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ABSTRACT

Introduction: To compare the efficacy of abat-
acept and tumor necrosis factor inhibitor (TNFi)
in patients with anti-citrullinated protein anti-
body (ACPA)-positive rheumatoid arthritis (RA)
and identify those who benefit most from
abatacept over TNFi.
Methods: This observational study identified
RA patients who were ACPA-positive and initi-
ated abatacept or TNFi from the Korean College
of Rheumatology Biologics and Targeted ther-
apy registry. Propensity score (PS) matching was

performed to balance baseline confounding in
abatacept- or TNFi-treated patients. The major
endpoints were changes in Clinical Disease
Activity Index (CDAI) and achievement of CDAI
remission/low disease activity after 1 year of
treatment. Subgroup analysis was mainly per-
formed stratified by prior biologics use.
Results: A total of 291 PS-matched, ACPA-pos-
itive RA patients who initiated abatacept
(n = 97) and TNFi (n = 194) were included.
From baseline CDAI scores of 26.52 in the
abatacept group and 26.38 in the TNFi group,
the mean changes after 1 year were - 16.78
and - 13.61, respectively (difference - 3.17,
p = 0.020). The proportion of patients achieving
CDAI remission/low disease activity was 68.0%
with abatacept and 52.6% with TNFi
(p = 0.013). In the subgroup analysis, patients
that were biologics-naı̈ve had better
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improvement in CDAI after treatment with
abatacept than TNFi (difference - 3.35,
p = 0.021).
Conclusions: This real-world study suggests
that abatacept may have better clinical response
compared to TNFi in patients with established
ACPA-positive RA, especially in those that were
biologics-naı̈ve.

Keywords: Abatacept; Anti-citrullinated
protein antibodies; Rheumatoid arthritis;
Treatment outcome; Tumor necrosis factor
inhibitors

Key Summary Points

Why carry out this study?

Patients with rheumatoid arthritis (RA)
who are anti-citrullinated protein
antibody (ACPA)-positive have been
shown to respond better to abatacept and
rituximab than patients who are ACPA-
negative. Yet, the evidence regarding
comparative efficacy of biologic agents
stratified by patient’s ACPA serostatus is
very limited in Asian patients with RA.

What was learned from the study?

This real-world study, based on the Korean
nationwide biologic registry, reveals that
abatacept-treated ACPA-positive patients
may have better clinical outcomes at
1 year than those treated with a TNF
inhibitor, especially in biologics-naı̈ve
patients. These findings suggest that
ACPA serostatus could guide treatment
decisions in selecting biologic therapy for
Asian RA patients with active disease.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic immune-
mediated disease characterized by synovial
inflammation that leads to joint damage [1].
Over the past two decades, the advent of

biological disease-modifying antirheumatic
drugs (bDMARDs) and Janus kinase (JAK) inhi-
bitor has improved the outlook for treatment of
RA [2]. Although both classes of drugs have
been approved for the treatment of active RA
after unsuccessful treatment with conventional
synthetic DMARD (csDMARD), determining the
optimal drug for a particular patient remains a
challenge. Due to the limited differences in
overall efficacy between bDMARDs [3, 4], the
current American College of Rheumatology
(ACR) or European League Against Rheumatism
(EULAR) guidelines for the treatment of RA still
do not specify which patients should receive
which bDMARD treatment at the start or switch
[5, 6]. Furthermore, classical clinical trials of RA
have shown common limits of therapeutic
response that are difficult to overcome, regard-
less of drugs [7]. In this regard, it is necessary to
compare the efficacy of bDMARD after stratify-
ing patients according to specific predictors of
therapeutic response and non-response to
establish the optimal strategy for RA. A recent
randomized controlled trial has shown different
treatment response to rituximab compared to
tocilizumab, depending on subgroups stratified
by synovial tissue-based biomarkers [8].

