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Abstract

Introduction

Lupus nephritis (LN) is a severe complication of systemic lupus erythematosus (SLE),
with the main treatment goals being to achieve complete renal response (CRR) and
prevent end-stage kidney disease (ESKD). Recent therapeutic trends have shifted from
traditional immunosuppressants to emerging agents such as calcineurin inhibitors (CNIs;
e.g., Tacrolimus, Voclosporin) and biologics (e.g., Belimumab, Rituximab,
Obinutuzumab, Anifrolumab). However, there is a lack of high-quality, head-to-head
randomized controlled trials (RCTs) directly comparing these therapies. This study aims
to evaluate the relative efficacy and safety of these six emerging agents combined with
standard of care through a systematic review and network meta-analysis.

Methods

This study employed a frequentist random-effects network meta-analysis to compare the
relative efficacy and safety of the six aforementioned agents. A systematic literature
search was conducted for RCTs published from 2000 to 2025. Inclusion criteria were
patients aged 16 years or older with active LN confirmed by kidney biopsy (ISN/RPS
Class II1, 1V, V, III+V, or IV+V). Interventions included the specified drugs as add-on
therapy with standard of care (SoC; e.g., MMF, CYC, AZA) as background treatment.

Comparator groups consisted of placebo or SoC alone. The primary outcome was CRR,

doi:10.6342/NTU202503953



and secondary outcomes included overall renal response (ORR), partial renal response

(PRR), and relevant safety outcomes.

Results

This study included 16 RCTs, involving a total of 2987 patients with LN. Results showed

that, compared to MMF monotherapy, low-dose Voclosporin with MMF

(VCS_LD+MMF, OR=2.26; 95%CI: 1.54-3.32), Belimumab with MMF (BEL+MMF,

OR=1.89; 95%CI: 1.17-3.03), and Obinutuzumab with MMF (OBI+MMF, OR=1.79;

95%CI: 1.18-2.72) were all significantly superior in improving CRR, with

VCS_LD+MMF ranking highest by P-score. The safety analysis revealed that OBI+MMF

was associated with a significantly increased risk of infection-related adverse events

(OR=1.68; 95%CI: 1.10-2.57). For most safety outcomes, no statistically significant

differences were observed among groups; however, Rituximab (RTX) and Tacrolimus

(TAC) generally trended towards a lower risk, while VCS_LD+MMF and OBI+MMF

showed a trend towards higher safety risks.

Conclusion

This network meta-analysis indicates that adding low-dose Voclosporin, Belimumab, or

Obinutuzumab to a background of MMF significantly improves CRR in patients with LN.

In terms of efficacy, the combination of low-dose Voclosporin and MMF was the most

prominent. However, Obinutuzumab and Voclosporin are associated with higher risks of

doi:10.6342/NTU202503953



infection-related and treatment-related adverse events, respectively, and their use requires
close clinical attention. Clinical decisions should balance efficacy against drug-specific
safety profiles. Further investigation through high-quality, head-to-head trials is
necessary to clarify the comparative eftfectiveness of these therapies and to define optimal
treatment strategies.

Keywords

Systemic Lupus Erythematosus, Lupus Nephritis, Biologics, Calcineurin Inhibitors,

Network Meta-Analysis
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Introduction

Systemic lupus erythematosus (SLE) is a chronic, systemic autoimmune disease. The
global prevalence ranges from 30 to 150 per 100,000 people (Fanouriakis et al., 2024),
primarily affecting women of reproductive age (Parikh et al., 2020), with a female-to-
male ratio of approximately 9:1 (Dai et al., 2025). Approximately 30% to 50% of SLE
patients will develop lupus nephritis (LN), primarily driven by the deposition of immune
complexes in the kidneys, which leads to persistent inflammation and glomerular injury
(Fanouriakis et al., 2024; Parikh et al., 2020). LN is one of the serious complications of
SLE and has a significant impact on prognosis. Without timely and effective treatment,
10% to 30% of LN patients may progress to end-stage kidney disease (ESKD) (Faurschou
et al., 2006; Parikh et al., 2020), adversely impacting their prognosis and quality of life.

According to international guidelines, including Kidney Disease: Improving Global
Outcomes (KDIGO) in 2024, the European Alliance of Associations for Rheumatology
(EULAR) in 2023, and the American College of Rheumatology (ACR) in 2024, the
diagnosis of LN requires a renal biopsy classified in accordance with the International
Society of Nephrology/Renal Pathology Society (ISN/RPS) criteria, combined with
comprehensive evaluation of clinical features and laboratory findings. (e.g., proteinuria,
renal function, serological markers) (Fanouriakis et al., 2024; Rovin et al., 2024). The

ISN/RPS 2003 classification categorizes LN into six classes based on renal pathology:

12
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Class I (minimal mesangial LN), Class II (mesangial proliferative LN), Class III (focal

proliferative LN, involving < 50% of glomeruli), Class IV (diffuse proliferative LN,

involving >50% of glomeruli), Class V (membranous LN, which may coexist with Class

III or IV, known as mixed Class III+V or IV+V), and Class VI (advanced sclerosing LN).

Among these, Classes III, IV, V, and mixed types (III+V, IV+V) represent the primary

therapeutic targets in clinical practice (Markowitz & D’Agati, 2007). The primary goals

of treatment include achieving complete renal response (CRR) as early as possible,

minimizing disease relapse and treatment-related adverse effects (Askanase et al., 2024;

Parikh et al., 2020), and focusing on long-term renal protection and safety management

to prevent irreversible kidney damage and long-term complications (Fanouriakis et al.,

2024; Rovin et al., 2024).

Historically, the treatment of LN relied on broad-spectrum immunosuppressants, initially

with high-dose corticosteroids combined with cyclophosphamide (CYC), and later with

mycophenolate mofetil (MMF) as a first-line alternative. Since the turn of the 21st century,

the therapeutic approach has evolved from broad immunosuppression to more targeted

therapies. This shift led to the development of several new therapies, which are now

recognized and recommended in major international guidelines. These emerging

treatments are typically administered in combination with corticosteroids, standard

background immunosuppressants, such as MMF, CYC, or azathioprine (AZA), or both,

13
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and can be grouped by therapeutic modality into calcineurin inhibitors (CNIs) and
biologics (Chi Chiu Mok et al., 2025; Fanouriakis et al., 2024; Rovin et al., 2024;
Sammaritano et al., 2025).

Calcineurin inhibitors (CNIs)

Tacrolimus is currently a standard therapeutic option for LN in many Asian countries,
including Taiwan, China, and Japan. It has been incorporated into both Asian and
international treatment guidelines and is commonly used as a major therapeutic agent in
routine clinical practice in Taiwan (Chi Chiu Mok et al., 2025).

Voclosporin, a next-generation CNI specifically developed for the treatment of LN.
While its mechanism of action is similar to Tacrolimus, it offers distinct advantages such
as fixed dosing and improved pharmacokinetic stability. These features represent a
significant advancement in the CNI class. In 2021, the international randomized
controlled trial (RCT) AURORA-1 demonstrated that Voclosporin significantly improved
renal response rates, leading to its approval by the United States Food and Drug
Administration (FDA) for the treatment of LN (Drugs@FDA, 2021; Rovin et al., 2021).
Biologics

B Cell Targeted Therapies

Belimumab, a monoclonal antibody targeting B cell stimulator (BLyS/BAFF), is the first

biologic agent approved by both the FDA (Drugs@FDA, 2020) and the Taiwan Food and

14
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Drug Administration (TFDA) for the treatment of SLE and LN (Taiwan FDA, 2022). In
the large-scale international RCT, BLISS-LN showed that Belimumab significantly
improved renal response rates in patients with LN (R. Furie et al., 2020). Since 2020, it
has been adopted in both international and Taiwanese clinical practice.

Rituximab, a monoclonal antibody targeting CD20, represents a B cell-depleting therapy
that acts by directly eliminating peripheral B cells. Although the LUNAR trial, conducted
earlier, did not meet its primary endpoint, rituximab has been widely used off-label in
clinical practice and recommended by multiple international guidelines for the treatment
of refractory lupus nephritis. (Rovin et al., 2024).

Obinutuzumab, a type II anti-CD20 monoclonal antibody with a mechanism similar to
rituximab, is a novel B cell-targeted therapy currently being investigated for LN. In the
phase II and phase III randomized controlled trials NOBILITY (R. A. Furie et al., 2022)
and REGENCY (R. A. Furie et al., 2025), the addition of Obinutuzumab to standard of
care therapy further improved renal response rates in patients with LN.

Type I Interferon Pathway Inhibitors

Anifrolumab, a monoclonal antibody targeting the type I interferon receptor,
demonstrated clinical efficacy in the phase II TULIP-LN trial (Jayne et al., 2022), in
which Taiwan also participated. Its potential indication for LN remains under active

investigation, and a global phase III trial known as IRIS is ongoing and actively recruiting.

15
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These therapies have been shown to improve renal response rates for LN across multiple

large-scale RCTs, and most have been incorporated into international treatment guidelines.

However, high-quality head-to-head RCTs directly comparing the efficacy and safety of

these agents are limited. Therefore, this study conducted a systematic review and network

meta-analysis to compare the efficacy and safety of these six emerging therapies. The

primary outcome was CRR, while secondary outcomes included overall response rate

(ORR), partial response rate (PRR), and relevant safety endpoints. In addition, this study

performed multiple sensitivity analyses based on factors including treating all background

standard therapies, such as MMF, CYC, and AZA, combined as a unified standard-of-

care (SoC) node in the NMA analysis; categorization by therapeutic modality (Biologics

and CNIs); whether pure Class V patients were enrolled in the studies; CRR definitions;

follow-up duration; and study quality. Meta-regression and subgroup analyses were also

performed to assess the impact of follow-up duration and clinically relevant

subpopulations, such as baseline proteinuria levels, Asian patients, and different LN

pathological classifications.
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Methods

This study was conducted as a systematic review and network meta-analysis. A
frequentist random-effects model was employed to compare the relative efficacy and
safety of six therapeutic regimens of interest—Belimumab, Rituximab, Voclosporin,
Tacrolimus, Anifrolumab, and Obinutuzumab—against the standard of care (SoC) in
patients with active lupus nephritis. Considering the heterogeneity of background
standard therapies, the primary analysis treated each specific combination of the six
treatments with standard background immunosuppressants (e.g., Belimumab+MMEF,
VoclosporintMMF) as a separate node, in order to construct a comparison network that
reflects clinical practice as closely as possible. The methodologies for literature search,
study selection, data extraction, risk of bias assessment, and statistical analyses are

detailed below.

Search Strategy
A systematic literature search was performed using PubMed, Embase, and Cochrane
Library databases, focusing on RCTs published from January 1, 2000, to May 8, 2025.

nn

The search terms combined keywords related to the population ("lupus nephritis," "renal

lupus," "nephritis in lupus," "SLE kidney") and the interventions of interest

("Belimumab,"  "Rituximab," "Voclosporin," "Tacrolimus,"  "Anifrolumab,"
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"Obinutuzumab"). (Appendix Table A1)

Study Selection Process

Eligibility Criteria

Studies were included based on the following PICO criteria:

e  Study design: Randomized controlled trial (RCT).

e  Population: Patients aged 16 years or older with active lupus nephritis confirmed
by kidney biopsy, classified according to the WHO or International Society of
Nephrology/Renal Pathology Society (ISN/RPS) classification criteria as Class III,
IV, HI+V, IV+V, or V (Markowitz & D’ Agati, 2007).

e Interventions: Belimumab, Rituximab, Voclosporin, Tacrolimus, Anifrolumab, or
Obinutuzumab as add-on therapy with Standard of Care (SoC).

e  Comparators: Placebo or SoC. SoC typically includes glucocorticoids (GC), often
in combination with at least one of the immunosuppressants such as mycophenolate
mofetil (MMF), cyclophosphamide (CYC), or azathioprine (AZA).

e Endpoints: Reporting data for at least one of the defined primary endpoints or
secondary endpoints, such as CRR, ORR, PRR, Adverse events (AEs), serious
adverse events (SAEs).

e  Language: Reported in English.
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Studies were excluded if they were non-RCTs, did not meet the population or intervention
criteria specified above, or did not use GC as part of SoC treatments.

Literature Search and Screening

The selection process involved identifying records from databases, removing duplicates,
screening records based on titles and abstracts, and assessing the eligibility of full-text
reports. Screening processes were performed by using the Rayyan web application

(Ouzzani et al., 2016).

Risk of Bias Assessment

The Risk of Bias tool version 2 (RoB 2.0) (Sterne JAC et al., 2019), recommended by the
Cochrane Collaboration, was used to assess the risk of bias in included RCTs.

