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Supplementary Table S1. Emulated target trial framework.
	Protocol component
	Target trial
	Emulated trial

	Aim
	To examine the comparative effectiveness of IL-6 receptor inhibitors (IL-6Ris) in patients with rheumatoid arthritis (RA).
	Same as the target trial.

	Eligibility criteria
	· Aged ≥ 16 years old
· Diagnosed with RA according to the 2010 ACR/EULAR classification criteria
· IL-6Ri-naïve
· Initiated SAR-SC 200 mg biweekly, TCZ-SC 162 mg biweekly, or TCZ-IV 8 mg/kg monthly as the approved starting dose and dosing interval
	Same as the target trial.

	Treatment strategies
	Initiate IL-6Ri and continue its use throughout the follow-up period (defined below), unless otherwise clinically indicated.
	Same as the target trial.

	Treatment assignment
	Individuals are randomly assigned to initiate one IL-6Ri and are aware of the treatment to which they have been assigned.
	Individuals were non-randomly assigned to an IL-6Ri based on a new prescription for the respective medication.
Randomization was emulated by inverse probability weighting, estimated by pre-exposure prognostic characteristics.

	Follow-up
	Starts at the time of initiation of a treatment strategy and ends at 48 weeks, death, loss to follow-up, or the end of the study period (October 31, 2023).
	Same as the target trial, except that the follow-up would also end upon discontinuation of index medication.

	Outcomes
	Primary outcome
· Clinical Disease Activity Index (CDAI) at week 24
Secondary outcomes
· CDAI at 4, 12, and 48 weeks 
· Disease activity score in 28 joints (DAS28)-erythrocyte sedimentation rate (ESR) at weeks 24 and 48
· Drug retention rate
· Cause-specific retention rate
	Same as the target trial.

	Causal contrasts
	Intention-to-treat effect.
Per-protocol effect.
	On-treatment effect (observational analogue of the per-protocol effect)

	Statistical analysis
	Comparison of the change in disease activity and the rates and adjusted hazard ratios among individuals assigned to each treatment strategy.
	Same as the target trial.


Abbreviations: ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; IV, intravenous; SAR, sarilumab; SC, subcutaneous; TCZ, tocilizumab























Supplementary Table S2 . STROBE Statement—Checklist of items that should be included in reports of cohort studies 
	[bookmark: bold1][bookmark: italic1][bookmark: bold2][bookmark: italic2][bookmark: bold3][bookmark: italic3][bookmark: bold4][bookmark: italic4][bookmark: italic5]
	Item No
	Recommendation
	Page No

	Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	4

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	4

	[bookmark: bold7][bookmark: italic8]Introduction

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	6, 7

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	7

	[bookmark: bold11][bookmark: italic12]Methods

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	7

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	8

	Participants
	6
	(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
	8

	[bookmark: bold14][bookmark: italic15]
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed
	

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	9, 10, 11

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	7, 8, 9

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	10, 11

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	12

	[bookmark: bold22][bookmark: italic22][bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	11

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	11

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	11

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	11

	[bookmark: bold26][bookmark: italic28]
	
	(d) If applicable, explain how loss to follow-up was addressed
	11

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	Supplementary Data S3

	[bookmark: bold28][bookmark: italic30]Results
	

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study— e.g., numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	12
Supplementary Figure S1

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	Supplementary Figure S1

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	Supplementary Figure S1

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (e.g., demographic, clinical, social) and information on exposures and potential confounders
	12

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	Supplementary Figure S2

	[bookmark: bold37][bookmark: italic37]
	
	(c) Summarise follow-up time (e.g., average and total amount)
	12

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Report numbers of outcome events or summary measures over time
	12, 13

	[bookmark: italic40][bookmark: bold41]
Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	13

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	

	[bookmark: italic43][bookmark: bold44]Other analyses
	17
	Report other analyses done— e.g., analyses of subgroups and interactions, and sensitivity analyses
	13, 14

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	14

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	19, 20

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	15-18


	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	18

	[bookmark: italic49][bookmark: bold50]Other information

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	30


*Give information separately for exposed and unexposed groups.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.



Supplementary Table S3. Distribution of the stabilized weights for IL-6 receptor inhibitors
	　
	Minimum
	1st quantile
	Median
	Mean
	3rd quantile
	Maximum
	Standard deviation

	Sarilumab-SC 200 mg biweekly
	0.39
	0.64
	0.84
	0.97
	1.12
	4.05
	0.51

	Tocilizumab-SC 162 mg biweekly
	0.66
	0.86
	0.97
	1
	1.1
	2.62
	0.21

	Tocilizumab-IV 8 mg/kg monthly
	0.36
	0.71
	0.9
	1.01
	1.17
	3.42
	0.45


Abbreviations: IL-6, interleukin-6; IV, intravenous; SC, subcutaneous.




























