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Abstract

Background In 2018, intravenous abatacept was approved for the treatment of refractory polyarticular-course juve-
nile idiopathic arthritis (JIA) in Japan. However, reports describing the effectiveness and safety of abatacept in clinical
practice in Japanese patients with refractory polyarticular-course JIA are limited. Therefore, this postmarketing surveil-
lance study aimed to evaluate the real-world safety and effectiveness of abatacept in Japanese pediatric patients
with refractory polyarticular-course JIA.

Methods This study evaluated patients included in an all-case postmarketing surveillance study between February
2018 and August 2020 who were treated with intravenous abatacept. Data on the safety and effectiveness of the reg-
istered patients were collected during the 52-week follow-up period. Disease activities were evaluated using Juve-
nile Arthritis Disease Activity Score 27 (JADAS-27). The effect of abatacept on a child’s growth was assessed using

the height and weight standard deviation scores (SDS).

Results A total of 82 patients were registered in this study, of whom 14.6% and 85.4% were males and females,
respectively. The proportion of patients with oligoarticular, rheumatoid factor (RF)-negative polyarticular, and RF-
positive polyarticular JIA was 12.2, 28.0, and 54.9%, respectively. The incidence of adverse drug reactions (ADRs)

and serious ADRs was 22.0% and 2.4%, respectively. During the study period, 64.7% of the patients achieved JADAS-
27 low disease activity or less. A significant difference in JADAS-27 scores in patients with RF-positive polyarticular
JIA was observed between baseline and 24 or 52 weeks after abatacept administration. The height and weight SDS
tended to improve during abatacept treatment.

Conclusions Abatacept is effective in polyarticular-course JIA, particularly in RF-positive patients, and in restor-
ing a child’s growth. Additionally, the incidence of ADRs is similar to that observed in the clinical trial. The results
of the study suggest that abatacept is a useful therapeutic option for treating refractory polyarticular-course JIA
in real-world settings in Japan.
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Background

Juvenile idiopathic arthritis (JIA) is a pediatric rheumatic
disease of unknown etiology that occurs in children aged
< 16 years [1]. Methotrexate (MTX) is used as a first-line
treatment for JIA in Japan [2]. However, if disease activity
remains moderate or high 3 months after initiating MTX
treatment, second-line treatment should be initiated
with biologic disease-modifying anti-rheumatic drugs
(bDMARD:s), such as tumor necrosis factor-a (TNF-a)
inhibitors or interleukin (IL)—6 receptor blockers [3, 4].
The TNF-« inhibitors etanercept and adalimumab and
the IL-6 receptor blocker tocilizumab were approved for
treating polyarticular-course JIA in Japan before abata-
cept was approved.

Intravenous abatacept was approved in Japan for the
treatment of refractory polyarticular-course JIA in 2018.
Abatacept is a fusion protein that contains an extracellu-
lar domain of human cytotoxic T-lymphocyte-associated
protein 4 and an Fc portion of human immunoglobulin
G1. Additionally, abatacept selectively inhibits T cell
activation by binding to CD80/86 and modulating its
interaction with CD28 [5]. A phase III open-label study
investigated the efficacy and safety of abatacept in Japa-
nese patients with polyarticular-course JIA [6]. The
results showed that abatacept was efficacious and well-
tolerated in these patients. However, reports describing
the effectiveness and safety of abatacept in clinical prac-
tice in Japanese patients with refractory polyarticular-
course JIA are limited.

Therefore, this postmarketing surveillance (PMS) study
aimed to evaluate the real-world safety and effectiveness
of abatacept in Japanese patients with refractory polyar-
ticular-course JIA.

Methods

Study design and patients

This all-case PMS study targeted patients with polyar-
ticular-course JIA. All patients who were treated with
abatacept in Japanese medical institutions between
February 2018 and August 2020 were included in the
study. Data on the safety and effectiveness of abata-
cept in the registered patients were collected during
the 52-week follow-up period. All patients with polyar-
ticular-course JIA who had received commercial abata-
cept in Japan after the drug approval were included in
this PMS study. The polyarticular-course JIA for which
abatacept is indicated includes extended oligoarticular,
rheumatoid factor (RF)-positive polyarticular, RF-neg-
ative polyarticular, enthesitis-related, psoriatic, undif-
ferentiated, and systemic (when systemic symptoms
are stable and polyarthritis is the main symptom) JIA,
which indicates that abatacept could be applicable to
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all diseases classified under the seven categories of the
International League of Associations for Rheumatol-
ogy (ILAR). In this study, the investigator determined
whether a patient with oligoarthritis progressed to
polyarthritis. The investigator also assessed whether
the patient’s condition was refractory to any existing
treatments. Abatacept was administered as an intra-
venous infusion (after the initial dose, it was adminis-
tered at weeks 2 and 4 and every 4 weeks subsequently).
The recommended abatacept dose was based on the
patient’s body weight as follows: < 75 kg, 10 mg/kg;
75-100 kg, 750 mg; and > 100 kg, 1000 mg. This was
in accordance with the indications listed in the pack-
age insert for the appropriate use of abatacept. The col-
lected data included age, sex, pregnancy/breastfeeding,
age, weight, reasons for treatment with abatacept, ILAR
classification at diagnosis, duration of disease, medical
history, comorbidities, prior use of bDMARDs, glu-
cocorticoids, and MTX, and MTX dose at the start of
abatacept administration.