Considering study resource limitations, bias assessment was conducted by the author.
This approach may increase subjectivity, a limitation that will be transparently reported.
Each included RCT was evaluated using RoB 2.0 guidance across five domains:
randomization process, deviations from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported result. Studies were rated as
"Low" risk of bias, "Some concerns," or "High" risk of bias. These assessment results will
be descriptively summarized in the study results, used to explain heterogeneity between

studies, and to conduct sensitivity analyses assessing the impact of bias on outcomes.
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Data Extraction

Data from the included studies were extracted independently twice by the author to
enhance accuracy and consistency. An Excel-based framework was designed to organize
the extraction process. Extracted data included study characteristics, patient
demographics, details of interventions and comparators, and related outcome data. Due
to the publication time of the research and other irresistible factors, authors will not be

contacted for further information.

Statistical Analysis

Statistical Models and Software

A frequentist network meta-analysis was performed to compare the efficacy and safety of
the six different treatments with background SoC. Considering the clinical heterogeneity,
a random-effects model was employed. For each outcome of interest, all pairwise
comparisons between treatment combinations were reported as odds ratios (ORs) with
95% confidence intervals (CIs). The relative ranking of treatment options was assessed
using the P-score. Statistical analyses were mainly conducted using the netmeta package
in R (version 4.5.1). The meta-regression was conducted by the Bayesian random-eftfects

model with shared parameters for exploratory analysis, with a web-based tool
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Metalnsight (version 6.4.0), which was developed with the netmeta and Shiny packages
in R (Owen et al., 2019).

Assessment of Heterogeneity and Inconsistency

Inter-study heterogeneity

Conventional study-level heterogeneity was evaluated by examining the forest plots of
direct pairwise meta-analyses and was quantified using the I* statistic and between-study
variance (1°).

Network inconsistency

Network inconsistency is checked for the conflicts between direct and indirect evidence
within the network. A global design-by-treatment interaction model was applied to
evaluate consistency, and the p-value was used to determine the statistical significance.
In addition, node-splitting analysis was conducted to identify local inconsistencies in
specific comparisons.

Outcomes Assessment

As mentioned above, each treatment—background combination was treated as a distinct
node in the primary network meta-analysis, with MMF serving as the common reference
comparator across the network. To maintain network connectivity and preserve the
distinction between active treatments, placebo combined with background therapy was

assumed to have an equivalent effect to background therapy alone.
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Primary Outcome

The primary efficacy outcome was CRR, as defined in each included RCT.

The control group in each study, defined as the standard of care (SoC), typically consisted
of background immunosuppressants, including MMF, CYC, AZA, and GC or placebo.
Efficacy data for the analysis were extracted at the primary follow-up time point specified
in each study.

Sensitivity Analysis

To assess the robustness of the primary outcome findings and explore potential sources
of heterogeneity, several sensitivity analyses were conducted.

Combining All SoCs into a Single Node

Considering the potential network sparsity resulting from splitting treatment nodes, a
sensitivity analysis was conducted in which all background standard therapies (MMF,
CYC, and AZA) and placebo were combined into a single SoC node. The purpose of this
analysis was to evaluate whether the node definitions influenced the relative comparisons
between main treatments and to assess the stability and consistency of the model under a
simplified network structure.

Therapeutic Modality

Treatment regimens in this study were categorized into two main groups: Biologics and

Calcineurin Inhibitors (CNIs). Given the significant differences between these two drug
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classes in terms of mechanisms of action and routes of administration, two sensitivity

analyses were conducted to assess the treatment effects of each modality. Regimens

containing biologics were grouped together, while those containing CNIs were analyzed

separately.

LN Classification (Class V)

To evaluate treatment effects in patients with or without pure Class V lupus nephritis, two

independent sensitivity analyses were conducted:

¢ Included pure Class V: Studies that included pure Class V patients in the efficacy

analysis.

e  No pure Class V: Studies that did not enroll pure Class V patients, or that reported

separate efficacy outcomes for non—pure Class V subgroups (e.g., Class II1, IV, III+V,

or [V+V).

If a study enrolled pure Class V patients but also provided distinct results for non—pure

Class V patients, those subgroup data were included in the No pure Class V analysis.

CRR Definition

Sensitivity analyses were conducted using a stricter definition of CRR based on

proteinuria, defined as <0.5. The proteinuria in this study refers to either the urinary

protein-to-creatinine ratio (UPCR) or the 24-hour urinary protein excretion (g/day),

depending on the original trial definitions.
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Follow-up Duration

To examine how the duration of follow-up influenced treatment effect estimates, studies

were stratified into several groups based on the follow-up time from the primary analysis,

and the CRR endpoint was assessed. These time-based strata included 24 weeks, 48-52

weeks, a pooled group of one year or less (<52 weeks), 72-76 weeks, 104 weeks, and

longer than one year (>52 weeks).

Study Quality and Size

Several sensitivity analyses were conducted to assess whether the results were robust to

variations in study quality and size.

e  First, to analyze trials that included only larger trials with 100 or more patients.

e Second, two analyses were restricted to Phase II or Phase III trials.

e Third, two analyses were limited to double-blind trials or open-label trials.

Subgroup analysis

To further investigate treatment effects in specific populations, this study performed

subgroup analyses on CRR.

e Asian: To independently evaluate treatment effects in Asian patients, a subgroup
analysis was conducted using data from trials that reported separate outcomes for
Asian populations.

e LN Class: To independently evaluate treatment effects in patients with pure Class V
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lupus nephritis, a subgroup analysis was performed using data from trials that either
exclusively enrolled patients with pure Class V LN or reported separate outcomes
for this subgroup.

Meta-regression

Due to variations in follow-up duration and baseline renal status among lupus nephritis

studies, Bayesian meta-regression was used to explore the potential modifying effects of

primary follow-up time and baseline UPCR on treatment effect.

Secondary Outcomes

Efficacy Outcomes

Secondary efficacy outcomes, including ORR and PRR, were also evaluated at the
primary follow-up time point defined by each trial.

Safety Outcomes

For safety outcomes, this network meta-analysis focused on several outcomes of interest
that were selected for their relatively adequate reporting and clarity of definition across
the included studies, allowing for quantitative synthesis. These pre-specified outcomes
included SAEs, infection-related AE/SAEs, treatment-related AE/SAEs, discontinuation

due to AEs, and infusion-related AEs.
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Results

Sixteen RCTs were included in this study, enrolling a total of 2,987 patients diagnosed
with lupus nephritis (Figure 1. PRISMA 2020 Flow Diagram)(Haddaway et al., 2022).
The average age of participants was 33.87 years, and approximately 84.4% were female.
All patients were 16 years old or older and had biopsy-confirmed active lupus nephritis,
mainly classified as Class III, IV, III+V, IV+V, or V. The studies were published between
2012 and 2025. Most trials of Belimumab, Rituximab, Anifrolumab, Obinutuzumab, and
Voclosporin were international, multicenter, double-blind studies. Studies of Tacrolimus
were mainly open-label trials conducted in Asia, with a single-to-multicenter ratio of
approximately 3:1. All studies reported CRR as one of the outcomes. Comparison groups
typically received GC in combination with MMF, CYC, or AZA, and some studies used
a placebo as a comparator. The follow-up periods ranged from 24 to 104 weeks (Table 1).
The risk of bias for each included RCT was assessed using the RoB 2.0 tool. A summary
plot of the risk of bias across all studies is presented by robvis (McGuinness & Higgins,

2021), a website for creating risk-of-bias plots (Figure 3).

After excluding one study with unclear descriptions of LN classification, the results
remained nearly identical to those of the main analysis (Figure B1). This indicates that
the study had minimal impact on the overall findings and was therefore retained for

subsequent analyses.
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Figure 1. PRISMA 2020 Flow Diagram.

This flowchart illustrates the literature screening process. A total of 6,583 records were

obtained during the database search phase. After initial screening and full-text assessment,

16 randomized controlled trials ultimately met the inclusion criteria and were used for the

network meta-analysis.
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Table 1. Study Characteristics.

Study Treatments™” Reigen/Country Center no. Trial Phase Blinding Samplesize LN Class FD‘I\:::;:‘P (meaig: sD) Fe(x;e;le d:éﬁl:ion
& BEL+MMF/CYC i r i 33.7+10.7 197 (88.3 3
BLISS LN ' Heosthuimexics; Esrope., Latin 107 Phase Il double-blind 448 1L IV, V. 4V, V4V 104 53 LR
2020 PCB+MMF/CYC America, Asia 33.1+10.6 196 (87.9) <0.5¢g/g
RTX+MMF 31.8+9.6 63 (87.5 3
LORA United Stateds and Latin America 52 Phase 111 double-blind 144 ML IV, I+V, IV+V 52 ¢ ) UPC.R
2012 PCB+MMF 294+93 67 (93.1) <0.5*
OBI+MMF i i i 331+98 55(87.3
NOBILITY North America, Latin America, 13 Phase II double-blind 125 LIV, T4V, IV4+V 52 ( ) UPC R
2022 PCB+MMF Europe 31.9+10.1 51(82.3) <0.5¢g/g
OBI+MMF North America, Latin America, . 33+10.5 114 (84.4
REGENGY o ) D 1EHGR 73 Phase IIl double-blind 271 1L IV, T4V, IV4V 76 S e
2025 PCB+MMF Europe. South Africa 32.7<10 115 (84.6) <05g/g
. ANI BR+MMF i . i 385+12 37(82.2) UPCR
UL ANI IR+MMF Horth Aecicg;latin America; 66 Phase I doublé-blind 147 1L IV, IV, IV4V 52 3825 11.75 45 (88.2) < 0.7 mg/mg
2022 Europe. Asia
PCB+MMF 35+10 38 (64.4)
a7 VCS 23.7+MMF Soriis = # 314+11.8 76 (85.4) UPCR
AURA-LV America, . Lati y . " y
VCS 39.5+MMF e e 79 Phase II double-blind 265 1L IV, V. I+V, V4V 24 30696 81(92) < 0.5 mg/mg
2019 America, Asia
PCB+MMF 33.1+10 73 (83)
URA VCS 23.7tMMF : i i i 35,5411 161 (89.9
AURURA, AR, N FeT i 142 Phase IIl double-blind 357 1L 1V, V. IV, V4V 52 9 SRER:
2021 PCB-+MMF Europe, Asia, South Africa 385+ 135 152 (85.4) = 0.5 mg/mg
itar; TAC+MMF 30.73+11.33 168 (92.8 i i
My liitarget China 26 N/A open-label 368 1L IV, V. MV, IV+V 24 628 Vnoe profein
2015 CYC 33.1+12.81 161 (89) = 0.4 g/day
TAC+MMF 312493 25(893 1 rotei
YOE China 1 N/A open-label 56 V. IVHV 72 ¢03) Unie protem
2022 cYc 30.6 +8.7 25(89.3) <0.4 g/day
TAC+AZA 28+95 43 (89.6 i i
Fala India 1 N/A open-label 100 1L IV, I+V, IVHV 24 - (89.6) Usineproteiy
2023 cYyc 283+8.7 47 (90.4) <0.5 g/day
TAC 40+125 5056 I rotei;
YapDX Hong Kong and China 5 N/A open-label 16 v 104 ( ) Unoerp l?tem
2012 MMF 36+15.7 5(71.4) <0.3 g/day
o TAC 31.25+8.25 17 (85) Urine protein
7312 MMF China 1 N/A open-label 60 1L IV, V, HI+V, IV+V 24 32:75: 115 17 (85) <0.3 g/day
3 cYC 36751175 18 (90)
K MMF 36.1+13.1 68 (89.5
Mol (G Hong Kong 3 Phase IV open-label 150 1L IV, V. O+ V. IV+V 24 (89.5) UPCIE
2016 TAC 362+ 14 70 (94.6) <1.0
i i TAC 31.7+10.5 38(92.7
Thi TAGATHial Thailand 7 N/A open-label 86 IIL IV, V, IV, IV+V 48 2D URCR:
2018 MME 341£11.1 41 (97.6) <05 g
TAC 343+96 138 (87.9 i i
Zheng 2 China 35 Phase III open-label 314 1L IV, V., IV, IV+V 24 & Unineprotein
2022 CYC 341+94 124 (87.3) <0.5 g/day
i TAC LIV, VIOV, IVHV 48.06 £ 7.13 33 (825 i i
Ll China 2 N/A open-label 80 I, v, IV 52 ( ) Uriné g rc?teul
200 Ve (moderate, severe) 47.83£9.01 31(77.5) <04 g/day
a. BEL, Belimumab: RTX, Rituximab; OBI, Obinutuzumab: ANI BR, Anifrolumab basic regimen (300mg); ANI IR, Anifrolumab intensified regimen (900mg): VCS 23.7. Voclosporin 23.7mg: VCS 39.5, Voclosporin 39.5; TAC, Tacrolimus: MMF, Mycophenolate
mofetil: CYC. Cyclophosphamide; AZA, Azathioprine; PCB, Placebo. b. All treatment groups received glucocorticoids. ¢. CRR. Complete Renal Response; UPCR,Urine Protein-to-Creatinine Ratio. *Unit not provided in source.
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Figure 2. Risk of bias assessment of included studies using the Cochrane RoB 2.0

tool. Most double-blind international trials were rated as low risk across all domains. In

contrast, several open-label or single-center studies showed high risk, mainly due to

lack of blinding and missing data handling. The most frequent concerns arose from

deviations from intended interventions (D2) and incomplete outcome data (D3).
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Primary Outcome

