Power Doppler ultrasonography score

DAS of 28 joints (DAS-28) and serum angiogenic factors,
although they did not include the power Doppler ultrason-
ography (PDUS) score of the finger joints of the hand,
which are frequently affected by RA.

We focused on the association of the PDUS score
including the MCP joints with serum biomarkers as well
as clinical disease activity. We found that the PDUS score
of 24 synovial sites at 12 joints reflects the clinical disease
activity and serum biomarkers. Second, for convenience,
we reduced the number of joints to six synovial sites at six
joints and also found that the PDUS score of six synovial
sites at six joints is clearly correlated with the clinical dis-
ease activity and serum biomarkers.

Materials and methods

RA patient and healthy control samples

Tweniy-two RA patients were selected to be enrolled in
- the present study from the Unit of Translational Medicine,
Department of Immunology and Rheumatology, Graduate

School of Biomedical Sciences, Nagasaki University. All of -

the patients fulfilled the 1987 criteria of the ACR for RA [4].
The patients underwent clinical, laboratory and PDUS
evaluation on the same day. We also collected serum
samples from eight healthy controls without musculoskel-
etal disorder. Subjects’ written consent was obtained ac-
cording to the Declaration of Helsinki, and the design of
the work was approved by the Institutional Review Board
of Nagasaki University.

Clinical and laboratory assessment

Clinical evaluation was performed by Japan College of
Rheumatology-certified rheumatologists (A.K. and K.E.),
who were blinded to the PDUS findings. Disease activity
was evaluated by DAS-28, simplified disease activity
index (SDAV) and clinical disease activity index (CDAI). In
using DAS-28, we followed the criteria set by the
European League against Rheumatism (EULAR), and in
using CDAIl and SDAI, we followed the method recom-
mended by Smolen and colleagues [5].

The following laboratory variables were assessed: RF
(Dade Behring, Marburg, Germany; cut-off value,
141U/ml), anti-CCP antibodies (DIASTAT Anti-CCP, Axis-
Shield, Dundee, UK; cut-off value, 4.5U/ml), CRP (Eiken
Chemical Co. Ltd, Tokyo, Japan), ESR, VEGF (Quantikine,
R&D Systems, Abingdon, UK), MMP-3 (Daiichi Pure
Chemicals, Fukuoka, Japan), MMP-9 (Biotrak ELISA
System, GE Healthcare, USA) and tissue inhibitor of
metalloproteinases-1 (TIMP-1; Biotrak ELISA System,
GE Healthcare, USA). Clinical disease activity as well as
serum variables were evaluated on the same day as US
examination.

US examination

Each patient underwent a US assessment by a Japan
College of Rheumatology-certified rheumatologist (S.K.),
who was blinded to the clinical and laboratory findings.
Images from all the examinations were stored, and the US
scoring reliability was examined by assessing 24 synovial

sites in randomly selected patients at the end of the study.
This assessment was carried out by Japan College of
Rheumatology-certified rheumatologists (S.K., N.l., K.F.
and T.0.) with consensus. A systematic multiplanar grey
scale (GS) and PD examination of 12 joints was performed
with the same scanner (TOSHIBA AplioXG; Toshiba
Medical Systems Corporation, Tochigi, Japan) using a
multifrequency ‘linear transducer (12MHz) according to
the EULAR guidelines [6]. The US score included the fol-
lowing 24 synovial sites at 12 joints: bilateral elbows (an-
terior and posterior recess), wrists (dorsal and carpal
recess), second and third MCP joints (dorsal and palmar
recess), knees (suprapatellar and lateral parapatellar
recess) and ankles (anterior tibiotalar recess, medial
tendon sheaths and lateral tendon sheaths). Signs of OA
were not detected by US and X-ray in the examined joints.

The A, tenosynovial and intrabursal PD signals were
graded on a semi-quantitative scale from 0 to 3 (Grade
0=absence, no synovial flow; Grade 1=mild, <3 isolated
singles; Grade 2 =moderate, >3 isolated singles or con-
fluent signal in less than half of the synovial area; Grade
3=marked, signals in more than half of the synovial area).
These scores corresponded to the maximum score for PD
signals obtained from any of the synovial sites evaluated
at each joint, as documented by Naredo et al. [2]. The sum
of the PD signal scores obtained from each joint was used
as the PDUS score, as reported by Naredo et al. [2]. The
12-joint (12j)-PDUS score was the sum of the scores of
the above 24 synovial sites at 12 joints. In an attempt to
expand the convenience of ultrasonography in clinical
practice, we hdve chosen six synovial sites from six
joints including the bilateral wrists (dorsal recess) and
second and third MCP joints (dorsal recess). The six-
joint (6j)-PDUS score was the sum of the six synovial sites.

Statistical analyses

Within-group comparisons were made using the Mann-
Whitney U-test. Correlations were assessed with
Spearman’s correlation coefficient test. The overall signifi-
cance level for statistical analysis was 5% (two-sided).
P <0.05 was considered statistically significant.

Results

Patient characteristics-

The demographic and clinical characteristics of 22 RA
patients (5 males and 17 females) are as follows. The
mean (s.0.) (range) age of the patients was 64 (9) (48-81)
years. The mean (s.n.) (range) of disease duration was 2.3
(2.5) (0.25-10) years, which corresponded to relatively
early-stage disease. RF and anti-CCP antibodies were
positive in 15 (68.2%) and 18 (81.8%) patients,

- respectively. They received either synthetic DMARDs

(n=14), a combination of synthetic DMARDs plus TNF
inhibitor (n=1) or TNF inhibitor monotherapy (n=1). Six
patients were not treated with DMARDs. The mean
tender joint counts (TJCs), swollen joint counts (SJCs),
ESR, CRP, DAS-28, SDAI and CDAI were 9.2, 8.0, 58.8,
2.38, 5.69, 30.6 and 28.3, respectively, which indicate that
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patients with relatively high disease activity were included
in the present study.

Twelve j-PDUS scores and serum biomarkers

The median (range) of PDUS scores was 13.5 (1-39).
Serum VEGF, MMP-3, MMP-9 and TIMP-1 were signifi-
cantly higher in RA patients than in healthy controls—the
mean levels of serum biomarkers; RA patients vs healthy
controls (P-value, Mann-Whitney U-test)—VEGF; 695 vs
* 308 pg/mi (P < 0.0001), MMP-3; 185 vs 30U/l (P <0.001),
MMP-8; 1962 vs 55 pg/ml (P < 0.0001) and TIMP-1; 214 vs
160 pg/mi (P <0.05). -

The correlations of 12j-PDUS scores with disease
activity and serum biomarkers

The correlation of DAS-28 with SDAI or CDAI was ex-
tremely high, indicating that the physical examination
was well performed (Table 1). The 12j-PDUS scores
from 24 synovial sites were significantly positively corre-
lated with TJC, SJC, ESR, CRP, DAS-28, SDAI, CDAI,
. serum VEGF, MMP-3 and TIMP-1, whereas they were
not correlated with serum MMP-9 (Table 2). In particular,
DAS-28 (r=0.72, P<0.001) and serum VEGF (r=0.62,
P <0.01) strongly correlated with PDUS scores.

The correlations between clinical disease activity and
serum biomarkers are shown in Table 1. All serum bio-
markers correlated with inflammatory markers such as
CRP and ESR. With regard to angiogenic factors, VEGF
correlated well with the variables other than MMP-9 or
TIMP-1 (Table 1).

Six j-PDUS scores can be an alternative for
12j-PDUS scores .

The 6j-PDUS scores were strongly correlated with
12j-PDUS scores (r=0.92, P <0.0001). Accordingly,
6j-PDUS scores were significantly correlated with TJC
(r=0.50, P <0.05), SJC (r=0.44, P <0.05), ESR (r=0.57,
P <0.05), DAS-28 (r=0.67, P<0.01), SDAl (r=0.55,
P <0.05), CDAlI (r=0.54, P<0.05) and serum VEGF
(r=0.62, P<0.01), whereas they were not correlated
with serum MMP-3, MMP-9 and TIMP-1. Although these
associations were slightly weaker than those with

12j-PDUS scores, the tendencies of 6j-PDUS and
12j-PDUS scores were very similar to each other.

Discussion

We have verified additional information regarding PDUS
scores in patients with RA. First, our data included the
small MCP joints. Since the second and third MCP joints
are considered to be important areas for radiographic
imaging of RA, as reported by Naredo et al. for US [2]
and by OMERACT for MRI [7], our present data may re-
inforce the utility of PDUS. Although our present study
includes relatively elderly patients, signs of OA were not
detected in the examined joints, indicating that our results
reflect rheumatoid inflammatory change.

Second, we have chosen other biomarkers. MMP-9 is
important for the budding of endothelial cells, and TIMP-1
is an inhibitor of MMP-9; both are elevated in serum as
well as in the synovial tissues of RA [8, 9]. As suspected,
TIMP-1 was correlated with PDUS score and several other
biomarkers, ailthough its correlation was weaker than that
of VEGF. MMP-9 tended to correlate with PDUS score;
however, it did not reach statistical significance. Since the
budding of endothelial cells is an early step in angiogen-
esis, MMP-9 may be important in the early phase of
rheumatoid synovitis. The selection of very early-stage
RA may be necessary to identify any association of
MMP-9 with PDUS score.