Endpoints and assessments

Data on adverse events (defined as any undesirable expe-
rience observed during the use of abatacept in a patient),
adverse drug reactions (ADRs) (defined as any adverse
events for which a causal relationship with the use of the
drug could not be ruled out), and serious ADRs (defined
as any ADRs causing death, life-threatening, hospitaliza-
tion or prolongation of existing hospitalization, persistent
or significant disability/incapacity, congenital anomaly/
birth defect, and other medically important conditions)
that occurred during the observation period were pro-
spectively collected. ADRs were reported using MedDRA
(v. 24.0; Maintenance and Support Services Organiza-
tion, McLean, VA, USA). Disease activities were evalu-
ated using Juvenile Arthritis Disease Activity Score 27
(JADAS-27 [erythrocyte sedimentation rate]) before and
at weeks 24 and 52 of abatacept treatment. The JADAS-
27 is divided into four categories based on the cut-off
values for polyarthritis and oligoarthritis as follows: inac-
tive disease (both<1), low disease activity (1.1-3.8 and
1.1-2, respectively), moderate disease activity (3.9-8.5
and 2.1-4.2, respectively), and high disease activity (>8.5
and > 4.2, respectively) [7]. Additionally, the time course
of matrix metalloproteinase-3 (MMP-3) levels was evalu-
ated, and the responders for abatacept were defined as
patients with 2.0 or less in JADAS-27 (C-reactive pro-
tein) at 52 weeks after abatacept administration with data
imputation using the last observation carried forward
(LOCF) method. The effect of abatacept on growth was
evaluated using the height and weight standard deviation
(SD) scores (SDS).
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Statistical analyses

Continuous variables were reported as mean, SD, mini-
mum, and maximum. Categorical variables were sum-
marized as the number and proportion of the overall
patients and subgroups. Data from all patients who
received at least one dose of abatacept were included in
the safety evaluation. The probability of continuation of
oral corticosteroids or MTX over time was estimated
using the Kaplan—Meier method. ADRs were summa-
rized by system organ class (SOC) and preferred term
(PT). Effectiveness was evaluated in all patients for whom
JADAS-27 was available before and after abatacept treat-
ment, and the LOCF method was used to impute data for
withdrawals. For JADAS-27 scores, a paired t-test was
used to compare between baseline and 24 or 52 weeks.
Regarding changes from baseline in height and weight
SDS, a 95% confidence interval was calculated. All sta-
tistical analyses were performed using SAS V. 9.3 (SAS
Institute Inc., Cary, NC, USA).

Results

Patient disposition and baseline characteristics

A total of 82 patients, with a mean (SD) age of 14.0 (6.8)
years, were included in this study, among whom 14.6%
(12 of 82) were male and 85.4% (70 of 82) were female.
Overall, 82 and 81 patients were included in the safety
and effectiveness analysis sets, respectively. Of the 82
patients in the safety analysis set, 17 had been receiving
abatacept for over a 1 year from the phase III clinical trial
[6] when this study began (continuously treated patients),
while 65 received abatacept for the first time in this study

|Patients who were registered in the study 82 patients
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(newly treated patients). Among the 81 patients included
in the effectiveness analysis set, 16 and 65 were continu-
ously and newly treated patients, respectively (Figure 1).

Ten (12.2%) patients had oligoarticular, 23 (28.0%) had
RF-negative polyarticular, 45 (54.9%) had RF-positive
polyarticular, and 4 (4.9%) had other JIA. The propor-
tion of patients with a history of prior treatment with
bDMARDSs, corticosteroids, and MTX was 69.5% (57 of
82), 69.5% (57 of 82), and 95.1% (78 of 82), respectively
(Table 1).

The laboratory test data (RF, anti-citrullinated protein
antibody [ACPA], MMP-3, and antinuclear antibody
levels) at the start of drug administration in the safety
analysis set are shown in Additional file 1. Furthermore,
the proportion of patients with negative/positive ACPA
according to the ILAR classification is presented in Addi-
tional file 2.

Status of abatacept administration and oral corticosteroid
and MTX use

During the study period, 20 of the 82 patients (24.4%)
discontinued treatment with abatacept. Of these, 13
patients had an insufficient response, and 3 discontinued
treatments because of adverse events (Table 2).