Abatacept, a fusion protein of cytotoxic
T-lymphocyte antigen-4 (CTLA-4) and Fc por-
tion of an immunoglobulin (Ig) G molecule,
binds to the costimulatory ligands CD80 and
CD86 and blocks their interaction with CD28
expressed by T cells, resulting in inhibition of T
cell co-stimulation [9]. In addition to inhibitory
effect on cytokine production by macrophage
[10], abatacept interferes with the stimulation
of T follicular helper cells, thereby blocking the
T cell–B cell interaction for autoantibody pro-
duction [11]. Notably, some patients with early
RA became autoantibody-negative after treat-
ment with abatacept in clinical trials [12]. In
line with the mode of action of abatacept, pre-
vious studies showed that anti-citrullinated
protein antibody (ACPA)-positive patients
responded significantly better to abatacept
[13, 14] and had improved drug retention
compared to ACPA-negative patients [15, 16].
Similar to abatacept, a meta-analysis found that
seropositive patients responded significantly
better to rituximab than seronegative patients
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[17]. On the other hand, no association between
ACPA serostatus and clinical outcomes with
tumor necrosis factor inhibitor (TNFi) has been
identified [18, 19]. Nevertheless, the compara-
tive efficacy between bDMARDs in patients
stratified by ACPA serostatus remains unclear.
Previous data from the United States (US) Cor-
rona registry showed similar clinical outcomes
between abatacept and TNFi in patients with
ACPA-positive RA [20]. Post hoc analysis of the
AMPLE trial indicated that abatacept tended to
respond better than adalimumab in bDMARD-
naı̈ve patients with early, seropositive, erosive
RA [21]. However, due to the observational
nature of the studies, different study popula-
tion, and limited data on ACPA titers, it is still
difficult to draw clear conclusions about groups
in which abatacept is preferable to other drugs.

Thus, the aim of this study was to compare
the efficacy of abatacept and TNFi in patients
with ACPA-positive RA and identify factors
associated with the patients who most benefit
from abatacept over TNFi, using a large
nationwide registry.

METHODS

Patients

The analysis of this observational cohort study
was conducted using the Korean College of
Rheumatology Biologics and Targeted therapy
(KOBIO) registry database (NCT01965132). The
KOBIO registry was established in Dec 2012 and
contains nationwide, multicenter data on
patients with RA, ankylosing spondylitis, and
psoriatic arthritis who are receiving bDMARD
with the aim of providing a long-term safety
profile of bDMARD in Korean patients. Biologic
agents included rituximab, abatacept, tocilizu-
mab, etanercept, infliximab, adalimumab, and
golimumab. The registry has enrolled new
bDMARD users at initiation regardless of their
previous exposure to bDMARD. Demographic,
clinical, laboratory, and functional data of
enrolled patients were prospectively recorded at
baseline (at the time of new bDMARD initia-
tion) and annual visits [22]. Besides, data were
collected when the patients switched or

discontinued bDMARD during the follow-up
period.

Among the patients enrolled in the KOBIO
registry, those aged 18 years or older who were
diagnosed as RA, positive for ACPA, and started
abatacept or TNFi treatment between Dec 2012
and Oct 2017 were included in this study. All
patients met the 2010 ACR-EULAR classification
criteria for RA [23]. ACPA positivity was defined
according to the result of the anti-cyclic citrul-
linated peptide (anti-CCP) assay performed at
each center. For example, ACPA titer levels were
considered positive at greater than 5.0 U/ml at
the Boramae Medical Center (BMC). Patients
were excluded if they had a history of ankylos-
ing spondylitis or psoriatic arthritis, or had no
1-year follow-up data. This study was conducted
in accordance with the principles of the Decla-
ration of Helsinki and Good Clinical Practice
guidelines. All included patients provided writ-
ten informed consent upon enrolment into the
KOBIO registry. The study protocol was
approved by the institutional review boards at
BMC (26-2012-34).

