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Purpose: Biologic disease-modifying anti-rheumatic drugs (bDMARDs) are highly effective and safe against juvenile idiopathic 
arthritis (JIA), which is classified into systemic JIA (sJIA) and the other JIA categories (non-sJIA) according to differences in clinical 
symptoms and pathophysiology. The purpose of the current study was to investigate trends in patterns of prescribing bDMARDs for 
moderate-to-severe JIA using a relatively large sample size in Japan.
Patients and Methods: A descriptive epidemiological study based on a nationwide claims database in Japan was conducted from 
2012 to 2018 using the “JMDC Claims Database” to explain annual changes based on the number of patients prescribed bDMARDs. 
Study drugs were identified based on the Anatomical Therapeutic Chemical codes, such as methotrexate, glucocorticoids, non-steroidal 
anti-inflammatory drugs, and bDMARDs.
Results: From a database of 6,862,244 patients, the following exclusion criteria were applied: aged ≥16 years, without “M08” in their 
ICD-10 code as disease, and missing the information of prescription date in the database during the study period, resulting in a final 
number of 111 JIA patients. We found an increasing trend for adalimumab and tocilizumab and a decreasing trend for methotrexate. 
Differences in medication use between sJIA and non-sJIA patients were also evident, being consistent with national and international 
guidelines.
Conclusion: Although the introduction of bDMARDs has markedly improved the efficacy of JIA therapy, there are still many short- 
and long-term safety issues to be examined, including the risk of infection and potential risk of associated malignancy. Future studies 
are needed to clarify these issues.
Keywords: arthritis, juvenile, antirheumatic agents, biological products, database

Introduction
Juvenile idiopathic arthritis (JIA) is the most chronic inflammatory disease that develops in childhood, defined by the 
International League of Associations for Rheumatology (ILAR) as chronic arthritis of unknown etiology beginning before the 
16th birthday and persisting for at least six weeks when other known causes are excluded.1 The prevalence of JIA is 10–15 cases 
per 100,000 children in Japan. The incidence of each JIA category is different according to countries and areas.2 The JIA 
symptoms are accompanied by swelling and pain of joints due to persistent inflammation, resulting in tissue destruction and 
fibrosis over time. JIA is an umbrella term for a heterogeneous group of conditions classified according to ILAR, and the current 
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classification of JIA was proposed,3 with an initial revision in 1997.1 This classification includes seven categories of JIA which 
mainly fall into two types according to differences in clinical symptoms and pathophysiology, namely systemic JIA (sJIA) and 
the other six JIA categories. The latter consist of oligoarthritis, rheumatoid factor-negative polyarthritis, rheumatoid factor- 
positive polyarthritis, psoriatic arthritis, enthesitis-related arthritis, and undifferentiated arthritis, and are often considered as 
“articular-type JIA” (non-sJIA) in clinical practice in Japan.1 Like other inflammatory diseases, the immunological etiology of 
JIA involves a multiphasic dysregulated immune system, affecting both innate and adaptive branches. Some inflammatory 
cytokines, such as interleukin (IL)-1, IL-6, IL-18, and tumor necrosis factor (TNF)-α, are centrally involved throughout this 
multistep and multiphase cascade reaction as a whole, leading to this complex pathology.4,5 In particular, IL-6 is a pleiotropic 
cytokine that mediates the acute-phase response.6

Traditionally, the initial treatment strategy for JIA is methylprednisolone pulse therapy for sJIA and non-steroidal 
anti-inflammatory drugs (NSAIDs) and methotrexate for non-sJIA.4 Since JIA develops during the growth phase, delayed 
treatment may lead to irreversible dysfunction, and early treatment can prevent joint dysfunction and failure to thrive. 
However, if these treatments are inadequate, it is necessary to consult pediatric rheumatologists; the early introduction of 
biologic disease-modifying anti-rheumatic drugs (bDMARDs) should be considered for such cases. Although it is very 
important to clarify whether the actual clinical treatment is consistent with the guideline recommendations in order to 
promote the appropriate use of therapeutic agents, there has been no report focusing on prescribing trends for treatment 
with bDMARDs for moderate-to-severe JIA in Japan. In addition, because JIA is a rare disease, it is a population which 
has a high likelihood for off-label drug use, and biologics not approved for JIA are prescribed as treatment options.7 

Therefore, the purpose of the current study was to analyze the trends in patterns of prescribing bDMARDs and other anti- 
rheumatic drugs for moderate-to-severe JIA using a relatively large sample in Japan.

Methods
Study Design
A descriptive epidemiological study based on a nationwide claims database in Japan was conducted.