At the start of the study, 43.9% (36 of 82) of patients
were taking concomitant oral corticosteroids. During
the study period, 16.7% (6 of 36) and 38.9% (14 of 36)
of patients reduced or discontinued oral corticosteroid
doses, respectively. Among the patients who discon-
tinued oral corticosteroids, none discontinued treat-
ment because of adverse events (Table 3). Figure 2a

|Patients whose CRFs were collected 82 patients |
IPatients who were excluded from safety analysis 0 patients
Safety analysis population 82 patients
Patients who were continuing treatment with abatacept 17 patients
Patients who were newly treated with abatacept 65 patients
Patients who were excluded form effectivess analysis 1 patient
Patients who were not evaluated for effectiveness 1 patient

Effectiveness analysis population 81 patients

Patients who were continuing treatment with abatacept 16 patients

Patients who were newly treated with abatacept 65 patients

Fig. 1 Patient disposition. The flow chart shows the selection of patients for this study. A total of 82 patients were included in this study. Of the 82
patients in the safety analysis set, 17 continued treatment with abatacept from the clinical trial, and 65 were newly treated with abatacept. Among
the 81 patients included in the effectiveness analysis set, 16 were continuing treatment with abatacept, and 65 were newly treated with abatacept
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Table 1 Baseline patient characteristics

Safety analysis population

Overall Continuously Newly treated
(%) treated patients patients (%)
(%)
n=82 n=17 n=65
Sex Male 12 (146) 3 176) 9 (13.8)
Female 70 (854) 14 (824) 56 (86.2)
Pregnancy/Breastfeeding (for women) Not pregnant/Not breastfeeding 70 (100.0) 14 (100.0) 56 (100.0)
Not specified 0 (0.0 0 (0.0 0 0.0
Age (year) Mean (SD) 14.0 (6.8) 156 (6.1) 13.5(6.9)
Minimum, Maximum 2,52 8,36 2,52
Height (cm) Mean (SD) 144.9 (184) 1534 (104) 142.6 (194)
Minimum, Maximum 86.3,174.0 132.0,174.0 86.3,164.8
Weight (kg) Mean (SD) 41.1(13.6) 47.2(11.3) 39.5(13.7)
Minimum, Maximum 114,740 29.6,74.0 114,67.0
Reasons for treatment with abatacept Active polyarticular juvenile idiopathic 82 (100.0) 17 (100.0) 65 (100.0)
arthritis with insufficient effectiveness
of existing treatments
Others 0 00 0 00 0 (0.0)
ILAR classification at diagnosis Systemic 2 (2.4) 0 (0.0) 2 (3.1
Oligoarticular 10 (122) 1 (5.9) 9 (13.8)
RF-negative polyarticular 23 2800 6 (353) 17 (26.2)
RF-positive polyarticular 45 (549) 9 (529 36 (55.4)
Psoriatic 0 00) © 00 © 0.0)
Enthesitis-related 2 2.4) 1 (5.9) 1 (1.5)
Undifferentiated 0 (0.0 0 (0.0) 0 (0.0)
Unknown 0 (0.0) 0 (0.0) 0 (0.0)
Duration of disease (year) Mean (SD) 543 (6.13) 641 (4.13) 5.19 (6.54)
Minimum, Maximum 03,422 26,208 03,422
Medical history No 66 (80.5) 16 (94.1) 50 (76.9)
Yes 16 (19.5) 1 (5.9 15 (23.1)
Comorbidity No 32 (3900 4 (235) 28 (43.1)
Yes 50 61.00 13 (76.5) 37 (56.9)
History of prior treatment with bDMARD ~ No 25 (305 0 0.0 25 (38.5)
Yes 57 (69.5) 17 (100.0) 40 (61.5)
Tocilizumab 32 (39.0) 4 (235) 28 (43.1)
Etanercept 16 (195) 3 (176) 13 (20.0)
Adalimumab 27 (329) 4 (23.5) 23 (354)
Others 22 (26.8) 17 (100.0) 5 (7.7)
Unknown 0 (0.0) 0 (0.0) 0 (0.0)
History of prior treatment with corticos- ~ No 25 (30.5) 7 412 18 (27.7)
teroids Yes 57 (69.5) 10 (588) 47 (723)
History of prior treatment with MTX No 4 (4.9) 0 (0.0) 4 6.2)
Yes 78 (95.1) 17 (100.0) 61 (93.8)
Unknown 0 (0.0) 0 (0.0) 0 (0.0)
MTX dose at the initiation of abatacept N 55 - -
administration (mg/m?2/week) Mean (SD) 80(22) B B
Minimum, Maximum 38,142 - -

SD standard deviation, ILAR International League of Associations for Rheumatology, RF rheumatoid factor, b(OMARD biologic disease-modifying anti-rheumatic drugs,
MTX methotrexate
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Table 2 Status of abatacept administration
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Duration of treatment Patients who

Reasons for discontinuation

with abatacept discontinued
treatment with
abatacept
n % Occurrence of Remission Insufficient Loss to Transfer to other Other
adverse events follow-up hospitals
<12 weeks 8 9.8 1 0 7 1 0 0
> 12 weeks, < 24 weeks 3 37 2 0 1 1 0 1
> 24 weeks, < 36 weeks 4 49 0 0 4 0 0 0
> 36 weeks, <48 weeks 5 6.1 0 0 1 0 2 2
>48 weeks, < 52 weeks 0 0.0 0 0 0 0 0 0
Total 20 244 3 0 13 2 2 3
Table 3 Status of oral corticosteroid use
Number of patients (%)
Safety analysis population 82
Concomitant use of oral corticosteroids
No 46 (56.1)
Yes' 36 43.9)
Oral corticosteroids were used at the start of treatment with abatacept 36 (100.0)
Oral corticosteroids were not discontinued during treatment with abatacept 21 (58.3)
Oral corticosteroid doses were ultimately increased during treatment with abatacept 4 (11.1)
Oral corticosteroid doses were not changed during treatment with abatacept 11 (30.6)
Oral corticosteroid doses were ultimately reduced during treatment with abatacept 6 (16.7)
Oral corticosteroids were discontinued during treatment with abatacept 14 (38.9)
Oral corticosteroids were discontinued due to an adverse event 0 (0.0)
Unknown whether oral corticosteroids were discontinued during the treatment period 1 (2.8)
Treatment with oral corticosteroids was started during treatment with abatacept 0 (0.0)