Third, we have assessed SDAI and CDAI'in the present
study. The present study has revealed a clear correlation
of PDUS score with SDAI and CDAI, although that of
DAS-28 ESR was better. These data reinforce the validity
of PDUS for the measurement of the disease activity
of RA.

Fourth, for better clinical availability, we have reduced
the number of sites examined by US to only six sites of the
wrist and finger joints. These methods are simple and can
save time that would be spent on scanning. Since the
correlation of disease activity and PDUS was weaker
than those with 24 synovial sites, further studies with
larger numbers of patients should be necessary.

Recent investigations have found that the presence
of the PDUS signal is a better predictor of further
radiographic joint destruction than DAS-28 [10, 11].

TasLe 1 Correlations between disease activity and serum biomarkers

DAS-28 SDAI CDAI
SDAI 0.93
CDAI 0.93" 0.99*
ESR 0.64* 0.44* 0.43
CRP 0.64™ 0.64* 0.59*
VEGF 0.59" 0.54* 0.51*
MMP-3 0.61* 0.58* 0.55*
MMP-9 027 . 023 0.18
TIMP-1 0.39 0.42 0.37

0.71*

ESR CRP VEGF MMP-3 MMP-9
0.62 0.70*
0.57* 0.68* . 0.80™
0.43* 0.49* 0.29 0.39
0.52* 0.71* 0.58** 0.69* 0.38

Correlations were assessed with Spearman’s correlation coefficient test. *P <0.05, **P <0.01, **P < 0.0001.
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TasLe 2 Correlations of PDUS score with disease activity References
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» Standard as well as simplified PDUS scores re-
flected clinical disease activity 'and serum variables,

including angiogenic factors.
o Our six-site evaluation method can be adequately
tolerated in clinical practice.
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Abstract

Objective We investigated whether musculoskeletal
ultrasonography (MSKUS) assists the diagnostic perfor-
mance of the 2010 rheumatoid arthritis (RA) classification
criteria.

Methods  Sixty-nine early arthritis patients were consec-
utively enrolled. None of the patients had been treated. In
MSKUS of bilateral wrist and finger joints from 22 sites,
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the findings obtained by gray-scale and power Doppler
(PD) assessment were graded on a semiquantitative scale
from 0 to 3. Plain magnetic resonance imaging (MRI) of

- both wrist and finger joints was also examined. Diagnosis

of RA was defined by the initiation of disease-modifying
antirheumatic drugs within the first 3 months. The diag-
nostic performance of the patients was evaluated at entry
using 2010 RA classification criteria in conjunction with
MSKUS. V
Results The indispensable MSKUS finding for differen-
tiating RA was the presence of a PD grade 2 or 3 that was
superior to 2010 RA classification criteria or MRI-proven
bone edema. We propose that the decision tree algorithm of
2010 RA classification criteria with PD grade 2 or 3 reveals
the best discriminative ability.

Conclusion MSKUS, especially with a strong PD signal,
is very useful to assist the diagnostic performance of the
2010 RA classification criteria in the early recognition of
RA.

Keywords Rheumatoid arthritis - 2010 RA classification
criteria - Ultrasonography - Power Doppler - MRI

Abbreviations
ACPA Anticyclic citrullinated peptide antibody

ACR American College of Rheumatology

CRP C-reactive protein

DMARDs Disease-modifying antirheumatic drugs

ESR Erythrocyte sedimentation rate

EULAR European League Against Rheumatism

Gd-DTPA  Gadolinium-diethylenetriamine  pentaacetic
acid

GS Gray-scale

1P Interphalangeal

MCP Metacarpophalangeal
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MMP Matrix metalloproteinase
MRI Magnetic resonance imaging
MSKUS Musculoskeletal ultrasonography
NPV Negative predictive value
PD ' Power Doppler

PIP Proximal interphalangeal
PPV Positive predictive value
RA Rheumatoid arthritis

RF Rheumatoid factor

SIC Swollen joint counts

T2T Treat to target

TIC Tender joint counts
Introduction

Early diagnosis and the treat to target (T2T) strategy are
now indispensable for managing rheumatoid arthritis (RA)
[1]. Application of the T2T strategy using the tight control

approach in patients with RA, especially those with early-

- stage RA, has been shown to improve RA outcomes [1, 2].
Thus, the early recognition of RA is a great benefit in
managing patients with RA. The 1987 American College of
Rheumatology (ACR) classification criteria for RA [3] are
not designed for early classification of RA. Consequently,
to identify patients with erosive arthritis early, a task force
of experts from both the ACR and the European League
Against Rheumatism (EULAR) derived new classification
criteria [4]. These new criteria, the 2010 RA classification
criteria, have been verified to classify patients early as
having RA more efficiently than the 1987 criteria; how-
ever, a substantial population is not still classified as hav-
ing RA, even by the 2010 RA classification criteria [4].

Although physical examination is still the gold standard
by which to-identify the presence of arthritis [4], it has
come to be apparent that modern imaging techniques such
as musculoskeletal ultrasonography (MSKUS) and mag-
netic resonance imaging (MRI) are more sensitive than
physical vexaminatio'n for detecting joint injury in patients
with RA, especially early-stage RA [5-9]. MSKUS is well
tolerated and can image a large number of joints at multiple
time points over a relatively short period of time [10, 11].
Varying kinds of joint injury, including synovitis, teno-
synovitis, and bone erosion, can be recorded by gray-scale
(GS) and power Doppler (PD) [5-8, 10-13]. We recently
reported the utility of PD to reflect clinical disease activity
as well as serum biomarkers in patients with RA [14].

We speculated that the detection sensitivity for synovitis
would be increased if MSKUS was routinely incorporated
into clinical practice for patients with early arthritis. The
objective of the study reported here was to evaluate

‘whether the findings of MSKUS, in comparison with MRI,

assist the diagnostic performance of the 2010 RA classifi-
cation criteria.

Materials and methods
Patients

Sixty-nine early arthritis patients suspected of having RA
were consecutively recruited. Patients who could be clas-
sified as non-RA at first visit were excluded. In addition,
we excluded patients who had experience- with disease-
modifying antirheumatic drugs (DMARDs), including
biologics and glucocorticoids. All patients were recruited
from the Unit of Translational Medicine, Department of
Immunology and Rheumatology, Graduate School of Bio-
medical Sciences, Nagasaki University, and the Depart-
ment of Internal Medicine, Nagasaki Municipal Hospital,
from May 2010 through February 2011. The duration from
the appearance of symptoms to entry into the study in these
69 patients was <1 year. Patients gave their informed
consent to be subjected to the protocol that- was approved
by the Institutional Review Board of Nagasaki University.
This study was a prospective single-center observational
study. Follow-up periods were at least 6 months.

Clinical and laboratory assessment

A clinical diagnosis of RA was comprehensively made by
Japan College of Rheumatology (JCR)-certified rheumatol-
ogists (AK, HN, SY, and KE) using clinical histories, phys-
ical findings, blood tests including rheumatoid factor (RF)
(Dade Behring, Marburg, Germany; cutoff value, 14 TU/ml),
anticyclic citrullinated peptide antibodies (ACPA) (DIAS-
TAT Anti-CCP, Axis-Shield, Dundee, UK; cutoff value,
4.5 U/ml), C-reactive protein (CRP) (Eiken Chemical Co.,
Ltd., Tokyo, Japan), erythrocyte sedimentation rate (ESR),
matrix metalloproteinase 3 (MMP-3) (Daiichi Pure Chemi-
cals, Fukuoka, Japan), 2010 RA classification criteria, plain
radiography, ultrasound (US) findings, and MRI findings. All
patients underwent the examinations except for MRI every
1-3 months. If JCR-certified rheumatologists introduced
DMARDs within the first 3 months according to the above
information, patients are diagnosed as having RA. Therefore,
not only 2010 RA classification criteria but other information,
such as MSKUS, MRI, and clinical course, are actually
involved in these processes.

US examination

Each patient underwent a US assessment on the same day
as the clinical evaluation by a JCR-certified rheumatologist

;@_ Springer
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(SK), who was blinded to the clinical and laboratory
findings. Images from all the examinations were stored,
and the US scoring reliability was examined in randomly
selected patients at the end of the study. This assessment
was carried out by JCR-certified rheumatologists (SK, TS,
AO, and TO) with consensus. A systematic multiplanar GS
and PD examination of 22 joints was performed with the
same scanner (TOSHIBA AplioXG) using a multifre-
quency linear transducer (12 MHz). The US score com-
prised the following 22 joints: bilateral wrists (intracarpal,
radiocarpal, and ulnocarpal recesses) and finger joints,
including the first through fifth metacarpophalangeal
(MCP) joints, the first interphalangeal (IP) joint, and the
second to fifth proximal interphalangeal (PIP) joints (dorsal
recess). Flexor tendons of fingers and six components of
extensor tendons of wrists were scanned. All joint regions
were sonographically examined in a standardized manner
according to the European League Against Rheumatism
(EULAR) guidelines [13]. These are the same sites at
which MRI has been used to examine patients with early
arthritis, as we previously described [9, 15]. US examina-
tion of each patient took about 30 min, including
documentation.