Data Source
The data source was the “JMDC Claims Database” (JMDC Inc., Tokyo, Japan) from 2012 to 2018 in Japan. The database 
consists of medical, dental, and prescription claims information for enrollees of multiple society-managed health 
insurances and their dependents. The 6.8 million people in this national claims database represent approximately 5.4% 
of the total Japanese population. Since the subscribers in this database are mainly working-age people, it does not include 
patients over 75 years old, and the number of patients over 65 years old is also limited. The database provides 
information on patient demographics, disease names, and medications. Disease and drug names are coded by the 
International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) and the 
Anatomical Therapeutic and Chemical (ATC) classification system of the World Health Organization.

Study Population
The following exclusion criteria were established for this study: age ≥16 years, other than JIA. We excluded patients aged 
≥16 years because JIA is defined as arthritis of unknown etiology that begins before the 16th birthday.1 Patients with JIA 
were identified by coding “M08” in ICD-10. Patients with missing data on the prescription date of the drug under 
investigation were also excluded. JIA is broadly classified into sJIA and non-sJIA according to the presence or absence of 
systemic inflammation,4,8 and treatment algorithms differ between these two types.4,9 Also, the categories of oligoarti
cular and polyarticular JIA are viewed as being on a spectrum of the same disease,9 so this study also categorized them as 
sJIA and non-sJIA. sJIA was identified by “M082” in ICD-10, and the other types were defined as non-sJIA.

Study Drugs
The bDMARDs indicated for JIA in Japan and their approval dates are as follows: abatacept (February 2018), 
adalimumab (July 2011), canakinumab (July 2018), etanercept (July 2009), and tocilizumab (April 2008). The dates of 
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approval in Japan for golimumab and infliximab for off-label use in JIA are July 2011 and January 2002, respectively. 
These were identified by L04A in ATC. Other immunosuppressants were likewise identified by L04A. In addition, 
glucocorticoids and NSAIDs used in JIA were identified by H02AB and M01A, respectively. Janus kinase inhibitors are 
not approved for patients with JIA in Japan and are therefore not included in this study.

Ethical Considerations
All procedures for this study involving human subjects were performed in accordance with the ethical standards of the 
Institutional Research Board and the 1964 Declaration of Helsinki and its subsequent amendments, as well as comparable 
ethical standards. Because this was a retrospective observational study with no interventions and no invasions, and 
because the database used was anonymized prior to the researcher’s availability and could not be used to identify 
individuals, patient explanation and consent were waived. This study was approved by the Ethics Committee of Osaka 
Medical and Pharmaceutical University (Approval ID: 2762-1) on August 6, 2019.

Statistical Analysis
The number of patients and percentage of users in each year were determined for each drug. The database included 111 
patients with moderate-to-severe JIA, but the cumulative number of patients was 398 because of the presence of those 
belonging to multiple years. The Cochran–Armitage trend test was used to test the prescribing trend for each drug. All 
P-values are reported with a two-tailed test, and the significance level was set at 5%. Statistical analyses were performed 
using R version 4.0.2 (R Development Core Team, Vienna, Austria).

Results
Participants
From a database of 6,862,244 patients, we extracted 9704 patients who were prescribed bDMARDs at least once during the 
observation period. In addition, we excluded 9349 patients aged ≥16 years, 242 patients without “M08” in ICD-10, and 2 
patients whose prescription date was missing, resulting in a final sample of 111 moderate-to-severe JIA patients (Figure 1). In 
addition, 1,488,202 patients under 16 years of age were included in the base population of 6,862,244. Participants’ annual 
background is shown in Table 1. Patients who were prescribed bDMARDs for multiple years were counted each year, and 
when switched to other bDMARDs, they were counted in each bDMARDs. Therefore, the number of patients was 111, and the 
total number of patients was 398. In 2018, females accounted for 64.3% of the total JIA population, being 12.5 (8–15) years of 
age. By disease type in sJIA patients, 51.6% were female and they were 11 (8–13) years of age, but in non-sJIA patients, 

Figure 1 Flow diagram to construct the study cohort of juvenile idiopathic arthritis patients. 
Abbreviations: bDMARDs, biological disease-modifying anti-rheumatic drugs; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th 
Revision.
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Table 1 Demographics of Patients with Juvenile Idiopathic Arthritis Prescribed bDMARDs

Classification Characteristics 2012 2013 2014 2015 2016 2017 2018 Total

Patients, n 12 17 9 24 20 18 11 111

Prescribed bDMARDs, n 12 29 36 59 74 90 98 398a

Overall Sex, n (%)

Female 10 (83.3) 21 (72.4) 26 (72.2) 40 (67.8) 49 (66.2) 59 (65.6) 63 (64.3) 268 (67.3)