Study Design and Data Collection

The ACPA-positive RA patients were assigned to
two treatment groups based on the type of
bDMARD initiated; the abatacept group and the
TNFi group. Abatacept-treated patients with
prior exposure to a TNFi were excluded from the
TNFi group. Due to the heterogeneity of base-
line characteristics between the two groups,
therapeutic efficacy was compared in a
propensity score (PS)-matched population.
Baseline was defined as the start date of each
bDMARD (abatacept or TNFi). No dose reduc-
tion or increase in dose interval of abatacept or
TNFi was observed during the first year of
treatment. Both intravenous infusion and sub-
cutaneous injection form of abatacept were
included. The concomitant use of csDMARD,
corticosteroids, and non-steroidal anti-inflam-
matory drugs was determined by the attending
rheumatologist of each center.

Data were extracted from the KOBIO registry
database at baseline and after 1 year of treat-
ment. Baseline data included age, sex, disease
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duration, education level, smoking status, body
mass index, swollen and tender joint counts,
physician’s global assessment, patient’s global
assessment, C-reactive protein (CRP) level, ery-
throcyte sedimentation rate (ESR), and the titers
of ACPA and rheumatoid factor (RF). The Dis-
ease Activity Score of 28 joint count (DAS28)
with ESR and CRP, clinical disease activity index
(CDAI), simplified disease activity index (SDAI),
and routine assessment of patient index data 3
(RAPID3) were collected. We also collected data
on the presence of erosion in plain radiograph
and concomitant medications.

Study Outcomes

The primary endpoint was the change from
baseline in CDAI score after 1 year of treatment
with abatacept or TNFi. Additionally, we strati-
fied patients according to the baseline ACPA
titer levels and previous exposure to bDMARD
(bDMARD-naı̈ve or not), and compared the
changes in CDAI score after 1-year treatment for
each subgroup. ACPA titer level was divided
into three groups (low,[upper limit of normal
and B 100 U/ml; moderate,[100 and B 200
U/ml; high,[200 U/ml) [24]. Secondary end-
point was the proportion of patient achieving
CDAI remission or low disease activity (LDA) at
1 year. The level of CDAI score was categorized
as follows: a CDAI of B 2.8 indicated remission;
2.9 to 10.0, low disease activity; 10.1 to 22.0,
moderate disease activity; and more than 22.0,
high disease activity [25]. As a sensitivity anal-
ysis, we examined the change of DAS28-ESR as
well as the remission rate based on DAS28-ESR
(cut-off value\ 2.6).

Statistical Analysis

Values were expressed as mean (standard devi-
ation, SD) or number (percentage, %). Baseline
characteristics of crude population were com-
pared using Chi-square or Fisher’s exact tests for
categorical variables and Student’s t test for
continuous variables. Patients were matched
using 1:2 PS matching method to adjust base-
line confounders between treatment groups. For
PS matching, the caliper was set to 0.2, then

abatacept and TNFi users were matched by
nearest-neighbor matching with multiple vari-
ables including age, sex, baseline CDAI score
and the proportion of bDMARD-naı̈ve users.
The primary endpoint was analyzed using the
analysis-of-covariance model with treatment
group as the fixed factor and with the baseline
CDAI score as a covariate. Subgroup analysis for
primary endpoint was conducted using the
generalized estimating equation. For secondary
endpoint, treatment groups were compared
with the generalized estimating equation with
ordinal responses. Odds ratio (OR) and 95%
confidence intervals (CI) for achieving CDAI
remission or LDA after 1-year treatment with
abatacept were determined through univariable
and multivariable logistic regression analyses
with TNFi as the reference in both the crude and
PS-matched populations. Three multivariable
regression models were constructed. Model 1
was adjusted for age, sex, baseline CDAI, disease
duration, concomitant use of corticosteroids
and methotrexate (MTX). Additional adjust-
ments were performed to assess whether the
association was independent of ACPA titers
(low, moderate, and high) and line of bDMARD
use (model 2 and 3, respectively). All statistical
analysis was performed using R software version
3.5.1. A p value\ 0.05 was considered statisti-
cally significant.

