphi exercises and discussion.

Methods
Systematic literature review

We searched for original articles in English concerning humans,
published between January 1985 and December 2013, and relevant
to the false-positives in the sonographic evaluation of synovial
inflammation using PUBMED and EMBASE databases. We first
used the term, (synovitis OR tenosynovitis OR bursitis) AND
(sonography OR ultrasound) AND (pitfall OR false positive),
which identified a limited number of anticles. Therefore, we next
used the broader term, (synovitis OR tenosynovitis OR bursitis)
AND (sonography OR ultrasound). Titles, abstracts, and full reports
of articles identified were systematically sereened for inclusion by
two authors (Jkeda and Nakamura). We only included articles with
data which identify the factor related to false-positives. Data were
extracted from the selected articles using a standardized spreadsheet
with particular attention paid to the following: (1} Who were the
study subjects (e.g. healthy volunteers)? (2) Which joints were
assessed? (3) What was the gold standard or comparator?

Consensus meeting and Delphi process

The consensus meeting was held during the JCR advanced course
on musculoskeletal ultrasound in Tokyo in September 2013.
Fifteen experts in musculoskeletal ultrasound (Tkeda, Narita,
Ogasawara, Ohno, Kawahito, Kawakami, Ito, Matsushita,
Suzuki, Misaki, Ogura, Kamishima, Seto, Nakahara, Kaneko),
who were an instructor and/or a lecturer in the JCR advanced
course, participated the consensus meeting and the Delphi
processes. In the meeting, candidate factors, which possibly
cause false-positives in the sonographic evaluation of synovial
inflammation, were identified based on the preliminary results of
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Figure 1. Flow chart of article selection. Shown in the box is the number
of articles. The chart starts with the search results in the PUBMED and
EMBASE databases from January 1985 to December 2013 using the terms
(synovitis OR tenosynovitis OR bursitis) AND (sonography OR ultra-
sound) filtered for human research.

Excluded by reading abstract

systematic literature review and also on their knowledge and
experience. The first Delphi process was undertaken 1o determine
the final items from these candidates. The participants were asked
in questionnaire whether these factors should be presented as
pitfalls in educational materials and asked to rate their level of
agreement or disagreement with each candidate. The second
Delphi process asked the participants whether the sample ultra-
sound images were appropriate. Each Delphi process took one
round, in which participants were asked to answer according to a
1-5 Likert scale (1 =strongly disagree; 5=strongly agree) and
were also asked for the reason when the answer was not 5. Space
for additional free comments was also provided. We predefined
that group consensus was achieved when 80% or larger proportion
of participants scored an item as 4 or 5.

Ultrasound images

Representative ultrasound images, which illustrate the identified
causes of false-positives, were collected. All images were obtained
from asymptomatic joints in healthy subjects using a HI VISION
Avius with a linear array multi-frequency transducer (5—18 MHz
for GS) (Hitachi Medical Corporation, Tokyo, Japan). Power
Doppler images were obtained with a pulse repetition frequency of
800 Hz and a color gain of 40 dB.

Results
Systematic literature review

The first search identified a total of 17 articles, of which 11 were
original articles in English. Six of these 11 articles were relevant to
the topic, The second search identified a total of 1329 articles, of
which 828 were original articles in English (Figure 1). Screening
process, however, identified only 11 articles that are relevant to
sonographic false-positives of synovial/lenosynovial inflammation
and none for bursitis [30-40].

As shown in Table 1, three articles studied only patients with
pain or arthritic conditions, three only healthy volunteers, four
both patients and healthy volunteers, and one healthy volunteer
and a cadaveric specimen. Patients studied were mostly those with
RA. The earliest four studies performed ultrasound on large joinis
in patients and compared the findings with other imaging
techniques such as computed tomography (CT), MRI, and
arthroscopy. More recent studies focused on smaller joints in
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Tuable 1. Causes of false positives identified in the systematic literature review.

False-positives in ultrasound scanning 11

Year Author Study subjects Joints assessed Comparator Cause of false-positive
1989 Egund Children with painful hips Hip CT Obliquity of the scanning plane
2003 Soini RA patients and healthy Hip MRI Thickening of capsule
volunteers
2003 Fiocco RA and PsA patients Knee Arthroscopy Blooming artifact after contrast-
enhancement
2004 Karim RA patients Knee Arthroscopy Small amount of synovial fluid
2004 Terslev Healthy volunteers (n=27) P, PIP, MCP, and first None Nommal blood vessels
CMC joints
2007 Ellegaard Healthy volunteers (n=24)  DIP, IP, PIP, MCP joints None Thickening of synovium or
collateral ligaments
2007 Robertson Healthy volunteers (n=50)  Extenser tendon sheaths of  None Anisotropy of retinaculum
and a cadaveric specimen wrist
(n=1)
2009 Luukkainen Healthy volunteers (n=50) MTP and talocrural joints None Small amount of synovial fluid
2011 Millot RA patients {n=127) and Second to fifth MCP and None Low grade synovial thickening
agefsex-matched healthy MTP joints
volunteers (n=127)
2013 Magni-Manzoni JIA patients (i1 =39) and 1P, PIP, MCP, wrist, elbow, None Low grade joint effusion and
healthy children (1 =39) knee, ankle, MTP, and low grade synovial hyper-
foot IP joints plasia, particularly in knee
and MTP joints
2013 Sant’Ana Petterle  RA patients (n=350) and Ankle and MTP joints None Low grade synovial thickening,

healthy volunteers
(n=150)

particularly in first MTP and
tatonavicular joints

CT, computed tomography; RA, rheumatoid arthritis; JIA, juvenile idiopathic arthritis; MRI, magnetic resonance image; PsA, psoriatic arthritis; IP,
interphalangeal; PIP, proximal interphalangeal; MCP, metacarpophalangeal; CMC, carpometacarpal; DIP, distal interphalangeal; MTP,

metatarsophalangeal,

healthy subjects and reported non-specific findings and technical
pitfalls. Most of the studies reported false-positives in the gray-
scale evaluation of intra-articular synovitis, whereas one study
reported that in the gray-scale evaluation of tenosynovitis and two
studies reported those in the Doppler assessment of intra-articular
synovitis. These results indicate that both non-specific findings
and technical/interpretational pitfalls can cause false-positives in
gray-scale and Doppler assessment of intra- and extra-articular
synovial inflammation.

