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ABSTRACT

Introduction: Abatacept efficacy in older
patients with rheumatoid arthritis (RA) has
been primarily demonstrated via retrospective
comparisons with younger patients. The objec-
tive of this study was to compare efficacy of

abatacept in older vs. younger patients with RA,
and efficacy of abatacept with that of conven-
tional synthetic disease-modifying anti-rheu-
matic drugs (csDMARDs) in both age groups.
Methods: This prospective, multicenter, obser-
vational study (UMIN000014913) enrolled
csDMARD-refractory patients without previous
biological DMARD treatment. Abatacept (A) or
csDMARDs (C) were administered at the treat-
ing physician’s discretion to older
(O, C 65 years) and younger (Y, 20–64 years)
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patients, producing AO, AY, CO, and CY
groups. Clinical efficacy after 24 weeks was
evaluated using European League Against
Rheumatism (EULAR) erythrocyte sedimenta-
tion rate response criteria.
Results: Overall, 202 patients were evaluated.
Compared with the CO group, more patients in
the AO group achieved a EULAR good or mod-
erate response (p\0.0001). Compared with the
CY group, more patients in the AY group
achieved a EULAR good or moderate response
(p\ 0.01). Similar proportions of patients in the
AO and AY groups achieved a EULAR good
response or a good or moderate response. Few
adverse events were reported.
Conclusions: This prospective study demon-
strated that abatacept is efficacious and safe in
older patients with RA and a history of being
refractory to csDMARDs. Abatacept was shown
to be more efficacious than adding or switching
to a new csDMARD in both younger and older
csDMARD-refractory patients with RA.
Trial Registration: UMIN000014913.

Keywords: Abatacept; Aged; Antirheumatic
agents; Prospective studies; Rheumatoid
arthritis; Treatment outcome

Key Summary Points

Why carry out this study?

Half of the older patients with rheumatoid
arthritis (RA) do not respond adequately
to the current therapeutic agents. A
potent and safe treatment option needs to
be established especially for older
patients.

We prospectively analyzed the efficacy of
abatacept in older and younger patients
with inadequate response to csDMARD
and compared with adding or switching
csDMARD.

What was learned from the study?

The efficacies of abatacept are similar in
older and younger patients with RA.

Abatacept constitutes an overall more
favorable treatment option for older
patients as well as younger patients than
adding or switching to a new csDMARD
treatment.

INTRODUCTION

Rheumatoid arthritis (RA) is an inflammatory
disease that is characterized by synovitis, bone
erosion, and cartilage destruction, which ulti-
mately lead to joint destruction [1]. An inten-
sive treatment strategy has been established to
achieve disease remission or lower disease
activity, thereby reducing bone destruction and
restoring physical function [2]. The widespread
use of biological disease-modifying anti-rheu-
matic drugs (bDMARDs) and Janus kinase inhi-
bitors has greatly improved the prognosis of
patients with RA [3].

Currently, there is a lack of prospective
studies to support guidelines on the treatment
of older patients with RA [4]. Comorbidities are
more prevalent in older patients with RA than
in younger patients [5, 6], and complications
can reduce the therapeutic efficacy of DMARDs
[7]. Consequently, data from real-world clinical
practice show that low disease activity is only
achieved in approximately half of older patients
with RA [8]. Moreover, the incidence of adverse
events, including infectious diseases, is greater
in older patients than in younger patients with
RA [9–12]. Although older patients with RA are
at a greater risk of infection, appropriate man-
agement of disease activity can reduce this risk
[13]. Thus, treatment options should be estab-
lished specifically for this group of patients with
RA.

Abatacept selectively inhibits T cell activa-
tion and therefore suppresses the production of
inflammatory cytokines and other pro-inflam-
matory mediators [14]. Clinical trials have
shown that the efficacy of abatacept is similar to
that of other bDMARDs [15–17]. Furthermore,
the incidence of severe infections after abata-
cept treatment has been reported to be similar
in older and younger patients with RA [18],
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whereas greater incidences of severe infections
have been observed in older patients with RA
who received tumor necrosis factor inhibitors
and an interleukin-6 inhibitor [19, 20]. Com-
pared with treatment involving other
bDMARDs, abatacept treatment is also associ-
ated with a lower risk of severe infection
[21, 22]. Thus far, frequent use and long-term
maintenance of abatacept treatment have been
reported in older patients with RA [23, 24];
however, the efficacy of abatacept in older
patients with RA has primarily been demon-
strated via retrospective comparisons with
younger patients [25, 26]. This prospective
study was therefore performed to compare the
efficacy of abatacept in older patients vs.
younger patients with a history of being
refractory to conventional synthetic DMARDs
(csDMARDs). We also compared the efficacy of
abatacept with that of csDMARDs in older and
younger csDMARD-refractory patients with RA.