Each joint was scored for GS and PD on a semiquanti-
tative scale [16] (synovial hypertrophy in GS: grade
0 = absence, no synovial thickening; grade 1 = mild,
minimal synovial thickening filling the angle between the

periarticular bones without bulging over the line linking the-

tops of the bones; grade 2 = moderate, synovial thickening
bulging over the line linking the tops of the periarticular
bones but without extension to at least one bone diaphysis;
grade 3 = marked, synovial thickening bulging over the
line linking the tops of the perarticular bones and with
extension to at least one of the bone diaphyses; PD signals:
grade O = absence, no synovial flow; grade 1 = mild,
single-vessel signals; grade 2 = moderate, confluent signal
in less than half of the synovial area; grade 3 = marked,
signals in more than half of the synovial area) from 0 to 3,
and presence or absence of tenosynovitis was noted.
Tenosynovitis is defined by abnormal hypoechoic or
anechoic material with or without fluid inside the tendon
sheath and with positive PD signals in two perpendicular
planes [17]. These scores corresponded to the maximum
score for GS and PD obtained from any of the synovial
sites evaluated at each joint. The sums of the GS and PD
scores obtained from each joint were used as the GS score
and PD score (range 0-66), respectively.

MRI examination
Plain MRI of both wrists and finger joints were acquired

using a 1.5-T system (Sigma, GE Medical Systems, Mil-
waukee, WI, USA) with an extremity coil, as we recently

@ Springer

described [9, 15, 18, 19]. Fifty-four patients were examined
by MRI within a week of their US evaluation. T1-weighted
spin-echo (TR 450, TE 13) images and short-tau inversion
recovery (STIR; TR 3000, TE 12, T1 160) images were
acquired simultaneously. The images were evaluated for
synovitis, bone edema, and bone erosion at 15 sites in each
finger and wrist at the distal radioulnar joint, radiocarpal
joint, midcarpal joint, first carpometacarpal joint, second
through fifth carpometacarpal joints (together), first
through fifth metacarpophalangeal joints (separately), and
first through fifth proximal interphalangeal joints (PIP
joints) separately (for a total of 30 sites in both hands), as
we recently reported [9, 15, 18, 19].

Statistical analyses

Within-group comparisons were made using Mann—~Whit-
ney’s U test and the ¥” test (Fisher’s exact probability test
when appropriate). The overall significance level for sta-
tistical analysis was 5 % (two-sided). P values <0.05 were
considered statistically significant.

Results
Patient characteristics and diagnoses

The demographic and clinical characteristics of 69 patients
are shown in Table 1. Thirty-seven patients (53.6 %) were
diagnosed as having RA. Synthetic DMARDs were intro-
duced within the first 3 months to these 37 patients. The
initial treatments were methotrexate in 35 patients, sulfasal-
azine in one, and tacrolimus in one. Thirty-two patients
(46.4 %) were diagnosed with other diseases (non-RA) dur-
ing the follow-up periods, although they could not be clas-
sified as non-RA at entry. The diagnoses of these patients
were osteoarthritis (n = 8), undifferentiated arthritis/
arthropathy (n = 7), Sjogren syndrome (n = 4), polymyal-
gia rheumatica (n = 2), limited-type systemic sclerosis
(n = 2), tenosynovitis (n = 2), reactive arthritis (n = 1),
polymyositis (n ='1), immunoglobulin (Ig)G4-related dis-
ease (n = 1), sarcoidosis (n = 1), adult T-cell leukemia
(ATL), familial Mediterranean fever (n = 1), and phalangeal
microgeodic syndrome (rn = 1). The mean disease duration
was approximately 4 months in both RA and non-RA
patients. The swollen joint counts (p = 0.0104) and CRP
(p = 0.0003) and ESR (p = 0.0009) values were higher in
RA patients than in non-RA patients, but the tender joint
counts were not different. The seropositive rates of RF
(70.3 %, p = 0.0002) and ACPA (62.2 %, p < 0.0001) were
significantly higher in RA than in non-RA patients. Patients
with high MMP-3 were also predominantly distributed in the
RA group (48.6 %, p = 0.0432). '
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Comparison of MSKUS findings between RA
and non-RA patients

The MSKUS findings in RA and non-RA patients are
shown in Table 2. The rates at which GS grade >1
(p = 0.0005), GS grade >2 (p < 0.0001), GS grade = 3
(p <0.0001), PD grade >1 (p < 0.0001), and PD grade
>2 (p < 0.0001) were present at any joint were signifi-
cantly higher in RA than in non-RA patients. However,
GS grade >1, GS grade >2, and PD grade >1 also
occurred in non-RA patients, as 23 (71.9 %), 12 (37.5 %),

and ten (31.3 %) patienté were positive for the above

grades, respectively, out of 32 non-RA patients. The
occurrence of PD grade = 3 was specific to RA patients;
however, it was only found in four of 37 RA patients
(10.8 %). Both GS and PD scores were significantly
higher in RA than in non-RA patients. The frequency of
findings of tenosynovitis was prominent in the RA group,
but the difference from the frequency in the non-RA
group was not significant. Bone erosions were specifically
detected in RA patients; however, the rate was not high
(18.9 %, p = 0.0094). Accordingly, PD grade >2 at any
joint is considered to be most important MSKUS findings
in. RA patients.

Comparison of plain MRI findings between RA
and non-RA patients

The plain MRI findings in RA and non-RA patients are also
shown in Table 2. As most patients with RA expressed
symmetrical synovitis that was also found in non-RA
patients, we could not find statistical significance in this
result. As suspected, bone edema was significantly dis-
tributed in the RA group compared with the non-RA group;
however, that was not so remarkable compared with
MSKUS findings. Patients with MRI-proven bone erosion
tended to be distributed in the RA group, but the difference
did not reach statistical significance (p = 0.0838).

Laboratory data, MSKUS findings, MRI findings,
and 2010 RA classification criteria for the diagnosis
of RA

Sensitivity, specificity, and accuracy of laboratory data,
MSKUS findings, MRI findings, and 2010 RA classification
criteria are shown in Table 3. The presence of ACPA was the
most specific laboratory data distributed in patients with RA.
Surprisingly, the presence of MSKUS findings, especially the
presence of PD grade 2 or 3 at any joint, was very specific in

Table 1 Demographic, clinical,
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and laboratory characteristics at RAW - 37 Non-RA WV = 32) P value
baseline Age (years®) 536+ 172 545+ 12.5 NS
Female/male (n) 28/9 26/6 NS
Durations of symptom (months®) 40+£3.0 37+29 NS
>1.5 months/<1.5 months 31/6 24/8 NS
Tender joint counts (n%) 79+ 7.6 56+ 6.9 NS
Swollen joint counts (n*) 56+ 69 34+63 0.0104
CRP .
Positive/negative 24/13 8/24 0.0009
Value (mg/dl?) 1.29 4+ 2.94 0.40 + 1.09 0.0003
ESR
Positive/negative 27/10 1121 0.0013
Value (mmv/h?) 322 + 245 18.0 + 20.6 0.0009
CRP and/or ESR
Positive/negative 31/6 13/19 0.0002
RF
Positive/negative 26/11 8/24 0.0002
Titers: >x3/<x3 1720 3/29 0.0083
Within-group comparisons were ACPA
aljstf:iied SV!&*‘! M;!:n—twé{iftr‘wy,’s Positive/negative 23/14 2/30 14 x 107
oxat pigbabﬁify ot ‘fvh‘:ne’ $ Titers: >x3/<x3 23/14 131 2.8 x 1077
appropriate) IgM-RF and/or ACPA
NS not significant, RF . Positive/negative 27710 - 9/23 0.0002
- rheumatoid factor, ACPA anti- Titers: >x3/<x3 23/14 4/28 25 x 107°
CEF ey WP S oe
a . Positive/negative 18/19 8/24 0.0432
Mean = standard deviation -
@_ Springer
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- Table 2 Ultrasonography and
MRI findings at baseline

Within-group comparisons were
assessed with Mann—-Whitney’s
U test and the x> test (Fisher’s
exact probability test when
appropriate)

RA rheumatoid arthritis,
MSKUS musculoskeletal
ultrasonography, GS gray-scale,
PD power Doppler, MRI
magnetic resonance imaging,
NS not significant

RA (N = 37) Non-RA (N = 32) P value
MSKUS

Gray-scale

Grade >1 presence/absence 37/0 23/9 0.0005

Grade 2 or 3 presence/absence 33/4 12/20 69 x 107¢

Grade 3 presence/absence 21/16 1/31 1.9 x 1076
Total GS score (0-66)* 94 476 37440 0.0001
Power Doppler '

Grade >1 presence/absence 34/3 10/22 1.7 x 1077

Grade 2 or 3 presence/absence 3077 2/30 5.1 x 10710

Grade 3 presence/absence 4/33 0/32 0.0764 )
Total PD score (0-66)* 42 £3.7 0.6 + 1.1 9.7 x 107°
Tenosynovitis

Presence/absence 21/16 6/26 0.0013
Bone erosion

Presence/absence 7/30 0/32 0.0094

RA (N =32) Non-RA (N = 22) P value
MRI

Symmetrical synovitis

Presence/absence 28/4 16/6 NS
Bone edema

Presence/absence 15/17 4/18 0.0300
Bone erosion

Presence/absence 9/23 2/20 0.0838

? Mean =+ standard deviation

RA. If we considered patients to have RA in cases in which
MSKUS findings showed PD grade 2 or 3, the diagnostic
performance of MSKUS for RA had sensitivity 81.1 %,
specificity 93.8 %, positive predictive value (PPV) 93.8 %,
negative predictive value (NPV) 81.1 %, and accuracy
87.0 %. The 2010 RA classification criteria classified RA
with sensitivity 59.5 %, specificity 87.5 %, PPV 84.6 %,
NPV 65.1 %, and accuracy 72.5 %, suggesting that the
presence of PD grade 2 or 3 may have been more specific than
the 2010 RA classification criteria. In accordance with data
shown in Table 2, MRI-proven bone edema could not dif-
ferentiate RA from non-RA compared with PD grading.

