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1. Introduction

Rheumatoid arthritis (RA) is a chronic, systemic 
inflammatory disease that affects the synovial joints (1). 
The uncontrolled disease activity of RA may lead to 
joint destruction and deformity, thus impairing patients' 
quality of life. Therefore, tight control of disease 
activity using a treat-to-target strategy is recommended 
to prevent joint destruction (2). Advancements in RA 
treatment, including the use of biological originator 
disease-modifying anti-rheumatic drugs (bDMARDs) 
and biosimilar DMARDs (bsDMARDs), have improved 

clinical outcomes, enabling the achievement of low 
disease activity or clinical remission in patients with RA.
	 We conduc ted  the  IFX-SIRIUS STUDY I 
(jRCTs071190030) to evaluate the efficacy and safety 
of switching from originator infliximab (IFX) to CT-
P13, a biosimilar of originator IFX in patients with RA 
achieving clinical remission (3). The study showed that 
clinical relapse following the switch to CT-P13 was 
infrequent, with only two of 18 patients experiencing 
relapse within 24 weeks. Patients who completed the 
24-week study period showed minimal alterations in 
musculoskeletal ultrasound (MSUS) scores, cytokine/
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chemokine levels, and clinical indices. Switching 
from bDMARDs to bsDMARDs is expected to reduce 
patients' economic burden and improve medical 
insurance finances. However, continuing bsDMARDs 
remains costly. Notably, several reports have shown the 
clinical benefits of discontinuing bDMARD in patients 
with RA (4-6). Thus, we expected that patients with 
RA would be able to maintain good outcomes after 
discontinuing CT-P13. However, there is no evidence of 
an optimal approach for discontinuing bsDMARDs such 
as CT-P13.
	 Hence, in this study, we aimed to investigate the 
clinical benefit of discontinuing CT-P13 in patients 
with RA, maintaining clinical remission or low disease 
activity by treating with CT-P13 during the IFX-SIRIUS 
STUDY I. In addition, we aimed to evaluate the disease 
activity using clinical disease activity indices and MSUS 
to accurately assess inflammation at the joint level, 
continuing from the IFX-SIRIUS STUDY I and evaluate 
the effectiveness and safety of CT-P13 retreatment in 
patients with RA who experienced clinical relapse.

2. Study design

This prospective, open-label, interventional, single-
arm clinical trial was conducted at 19 centers 
across Japan (Supplemental Table S1, https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=105). The study was registered in the Japan 
Registry of Clinical Trials as jRCTs071200007, and 
approved by the certified review board of Nagasaki 
University (CRB20-003). Written informed consent was 
obtained from all patients. The study was conducted 
in accordance with the principles of the Declaration 
of Helsinki (7), the Clinical Trials Act (since February 
2019), the Act on the Protection of Personal Information 
and related regulatory notifications, and this clinical 
study protocol. The study protocol has been previously 
published (8), where the detailed methodology is 
described. Accordingly, only the principal methods are 
outlined in this section.

2.1. Participants

The inclusion criteria were: i) treatment with CT-P13 and 
non-clinical relapse during IFX-SIRIUS STUDY I, and 
ii) ability to give written informed consent and comply 
with study requirements. Key exclusion criteria included: 
i) history of infusion reaction to CT-P13 requiring 
medication, and ii) glucocorticoid or conventional 
synthetic DMARD dose changes after IFX-SIRIUS 
STUDY I.

2.2. Intervention

The patients discontinued intravenous CT-P13 
throughout the study period. In cases of clinical 

relapse, CT-P13 was re-administered at 3 mg/kg at 0, 
2, and 6 weeks, followed by maintenance doses every 
8 weeks. All patients continued the same doses of 
methotrexate and oral glucocorticoids received before 
CT-P13 discontinuation. Clinical relapse was defined 
as: i) ΔDisease Activity Score-28 (DAS28)-erythrocyte 
sedimentation rate (ESR) ≥ 1.2 or DAS28-ESR ≥ 
3.2, and ii) increased DAS28-ESR due to RA disease 
activity rather than other factors.