RESULTS

Patients

We identified 912 patients with RA who initi-
ated abatacept or TNFi from the KOBIO registry,
and 27 patients were lost to follow-up within a
year and therefore excluded. Of the remaining
885 patients, a total of 138 abatacept and 487
TNFi initiators were ACPA-positive (crude pop-
ulation), 104 patients were ACPA-negative (22
abatacept initiators, 82 TNFi initiators), and 156
patients were unavailable for ACPA serostatus.
After PS matching, 97 abatacept initiators and
194 TNFi initiators remained in the PS-matched
population and were analyzed in this study
(Fig. 1). Baseline data for PS-matched and crude
population are presented in Table 1. In the
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crude population, TNFi group were younger
(mean (SD), 53.3 (12.5) vs. 57.0 (13.5) years,
p = 0.003), had a shorter disease duration (mean
(SD), 7.1 (7.3) vs. 8.7 (8.0) years, p = 0.02), had
higher disease activity at baseline (mean (SD)
27.5 (11.6) vs. 24.6 (10.4) in CDAI score,
p = 0.01), and had a higher proportion of
bDMARD-naı̈ve patients (84.8 vs. 74.6%,
p = 0.01) than abatacept group. Approximately,
90% of both groups were RF- and ACPA-posi-
tive. This discrepancy in the crude population
was well balanced in the PS-matched popula-
tion (Table 1).

Concomitant use of RA-related medication
at baseline did not differ substantially across the
PS-matched groups. Most patients (* 97%)
used csDMARD in both groups, however, the
TNFi group used MTX more frequently while
the abatacept group used leflunomide more
frequently (Table 1). Notably, use of corticos-
teroids was prevalent in both groups (90.7% for
abatacept and 85.1% for TNFi group). Most
patients were bDMARD-naı̈ve in both groups
(86.6% for abatacept and 87.1% for TNFi
group). Over half of the patients in each group

had more than one radiographic erosion at
baseline.

Changes in Clinical Outcomes After 1 Year
of Treatment

At baseline, the mean (SD) CDAI score was
26.52 (9.77) in the abatacept group and 26.38
(9.11) in the TNFi group. The mean change in
CDAI from baseline after 1-year treatment
was - 16.78 (95% CI, - 19.55 to - 14.01)
and - 13.61 (95% CI, - 15.61 to - 11.61),
respectively (difference, - 3.17 points,
p = 0.020) (Fig. 2A). The proportion of patients
achieving CDAI remission or low disease activ-
ity after 1-year treatment was 68% with abata-
cept and 52.6% with TNFi (p = 0.013) (Fig. 2B).
Univariable logistic regression analysis showed
that achieving CDAI remission or LDA was
associated with abatacept treatment (Table 2).
In the multivariable logistic regression analysis,
CDAI remission or LDA was again significantly
associated with abatacept treatment in both the
crude and PS-matched populations (adjusted
OR 4.01, 95% CI, 1.46 to 11.00 in PS-matched

Fig. 1 Patient selection process. ACPA anti-citrullinated protein antibody, RA rheumatoid arthritis, TNFi tumor necrosis
factor inhibitor
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Table 1 Baseline characteristics of ACPA-positive RA patients treated with abatacept or TNFi

PS-matched population Crude population

Abatacept
(N = 97)

TNFi
(N = 194)

p value Abatacept
(N = 138)

TNFi
(N = 487)

p value

Female, n (%) 80 (82.5) 162 (83.5) 0.82 115 (83.3) 401 (82.3) 0.79

Age, years 54.6 (13.2) 54.5 (11.6) 0.96 57.0 (13.5) 53.3 (12.5) \ 0.01

Education, n (%)a 0.73 0.13

Less than high school 29 (32.6) 52 (28.0) 48 (37.2) 133 (28.7)

High school graduate 37 (41.6) 84 (45.2) 48 (37.2) 180 (38.7)

College graduate or above 23 (25.8) 50 (26.9) 33 (25.6) 152 (32.7)