We tried to combine 2010 RA classification criteria with
the PD grade 2 or 3 rule for the clinical diagnosis of RA, and
the results are shown in Fig. 1. We initially applied 2010 RA
classification criteria, and if the patients did not fulfill those
criteria, the PD grade 2 or 3 rule was introduced. We found
that this decision tree can differentiate patients more. effi-
ciently than can the PD grade 2 or 3 rule alone.

Discussion

The authors of previous assessments of the performance of
the 2010 RA classification criteria have usually tried to

@ Springer

identify patients with RA as those who were treated with
DMARDs within the first year of the follow-up period [20~
23]. As of this writing, the 2010 RA classification criteria
were published last year and are going to be applied in the
clinical field of rheumatology. Rheumatologists tend to
start DMARDs earlier in patients who are expected to
develop erosive arthritis. Therefore, in this study, we
considered patients to have RA if their physicians had
started DMARDs within the first 3 months. This clinical
setting may clarify more definitely which patients should
be considered to have RA for the purpose of applying the
T2T strategy that has come to be widely recommended.
Diagnostic performance of the 2010 RA classification
criteria in this study was fairly good, with both the speci-
ficity and PPV around 85 %. As this was a prospective
investigator-initiated clinical study, physicians were able to
choose the treatment at every visit according to the clinical
status of patients fulfilling the 2010 RA classification cri-
teria. Thus, ithe score according to the 2010 RA classifi-
cation criteria at each visit may be directly involved in the
physician’s decision, which associated with the increment
of specificity and PPV of the 2010 RA classification cri-
teria. However, the levels of other components, such as
sensitivity, NPV, and accuracy, were not high, indicating
that additional procedures may be necessary to assist the
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- Table 3 Performance of laboratory data, ultrasonography findings, and 2010 rheumatoid arthritis (RA) classification criteria

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Laboratory data
CRP (positive) 64.9 75.0 75.0 64.9 69.6
ESR (positive) 73.0 65.6 711 67.7 69.6
RF (positive) 70.3 75.0 76.5 68.6 725
ACPA (positive) 62.2 93.8 92.0 68.2 76.8
MMP-3 (positive) 48.6 75.0 69.2 55.8 60.9
MSKUS
Gray-scale; grade >1 ) 100 28.1 61.7 100 66.7
Gray-scale; grade 2 or 3 89.2 62.5 73.3 833 - 76.8
Gray-scale; grade 3 56.8 96.9 95.5 66.0 75.4
Power Doppler; grade >1 91.9 68.8 773 88.0 81.2
Power Doppler; grade 2 or 3 81.1 93.8 93.8 81.1 87.0
Power Doppler; grade 3 - 108 100 100 492 52.2
Tenosynovitis (positive) 56.8 81.3 77.8 61.9 68.1
Bone erosion (positive) 18.9 100 100 51.6 56.5
MRI
Symmetrical synovitis (positive) 87.5 273 63.6 60.0 63.0
Bone edema (positive) 46.9 81.8 78.9 514 61.1
Bone erosion (positive) 28.1 90.9 81.8 46.5 53.7
87.5 84.6 65.1 72.5

2010 RA classification criteria 59.5

RF rheumatoid factor, ACPA anti-CCP antibody, MMP-3 matrix metalloproteinase-3, MSKUS musculoskeletal ultrasound, PPV positive pre-

dictive value, NPV negative predictive value, MR/ magnetic resonance imaging

2010 RA classification eriteria -~ 3

Yes r No
N=24 ~, =43

Classified as Ra

N=z26
Olserved
(22 RA
: 4 non-RA .
Classified as RA Classified as non-RA
H=14 N=29
Observed Observed
114 RA 1 RA
:28 non RA

Sensitivity =97.3 %
Specificity = 87.5 %
PPV =900 %
NPV =96.6%
Accuracy= 92.8%

Fig. 1 Decision tree algorithm for diagnosis of early arthritis patients

by 2010 rheumatoid arthritis (RA) classification criteria in conjunc- '

tion with power Doppler PD grade 2 or 3; 2010 RA criteria were
initially applied to 69 patients. If the patients fulfilled the criteria, they
were classified as having RA (26 patients). PD grade 2 or 3 rule was
applied for the remaining 43 patients. This tree algorithm classified
patients as having RA at sensitivity 97.3 %, specificity 7.5 %,
positive predictive value (PPV) 90.0 %, negative predictive value
(NPV) 96.6 %, and accuracy 92.8 %

diagnostic performance of the 2010 RA classification
criteria. '

In this regard, we focused on MSKUS, as it is more
sensitive and reliable than clinical examination for
detecting joint injury in patients with RA [5-8]. Synovitis,
tenosynovitis, and bone erosion are the major joint injuries
that are frequently found in patients with RA examined by
MSKUS [5-8, 10-13]. GS determines the hypertrophy of
synovial tissues, whereas PD identifies vascularity [5-8,
10-13]. In our study, PD grade, especially grade 2 or 3,
was highly specific in patients with RA. These data are
consistent with the previous findings that the synovial

‘vascularity determined by PD reflects RA disease activity

more efficiently than do GS findings [24, 25]. The levels of
statistical components were even better than those of the
2010 RA classification criteria, indicating that the presence
of severe and active synovial inflammation detected by PD
may deeply affect physicians’ decisions to start DMARDs.

Although the US examiner was always blinded to the
clinical and laboratory findings of patients in this study,
physicians could take into consideration the results of US
for the choice of DMARDs at each point. Therefore, it
could also be said that PD overestimates the presence of
RA and thus influences the initiation of or choice of
DMARDs that was directly associated with our data. As for

@ Springer
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MR, the presence of bone edema is thought to be the most
suitable indicator for a clinical diagnosis of RA. These
results are consistent with our previous report that bone
edema is able to predict the development of RA that fulfills
the 1987 classification criteria from patients with early
arthritis more efficiently than symmetrical synovitis and
bone erosion [15]. As physicians judge patients as having
RA based on findings of not only MSKUS but also MRI,
we could state that PD grade 2 or 3 is superior to bone
edema on plain MRI for making a clinical diagnosis of RA.
If we obtain gadolinium-diethylenetriamine pentaacetic
acid (Gd-DTPA)-enhanced MRI instead of plain MRI,
bone edema may be more significantly involved in RA
diagnosis. In our previous study, we found that the detec-
tion sensitivity of bone edema on plain MRI is 30 % less
than that with Gd-DTPA-enhanced MRI [15]. We therefore
propose a tree algorithm for clinical RA diagnosis that
combines the 2010 RA classification criteria and PD, as
shown in Fig. 1. This kind of approach can also be applied
in patients with spondyloarthropathy, indicating that
Amor’s criteria in conjunction with vascularized enthesis
bring good results [26]. Accordingly, our data identify that
the tree algorithm shown in Fig. 1 can classify more
patients as having RA at a high discriminative value
compared with the 2010 RA classification criteria or PD
alone, supposing more patients received the chance of early
introduction of DMARDs. Our data may also indicate that
the combination of physical examination and serology with
a sensitive imaging technique, such as MSKUS, is the best
way to identify erosive disease early. Filer et al. [7]
reported that a combination of Leiden score, but not the
2010 RA classification criteria, with MSKUS-proven
synovitis improved in clinical RA diagnosis. Our data may
follow that result. Long-term follow-up and larger studies
are warranted to confirm that MSKUS, especially PD, in
combination with the 2010 RA classification criteria, is
valuable for early identification of patients with erosive RA
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ABSTRACT

Many studies have been conducted con-
cerning discontinuation of biologic dis-
ease-modifying anti-rheumatic drugs
(DMARD), but mainly in trial settings

which result in limited generalisability. .