Supplementary Table S4. Effect modification of the change in CDAI at week 24 by baseline characteristics of patients receiving IL-6 receptor inhibitorsa
	Potential effect modifier
	SAR-SC 200 mg bieweekly vs. 
TCZ-SC 162 mg biweekly (95% CI)
	TCZ-IV 8 mg/kg monthly vs. 
TCZ-SC 162 mg biweekly (95% CI)

	Age (≥ 65 vs. < 65 years)
	-0.53 (-3.14 to 2.08)
	-1.75 (-4.22 to 0.71)

	Age (≥ 75 vs. < 75 years)
	-0.85 (-3.95 to 2.25)
	-0.75 (-4.09 to 2.59)

	Sex (female vs. male)
	-0.23 (-2.87 to 2.41)
	-0.43 (-2.94 to 2.08)

	Disease duration (< 2 vs. ≥ 2 years)
	-0.18 (-2.99 to 2.63)
	0.11 (-2.70 to 2.92)

	Body mass index (≥ 25 vs. < 25 kg/m2)
	0.10 (-2.83 to 3.02)
	-0.20 (-3.29 to 2.88)

	Body mass index (≥ 30 vs. < 30 kg/m2)
	-3.19 (-11.92 to 5.53)
	-1.92 (-9.79 to 5.95)

	RF positivity (positive vs. negative)
	0.69 (-2.43 to 3.80)
	0.35 (-2.54 to 3.24)

	ACPA positivity (positive vs. negative)
	1.44 (-1.70 to 4.57)
	-0.54 (-3.69 to 2.61)

	Baseline disease activity (moderate to high disease activity [CDAI > 10] vs. remission or low disease activity [CDAI ≤ 10])
	0.81 (-0.57 to 2.19)
	1.31 (0.07 to 2.56)

	Baseline C-reactive protein level (≥ 5.0 vs. < 5.0 mg/L)
	0.49 (-1.90 to 2.88)
	1.22 (-0.85 to 3.29)

	Baseline C-reactive protein level (≥ 10.0 vs. < 10.0 mg/L)
	0.09 (-2.33 to 2.52)
	1.46 (-0.84 to 3.75)

	Baseline C-reactive protein level (≥ 20.0 vs. < 20.0 mg/L)
	0.72 (-1.94 to 3.38)
	0.72 (-1.69 to 3.13)

	Corticosteroid use (no use vs. use)
	-0.23 (-2.87 to 2.41)
	-0.43 (-2.94 to 2.08)

	Methotrexate use (no use vs. use)
	0.57 (-2.09 to 3.24)
	-0.25 (-2.80 to 2.31)

	Number of previously administered bDMARDs and JAKis 
(first vs. second or more) 
	-0.91 (-3.51 to 1.69)
	1.39 (-1.21 to 3.99)

	Inadequate response to TNFi (presence vs. absence)
	1.95 (-0.89 to 4.80)
	-0.17 (-2.87 to 2.54)

	Inadequate response to CTLA4-Ig (presence vs. absence)
	1.03 (-3.18 to 5.23)
	0.11 (-3.81 to 4.03)

	Inadequate response to JAKis (presence vs. absence)
	-0.13 (-9.21 to 8.96)
	-4.38 (-13.56 to 4.80)

	Anemia (presence vs. absence)
	-0.45 (-2.95 to 2.04)
	-0.40 (-3.19 to 2.38)

	Thrombocytosis (presence vs. absence)
	-8.30 (-14.98 to -1.63)
	1.51 (-4.59 to 7.61)


[bookmark: _Hlk172905499]Abbreviations: ACPA, anti-citrullinated protein antibodies; bDMARD, biological disease-modifying antirheumatic drug; CDAI, clinical disease activity index; CI, confidence interval; CTLA4-Ig, cytotoxic T-lymphocyte-associated antigen-immunoglobulin; IL-6, interleukin-6; IV, intravenous; JAKi, Janus kinase inhibitor; RF, rheumatoid factor; SAR, sarilumab; SC, subcutaneous; TCZ, tocilizumab; TNFi, tumour necrosis factor inhibitor.
When 0 is not contained within the 95% CI, the p-value is < 0.05.
aResults stem from linear mixed-effect weighted model analyses.