"The percentages of breakdown categories are calculated based on the number of patients with concomitant use of oral corticosteroids

shows the probability of continuation of oral corticos-
teroids by the Kaplan—Meier method. The mean (SD)
body weight-adjusted doses of oral corticosteroids at
the start and end of treatment with abatacept were
0.20 (0.14) and 0.11 (0.16) mg/kg/day, respectively
(Figure 2b).

At the start of the study, 68.3% (56 of 82) of the
patients were concomitantly taking MTX (Table 4).
The mean (SD) dose of MTX was 8.0 (2.2) mg/m?/
week at the start of abatacept administration (Table 1).
During the study period, 16.1% (9 of 56) and 16.1%
(9 of 56) of patients had their MTX dose reduced or
discontinued, respectively. Of the nine patients who
discontinued MTX, four discontinued it because of
adverse events (Table 4). The probability of continua-
tion of MTX by the Kaplan—Meier method is shown in
Additional file 3.

Safety
Incidence of ADRs and serious ADRs and timing of ADR onset
in newly treated patients
The incidence of ADRs was 22.0% (18 of 82) (Table 5),
whereas that of serious ADRs was 2.4% (2 of 82) (Table 6).
Specifically, the timing of the onset of ADRs in patients
in whom abatacept was newly administered is shown by
the SOC and PT in Additional file 4. The proportion of
patients who experienced ADRs was 18.5% (12 of 65) at <
24 weeks and 6.2% (4 of 65) at > 24 weeks after the start
of abatacept administration.

Effectiveness

JADAS-27 evaluation

The mean (SD) JADAS-27 scores in the overall and newly
treated patients were 10.2 (9.6) and 12.5 (9.8) at baseline,
5.5 (7.2) and 6.1 (7.2) at 24 weeks, and 4.9 (7.2) and 5.5
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Probability of continuation of oral corticosteroids (%)
3

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Time from abatacept administration (week)

No. of patients Probability of
Week Atrisk discontinued oral  continuation of oral 95% CI

cor i i ids (%)
0 35 - -
4 31 2 94.29 (79.03, 98.54)
8 30 3 91.14 (74.95, 97.06)
12 25 6 81.38 (63.07,91.20)
16 21 9 71.33 (51.99, 83.99)
20 21 9 71.33 (51.99, 83.99)
24 19 11 64.54 (45.02, 78.64)
28 18 11 64.54 (45.02, 78.64)
32 17 11 64.54 (45.02,78.64)
36 17 11 64.54 (45.02, 78.64)
40 16 12 60.74 (41.10,75.61)
44 15 13 56.94 (37.34,72.48)

(33.72,69.25)

48 14 14 53.15

52 (-.-)
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At the start of abatacept administration At the end of abatacept administration
N 34 34
Mean (SD) 0.20 (0.14) 0.1 (0.16)

Minimum, Maximum 0.02,0.53 0.00, 0.66

Fig. 2 Probability of continuation of oral corticosteroids and change in the dose of oral corticosteroids. The probability of continuation of oral
corticosteroids from the start of abatacept administration (a) and the body weight-adjusted dose of oral corticosteroids at the start and end
of abatacept administration (b) are shown. Cl, confidence interval; SD, standard deviation

Table 4 Status of methotrexate use

Number of patients (%)

Safety analysis population 82

Concomitant use of MTX

No 26 (31.7)

Yes® 56 (68.3)
MTX was used at the start of treatment with abatacept 56 (100.0)
MTX was not discontinued during treatment with abatacept 46 (82.1)
MTX dose was ultimately increased during treatment with abatacept 2 (3.6)
MTX dose was not changed during treatment with abatacept 35 (62.5)
MTX dose was ultimately reduced during treatment with abatacept 9 (16.1)
MTX was discontinued during treatment with abatacept 9 (16.1)
MTX was discontinued due to an adverse event 4 (7.1
Unknown whether MTX was discontinued during the treatment period 1 (1.8)
Treatment with MTX was started during treatment with abatacept 0 (0.0)

@The percentages of breakdown categories are calculated based on the number of patients with concomitant use of MTX