Consensus-based identification of causes of false-positives

Given the preliminary results of systematic literature review, a
wide variety of candidate causes of false-positives were proposed
and discussed in the consensus meeting. Twenty-one candidates
were identified, which included 15 items for gray-scale assessment
and six for Doppler assessment (Table 2).

In the Delphi process, predefined consensus (>80%) was
achieved in 11 of 21 items (Table 2}, For all of the 10 items which
did not achieve consensus, the major reason for disagreement was
that the item is too rudimentary and hardly causes false-positives
in practice.

The 11 items, which achieved consensus, are listed in Table 3.
These items are classified as factors related to false-positives in
gray-scale assessment and those in Doppler assessment. Gray-
scale items are further classified as non-specific synovial findings
and normal anatomical structures, which can mimic synovial
lesions due to either their low echogenicity or anisotropy.
‘‘Reverberation/mirror image artefact’”” was rephrased as
*‘Reverberation™ because a couple of participants pointed out
that the major explanation for this artifact which appears below
strong Doppler signal is reverberation instead of mirror image and
all participants agreed with this correction.

Representative ultrasound images

We next collected ultrasound images which represent 11 identified
factors related to false-positives. Twenty-seven examples with a

Table 2. Rating and agreement in expert panel on candidate causes of
false-positives which should be presented as pitfalls in educational
materials,

Items Rating (1-5)

Mean % Agreement (=4)

Gray-scale assessment

Non-specific thickening of 4,60 93.3
synovial membrane*
Non-specific fluid collection* 4,79 93.3
Hyaline cartilage 3,79 66.7
Muscle 447 933
Intra-capsular connective tissues*® 433 80.0
Fibrocartilage 4,53 93.3
Ligament* 4.73 93.3
Pulley 440 93.3
Retinaculum* 473 93.3
Tendon 4,87 100.0
Acoustic shadow 3.20 333
Inappropriately short distance 3.80 53.3
from transducer
Inappropriate focus placement 3.67 66.7
Inappropriately low gain setting 3.80 66.7
Inappropriate frequency setting 3.80 66.7
Doppler assessment
Extra-articular normal vessels* 4.27 73.3
Intra-articular normal vessels* 4.60 86.7
Motion artifact 3.60 60.0
Blooming artifact 4.27 73.3
Reverberation/mirror image artifact 4,53 93.3
Inappropriately high Doppler gain setting  3.53 60.0

*Candidate causes identified by systematic literature review. Other
candidates were identified by discussion.

total of 55 still images and 26 video clips were obtained. In the
second Delphi process, two examples did not reach predefined
consensus agreement and three examples were excluded (Table 4).
Representative example images are shown in Figures 2 and 3. All
examples and video images are available as the Supplementary
material.
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Table 3. Systematic classification of factors which cause false-positives in
sonographic evaluation of synovial inflammation,

(I) Gray-scale assessment
(A) Non-specific synovial findings
(1) Non-specific thickening of synovial membrane
(2) Non-specific fluid collection
{B) Normal anatomical structures which can mimic synovial lesions
due to either their low echogenicity or anisotropy
(1) Intra-capsular connective tissues
(2) Fibrocartilage
(3) Ligament
(4) Pulley
(5) Retinaculum
(6) Tendon
(7) Muscle
(1) Doppler assessment
(A) Intra-articular normal vessels
(B) Reverberation

Discussion

In this study, we identified factors related to false-positives in
ultrasound scanning of synovilis and tenosynovitis by systemalic
literature review, consensus exercise, and discussion. Furthermore,
we provide a set of example images, which represent the identified
false-positives. These images can be a unique educational material
for increasing the awarcness of false-positives in ultrasound
scanning of synovitis and tenosynovitis,

The results of systematic literature review indicate that both
non-specific findings and technical pitfalls can cause false-
positives in gray-scale and Doppler assessment of intra- and
extra-articular synovial inflaimmation (Table 1). However, JCR-
CoSMUS members and experts in this field considered that these
research-based false-positives identified in the literature did not
cover all pitfalls we encounter in daily ultrasound examination, In
fact, 5 of 11 items in the final list were ones which had not been
reported in original articles in the literature but were considered
important by the panel,

In the evaluation of synovitis, synovial fluid and hypertrophy are
defined as “‘abnormal hypoechoic or anechoic-intraarticular mater-
ial that is displaceable and compressible, but does not exhibit
Doppler signal' and ‘‘abnormal hypoechoic intraarticular tissue
that is nondisplaceable and poorly compressible and which may
exhibit Doppler signal’’, respectively [1]. Similar definitions also
apply to tenosynovitis [13,21,23,41-43]. Therefore, normai amount
of synovial fluid and nen-specific hypoechoic thickening of
synovium/tenosynovium detected in the majority of non-arthritic
joints in healthy subjects should not be considered as pathologic or
clinically significant. In fact, 6 of 11 causes of false-positives
identified in the literature refer to non-specific synovial fluid or
thickening (Table 1) [33,35,37—40]. In addition, although not
included in our systematic literature review, Hiraga et al. recently
demonstrated that non-arthritic metatarsophalangeal (MTP) joints
usually exhibit intraarticular lowechoic area on ulirasound in the
dorsal aspect [44]. Ten Cate also demonstrated that a small anechoic
area 15 frequently observed at the distal portion of second
metacarpophalangeal (MCP) joints in non-arthritic subjects [43].
Whether these non-specific synovial fluid and thickening should be
rated as grade 0 or grade =1 in semiquantitative scoring system is
an important matter of debate. Grading any detectable synovial fluid
and thickening allows for more sensitive and consistent assessment,
while assessment which only grades pathologic ones is more
specific to rheumatic conditions.

Other articles had reported a technical pitfall (i.e. anisotropy)
[30,36] and misinterpretation of non-synovial structure [31,35,36]
that cause false-positives. These data demonstrate that any
anatomical structures and any technical artifacts that exhibit
hypoechogenecity in the vicinity of synovial tissues can cause

Med Rheumatol, 2016; 26(1): 9-14

Table 4. Rating and agreement on candidate examples with still- and
video-images which represent causes of false-positives in sonographic
evaluation of synovial inflammation.