Supplementary Table S5. Differences in the change in CDAI over time and achieving low disease activity or remission during IL-6 receptor inhibitor therapy in patients with moderate to high disease activity at baseline.a
	Outcome
	SAR-SC 200 mg biweekly vs. 
TCZ-SC 162 mg biweekly (95% CI)
	TCZ-IV 8 mg/kg monthly vs. 
TCZ-SC 162 mg biweekly (95% CI)

	Change in CDAI
	
	

	  Week 4
	-1.84 (-4.07 to 0.39)
	0.95 (-1.12 to 3.03)

	Week 12
	-2.49 (-4.57 to -0.40)
	-0.64 (-2.82 to 1.55)

	Week 24
	-2.84 (-5.07 to -0.61)
	0.14 (-2.10 to 2.38)

	Week 48
	-2.84 (-5.24 to -0.44)
	-1.05 (-3.35 to 1.25)

	Low disease activity at week 24 (odds ratio)b
	1.75 (0.90 to 3.41)
	1.23 (0.67 to 2.27)

	Remission at week 24 (odds ratio)b
	1.86 (0.16 to 21.97)
	0.82 (0.05 to 12.48)


Abbreviations: CDAI, clinical disease activity index; CI, confidence interval; IL-6, interleukin-6; IV, intravenous; SAR, sarilumab; SC, subcutaneous; TCZ, tocilizumab.
When 0 for change in disease activity or 1 for odds ratio is not contained within the 95% CI, the p-value is < 0.05.
aResults stem from linear mixed-effect model analyses or logistic regression model analyses.
bLow disease activity was defined as CDAI ≤ 10, whereas remission was CDAI ≤ 2.8.



















Supplementary Figure S1. Flowchart of patients with rheumatoid arthritis who initiated IL-6 receptor inhibitor therapy.
[image: グラフィカル ユーザー インターフェイス, テキスト, アプリケーション

自動的に生成された説明]
Abbreviations: bDMARDs, biological disease-modifying antirheumatic drugs; IL-6Ri, interleukin-6 receptor inhibitor; IV, intravenous; JAKi, Janus kinase inhibitor; RA, rheumatoid arthritis; SAR, sarilumab; SC, subcutaneous; TCZ, tocilizumab.


Supplementary Figure S2. Kernel density plots comparing the distributions of observed and imputed data.
[image: ]
Kernel density estimates for the marginal distributions of the observed data (black line) and the densities per variable were calculated from 80 imputed data (colored lines). 
Before multiple imputations, the percentages of missing records were 11.8% for disease duration, 26.1% for height, 27.3% for weight, 3.4% for RF positivity, 14.6% for ACPA positivity, 1.5% for CRP levels, 6.6% for ESR, 32.0% for physician’s visual analog scale, 31.1% for patient’s visual analog scale, and 28.3% for the tender joint and swollen joint counts.
Abbreviations: ACPA, anti-citrullinated peptide antibodies; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ht, height; RF, rheumatoid factor; SJC, swollen joint count; TJC, tender joint count; VAS, visual analogue scale; wt, weight.

[image: テキスト が含まれている画像

自動的に生成された説明]Supplementary Figure S3. Distributions of stabilized weight by treatment group.

Abbreviations: IV, intravenous; SAR, sarilumab; SC, subcutaneous; TCZ, tocilizumab.








[image: ]Supplementary Figure S4. Standardized differences in baseline variables before and after inverse probability weighting using propensity score estimated by logistic regression models.
Abbreviations: ACPA, anti-citrullinated protein antibodies; bDMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; CDAI, clinical disease activity index; CTLA4-Ig, cytotoxic T-lymphocyte-associated antigen-immunoglobulin; IL-6Ri, interleukin-6 receptor inhibitor; IR, inadequate response; IV, intravenous; JAKi, Janus kinase inhibitor; RF, rheumatoid factor; SAR, sarilumab; SC, subcutaneous; TNFi, tumor necrosis factor inhibitor; TCZ, tocilizumab.









Supplementary Data S1. Details of ANSWER cohort
The ANSWER cohort is a longitudinal observational multicenter registry of patients with RA in Japan. This ongoing cohort study collected data on disease activity, laboratory tests, and treatment history at every visit of a patient with RA at nine institutes (Kyoto University, Osaka University, Osaka Medical and Pharmaceutical University, Kansai Medical University, Kobe University, Nara Medical University, Osaka Metropolitan University, Kindai University, and Osaka Red Cross Hospital). 
This study was approved by the ethics committees of Kyoto University (approval number: R0357) and all the participating institutions. This study was conducted per the principles of the Declaration of Helsinki. Written informed consent was obtained from all participants.