The primary analysis included 16 RCTs that evaluated the effect of different treatments
combined with various types of SoC for LN, using CRR as the primary outcome. A total
of 13 treatment combinations were included as distinct nodes in the network (Figure 3).
Traditional pairwise meta-analysis showed moderate between-study heterogeneity (I*=
43.1%, 1= 0.0835, p= 0.0138), supporting the use of a random-effects model for the
network meta-analysis (Figure 6).
In the network structure, MMF, as the most used background therapy or control in the
included trials, served as the central comparator node. To assess the reliability of the
network model, this study conducted heterogeneity and inconsistency tests. The results
showed no statistical heterogeneity or inconsistency in the overall network (quantifying
heterogeneity/inconsistency: 1= 0; tau= 0; I>= 0% (0.0%-62.4%)), indicating a stable
network structure.
CRR
Compared with the treatment node of MMF, three treatment regimens were associated
with a statistically significant improvement in CRR:

e VCS LD+MMF: Significantly increased the likelihood of achieving CRR

(OR=2.26; 95%CI: 1.54-3.32).

e BEL+MMF: Was associated with a higher rate of CRR (OR=1.89; 95% CI:
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1.17-3.03).

e  OBI+MMF: significantly better than MMF (OR=1.79; 95% CI: 1.18-2.72).

According to the P-score ranking, VCS LD-+MMF obtained the highest score (0.895),

followed by BEL+MMF (0.790) and OBI+MMF (0.757) (Figure 4, Figure 5).

BEL+MMF BEL+CYC
. ANI_IR+MMF
cyc. 1
7 A 9
4 1 ANI_BR+MMF
MMF 1
s 2 VCS_LD+MMF
2]
g 3 1 9
OBI+MMF o
VCS_HD+MMF
RTX+MMF
TAC+MMF
TAC TAC+AZA

Figure 3. Network of evidence for the primary outcome of Complete Renal Response.

Each node represents a specific treatment regimen. The lines connecting the nodes

indicate that direct comparisons were available from at least one randomized controlled

trial. The numbers on the lines represent the number of trials for each direct comparison,

and the thickness of the lines is proportional to the number of studies included.
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Treatment

ANI_BR+MMF
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RTX+MMF
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Figure 4. Forest plot of network meta-analysis for Complete Renal Response.

The plot shows the odds ratios (ORs) and 95% confidence intervals (Cls) for each

treatment regimen compared to the reference treatment, MMF. An OR greater than 1

indicates a higher likelihood of achieving CRR compared to MMF. If the 95% confidence

interval of the effect size (Odds Ratio, OR) does not cross the central line (OR = 1), it

represents a statistically significant difference. The gray squares represent the point

estimate of the OR, and their size is proportional to the weight of the treatment in the

analysis. The horizontal lines represent the 95% CI.
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P-score Ranking for CRR

VCS_LD+MMF 0.895
BEL+MMF 0.79
OBI+MMF 0.757

ANI_IR+MMF 0.751
TAC+MMF 0.728
VCS_HD+MMF 0.708
MMF 0.395
TAC 0.38
BEL+CYC 03
RTX+MMF 0.289
TAC+AZA 0.287
CcYC 0.142
ANI_BR+MMF 0.077

T T T T T 1
0.0 02 04 0.6 0.8 1.0

P-score

Figure 5. P-score ranking of all treatment regimens for Complete Renal Response.

The P-score represents the probability that a treatment is better than another treatment,

averaged over all competing treatments. A higher P-score indicates a higher likelihood of

the treatment being among the most effective options.
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Figure 6. Forest plot of pairwise meta-analysis for Complete Renal Response.

This plot summarizes the direct evidence from all included randomized controlled trials

(RCTs). Studies are grouped by specific treatment comparison. An odds ratio (OR) greater

than 1 favors the treatment group over the control group. The blue squares represent the

OR from individual studies, with their size corresponding to the study's weight in the
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analysis. The red diamonds represent the pooled OR for each subgroup and the overall
estimate, calculated using a random-effects model. Horizontal lines indicate the 95%

confidence intervals (CIs). Heterogeneity statistics (I%, 12, and p-value) are also provided.

Sensitivity Analysis

To assess the robustness of the primary results, several sensitivity analyses were
conducted. Overall, the treatment ranking trends and the statistically significant
comparisons remained generally consistent across all sensitivity analyses, supporting the
robustness of the findings from the main network meta-analysis. Related efficacy Trends
observed in the individual sensitivity analyses are summarized as follows, this study also
performed the primary outcome analysis by Bayesian NMA, which assists by the web-
based tool Metalnsight with execution and figure generation (Appendix Figure BO).

The relevant sensitivity figures are presented in Appendix B.

Combining All SoCs into a Single Node

When all background standard therapies were combined into a single SoC node, VCS_LD
remained significantly superior to SoC (OR=2.23; 95%CI: 1.26-3.92). Tacrolimus (TAC)
also showed a statistically significant benefit over the combined SoC node (OR=1.48;
95%CI: 1.07-2.04). The P-score ranking trends were generally consistent with the

primary analysis, with VCS_LD remaining the top-ranked treatment. Belimumab (BEL)
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showed a slight drop in ranking after the SoC nodes were combined. When performed by

Bayesian NMA, the result also highly consists with the frequentist NMA results describe

above. (Appendix Figure B1).

Therapeutic Modality

To explore the effects of different drug classes, the analysis was stratified by therapeutic

modality. Compared to MMF, significant improvements in CRR were observed in the

following.

e Biologics: Both BEL+FMMF (OR=2.06; 95%CI: 1.25-3.39) and OBI+MMF

(OR=1.79; 95%CI: 1.18-2.72) showed significant benefit.

e Calcineurin Inhibitors (CNIs): Only VCS_LD+MMF was significantly more

effective than MMF (OR=2.26; 95%CI: 1.54-3.32).

LN Classification (Class V)

Studies were classified according to the LN class of included patients, with or without

reported inclusion of patients with pure Class V to evaluate the potential impact of Class

V LN, as it presents different pathological and clinical features from proliferative classes,

such as Class III and IV.

e Included Pure Class V: Both VCS_LD+MMF (OR=2.26; 95%CI: 1.54-3.32)

and BEL+MMF (OR=2.06; 95%CI: 1.25-3.39) were significantly with higher

efficacy. In contrast, CYC showed a significantly lower likelihood of achieving
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CRR (OR=0.52; 95% CI: 0.28-0.96).

e No Pure Class V Included: Both VCS LD + MMF (OR=2.65; 95%CI: 1.74—

4.04) and OBI + MMF (OR=2.11; 95%CI: 1.39-3.22) remained significantly

better to MMF.

CRR Definition

Under this stricter definition of CRR based on UPCR < 0.5 g/g or Urine Protein <

0.5g/day, VCS LD+MMF (OR=2.26; 95%Cl: 1.54-3.32), BELtMMF (OR=1.84;

95%CI: 1.14-2.97), and OBI+MMF (OR=1.79; 95%CI: 1.18-2.72), continued to show a

significantly greater likelihood of achieving this stricter CRR endpoint. In contrast, CYC

significantly poorer response (OR=0.59; 95%CI: 0.36-0.96).

Follow-up Duration

Stratified according to the main follow-up time reported in each study, sensitivity

analyses were performed at the following different time points to access the impact of

follow-up time on overall treatment efficacy.

1 year-or-less follow-up

In studies with follow-up durations of one year or less, VCS_LD+MMF was the only

therapy that consistently demonstrated a significant benefit over MMF across

different time points.

e 24 weeks: (OR=2.02; 95%CI: 1.01-4.03).
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e 48-52 weeks: (OR=2.38; 95%CI: 1.50-3.77).

e  Pooled analysis for <1 year: (OR=2.26; 95%CI: 1.54-3.32).

Over-1-year follow-up

e  Pooled analysis for >1 year: Since the reported data for weeks 72-76 and 104

are sparse, these two time points are combined into more than one year for

analysis. In studies with more than one year of follow-up, both OBI+MMF

(OR=1.77; 95%CI: 1.08-2.89) and BEL+MMF (OR=2.06; 95%CI: 1.25-3.39)

were significantly more effective than MMF.

Study Size and Quality

The following different conditions were set to include studies with high-quality or other

specific trial design conditions for sensitivity analysis to assess the impact of study quality

on the robustness of the main analysis.

High-Quality & Large-Scale Trials

When the analysis was restricted to studies considered to be of higher evidence

quality, VCS_LD+MMF, BEL+MMF, and OBI+MMF all remained significantly

more effective than MMF.

e Sample size >

100: VCS_LD+MMF (OR=2.26; 95%CI: 1.54-3.32),

BEL+MMF (OR=1.98; 95%CI: 1.22-3.21), and OBI+MMF (OR=1.79; 95%CTI:

1.18-2.72) were all significantly more effective than MMF.
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e  Phase III trials: VCS_LD+MMF (OR=2.38; 95%CI: 1.50-3.77), BEL+MMF
(OR=2.06; 95%CI: 1.25-3.39), and OBI+MMF (OR=1.77; 95%CI: 1.08-2.89)
were significantly superior to MMF.

e  Double-blind trials: VCS LD+MMF (OR=2.26; 95%CI: 1.54-3.32),
BEL+MMF (OR=2.06; 95%CI: 1.25-3.39), and OBI+MMF (OR=1.79; 95%CI:
1.18-2.72) showed significant benefits over MMF.

Other Specific Trial Design

e Phase II trials: VCS LD+MMF (OR=2.02; 95%CI: 1.01-4.03) was
significantly more effective than MMF.

e Open-label trials: CYC showed significantly lower efficacy than MMF
(OR=0.52; 95%CI: 0.29-0.94). No other treatments showed statistically

significant differences.

Network Meta-regression

Bayesian network meta-regression analyses, using follow-up weeks and baseline UPCR
as covariates, were performed to explore their potential impact. Although some trends
were observed, such as a negative slope for TAC with follow-up duration (Appendix
Figure C1), and generally flat or slightly upward-sloping lines for baseline UPCR

(Appendix Figure C2), statistically significant associations or effect modifications were
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not observed for either covariate. This was indicated by all 95% credible intervals for the

regression lines crossing OR=1.

Subgroup Analysis

Asian

In the Asian patient subgroup, VCS_LD+MMF was significantly more effective than
MMF in achieving CRR (OR=2.82; 95%CI: 1.28-6.20), and it ranked highest in P-score.
Although not statistically significant, TAC+MMF and BEL+MMF showed relatively
favorable treatment effects, with the second- and third-highest P-score rankings.
(Appendix Figure D1)

Pure Class V Subgroup:

In this subgroup analysis, no treatment showed statistically significant benefit or
inferiority in achieving CRR. Confidence intervals were quite wide across all treatment

comparators, indicating high uncertainty in the estimates. (Appendix Figure D2)

Secondary Outcomes
Efficacy Outcomes
Secondary efficacy outcomes included PRR and ORR. (Appendix Figure E1, Figure E2)

e PRR: Both VCS_LD+MMF (OR=2.16, 95%CI: 1.40-3.34) and RTX+MMF
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(OR=2.44; 95%CI: 1.08-5.51) were significantly superior to MMF.
e  ORR: Only OBI+MMF was significantly superior to MMF in achieving ORR
(OR=1.64; 95%CI: 1.10-2.44).
Safety Outcomes
Safety outcomes eligible for network meta-analysis
Several safety outcomes had sufficient data and a well-connected network to be included
in the network meta-analysis. These outcomes included serious adverse events (SAEs),
infection-related AEs, infection-related SAEs, AEs leading to treatment
discontinuation, and infusion-related AEs. The network analysis results are

summarized in Table 2.
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Table 2. Summary of Network Meta-Analysis Results for Safety Outcomes.