Causes of Rating (1-5)

false-positives

Example Number
number of video

clips
Mean % Agreement (>4)
I-A-1
Non-specific thickening 1 0 4.91 100
of synovial membrane 2 0 491 100
3 1 4.73 100
4 1 4.64 91.7
I-A-2
Non-specific fluid collection 1 0 4.55 83.3
2 | 473 100
I-B-1
Intra-capsular connective 1 1 4.64 100
tissues 2 1 373 38.3%
I-B-2
Fibrocartilage 1 1 473 91.7
2 1 4,82 100
I-B-3
Ligament I 1 4.64 100
2 1 4.55 91.7
I-B-4
Pulley 1 1 4,73 100
I-B-5
Retinaculum 1 2 491 100
2 1 4,73 91.7
3 1 4,55 83.3
I-B-6
Tendon 1 2 473 100
2 1 4.82 100
3 1 473 91.7!
4 1 427 75.0t
I-B-7
Muscle 1 1 5.00 100
2 1 4.73 91,7
3 1 4.82 100
1A
Intra-articular normal i H 5.00 100
vessels 2 i 4.82 100
I-B
Reverberation [ 1 4.55 91.7
2 1 4.55 9i.7

*Excluded from the final examples because % agreement did not reach the
predefined value,

tExcluded altogether because % agreement for the transverse view did not
reach the predefined value.

false-positives in the gray-scale evaluation of synovitis/tenosyno-
vitis, Therefore, we comprehensively included such structures,
artifacts, and inappropriate machine settings as candidate pitfalls in
the first Delphi process (Table 1), However, hyaline cartilage,
acoustic shadow, and all inappropriate machine settings were
considered oo rudimentary by a significant proportion of expert
panel and did not reach consensus (Table 1), while some members
thought they are still important for the beginners. We all agreed
that all sonographers should have good knowledge on anatomical
structures of and around the joint not to confound normal low-
echoic structure with gray-scale synovitis and should also find an
imaging plane that demonstrates as little anisotropy as possible.
For Doppler assessment, two previous reports on false-positives
were identified [7,32]. We excluded the blooming artifact after
contrast-enhancement [32] from the first Delphi process since we
do not use contrast-enhancement in daily practice. In addition to
the intra-articular normal vessels reported by Terslev et al. [7], we
included extra-articular normal vessels, three types of Doppler
artifacts, and inapproprately high Doppler gain setting as
candidate pitfalls in the first Delphi process, in which consensus
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Figure 2. Representative images of non-specific thickening of synovial
membrane. Dorsal aspect of metatarsophalangeal joint in the right first toe,
longitudinal view. (A) gray-scale image and {B) power Doppler image.
Asterisks indicate non-specific thickening of synovial membrane.

Figure 3. Representative images of reverberation mimicking synovial
Doppler signals, Dorsal aspect of the left first metacarpophalangeat joint,
longitudinal view. (A) gray-scale image and {B) power Doppler image.
Arrows indicate reverberation on the hyaline cartilage due to superficial
artery (see also Video 22),

was only achieved on two items (Table 1). Given that Doppler
assessment influences the sonographic evaluation of overall
activity of synovitis more significantly than does gray-scale
assessment [26], at Ieast these two pitfalls should be well known to
sonographers who scan joints for this purpose,

False-positive due to intra-articular normal vessels can be
avoided to some extent by knowing where in the joint normal
vessels are usually identified and by not considering Doppler
signals outside synovial hypertrophy as pathological blood flow
due to synovitis/tenosynovitis. As advanced technology constantly
increases sensitivity to detect very slow blood flow in normal
joints, whether very mild Doppler signals inside synovial hyper-
trophy should be considered as pathological has become an
important issue of debate. False-positive due to reverberation can
be avoided by (1) scanning with a region of interest for the
Doppler mode covering the superficial area not to overlook blood
vessels, (2) scanning with multiple imaging planes to distinguish
whether the Doppler signals are only present or increased below
the blood vessels (Supplementary Figure and Videos 22 and 23),
and (3) finding an optimal imaging plane on which blood vessels
are not present above the structure if possible.

Although we provide representative still and video images that
illustrate major factors related to false-positives in the sonographic
evaluation of synovial inflammation, these images and videos do not
cover all pitfalls that are characteristic or specific to each joint region.
However, the structured list of factors related to false-positives

False-positives in ultrasound scanning 13

determined by consensus in our study (Table 3) can be utilized as
framework to further identify and classify joint-specific pitfalls.

In conclusion, our study provides a set of representative images
that can help sonographers to understand possible false-positives
in the evaluation of synovial/tenosynovial inflammation and also
provides framework to develop joint-region-specific pitfall atlases,
Increased awareness of false-positive pitfalls by our study would
improve the specificity of ultrasound-detected inflammation in
synovial tissues and further maximize the benefits of musculo-
skeletal ultrasound in the management of rheumatic conditions.
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The first double-blind, randomised, parallel-group
certolizumab pegol study in methotrexate-naive
early rheumatoid arthritis patients with poor
prognostic factors, C-OPERA, shows inhibition

of radiographic progression

Tatsuya Atsumi,’ Kazuhiko Yamamoto,? Tsutomu Takeuchi,> Hisashi Yamanaka,*
Naoki Ishiguro,” Yoshiya Tanaka,® Katsumi Equchi,” Akira Watanabe,®

Hideki Origasa,® Shinsuke Yasuda,' Yuji Yamanishi,'® Yasuhiko Kita, "

Tsukasa Matsubara,'* Masahiro lwamoto, ' Toshiharu Shaji,'* Toshiyuki Okada, '
Désirée van der Heijde,'® Nobuyuki Miyasaka,'” Takao Koike''®

ABSTRACT

Objectives To evaluate efficacy and safety of
combination therapy using certolizumab pegol (CZP) and
methotrexate (MTX) as first-line treatment for MTX-
naive, early rheurnatoid arthritis (RA) with poor
prognostic factars, compared with MTX alone.
Methods MTX-naive, early RA patients with

<12 months persistent disease, high anti-cyclic
citrullinated peptide, and either rheumatoid factor
positive and/or presence of bone erosions were enrolled
in this multicentre, double-bind, randomised placebo
(PBO)-controlled study. Patients were randomised 1:1 to
CZP+MTX or PBO+MTX for 52 weeks. Piimary endpoint
was inhibition of radiographic progression (change from
baseline in modified Total Sharp Score (mTSS CFB)) at
week 52. Secondary endpoints were mTSS CFB at week
24, and clinical remission rates at weeks 24 and 52.
Results 316 patients randomised to CZP+MTX
(n=159) or PBO+MTX (n=157}) had comparable baseline
characteristics reflecting features of early RA (mean
disease duration: 4.0 vs 4.3 months; Disease Activity
Score 28-joint assessment (DAS28)) (erythrocyte
sedimentation rate (ESR)); 5.4 vs 5.5; mTSS: 5.2 vs 6.0).
CZP+MTX group showed significantly greater inhibition
of radiographic progression relative to PBO+MTX at
week 52 {mTSS CFB=0.36 vs 1.58; p<0.001) and week
24 (mTSS CFB=0.26 vs 0.86; p=0.003). Clinical
remission rates (Simple Disease Activity Index, Boolean
and DASZ8 (ESRY) of the CZP+MTX group were
significantly higher compared with those of the PBQ
+MTX group, at weeks 24 and 52. Safety resuits in bath
groups were similar, with no new safety signals observed
with addition of CZP to MTX,