METHODS

Study Design and Patients

This multicenter, open-label, prospective,
observational study (Investigation of the Effects
of Abatacept on Rheumatoid Arthritis: Analysis
of Efficacy on Arthritis and Atherosclerosis
[ABT-ATS study]) compared the efficacy of
abatacept with csDMARDs in older and younger
patients with RA and a history of being refrac-
tory to csDMARDs. The study was conducted at
31 centers in Japan (see the Appendix in the
electronic supplementary material). The study
protocol was approved by the ethics committees
of the Faculty of Medicine, Toho University
(Approval number:
A20114_A17112_A16017_27038), Teikyo
University (Approval number: 14-061) and eth-
ics committees of collaborative institutions; this
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments, and all enrolled patients provided
written informed consent to participate. This
study was registered with the University
Hospital Medical Information Network
(UMIN000014913). Patient enrollment began in

August 2014 and concluded in March 2018. The
final follow-up for the last patient was per-
formed in April 2021.

The inclusion criteria were as follows:
age C 20 years, a diagnosis of RA using the 2010
American College of Rheumatology/European
League Against Rheumatism (EULAR) classifi-
cation criteria [27], a history of being refractory
to csDMARDs, and bio-naı̈ve (i.e., had not pre-
viously been treated with bDMARDs). The
exclusion criteria included the presence of
malignant tumors, active infections, pregnancy,
and the patient being deemed by the physician
to be a poor fit for this study.

Baseline characteristics including age, sex,
radiographic stage, laboratory assessments,
clinical assessments (including patient and
physician scores, disease activity scores and
indices, and the Health Assessment Question-
naire), and medications were all recorded (see
Table 1).

Study Interventions

Treatment was assigned at the discretion of the
treating physician, with patients either starting
therapy with abatacept, adding an additional
csDMARD to their regimen, or switching to a
new csDMARD. Patients were categorized into
the following four groups: older (C 65 years)
patients who received abatacept (AO group),
younger (20–64 years) patients who received
abatacept (AY group), older patients who
received csDMARDs (CO group), and younger
patients who received csDMARDs (CY group).
The abatacept intravenous formulation was
administered at the start of treatment (base-
line), at 2 and 4 weeks after baseline, and then
at 4-week intervals. The recommended dose [28]
was 500 mg for patients weighing\ 60 kg,
750 mg for patients weighing C 60 kg
and B 100 kg, and 1000 mg for patients weigh-
ing[ 100 kg (all doses were administered in
100 ml of 0.9% NaCl aqueous solution). At the
treating physician’s discretion, subcutaneous
abatacept could be administered concurrently
with intravenous abatacept (i.e., immediately
after intravenous administration on the same
day) at a dosage of 125 mg weekly (administered
in 1 ml of 0.9% NaCl aqueous solution) [28];
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Table 1 Baseline characteristics of patients with rheumatoid arthritis, according to age group and treatment

Abatacept csDMARDs Total

AY, n = 47 AO; n = 67 CY; n = 40 CO; n = 48 n = 202

Age (years) 52.5 ± 10.7 74.7 ± 5.7c 52.2 ± 9.4 74.0 ± 6.3 64.9 ± 13.6

Female sex 38 (80.9) 53 (79.1) 35 (87.5) 41 (85.4) 167 (82.7)

Disease duration (years) 6.8 ± 9.4 9.8 ± 11.3 5.3 ± 6.4 9.3 ± 10.7 8.1 ± 10.0

Steinbrocker stage I/II/III/IV 17/14/10/6 16/19/18/14 24/11/3/2 17/13/13/5 74/57/44/27

Steinbrocker class I/II/III/IV 8/36/3/0 11/43/12/1 28/11/1/0 28/16/4/0b 75/106/20/1

Swollen joint count 5.6 ± 3.1 6.3 ± 4.9 3.6 ± 2.7a 3.8 ± 2.6b 5.0 ± 3.8

Tender joint count 5.2 ± 4.1 6.4 ± 5.1 2.1 ± 2.7a 2.4 ± 3.5b 4.3 ± 4.5

CRP level (mg/dL) 1.6 ± 3.2 2.2 ± 2.5 0.4 ± 0.4a 0.6 ± 1.1b 1.3 ± 2.3

ESR (mm/h) 30.8 ± 27.4 49.3 ± 28.3c 17.4 ± 14.5a 25.7 ± 18.7b 33.1 ± 26.6

Patient’s global VAS score (mm) 47.9 ± 25.3 52.7 ± 23.7 29.3 ± 20.7a 38.4 ± 28.3b 43.6 ± 26.1

Physician’s global VAS score (mm) 43.7 ± 20.5 48.0 ± 19.4 28.7 ± 15.8a 30.4 ± 13.4b 39.0 ± 19.5

DAS28-ESR 4.6 ± 1.1 5.2 ± 1.2c 3.3 ± 0.9a 3.8 ± 1.1b 4.4 ± 1.3

DAS28-CRP 4.1 ± 1.1 4.6 ± 1.2c 2.9 ± 0.8a 3.2 ± 1.0b 3.8 ± 1.2

SDAI 21.5 ± 9.8 24.9 ± 11.8 11.8 ± 5.9a 13.7 ± 7.5b 18.8 ± 10.9

CDAI 19.9 ± 8.6 22.7 ± 10.9 11.5 ± 5.8a 13.0 ± 7.2b 17.5 ± 9.9

HAQ score 0.6 ± 0.6 1.0 ± 0.7c 0.2 ± 0.4a 0.6 ± 0.9b 0.7 ± 0.7

RF-positive 39 (83.0) 58 (86.6) 30 (75.0) 33 (68.8)b 160 (79.2)