This table summarizes the results of the network meta-analysis for prespecified safety

outcomes. Data are presented as odds ratios (ORs) with 95% confidence intervals (Cls).

For safety outcomes, an OR greater than 1 indicates a higher risk for the treatment group

compared to the common comparator, mycophenolate mofetil (MMF).
Safety Outcom SAE Infection-related Infection-related AEtS letadlngt to Infusion-related
y Outcome S AEs SAE  treatment AEs
discontinuation
ANI_:BR 1.46 0.9 0.64
MMF (0.34 - 6.24) (0.17 -4.73) (0.08 - 5.05)
AN}IR 1.1 0.96 0.18
MMF (0.26 - 4.72) (0.19 - 4.84) (0.01 - 3.94)
BEL 0.82 1 0.88
MME/CYC (0.27 - 2.46) (0.30-3.37) (0.50 - 1.55)
O_]EI 1.38 1.68 1.09 2.02 1.5
MMF (0.58 -3.26) (1.1 -2.57) (0.33 -3.58) (0.43 - 9.45) (0.83 -2.72)
RIX 0.71 0.62 0.97 0.31 0.75
MMF (0.21 -2.41) (0.22 - 1.69) (0.19 - 4.88) (0.03 -3.96) (0.38 - 1.43)
0.56 0.68 0.41
L0 (0.11-2.87) (0.34-1.37) (0.10 - 1.72)
T/:C 0.52 0.46 0.5
AZA (0.04 - 6.60) (0.06 -3.51) (0.03 - 8.34)
Ti‘C 2.22 1.59
MMF (0.19 - 26.40) (0.45 -5.62)
VCS_:HD 1.41 1.53 1.24
MMF (0.44 - 4.50) (0.32-7.31) (0.34 - 4.50)
VCSJ:LD 1.36 1.39 1.17 1.13
MME (0.59 -3.16) (0.91 -2.13) (0.37 - 3.68) (0.45 -2.87)
0.81 1.39 1.49
(B (0.11 -6.01) (0.43 - 4.49) (0.24 -9.13)
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Among all safety outcomes analyzed, only one showed a statistically significant

difference. Compared with standard of care MMF, OBI+MMF was associated with a

significantly increased risk of infection-related AEs (OR=1.68; 95%CI: 1.10-2.57).

For the other safety outcomes, no statistically significant differences were observed;

therefore, only trends in odds ratios are described. RTX+MMF showed a generally

favorable safety trend. Among TAC-based regimens, TAC and TAC+AZA were

associated with lower safety risks, and TAC+MMF had a relatively higher safety risk.

OBI+MMF and VCS+MMF (both low and high doses) showed relatively higher safety

risks across several safety outcomes.

Safety outcomes not eligible for network meta-analysis

Due to substantial heterogeneity in the comparator groups and treatment regimens across

studies, the treatment-related AEs and treatment-related SAEs could not be connected

into a coherent network. Therefore, these outcomes were analyzed and presented using

pairwise meta-analysis.

In the analysis of treatment-related AEs (Appendix Figure F3), substantial heterogeneity

was observed across treatment comparisons (I = 91.9%). Compared to MMF, both high-

dose and low-dose Voclosporin significantly increased the risk of treatment-related AEs

(OR=8.11; 95%CI: 4.01-16.39 and OR=4.98; 95%CI: 2.49-9.96). In contrast, direct

comparison of TAC and CYC showed that TAC showed a significantly lower risk of
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treatment-related AEs (OR=0.55; 95%CI: 0.31-0.99).

In the analysis of treatment-related SAEs (Appendix Figure F4), VCS HD+MMF
showed a trend toward increased risk (OR=7.52), but the confidence interval was wide
and not statistically significant. On the other hand, TAC again demonstrated a safety
advantage over CYC, with lower risk of treatment-related SAEs (OR=0.48; 95%CI: 0.26—

0.91).
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Discussion

This study employed a network meta-analysis (NMA) to compare the relative efficacy
and safety of various novel and conventional immunosuppressive combination therapies
for achieving a Complete Renal Response (CRR) in patients with Lupus Nephritis (LN).
The analytical model and primary findings of this study offer quantitative evidence that

may serve as a reference for clinical treatment selection and future therapeutic strategies.

Model Selection and Network Robustness

In establishing the analytical model, a conventional pairwise meta-analysis revealed
moderate heterogeneity among all included studies (1>=43.1%, p=0.0138). This supported
the decision to use a random-effects model for subsequent analyses to account for inter-
study variance more conservatively. When all studies were integrated into the NMA
model, the overall heterogeneity and inconsistency tests both yielded null results (1>=0%).
This suggests that the network structure of this study is considerably robust and consistent.
This could be attributed to several factors. Mycophenolate Mofetil (MMF), the common
comparator in most trials, served as central connecting node in the network, effectively
linking various indirect comparisons and thus stabilizing the entire model. The
heterogeneity initially observed in the pairwise meta-analysis may have primarily

originated from specific subgroups of studies (e.g., trials of Tacrolimus with significant
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differences in design and population). When these studies were incorporated into a
broader, more comprehensive network, their disruptive effect on the overall model was
diluted. This outcome not only enhances the reliability of the conclusions of this study
but also highlights the methodological advantage of NMA in integrating diverse evidence

to provide stable assessments.

Primary Efficacy Analysis

The primary analysis of this study indicates that adding a novel targeted agent to the
standard MMF therapy significantly improves efficacy. Compared to MMF monotherapy,
three combination regimens demonstrated a statistically significant superior rate of CRR
achievement. VCS_LD+MMF was the most effective, with the odds of achieving CRR
being more than double that of MMF monotherapy (OR=2.26; 95%CI: 1.54-3.32);
BEL+MMF also showed strong efficacy (OR=1.89; 95%CI: 1.17-3.03); OBI+MMF was
also significantly superior compared to MMF alone (OR=1.79; 95%CI: 1.18-2.72).
According to the P-score ranking for efficacy, VCS_LD+MMF ranked first with a high
score of 0.895, followed by BEL+MMF (0.790) and OBI+MMF (0.757). This ranking
provides a clear hierarchy for these three highly effective regimens. These successful
combinations demonstrate the effectiveness of a therapeutic strategy that combines drugs

with different mechanisms of action, a finding that is consistent with the trend in
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international guidelines recommending combination therapy with MMF. The leading
position of VCS, in particular, may stem not only from its immunosuppressive effects but
also from its unique potential mechanism of stabilizing renal podocytes, giving it an edge
in achieving the goal of renal remission.

Although the results of the primary analysis are clear and robust, therapeutic outcomes
can be influenced by multiple factors. To ensure the reliability of the main findings, and
to further explore potential sources of heterogeneity, a series of sensitivity analyses were
conducted. The following sections will discuss the specific trends observed in these

analyses and their clinical implications.

1. Sensitivity Analysis by Lumping Standard of Care (SoC)

This sensitivity analysis aimed to explore the impact on the overall efficacy assessment
after lumping different background therapies into a single SoC node.

Observations on Belimumab (BEL) Treatment Groups

In the primary analysis, the BEL+MMF combination showed significant efficacy.
However, when BEL+MMF and BEL+CYC were combined into a single "BEL+SoC"
node, its statistical significance disappeared, and its P-score ranking decreased. This
might suggest that the efficacy of Belimumab could be influenced by background therapy,

potentially having better synergy when paired with MMF. However, this trend must be

47
doi:10.6342/NTU202503953



interpreted with extreme caution. First, the sample size of the included BEL+CYC

subgroup was much smaller than that of the BEL+-MMF group, leading to a lower weight

in the meta-analysis. Second, the choice of background therapy in the original studies was

at the discretion of clinicians and not randomized, which could introduce confounding by

indication. Therefore, the diminished efficacy after lumping the nodes might be attributed

to the relatively weaker therapeutic effect of the BEL+CYC group or from limitations in

the study designs themselves.

Discussion on Tacrolimus (TAC) Treatment Groups

Unlike the primary analysis, when TAC-related therapies were combined into a single "

TAC+SoC " node, the combination showed statistically significant efficacy (OR=1.48;

95%CI: 1.07-2.04). This significance was primarily driven by the strong efficacy of the

TAC+MMF combination, particularly from the Multitarget 2015 and Ye F 2022 studies

(Liu et al., 2015; Ye et al., 2022), which reported very high odds ratios (OR=2.49 and

3.95, respectively) with narrow confidence intervals, thus carrying greater statistical

weight and significantly raising the overall average effect estimate.

However, the clinical interpretation of this lumped result should be interpreted with

caution. This node included multiple treatment combinations, such as TAC monotherapy,

TAC+MMF, and TAC+AZA, making it highly heterogeneous. For example, the effect in

the TAC+AZA study (Pal et al., 2023) was not significant, while results from several
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studies on TAC monotherapy showed inconsistent findings with a large degree of
uncertainty. This implies that the statistical significance of the lumped node does not mean
all TAC-based combinations have equivalent clinical benefits.

This analysis questions about the "exchangeability assumption" in NMA, which presumes
that treatments lumped into the same node have similar efficacy. In this study, the
consistent and potent performance of TAC+MMF might have masked the weaker or
uncertain effects of TAC monotherapy and TAC+AZA. Therefore, in clinical decision-
making, the TAC+MMF combination has the most robust evidence support among TAC-
related therapies. The synergistic effect of this combination is also clinically expected, as
both TAC and MMF are potent immunosuppressants for the induction phase of LN, and

their combination of use enhances immunosuppression through different mechanisms.

2. Sensitivity Analyses by Drug Mechanism and Patient Characteristics
Therapeutic Modality

The intervention treatments were categorized into two major classes based on their
primary mechanism of action: Biologics and CNIs, each analysis was conducted
separately. The results showed that, within each class, the treatment regimens
demonstrating significant efficacy (e.g., BEL+MMF, OBI+MMF, VCS LD+MMF) and

P-score rankings were highly consistent with the primary analysis. This indicates that the
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conclusions of this study are stable and not influenced by the different drug mechanisms.

Inclusion and Exclusion of Patients with Class V LN

Considering that patients with pure Class V LN may differ pathologically and clinically

from other types, a subgroup analysis was conducted on studies that "included Class V"

and those that "excluded Class V or reported non-Class V results separately." In both

groups, the efficacy trends and rankings of the drugs were consistent with the primary

analysis, suggesting that the main findings are not affected by the inclusion of Class V

patients. This is likely because Class V patients constituted a small proportion in most

studies, thus having a limited impact on the overall efficacy estimate. This is further

supported by the subgroup analysis in this study on Class V patients, where no treatment

showed a significant difference. In the analysis group "excluding pure Class V," there was

a slight increasing trend in the effect size of VCS_LD+MMF. This might suggest that

VCS could be more effective in non-Class V populations than in Class V, further data

required for supporting this observation.

Stricter CRR proteinuria definition

When a stricter CRR proteinuria definition (urine protein to creatinine ratio, UPCR < 0.5

mg/mg or 24hrs Urine protein < 0.5 g/day) was used for the analysis, although there were

slight fluctuations in the rankings of some treatment regimens, the overall efficacy trends

and significant results showed no substantial difference compared to the primary analysis.

50
doi:10.6342/NTU202503953



This again confirms the robustness of the outcome of this study, which is not affected by

the stringency of CRR.

3. Sensitivity Analyses by Study Design Characteristics

Time-stratified analysis

The time-stratified analysis revealed potential differences in short-term and long-term
efficacy among different treatment regimens. In studies with a follow-up of one year or
less, only VCS LD+MMF showed a significant efficacy advantage, suggesting its
therapeutic effect may appear sooner. In studies with a follow-up longer than one year,
OBI+MMF and BEL+MMF demonstrated statistically significant long-term efficacy,
indicating that these two biologics might provide more durable disease control.
Furthermore, in the long-term follow-up group, although TAC+MMF showed a higher
effect size, its confidence interval was extremely wide, making the result unstable. This
is because the data came from only one study with a 104-week follow-up, so its long-
term efficacy trend should be interpreted cautiously.

Despite observing potential differences in short- and long-term efficacy, the limited
number of studies in each time stratum and the varied follow-up endpoints make it
difficult to draw definitive conclusions. This limitation is also consistent with the results

of the meta-regression analysis, where follow-up duration as a covariate did not show a
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significant impact.

Studies with Sample Size > 100

When the analysis was restricted to large studies with 100 or more participants, the overall
results remained similar to the primary analysis. Notably, the effect size of TAC+MMF
slightly increased, and its P-score ranking rose to third place. This indicates that the
excellent efficacy of TAC+MMEF is not confined to small studies but is also robust in
larger, potentially more representative trials. Although its confidence interval was still
only marginally significant, this trend further strengthens the evidence for TAC+MMF as

a highly effective treatment option.