Supplementary Data S2. Details of covariate assessment
Covariates were selected using a non-parsimonious approach to address potential confounding factors and variables that could act as surrogates for unknown or unmeasured confounders. Additionally, priority was assigned to prognostic factors as they can reduce the variance of the inverse probability weighting estimator, whereas instrumental variables strongly linked to treatment but having weak or no association with the outcome can lead to unstable weights and provide little or no benefit in terms of bias reduction. Doses of different types of corticosteroids were converted to equivalent doses of prednisolone. Hydroxychloroquine, anakinra, and rituximab were not approved for use in patients with RA in Japan during the study period.

Supplementary Data S3. Details of propensity score estimation and weighted mixed-effect models for repeated measures
The multiple propensity score was estimated using multinomial logistic regression, with the treatment category as the dependent variable. This score (between 0 and 1) indicates the likelihood of a patient being treated in one of the three treatment categories. This likelihood is conditional on the selection of pretreatment covariates. Three propensity scores were estimated for each patient and the average treatment effects were calculated. Because a previous simulation study showed that soluble IL-6R occupancy levels were 98% for SAR-SC 200 mg biweekly, 99% for TCZ-IV 8mg/kg monthly, and 84% for TCZ-SC 162 mg biweekly, we pre-specified two pairwise comparisons with TCZ-SC 162 mg biweekly as the comparator [1]. The treatment weights can be obtained with the inverse of the probabilities of a treatment condition for the individuals exposed to that condition. Stabilized weights were used to preserve the original data’s sample size [2]. A truncation at the 95th percentile of the stabilized weights was applied in sensitivity analyses.
To check the ability of IPW to obtain well-balanced arms, standardized differences between the arms before and after weighting were computed. A standardized difference of less than 0.10 indicated successful balance and was a target in the propensity score construction [3]. In addition, positivity was assessed by determining the mean stabilized weights, their standard deviation, minimum, and maximum. A mean far from 1 or the presence of very extreme values can indicate nonpositivity or misspecification of the propensity score model [4]. 
The mixed-effect models for repeated measures (MMRM) analyses included categorical time and treatment-by-time interaction as fixed factors. Change in CDAI from baseline was measured at four post-intervention time points (4, 12, 24, and 48 weeks). Missing data on post-intervention visits were handled by MMRM, assuming missing at random. Covariates with a standardized difference ≥0.10 were included in these models. The estimates for the outcomes were also computed for the unweighted sample for the sensitivity analyses.

Supplementary Data S4. Details of the statistical analysis for effect modifications
We explored the potential effect modifications of changes in CDAI by baseline characteristics. The baseline characteristics for potential effect modifiers included age (≥65 vs. <65 years; ≥75 vs. <75 years), sex (female vs. male), disease duration (<2 vs. ≥2 years), body mass index (≥25 vs. <25 kg/m2; ≥30 vs. <30 kg/m2), RF positivity (positive vs. negative), ACPA positivity (positive vs. negative), disease activity (moderate to high disease activity [CDAI >10] vs. remission or low disease activity [CDAI ≤10]), serum CRP levels (>5.0 vs. ≤5.0; >10.0 vs. ≤10.0; >20.0 vs. ≤20.0 mg/L) [5], corticosteroid use (no use vs. use), methotrexate use (no use vs. use), number of previously administered bDMARDs or JAKis (first vs. second or more), IR to TNFi (positive vs. negative), IR to cytotoxic T-lymphocyte-associated protein 4 immunoglobulin (positive vs. negative), and IR to JAKi (positive vs. negative), anemia (positive vs. negative), and thrombocytosis (positive vs. negative).

Supplementary Data S5. Details of multiple imputation
We used multiple imputation by chained equations, using all variables to impute missing values for the variables included in the mixed-effect models. Clinical composite measures of disease activity such as CDAI, SDAI, and DAS28-ESR were passively imputed. The variables used for the multiple imputation included the identification number of patients, treatment groups, the outcome of interest (the variables that composite measures of disease activity consist of [CRP level, ESR, physician’s visual analogue scale, patient’s visual analogue scale, tender joint count, and swollen joint count], the event indicator, and the Nelson-Aalen estimator), covariates, and the interaction terms for effect modification. Kernel density plots comparing the distributions of observed and imputed data were used to check whether the assumption of missing at random was plausible. We generated 80 independently imputed datasets. For each dataset, we estimated parameters from the multiple propensity score-based IPW and pooled the resulting parameters (the “Within approach”) according to Rubin’s rules [6].
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7878 treatment courses belonging to 4218 patients with RA who started bDMARD or JAKIi therapy
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