BMI, kg/m2 22.1 (3.2) 22.1 (3.0) 0.98 22.5 (3.4) 22.4 (3.3) 0.92

Tobacco use, n (%) 18 (18.6) 31 (16.0) 0.58 26 (18.8) 73 (15.0) 0.27

Disease duration, years 8.5 (7.8) 7.6 (7.2) 0.34 8.7 (8.0) 7.1 (7.3) 0.02

SJC 6.1 (5.3) 6.8 (5.0) 0.23 6.1 (5.6) 7.5 (6.1) 0.02

TJC 8.4 (6.4) 8.7 (6.1) 0.62 8.4 (7.1) 10.0 (7.8) 0.03

CRP, mg/dl 2.1 (2.0) 2.2 (3.3) 0.80 2.0 (2.1) 2.4 (3.0) 0.13

ESR, mm/h 54.1 (29.7) 50.4 (26.1) 0.30 52.3 (28.0) 52.0 (26.8) 0.91

DAS28 (ESR) 5.7 (1.0) 5.7 (0.9) 0.60 5.5 (1.2) 5.7 (1.1) 0.03

DAS28 (CRP) 4.9 (1.0) 4.9 (0.9) 0.73 4.7 (1.2) 5.0 (1.2) 0.01

SDAI score 28.7 (10.4) 28.6 (10.3) 0.94 26.5 (11.3) 29.8 (12.6) 0.01

CDAI score 26.5 (9.8) 26.4 (9.1) 0.90 24.6 (10.4) 27.5 (11.6) 0.01

RAPID-3 score 16.0 (5.5) 15.5 (5.8) 0.52 15.1 (5.8) 15.5 (5.7) 0.48

RF-positive, n (%)a 85 (89.5) 178 (93.2) 0.28 122 (89.7) 436 (90.6) 0.74

ACPA titer, U/ml 264.7 (345.6) 230.3 (308.5) 0.39 263.3 (360) 237.5 (304.1) 0.44

Radiographic erosion, n (%)a 43 (58.9) 70 (50.0) 0.22 61 (58.7) 189 (52.9) 0.30

Concurrent corticosteroid,

n (%)

88 (90.7) 165 (85.1) 0.18 117 (84.8) 418 (85.8) 0.76

Mean dose, mg/day 6.0 (3.3) 5.6 (6.2) 0.48 5.9 (3.3) 5.6 (4.6) 0.51

Concurrent use of

csDMARDs, n (%)

92 (94.9) 189 (97.4) 0.31 128 (92.8) 469 (96.3) 0.08

Methotrexate, n (%) 70 (76.1) 170 (90.0) \ 0.01 100 (78.1) 418 (89.1) \ 0.01

Methotrexate, dose per week

(mg)

13.1 (3.1) 12.9 (3.0) 0.65 12.8 (3.3) 12.9 (3.2) 0.70

Number of past csDMARDs 2.8 (0.9) 2.7 (0.9) 0.38 2.67 (1.00) 2.71 (0.91) 0.65
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population); abatacept treatment showed a sig-
nificant association with CDAI remission or
LDA even after adjusting for ACPA titers or line
of bDMARD use (Table 2).

The results were similar in terms of compar-
ison of DAS28-ESR changes at 1 year (- 2.28
(95% CI, - 2.59 to - 1.97) vs. - 1.80 (95%
CI, - 2.05 to - 1.55), abatacept vs. TNFi group,
p = 0.008). In addition, the abatacept group had
a higher DAS28-ESR remission rate than the
TNFi group (60.8 vs. 45.3%, p = 0.023).

Subgroup Analysis

Subgroup analysis stratified by baseline ACPA
titer levels and previous exposure to bDMARD
in the PS-matched population showed similar
results for primary outcome. In a subgroup
analysis of bDMARD-naı̈ve or failure patients,
the mean changes from baseline in CDAI for the
abatacept and TNFi groups were - 16.85 (95%
CI, - 18.97 to - 14.73) and - 13.50 (95%
CI, - 15.49 to - 11.51), respectively, in the
bDMARD-naı̈ve patients (difference, - 3.35,
p = 0.021). For bDMARD-failure patients, there

Table 1 continued

PS-matched population Crude population

Abatacept
(N = 97)