4. Subgroup Analysis in Asian Population

In the subgroup analysis of the Asian population, VCS LD+MMF maintained its
significant efficacy, consistent with observations from multiple studies where CNIs
showed a better response in Asian populations. Although TAC+MMF and BEL+MMF
did not reach statistical significance, their effect size trends and P-score rankings were
relatively high, superior to TAC monotherapy or TAC+AZA. This suggests that BEL
combined with MMF could be a promising treatment option for Asian patients with LN.
This is consistent with the trend of better, though not significant, efficacy for BEL+MMF

reported in a separate analysis of the East Asian population from the BLISS-LN trial. The
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BEL+CYC combination was also not significant, and its sample size was much smaller,
so more research is needed to confirm if it has a poorer efficacy profile.

Considering that Voclosporin is not yet widely available in Asia, and the findings of this
study highlight the therapeutic potential of CNIs and BEL in this population, future
clinical research directions are crucial. It may be warranted to conduct well-designed
clinical trials in Asia to directly compare these three highly effective regimens,
VCS_LD+MMF, TAC+MMEF, and BEL+MMF to establish the most suitable induction

therapy combination for Asian patients with LN.

5. Observations on the Efficacy of CYC

Although Cyclophosphamide (CYC) was used as a control in some of the included RCTs
and was not a primary subject of this study, a consistent observation across several
sensitivity analyses was that its efficacy was significantly inferior to MMF. This is an
additional finding that warrants further discussion. In the analysis of the Biologics
category (with data predominantly from non-Asian populations), the efficacy of CYC was
not significantly different from that of MMF (OR=0.91; 95% CI: 0.43-1.94). However,
in the analysis of the CNIs category (with data predominantly from Asian populations),
the efficacy of CYC was significantly worse than MMF (OR=0.52; 95% CI: 0.29-0.94).

This trend was re-verified in the sensitivity analysis of open-label studies, which also
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primarily included Asian populations and showed a consistently poorer efficacy.

This may suggest that the relative efficacy of CYC differs between races, or at least that

MMF is superior to CYC when used as a standard background therapy in Asian

populations. This finding appears to differ from the 2024 APLAR guidelines (Chi Chiu

Mok et al., 2025), but it addresses a different therapeutic context. The APLAR guidelines

state that under a multi-target combination therapy strategy, the efficacy of low-dose CYC

is comparable to that of MMF. This study, in contrast, evaluates their efficacy when used

as the single primary immunosuppressant. These two points can be interpreted as

complementary: in Asian populations, MMF may be the superior option if a standard

monotherapy is chosen; however, if a more potent multi-target strategy is considered, the

choice between MMF and low-dose CYC as the backbone of the combination may not

result in a significant difference in efficacy. Future studies might consider directly

comparing the MMF-+CNI and CY C+CNI combinations in Asian populations.

Under a stricter CRR proteinuria definition, the efficacy of CYC was significantly inferior

to MMF, suggesting its ability to achieve deep renal remission may be limited. In the

subgroup of studies that included patients with Class V LN, CYC also showed a

significantly poorer efficacy trend, implying it may be less effective for this pathological

type. In summary, although this study was not designed to directly compare CYC and

MMEF, the results from multiple sensitivity analyses consistently point to CYC having a
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poorer overall efficacy in achieving CRR compared to MMF. This phenomenon was
particularly evident in Asian populations, patients with Class V LN, and under a stricter

CRR proteinuria definition.

Overall Assessment of Safety Results

This study also evaluated the safety of various LN treatment regimens. As the definitions
of safety outcomes varied across studies, this analysis focused on the most clearly and
consistently reported data. The results show that different treatment options have
heterogeneous risk profiles. In the NMA, Obinutuzumab (OBI) combined with
Mycophenolate Mofetil (MMF) was the only combination that showed a statistically
significant increased risk of infection-related adverse events. Additionally, the pairwise
meta-analysis provided important quantitative evidence on the safety of Voclosporin
(VCS) and Tacrolimus (TAC).
Risk-Benefit Considerations for Specific Treatments
e Voclosporin (VCS): Although some studies reported higher renal remission rates
with VCS, the pairwise meta-analysis in this study indicates that compared to
MMF, both high-dose (OR=8.11) and low-dose (OR=4.98) VCS significantly
increased the risk of treatment-related adverse events. This finding implies that

the pursuit of higher efficacy with VCS must be accompanied by close monitoring
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for adverse events.

e Obinutuzumab (OBI): As a potent B-cell depleting agent, OBI was the only

treatment in this NMA to show a significantly increased risk of infection-related

adverse events (OR=1.68). This risk is consistent with its pharmacological

mechanism, suggesting that when considering OBI, a thorough assessment of the

patient's infection risk is necessary, especially for those with relevant medical

history.

e Tacrolimus (TAC): The results of this study indicate that TAC has a favorable

safety profile. Direct comparisons with the conventional drug Cyclophosphamide

(CYC) showed that TAC significantly reduced the risk of both treatment-related

adverse events (OR=0.55) and serious adverse events (SAEs) (OR=0.48).

Trends and Observations for Other Drugs

The trend analysis from the NMA also showed that Rituximab (RTX) has a favorable

safety trend, particularly having the lowest risk estimate for discontinuation due to

adverse events. Regarding infection risk, the trends suggest a lower risk associated with

TAC and RTX, while VCS has a higher potential risk.

The infection risk trend for intravenous biologics (eg, RTX) is not necessarily higher than

for oral CNIs (eg, TAC), suggesting that the drug's mechanism of action itself may be

more critical to infection risk than the route of administration. In terms of SAEs, the risk
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trends were higher for OBI, ANI, and VCS. These findings remind clinicians to be careful

about the possibility of SAEs when using these novel therapies. The safety of different

LN treatment regimens varies significantly. VCS and OBI are associated with specific,

statistically significant adverse event risks, whereas TAC and RTX demonstrate a more

favorable safety profile. The findings of this study provide important safety evidence for

clinicians to make personalized treatment decisions based on individual patient conditions.
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Significance and Limitations

The main contribution of this study is providing a comprehensive comparison of the
relative efficacy and safety of multiple novel and conventional LN therapies within a
single analytical framework through a network meta-analysis. This analysis integrates
evidence from RCTs for the therapies of interest, offering clinicians a clear reference for
efficacy and risk profiles. The core finding that combining low-dose Voclosporin,
Belimumab, or Obinutuzumab with standard MMF therapy significantly improves renal
response rates is not only highly consistent with international guidelines (Fanouriakis et
al., 2024; Rovin et al., 2024) but also provides stronger evidence for the application of
combination therapies in clinical practice.

However, this study has several limitations. First, the included trials exhibit heterogeneity
in their design such as blinding design and varied follow-up durations, which may affect
the comparability of the results. Second, some treatment comparisons were based on a
small number of studies or limited sample sizes, which may lead to insufficient statistical
power. Finally, the definitions and reporting methods for safety events were inconsistent
across studies; therefore, this analysis could only extract the clearest available data, which

limited a more comprehensive meta-analysis of safety outcomes.
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Conclusion and Future Perspectives

In conclusion, this network meta-analysis confirms that the combination of low-dose
Voclosporin, Belimumab, or Obinutuzumab with standard MMF therapy significantly
improves CRR rates, with VCS LD+MMF ranking as the most effective. The safety
analysis highlights the need for close monitoring of potential risks associated with
Voclosporin and Obinutuzumab. Based on the findings and limitations of this study, future
research could focus on designing rigorous head-to-head trials to directly compare the
top-performing regimens identified here. Furthermore, incorporating longer follow-up
periods to assess long-term outcomes and aiming to standardize efficacy endpoints and
safety reporting frameworks would facilitate future data integration and -clinical

application.
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Appendix

Appendix A: Detail of Search Strategy

Table Al. Search Strategy.

Database Search Strategy Date of Search |Number of Hits

(("Lupus Erythematosus, Systemic"[MeSH] OR SLE[AII Fields] OR
"Systemic Lupus Erythematosus"[All Fields] OR "lupus nephritis"[MeSH
Terms] OR "renal lupus"[All Fields] OR "lupus nephritis"[All Fields] OR
"Kidney"[MeSH] OR Renal[All Fields] OR Nephritis[All Fields] OR
"Kidney Diseases"[MeSH] OR "Renal Insufficiency"[MeSH]))

AND

("Belimumab'[All Fields] OR "Rituximab"[All Fields] OR

PubMed "Voclosporin"[All Fields] OR "Tacrolimus"[All Fields] OR 2025/5/8 2239
"Anifrolumab'[All Fields] OR "Obinutuzumab'[All Fields])

Filters applied: Adaptive Clinical Trial, Clinical Study, Clinical Trial,
Clinical Trial, Phase I, Clinical Trial, Phase II, Clinical Trial, Phase III,
Clinical Trial, Phase IV, Comparative Study, Controlled Clinical Trial,
Multicenter Study, Randomized Controlled Trial, English, Humans, from
2000/1/1 - 2025/5/8.

(‘systemic lupus erythematosus’/exp OR sle:ab,ti OR 'systemic lupus
erythematosus"ab,ti OR 'lupus nephritis'/exp OR 'lupus nephritis":ab,ti OR
'renal lupus"ab,ti OR mephritis in lupus"ab,ti OR 'kidney disease’/exp OR
'renal insufficiency’/exp OR 'renal insufficiency':ab,ti OR kidney:ab,ti OR
renal:ab,ti OR nephritis:ab,ti) AND (‘belimumab’/exp OR belimumab:ab,ti
OR 'rituximab'/exp OR rituximab:ab,ti OR 'voclosporin'/exp OR
voclosporin:ab,ti OR 'tacrolimus’/exp OR tacrolimus:ab,ti OR
‘anifrolumab’/exp OR anifrolumab:ab,ti OR 'obinutuzumab'/exp OR
obinutuzumab:ab,ti) AND english:la AND ([controlled clinical trial]/lim OR
[randomized controlled trial]/lim) AND [2000-2025]/py

Embase 2025/5/8 3587

("Lupus Nephritis" OR "Systemic Lupus Erythematosus" OR "SLE" OR
"Systemic Lupus Erythematosus" OR "renal lupus" OR "nephritis in lupus"
OR "lupus nephritis")

AND

Cochrane (Belimumab OR Rituximab OR Voclosporin OR Tacrolimus OR 2025/5/8 757
Library Anifrolumab OR Obinutuzumab)

with Publication Year from 2000 to 2025, with Cochrane Library publication
date from Jan 2000 to May 2025, in Trials (Word variations have been
searched)

Total 6583

The second paragraph of the PubMed and Cochrane Library search strategy text states

that database filters were used to exclude literature that is not eligible for inclusion.
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Appendix B: Additional Efficacy Analyses

(a) Frequentist NMA Forest plot of odds ratios (ORs) with 95% confidence intervals

(95% CI) (b) P-score ranking.

If the 95% confidence interval of the effect size (Odds Ratio, OR) does not cross the

central line (OR = 1), it represents a statistically significant difference. An effect size

shifted to the right indicates that the treatment regimen has better efficacy than MMF. A
higher P-score rank indicates better efficacy.

(c) Bayesian NMA Forest plot of odds ratios (ORs) with 95% credible intervals (95%CrT)
(d) SUCRA Ranking

If the 95% credible interval of the effect size (Odds Ratio, OR) does not cross the central

line (OR = 1), it represents a statistically significant difference. An effect size shifted to

the right indicates that the treatment regimen has better efficacy than MMF. A higher P-

score rank indicates better efficacy.
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Figure B0. Primary Outcome results from the Bayesian analysis, with execution

and figure generation assisted by Metalnsight.
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Figure B1. Sensitivity Analysis: Excluding one study with unclear descriptions of

LN classification.

(a)

(b)

doi:10.6342/NTU202503953

%
Treatment CRR OR 95%-Cl P-score Ranking for CRR
ANI_BR+MMF — 0.43 [0.15; 1.20]
cYCc — 0.63 [0.39; 1.02] VCS_LD+MMF 0.896
TAC+AZA —— 0.78 [0.29; 2.05] BEL+MMF ora
RTX+MMF — 0.81 [0.39; 1.68]
BEL+CYC —— 0.83 [0.39; 1.75] OBIMME 0758
TAC — 0.98 [0.64; 1.48] ANLIR+MMF 0.753
VCS_HD+MMF —— 1.67 [0.90; 3.12] TAGHUME 0721
TAC+MMF T 1.67 [0.89; 3.14]
ANI_IR+MMF . 1.85 [0.78; 4.39] VCS_HD+MMF 0.7
OBI+MMF - 1.79 [1.18; 2.72] ME 0498
BEL+MMF —— 1.88 [1.17; 3.03]
VCS_LD+MMF — 2.26 [1.54; 3.32] ThC 0388
f I I BEL+CYC 0.2
02 Ds 1 2 RTX+MMF 0.29
TAC+AZA 0282
cYc 014
ANI_BR+MMF 0.07e
[l‘l] (J‘Z (]‘4 ll!ﬁ [JIX 'I‘[)
P-score




Figure B2. Sensitivity Analysis: Combining All SoCs into a Single Node.