Anti-CCP-positive 41 (87.2) 55 (82.1) 31 (77.5) 34 (70.8) 161 (79.7)

Interstitial pneumonia 1 (2.1) 14 (20.1) 3 (7.5) 3 (6.3) 21 (10.4)

Steroid use 17 (36.2) 35 (52.2) 10 (25.0) 17 (35.4) 79 (39.1)

Prednisolone (mg) 4.9 ± 3.7 5.8 ± 4.4 3.7 ± 1.6 4.0 ± 1.3b 4.9 ± 3.5

MTX use 38 (80.9) 37 (55.2)c 28 (70.0) 23 (47.9) 126 (62.4)

Salazosulfapyridine 11 (23.4) 15 (22.4) 2 (5.0)a 10 (20.8) 38 (18.8)

Bucillamine 6 (12.8) 4 (6.0) 9 (22.5) 11 (22.9)b 30 (14.9)

Tacrolimus 2 (4.3) 13 19.4)c 1 (2.5) 4 (8.3) 20 (9.9)

Iguratimod 5 (10.6) 7 (10.4) 2 (5.0) 1 (2.1) 15 (7.4)

Mizoribine 0 (0) 1 (1.5) 0 (0) 0 (0) 1 (0.5)

Additional treatment initiated during this study

Abatacept 47 (100) 67 (100) – –

MTX – – 10 (25.0) 10 (20.8)

Salazosulfapyridine – – 2 (5.0) 7 (14.6)
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subcutaneous abatacept could be administered
alone, also at the treating physician’s discretion.
During the study period, patients could receive
csDMARDs, glucocorticoids, and/or non-ster-
oidal anti-inflammatory drugs; these treatments
could be added or changed, or their dosages
could be modified based on the treating physi-
cian’s discretion. Patients were withdrawn from
the study if abatacept treatment was discontin-
ued or if any bDMARDs were initiated in those
patients receiving csDMARDs.

Study Endpoints

For both abatacept and csDMARD treatments,
clinical efficacy was evaluated at baseline, week
12, and week 24. The primary study endpoint
was a good response according to the EULAR
erythrocyte sedimentation rate (ESR) response
criteria at week 24. Additional efficacy assess-
ments included a good or moderate response
according to the EULAR response criteria at
week 24, as well as changes from baseline (at
week 24) in disease activity score as measured
across 28 joints using the erythrocyte sedimen-
tation rate (DAS28-ESR), Simple Disease Activity
Index (SDAI), and Clinical Disease Activity
Index (CDAI). Examination of abatacept effi-
cacy was further evaluated according to

concomitant methotrexate (MTX) treatment
status. The overall ABT-ATS study also assessed
the efficacy of abatacept on atherosclerosis for
3 years from baseline; however, these data are
not presented in this report.

Additionally, adverse events were recorded
during the study. Serious adverse events were
defined as a fatal event, a life-threatening event,
a hospitalization event, a permanent or signifi-
cant disability event, or any other important
medical event.

Statistical Analysis

Analyses were performed using the per-protocol
dataset. Data are expressed as mean ± standard
deviation. All statistical analyses were per-
formed using R software, version 3.6.2 (R
Foundation for Statistical Computing, Vienna,
Austria). Comparisons were performed using
Student’s t test for continuous variables and the
Chi-squared test for categorical variables. In all
analyses, p\0.05 was considered statistically
significant.

We performed a propensity-score matching
analysis using baseline patient characteristics of
tender joint counts, swollen joints counts,
C-reactive protein (CRP), ESR, physician’s visual
analogue scale, patient’s visual analogue scale,

Table 1 continued

Abatacept csDMARDs Total

AY, n = 47 AO; n = 67 CY; n = 40 CO; n = 48 n = 202

Bucillamine – – 11 (27.5) 10 (20.8)

Tacrolimus – – 2 (5.0) 5 (10.4)

Iguratimod – – 14 (35.0) 14 (29.2)

Leflunomide – – 1 (2.5) 2 (4.2)

Results are shown as mean ± standard deviation or n (%). Student’s t test was used for continuous variables. The Chi-
squared test was used for categorical variables. p\ 0.05, aAY vs. CY, bAO vs. CO, cAO vs. AY
AO older patients receiving abatacept, AY younger patients receiving abatacept, CCP cyclic citrullinated peptide, CDAI
Clinical Disease Activity Index, CO older patients receiving conventional synthetic disease-modifying antirheumatic drugs,
CRP C-reactive protein, CY younger patients receiving conventional synthetic disease-modifying antirheumatic drugs,
csDMARDs conventional synthetic disease-modifying antirheumatic drugs, DAS28 disease activity score in 28 joints, ESR
erythrocyte sedimentation rate, HAQ Health Assessment Questionnaire, MTX methotrexate, RF rheumatoid factor, SDAI
Simple Disease Activity Index, VAS visual analog scale
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proportion of MTX use, proportion of gluco-
corticoid use, disease duration, rheumatoid
factor, and anti-cyclic citrullinated peptide
antibody. Matching was performed with a 1:1
matching protocol using nearest-neighbor
matching without replacement and with a
caliper width, which was 1 standard deviation
of logarithm odds for ABT group.