Male 2 (16.7) 8 (27.6) 10 (27.8) 19 (32.2) 25 (33.8) 31 (34.4) 35 (35.7) 130 (32.7)
Age, Median (IQR) 10 (7–14) 10 (6–13) 9.5 (4–14) 11 (6–14) 11.5 (7–14) 12 (8–14) 12.5 (8–15) 11.5 (7–14)

sJIA Sex, n (%)

Female 1 (100) 5 (62.5) 6 (54.5) 9 (47.4) 13 (50.0) 15 (50.0) 16 (51.6) 65 (51.6)
Male 0 (0) 3 (37.5) 5 (45.5) 10 (52.6) 13 (50.0) 15 (50.0) 15 (48.4) 61 (48.4)

Age, Median (IQR) 14 (14–14) 10 (4–15) 8 (4–15) 9 (5–12) 10 (6–12) 11 (8–13) 11 (8–13) 10.5 (7–13)

Non-sJIA Sex, n (%)
Female 9 (81.8) 16 (76.2) 20 (80.0) 31 (77.5) 36 (75.0) 44 (73.3) 47 (70.1) 203 (74.6)

Male 2 (18.2) 5 (23.8) 5 (20.0) 9 (22.5) 12 (25.0) 16 (26.7) 20 (29.9) 69 (25.4)

Age, Median (IQR) 9 (7–13) 10 (6–13) 11 (6–14) 12 (7–14) 12.5 (8–15) 12.5 (7–15) 13 (7–16) 12 (7–15)

Notes: aThe number of patients with juvenile idiopathic arthritis prescribed biologic agents was 111, and the cumulative total number of patients was 398 because patients were enrolled in the database of multiple years. 
Abbreviations: bDMARDs, biological disease-modifying anti-rheumatic drugs; IQR, interquartile range; sJIA, systemic juvenile idiopathic arthritis.
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70.1% were female and they were 13 (7–16) years of age, with no sex difference in sJIA, whereas the proportion of females 
was higher in non-JIA. No differences in age were observed.

Prescribing Trend for JIA
The mean and standard deviation of the number of drugs prescribed for the patients with JIA during the study period was 
5.1±2.8. Table 2 shows the annual change in the proportion of drug use among all moderate-to-severe JIA patients. The 
percentage of prescriptions for adalimumab and tocilizumab showed a significant increase, whereas the percentage of 
prescriptions for methotrexate and flurbiprofen showed a significant decrease. Focusing on 2018, tocilizumab and 
adalimumab were prescribed in 42.9 and 29.6% of all JIA patients, respectively. Glucocorticoids accounted for 41.8% 
with all injectable prescriptions and 52.0% with all oral prescriptions, with prednisolone (oral) accounting for the highest 
percentage at 45.9%. Among immunosuppressants, methotrexate accounted for 51.0%, among NSAIDs, and ibuprofen 
and loxoprofen sodium accounted for 24.5 and 17.3%, respectively. For other off-label biological products for JIA in 
Japan, rituximab was prescribed to one patient in 2017 and 2018, respectively. No patients used certolizumab pegol and 
ustekinumab. Rilonacept and anakinra have not been released in Japan.

Prescribing Trend for sJIA
Annual trends in the percentage of drug use in sJIA are shown in Table 3. A significant increase in the percentage of 
prescriptions was observed for adalimumab. Regarding 2018, tocilizumab use was particularly high in sJIA patients with 
71.0% and 22.6% for tocilizumab and adalimumab, respectively. Canakinumab, which is only covered for sJIA patients 
showing an inadequate response or poor tolerability to existing therapies such as tocilizumab, was 9.7%. Glucocorticoids 
were prescribed in 58.1% among all sJIA patients with all injectables and 87.1% with all orals, with prednisolone (oral) 
being prescribed in a particularly high percentage (71.0%). For immunosuppressants, methotrexate, tacrolimus hydrate, 
and ciclosporin were prescribed in 38.7, 22.6, and 19.4% of sJIA patients, respectively. The proportion of immunosup
pressants other than methotrexate was high in patients with sJIA. Among NSAIDs, ibuprofen and loxoprofen sodium 
were prescribed in 29.0 and 12.9%, respectively.