(a) and (b) are the results of the frequentist analysis.

(c) and (d) are the results obtained from a Bayesian analysis.

The results from these two statistical approaches are highly consistent.
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Figure B3. Sensitivity Analysis: Therapeutic Modality - Biologics
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Figure B4. Sensitivity Analysis: Therapeutic Modality - CNIs
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Figure BS. Sensitivity Analysis: LN Classification - Included Pure Class V
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Figure B6. Sensitivity Analysis: LN Classification - No Pure Class V Included
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Figure B7. Sensitivity Analysis: stricter definition of CRR based on UPCR < 0.5 g/g

or Urine Protein < 0.5g/day
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Figure B8. Sensitivity Analysis: Follow-up Duration — 24 weeks
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Figure B9. Sensitivity Analysis: Follow-up Duration — 48-52 weeks
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Figure B10. Sensitivity Analysis: Follow-up Duration — <1 year
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Figure B11. Sensitivity Analysis: Follow-up Duration — > 1 year
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Figure B12. Sensitivity Analysis: Sample size > 100:
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Figure B13. Sensitivity Analysis: Phase III trials

(a) (b)
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Figure B14. Sensitivity Analysis: Double-blind trials

(a) (b)
Treatment CRR (double-blind) OR 95%-CI P-score Ranking for CRR (double-blind)
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Figure B15. Sensitivity Analysis: Open-label trials
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Appendix C: Meta-regression

Figure C1. Bayesian Network Meta-regression by Follow-up Duration.
(a) Plot of study-level mean follow-up duration (weeks) across different treatment arms.
(b) Relative treatment effect (Odds Ratio, OR) with 95% credible intervals (Crls) as a

function of follow-up duration covariate values, compared to Standard of Care (SoC).
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*plots generated form Metalnsight (version 6.4.0), which was developed with the

netmeta and Shiny packages in R (Owen et al., 2019).

78
doi:10.6342/NTU202503953



Figure C2. Bayesian Network Meta-regression by Baseline UPCR.

(a) Plot of study-level mean baseline Urine Protein-to-Creatinine Ratio (UPCR) across

different treatment arms.

(b) Relative treatment effect (Odds Ratio, OR) with 95% credible intervals (Crls) as a

function of baseline UPCR covariate values, compared to Standard of Care (SoC).
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Appendix D: Subgroup Analysis

(a) Frequentist NMA Forest plot of odds ratios (ORs) with 95% confidence intervals

(95% CI) (b) P-score ranking.

If the 95% confidence interval of the effect size (Odds Ratio, OR) does not cross the

central line (OR = 1), it represents a statistically significant difference. An effect size

shifted to the right indicates that the treatment regimen has better efficacy than MMF. A

higher P-score rank indicates better efficacy.

Figure D1. Subgroup Analysis: Efficacy in Asian Patients.
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Figure D2. Subgroup Analysis: Efficacy in pure Class V Patients.
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Appendix E: Secondary Efficacy Outcomes

(a) Frequentist NMA Forest plot of odds ratios (ORs) with 95% confidence intervals

(95% CI) (b) P-score ranking.

If the 95% confidence interval of the effect size (Odds Ratio, OR) does not cross the

central line (OR = 1), it represents a statistically significant difference. An effect size

shifted to the right indicates that the treatment regimen has better efficacy than MMF. A

higher P-score rank indicates better efficacy.

Figure E1. Partial Renal Response, PRR
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Figure E2. Overall Renal Response, ORR
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Appendix F: Safety Outcomes Analyses

(a) Frequentist NMA Forest plot of odds ratios (ORs) with 95% confidence intervals
(95% CI) (b) P-score ranking.

If the 95% confidence interval of the effect size (OR) does not cross the central line (OR
= 1), it represents a statistically significant difference. The effect size shifted to the left
indicates that the treatment regimen has better safety than MMF. A higher P-score rank

indicates better safety.

Figure F1. Analysis of Serious Adverse Events (SAEs).
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Figure F2. Analysis of Infection-related Adverse Events (AEs).
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Figure F3. Analysis of Treatment-related Adverse Events (AEs).
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Figure F4. Analysis of Infection-related Serious Adverse Events (SAEs).
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Appendix G: List of Abbreviations

AZA, Azathioprine CRR, Complete Renal Response
CYC, Cyclophosphamide ORR, Overall Renal Response
MMF, Mycophenolate Mofetil PRR, Partial Renal Response

ANI_BR, Anifrolumab Basic Regimen OR, Odds Ratio

ANI_IR, Anifrolumab Intensified ClI, Confidence Interval
Regimen Crl, Credible Interval
BEL, Belimumab AE, Adverse Event

OBI, Obinutuzumab SAE, Severe Adverse Event

RTX, Rituximab

SoC, Standard of Care

TAC, Tacrolimus

VCS_HD, Voclosporin High-dose

VCS_LD, Voclosporin Low-dose.

*Combination with therapies are denoted

with an plus (e.g., VCS_LD+MMF

represents low-dose Voclosporin

combined with MMF).
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Appendix H: R Script for Frequentist Network Meta-analysis.

Appendix H1. R script for analysis of primary and secondary outcomes, sensitivity,
and selected subgroup analyses via frequentist network meta-analysis.
R version 5.4.1 executed within the RStudio environment.

Bold italics are fill-in-the-blank items.

library(dplyr)
library(tidyr)
library(meta)
library(netmeta)
library(igraph)
library(purrr)
library(stringr)
library(ggplot2)

file_path <- "dataset.csv"
analysis_outcome value <- "CRR"
is_safety outcome <- FALSE
outcome_column_name <- "Outcome"
analysis mode <- "SPLIT SOC" # or "LUMPED_ SOC"
nma_reference group <- "SoC"
soc_treatments _to lump <- ¢("MMF", "CYC", "AZA", "MMF/CYC")
soc_treatments _to_split <- c("MMF", "CYC", "AZA")
split_soc_reference group <- "MMEF"
run_main_analysis <- TRUE
sensitivity columns <- ¢() # sensitivity type label
desired order <- ¢("BEL'", "BEL+MMF"', "BEL+CYC", "BEL+MMF/CYC",
"RTX", "RTX+MMF",
"OBI", "OBI+MMF",
"ANI BR", "ANI_BR+MMF",
"ANI IR", "ANI _IR+MMF",
"VCS_LD", "VCS_LD+MMF",
"VCS_HD", "VCS_HD+MMF",
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"TAC", "TAC+MMF", "TAC+AZA",
HMMFH, HCYCH, "AZA N)

subgroup order list <- list() #sensitivity subgroup label

perform_nma_analysis <- function(data_to_analyze, analysis_type,
subgroup name, p_soc lump, p_ref group, p_desired order, p analysis mode) {

safe_subgroup name <- str_replace_all(subgroup name, "["a-zA-Z0-9 ]"," ")
output_dir <- analysis_type

dir.create(output_dir, showWarnings = FALSE)

file prefix <- file.path(output dir, pasteO(tolower(analysis_outcome value), " ",

safe_subgroup name))

cat(paste("\n >>>>> Analyzing:", subgroup name, "<<<<<\n"))

studies_with multiple socs <- data to analyze %>%
group by(Study, StudyLabel) %>%
summarise(n_soc = sum(Treatment %in% p_soc lump),
n_non_soc = sum(!Treatment %in% p_soc_lump),
.groups = 'drop') %>%

filter(n_soc > 1 & n_non_soc > 0)

if (nrow(studies_with_multiple socs) > 0) {
replicated studies data <- data.frame()
for (i in 1:nrow(studies_with_multiple socs)) {
study id <- studies with _multiple socs$Study[i]
original study data <- data to analyze %>% filter(Study == study id)
treat_arms <- original study data %>% filter(! Treatment %in%

p_soc_lump)
control _arms <- original_study data %>% filter(Treatment %in%

p_soc_lump)
for (j in 1:nrow(control arms)) {
current_control <- control armsJj, ]
new_study id <- pasteO(study id," vs ", current control$Treatment)

"

new_study label <- pasteO(original study data$StudyLabel[1], " (vs ",

current_control$Treatment, ")")
new_study df <- bind rows(treat arms, current control) %>%
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mutate(Study = new_study id, StudyLabel = new_study label)
replicated_studies data <- bind_rows(replicated studies data,

new_study df)

j
j

data to analyze <- data to analyze %>%
filter(!Study %in% studies with multiple socs$Study) %>%

bind rows(replicated studies data)

temp data <- data_to_analyze

if (p_analysis_mode == "LUMPED_SOC") {
cat(" - Lumping mode: Simplifying combination therapies
(e.g.,'BEL*MMF' -> 'BEL')\n")
temp data <- temp data %>%
mutate(Treatment = if else(str_detect(Treatment, "\\+"),

str_extract(Treatment, """ +]+"),

Treatment))
} else {
cat(" - Splitting mode: Keeping full names of combination
therapies (e.g.,' BEL+MMF')\n")
}

harmonized data nma <- temp data %>%
mutate(
Harmonized Treat = case when(
Treatment %in% p_soc lump ~p_ref group,
TRUE ~ Treatment
)
) %>%
group by(Study, StudyLabel, Outcome, Harmonized Treat) %>%
summarise(R = sum(R, na.rm = TRUE), N = sum(N, na.rm = TRUE), .groups
="'drop") %>%

rename(Treatment = Harmonized Treat)

if(nrow(harmonized data nma) <2) {
cat(" - WARNING: Insufficient data in subgroup "',
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subgroup name, "'. Skipping analysis.\n")
return(NULL)

if (p_analysis_mode == "LUMPED SOC") {
data_for forest <- temp data %>%
mutate(Treatment = if else(Treatment %in% p_soc_lump, p_ref group,
Treatment))
} else {
data_for forest <- temp_ data

all pairs_direct <- pairwise(treat = trimws(Treatment), event = R, n =N,
studlab = StudyLabel, data = data for forest,
sm="OR")

control candidates <- unique(c(soc_treatments to lump, nma_reference group,

split_soc_reference group))

direct comp data <- all pairs_direct %>%
mutate(
is_treatl control = treatl %in% control candidates,
is_treat2 control = treat2 %in% control candidates
) %>%
filter(is_treatl control !=is_treat2 control | (is_treatl control &
is_treat2 control)) %>%
mutate(
Control = case_when(
lis_treatl control & is_treat2 control ~ treat2,
is_treatl control & !is_treat2 control ~ treatl,
is_treatl control & is_treat2 control & treatl ==p ref group ~ treatl,
is_treatl control & is_treat2 control & treat2 ==p ref group ~ treat2,
is_treatl control & is_treat2 control ~ pmin(treatl, treat2),
TRUE ~ NA_character
)s
Treat = if_else(treat] == Control, treat2, treatl)
) %>%
filter(!is.na(Control), !is.na(Treat), Treat != Control) %>%
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mutate(
event.e = if_else(Treat == treatl, eventl, event2), n.e = if else(Treat ==
treatl, nl, n2),
event.c = if else(Control == treatl, eventl, event2), n.c = if else(Control
== treatl, nl, n2),
TE.info = paste(event.e, "/", n.e), TC.info = paste(event.c, "/", n.c)

direct data for combined plot <- direct comp data

if (nrow(direct comp data) > 0) {
direct comp data$§Treat factor <- factor(direct comp data$Treat, levels =
p_desired order)
direct comp data final <- direct comp_data %>%
filter(!is.na(Treat factor)) %>%
arrange(Treat factor, studlab)

if(nrow(direct comp data final) > 0){
m.direct <- metabin(event.e = event.e, n.e = n.e, event.c = event.c, n.c = n.c,
studlab = studlab, data = direct comp_data final,
sm ="OR", method ="MH",
subgroup = Treat factor, print.subgroup.name =
FALSE, common = FALSE, random = TRUE)

plot height <- 1200 + (nrow(direct comp data final) * 110) +
(Iength(unique(direct comp data final$Treat factor)) * 160)