Registry studies can complement the
current literature of biologic DMARD
discontinuation by providing more
generalisable information. However,
it may be necessary to combine reg-
istries fo increase power and provide
more diverse patient populations. This
increased power could provide us in-
Jormation about risk and benefits of

- discontinuing biologic DMARD in typ-

ical clinical practice. However, use of
multiple registries is not without chal-
lenges. In this review, we discuss the
challenges to combining data across
multiple registries, focusing on bio-
logic discontinuation as an example.
Challenges include: 1) generalisability
of each registry; 2) new versus preva-
lent users designs; 3) outcome defini-
tions; 4) different health care systems;
5) different follow up intervals; and 6)
data harmonisation. The first three ap-
ply to each registry, and the last three
apply to combining multiple registries.

This review describes these challenges,

corresponding solutions, and potential
Juture opportunities.

Prior biologic discontinuation
studies

Many studies concerning discontinua-
tion of biologic disease-modifying anti-
rheumatic drugs (DMARD) in rheuma-
toid arthritis (RA) patients have been
conducted to date (1, 2). In our previous
review summarising 14 such studies (1),
we classified them into three groups: (a)
randomised controlled trials, in which
discontinuation and continuation strate-
gies were randomly assigned; (b) single
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arm prospective studies of discontinu-
ation, in which patients were prospec-
tively recruited for biologic discontinu-
ation; and (c) long-term extension of
efficacy trials, in which patients who
discontinued biologic DMARDs were
observed. Many of these studies were
conducted in rather specialised settings
that may not be fully representative of
typical clinical practice. In addition,
patients from clinical trials can differ
in important ways from general clinic
populations, such as disease activity
and presence of comorbidities that may
impact the success of discontinuation of
therapy. The current evidence would be
complemented with information gained
from more generalisable sources, such
as registries.

Definition of registries

One paper (3) stated that the term
registry is often loosely used to mean
“any database storing clinical informa-
tion collected as a byproduct of patient
care”, and defined a medical data reg-
istry as “system functioning in patient
management or research, in which a
standardised and complete dataset in-
cluding associated follow-up is pro-
spectively and systematically collected
for a group of patients with a common
disease or therapeutic intervention”.

In the “User’s Guide” published by
Agency for Healthcare Research and
Quality (AHRQ) (4), registry was de-
fined as “an organised system that uses
observational study methods to collect
uniform data (clinical and other) to
evaluate specified outcomes for a pop-
ulation defined by a particular disease,
condition, or exposure, and that serves-
one or more predetermined scientific,
clinical, or policy purposes”. Others
have defined registries as “longitudi-
nal observational cohorts, typically



Registry ttudies of biologic discontinuation / K. Yoshida et al.

prospective, which enroll patients with
a specific purpose; it could either be
drug- or disease-based, or both” (5).
For practical purposes, we define a
registry as a longitudinal follow-up
database consisting of clinical data col-
lected as a byproduct of usual care. By
“usual care”, we mean typical clinical
practice where treatment decisions are
made by patients and physicians rather
than predefined study protocols.
Registries enroll subjects based on a
particular disease, condition, or expo-
sure (4), Product registries, health ser-
- vices registries, disease or condition
registries, and combinations of these
are examples. In the case of biologic
discontinuation studies, both biologic
DMARD registries (product registries)
and RA registries (disease registries),
preferrably enrolling consecutive pa-
tients (6), can be utilised.

Studies combining multiple
registries

The introduction of biologic DMARDs
has led to increased interest in use of
registries in studying real-life long-
. term effectiveness and safety of these
agents (5), since randomised con-
trolled efficacy trials do not provide
sufficient answers to these questions
due to the restrictive nature of their
inclusion criteria and follow-up (7-9).
Combining multiple databases together
can improve power and has been used
in studying rare diseases, rare expo-
sures, and rare outcomes; for example,
a rare neurodevelopmental disorder
(10) and rare environmental exposures,
such as infrequently applied pesti-
cides can be well studied in combined
registries (11). In rheumatology, the
European Collaborative Registries for
the Evaluation of Rituximab in rheu-
matoid arthritis (CERERRA) initiative
for rituximab use in daily practice in
Europe is an example (12). This study
addressed the effectiveness of rituxi-
mab using 10 European cohorts, result-
ing in a large patient sample (n = 2019),
which would not have been possible in
any one of these registries or countries
alone. Comparing across registries may
also be used to reveal regional or na-
tional differences in diseases and treat-
ment practice. Similarly, the increased

power from multiple registries is useful
for biologic DMARD discontinuation
studies because the numbers of eligible
patients, i.e. those who have discontin-
ued biologic DMARD:s in good disease
control, are expected to be fewer in
typical practice than trials in‘which dis-
continuation is systematically assigned.
Nevertheless, when using data from
combined registries, we are faced with
several challenges; some of them are
challenges to all registries (challenges
1-3 below) and some are methodologi-
cal complexities specific to combining
registries (challenges 4-6 below).

Challenge 1.

Generalisability of each registry
Generalisability as a particular strength
of registry studies is dependent on the
source population from which the regis-
try enrolls subjects and how these sub-
jects are enrolled. If the source popula-
tion is not the typical RA patient on a
biologic DMARD results will not be
generalisable. The representativeness
of the biologic DMARD users in a giv-
en registry is dependent on how these
subjects compare to the population of
biologic DMARD users in the coun-
try. Some registries contain (almost)
all biologic DMARD users in a given
country, for example the British Society
for Rheumatology Biologics Register
(BSRBR) (13). Registries that are not
directly required by the health care sys-
tem usually enroll patients from one
or several participating institutions (or
practices) and may capture patients as-
sociated with rheumatologists involved
with research, not representative of all

rheumatology practice. Unless the sam-

ple of patients is truly random, there is
the potential for bias in the acquisition
of patients that could impact the results.
These points must be examined before
claiming the generalisability of infor-
mation obtained from the registry. To
ensure generalisability, nationally (or
internationally) representative regis-
tries that enroll wide range of patients at
multiple centres are preferable (14-16).

Challenge 2.

New users vs. prevalent users designs
When studying comparative effective-
ness of two active agents, choosing
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new users of both agents is important
for ensuring exchangeability (17).
Biologic DMARD registries are usu-
ally comprised of new users of biologic
DMARD:s, as the UK’s BSRBR (13) or
postmarketing surveillance registries
in Japan (18-21). In contrast, disease-
‘based RA registries may enroll preva-
lent RA cases already using biologic
DMARD:s. If the enrolment date of pa-
tients is after the initiation of a biologic
DMARD, information prior to initia-
tion is often incomplete.

However, this is less problematic for
discontinuation studies where the
study index date is typically defined as
the time at discontinuation of therapy.
Sensitivity analysis comparing new
users only design to both new users
and prevalent users design is recom-
mended if there is a suspicion that dif-
ferent baselines before use of biologic
DMARDs might exist among prevalent
USers versus new users.

Challenge 3.

Outcome definition

Studying outcomes that are not directly
related to the primary reason for which
the registry was started can present
challenges, as endpoints may not be
collected in a direct manner. Biologic
DMARD discontinuation study is usu-
ally not the primary reason for regis-
tries and thus the outcome determina-
tion may not be ideal. The definition of
“failure of discontinuation” (the out-
come of interest in biologic DMARD
discontinuation studies) has not been
standardised in previous non-registry
studies. In our previous review, we
examined how “failure of biologic
DMARD discontinuation” was defined
across various studies (1): all stud-
ies used increase in disease activity,
and many included reuse of biologic
DMARD:s for the definition of failure
in discontinuing biological DMARD:s.
Moreover, the thiesholds of increase in
disease activity varied, and there was
no consensus on whether intensifica-
tion of non-biologic DMARD:s or glu-
cocorticoids should constitute failure.
In a registry study, long intervals be-
tween study visits might obscure an
increase of disease activity in between
visits, thus, “failure of discontinuation”



could be missed by criteria that only use
disease activity and biologic DMARD
reuse (Fig. 1). This is primarily why in-
tensification in non-biologic DMARDs
and glucocorticoids should be regarded
as a sign of failure. The thresholds for
failure should be determined in such a
way that they are comparable across
registries if deemed feasible after con-
sidering national differences in disease
control (22).

Challenge 4.

Health care system differences

Due to the rapid development of new
biologic DMARDs and their high cost,
different countries have different bio-
logic DMARDs approved (drug lag)
and also have different policies regard-
ing biologic DMARDs use and reim-
bursement, resulting in varying access
to biologic DMARDs (23). In some
countries, biologic DMARDs are pre-
scribed at the discretion of physicians
‘and commonly. used, for example, in
the US, 43% of RA patients received
biologic DMARDs in one study (24).
Biologic prescription practice is more
restricted by practice guidelines that are
required by health insurance providers,
in some European and Asian countries
for example (16, 23, 25). In these set-
tings, the users of biologic DMARDs
are expected to differ. In more restric-
tive prescription setting, there may be
fewer early RA patients compared to
long-standing RA patients. Such pa-
tients may have different patterns of
treatment response both before and after
discontinuation of biologic DMARDs.
Also, in some countries, including the
USA, patients may pay directly for a
portion of their drug costs (i.e. co-pay-
ment). This could impact their decision
on whether and when to stop particular
therapies. Finally, in the not-too-distant
future, discontinuation of biologics will
likely become incorporated into treat-
ment recommendations and individual
country guidelines, which will also
have an effect on the data.