RESULTS

Patient Characteristics

In total, 219 patients with RA were screened for
inclusion in this study. Of these, 202 had been

observed for 24 weeks and were included in the
analysis (AO group, 67 patients; AY group, 47
patients; CO group, 48 patients; and CY group,
40 patients) (Fig. 1). Detailed baseline charac-
teristics are provided in Table 1 and Supple-
mentary Table S1. Most patients were women
(82.7%) and the mean age (± standard devia-
tion) was 64.9 ± 13.6 years. The overall pro-
portions of rheumatoid factor-positive and anti-
cyclic citrullinated peptide antibody-positive
patients were 79.2% and 79.7%, respectively. In
both younger and older patients, those receiv-
ing abatacept had greater disease activity
(DAS28, CDAI, and SDAI) and greater Health
Assessment Questionnaire scores at baseline,
compared with those receiving csDMARDs. The

Fig. 1 Patient disposition. In total, 219 patients with
rheumatoid arthritis were screened for inclusion; three
dropped out because of screening failure (one in the AO
group: entry without use of csDMARDs; one in the CO
group: entry only after increased dose of MTX; one in the
AO group: entry with a history of biologics treatment). Six
patients in the AO group, five patients in the AY group,
two patients in the CO group, and one patient in the CY
group dropped out for the reasons shown. Thus, 202

patients who had been observed for 24 weeks were
included in the analysis (per-protocol set). AO older
patients receiving abatacept, AY younger patients receiving
abatacept, CO older patients receiving conventional syn-
thetic disease-modifying antirheumatic drugs, csDMARDs
conventional synthetic disease-modifying antirheumatic
drugs, CY younger patients receiving conventional syn-
thetic disease-modifying antirheumatic drugs, MTX
methotrexate
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proportion of patients using MTX tended to be
greater among those receiving abatacept than
among those receiving csDMARDs; this pro-
portion was significantly lower in the AO group
than in the AY group. The proportions of
patients with interstitial pneumonia at baseline
were 20.1% (14/67) in the AO group, 2.1% (1/
47) in the AY group, 6.3% (3/48) in the CO
group, and 7.5% (3/40) in the CY group.

Comparison of Treatment Efficacy: Older
Patients

Similar proportions of patients in the AO and
CO groups had a EULAR good response at week
24 (31.3 vs. 20.8%, odds ratio [OR]: 1.735, 95%
confidence interval [CI] 0.729–4.128,
p = 0.2986) (Fig. 2a). A significantly greater
proportion of patients in the AO group achieved
a EULAR good or moderate response at week 24,
compared with the CO group (83.6 vs. 39.6%,
OR: 7.770, 95% CI 3.264–18.500, p\ 0.0001).
At week 12, more patients in the AO group also
had a EULAR good or moderate response,
compared with the CO group (71.6 vs. 50.0%,
OR: 2.526, 95% CI 1.163–5.490, p = 0.0300). At
weeks 12 and 24, the respective changes in

DAS28-ESR from baseline were - 1.639 ± 1.354
and - 1.900 ± 1.205 in the AO group, while
they were - 0.645 ± 0.908 and - 0.602 ±

0.881 in the CO group (p\0.0001 for both
weeks 12 and 24). At weeks 12 and 24, the
respective changes in SDAI from baseline
were - 13.624 ± 12.480 and - 15.577 ±

12.240 in the AO group, while they were
- 3.966 ± 5.484 and - 4.506 ± 6.495 in the
CO group (p\0.0001 for both weeks 12 and
24). Notably, changes in DAS28-ESR and SDAI
from baseline at weeks 12 and 24 were both
significantly greater in the AO group than in the
CO group (Fig. 3a, b). Serial changes of each
absolute numbers of DAS28-ESR and SDAI are
shown in Supplementary Figure S1a, b. Changes
in DAS28-CRP and CDAI at week 24 were also
greater in the AO group than in the CO group
(DAS28-CRP: - 1.895 ± 1.252 vs.
- 0.626 ± 0.818, p\ 0.0001; CDAI: - 14.048
± 11.256 vs. - 4.246 ± 6.134, p\0.0001).

Comparison of Treatment Efficacy:
Younger Patients

A greater proportion of patients in the AY group
tended to achieve a EULAR good response at

Fig. 2 Proportions of patients with rheumatoid arthritis
who had the indicated EULAR responses at weeks 12 and
24. a Comparison between AO and CO groups. b Com-
parison between AY and CY groups. Proportions of
patients with a EULAR good response vs. those with a
EULAR moderate or no response were compared using the
Chi-squared test. AO older patients receiving abatacept,

AY younger patients receiving abatacept, CO older patients
receiving conventional synthetic disease-modifying anti-
rheumatic drugs, csDMARDs conventional synthetic dis-
ease-modifying antirheumatic drugs, CY younger patients
receiving conventional synthetic disease-modifying anti-
rheumatic drugs, EULAR European League Against
Rheumatism