png(pasteO(file prefix, " total forest plot.png"), width = 4000, height =
plot_height, res = 300)
forest(m.direct, smlab = "Odds Ratio",
leftcols = ¢("studlab", "Treat", "Control", "TE.info", "TC.info"),
leftlabs = ¢("Study", "Treatment", "Control", "Treatment n/N",
"Control n/N"),
rightcols = c("effect.ci", "pval"), rightlabs = c¢("OR (95% CI)", "p-
value"),
hetstat = TRUE, print.tau2 = TRUE, print.Q = TRUE, print.[2 =
TRUE,

text.random = "Random effects model (Overall)", text.random.w =

91
doi:10.6342/NTU202503953



"Random effects model (Subgroup)",
col.square = "navy", col.diamond = "maroon", cex = 1.1,
just.studlab = "left", just.addcols = "center")
dev.off()
cat(" - Overall forest plot saved.\n")
} else {
cat(" - WARNING: No data to generate overall forest plot
after filtering and sorting.\n")
j
} else {
cat(" - WARNING: No direct comparison data in this subgroup
to generate overall forest plot.\n")
direct data for combined plot <- NULL

pdata_nma <- pairwise(treat = Treatment, event = R, n = N, studlab =
StudyLabel, data = harmonized data nma, sm = "OR")

if (length(unique(c(pdata_nma$treatl, pdata_nmaStreat2))) < 3) {
cat(" - WARNING: Subgroup "', subgroup name, "' has fewer
than 3 treatment nodes. NMA cannot be performed.\n")

return(direct_data for combined plot)

nma_result <- tryCatch({
netmeta(pdata_nma, common = TRUE, random = TRUE, reference.group =
p_ref group,
small.values = ifelse(is_safety outcome, "good", "bad"))
}, error = function(e) { NULL })

if (lis.null(nma_result)) {

p_scores <- netrank(nma_result, small.values = ifelse(is_safety outcome,
"good", "bad"))

summary_file name <- pasteO(file prefix,

n

_nma_summary.txt")
sink(summary_file name)
cat(paste0("--- NMA Detailed Report: ", analysis_outcome_ value, " ---\n\n"))

print(summary(nma_result))

cat("\n\n--- P-scores (Treatment Ranking) ---\n")
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print(p_scores)
sink()
cat(" - Detailed text report saved.\n")

league table <- netleague(nma_result, common = TRUE, random = TRUE,
digits = 2)
write.csv(league table$random, file = pasteO(file prefix,

" nma league table.csv"))
sink(summary_file name, append = TRUE)
cat("\n\n\n--- League Table ---\n")
cat("--- (Random Effects Model) ---\n\n")

print(league table$random)

sink()
cat(" - League Table has been saved to CSV file.\n")
cat(" - Performing global inconsistency test...\n")

inconsistency test <- decomp.design(nma_result)

sink(summary_file name, append = TRUE)

cat("\n\n\n--- Global Inconsistency Test Report ---\n"")

print(inconsistency _test)

sink()

cat(" - Global inconsistency test report appended to the
detailed report.\n")

cat(" - Performing node-splitting analysis (may take some
time)...\n")

node split results <- netsplit(nma_result, random = TRUE, common = TRUE)

sink(summary_file name, append = TRUE)

cat("\n\n\n--- Node-Splitting Analysis Report ---\n")

print(node_split results, show = "all")

sink()

nodesplit df <- as.data.frame(print(node_split results, show = "all"))
write.csv(nodesplit_df, file = pasteO(file prefix,
" nma_nodesplit_results.csv"), row.names = FALSE)
cat(" - Node-splitting report appended to the detailed report

and saved as a separate CSV file.\n")
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"

png(pasteO(file prefix,

3000, res = 200)
forest(node split results)
dev.off()

cat(" - Node-splitting forest plot saved.\n")

_nma_nodesplit forest.png"), width = 2000, height =

"

png(pasteO(file prefix,
1200, res = 200)
try(netgraph(nma_result, layout = layout.circle, col = "lightgray", lwd = 3,

_nma_network plot.png"), width = 1500, height =

thickness = "number.of.studies", number.of.studies = TRUE,
points = TRUE,
col.points = "orange", cex.points = 4, plastic = FALSE, labels
=nma_result$trts, cex = 1.1),
silent = TRUE)
title(main = pasteO(analysis_outcome value, " Network Plot"), cex.main =
1.5)
dev.off()
cat(" - NMA network plot saved.\n")

png(pasteO(file prefix, " nma forest plot.png"), width = 1800, height = 1500,
res = 250)
forest(nma_result, reference.group = p_ref group, sortvar =
p_scores$Pscore.random,
smlab = analysis_outcome value)
dev.off()
cat(" - NMA forest plot saved.\n")

plot_data <- data.frame(Treatment = names(p_scores$Pscore.random), Pscore
= p_scores$Pscore.random)
pscore plot <- ggplot(plot data, aes(x = reorder(Treatment, Pscore), y =
Pscore, fill = Pscore)) +
geom_col(width =0.7) +
geom_text(aes(label = round(Pscore, 3)), hjust =-0.2, size = 3.5) +
coord_flip(clip = "off") +
scale fill gradient(low = "#BOC4DE", high = "#BOEOE6") +
scale y continuous(limits = c¢(0, 1), breaks = seq(0, 1, 0.2), expand = ¢(0,
0)) +

labs(title = pasteO("P-score Ranking for ", analysis_outcome value),
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x =NULL, y = "P-score") +
theme classic() +
theme(plot.title = element text(hjust = 0.5, size = 16, face = "bold", margin
= margin(b = 20)),
plot.margin = margin(10, 30, 10, 10), axis.title.x = element_text(size
=12),
axis.text.x = element_text(size = 10), axis.text.y = element_text(size
=11),
axis.title.y = element blank(), axis.line.y = element blank(),
axis.ticks.y = element_blank(),
axis.ticks.x = element_line(color = "black"), axis.ticks.length.x =
unit(0.2, "ecm"),
legend.position = "none")
ggsave(pasteO(file prefix, " nma pscore plot.png"), plot = pscore plot, width
= 8, height = 6, dpi = 600, bg = "white")

cat(" - P-score ranking plot saved.\n")
} else {
cat(" - WARNING: NMA failed or could not be performed.\n")

return(direct_data for combined plot)

full data <- read.csv(file path, stringsAsFactors = FALSE, check.names = FALSE)
if ("T" %in% names(full data)) {
full data <- full data %>% rename(Treatment = T)
}
full data cleaned <- full data %>%
mutate(across(where(is.character), trimws)) %>%
filter(!is.na(Treatment) & Treatment !="", lis.na(R), lis.na(N), N > 0)

if (outcome column_name %in% names(full data cleaned)) {
analysis_base data <- full data cleaned %>%
filter(.data[[outcome column name]] == analysis_outcome value)
cat(pasteO("- Filtered data for ', analysis_outcome value, "' based on column "',
outcome column_name, ""\n"))
} else {

analysis base data <- full data cleaned
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cat(pasteO("- WARNING: Column "', outcome column_name, "' not found.
Using all data.\n"))

}

if (analysis_mode == "LUMPED SOC") {
cat("- Current analysis mode: Lumped SoC\n")
active_soc_lump <-soc_treatments _to lump
active_ref group <-nma_ reference group
active_folder suffix <-" Lumped SoC"
} else if (analysis_mode == "SPLIT SOC") {
cat("- Current analysis mode: Split SoC\n")
active_soc_lump <-¢()
active_ref group  <- split_soc reference group
active_folder suffix <-" Split SoC"
} else {
stop("ERROR: Invalid 'analysis mode'. Set to ' LUMPED SOC' or
'SPLIT_SOC'.")
}

if (run_main_analysis) {
perform _nma_analysis(
data to analyze = analysis base data,
analysis type = pasteO("Main_Analysis", active folder suffix),

subgroup name = "Full Dataset",
p_soc_lump = active_soc_lump,
p_ref group = active_ref group,

p_desired order = desired order,

p_analysis_mode = analysis_mode

if (length(sensitivity columns) > 0) {

for (sens_col in sensitivity columns) {

if (!sens_col %in% names(analysis_base data)) {
cat(pasteO("!!! WARNING: Column "', sens_col, "' does not exist in your
CSV file. Skipping this analysis.\n"))
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next

if (sens_col %in% names(subgroup order list)) {
custom_order <- subgroup order list[[sens_col]]
all subgroups in_data <- unique(na.omit(analysis_base data[[sens_col]]))
subgroups_to_iterate <- custom_order[custom_order %in%
all subgroups in_data]
} else {

subgroups_to_iterate <- unique(na.omit(analysis_base data[[sens col]]))

if (length(subgroups_to iterate) == 0) {
cat(pasteO("!!! WARNING: No data subgroups found in column "', sens_col,
", Skipping this analysis.\n"))

next

combined forest data list <- list()

for (subgroup in subgroups to_iterate) {
subgroup data <- analysis_base data %>%

filter(.data[[sens_col]] == subgroup)

direct_data from subgroup <- perform nma analysis(subgroup data,

'

pasteO("Sensitivity Analysis ", sens_col, active folder suffix), subgroup,
p_soc_lump
= active_soc_lump,
p_ref group

= active_ref group,
p_desired order = desired order,
p_analysis_mode = analysis_mode)
if (lis.null(direct _data from subgroup) &&

nrow(direct data from subgroup) > 0) {

direct data from subgroup$subgroup name <- subgroup
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combined forest data list[[subgroup]] <- direct data from subgroup

if (length(combined forest data list) > 0) {

final combined data <- bind rows(combined forest data_list)

if (sens_col %in% names(subgroup order list)) {
final combined data$subgroup name <-
factor(final combined data§subgroup name, levels =

subgroup order list[[sens_col]])

}

m.combined <- metabin(event.e = event.e, n.e = n.e,

event.c = event.c, n.c = n.c,
studlab = studlab,
data = final combined data,
sm = "OR", method = "MH",
subgroup =

final combined data$subgroup name,
print.subgroup.name = FALSE,
common = FALSE, random = TRUE)

plot_height combined <- 1200 + (nrow(final combined data) * 110) +
(Iength(unique(final _combined data$subgroup name)) * 160)

combined plot name <- file.path(paste0("Sensitivity Analysis ", sens_col,
active folder suffix), pasteO(tolower(analysis outcome value), " ", sens_col,
" COMBINED forest plot.png"))
png(combined plot name, width = 4000, height = plot_height combined,
res = 300)
forest(m.combined, smlab = "Odds Ratio",
leftcols = ¢("studlab", "Treat", "Control", "TE.info", "TC.info"),
leftlabs = ¢("Study", "Treatment", "Control", "Treatment n/N",
"Control n/N"),
rightcols = c("effect.ci", "pval"),
rightlabs = c("OR (95% CI)", "p-value"),
hetstat = TRUE, print.tau2 = TRUE, print.Q = TRUE, print.[2 =
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TRUE,
print.byvar = FALSE,
text.random.w = "Random effects model (Subgroup)",
col.square = "navy", col.diamond = "maroon",

cex = 1.1, just.studlab = "left", just.addcols = "center")

dev.off()
cat(pasteO(" - Combined forest plot saved to "', combined plot name,
"\n"))
} else {
cat(" - WARNING: Insufficient data to generate a combined forest
plot.\n")
}
}
}

cat("\n\n--- All analysis flows have completed ---\n")
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Appendix H2. R script for analysis of subgroups via frequentist network meta-

analysis.

R version 5.4.1 executed within the RStudio environment.