MTX methotrexate

(7.3) at 52 weeks after abatacept administration, respec-
tively. In both the overall and newly treated patients, sig-
nificant differences in JADAS-27 scores were observed
between baseline and 24 or 52 weeks after abatacept
administration (Figures 3a and 3b). At 52 weeks after
abatacept administration, 64.7% of the overall patients
achieved JADAS-27 low disease activity or inactive

disease, whereas 23.5% still had high disease activity.
This trend was similar when limited to the newly treated
patients (low disease activity or inactive disease, 59.4%;
high disease activity, 27.0%). The proportion of patients
with high disease activity status based on JADAS-27
decreased over time in the overall and newly treated
patients (Figures 3¢ and 3d).
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Table 5 Incidence of adverse drug reactions
Adverse drug reactions” Safety analysis population
Overall (%) Continuously Newly
n=82 treated patients treated
(%)n=17 patients
(%) n =65
Number of patients who experienced adverse drug 18 (22.0) 4 (23.5) 14 (21.5)
reactions (%)
Number of adverse drug reactions 28 4 24
Infections and infestations 7 (8.5) 2 (11.8) 5 (7.7)
Acute sinusitis 1 (1.2) 0 0.0 1 (1.5)
Bronchitis 2 (2.4) 0 (0.0) 2 (3.1
Gastroenteritis 1 (1.2) 0 (0.0) 1 (1.5)
Herpes simplex 1 (1.2) 1 (5.9 0 (0.0)
Influenza 1 (1.2) 0 0.0) 1 (1.5)
Nasopharyngitis 1 (1.2) 1 (5.9) 0 (0.0)
Otitis media acute 1 (1.2) 0 0.0 1 (1.5)
Pneumonia 1 (1.2) 0 0.0 1 (1.5)
Subcutaneous abscess 1 (1.2) 0 (0.0) 1 (1.5)
Varicella 1 (1.2) 0 (0.0) 1 (1.5)
Fungal esophagitis 1 (1.2) 0 (0.0 1 (1.5)
Immune system disorders 1 (1.2) 0 0.0 1 (1.5)
Hypersensitivity 1 (1.2) 0 (0.0 1 (1.5)
Eye disorders 1 (1.2) 1 (5.9) 0 (0.0)
Chalazion 1 (1.2) 1 (5.9) 0 0.0
Ear and labyrinth disorders 1 (1.2) 0 (0.0) 1 (1.5)
Ear discomfort 1 (1.2) 0 (0.0) 1 (1.5)
Respiratory, thoracic, and mediastinal disorders 2 24) 0 (0.0) 2 (3.1
Upper respiratory tract inflammation 2 (24) 0 (0.0) 2 (3.1
Gastrointestinal disorders 4 (4.9) 0 0.0 4 6.2)
Abdominal pain 1 (1.2) 0 (0.0) 1 (1.5)
Stomatitis 3 (3.7) 0 (0.0) 3 (4.6)
Skin and subcutaneous tissue disorders 1 (1.2) 0 (0.0) 1 (1.5)
Dry skin 1 (1.2) 0 (0.0) 1 (1.5)
Erythema 1 (1.2) 0 (0.0) 1 (1.5)
Perioral dermatitis 1 (1.2) 0 (0.0) 1 (1.5)
Musculoskeletal and connective tissue disorders 1 (1.2) 1 (5.9 0 (0.0)
Arthritis 1 (1.2) 1 (5.9 0 0.0
Investigations 3 (3.7) 0 (0.0) 3 (4.6)
Transaminases increased 1 (1.2) 0 (0.0) 1 (1.5)
Hepatic enzyme increased 1 (1.2) 0 0.0) 1 (1.5)
Matrix metalloproteinase-3 increased 1 (1.2) 0 (0.0) 1 (1.5)

“ Adverse drug reactions were coded using MedDRA version 24.0

Furthermore, the time course in JADAS-27, according
to the ILAR classification, decreased over time for oligoar-
ticular, RF-negative polyarticular, and RF-positive polyar-
ticular JIA (Figures 4a—4c). A significant difference was
observed in JADAS-27 scores in patients with RF-positive
polyarticular JIA between baseline and 24 or 52 weeks
after abatacept administration (Figure 4c). The propor-
tion of patients with high disease activity status based on

JADAS-27 decreased over time for each disease. Specifi-
cally, the proportion of patients with high disease activity
at baseline and 52 weeks after abatacept administration
were 100.0% and 25.0% in patients with oligoarticular JIA,
37.5% and 25.0% in those with RF-negative polyarticular
JIA, and 42.9% and 17.9% in those with RF-positive pol-
yarticular JIA, respectively (Figures 4d—4f). Based on the
trends and changes in JADAS-27 among patients with
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Table 6 Incidence of serious adverse drug reactions
Serious adverse drug reactions* Safety analysis population
Overall (%) Continuously treated patients Newly treated
n=82 (%) patients (%)
n=17 n=65
Number of patients who experienced serious adverse 2 2.4) 0 (0.0) 2 (3.1)
drug reactions (%)
Number of serious adverse drug 3 0 3
reactions
Infections and infestations 2 24 0 0.0) 2 3.1
Bronchitis 1 (1.2) 0 (0.0 1 (1.5)
Pneumonia 1 (1.2) 0 (0.0 1 (1.5)
Varicella 1 (1.2) 0 (0.0) 1 (1.5)
" Serious adverse drug reactions were coded using MedDRA version 24.0
a 15 4
@ Overall (®) 15 1 Newly treated patients
2 10 A ~
g %10 A
8 )
) =
5 * * 3 *
57 . - . l
ol l 0
Bascline 24 weeks 52 weeks Baseline 24 weeks 52 weeks
Baseline 24 weeks 52 weeks Baseline 24 wooks 33 wooks
N 51 48 51 N 37 35 37
Mean (SD) 10.2(9.6) 5.5(12) 49(1.2) Mean (SD) 12.5(9.8) 6.1(72) 5.5(7.3)
Minimum, Maximum 0.0, 39.4 00,250 00,250 Minimum, Maximum 0.0, 39.4 00,250 00,25.0
Paired t test - £=0.002 L0001 Paired t test P=0.001 P<0.001
(©) (C)] )
Overall Newly treated patients
g 100% ~ E 100% +
E 0% 1 . 2.5 S 0%
% 80% : 2 o | 314 2
2 o | 490 2 )
< 0% = .
5 o 2 oo 59.5
i 50% 4 = 50% ]
2 40% Z )
.§ ) g 40% A
% 30% A g 30% 4
2 20% 3 20% 4
TR z
k| £ 0%
g o 2 %
y 2 o
E Baseline 24 weeks 52 weeks £ Bascline 24 weeks 5 weeks