Rheumatol Ther (2021) 8:1585–1601 1591



week 24, compared with the CY group (48.9 vs.
27.5%, OR: 2.527, 95% CI 1.028–6.210,
p = 0.0685) (Fig. 2b). A significantly greater
proportion of patients in the AY group achieved
a EULAR good or moderate response at week 24,
compared with the CY group (78.7 vs. 47.5%,
OR: 4.089, 95% CI 1.606–10.411, p = 0.0050).
At week 12, more patients in the AY group also
had a EULAR good or moderate response,
compared with the CY group (70.2 vs. 45.0%,
OR: 2.881, 95% CI 1.192–6.963, p = 0.0307). At
weeks 12 and 24, the respective changes in
DAS28-ESR from baseline were - 1.460 ± 1.291
and - 1.676 ± 1.470 in the AY group, while
they were - 0.548 ± 0.845 and - 0.761 ±

1.137 in the CY group (p = 0.0002 for week 12
and p = 0.0015 for week 24). At weeks 12 and
24, the respective changes in SDAI from

baseline were - 11.688 ± 9.176 and - 13.013
± 11.435 in the AY group, while they were
- 4.079 ± 5.271 and - 4.865 ± 7.162 in the
CY group (p\0.0001 for week 12 and
p = 0.0001 for week 24). Importantly, changes
in DAS28-ESR and SDAI from baseline at weeks
12 and 24 were both significantly greater in the
AY group than in the CY group (Fig. 3c, d).
Serial changes of each absolute numbers of
DAS28-ESR and SDAI are shown in Supplemen-
tary Figure S1c, d. Changes in DAS28-CRP and
CDAI were also greater in the AY group than the
CY group (DAS28-CRP: - 1.626 ± 1.333 vs.
- 0.642 ± 1.040, p = 0.0002; CDAI: - 11.979
± 10.612 vs. - 4.759 ± 6.941, p = 0.0003).

Fig. 3 Changes in DAS28-ESR (a, c) and SDAI (b,
d) from baseline at weeks 12 and 24 during treatment of
older (a, b) and younger (c, d) patients with rheumatoid
arthritis. Error bars represent standard deviations. Com-
parisons between groups were performed using Student’s

t test. csDMARDs conventional synthetic disease-modify-
ing antirheumatic drugs, DAS28-ESR disease activity score
in 28 joints using erythrocyte sedimentation rate, SDAI
Simple Disease Activity Index
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Comparison of Treatment Efficacy: All
Patients

A significantly greater proportion of patients in
the abatacept overall group (AO ? AY) achieved
a EULAR good response at week 24, compared
with the csDMARDs overall group (CO ? CY)
(Supplementary Figure S2a). A significantly
greater proportion of patients in the abatacept
overall group also achieved a EULAR good or
moderate response at week 24, compared with
the csDMARDs overall group. At week 12, there
was a significant difference in the proportion of
patients with a EULAR good or moderate
response between the abatacept and csDMARDs
overall groups. At weeks 12 and 24, changes in
DAS28-ESR and SDAI from baseline were both
significantly greater in the abatacept overall
group than in the csDMARDs overall group
(Supplementary Figure S2b, c). Serial changes of
each absolute numbers of DAS28-ESR and SDAI
are shown in Supplementary Figure S1e, f.
Changes in disease activity in 28 joints using
DAS28-CRP and CDAI were also greater in the
abatacept overall group than in the csDMARDs

overall group. Finally, the steroid-sparing effect
was significantly greater in the abatacept overall
group than in the csDMARDs overall group.
Detailed results for the abatacept and
csDMARDs overall groups are presented in
Supplementary Table S2.

Comparison of Abatacept Efficacy by Age
Group

Assessment of abatacept efficacy in younger and
older patients showed that a numerically smal-
ler proportion of patients in the AO group had a
EULAR good response at week 24 compared
with the AY group, although this difference did
not reach statistical significance (31.3 vs. 48.9%,
OR: 0.476, 95% CI 0.220–1.029, p = 0.0884)
(Fig. 4a). Similar proportions of patients in the
AO and AY groups had EULAR good or moder-
ate responses (83.6 vs. 78.7%, OR: 1.376, 95% CI
0.531–3.564, p = 0.6794). At week 12, these
proportions were similar in the AO and AY
groups (good response: 29.9 vs. 34.0%, OR:
0.824, 95% CI 0.371–1.832, p = 0.7877; good or

Fig. 4 Comparison of efficacy between AO and AY
groups at weeks 12 and 24 during treatment of patients
with rheumatoid arthritis. a Proportions of patients with
indicated EULAR responses. Proportions of patients with
a EULAR good response vs. those with a EULAR
moderate or no response were compared using the Chi-
squared test. Changes in b DAS28-ESR and c SDAI from

baseline at weeks 12 and 24. Error bars represent standard
deviations. Comparisons between groups were performed
using Student’s t test. AO older patients receiving
abatacept, AY younger patients receiving abatacept,
DAS28-ESR disease activity score in 28 joints using
erythrocyte sedimentation rate, EULAR European League
Against Rheumatism, SDAI Simple Disease Activity Index
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moderate response: 71.6 vs. 70.2%, OR: 1.072,
95% CI 0.472–2.434, p = 1.0000). Other indices
of disease activity did not differ significantly
between groups. Specifically, at weeks 12 and
24, respective changes in DAS28-ESR from
baseline were - 1.639 ± 1.354 and - 1.900 ±