Conclusions In MTX-naive early RA patients with poor
prognostic factors, CZP+MTX significantly inhibited
structural damage and reduced RA signs and symptoms,
demonstrating the efficacy of CZP in these patients. .
Trial registration number (NCTG1451203).

INTRODUCTION
The emergence of biological agents targering
inflammatory cytokines such as tumour necrosis

factor (TNF), which play key roles in the pathogen-
esis of rheumatoid arthritis {RA), has been of great
importance. The effectiveness of these agents at
inhibiting joint damage progression, in addition to
providing symptom relief, has brought a paradigm
shift to RA treatment.! Since joint damage progres-
sion is rarely reversible,® * earlier treatment with
effective drugs would be relevant in clinical
practice.

Treatment guidelines and recommendartions pub-
lished by the European League Against
Rheumatism (EULAR), the American College of
Rheumarology {ACR) and the Japan College
of Rheumatology recommend that all patients with
RA should be treated with conventional synthetic
disease-modifying antirheumatic drugs
(esDMARDs) from the point of diagnosis.*-
Methotrexate (MTX), either as monotherapy or in
combination with other ¢sDMARDs, should be
given first-line unless contraindicated. For patients
at risk of rapid disease progression, addition of a
biologic can be considered if treatment targets are
not achieved using csDMARDs alone. Earlier rec-
ognition of RA has become possible for many
patients by application of the 2010 ACR/EULAR
classification criteria.” ® Ultimately, early diagnosis
and intervention with effective therapeutics maxi-
mises the chance of preventing joint damage pro-
gression in order to maintain quality of life.®

Certolizumab pegol (CZP) is a humanised
anti-TNF antibody fragment conjugared to poly-
ethylene glycol, approved for treatment of inflam-
matory diseases, including RA. Efficacy and safety
of CZP in established RA has been demonstrated in
several studies'®™!3 bur is previously unreported in
MTX-naive early RA.

Herein, we conducted the Certolizumab-
Oprimal Prevention of joint damage for Early RA
(C-OPERA) study, designed to include MTX-naive,
early RA patients with poor prognostic factors. The
study was double-blind (DB) for 1 year, with either
CZP or placebo (PBO) administered concomitantly
with MTX. Following this, the trial was open label

BM)
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for another year, whereby completers of the DB period were
maintained on MTX monotherapy after discontinuing CZI
This report comprises results from the 1-year DB period.

METHODS

Patients

Eligible patients were 20-64 years old with RA fulfilling the
2010 ACR/EULAR classification criteria. Patients had
<12 months of persistent arthritic symptoms, at least moderate
disease activity (Disease Activity Score 28-joint assessment
(DAS28) with erythrocyte sedimentation rate (ESR) >3.2) and
were MTX-naive, In addition, patients had poor prognostic
factors: high anti-cyclic citrullinated peptide (anti-CCP) anti-
body (>3 x upper limit of normal (ULN)) and either positive
rheumatoid factor {RF) and/or presence of bone erosions (based
on radiographs of hands/feet, assessed by the investigator at
each study site). Patients with high risk of infection (current use
of antibiotics, history of serious/chronic infection treated by
antibiotics within 6 months) or history of/active tuberculosis or
malignancy, and patients previously exposed to MTX, lefluno-
mide or biological DMARDs were excluded.

Study design

C-OPERA, a phase III mulricentre study (NCT01451203), was
DB and PBO-controlled to week 52, with a subsequent 52-week
follow-up period when patients received MTX monotherapy.
Patients were randomised 1:1 to either CZP+MTX or PBO
+MTX (MTX monotherapy) via an interactive web-response
system. Drug administration was performed by dedicated non-

blinded persons due to distinguishability of CZP from PBO;
however, these personnel were not permitted to engage in other
study activities to maintain blinding. Al investigators and
healthcare professionals involved in safety/efficacy assessments
were blind to study medications. Study drugs were subcutane-
ously administered as a loading dose of CZP 400 mg or PBO at
weeks 0, 2 and 4, followed by CZP 200 mg or PBO every two
weeks from week 6 to week 50. Oral MTX (8 mg/week) was
initiated simultaneously,. MTX dose was increased to 12 mg/
week at week 4, 16 mg/week at week 8§ and maintained at
16 mgfweek thereafter. As per protocol, dose escalation of
MTX could be postponed only for safety concerns or due to
adverse events (AEs), in which case the dose was maintained at
the highest tolerable dose. Patients who did not achieve an
improvement of symptoms at or after week 24, that is, if moder-
ate or higher disease activity (DAS28 (ESR) >3.2) persisted
>4 weeks, in either trearment arm, were eligible to receive
rescue treatment with open-label CZP after discontinuing DB
period. Co-administration of any DMARD except MTX was
prohibited during the study.

The study was conducted from QOctober 2011 to August 2013
at 73 sites in Japan after approval by the Institutional Review
Board designated by each site, in compliance with ethical princi-
ples of the Declaration of Helsinki and Good Clinical Practice.
All patients provided written informed consent.