2.3. Outcome measurements

The study visits were conducted at baseline and 12, 24, 36, 
and 48 weeks after CT-P13 discontinuation (Supplemental 
Figure S1, https://www.globalhealthmedicine.com/
site/supplementaldata.html?ID=105). Clinical disease 
activity was evaluated using DAS28-ESR and DAS28- 
C reactive protein (CRP) values. Patient functional 
assessment was evaluated using the Health Assessment 
Questionnaire-Disability Index (HAQ-DI). MSUS 
imaging was performed at baseline, week 48, and clinical 
relapse using a multifrequency linear transducer (12–24 
MHz). Joint synovitis was assessed at 22 joints using 
grayscale (GS) and power Doppler (PD) scores (0–3 
scale). We also assessed GLOESS. X-ray images of 
bilateral hands and feet were evaluated using the van der 
Heijde-modified total Sharp score (vdH-mTSS) method. 
Serum concentrations of rheumatoid factor (RF), anti-
cyclic citrullinated peptide antibodies (ACPA), and matrix 
metalloproteinase-3 (MMP-3) were measured using 
standard assays. Multiplex cytokine/chemokine bead 
assays were performed using MILLIPLEX MAP Human 
Cytokine/Chemokine Magnetic Bead Panel to measure 41 
cytokines and chemokines. Serum interleukin-6 and tumor 
necrosis factor-α levels were measured using specific 
ELISA kits.

2.4. Study endpoints

The primary endpoint was the proportion of patients 
experiencing clinical relapse between baseline and week 
48. Secondary endpoints included changes in total PD 
and GS scores, GLOESS, DAS28 values, vdH-mTSS, 
HAQ-DI scores, and serum biomarker levels from 
baseline to various time points. Safety endpoint was the 
occurrence of adverse events.

2.5. Statistical analysis

The primary analysis was planned to estimate the 
95% confidence interval of the proportion of patients 
with clinical relapse using Wilson's score interval (9). 
However, statistical estimations were excluded due 
to small sample size (five patients), and individual 
data points were presented instead. The graphs were 
created using GraphPad Prism (version 9.5.1; GraphPad 
Software, La Jolla, CA).
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During the study period, no adverse events occurred in 
the safety analysis.
	 In this study, of the patients with RA who maintained 
clinical remission or low disease activity during IFX-
SIRIUS STUDY I, we observed non-clinical relapses 
in three cases, while two patients experienced clinical 
relapse after discontinuing CT-P13. Of the two patients 
who experienced a relapse, the one who was re-
administered CT-P13 had improved clinical disease 
activity indices and patient-reported outcomes, including 
DAS28-ESR, DAS28-CRP, and HAQ-DI values without 
any adverse events after re-administration of CT-P13.
	 The introduction of bDMARDs in clinical practice 
has dramatically improved the outcomes of patients 
with RA. However, the currently available bDMARDs 
are expensive, and this has led to restricted treatment 
access in patients with RA. Switching from originator 
infliximab to CT-P13 plays an important role in cost 
savings and health gains for patients with RA. However, 
the long-term continuation of CT-P13 remains costly.
	 Notably, several studies have demonstrated the 
clinical impact of discontinuing bDMARDs in patients 
with RA. In particular, the majority of these studies have 
focused on TNF inhibitors (4,5,10-15). The previous 
prospective studies have shown that among patients with 
RA with remission or low disease activity, the proportion 
of those who maintained non-clinical relapse 1 year after 
discontinuing TNF inhibitors varied widely, ranging 
from as low as 13% (12) to as high as 62% (5). In this 
study, although the number of cases was limited to five, 
over 50% (three cases) showed non-clinical relapse 
during the 52-week study period. In addition, among the 
two relapsed cases, one patient who was re-administered 
CT-P13 showed improvement in disease activity without 
adverse events, including infusion reactions.
	 The strength of this study was that it prospectively 
evaluated the therapeutic effectiveness of CT-P13 using 
clinical disease activity indices and standardized MSUS 
findings, which accurately and objectively evaluated 
disease activity at the joint level and the serum levels of 
multiple biomarkers, such as cytokines and chemokines.
	 Residual synovitis, such as the PD score detected 
using MSUS, is a risk factor for relapse in patients 
with RA who maintain clinical remission (16). In 
addition, some reports have suggested that a positive 
PD score in patients with RA with clinical remission is 
associated with an increased risk of relapse following 
discontinuation of bDMARDs (17,18). In this study, the 
total PD score at the time of CT-P13 discontinuation 
was zero in all cases, indicating that only the PD score 
might be insufficient to predict relapse. However, the 
PD score remained zero throughout the study period 
after CT-P13 discontinuation in non-clinical relapsed 
cases, indicating non-clinical relapse and the absence of 
synovitis progression, as evaluated by MSUS during the 
study period.
	 The association between serum cytokine levels 