® Inactive disease ™ Low disease activity ® Moderate disease activity = High disease activity

RF- and ACPA-negative/positive polyarthritis, improve-
ment was observed in those with RF-positive polyarthritis
and ACPA-positive disease pathology (Additional file 5).
The mean (SD) JADAS-27 at baseline, 24 weeks, and 52
weeks were 15.0 (11.6), 4.6 (6.5), and 3.7 (6.4) in patients

® Inactive disease ® Low discase activity ™ Moderate disease activity * High disease activity
Fig. 3 Time course of JADAS-27 scores and disease activity status. The mean (SD) JADAS-27 scores over time in overall patients (a) and patients
who were newly treated with abatacept (b) are shown. The disease activity status based on JADAS-27 over time in overall patients (c) and patients
who were newly treated with abatacept (d) are shown. A paired t-test was used for statistical analysis, with P<0.05 considered to indicate statistical
significance. An asterisk (*) indicates a significant difference was found when compared with baseline. JADAS, Juvenile Arthritis Disease Activity
Score; ESR, erythrocyte sedimentation rate

without a history of receiving bDMARDs; 12.5 (8.7), 9.1
(10.3), and 7.3 (8.8) in those with a history of receiving one
bDMARD; and 10.1 (8.5), 5.5 (4.9), and 6.0 (7.2) in those
with a history of receiving two or more bDMARDs, respec-
tively (Figures 5a—5c). Significant differences in JADAS-27
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Fig.4 Time course of JADAS-27 scores and disease activity status according to the ILAR classification. The mean (SD) JADAS-27 scores over time
in patients with oligoarticular JIA (a), those with RF-negative polyarticular JIA (b), and those with RF-positive polyarticular JIA (c) are shown. The
disease activity status based on JADAS-27 over time in patients with oligoarticular JIA (d), those with RF-negative polyarticular JIA (e), and those
with RF-positive polyarticular JIA (f) are shown. A paired t-test was used for statistical analysis, with P<0.05 considered to indicate statistical
significance. An asterisk (*) indicates a significant difference was found when compared with baseline. JIA, juvenile idiopathic arthritis; RF,
rheumatoid factor; JADAS, Juvenile Arthritis Disease Activity Score; ESR, erythrocyte sedimentation rate
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Fig.5 Time course in JADAS-27 scores by a history of receiving bDMARDs. The mean (SD) JADAS-27 scores over time in patients without a history
of receiving bDMARD:s (a), those with a history of receiving one bDMARD (b), and those with a history of receiving two or more bDMARD:s (c)

are shown. A paired t-test was used for statistical analysis, with P<0.05 considered to indicate statistical significance. An asterisk (*) indicates

a significant difference was found when compared with baseline. b(DMARD, biologic disease-modifying anti-rheumatic drugs; JADAS, Juvenile
Arthritis Disease Activity Score; ESR, erythrocyte sedimentation rate

among patients without a history of receiving bDMARDs  Time course of MMP-3 levels

were observed between baseline and 24 or 52 weeks after A decreasing trend in the MMP-3 levels from baseline
abatacept administration (Figure 5a). Specifically, a signifi- to 52 weeks after abatacept administration over time
cant difference in JADAS-27 among patients with a history ~ was observed for the overall patients and responders,
of receiving one bDMARD was observed between baseline  although no statistical test was performed (Figures 6a
and 52 weeks after abatacept administration (Figure 5b). and 6¢). For nonresponders, a slight change was observed
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Fig. 6 Time course of MMP-3.The MMP-3 levels at baseline and 24 and 52 weeks after administration of abatacept are shown for overall patients
(@), nonresponders (b), and responders (c). Responders for abatacept were defined as patients with 2.0 or less in JADAS-27 (CRP) at 52 weeks
after abatacept administration with data imputation using the last observation carried forward (LOCF) method. MMP-3, matrix metalloproteinase-3;

CRP, C-reactive protein

in the MMP-3 levels over time (Figure 6b). The mean
(SD) MMP-3 levels (ng/mL) in the overall patients were
117.3 (195.4) at baseline, 61.1 (63.3) at 24 weeks, and 52.9
(55.1) at 52 weeks after abatacept administration (Fig-
ure 6a). For nonresponders and responders, the mean
(SD) MMP-3 levels (ng/mL) were 108.2 (122.1) and 123.6
(235.1) at baseline, 89.0 (75.4) and 42.5 (46.3) at 24 weeks,
80.9 (73.4) and 33.5 (23.5) at 52 weeks after abatacept
administration, respectively (Figures 6b and 6c).