Efficacy assessments
The primary efficacy endpoint was inhibition of joint damage
progression, assessed as change from baseline (CFB) in van der

Randomised
n=319
Discontinued prior to study drug
(CZP+MTX n=2, PBO+MTX n=1)
Study drug
administered (FAS)
n=316

€ZP+MTX
n=159 (100%)

Discontinued
n=12 (7.5%)
Consent withdrawn 2
Lack of efficacy 0
Adverse events 9
Other 1

Moved to rescue*
n=36 (22.6%)

52-week DB
completed

n=111 (69.8%)

Figure 1

PBO+MTX
n=157 (100%)

Discontinued
n=14 (8.9%)
Consent withdrawn 3
Lack of efficacy 1
Adverse events 6
Other 4

Moved to rescue*
n=70 {44.6%)

52-week DB
completed

n=73 (46.5%)

Patient disposition. *Patients who did not achieve an improvement of RA symptoms (defined as the persistence of DAS2B]ESR] =3.2 for

4 weeks or longer) after Week 24 were eligible to withdraw from DB and mave to rescue treatment with open label CZP. CZP, certolizumab pegal;
DAS28, Disease Activity Score 28-joint assessment; DB, double blind; ESR, erythrocyte sedimentation rate; FAS, full analysis set; MTX, methotrexate;

PBO, placebo; RA, rheumatoid arthritis.
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Heijde modified Total Sharp Score (mTSS) at week 52. The
same measure at week 24 was a secondary efficacy endpoint,
mTSS was evaluated by two independent readers in accordance
with previously reported methods."? '* In addition to mT$8$
CFB, non-progression (defined: mTSS CFB <0.5) and the rapid
radiographic progression rate (RRP; defined: yearly progression
(YP) >5)'¢ 17 were analysed. Other secondary efficacy endpoints
included clinical remission rates, assessed by ACR/EULAR cri-
teria (Simple Disease Activity Index (SDAI)-based and
Boolean-based) and DAS28 (ESR) at weeks 24 and 52.

Signs and symptoms were assessed by clinical remission rates
(SDAI, Boolean and DAS28 (ESR)), functional remission rares
(Health Assessment Questionnaire Disability Index (HAQ-DI))
and ACR20/50/70 responses, evaluated at each time point.

Safety assessments

All undesirable events during the DB period were recorded as
AFs or serious AEs, Safety was evaluated by laboratory tests
(haemarological, blood chemistry, urinalysis), chest radiographs
and ECGs.

Statistical analyses

Sample size was based on expected difference in mTSS CFB at
week 52 berween CZP and PBO groups of 2.57£6.75.
Verification of superiority of CZP+MTX over MTX monother-
apy for primary endpoint would then have 90% power at a two-
sided significance level of 59 with 146 patients per group (thus
the planned number was 150 patients).

Primary analyses used the full analysis set, defined as patients
who received =1 dose of study drug and provided any efficacy
data thereafter. For the imputation of missing data, linear
extrapolation was used for mTSS and last observation carried
forward used for other efficacy variables. Non-responder imput-
ation was added as a sensitivity analysis for clinical remission
analyses. For the primary endpoint, an analysis of covariance
(ANCOVA) model was used for mTSS CFB by converting mea-
sured values to rank scores and using treatment group as a
factor and baseline rank score as a covariate. Fisher’s exact test
was used for analyses of non-progression, RRP in mTSS, clinical
remission and ACR20/50/70 response.

RESULTS

Patient baseline demographics/characteristics

Of 319 patients randomised, 316 (159, CZP+MTX; 157, PBO
+MTX) received study drug. Of these, 111 patients (69.8%) in
the CZP+MTX group and 73 patients (46.5%) in the PBO
+MTX group completed the 52-week DB period (figure 1).
Fewer PBO+MTX patients completed DB period than CZP
+MTX patients, mainly due to the increased number of discon-
tinuations {figure 1).

Treatment groups were generally balanced with respect to
demographic and baseline characteristics (table 1). Overall,
patients” mean age was 49 years (range 21-64 years). Mean RA
duration (time from onset of persistent arthritic symptoms} was
approximately 4 months in both groups. All patients had high
titre (=3 times ULN) anti-CCP antibody; approximately 95%
were RF positive. Bone erosion was confirmed in 50% of
patients. Mean=5D DAS28 (ESR) was 5.4=1.1 for CZP+MTX
and 5.5+1.2 for PBO+MTX. Mean {median) mTSS in CZP
+MTX and PBO+MTX groups was 5.2 (1.5) and 6.0 (1.5),
and no radiographic damage (mTSS <0.5) was observed in
35.2% and 35.7% of patients, respectively. There was no differ-
ence between groups in mean baseline body weight (57.4::11.3
in CZP+MTX, 57.4+10.6 in PRBO+MTX; kg, mean+S$D) or

average weekly MTX dose throughout the study period (11.6
+3.0 in CZP+MTX, 11.6£2.7 in PBO+MTX; mg/week).

Inhibition of joint damage progression
For the primary endpoint, mTSS CFB {mean+SD) at week 52
was 0.36x2.70 with CZP+MTX and 1.58+4.86 with PBO
+MTX, statistically significant by ANCOVA on the ranks
(p<0.001). At week 24, smaller mTSS CFB was observed with
CZP+MTX compared with PBO+MTX (0.26=1.55 vs 0.86
+2.37; p=0.003) {Agure 2A).

The percentage of patients with non-progression (mTSS CFB
<0.5) at week 52 was higher with CZP+MTX than with PBO
+MTX (82.9% vs 70.7%; p=0.011 by Fisher’s exact test).

Table 1 Demographics and baseline characteristics {FAS
" population)

CZP+MTX PBO+MTX
Parameter n=159 n=157

. Age (years) 49.4£10.6 49.0+10.3
Female, n (%) 129 (81.1} 127 (80.9)

- Weight (kg) 57.4+11.3 57.4:10.6
BMI (kg/im?} 22.4+3.9 22.5£3.7
RA duration (months)* 4.0£2.5 43x2.8

<3 months, n (%) 60 37.7) 57 (36.3)
3—<6 months, n (%) 60 (37.7) 56 (35.7)
6-12 months, n (36) 39 (24.5) 44 (28.0)
Previous DMARDs use, n (%) 31 (19.5) 29 (18.5)
Steroid use at baseline, n (%) 26 (16.4) 31 (19.7)
- Antl-CCP antibady positive, n (%) 159 (100.0) 157 (100.0)
High titre (>3 times of ULN), n (%) 159 (100.0) 157 {100.0)
- Titre (UL}t 176.7£107.5 185.2+107.7
i RF positive, n (%) 153 (96.2) 146 (93.0)
High titre (=3 times of ULN), n (%} 119 (74,8} 117 (74.5)
Titre (U/mL} 182.5£177.4 167.3£166.5

_ Bone erosion (judged by physician), n (%} 79 (49.7) 80 (51.0)

" TIC (128 joints) 8.4£6.1 89465

. SIC (/28 joints) 83453 8.4253

* PtGADA (mm) 50.4+22.4 52.9+22.7

| PhGADA (mm} 56.7+20.5 SB4+21.4

. ESR (mmih) 38.4+25.3 43.7428.2
CAP (mgfdL) 1.3x1.8 1.5+1.9

- MMP-3 (ng/mb)$ 130.4+135.4 185.4+214.9

" DAS28 {ESR) 5.421.1 5.521.2

- SDAI 287125 30.0£13.6
HAQ-DI score 1.0£0.6 1.120.7
mT3S 5.2+8.38 6.0£15.3

Negative (<0.5), n (%} 56 (35.2) 56 (35.7}
Erosion score 2.2x4.4 2.8x7.9

: Negative (<0.5) n (%) 82 (51.6) 80 (51.0)
: Jolnt space narmowing score 2.95.8 3.2+86

Negative (<0.5), n (%) 87 (54.7) 82 (52.2)

Average weekly MTX dase (mgiweek) 11.6 (3.0) 116 (2.7)

Values are mean+5D unless otherwise indicated.