Prescribing Trend for Non-sJIA
Table 3 shows the annual change in drug use in non-sJIA patients. A significant increase in the percentage of 
prescriptions for adalimumab and tocilizumab was noted, whereas a significant decrease in the percentage of prescrip
tions for methotrexate and flurbiprofen was observed. In 2018, prescription rates were higher for adalimumab and 
tocilizumab at 32.8 and 29.9%, respectively, and for etanercept and infliximab at 14.9 and 11.9%, respectively, in non- 
sJIA. Glucocorticoids were prescribed for 34.3% with all injectables and 35.8% with all orals, including 34.3% for 
prednisolone (oral), both of which were clearly lower than the proportions in sJIA patients. Among immunosuppressants, 
56.7% of non-sJIA patients were prescribed methotrexate, higher than in sJIA. Among NSAIDs, ibuprofen and 
loxoprofen sodium were used in 22.4 and 19.4% of non-sJIA patients, respectively.

Discussion
In this study, we analyzed prescribing trends of bDMARDs and other anti-rheumatic drugs in patients with moderate-to-severe 
JIA using a nationwide Japanese claims database. The results showed that the use of bDMARDs increased annually, and that 
the use of each agent for sJIA and non-sJIA was generally consistent with recommendations in the guidelines. This is the first 
study in Japan to investigate prescribing for moderate-to-severe JIA using nationwide claims data.

The prevalence of JIA in Japan is 10–15 per 100,000 children.4 According to Japanese government statistics (https:// 
www.e-stat.go.jp/dbview?sid=0003171241), there were 16,954,000 children under the age of 16 (0–15 years total) as of 
2016. From this, it is estimated that there are 1695 JIA cases in Japan as a whole. Thus, it is estimated that 91.53 JIA 
cases are included in the “JMDC” data, which covers about 5.4% (6.8 million people) of the Japanese population. This is 
very close to the value in Table 1. In North America and Europe, sJIA is estimated to be 5–15%, whereas in Japan it is 
41.7 or 8–50%.4 In the patients in this study, sJIA was also about 30%, higher than reported values in North America and 
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Table 2 Annual Proportions in Each Drugs Prescribed for Patients with Juvenile Idiopathic Arthritis Over Time

2012 2013 2014 2015 2016 2017 2018 P-value
n = 12 n = 29 n = 36 n = 59 n = 74 n = 90 n = 98

bDMARDs, n (%)

Abatacept 0 (0) 0 (0) 1 (2.8) 1 (1.7) 1 (1.4) 0 (0) 2 (2.0) 0.8420

Adalimumab 0 (0) 3 (10.3) 6 (16.7) 10 (16.9) 11 (14.9) 24 (26.7) 29 (29.6) 0.0006
Canakinumab N.A. N.A. N.A. N.A. N.A. N.A. 3 (3.1) N.A.

Etanercept 3 (25.0) 4 (13.8) 5 (13.9) 7 (11.9) 13 (17.6) 14 (15.6) 10 (10.2) 0.4026

Golimumab 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.4) 1 (1.1) 2 (2.0) 0.1536
Infliximab 0 (0) 1 (3.4) 2 (5.6) 4 (6.8) 6 (8.1) 7 (7.8) 10 (10.2) 0.1035

Tocilizumab 2 (16.7) 7 (24.1) 13 (36.1) 22 (37.3) 29 (39.2) 37 (41.1) 42 (42.9) 0.0265

Glucocorticoids, n (%)
Total for injectable formulations 5 (41.7) 11 (37.9) 18 (50.0) 29 (49.2) 32 (43.2) 41 (45.6) 41 (41.8) 0.8162

Betamethasone sodium phosphate 1 (8.3) 1 (3.4) 3 (8.3) 2 (3.4) 3 (4.1) 4 (4.4) 5 (5.1) 0.7857

Dexamethasone palmitate 0 (0) 1 (3.4) 2 (5.6) 4 (6.8) 6 (8.1) 9 (10.0) 7 (7.1) 0.2290
Dexamethasone sodium phosphate 2 (16.7) 2 (6.9) 4 (11.1) 3 (5.1) 5 (6.8) 6 (6.7) 8 (8.2) 0.6126

Hydrocortisone sodium phosphate 0 (0) 0 (0) 0 (0) 2 (3.4) 1 (1.4) 1 (1.1) 1 (1.0) 0.8420

Hydrocortisone sodium succinate 0 (0) 2 (6.9) 5 (13.9) 5 (8.5) 5 (6.8) 7 (7.8) 10 (10.2) 0.6489
Methylprednisolone sodium succinate 1 (8.3) 2 (6.9) 2 (5.6) 5 (8.5) 5 (6.8) 5 (5.6) 4 (4.1) 0.3693

Prednisolone sodium succinate 1 (8.3) 3 (10.3) 2 (5.6) 7 (11.9) 6 (8.1) 8 (8.9) 5 (5.1) 0.4067

Triamcinolone acetonide 0 (0) 0 (0) 0 (0) 1 (1.7) 1 (1.4) 1 (1.1) 1 (1.0) 0.5927
Total for oral formulations 6 (50.0) 14 (48.3) 21 (58.3) 35 (59.3) 43 (58.1) 45 (50.0) 51 (52.0) 0.6856