TNFi
(N = 194)

p value Abatacept
(N = 138)

TNFi
(N = 487)

p value

bDMARD-naı̈ve, n (%) 84 (86.6) 169 (87.1) 0.90 103 (74.6) 413 (84.8) 0.01

Values expressed as mean (SD) unless stated
ACPA anti-citrullinated protein antibody, BMI body mass index, bDMARD biological disease-modifying antirheumatic
drug, CDAI Clinical Disease Activity Index, csDMARD conventional synthetic disease-modifying antirheumatic drug, CRP
C-reactive protein, DAS28 disease activity score in 28 joints, ESR erythrocyte sedimentation rate, PS propensity score,
RAPID-3 routine assessment of patient index data, RF rheumatoid factor, SD standard deviation, SDAI Simple Disease
Activity Index, SJC swollen joint count, TJC tender joint count, TNFi tumor necrosis factor inhibitor
aCalculated based on number of patients with available data

Fig. 2 A Mean change in CDAI score and B achievement
of CDAI remission/low disease activity from baseline after
1 year of treatment with abatacept and TNFi in ACPA-

positive patients. ACPA anti-citrullinated protein anti-
body, CDAI Clinical Disease Activity Index, TNFi tumor
necrosis factor inhibitor
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was no significant difference in CDAI improve-
ment between the abatacept and TNFi groups
(difference, - 2.03, p = 0.793) (Fig. 3).

In a separate subgroup analysis for the ACPA
titer levels, baseline characteristics including
disease activity were generally comparable
between the treatment groups, although a few
differences were noted (e.g. corticosteroid dose;
Table S1). At 1 year, mean changes from base-
line in CDAI for the abatacept and TNFi group
were - 18.13 (95% CI, - 20.14 to - 16.12)
and - 12.56 (95% CI - 14.60 to - 10.52), in
the low ACPA titer group, respectively (differ-
ence, - 5.57, p = 0.010). In contrast, moderate
and high ACPA titer groups showed no signifi-
cant differences in CDAI improvement between
the abatacept and TNFi groups (p = 0.414 and
p = 0.719, respectively) (Figure S1)).

DISCUSSION

The relationship between ACPA serostatus and
therapeutic response of bDMARD in patients

Table 2 Logistic regression analysis of the relation between abatacept and the achievement of CDAI remission or low
disease activity after 1-year treatment

Univariable analysis Multivariable analysis

Model 1a Model 2b Model 3c

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Crude population

TNFi Reference Reference Reference Reference

Abatacept 3.19 (1.43,

7.12)

0.005 3.00 (1.33, 6.81) 0.008 3.05 (1.34, 6.95) 0.008 3.06 (1.34, 6.96) 0.008

PS-matched population

TNFi Reference Reference Reference Reference

Abatacept 3.50 (1.32,

9.31)

0.012 4.01 (1.46,

11.00)

0.007 4.16 (1.50,

11.53)

0.006 4.17 (1.50,

11.56)

0.006

CDAI Clinical Disease Activity Index, CI confidence interval, OR odds ratio, PS propensity score, TNFi tumor necrosis
factor inhibitor
aModel 1 was adjusted for age, sex, baseline CDAI, disease duration, concomitant corticosteroid use, and concomitant MTX
use
bModel 2 was adjusted for age, sex, baseline CDAI, disease duration, concomitant corticosteroid use, concomitant MTX use,
and ACPA titers
cModel 3 was adjusted for age, sex, baseline CDAI, disease duration, concomitant corticosteroid use, concomitant MTX use,
and line of bDMARD use

Fig. 3 Subgroup analysis of mean change in CDAI score
from baseline according to previous exposure to
bDMARD. bDMARD biological disease-modifying anti-
rheumatic drug, CDAI Clinical Disease Activity Index,
TNFi tumor necrosis factor inhibitor
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with RA is still unclear. In this real-world study
using data from the KOBIO registry, we found
that the change of CDAI score was significantly
greater in established ACPA-positive RA patients
who started treatment with abatacept compared
to TNFi. Furthermore, more patients in the
abatacept group achieved CDAI remission or
low disease activity at 1 year than in the TNFi
group. Among ACPA-positive RA patients,
patients with bDMARD naı̈ve or ACPA titer
levels of B 100 U/ml had a greater improve-
ment in CDAI when treated with abatacept
compared to TNFi.