*Time from onset of persistent arthritic symptoms.

tData exceeding measurement upper limit (300 UfmL) are regarded as 300 WmlL.
tNormal range: 36.9~121 (male}, 17.3~59.7 (female} ng/mL

BMI, body mass index; CCP, cydlic citrullinated peptide; CRP, C reactive protein; CZP,
ceitolizumab pegol; DAS28 (ESR), Disease Activity Score 28-joint assessment;

DMARDs, disease-modifying antitheumatic drugs; ESR, erythrocyte sedimentation rate;
FAS, full analysis set; HAQ-DI, Health Assessment Questionnaire Disability Index;
MMP-3, matrix metalloproteinase-3; mTsS, modified Total Sharp Score; MTX,
methotrexate; PBO, placebo; PhGADA, physician global assessment of disease

activity; PtGADA, patient’s global assessment of disease activity; RA, rheumatoid ‘
arthritis; RF, rheumatoid factor; SDAI, Simple Disease Activity Index; SIC, swollen joint
count; TIC, tender oint count; ULN, upper limit of normal.
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Figure 2 (A) Change from baseline in modified Total Sharp Score {mTSS CFB) at weeks 24 and 52. For calculation of p values, an ANCOVA model
was used for mTSS CFB by converting measured values to rank scores and using treatment group as a factor and baseline rank score as a covariate.
Values in the figure indicate mean (SD) at each time point and treatment group. (B) Cumulative probability plot of mTSS CFB at week 52.
Percentages in the figure indicate non-progression {mT5S CFB <0.5) rates of each treatment group. P value is calculated by Fisher's exact test. The
mTS5 data used in {A) and (B) are all imputed using linear extrapolation (LINEAR} for FAS. The number of patients in the CZP+MTX group is 158
despite the FAS reported as 159 because one patient in the group had no mTSS data after treatment. CZP, certolizumab pegol; MTX, methotrexate;

mTSS, modified total Sharp score; PBO, placebo.

Individual patient data are presented in the cumulative probabil-
ity plot of mTSS CFB at week 52 {figure 2B). In addition, 3.2%
of patients with CZP+MTX exhibited RRP (defined as YP >35),
compared with 10.8% with PBO+MTX (p=0.008).

Clinical responses

Higher ACR/EULAR remission rates were observed with CZP
+MTX compared with PBO+MTX (SDAI remission ar week
24: 48.4% vs 29.3%, p<0.001; at week 52: 57.9% vs 33.8%%,
p<0.001, respectively, and Boolean remission at week 24: 36.5%
vs 22.3%, p=0.007; at week 52: 45.3% vs 28.0%, p=0.002,
respectively). Similarly, DAS28 (ESR) remission rates at week 24
were approximately 20% higher with CZP+MTX than PBO
+MTX (52.8% vs 30.6%; p<0.001); this difference was main-
tained until week 52 (57.2% vs 36.9%; p<0.001) {figure 3A).

ACR responses were higher at all time points with CZP
+MTX compared with PBO+MTX, and a significant difference
between the two arms was observed from week 1 in ACR20 and
ACRS0, and week 2 in ACR70 (figure 3B-D). ACR responses at
week 52 in CZP+MTX vs PBO+MTX groups were 78.6%0 vs
68.8% (p=0.055 by Fisher’s exact test) in ACR20, 73.0% vs
51.6% (p<0.001) in ACR50 and 57.2% vs 34.4% (p<0.001}
in ACR70, respectively. A similar time course for HAQ-DI
remission rates is shown in figure 3E.

Subgroup analyses for joint damage

Subgroup analyses of mTSS CFB ar week 52, stratified by base-
line parameters including anti-CCP antibody, RE, C-reactive
protein {(CRP), matrix metalloproteinase (MMP)-3, HAQ-DI,
DAS28 (ESR), mTSS and average concomitant MTX dose are
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Figure 3 (A} Clinical remission rates at weeks 24 and 52 by Simple Disease Activity Index (SDAI), Boolean and Disease Activity Score 28-joint
assessment {DAS28) (erythrocyte sedimentation rate (ESR)) witeria analysed using full analysis set (FAS), last observation carried forward {LOCF)
data set. Error bars indicate 95% confidence interval of each remission rate. P values are calculated by Fisher's exact test. (B-E} Time course of
American College of Rheumatology (ACR) response rates of (B) ACR20, (C) ACRS0, (D} ACR70 and (E} Health Assessment Questionnaire Disability
Index (HAQ-DI) remission rates. *p<0.05 between the groups at each particular time point, calculated by Fisher's exact test. CZP, certolizumab

pegol; MTX, methotrexate; PBO, placebo.

shown in table 2. A comparison of mTSS CFB between treat-
ment groups consistently showed less progression with CZP
+MTX compared with PBO4+MTX in all categories of these
parameters, except for patients with baseline DAS28 (ESR)
<3.2 (a small number of patients, n=8). Meanwhile, intra-
parameter comparison of mTSS CFB revealed a trend of greater

mTSS CFB with higher titres of anti-CCP and REF, higher serum
CRP and MMP-3, and higher HAQ-DI, DAS28 (ESR) and
mTSS at baseline, which was greater in the PBO+MTX group
relative to CZP4+MTZX. In contrast, with regard ro concomitant
MTX dose, the expected dose-dependent inhibitory effect was
not found in either group.
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Table 2 Subgroup analysis of mTSS CFB at week 52 by baseline
_ parameters and concomitant MTX dose {FAS, LINEAR)