This could potentially cause a prob-
lem if pooling data, but it may also
be possible to take advantage of these
differences to compare different treat-
ment strategies. Thus, if registries
from different health care systems are
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Fig. 1. In a registry study, not all clinical visits are necessarily captured as part of the study proto-
col. In this example, biologic discontinuation is detected at study visit 2. The definition with disease
activity threshold violation and biologic DMARD reuse at study visits misses the failure that occurred
between study visits 2 and 3. By including non-biologic treatment changes detected at study visit 3 as
a failure criterion, the outcome of interest will be indirectly captured.

to be studied, the guidelines regarding
biologic DMARD prescription should
be assessed for expected prescription
pattern differences. If differences are
sufficiently substantial so that biologic
DMARD users in these registries are

very different, direct pooling. of data

should be avoided. The focus should be
a cross-registry comparison, which can
potentially provide interesting “natu-
ral experiments” in different treatment
strategies. Individual-patient level data
meta-analysis using random effects
models is another possibility in such a
situation (26).

Challenge 5.

Different follow-up intervals

The intervals of follow-ups usually are
different among registries. For exam-
ple, some registries may have informa-
tion on every physician visit while an-
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other may collect information on a less
frequent basis (i.e. every 6 months, an-
nually, etc). Therefore, when combin-
ing data across multiple registries, it is
very likely that assessment timepoints
vary. This can be further complicated
by missing values, giving rise to unbal-
anced data even within each registry.
To overcome this, one can use the
“least common denominator” approach
by simply focusing on the longest of
all available intervals; however, much
data would be discarded through such
an approach. A better approach may
be to use analytical methods that can
accommodate different intervals for in-
dividual patients, such as (generalised)
linear mixed effect models for repeat-
edly measured binary outcomes (27) or
extended Cox models for time-to-event
outcomes (28), which can accommo-
date time-varying variables.
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Table. Challenges and solutions for (multiple) registry studies of biologic DMARD

discontinuation.

Challenge Solution

Challenges faced by all registries
1) Generalisability of registries

Check if the source population for the registry is typical popula-

tion of biologic DMARD users.

2) New vs. prevalent users of
biologic DMARDs

3) Outcome definition

Prevalent users can be included as long as they are new to dis-
continuation. Sensitivity analysis is recommended.

Changes in non-biologic DMARDs should be incorporated in a

composite “failure of discontinuation” definition.

Methodological complexities
specific to combining registries

4) Different health care system

- If registries are from very different health care systems with

different utilisation patterns of biologic DMARDs, comparison
rather than pooling is preferred.

5) Different follow up intervals

Analysis methods that can accommodate “unbalanced” longitu-

dinal data with varying follow up intervals should be used.

6) Data harmonisation

Variables should be matched as individual variables (swollen

joint count, etc.) rather than composite variables such as disease
activity scores, if possible.

Challenge 6.

Data harmonisation

One purpose of a biologic discontinu-
ation study is to attempt to identify
variables that can predict continued
disease control after cessation of bio-
logic DMARD. If we can predict
which patients will be able to discon-
tinue biologic DMARDs successfully,
drug exposure and associated risks and
costs might be reduced. Development
of such a prediction model across reg-
istries would require matching of vari-
ables that have been measured differ-
ently. This process is often called “data
harmonisation”; there is debate about
requirements for data harmonisation
(29).

The most robust way of harmonising
variables is to design, prospectively,
multiple registries with harmonisation
in mind. This so-called “stringent ap-
proach to harmonisation” (29) requires
collaboration before registries are start-
ed and would be very time-consuming.
This will result in higher quality data,
but may cancel out one benefit of reg-
istry studies, namely prompt access to
data that can be utilised quickly.

The “flexible approach to harmonisa-
tion” (29), on the other hand, is an ef-
fort to match variables in previously
collected data. For example, in the case
of biologic DMARD discontinuation
studies, one element of the composite

outcome (see Challenge 3) is the dis-
ease activity. Different disease activity
measures have been used in different
registries, for example, Disease Activity
Score 28 with erythrocyte sedimenta-
tion rate (DAS28-ESR) (15), DAS28
with C-reactive protein (DAS28-CRP)

-(30), and Clinical Disease Activity

Index (CDAI) (14). These measures
correlate well in biologic DMARD us-
ers (31), but the thresholds for remis-
sion and low disease activity have dif-
ferent characteristics depending on the
measures used (32, 33). To overcome
this challenge, the collection of each
component of the composite scores
(such as joint counts) might be useful to
recalculate a desired composite score.
If harmonising scores are difficult, one

could also consider harmonising the

disease activity categories (remission,
low disease activity, etc.) or treatment
response categories (34).

Discussion and future direction

Combining data from multiple regis-
tries may be useful to study outcomes
as biological DMARD discontinua-
tion. Nevertheless several potential

challenges must be addressed, as we

discussed above (summarised in Table
I). Registry studies can give us insights
into biologic DMARD discontinua-
tion patterns and outcome in real-life
practice settings, which could provide
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evidence that complements currently
available evidence from trials.

Use of individual-patient level data
(IPD) when combining multiple reg-
istries has certain strengths compared
to aggregate patient data (APD) meta-
analysis (26), which collects published
studies and combine the aggregated re-
sults. Firstly, use of IPD enables more
careful examination of the heterogene-
ity of the subjects. Secondly, it allows
better adjustment for baseline differ-
ences using similar sets of variables
across registries. Thirdly, some variable
heterogeneity can be adjusted for by
redefining variables using raw IPD. It
is -also possible to use random-effects
meta-analytic techniques on this type of
data. This approach is beneficial when
the sample sizes of data sources are
very different because small data sourc-
es may be overshadowed by larger ones
if datasets are simply combined.

The use of multiple registries is not
limited to biologic DMARD discontin-
uation studies. Research questions that
require generalisable clinical informa-
tion and large sample sizes can poten-
tially gain advantages from combining
datasets. Potential examples include
studies of rare exposures, such as very
newly introduced medications, or rare
outcomes such as certain toxicities. In
addition, cross-national comparisons
using multiple registries can answer in-
teresting health services questions, as
well as providing natural experiments
through treatment variation.

In conclusion, the use of multiple reg-
istry data studies could offer substan-
tial opportunities for studying biologic
DMARD discontinuation and beyond.
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A comparative effectiveness study of adalimumab,
etanercept and infliximab in biologically naive and
switched rheumatoid arthritis patients; results from

the US CORRONA registry
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ABSTRACT

Purpose To compare the effectiveness of anti-tumour
necrosis factor (TNF) agents in biologically naive and
‘switched’ rheumatoid arthritis (RA) patients.

Methods RA patients enrolled in the CORRONA
registry newly prescribed adalimumab (n=_874),
etanercept (n=0640), or infliximab {n=728) were
stratified based on previous anti-TNF use. Clinical
effectiveness at 6, 12 and 24 months was examined
using the modified American College of Rheumatology
response criteria (MACR20/50/70) and achievement of
remission (28-joint disease activity score {DAS28) and
clinical disease activity index (CDAI)} in unadjusted
and adjusted analyses. The persistence of anti-TNF
treatment was examined using Cox proportional
hazard models.

Results Among 2242 patients {1475 biologically naive,
767 switchers), mACR20, 50 and 70 responses were
similar {p>0.05) for adalimumab, etanercept and infliximab
at all time points, as were rates of COAl and DAS28
remission (p>0.05). Response and remission outcomes
were consistently inferior for switched versus biologically
naive patients. The adjusted OR for achieving an mACR20
response was 0.54 (95% Cl 0.38 to 0.76) in first-time
switchers and 0.42 (95% CI 0.23 to 0.78) in second-time
switchers versus biologically naive patients at 6 months.
The adjusted OR for achieving DAS28 remission were

0.29 (95% Cl 0.15 to 0.58} for first-time switchers and
0.26 (95% Cl 0.08 to 0.84) for second-time switchers.
Persistence was higher in biclogically naive patients, for
whom persistence was highest with infliximab.
Conclusions No differences in rates of drug response
or remission were observed among the three anti-TNF
Infliximab was associated with greater persistence in
biologically naive patients. Response, remission and
persistence outcomes were diminished for patients who
switched anti-TNF

Qver the past decade, anti-tumour necrosis factor
(INF) therapies have become the most frequently
prescribed class of biological agents for the treat-
ment of rheumatoid arthritis (RA) in the USA and
Europe. Currently, there are five anti-TNF agents
approved by the European Medicines Agency
and the US Food and Drug Administration, with
varying structures, dosing and pharmacokinetics.

Despite these differences, they all block TNE and
two randomised clinical trial (RCT) meta-analyses
of three commonly prescribed anti-TNF (adali-
mumab, etanercept and infliximab) concluded
that the three anti-TNF demonstrated comparable
efficacy.! 2 However, these meta-analyses have
been criticised, and their findings conflict with the
results reported in two European registry studies
demonstrating that adalimumab and etanercept
users have better clinical responses than infliximab
users.3 4 Those reports originated from European
countries with more restricted access to biological
agents and dosage restrictions.