Betamethasone 0 (0) 1 (3.4) 0 (0) 0 (0) 2 (2.7) 1 (1.1) 0 (0) 0.5129
Hydrocortisone 0 (0) 0 (0) 2 (5.6) 3 (5.1) 4 (5.4) 4 (4.4) 4 (4.1) 0.5432

Methylprednisolone 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.1) 2 (2.0) 0.0964

Prednisolone 6 (50.0) 13 (44.8) 19 (52.8) 32 (54.2) 37 (50.0) 39 (43.3) 45 (45.9) 0.4196
Immunosuppressants, n (%)

Azathioprine 1 (8.3) 1 (3.4) 1 (2.8) 4 (6.8) 4 (5.4) 3 (3.3) 3 (3.1) 0.4765

Ciclosporin 1 (8.3) 2 (6.9) 2 (5.6) 2 (3.4) 4 (5.4) 5 (5.6) 6 (6.1) 0.9891
Methotrexate 10 (83.3) 18 (62.1) 22 (61.1) 33 (55.9) 43 (58.1) 49 (54.4) 50 (51.0) 0.0463

Mycophenolate mofetil 0 (0) 0 (0) 0 (0) 2 (3.4) 2 (2.7) 4 (4.4) 4 (4.1) 0.1032

Tacrolimus hydrate 0 (0) 1 (3.4) 3 (8.3) 6 (10.2) 8 (10.8) 9 (10.0) 8 (8.2) 0.3881
NSAIDs, n (%)

Flurbiprofen 4 (33.3) 4 (13.8) 4 (11.1) 5 (8.5) 4 (5.4) 3 (3.3) 6 (6.1) 0.0020

Ibuprofen 1 (8.3) 6 (20.7) 9 (25.0) 10 (16.9) 16 (21.6) 22 (24.4) 24 (24.5) 0.2656
Loxoprofen sodium 3 (25.0) 1 (3.4) 4 (11.1) 8 (13.6) 11 (14.9) 10 (11.1) 17 (17.3) 0.3730

Naproxen 0 (0) 0 (0) 3 (8.3) 6 (10.2) 5 (6.8) 7 (7.8) 7 (7.1) 0.3786

Note: P-values were calculated with the Cochran–Armitage trend test. 
Abbreviations: bDMARDs, biological disease-modifying anti-rheumatic drugs; N.A., not applicable; NSAIDs, non-steroidal anti-inflammatory drugs.
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Table 3 Annual Proportions in Each Drugs Prescribed for Patients with Systemic Juvenile Idiopathic Arthritis or Non-Systemic Juvenile Idiopathic Arthritis Over Time

Systemic Juvenile Idiopathic Arthritis Non-Systemic Juvenile Idiopathic Arthritis

2012 2013 2014 2015 2016 2017 2018 P-value 2012 2013 2014 2015 2016 2017 2018 P-value

n = 1 n = 8 n = 11 n = 19 n = 26 n = 30 n = 31 n = 11 n = 21 n = 25 n = 40 n = 48 n = 60 n = 67

bDMARDs, n (%)

Abatacept 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) N.A. 0 (0) 0 (0) 1 (4.0) 1 (2.5) 1 (2.1) 0 (0) 2 (3.0) 0.7855

Adalimumab 0 (0) 0 (0) 1 (9.1) 2 (10.5) 2 (7.7) 6 (20.0) 7 (22.6) 0.0362 0 (0) 3 (14.3) 5 (20.0) 8 (20.0) 9 (18.8) 18 (30.0) 22 (32.8) 0.0037

Canakinumab N.A. N.A. N.A. N.A. N.A. N.A. 3 (9.7) N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0 (0) N.A.

Etanercept 0 (0) 0 (0) 0 (0) 1 (5.3) 2 (7.7) 2 (6.7) 0 (0) 0.9794 3 (27.3) 4 (19.0) 5 (20.0) 6 (15.0) 11 (22.9) 12 (20.0) 10 (14.9) 0.5091

Golimumab 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.2) 0.2376 0 (0) 0 (0) 0 (0) 0 (0) 1 (2.1) 1 (1.7) 1 (1.5) 0.3143

Infliximab 0 (0) 0 (0) 0 (0) 1 (5.3) 2 (7.7) 2 (6.7) 2 (6.5) 0.3488 0 (0) 1 (4.8) 2 (8.0) 3 (7.5) 4 (8.3) 5 (8.3) 8 (11.9) 0.1611