Autoantibody-positive and autoantibody-
negative RA are considered to be distinct disease
subtypes that might be associated with different
pathogenic mechanisms [26, 27]. ACPA posi-
tivity is associated with poor prognosis such as
radiographic joint damage and increased mor-
tality [28–31]. Therefore, it is important to
determine the optimal patient-centric strategy
for the choice of bDMARD for patient with RA,
especially those with poor prognostic factors.
Positive autoantibody status is associated with a
good response to rituximab and abatacept,
which target B cells and T cells, respectively
[17]. Although RF positivity did not predict a
response to abatacept [32], previous studies
have shown that ACPA positivity is associated
with improved clinical response and drug
retention of abatacept [13, 16, 19]. One meta-
analysis showed a significant positive associa-
tion between ACPA positivity and EULAR
response to abatacept (Relative risk (RR) 1.18
[95% CI 1.03 to 1.35]), but for TNFi there was no
association with ACPA positivity and EULAR
response (RR 0.97 [0.86 to 1.10]) [33].

Nevertheless, evidence for comparative effi-
cacy of abatacept and TNFi in RA patients
stratified by ACPA serostatus is still scarce. An
observational study using US Corrona registry
found that patients with ACPA-positive RA
showed similar clinical outcomes at 6 months
between the abatacept and TNFi groups of the
overall population [20]. This study compared
the treatment groups after PS matching and had
similar disease duration (9.6–9.8 years) to our
study. However, short-term follow-up period
and low proportions of concomitant use of
MTX (59.7–62.4%) and corticosteroid

(37.0–38.5%) may affect the outcomes, result-
ing in a less pronounced improvement of CDAI
(- 9.85 for abatacept and - 8.53 for TNFi)
compared to our study. The longitudinal CDAI
changes reported in another study for abatacept
in ACPA-positive patients were similar to our
study; -8.53 and -19.01 at 6 and 12 months,
respectively [34].

In our study, CDAI after 1 year was signifi-
cantly reduced in abatacept treated patients
compared with those treated with TNFi who
were bDMARD-naı̈ve, while there was no dif-
ference between the two groups among patients
who had been exposed to a bDMARD. Previous
studies showed that there was no difference in
disease activity and patient-reported outcomes
between the abatacept and TNFi treated
patients regardless of prior exposure to a
bDMARD, yet the subjects were not stratified by
ACPA status [35–38]. Since most of the head-to-
head trials were conducted using a non-inferi-
ority study design, it remains at times a chal-
lenge to select the proper bDMARD for patients
in daily clinical practice. On the other hand,
Frisell et al. showed superior effectiveness of
non-TNFi bDMARDs compared with TNFi in
patients with RA from the Swedish Rheumatol-
ogy Register [39]. Furthermore, a recent post
hoc analysis of the AMPLE study found that
abatacept was more effective than adalimumab
after 1 and 2 years of treatment in patients with
bDMARD-naı̈ve, seropositive, erosive, early RA
[21]. Another comparative study showed similar
improvements in disease activity of abatacept
and TNFi among bDMARD-naı̈ve, ACPA-posi-
tive patients; this might be due to a less erosive
disease than our study (proportion of abatacept-
treated patients with radiographic erosion, 37.3
versus 58.9%) [20]. Indeed, erosions have been
shown to be a poor prognostic factor for
patients with RA, and hence, they might also be
a factor associated with the lack of response to
different treatment [40]. Therefore, this finding
suggests that abatacept may be a treatment
option for difficult-to-treat patients with poor
prognostic factors. On the other hand, the small
sample size after PS matching may limit the
comparison of abatacept with TNFi in patients
who failed to one bDMARD in this study. In
addition, response to a particular drug can be
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affected differently depending on previous
treatment. Failure to one or more bDMARDmay
also be related to non-inflammatory mecha-
nisms or other molecular mechanisms that
elude common pathways targeted by current
bDMARDs treatment [27].