1.205 in the AO group, while they were
- 1.460 ± 1.291 and - 1.676 ± 1.470 in the
AY group (Fig. 4b). At weeks 12 and 24, respec-
tive changes in SDAI from baseline were
- 13.624 ± 12.480 and - 15.577 ± 12.240 in
the AO group, while they were - 11.688 ±

9.176 and - 13.013 ± 11.435 in the AY group
(Fig. 4c). Serial changes of each absolute num-
bers of DAS28-ESR and SDAI are shown in Sup-
plementary Figure S1g, h. Furthermore, changes
in DAS28-CRP from baseline at week 24
were - 1.895 ± 1.252 in the AO group and
- 1.626 ± 1.333 in the AY group (p = 0.2790).
Changes in CDAI from baseline at week 24
were - 14.048 ± 11.256 in the AO group
and - 11.979 ± 10.612 in the AY group
(p = 0.3199).

Analysis of Interactions Between MTX
and Abatacept/csDMARDs Treatment

Examination of abatacept efficacy in the AO
and AY groups, stratified according to con-
comitant MTX treatment status, revealed that
EULAR responses at week 24 were similar
among patients in the AO group, regardless of
MTX treatment (good response: AO with MTX
[n = 37] 32.4 vs. AO without MTX [n = 30]
30.0%, OR: 1.120, 95% CI 0.395–3.172,
p = 1.0000; good or moderate response: AO
with MTX 78.4 vs. AO without MTX 90.0%, OR:
0.403, 95% CI 0.097–1.678, p = 0.3445). Fur-
thermore, EULAR responses were similar among
patients in the AY group, regardless of MTX
treatment (good response: AY with MTX
[n = 38] 44.7 vs. AY without MTX [n = 9] 66.7%,
OR: 0.405, 95% CI 0.088–1.862, p = 0.4165;
good or moderate response: AY with MTX 73.7
vs. AY without MTX 100.0%, OR: 0.000, 95% CI
0.000–not calculable, p = 0.2000). At week 24,
changes in DAS28-ESR from baseline were -

1.792 ± 1.175 in the AO group with MTX
and - 2.034 ± 1.249 in the AO group without

MTX (p = 0.4226); the equivalent changes
were - 1.560 ± 1.548 in the AY group with
MTX and - 2.164 ± 1.003 in the AY group
without MTX (p = 0.1660). Other indices of
disease activity were not significantly different
according to concomitant MTX treatment
status.

Notably, the steroid-sparing effect tended to
be greater in the AO group than in the CO
group (- 1.316 ± 3.391 mg/day vs.
- 0.206 ± 0.398 mg/day, p = 0.0680). The ster-
oid-sparing effect also tended to be greater in
the AY group than in the CY group
(- 1.367 ± 2.334 mg/day vs.
- 0.111 ± 0.333 mg/day, p = 0.0584). The ster-
oid-sparing effects did not significantly differ
between the AO and AY groups
(- 1.316 ± 3.391 mg/day vs.
- 1.367 ± 2.334 mg/day, p = 0.9522).

POST HOC ANALYSIS

We used propensity-score matching to balance
baseline characteristics in each comparison. For
comparison between AO and CO groups, 31
matched pairs were statistically extracted, and
for AY and CY groups, 25 pairs were extracted
(Supplementary Table S3). At week 24, more
patients in the AO group had a EULAR respon-
ses compared with the CO group (good
response: 41.9 vs. 22.6%, OR: 2.476, 95% CI
0.821–7.465, p = 0.1743; good or moderate
response: 74.2 vs. 45.2%, OR: 3.491, 95% CI
1.196–10.191, p = 0.0383) (Supplementary Fig-
ure S3a). Changes in DAS28-ESR and SDAI from
baseline at week 24 were both significantly
greater in the AO group than in the CO group
(Supplementary Figure S3b, c). Whereas similar
proportions of patients in the AY and CY groups
had a EULAR good, or good or moderate
response at week 24, and changes in DAS28-ESR
and SDAI from baseline at week 24 were also
similar (Supplementary Figure S3). Fifty-eight
matched pairs of patients treated with abatacept
overall group or csDMARDs overall group were
statistically extracted (Supplementary Table S4).
A significantly greater proportion of patients in
the abatacept overall group achieved a EULAR
responses compared with csDMARDs overall
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group at week 24 (good response: 46.6 vs.
29.3%, OR: 2.101, 95% CI 0.977–4.516,
p = 0.0850; good or moderate response: 72.4 vs.
51.7%, OR: 2.450, 95% CI 1.132–5.305,
p\0.0353) (Supplementary Figure S4a). Chan-
ges in DAS28-ESR and SDAI from baseline at
week 24 were both significantly greater in the
abatacept overall group than in the csDMARDs
overall group (Supplementary Figure S4b, c). For
comparison between the AO and AY groups, 38
matched pairs were extracted (Supplementary
Table S5). Similar proportions of patients in the
AO and AY groups had a EULAR good, or good
or moderate response at week 24 (Supplemen-
tary Figure S5a). Moreover, changes in DAS28-
ESR and SDAI from baseline were comparable
between these 2 groups (Supplementary Fig-
ure S5b, c).