Tocilizumab 1 (100) 4 (50.0) 8 (72.7) 13 (68.4) 18 (69.2) 21 (70.0) 22 (71.0) 0.6074 1 (9.1) 3 (14.3) 5 (20.0) 9 (22.5) 11 (22.9) 16 (26.7) 20 (29.9) 0.0446

Glucocorticoids, n (%)

Total for injectable formulations 1 (100) 5 (62.5) 8 (72.7) 15 (78.9) 18 (69.2) 21 (70.0) 18 (58.1) 0.2813 4 (36.4) 6 (28.6) 10 (40.0) 14 (35.0) 14 (29.2) 20 (33.3) 23 (34.3) 0.9417

Betamethasone sodium phosphate 0 (0) 0 (0) 2 (18.2) 1 (5.3) 0 (0) 2 (6.7) 1 (3.2) 0.5705 1 (9.1) 1 (4.8) 1 (4.0) 1 (2.5) 3 (6.3) 2 (3.3) 4 (6.0) 0.9814

Dexamethasone palmitate 0 (0) 1 (12.5) 1 (9.1) 3 (15.8) 4 (15.4) 4 (13.3) 3 (9.7) 0.8733 0 (0) 0 (0) 1 (4.0) 1 (2.5) 2 (4.2) 5 (8.3) 4 (6.0) 0.0995

Dexamethasone sodium phosphate 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.2) 0.2376 2 (18.2) 2 (9.5) 4 (16.0) 3 (7.5) 5 (10.4) 6 (10.0) 7 (10.4) 0.5993

Hydrocortisone sodium phosphate 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) N.A. 0 (0) 0 (0) 0 (0) 2 (5.0) 1 (2.1) 1 (1.7) 1 (1.5) 0.7855

Hydrocortisone sodium succinate 0 (0) 1 (12.5) 3 (27.3) 4 (21.1) 4 (15.4) 6 (20.0) 7 (22.6) 0.7246 0 (0) 1 (4.8) 2 (8.0) 1 (2.5) 1 (2.1) 1 (1.7) 3 (4.5) 0.8615

Methylprednisolone sodium succinate 1 (100) 2 (25.0) 1 (9.1) 4 (21.1) 5 (19.2) 3 (10.0) 3 (9.7) 0.0917 0 (0) 0 (0) 1 (4.0) 1 (2.5) 0 (0) 2 (3.3) 1 (1.5) 0.7855

Prednisolone sodium succinate 0 (0) 1 (12.5) 1 (9.1) 3 (15.8) 5 (19.2) 6 (20.0) 3 (9.7) 0.9317 1 (9.1) 2 (9.5) 1 (4.0) 4 (10.0) 1 (2.1) 2 (3.3) 2 (3.0) 0.1094

Triamcinolone acetonide 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) N.A. 0 (0) 0 (0) 0 (0) 1 (2.5) 1 (2.1) 1 (1.7) 1 (1.5) 0.5563

Total for oral formulations 1 (100) 3 (37.5) 9 (81.8) 19 (100) 21 (80.8) 24 (80.0) 27 (87.1) 0.1709 5 (45.5) 11 (52.4) 12 (48.0) 16 (40.0) 22 (45.8) 21 (35.0) 24 (35.8) 0.1083

Betamethasone 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.8) 0 (0) 0 (0) 0.9056 0 (0) 1 (4.8) 0 (0) 0 (0) 1 (2.1) 1 (1.7) 0 (0) 0.5141

Hydrocortisone 0 (0) 0 (0) 1 (9.1) 2 (10.5) 2 (7.7) 3 (10.0) 3 (9.7) 0.5411 0 (0) 0 (0) 1 (4.0) 1 (2.5) 2 (4.2) 1 (1.7) 1 (1.5) 0.9875

Methylprednisolone 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.3) 2 (6.5) 0.0922 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) N.A.

Prednisolone 1 (100) 3 (37.5) 8 (72.7) 17 (89.5) 18 (69.2) 20 (66.7) 22 (71.0) 0.8243 5 (45.5) 10 (47.6) 11 (44.0) 15 (37.5) 19 (39.6) 19 (31.7) 23 (34.3) 0.1352

Immunosuppressants, n (%)

Azathioprine 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.3) 1 (3.2) 0.2242 1 (9.1) 1 (4.8) 1 (4.0) 4 (10.0) 4 (8.3) 2 (3.3) 2 (3.0) 0.2995

Ciclosporin 1 (100) 1 (12.5) 1 (9.1) 2 (10.5) 3 (11.5) 4 (13.3) 6 (19.4) 0.7776 0 (0) 1 (4.8) 1 (4.0) 0 (0) 1 (2.1) 1 (1.7) 0 (0) 0.2548