Interestingly, better improvement in CDAI
with abatacept over TNFi treatment was seen in
patients with low ACPA titers ([upper limit of
normal and B 100 U/ml) in our study. Further-
more, the difference in CDAI changes between
the treatment groups tended to increase with
lower ACPA titer levels across the three sub-
groups stratified by ACPA titer levels. On the
other hand, Sokolove et al. demonstrated a
better clinical response with abatacept in
patients with the highest quartiles of ACPA titer
than patients with lower levels among ACPA-
positive, bDMARD-naı̈ve RA patients [14].
However, ACPA-positive patients treated with
adalimumab showed no association between
ACPA titer levels and treatment response. One
plausible explanation for this different trend is
that the disease duration in our study
(* 8 years) was greater than in the previous
study (* 2 years). Over half of patients in our
study already had radiographic erosions at
baseline, suggesting long-standing established
RA. Meanwhile, in terms of high ACPA titer
being a poor prognostic factor, differences in
efficacy between treatment groups can be
attenuated in patients with high ACPA titer, as
most drugs are often ineffective in high ACPA
titers. Another plausible reason for the treat-
ment response according to ACPA titers is the
different drivers that promote inflammation in
patients with RA. Among active ACPA-positive
patients who initiated bDMARD, inflammation
in patients with high ACPA titers could be pri-
marily mediated by increased ACPA-citrulli-
nated protein immune complex formation,
which results in production of pro-inflamma-
tory cytokines (e.g., TNF-alpha) by its binding
to Fc receptors on monocytes/macrophages [9].
Therefore, this effector function of ACPA could
be effectively neutralized by TNFi. On the other
hand, aberrant T cell activation due to autoim-
munity may be the main factor associated with
inflammation in patients with low ACPA titers
[9]. Thus, abatacept may be more effective than

TNFi in RA patients with low ACPA titers whose
inflammation is characterized by pathological T
cell activation.

To the best of our knowledge, this is the first
study from an Asian population comparing the
efficacy between abatacept and TNFi in patients
with ACPA-positive RA. It is important to con-
duct studies with patients of different ethnic
backgrounds, as therapeutic responses to drugs
can vary by race due to a its genetic background.
For instance, CD84 expression is associated with
response to etanercept in RA patients of Euro-
pean ancestry, but not in Portuguese or Japa-
nese [41]. The limitations of this study should
be considered. First, physicians prescribe medi-
cation based on the patient’s profile and treat-
ment selection is not random due to the nature
of the observational study. To overcome this
bias, we matched by PS method, however, this
method also does not address unknown con-
founding factors. Second, each subgroup con-
tained a relatively limited number of patients,
which may have compounded the ability to
detect differences in therapeutic response.
Third, our study used CDAI as a key clinical
outcome rather than DAS28 and/or other indi-
ces. However, CDAI has been validated in RA
and has shown significant correlations with the
SDAI and the DAS28 [42]. Furthermore, CDAI
has been utilized as the primary outcome in
studies comparing the efficacy of bDMARDs
[35, 38]. Fourth, it should also be noted that
there was no centralized laboratory evaluation
of ACPA serostatus, which may have led to
some misclassification. Lastly, this is 1-year data
and requires long-term follow-up.

CONCLUSIONS

This study, based on data from this nationwide
biologic registry, suggests that abatacept may
show a significant improvement in clinical
outcomes compared to TNFi in patients with
established ACPA-positive RA. Abatacept may
be particularly beneficial over TNFi in patients
with ACPA-positive RA who are bDMARD-naı̈ve
or have an ACPA titer of 100 U/ml or less. These
findings suggest that stratification of patients by
ACPA serostatus, along with disease duration
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and previous biologic treatment, is important in
predicting treatment response of abatacept,
thereby improving the clinical response by
selecting a suitable biological treatment option
for the right patient.
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