CZP+MTX PEO+MTX
mT55
. mTSS CFB CFB
Parameter at baseline  Subgroup n meantSD  n mean+SD
. Anti-CCP antibody (Uf <100 51 -0.0310.69 51 1341311
mi} 100-<300 57  0.11£1.93 356 1.52+3.79
2300 50 1.05+4.21 50 1.91x7.01
RF {IU/mL} <20 6 -0.26+045 11 2.2045.14
20-<60 33 0.06+1.09 29 0.82+3.07
260 119 048+£3.06 117 1.7225.20 -
CRP (mgfdL) <0.5 75 0.13+0.74 69 0391212
»05-<10 22 0.00£0.52 27 1.B5x3.23
>1.0 61 0.78+4.25 61 2.B2+6.97
MMP-3 (ng/mL} <50 36 0,09£0,50 33 0011042
50—<100 5¢ 0314097 50 1.44s3.17
=100 63 0.57x4.17 74 2.38:6.47
" HAQ-DI <05 43 0.27+1,61 43 052+2.7
>0.5-<1.0 44 010+098 41 1.60+4.09
>1.0 M 058376 73 2212604
DAS28 (ESR} <3.2 5 0.10+0.22 3 0.00+0.00
3.2-5.1 60 0,20+0.83 54 0.71+3.14
. >5.1 93 0.4%+3.46 100 2.10£559
- mT5S <0.5 55  0.20:064 56 0.42+099
>0.5 103 045+3.32 101 2.2345.93
Concomitant MTX— 0-8 18 0.07x0.88 21 0.61x2.37
average dose (mgiweek) 8-<12 64  0.38:4.01 59 1.40+298
»>12-16 76 0.42£127 77 1.99+6.31

CCP, cydlic citrullinated peptide; CFB, change from baseline; CRP, C reactive protein;
CZP, certolizumab pegol; DAS28, Disease Activity Score 28-joint assessment; ESR,
erythrocyte sedimentation rate; FAS, full analysis set; HAQ-DI, Health Assessment
Questionnalre Disability Index; LINEAR, linear extrapolation; MMP-3, matrix
metalloproteinase-3; m¥4S, modified Total Sharp Score; MTX, methotrexate; PBD,
placebo; RF, theumatold factor.

Safety

Study drug exposure during treatment period was greater in the
CZP+MTX group (136.2 patient-years) compared with the
PBO+MTX group (116.0 patient-years), as more PBO+MTX
-treated patients withdrew (mainly due to lack of efficacy).
Overall, 153 patients (96.2%) in the CZP+MTX group and
148 patients (94.3%) in the PBO+MTX group reported any
AEs. Serious AEs were reported by 13 patients (8.2%) in the
CZP+MTX group and 14 patients (8.9%) in the PBO-+MTX
group. No clinically relevant difference between groups was
observed in overall incidence of AEs and serious AEs (table 3).

Overall incidence of infections and infestations was higher
with CZP+MTX (61.095) compared with PBO+MTX (55.4%),
with no difference in the rate of serious infections (3.1% in
CZP+MTX vs 4.5% in PBO+MTX). Similar incidences were
observed for pneumonia (10 events reported in seven patients
[4.4%] for CZP+MTX vs 10 events in eight patients [5.1%)] for
PRBO+MTX), including three cases of Pueumocystis jiroveci
pneumonia in each group.

There was no difference in the severity pattern of pneumonia
events between CZP+MTX (four serious events) and PBO
+MTX (six serious events). There was an apparent correlation
between MTX dose and the occurrence of pneumonia since
only one patient in each group experienced an event of bacterial
pneumonia while receiving low MTX dose (0-8 mg/week)
versus five and four patients in the CZP+MTX and PBO
+MTX groups, respectively, who experienced 21 pneumonia
event with high MTX dose {>12-16 mg/week).

The incidence of hepatic events was high (mostly abnormal
hepatic function) although it was similar berween groups

- Table 3 Summary of treatment-emergent adverse events

CZP+MTX PBO+MTX -
n=15% n=157
. PY=136.2 PFY=116.0
Parameter n (%) n (%)
AE summary
Any AEs 153 (96.2) 148 (94.3) -
542.0* 548.2*
Serfous AEs 13{8.2) 14 (8.9)
1.0* 12.9*
Deaths 0 ]
" AEs of interest
Infections and infestations 97 (61.0) 87 (55.4)
Serious infection 5(3.1) 7 (4.5)
Pneumocystis firoved! pneumonia 3(1.9) 201.3)
Bronchitis 1 {0.6) 0
Meningitis fungal 1 {0.6) 0
Pneumonia bacterial 1 {0.6) 2{1.3)
Pneumonia 0 1{0.6)
Pneumonia mycoplasmal 0 1 (0.6)
Pyelonephritis acute 0 1{0.:6)
Pneumonia 7 {4.4) 8 (5.1)
Pneumania bacterial 4 (2.5) 2(1.3)
Pneumocystis jiroved! pneumonia 3(1.9) 3{(1.9)
Bronchopneumonia 1 (0.6} 0
Prieumonia 0 2{1.3)
Pneumania mycoplasmal 0 1 (0.6
Tuberculosis 0 0
Interstitial lung disease 5{3.1) 1 {0.5)
Malignanciest 1{0.6) 0
Hepatic disorderst 68 {42.8) 70 {44.6)
Hematopoletic cytopenias§ 12 (7.5) 13 (8.3)
Nausealvomiting/decreased appetite 39 {24.5) 32 (20.4}
Stomatitis 19{(11.9) 76 (16.6)
Injection site reaction 5@3.1) 2(1.3)

*Event rate: per 100 patients-years.

tCervix carcinoma,

#including following preferred terms: alanine aminotransferase increased, aspartate
aminotransferase increased, gamma-glutamyltransferase increased, hepatic function
abnormal, hepatic enzyme increased, hepatic steatosis, hyperbilirubinaema, liver
disorder, liver function test abnormal,

§including following preferred terms: granulocytopenia, leucopenia, lymphopenia,
lymphocyte count decreased, white hlood cell count decreased.

AE, adverse event; CZP, certolizumab pegol; MTX, methotrexate; PBO, placebo; PY,
total summation of individual patient-years,

(hepatic disorders: 42.8% with CZP+MTX, 44.6% with PEO
+MTX; ‘investigarions’ system organ class in hepatic disorders:
6.9% with CZP+MTX; 8.9% with PBO+MTX), indicating
that there was no increased risk with the addition of CZE No
patients were withdrawn from the study due to hepatic events,
and almost all evenrs were resolved by temporarily discontinu-
ing or reducing MTX dose. No cases of tuberculosis, demyelin-
ating disorders, lupus-like syndrome, serious allergic reactions
or serious haematological disorders were reported.