An important caveat to the application of anti-
TNF RCT results to RA patients in the clinic is that
the vast majority of the RCTs were conducted in
biologically naive patients, particularly in those
without a previous history of anti-TNF treat-
ment. However, intraclass switching of anti-TNF
agents is common in clinical practices in Europe
and the USA.5-8 Currently, there is inadequate evi-
dence regarding the benefits of this strategy. As a
result, switching patients to a different anti-TNF
agent is restricted in certain European countries.
Comparative effectiveness research using obser-
vational data sources has gained broader support
in Europe and the USA across clinical disease
areas.” 11 ‘

Comparative effectiveness studies using obser-
vational data from registries represent a promising
alternative to RCT for comparing interventions and
therapies between biologically naive patients and
patients who switch anti-TNE!! This is important
because rheumatologists in the USA and many
European countries prescribe anti-TNF agents to
RA patients with markedly lower disease activity
than RCT populations.!?-* Given that comparative
effectiveness data for US-based cohorts are lacking,
the aim of the present study was to compare the
clinical effectiveness of specific anti-TNF agents
and the strategy of intraclass switching in a large

_US cohort of RA patients using the Consortium

of Rheumatology Researchers of North America
(CORRONA,) registry. In particular, we sought to
compare composite rates of drug response and
remission outcomes as well as the persistence of
anti-TNF treatment over a 2-year period.

Ann Rheum Dis 2012;71:1134-1142. doi:10.1136/annrheumdis-2011-150573
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Table 1 Baseline characteristics of the study cohort stratified by previous exposure to anti-TNF and newly prescribed anti-TNF agent
Biologic naive First-time switchers*

Characteristics ADA N=460 ETA N=480 INF N=535 p Valuet ADA N=311 ETAN=139 INF N=166 p Valuet
Demographics
Women 78% 76% 12% 0.06 82% 79% 82% 0.72
Age (years) 5512 5413 61+13 <0.001 5613 56x13 5612 0.83
Healthcare coveraget
Private insurance 78% 81% 72% 0.04 79% 81% 14% 0.39
Medicare 27% 24% 45% <0.001 34% 35% 34% 0.98
Medicaid 1% 9% 6% 0.30 9% 6% 5% 0.23
Clinical
Duration of RA {years) 8.9+9.5 8.8+9.2 9.6+9.9 <0.001 12.7+9.7 10.6+10.0 11.8+£9.4 0.09
Tender joint count 7.1x749 6.4+6.2 6.3+6.7 0.1 1.6x7.1 6.6+6.8 6.3+6.9 0.14
Swollen joint count 7.6+65 6.5+5.8 8.2:+6.9 <0.001 6.7:6.3 6.9+6.5 7.4+7.00 0.57
Patient global assessment (0—100 mm) 41.2+27.5 40.1x24.7 38.7x24.9 0.34 44.4+253 42.9+21.3 38.7+25.5 0.09
Patient pain assessment (0-100 mm) 43.3+28.0 41.5+24.7 41.5+258 0.48 45.7+25.5 46.0:£26.0 41.9+24.9 0.26
Physician global assessment (0~100 mm) . 36.9+20.5 33.5+£20.3 34.4+209 0.03 373223 33.3x205 32.8+222 0.05
mHAQ score 0.5+05 0.5+05 0.4x05 0.11 0605 0.6+0.5 0.4+0.4 0.01
ESR (mnvh) 25.7+£23.3 24.2+19.8 . 28.2+23.2 0.19 28.9+23.2 28.1+235 28.2:+22.0 0.96
DAS28 449+1.86 4.48+1.4 453+1.4 0.91 4.55+1.5 4.39+1.3 4.46 +.6 0.79
CDAI 22.3x13.7 20.2+12.3 22.0+13.4 0.04 22.4%+14.3 21.1£134 20.6+13.9 0.43
Disease activity per CDAI 0.15 0.69

High (>21) 21 2 22 23 21 25

Moderate (>5-<21) 37 41 34 33 39 36

Low (>2.2-<5) 42 37 44 44 40 39
BMI ) 29.2x7.1 29.5+7.6 29.6+75 0.67 28.6+7.3 30.5+7.7 29.2+6.6 - 0.04
Disabled 1 " 10 0.79 24 12 17 0.01
Medication at entry
Prednisone 35 33 33 0.80 35 35 33 0.81
Methotrexate 68 61 68 0.05 53 63 60 0.13
Methotrexate dose

<7.5mg 22% 17% 28% 24% 15% 23%

10-17.5mg 43% 49% 38% 37% 48% 36%

220 mg 35% 34% 35% 40% 36% 41%
No of previous DMARD 07+1.0 0.7x1.0 0.7+1.0 0.73 2114 1.5+13 1.8%£13

<0.001

Data shown are percentages of patients or mean+SD.

*Second-time switchers, including 103 switched to adalimumab, 21 to etanercept and 27 to infliximab, are not included due to relatively small sample size.
tp Values are derived from analysis of variance for continuous measures and Fisher's exact test for dichotomous variables.

1Categories are not mutually exclusive.

ADA, adalimumab; BMI, body mass index; CDA, clinical disease activity index; DAS28, disease activity score employing 28-joint count; DMARD, disease-madifying antirheumatic
drugs; ESR, erythrocyte sedimentation rate; ETA, etanercept; INF, infliximab; mHAQ, modified health assessment questionnaire; RA, rheumatoid arthritis; TNF, tumour necrosis factor.

METHODS

Data source

The CORRONA registry is an independent prospective obser-
vational cohort of patients with arthritis who are enrolled
by participating rheumatologists in both academic and pri-
vate practice sites. As detailed previously,'® 16 CORRONA is
governed by a board of academically affiliated US rheuma-
tologists. CORRONA has no governance or ownership ties
to the pharmaceutical industry. CORRONA receives funding
from multiple pharmaceutical manufacturers to support the
registry.

CORRONA data collection began in 2002; data collected to
11 March 2008 are included in the current analyses. Up to 2008,
there were 83 sites across 33 states in the USA, and approxi-
mately 200 rheumatologists have enrolled a total of 19 902
patients, including 16 696 with RA. Approximately 22% of
the sites were academic sites and 78% were private sites. The
geographical distribution of patients in the registry across the
USA was the northeast region 34%, midwest region 24%,
south region 28% and west region 14%. Patients were enrolled
into the CORRONA registry at the time of a routine clinic
visit. Enrolment into the CORRONA registry remains active.
Both patient and physician questionnaires are filled out during
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routine clinical encounters. Completed questionnaires are faxed
or mailed to a central processing site. Approvals for data col-
lection and analyses were obtained for academic and private
practice sites from local and central institutional review boards,
respectively.

Study population

Amongthe 16 696 patients with RA enrolled in the CORRONA.
registry, 2630 were newly prescribed an anti-TNF agent with
at least one follow-up visit between 4 February 2002 and 11
March 2008. No disease activity or comorbidity exclusion
criteria were required for RA patients enrolled into the con-
sortium registry. For the purposes of this study, the 162 RA

‘patients in remission at baseline, defined by a clinical disease

activity index (CDAI)Y score of 2.8 or less or a disease activ-
ity score based on 28 joints (DAS28) and erythrocyte sedi-
mentation rate (ESR) less than 2.6 were excluded from the
study population. Patients with a previous history of the use
of a non-TNF agent (N=126) were also excluded, resulting in
22432 RA patients included in this analysis. Among these 2242
patients, 1475 were biologically naive, 616 were first switch-
ers and 151 were switching to their second or more biological -
agent. A flowchart describing the study population in greater
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Table 2 Crude response and remission rates at 6 and 12 months among adalimumab, etanercept and infliximab users in those who were biologically
naive .

6 Manths 12 Months
INF . ADA ETA INF ADA ETA

mACR response

No of patients 230 235 222 182 190 178
mACR 20 '

Responders (%) 26.5 30.6 37.4 26.9 26.8 31.5

Adjusted OR* 1.00 0.95 {0.60-1.50) 1.37(0.94-1.99) 1.00 0.96 (0.56, 1.64) 1.35(0.84, 2.18)
mACR50

Responders {%) 14.3 19.6 26.6 20.3 174 20.8

Adjusted OR* 1.00 1.03 (0.52, 2.01) 1.75(0.99, 3.09) 1.00 0.72 (0.46-1.13) 1.03(0.62-1.70)
mACR70 -

Responders {%) 9.6 10.2 9.9 12.1 121 11.8

Adjusted OR* 1.00 0.76 (0.41-1.42) 0.81(0.42-1.56) 1.00 0.83 (0.46-1.49) 1.04 (0.61-1.78)
CDAI remission

No of patients 254 249 242 199 202 189

Responders {%) 15.7 13.7 16.1 17.1 12.9 185

Adjusted ORT 1.00 0.83 {0.42-1.63) 1.18 {0.65-2.14) 1.00 0.69 (0.42-1.15) 1.15 {0.61-2.12)
DAS28 remission

No of patients 103 107 116 71 75 72

Respanders (%) 28.2 25.2 28.4 33.8 33.3 375

Adjusted ORt 1.00 0.72{0.48-1.08) 0.95 {0.43-2.08) 1.00 0.89 (0.39-2.00) 1.01(0.47-2.12)

*Adjusted for duration of RA, joint counts, patient global, age, mHAQ, disability, use of methotrexate and year of initiation.
‘tAdjusted for duration of RA, baseline disease activity, age, mHAQ, disability, use of methotrexate and year of initiation.
ADA, adalimumab; CDAV, clinical disease activity index; DAS28, disease activity score employing 28-joint count; ETA, etanercept; INF, infliximab; mACR, modified American College of

Rheumatology.

detail can be found in supplementary figure S1 (available
online only).