Methotrexate 0 (0) 3 (37.5) 6 (54.5) 7 (36.8) 13 (50.0) 14 (46.7) 12 (38.7) 0.9963 10 (90.9) 15 (71.4) 16 (64.0) 26 (65.0) 30 (62.5) 35 (58.3) 38 (56.7) 0.0311

Mycophenolate mofetil 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.8) 2 (6.7) 2 (6.5) 0.1329 0 (0) 0 (0) 0 (0) 2 (5.0) 1 (2.1) 2 (3.3) 2 (3.0) 0.3723

Tacrolimus hydrate 0 (0) 0 (0) 1 (9.1) 3 (15.8) 3 (11.5) 6 (20.0) 7 (22.6) 0.0733 0 (0) 1 (4.8) 2 (8.0) 3 (7.5) 5 (10.4) 3 (5.0) 1 (1.5) 0.4630

NSAIDs, n (%)

Flurbiprofen 0 (0) 1 (12.5) 1 (9.1) 2 (10.5) 2 (7.7) 2 (6.7) 2 (6.5) 0.5467 4 (36.4) 3 (14.3) 3 (12.0) 3 (7.5) 2 (4.2) 1 (1.7) 4 (6.0) 0.0010

Ibuprofen 0 (0) 2 (25.0) 2 (18.2) 2 (10.5) 4 (15.4) 5 (16.7) 9 (29.0) 0.3311 1 (9.1) 4 (19.0) 7 (28.0) 8 (20.0) 12 (25.0) 17 (28.3) 15 (22.4) 0.4279

Loxoprofen sodium 0 (0) 1 (12.5) 2 (18.2) 2 (10.5) 2 (7.7) 3 (10.0) 4 (12.9) 0.9188 3 (27.3) 0 (0) 2 (8.0) 6 (15.0) 9 (18.8) 7 (11.7) 13 (19.4) 0.2630

Naproxen 0 (0) 0 (0) 3 (27.3) 2 (10.5) 3 (11.5) 1 (3.3) 2 (6.5) 0.3063 0 (0) 0 (0) 0 (0) 4 (10.0) 2 (4.2) 6 (10.0) 5 (7.5) 0.0811

Notes: P-values were calculated with the Cochran–Armitage trend test. 
Abbreviations: bDMARDs, biological disease-modifying anti-rheumatic drugs; N.A., not applicable; NSAIDs, non-steroidal anti-inflammatory drugs.
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Europe. There is no sex difference in the prevalence of sJIA, whereas non-sJIA is more than twice as common in 
females.4,9 The present study is also consistent with these reports regarding sex differences in prevalence.

Prescribing trend analysis of bDMARDs in all moderate-to-severe JIA patients showed a significant increase in 
adalimumab and tocilizumab, but a decrease in methotrexate. These findings are consistent with our previously reported 
results of a prescribing trend analysis in rheumatoid arthritis (RA) patients.10 The American College of Rheumatology 
(ACR) and Japan College of Rheumatology recommend aggressive treatment with bDMARDs.4,11 Although etanercept 
was the most commonly prescribed bDMARD for JIA in 2012,12,13 adalimumab, which is indicated for non-sJIA, and 
tocilizumab, which is indicated for both sJIA and non-sJIA, have become more common with expansion of the evidence- 
based selection of bDMARDs for JIA.14 The ACR recommendations for non-sJIA published in 2019 show that 
adalimumab has a higher level of evidence than other bDMARDs.15 Previous study comparing TNF-α inhibitor to 
non-TNF-α inhibitor for non-sJIA found that TNF-α inhibitor was more effective.16 The results of our study also showed 
that adalimumab, etanercept, and infliximab were used in high proportions in non-sJIA. Early introduction of tocilizumab 
has been reported to be beneficial in patients with sJIA.17 Additionally, adalimumab, etanercept, and tocilizumab showed 
comparable efficacy against polyarticular JIA in non-sJIA, with tocilizumab reported to have the lowest discontinuation 
rate.18 We consider that these findings support the increasing use of bDMARDs, especially in the proportion of patients 
treated with adalimumab and tocilizumab. Patil et al reported that methotrexate-induced nausea is six times more 
common in adolescents than in adults.19 Up to one-third of patients with JIA may experience side effects with 
methotrexate monotherapy.20 This poor tolerability is considered to be one of the reasons for the decreasing tendency 
of methotrexate. In our study, we also observed the use of golimumab and infliximab, which are not currently approved 
for JIA in Japan. Although bDMARDs are effective in most cases, some children do not respond to treatment and 
continue to suffer from active symptoms. In these cases, bDMARDs not approved for JIA are introduced into the 
treatment.7,21 Several reports suggest the efficacy and safety of golimumab22–24 and infliximab25–29 for non-sJIA. These 
findings support the inclusion of the off-label use of bDMARDs in our study.