We also analyzed the steroid-sparing effects
by the treatment after propensity-score match-
ing. The abatacept overall group tended to have
a higher steroid-sparing effect than the
csDMARDs overall group (- 2.083 ± 4.697 vs.
- 0.205 ± 0.398 mg/day, p = 0.1087). The AO
group had a higher steroid-sparing effect than
the CO group (- 2.250 ± 5.413 vs. - 0.273 ±

0.467 mg/day, p = 0.2332), and also the AY
group had a higher steroid-sparing effect than
the CY group (- 2.000 ± 2.708 vs. - 0.200 ±

0.447 mg/day, p = 0.1316), although the differ-
ences were not statistically significant. The AO
group had a similar steroid-sparing effect com-
pared to the AY group (- 2.417 ± 5.351 vs.
- 1.708 ± 2.509 mg/day, p = 0.6836).

We next compared the efficacy of abatacept
between elderly-onset RA (EORA) and young-
onset RA (YORA). The overall abatacept-treated
patients were divided into two groups, EORA
(onset age of 65 years or older, n = 62) and
YORA (onset age of less than 65 years, n = 140).
EULAR good, or good or moderate response rate
are similar in EORA and YORA (Supplementary
Figure S6a). However, change in SDAI from
baseline at week 24 was significantly greater in
the EORA than in the YORA (Supplementary
Figure S6c).

Finally, in order to evaluate the response to
abatacept according to age more distinctly, we
further compared between really older patients
(70 years old or older, n = 53) and very young

patients (50 years old or younger, n = 14). There
were no statistically significant differences in
the rates of EULAR good, or good or moderate
response, or changes in DAS28-ESR and SDAI
from baseline (Supplementary Figure S7).

Adverse Events

During the study period, 29 adverse events (in-
cluding nine serious adverse events) occurred
(Table 2). Six patients discontinued treatment
due to adverse events; four of these patients
were in the AO group and the events were
bladder cancer, pneumonia, rash, and septic
arthritis. One patient in the AY group discon-
tinued the study due to abatacept hypersensi-
tivity and one patient in the CO group died in a
traffic accident. Other serious adverse events
that did not result in study discontinuation
were prostate cancer in the AO group, pul-
monary Mycobacterium avium complex infection
in the AY group, and diabetes mellitus in the
CO group (all n = 1).

DISCUSSION

This study prospectively compared the efficacies
of abatacept and csDMARDs in older and
younger patients with RA and a history of being
refractory to csDMARDs using real-world clini-
cal data. We demonstrated that the use of
abatacept was more efficacious than the addi-
tion/change of csDMARDs in older and younger
patients with RA who were refractory to
csDMARDs and were bio-naı̈ve. Furthermore,
we found that the efficacies of abatacept at
weeks 12 and 24 were similar in older and
younger patients with RA.

In this study, abatacept was selected by
physicians for patients with greater disease
activity and greater Health Assessment Ques-
tionnaire scores, compared with patients who
received csDMARDs. The proportion of patients
with steroid use was highest in the AO group
(52.2%), and the steroid dose was also highest
in the AO group (5.8 mg/day). Moreover, the
AO group had the highest rate of interstitial
pneumonia at baseline; no patients in either
group developed interstitial pneumonia after
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the start of the study. Nonetheless, disease
activity was significantly reduced in the AO
group; notably, steroid dose was also reduced in
a manner similar to that observed in the AY
group. Unlike the synergistic effects of tumor
necrosis factor inhibitors, the efficacy of abata-
cept is not substantially enhanced when it is
administered in combination with MTX
[29–33]. Of note, there appears to be a benefit of

MTX in combination with abatacept for
patients with greater disease activity or during
long-term treatment [34–36]. In the present
study, we found no differences in abatacept
efficacy between the AO and AY groups,
regardless of concomitant MTX treatment. This
confirmation of the efficacy of abatacept in real-
world conditions, where a small proportion of

Table 2 Summary of adverse events during treatment of patients with rheumatoid arthritis

Abatacept csDMARDs

AY AO CY CO

Total number of adverse events 8 11 5 5

Elevated liver enzymes 3 1

Oral ulcer 2 1

Nasopharyngitis 2

Bronchitis 1 1

Gastritis 1 1

Rash 1

Depression 1

Bursitis 1

Tonsillitis 1

Folliculitis 1

Bronchiectasis 1

Diarrhea 1

Serious adverse events 2 5 0 2

Prostate cancer 1

Bladder cancer 1

Pneumonia 1

Rash 1

Septic arthritis 1

Hypersensitivity 1

Pulmonary MAC infection 1

Diabetes mellitus 1

Death 1 (due to traffic accident)

AO older patients receiving abatacept, AY younger patients receiving abatacept, CO older patients receiving conventional
synthetic disease-modifying antirheumatic drugs, CY younger patients receiving conventional synthetic disease-modifying
antirheumatic drugs, MAC Mycobacterium avium complex
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patients receive MTX, is a clinically significant
finding.