DISCUSSION

Compared with similar studies of anti-TNF agents in
MTX-naive early RA parients, C-OPERA is characterised by two
unique features. First, as far as we know, this is the first rando-
mised controlled trial (RCT) to employ the 2010 ACR/EULAR
classification criteria as the main inclusion criteria. Thus,
patients enrolled in C-OPERA had very early stages of disease,
strictly defined as the time from initiation of persistent arthritic
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symptoms identified by medical interview (RA duration
<12 months). Approximately 35% of patients had no joint
damage (mTSS <0.5) in baseline radiographs, and mean baseline
mTSS of 5.6 units (5.2-6.0) was the lowest among similar RCTs
of biologics (approximately 10-20 units).'*2? Second, we inten-
tionally enrolled only patients with high anti-CCP antibody
titres, which is highly specific for RA,** #* compensating for a
relatively low specificity of classification criteria. Since positive
anti-CCP antibody predicts poor prognesis and rapid progres-
sion,>~2? these patients are more likely to require and benefit
from aggressive treatment during early disease.

Regarding radiographic joint damage, a statistically significant
inhibitory effect was consistently confirmed in patients receiving
CZP by analyses of mTSS CFB, non-progression rate, YP and
RRP rate. In addition, an absolurely small mean YI* (0.37) and
high non-progression rate (82.9%) at week 52 in patients with
CZP indicate that concomitant use of CZP with MTX brings
proven benefits for inhibition of joint damage progression.

Overall, clinical remission rates were relatively high in patients
receiving MTX monotherapy (SDAI: 33.8%; Boolean: 28.0%;
DAS28 (ESR): 36.9% at week 52; figure 3A) compared with
similar RCTs of biologics,'®?? bur were higher in the group
receiving CZP (SDAIL: 57.9%; Boolean: 45.3%; DAS28 (ESR):
§7.2%). Moreover, patients receiving CZP had better ACR
responses and HAQ-DI remission rates as early as week 1.

By protocel, MTX dose was increased to 16 mg/week at week
8, unless there were safety concerns. Consequently, average
MTX dose throughout the 52 weeks was approximately 12 mg/
week, relatively low compared with reports from similar early
RA studies, mainly conducted in the USA or the EU (15-17 mg/
week).'®22 However, considering the difference in average
patient body weight between C-QPERA (57 kg) and the above
studies (74-79 kg), actual MTX dose per body weight was
similar. Moreover, it has been reported that concentrations of
MTX polyglutamates, a potential marker for MTX use, in red
blood cells are relatively higher in the Japanese study compared
with the US study, suggesting a lower dose of MTX may be suf-
ficient in Japanese patients.>® This is the first Japanese study to
mandate use of maximum MTX dose (16 mg/week) by proto-
col, which may explain better MTX monotherapy resules rela-
tive to those in previous Japanese studies.

Results of subgroup analyses stratified by MTX dose for mTSS
CFB at week 52 (table 2} failed to prove the dose-dependent
effect of MTX on joint damage inhibition, regardless of con-
comitant CZP This was despite higher DAS28 (ESR) remission
rates ar week 52 with high-dose MTX (>12-16 mg/week)
(42.9%0) compared with lower doses (8-<12 mg/week) (30.5%)
in patients on MTX monotherapy. Alternatively, the DAS28
{ESR) remission rates in patients with concomitant CZP were not
different berween high-dose and low-dose MTX groups (59.2%
and 56.9%, respectively). It should be noted that MTX dose was
not randomly selected, but only adjusted if there were issues of
tolerability. There were some variations in baseline characteristics
among the subgroups that could have affected the outcomes.

The Combination Therapy with Adalimumab in Subjects with
Early Rheumaroid Arthritis (CONCERTO) study®! of adalimu-
mab in early RA demonstrated a statistically significant trend of
improved efficacy with increasing concomitant MTX dose, from
2.5 to 20 mp/week. However, clinical, functional and radio-
graphic assessments at week 26 were similar between groups
receiving 10 and 20 mg/week of concomitant MTX. This is
consistent with our current findings from C-OPERA in terms of
the lack of clear association between MTX dose and efficacy on
joint damage inhibition, suggesting that higher doses of MTX

may not always be necessary when administered with concomi-
tant anti-TNF agents. Flowever, this is far from conclusive,
requires further investigation and may be limited 1o effects on
joint damage progression.

The number of AEs per 100 patient-years was approximately
1.3-1.5 times higher in C-OPERA than the Japan RA
Prevention of Structural Damage (J-RAPID) scudy.'? J-RAPID
was similar to C-OPERA; it was conducted in Japanese patients
with RA (although these patients had established RA and previ-
ous inadequate response to MTX), but average weekly MTX
dose was lower (J-RAPID: 6-8 mg/week; C-OPERA: 12 mg/
week). In the system, organ classes ‘infections and infestations’,
‘gastrointestinal disorders’ and ‘hepatobiliary disorders’ AEs
were more frequently observed in C-OPERA than J-RAPID;
these AEs were increased in both PBO and CZP arms, and there
was no meaningful difference between the groups. This suggests
that the increased frequency of these AEs in C-OPERA may
have been associated with the higher MTX dose. Moreover, as
all patients were MTX-naive at study entry, their tolerance to
MTX treatment could not be anticipated. Of note, hepatic
events, including abnormal investigations, were resolved by tem-
porarily discontinuing or reducing MTX dose and no additional
safety risk was identified with CZE based on the lack of a clinic-
ally significant difference between the two treatment groups in
terms of the incidence or pattern of AEs.

Study limitations included not assessing the effect of CZP
monotherapy, which is of interest in early RA treatment. As the
current RA treatment recommendations suggest that MTX and/or
conventional synthetic DMARDs should be used for initial rreat-
ment, 32 a CZP monotherapy arm was not included in this study.

These efficacy and safety findings from C-OPERA in
MTX-naive early RA supgest that CZP could be used as possible
first-line treatment concomitantly with MTX in patients with
poor prognostic factors, as typified by high-titre anti-CCP anti-
body. Patients with higher disease activity, functional disability
or bone erosion in the early stages of RA will have a higher
chance of preventing joint damage and disease progression.
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