3. Patients' characteristics

In IFX-SIRUS STUDY I, 16 patients completed the study 
period without clinical relapse. In contrast, five patients 
were included in this study between April 20, 2020 and 
December 31, 2023. These five cases were enrolled 
from three participating institutions. Supplemental 
Table S2 (https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=105) shows the baseline 
patient characteristics.
	 The patients (three females and two males) were 
74, 73, 63, 51, and 49 years old. All patients tested 
positive for RF and ACPA. The dosage and interval of 
CT-P13 were 6 mg/kg every 8 weeks in 2 cases and 3 
mg/kg every 8, 12, or 14 weeks in the other cases. The 
methotrexate dose at baseline was 6 mg/week in one 
case, 8 mg/week in three cases, and 10 mg/week in 
one case. One patient received prednisolone at a dose 
of 5 mg/day. No case involved the concomitant use 
of csDMARDs other than methotrexate. None of the 
patients had a history of treatment with bDMARDs, 
except for the originator IFX and CT-P13. One patient 
had a history of treatment with the JAK inhibitor, 
tofacitinib.

4. The endpoints

The primary endpoints showed that of the five patients 
in the study, two experienced clinical relapses by week 
48. One patient (Case 4) relapsed at week 5, leading 
to discontinuation of the study, while another patient 
(Case 5) relapsed at week 36 and was subsequently re-
administered CT-P13.
	 Table 1 presents the longitudinal clinical and 
laboratory data, including DAS28-ESR, DAS28-CRP, 
HAQ-DI, the total GS and PD scores, GLOESS, and 
vdH-mTSS during the study period. Figure 1 illustrates 
the actual values of DAS28-ESR for each participant. 
Patients who achieved non-clinical relapse showed no 
changes in DAS28 values and MSUS scores during the 
study period. In one case of relapse (Case 4, relapse at 
week 5), DAS28-ESR increased from 1.25 at baseline 
to 4.35 at relapse, and GLOESS increased from 3 at 
baseline to 8 at relapse. In the other case (Case 5, relapse 
at week 36), DAS28-ESR increased from 2.85 at week 
24 to 4.14 at relapse and improved to 2.38 at week 48 
after re-administering CT-P13. In addition, the HAQ-
DI value improved from 0.5 at relapse to 0.125 at week 
48 after the re-administration of CT-P13. However, Case 
5 showed almost no change in MSUS score at relapse. 
In addition, no changes were observed in vdH-mTSS 
during the study period. Supplemental Table S3 (https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=106) shows the levels of multiple cytokine 
arrays and ELISA during the study period. The results 
revealed that neither clinical relapse nor non-relapse 
cases exhibited notable alterations in any cytokine level. 
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and relapse following discontinuation of bDMARDs 
in patients with RA has been investigated in several 
studies. One study demonstrated that certain serum 
cytokines, including IL-34, CCL1, IL-1β, IL-2, and 
IL-19, can predict relapse in patients with RA after 
discontinuation of bDMARDs (19). In addition, another 
study has revealed that a combination of 12 biomarkers, 
including VCAM-1, EGF, VEGF, and IL-6, may predict 
relapse after discontinuation of bDMARDs (20). In 
this study, no noticeable changes in serum cytokine 
levels were observed during the study period. Given the 
limited number of cases, further research is required to 
elucidate the relationship between relapse after CT-P13 
discontinuation and serum cytokine levels.
	 This study had some limitations. First, the sample 
size was small; only five patients were evaluated. Thus, 
the planned analyses involving statistical estimation 
could not be evaluated. Second, we also aimed to 
identify the predictive factors for clinical relapse after 
discontinuing CT-P13. However, with only two relapse 
cases, it was not possible to explore predictive factors 
following the discontinuation of CT-P13. To overcome 
these limitations, it is essential to enroll and analyze a 
larger number of cases. However, this study provides 
a prospective evaluation of therapeutic change by 
incorporating clinical disease activity indices, MSUS, 
and multiple biomarkers. As a result, the findings offer 
substantial clinical value.
	 In conclusion, we revealed that over 50% of patients 
with RA who achieved clinical remission or low 
disease activity maintained non-clinical relapse after 
discontinuing CT-P13. In addition, one patient who 
experienced relapse showed improved disease activity 
without any adverse events after the re-administration of 
CT-P13. Future research should focus on investigating 
the long-term effects and predicting relapse after 
discontinuation of biosimilars using a larger sample size.
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