Our results showed that abatacept efficacy
was similar in older and younger patients with
RA. Also, the abatacept efficacy was similar in
really older (70 years old or older) and very
young (50 years old or younger) patients and in
EORA (onset age of 65 years or older) and YORA
(onset age of less than 65 years) by post hoc
analysis. Several large-scale clinical trials have
reported the efficacy of abatacept in patients
with a mean age of 45.4–53.4 years [34, 37–39].
Previous retrospective studies have also
observed that abatacept efficacy was similar in
older and younger patients [18, 36, 40, 41]. Our
prospective data thus confirm these previous
findings. Consistent with our results, a
prospective study by Sekiguchi et al. [42] also
showed that the efficacy of abatacept in bio-
naı̈ve older patients with RA was similar to its
efficacy in younger patients [42]; however, this
was a subgroup analysis of older and younger
patients with RA who were not provided with
additional treatment options (e.g., csDMARDs).
In contrast, our study prospectively enrolled
four groups of older and younger patients who
either received abatacept or csDMARDs. As
such, the inclusion of patients who received
csDMARDs does provide clinically relevant
insights into the benefits of abatacept in older
and younger patients.

The number of infections was relatively
small in all groups, although the AO group
tended to have a greater incidence of infections
including serious infections such as pneumonia
(n = 1) and septic arthritis (n = 1). Furthermore,
a pulmonary Mycobacterium avium complex
infection was also observed in the AY group.
Although the number of patients in this study
was small and the duration was short, these
results suggest that abatacept is relatively well
tolerated in older patients. This is also consis-
tent with the low incidence of infections in a
recently published large retrospective cohort
study of Japanese patients with RA undergoing
treatment with abatacept [43]. However, it was
reported that the treatment with abatacept
promoted Staphylococcal septic arthritis,
whereas TNF inhibitor developed kidney abscess
in mice intravenously inoculated with

Staphylococcus aureus [44], suggesting that the
risk of infection type might be different
between abatacept and TNF inhibitor. It is still
necessary to pay attention to bacterial infection
to use abatacept.

This study had some limitations. First, it was
an observational study, which may have led to
selection bias. To balance baseline data,
propensity-score matching analysis was per-
formed as a post hoc analysis. However, the
number of analyzed patients was small after the
propensity-score matching. A large number of
cases are needed to obtain a reliable analysis. In
younger patients, we could not show the effi-
cacy of abatacept for a EULAR response or
changes in DAS28-ESR and SDAI, but abatacept
tended to have higher steroid-sparing, after
propensity-score matching. The number of
matched patients was very small (n = 25), and
moreover, baseline factors might still not be
completely matched. Second, the sample size
was small, which might limit the reliability of
the findings when applied to additional patient
populations. Third, the fact that this study was
conducted exclusively in Japan potentially
limits its generalizability to other ethnicities.
Nevertheless, the findings are important
because they illustrate the efficacy of abatacept
in older patients with RA.

CONCLUSIONS

Although the achievement of low disease
activity is a goal for both older and younger
patients with RA [45], the efficacies of tumor
necrosis factor inhibitors and an interleukin-6
inhibitor were reportedly equal or slightly lower
in older patients than in younger patients
[46–51]. Furthermore, older patients who use
those bDMARDs are at greater risk of serious
infections [19, 20]. In addition to the known
benefits of abatacept safety in older patients
[18, 21, 22], our findings indicate that the effi-
cacies of abatacept are similar in older and
younger patients with RA. The clinical impli-
cation of this prospective study, which concurs
with the findings of previous retrospective
studies, is that abatacept constitutes an overall
more favorable treatment option for older
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patients with RA than adding or switching to a
new csDMARD treatment.
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45. Smolen JS, Landewé RBM, Bijlsma JWJ, et al. EULAR
recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2019
update. Ann Rheum Dis. 2020;79(6):685–99.

46. Bathon JM, Fleischmann RM, Van der Heijde D,
et al. Safety and efficacy of etanercept treatment in
elderly subjects with rheumatoid arthritis.
J Rheumatol. 2006;33(2):234–43.

47. Hyrich KL, Watson KD, Silman AJ, et al. Predictors
of response to anti-TNF-alpha therapy among
patients with rheumatoid arthritis: results from the
British Society for Rheumatology Biologics Register.
Rheumatology (Oxford). 2006;45(12):1558–65.

48. Radovits BJ, Kievit W, Fransen J, et al. Influence of
age on the outcome of antitumour necrosis factor
alpha therapy in rheumatoid arthritis. Ann Rheum
Dis. 2009;68(9):1470–3.

49. Hetland ML, Christensen IJ, Tarp U, et al. Direct
comparison of treatment responses, remission rates,
and drug adherence in patients with rheumatoid
arthritis treated with adalimumab, etanercept, or
infliximab: results from eight years of surveillance
of clinical practice in the nationwide Danish
DANBIO registry. Arthritis Rheum. 2010;62(1):
22–32.

50. Pers YM, Schaub R, Constant E, et al. Efficacy and
safety of tocilizumab in elderly patients with
rheumatoid arthritis. Jt Bone Spine. 2015;82(1):
25–30.
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