In the percentage of bDMARDs used for non-sJIA, no drugs stood out among TNF-α and IL-6 inhibitors. In contrast, 
the use of bDMARDs for sJIA was distinctive. Tocilizumab, an IL-6 inhibitor, is the mainstay of treatment for sJIA, with 
a rate of 71% in 2018. Canakinumab (IL-1 inhibitor), approved that year only for sJIA patients with an inadequate 
response to existing therapies such as tocilizumab, was used in 9.7% of cases. This suggests that refractory or intolerant 
cases comprised approximately 9.7% of sJIA patients. Drugs with later approval dates will be used for new patients and 
patients who are concerned about the efficacy or safety of existing therapies, so the rate of use will increase moderately. 
The TNF-α inhibitors adalimumab, infliximab, and golimumab, which have not been approved for sJIA, were also used. 
These may be options in patients showing active disease refractory to IL-1 or IL-6 inhibitors.

Many patients with sJIA had to be treated with chronic glucocorticoids, sometimes for years, which caused many side 
effects and growth disturbances.9 The outlook for the management of sJIA has evolved radically over the past two decades 
from a heavy reliance on glucocorticoids to the early introduction of bDMARDs against IL-1 and IL-6 for targeted therapy 
with no or minimal use of glucocorticoids.9 The introduction of bDMARDs to treat JIA has markedly improved disease 
outcomes and reduced the use of the more deleterious systemic glucocorticoids.30 We found no significant decrease in 
glucocorticoids in this study. This may be due to the short observation period, starting in 2012; because several bDMARDs 
were already on the market in 2012, we could not complement the decrease in glucocorticoids. However, glucocorticoids 
remain a mainstay of treatment for sJIA patients due to their high use, compared with 30–40% for non-sJIA.

Regarding immunosuppressants, in addition to methotrexate, the calcineurin inhibitors tacrolimus hydrate and 
ciclosporin were also used in a high percentage of sJIA patients. Methotrexate and ciclosporin have been reported to 
show limited sustained efficacy after systemic symptoms have resolved in sJIA.4 On the other hand, sJIA has been 
associated with macrophage activation syndrome (MAS), a life-threatening complication requiring urgent treatment.31 In 
some patients with MAS, the concomitant use of calcineurin inhibitors in addition to bDMARDs and glucocorticoids 
may be necessary to control MAS.32 These results suggest that patients using calcineurin inhibitors not approved for JIA 
captured in our study could be those with complicated MAS. The long-term efficacy and safety of methotrexate for non- 
sJIA have been well-established and it is used worldwide as a standard treatment.4,9,11 In the present study, methotrexate 
still maintained a high rate of use despite its declining trend.
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This study has some unavoidable limitations. First, the study drugs include those that may be used outside of treatment for 
JIA. For example, drugs with multiple indications such as glucocorticoids and NSAIDs. The present study could not 
completely rule out these inclusions. Second, the disease names are for reimbursement claims, and there was no verification 
that the coding accurately reflected medically based disease names. Therefore, misclassification of JIA disease types may not 
have been completely eliminated. Third, the database used in this study includes working-age individuals and their 
dependents. If a parent changes insurers due to transfer or other reasons, the insurance of their dependents, the patients in 
this study, will also change and may not be traceable. Fourth, the subjects of this study did not include relatively mild JIA 
patients who did not use bDMARDs. This study shows the trend of drugs used in relatively severe JIA patients who use 
bDMARDs. Nevertheless, we believe that our findings reflect the actual clinical practice of moderate-to-severe JIA treatment 
in Japan, since this is a nationwide database study. In addition, although there are a limited number of patients aged ≥65 years 
in this database, this fact does not limit our study because the patients in this study were younger than 16 years old.

In conclusion, we investigated the use of bDMARDs in patients with moderate-to-severe JIA using a large nationwide 
database in Japan. Consistent with our previously reported results in RA,10 we found an increasing trend for adalimumab 
and tocilizumab and a decreasing trend for methotrexate. The different use of drugs in patients with sJIA and non-sJIA 
was also evident, which is consistent with national and international guidelines. The introduction of bDMARDs has 
markedly improved the efficacy of JIA treatment.30,33 In addition, more patients can now avoid the safety concerns 
associated with conventional methotrexate and glucocorticoids, but there are still many issues to be examined regarding 
the short- and long-term safety of bDMARDs, including the risk of infection and potential risk of malignancy associated 
with their immunosuppressive effects. Future studies are needed to clarify these issues.
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