Effect of abatacept on growth

An increasing trend was observed in the mean (SD) of
height and weight SDS over time for the overall patients.
For height at baseline, 24 weeks, and 52 weeks, the mean
(SD) was —0.43 (1.63), —0.33 (1.69) and —0.07 (1.64),
respectively (Table 7a), whereas it was —0.32 (0.98),
—0.20 (1.06), and —0.14 (1.01) for weight, respectively
(Table 7b).

Similarly, an improving trend was observed in height
and weight SDS over time for patients without (Tables 7c
and 7d) and with (Tables 7e and 7f) corticosteroids. For
changes from baseline in height (overall), weight (over-
all), and height (without corticosteroid) at 24 weeks and
weight (overall) at 52 weeks, the lower limits of 95% con-
fidence intervals were > 0 (Tables 7a—7c).

Discussion
This PMS study is the only real-world prospective study
on abatacept in patients with refractory polyarticular-
course JIA. The findings obtained from this study will be
beneficial for the use of abatacept in Japanese patients
with refractory polyarticular-course JIA.

In this study, the proportion of patients with RF-pos-
itive polyarticular JIA was 54.9% (45 of 82), whereas
those of patients with oligoarticular and RF-negative

polyarticular JIA were 12.2% (10 of 82) and 28.0% (23 of
82), respectively. According to the clinical practice guide-
lines for JIA [8], the proportions of patients with each
subtype of JIA based on the ILAR classification in Japan
are 41.7% for systemic, 20.2% for oligoarticular, 13.7% for
RF-negative polyarticular, and 18.2% for RF-positive pol-
yarticular JIA. Recent epidemiologic research conducted
in Japan [9] also reported that among all JIA cases, the
proportions of patients were 38.6% for systemic, 22.1%
for oligoarticular, 18.4% for RF-negative polyarticular,
and 19.5% for RF-positive polyarticular JIA. In these
epidemiological studies, the proportion of patients with
oligoarticular, RF-negative polyarticular, or RF-positive
polyarticular JIA, other than systemic JIA, was approxi-
mately the same. This finding suggests that many patients
with RF-positive polyarthritis cannot be managed with
existing drugs in actual practice, and many of them are
being treated with abatacept.

RF- and ACPA-positive polyarthritis is not only dif-
ficult to treat with bDMARDs other than abatacept but
also a prognostic factor for joint destruction [10-12]. As
illustrated in Fig. 4c and Additional files 5 and 6, abata-
cept showed effectiveness for RF- and ACPA-positive
polyarthritis in the same manner as it did for RF-nega-
tive polyarthritis. This suggests that abatacept could be
an effective therapeutic option for all polyarticular JIA,
including RF-positive polyarticular JIA.

Comparing the incidence of ADRs between real-world
and clinical trial settings provides a more comprehen-
sive view of abatacept’s safety profile. Although directly
comparing the incidence of ADRs is challenging owing
to different patient backgrounds, the incidences of ADRs
(22.0%) and severe ADRs (2.4%) in this study were not
higher than those in the phase III study conducted in
Japan (IM101-365 study) [6], which were 30.0% (6 of 20)
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Table 7 Height and weight SDS
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(a) Height (Overall)

(b) Weight (Overall)