- Measures and data collection

Data were collected during the study period from physician
assessment and patient questionnaires completed during clini-
cal encounters. Patients were followed as frequently as every 3
months. For this dataset, the mean time between visits was 4.7
months and the median time between visits was 3.8 months.
Non-biological and biclogical disease-modifying antirheumatic
drugs (DMARD), including anti-TNF agents, were recorded at
the time of the clinical encounter. Data elements also docu-
mented at the time of a clinical encounter that are relevant
to the current analysis included 28 tender and swollen joint
counts, physician and patient global assessments of disease
activity, patient assessment of pain, the modified health assess-
ment questionnaire (HAQ) assessing physical function and
ESR. Across the 2242 patients, data on tender and swollen joint
counts were complete in 2210 (98.6%) patients. All compo-
nents of the CDAI were completed for 2069 (92.3%) patients.
Acute phase reactant data were recorded from laboratory tests
obtained within 10 days of the clinical encounter, but collection
of laboratory data was not mandated by the registry protocol.
.ESR values were available for 1210 (54%) patients. Insurance
data was available for 73.5% of patients. Completeness was
high for data required for the CDAI (>92%).

Drug exposure cohorts .

Patients initiating adalimumab, etanercept and infliximab were
stratified into one of three cohorts. Biologically naive patients ini-
tiating an anti-TNF agent were defined as patients with no lifetime
history of treatment with anakinra, other anti-TNF agents, abata-
cept or rituximab. First-time switchers were defined as patients
initiating an anti-TNF agent with a history of previous treatment
with a different anti-TNF agent. Second-time switchers were
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defined as patients with a history of previous treatment with
two different anti-TNF agents. Within each of the three cohorts,
comparisons among the three individual anti-TNF agents (adali-
mumab, etanercept and infliximab) were performed.

Registry outcomes

Responsiveness to anti-TNF therapy was assessed using the
modified American College of Rheumatology (ACR) 20, 50 and
70 response criteria without the requirement for an acute phase
reactant to maximise the amount of patient data available for
analysis. These measures have been previously defined and
validated.’® ¥ A modified ACR20 response required a 20% or
greater improvement in tender and swollen joint counts, as well
as in two or more of the following four ACR response compo-
nents: physician global assessment, patient global assessment,
patient global pain and modified HAQ. The modified ACR50
and 70 responses were calculated using the same criteria, but
requiring at least 50% and 70% improvement, respectively.
Disease remission outcomes were defined as a DAS28-ESR
score less than 2.6%0 and a CDAI score, which does not require
an acute phase reactant, of 2.8 or less."” Continuation or persis-
tence of treatment with the newly prescribed anti-TNF agent
was defined as the duration of time from anti-TNF initiation to
discontinuation.

Statistical analysis
Patient clinical and demographic characteristics were compared
within the three strata of previous anti-TNF exposure by specific
agent. For continuous measures, means and SD were estimated
and analysis of variance was used to assess the statistical sig-
nificance of any differences among the groups. For dichotomous
measures, percentages were estimated and Fisher’s exact test was
used to assess the significance of differences among groups.
Formodified ACR20, 50 and 70 response, patients who discon-
tinued the newly prescribed anti-TNF agent were categorised as
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Table 3 Secondary analysis of respense and remission rates in biologically naive patients: dose escalation imputed as non-response

6 Months 12 Months
INF ADA ETA INF ADA ETA

mACR response

No of patients 230 235 222 182 190 178
mACR 20 ’

Responders (%) 25.7 28.9 314 23.6 25.2 315

Adjusted OR 1.00 0.97 {0.63-1.49) 1.50 {1.06-2.13) 1.00 1.03 (0.2-1.70) 1.60 {0.98-1.69)
mACR50 '

Responders (%) 13.5 18.7 26.6 18.1 16.8 20.8

Adjusted OR 1.00 1.16 (0.64-2.12) 2.04 (1.24-3.35) 1.00 0.73 {0.47-1.15} 1.10 {0.65-1.86)
mACR70

Responders (%) 9.1 9.8 9.9 11.0 1.6 11.8

Adjusted OR 1.00 1.04 {0.62-1.75) 1.10 (0.58-2.09) 1.00. 1.03 (0.59-1.81) 1.07 (0.62-1.85)
CDAI remission

No of patients 254 249 242 199 202 189

Responders {%) 15.4 12.9 16.1 16.1 12.4 185

Adjusted OR 1.00 0.78 (0.37-1.62) 1.19 {0.64-2.22) 1.00 0.69(0.43-1.10) 1.20 {0.63-2.27)
DAS28 remission

No of patients 103 107 116 n 75 72

Responders {%) 26.2 25.2 28.4 28.1 32.0 315

Adjusted OR 1.00 1.08 (0.74-1.58) 1.26 (0.68-2.33) 1.00 1.22 (0.64-2.35) 1.57 (0.91-2.72)

ADA, adalimumab; CDAV, clinical disease activity index; DAS28, disease activity score employing 28-joint count; ETA, etanercept; INF, infliximab; mACR, modified American College of

Rheumatology.

non-responders (ie, no modified ACR20 50 or 70 response or no
DAS28-ESR or CDAI remission) for any study visit after discon-
tinuation, using intention-to-treat analyses with non-responder
imputation approach as previously applied.'3?! Unadjusted ACR
response rates were determined at 6, 12 and 24 months following
the start of the newly prescribed anti-TINF using 3-month time
windows for capturing study visits. Unadjusted and adjusted
OR comparing response rates among anti-TNF agents were
estimated using multivariable logistic regression models and
were reported with estimated 95% CI. Covariates associated
with either anti-TNF agent selection or response to treatment
were considered as possible confounders and included patient
demographics, disease activity and severity measures, previous
medication usage, history of comorbidities and years since anti-
TNF agent initiation Sensitivity analyses were carried out apply-
ing a completer’s analysis approach. Similar methodology was
employed to assess remission based on the DAS28-ESR and
CDAI cut points defined above.

Treatment persistence was estimated using survival analy31s
methods. Time from initiation to discontinuation of the anti-
TNF or to last follow-up visit was estimated based on the ini-
tiation visit dates and discontinuation (or last follow-up) dates.
Unadjusted Kaplan—Meier survival curves were estimated for
each of the three study cohorts, as well as individually for anti-
TNF agents within each cohort. Log rank tests were used to test
the null hypothesis of no differences among the Kaplan—Meier
survival curve estimates. Proportional hazard assumptions were
assessed graphically by comparing survival curves estimated
by Cox regression models and Kaplan—Meier estimates and by
assessing the log-log survival plots. Cox proportional hazard
regression models estimated unadjusted and adjusted HR of
discontinuation.

For each of the study outcomes, comparisons were per-
formed among the three cohorts (biologically naive, first-time
switchers and second-time switchers), and among the three
anti-TNF agents stratified within the biologically naive and first-
time switcher cohorts. For the primary analysis of persistence,
we used the visit dates of reported initiation and visit dates of
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reported discontinuation. An analysis was also carried out in
which we used dates as described above for those who indi-
cated starting or discontinuing ‘at the visit’ but for those indicat-
ing ‘since last visit’ we substituted the date halfway between
visits with little change in results. Comparisons of the three anti-
TNF agents among second-time switchers were not performed
due to small sample sizes within this cohort. We also performed
sensitivities that incorporated major changes in dose/frequency
in the survival analyses and imputed non-response for major
dose/frequency escalations. We distinguished high versus low

dose/frequency for adalimumab as 40 mg weekly versus every

2 weeks, and for infliximab using the cutpoint of of greater than
6 mg/kg every 8 weeks or equivalent based on a previously
published cutpoint.??

To allow comparison with other registries and RCT, crude
response and remission rates were stratified on the basis of
whether or not patients met the eligibility criteria from three
major published controlled trials.!? As the registry records
28-joint counts, we estimated 28-joint count equivalents for the
RCT 66-joint count requirements based on the 28-joint valida-
tion methodology previously described.!? For the 66-joint count
threshold of six or more tender and swollen joints, we applied
the estimated 28-joint count equivalent of four of more joints
such that patients who were deemed RCT eligible had four or
more swollen joints, four or more tender joints and 45 min or
more of morning stiffness at the time of registry enrollment.
Power calculations varied across study outcomes for 6-month
modified ACR outcomes. In biologically naive patients, we had
93% power to detect an OR of 2.0. For DAS28 remission at 6
months we had 76% power to detect an OR of 2.25.

RESULTS

Demographic and clinical characteristics

The study population consisted of 2242 RA patients; 1475
patients were biologically naive before initiating anti-TNF
therapy, 616 had switched to a second anti-TINF agent (termed
‘first-time switchers’) and 151 had switched to their third anti-

- TINF agent (termed ‘second-time switchers’). The baseline
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