Baseline 24 weeks 52 weeks Baseline 24 weeks 52 weeks
SDS N 65 60 48 SDS N 65 61 51
Mean (SD) —-043(1.63) —033(1.69) —0.07 (1.64) Mean (SD) —0.32(098) —0.20(1.06) —0.14(1.01)
Minimum, —6.85,339 —667,276  —6.79,3.65 Minimum, —202,285 —198,246  —2.27,1.80
Maximum Maximum
Change from N - 59 47 Change from N - 60 50
baseline Mean (SD) - 009(033)  0.16(059)  Daseline Mean (SD) - 011(032)  0.14(045)
Minimum, - —0.63,147 —1.27,2.94 Minimum, - -0.72,1.06 —1.05,1.75
Maximum Maximum
95% Cl - 0.005,0.176  —0.018,0.331 95% Cl - 0.030,0.196  0.015,0.274
(c) Height (Without oral corticosteroids) (d) Weight (Without oral corticosteroids)
Baseline 24 weeks 52 weeks Baseline 24 weeks 52 weeks
SDS N 35 32 27 SDS N 35 32 28
Mean (SD) 0.03(1.23) 0.17(1.25) 042 (1.26) Mean (SD) —0.17(0.97) —0.05(0.97)  0.07 (0.96)
Minimum, -345,339 -280,2.76 —1.19,3.65 Minimum, —1.82,285 —1.74,2.12 —1.36,1.80
Maximum Maximum
Change from N - 32 27 Change from N - 32 28
baseline Mean (SD) - 013(037)  018(068)  Daseline Mean (SD) - 010(032)  0.16(049)
Minimum, - —0.63,147 —1.27,2.94 Minimum, - —0.72,1.06 —1.05,1.75
Maximum Maximum
95% Cl - 0.001,0.267  —0.090, 0.452 95% Cl - —0.013,0.220 —-0.030,0.351
(e) Height (With oral corticosteroids) (f) Weight (With oral corticosteroids)
Baseline 24 weeks 52 weeks Baseline 24 weeks 52 weeks
SDS N 30 28 21 SDS N 30 29 23
Mean (SD) —0.96 (1.88) —0.90(1.96) —0.70(1.88) Mean (SD) —0.50(0.98) —0.38(1.14)  —0.40(1.04)
Minimum, -6.85,138 —6.67,140 —6.79,1.52 Minimum, -2.02,231 —-1.98,246 —2.27,1.69
Maximum Maximum
Change from N - 27 20 Change from N - 28 22
baseline Mean (SD) - 004(027)  0.12(046)  Daseline Mean (SD) - 012(032)  0.13(041)
Minimum, - —0.38, 0.66 -0.62,1.17 Minimum, - -0.31,1.06 —0.88,0.93
Maximum Maximum
95% Cl - —0.067,0.144 —-0.092,0.339 95% Cl - —0.001,0.249 -0.059,0.309

SD standard deviation, SDS standard deviation score, C/ confidence interval

and 5.0% (1 of 20), respectively. In this study, no ADRs
with particularly high incidence were observed compared
to those during the clinical trial. These results indicate
that the safety profile of abatacept does not markedly dif-
fer between the clinical trial and real-world settings.

A decreasing trend was observed over time for JADAS-
27, and disease activity improved, confirming that abata-
cept is effective for refractory polyarticular-course JIA.
In the phase III IM101-365 study, the mean JADAS-27
score at baseline was 13.9 with no patients in remission
(JADAS-27 score<1), and the mean change from base-
line in JADAS-27 score was —10.8 at week 52 with 50% of
patients in remission; the mean JADAS-27 score and dis-
ease activity gradually decreased over time from baseline
to week 52 [6]. This indicates that the results obtained
from the clinical trial are also applicable in real-world
settings.

In addition to the clinical effectiveness, patients for
whom the treatment with abatacept was particularly
effective showed a decreasing trend in MMP-3 levels.
Since MMP-3 plays an important role in the pathology
of inflammatory joint diseases [13], these results suggest
that inflammation within the joints was also suppressed
due to the inhibition of T-cell activation. Since steroid
administration is known to increase MMP-3 levels [14],
the observed decreasing trend in MMP-3 levels may be
influenced by reduction or discontinuation of steroid
administration.

Discontinuing or decreasing steroids is a signifi-
cant challenge for patients with JIA. Thirty-six patients
received oral corticosteroids at the start of abatacept
administration in this study. Fourteen patients discontin-
ued concomitant use during the treatment period; how-
ever, none discontinued treatment because of adverse
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events. In adult rheumatoid arthritis, a report has shown
that abatacept enables the reduction or discontinua-
tion of glucocorticoids [15] and allows some patients
with polyarticular-course JIA to reduce or discontinue
corticosteroids.

Growth retardation induced by JIA may be caused by
joint inflammation and/or corticosteroids. In this study,
improvement in both height and weight SDS were observed
in patients who were treated with abatacept. This is partly
attributed to the fact that the combination rate and dose of
corticosteroids were reduced due to the administration of
abatacept. Additionally, the suppression of T cell activation
by abatacept may alleviate systemic inflammation, thereby
preventing adverse effects on growth [16, 17]. Abatacept
may also have the potential to restore growth, making it a
promising treatment option for patients with polyarticular-
course JIA in their growth phase.

However, this study has some limitations because it
is a non-interventional survey conducted under real-
world conditions. First, the study lacked a control
group, and no detailed inclusion or exclusion criteria
were established for target patients. Second, the Child-
hood Health Assessment Questionnaire, which is the
most widely used functional health status measure, was
not used. Third, factors other than height and weight,
which affect a child’s growth were not evaluated. Fourth,
because laboratory test measurements were not required
at the start of treatment, baseline values were unknown
or unrecorded in many patients. Fifth, the observation
period for the study was predetermined as part of the
postmarketing surveillance plan. Therefore, the safety
profile of abatacept for long-term use exceeding one year
(52 weeks) was not evaluated. Finally, the use of concom-
itant drugs was unlimited.

Conclusions

Abatacept is usually administered to patients with RF-
positive polyarticular-course JIA, who are challenging
to treat with other drugs. The incidence of ADRs dur-
ing real-world use was not higher than that reported
in the clinical trials; therefore, abatacept is effective
in treating refractory polyarticular-course JIA in the
real world. Furthermore, abatacept has been shown
to restore a child’s growth. These results suggest that
abatacept is a useful therapeutic option for the treat-
ment of refractory polyarticular-course JIA in real-
world settings in Japan.
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