Bold italics are fill-in-the-blank items.

library(dplyr)
library(tidyr)
library(meta)
library(netmeta)
library(purrr)
library(stringr)
library(ggplot2)
library(igraph)

# --- 1. Analysis Parameters ---
file path <- "dataset.csv"

analysis_outcome value <- "subgroup label" #for file naming

studlab_col <- "StudyLabel"
treatl col <- "treatl"
treat2 col <- "treat2"
or_col <-"OR"
ci_lower col<-"CI lower"
ci_upper_col<-"CI_upper"

subgroup col<- "subgroup"

analysis_mode <- "SPLIT SOC" # Can be changed to "LUMPED_ SOC"

nma_reference group <- "SoC"
soc_treatments_to lump <- c("MMF", "CYC", "MMF/CYC")

soc_treatments_to split <- c("MMF", "CYC")

split_soc_reference group <- "MMF"
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tac_lump name <- "TAC"
tac_treatments_to lump <- c("TAC+tMMF", "TAC+AZA", "TAC")

desired order <- ¢(
"BEL", "BEL+MMF", "BEL+CYC", "BEL+MMF/CYC",
"RTX", "RTX+MMF",
"OBI", "OBI+MMF",
"ANI BR", "ANI_BR+MMF",
"ANI IR", "ANI_IR+MMF",
"VCS _LD","VCS_LD+MMF",
"VCS_HD", "VCS_HD+MMF",
"TAC", "TAC+MMF", "TAC+AZA",
"MME", "CYC", "AZA", "SoC"

)
subgroup order list <- c("subgroup") #subgroup label

# --- 2. Core Analysis Function ---
perform nma_ analysis summary <- function(data to analyze, subgroup name,

p_ref group, p_analysis_mode) {

safe_subgroup name <- str_replace all(subgroup name, "[*a-zA-Z0-9 ]"," ")
output_dir <- paste0("Subgroup Analysis '
if else(p_analysis mode =="LUMPED SOC"," Lumped SoC"," Split SoC"))

dir.create(output_dir, showWarnings = FALSE)

', analysis_outcome value,

file prefix <- file.path(output_dir, pasteO(tolower(analysis_outcome value), " ",

safe_subgroup name))

cat(paste("\n >>>>> Analyzing subgroup:", subgroup name, "<<<<<\n"))

analysis_data <- data_to analyze %>%
mutate(
TE =log(.data[[or_col]]),
seTE = (log(.data[[ci_upper col]]) - log(.data[[ci_lower col]]))/ (2 *
gqnorm(0.975))
) %>%
filter(is.finite(TE) & is.finite(seTE))

if(nrow(analysis_data) == 0) {
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cat(" - WARNING: No valid data in subgroup "', subgroup name, "'
after calculating TE/seTE. Skipping analysis.\n")
return(NULL)

forest plot data <- analysis_data %>%
mutate(
Control = .data[[treat2 col]],
Treat = .data[[treat] col]]

if (p_analysis_mode == "LUMPED_SOC") {
forest_plot data <- forest plot data %>%
mutate(Treat = str_extract(Treat, ""["+]+"))

if (nrow(forest plot data) > 0) {
treatments_in_data <- unique(forest_plot data$Treat)
current_order list <- if(p_analysis_mode == "LUMPED_SOC")

unique(str_extract(desired order, "*[*+]+")) else desired order

ordered levels present <- current_order list[current order list %in%
treatments in_data]

other levels <- treatments in_data[!treatments_in_data %in%
ordered levels present]

final levels <- unique(c(ordered levels present, other levels))

forest plot data$Treat factor <- factor(forest plot data$Treat, levels =
final levels)

forest plot data final <- forest plot data %>%
arrange(Treat factor, .data[[studlab_col]])

if(nrow(forest plot data final) > 0){
m.direct <- metagen(TE = TE, seTE = seTE,
studlab = forest plot data final[[studlab col]],
data = forest_plot data final,
sm="OR",
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subgroup = Treat_factor,
print.subgroup.name = FALSE,
common = FALSE, random = TRUE)

plot_height <- 1200 + (nrow(forest plot data final) * 110) +
(length(unique(forest_plot data final$Treat factor)) * 160)

png(pasteO(file prefix, " total forest plot.png"), width = 4000, height =
plot_height, res = 300)
forest(m.direct, smlab = "Odds Ratio",
leftcols = ¢("studlab", "Treat", "Control"),
leftlabs = ¢("Study", "Treatment", "Control"),
rightcols = c("effect.ci", "pval"),
rightlabs = c("OR (95% CI)", "p-value"),
hetstat = TRUE, text.random = "Random effects model (Overall)",
text.random.w = "Random effects model (Subgroup)",

_n

col.square = "navy", col.diamond = "maroon", cex = 1.1,

just.studlab = "left", just.addcols = "center")

dev.off()
cat(" - Overall forest plot saved.\n")
}
} else {
cat(" - WARNING: No data to generate overall forest plot for this
subgroup.\n")

}

nma ready data <- analysis_data %>%
filter(
lis.na(.data[[treat] col]]) & .data[[treat] col]] !="",
lis.na(.data[[treat2 col]]) & .data[[treat2 col]] !=""

)
if(nrow(nma_ready data) ==0) {
cat(" - WARNING: No valid data for NMA after preparation. Skipping
analysis.\n")
return(NULL)
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if (p_analysis_mode == "LUMPED SOC") {
nma_ready data <- nma_ready data %>%
mutate(
'sym(treat]l col) :=str_extract(.data[[treat]l col]], "["+]+"),
'sym(treat2 col) :=str_extract(.data[[treat2 _col]], "["+]+")
) %0>%
filter(.data[[treat] col]] != .data[[treat2 col]])

if (length(unique(c(nma_ready data[[treat] col]],
nma_ready data[[treat2 col]]))) <3) {
cat(" - WARNING: Subgroup "', subgroup name, "' has fewer than 3
treatment nodes. NMA cannot be performed.\n")

return(analysis_data)

}

nma_input_df <- data.frame(
TE =nma_ready data$TE,
seTE =nma_ready data$seTE,

treatl =nma ready data[[treat]l col]],
treat2 =nma ready data[[treat2 col]],
studlab = paste(nma_ready data[[studlab_col]], I:nrow(nma_ready data))

nma_result <- tryCatch({

netmeta(
TE = nma_input df$TE,
seTE =nma_input_df$seTE,
treat]l = nma_input_df$treatl,
treat2 = nma_input_df$treat2,
studlab = nma_input_df$studlab,
sm="OR",
reference.group = p_ref group,
common = TRUE,
random = TRUE

)

}, error = function(e) {

cat(paste(" - NMA Error:", eSmessage, "\n"))
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return(NULL)
1)

if (lis.null(nma_result)) {
p_scores <- netrank(nma_result, small.values = "bad")

n

summary_file name <- pasteO(file prefix, " nma summary.txt")
sink(summary_file name)

cat(pasteO("--- NMA Detailed Report: ", analysis_outcome value, " ---\n\n"))
print(summary(nma_result))

cat("\n\n--- P-scores (Treatment Ranking) ---\n")

print(p_scores)

sink()

cat(" - Detailed text report saved.\n")

"

png(pasteO(file_prefix, " nma_ network plot.png"), width = 1500, height =
1200, res = 200)
try(netgraph(nma_result, layout = layout as_star, col = "lightgray", lwd = 3,
thickness = "number.of .studies", number.of.studies = TRUE,
points = TRUE,
col.points = "orange", cex.points = 4, plastic = FALSE, labels
=nma_result$trts, cex = 1.1,
main = pasteQ(subgroup name, " Network Plot"), cex.main =
L.5),
silent = TRUE)
dev.off()

cat(" - NMA network plot saved.\n")

png(pasteO(file prefix, " nma forest plot.png"), width = 1800, height = 1500,
res = 250)
forest(nma_result, reference.group = p_ref group, sortvar =
p_scores$Pscore.random,
smlab = pasteO(subgroup name, " (vs. ", p_ref group, ")"))
dev.off()
cat(" - NMA forest plot saved.\n")

plot_data <- data.frame(Treatment = names(p_scores$Pscore.random), Pscore

= p_scores$Pscore.random)
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pscore_plot <- ggplot(plot data, aes(x = reorder(Treatment, Pscore), y =
Pscore, fill = Pscore)) +
geom_col(width = 0.7) +
geom_text(aes(label = round(Pscore, 3)), hjust =-0.2, size =3.5) +
coord_flip(clip = "off") +
scale fill gradient(low = "#BOC4DE", high = "#BOEOE6") +
scale y continuous(limits = ¢(0, 1), breaks = seq(0, 1, 0.2), expand = ¢(0,
0)) +
labs(title = pasteO(""P-score Ranking for ", subgroup name),
x =NULL, y = "P-score") +
theme classic() +
theme(plot.title = element text(hjust = 0.5, size = 16, face = "bold", margin
= margin(b = 20)),
plot.margin = margin(10, 30, 10, 10), axis.title.x = element_text(size
- 12),
axis.text.x = element_text(size = 10), axis.text.y = element_text(size
- 11),
axis.title.y = element_blank(), axis.line.y = element_blank(),
axis.ticks.y = element_blank(),
axis.ticks.x = element_line(color = "black"), axis.ticks.length.x =
unit(0.2, "ecm"),
legend.position = "none")
ggsave(pasteO(file prefix, " nma pscore plot.png"), plot = pscore plot, width
= 8, height = 6, dpi = 600, bg = "white")

cat(" - P-score ranking plot saved.\n")
} else {
cat(" - WARNING: NMA failed or could not be performed.\n")

return(analysis_data)

# --- 3. Main Execution Flow ---
full data <- read.csv(file path, stringsAsFactors = FALSE, check.names = FALSE)

full data <- full data %>%

mutate(
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'sym(treat]l col) := trimws(.data[[treat] col]]),
'sym(treat2 col) := trimws(.data[[treat2 col]])

required cols <- c(studlab_col, treatl col, treat2 col, or_col, ci_lower col,
ci_upper_col, subgroup col)

missing_cols <- required_cols[!required cols %in% names(full data)]

if (length(missing_cols) > 0) {
stop(pasteO("ERROR: The following required columns are missing from your
CSV file: ",
paste(missing_cols, collapse =", "),
"\nPlease check if your column names match the parameter
settings (case-sensitive)."))

}

if (analysis_mode == "LUMPED_ SOC") {
cat("- Current analysis mode: Lumped SoC\n")
active_soc lump  <-soc_treatments to lump

active ref group <-nma reference group

processed data <- full data %>%
mutate(
treatl = if else(.data[[treat]l col]] %in% active soc lump,
active ref group, .data[[treat]l col]]),
treat2 = if else(.data[[treat2 col]] %in% active soc lump,
active ref group, .data[[treat2 col]])
) %>%
mutate(
treatl = if else(treatl %in% tac treatments to lump, tac lump name,
treatl),
treat2 = if else(treat2 %in% tac treatments to lump, tac lump name,
treat2)
) %>%
filter(treatl != treat2)

} else if (analysis_ mode == "SPLIT SOC") {
cat("- Current analysis mode: Split SoC\n")
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active_ref group <- split soc reference group

processed data <- full data

} else {

stop("ERROR: Invalid 'analysis_mode'. Please set to LUMPED_ SOC' or
'SPLIT _SOC'.")
}

subgroups_to _iterate <- unique(na.omit(processed_data[[subgroup col]]))

if(length(subgroup order list) > 0) {
subgroups_to_iterate <- subgroup order list[subgroup order list %in%
subgroups_to_iterate]

}

if (length(subgroups_to _iterate) == 0) {
stop(pasteO("ERROR: No data subgroups found in column "', subgroup col, "'.
Please check your CSV file or settings."))

}

combined forest data list <- list()

for (subgroup in subgroups to_iterate) {
subgroup data <- processed data %>%

filter(.data[[subgroup col]] == subgroup)

direct _data from subgroup <- perform nma analysis summary(subgroup data,

subgroup,
p_ref group = active ref group,
p_analysis_mode = analysis_mode)
if (lis.null(direct _data from subgroup) && nrow(direct data from_ subgroup) >

0) {

direct data from subgroup$subgroup name <- subgroup

combined forest data list[[subgroup]] <- direct data from subgroup
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cat(pasteO("\n--- Generating combined forest plot for ", analysis_outcome value, "

~-n")

if (length(combined forest data list) > 0) {
final combined data <- bind rows(combined forest data_list)

final combined data <- final combined data %>%
mutate(
Control = .data[[treat2 col]],
Treat = .data[[treat]l col]]

if(analysis_ mode == "LUMPED_ SOC") {
final combined data <- final combined data %>%
mutate(Treat = str_extract(Treat, ""["+]+"))

if(length(subgroup order list) > 0) {

final combined data$subgroup name <-

factor(final combined data$subgroup name, levels = subgroup order list)

}

m.combined <- metagen(TE = TE, seTE = seTE,

studlab = final combined data[[studlab col]],

data = final combined data,
sm="OR",

subgroup = subgroup name,
print.subgroup.name = FALSE,

common = FALSE, random = TRUE)

plot_height combined <- 1200 + (nrow(final combined data) * 110) +

(length(unique(final combined data$subgroup name)) * 160)

output_dir <- paste0("Subgroup Analysis ", analysis _outcome_ value,
if else(analysis_ mode == "LUMPED SOC"," Lumped SoC"," Split SoC"))

combined plot name <- file.path(output_dir,

'
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pasteO(tolower(analysis_outcome value), " COMBINED forest plot.png"))

png(combined plot name, width = 4000, height = plot_height combined, res =
300)
forest(m.combined, smlab = "Odds Ratio",
leftcols = ¢("studlab", "Treat", "Control"),
leftlabs = ¢("Study", "Treatment", "Control"),
rightcols = c("effect.ci", "pval"),
rightlabs = c("OR (95% CI)", "p-value"),
hetstat = TRUE, print.tau2 = TRUE, print.Q = TRUE, print.I2 = TRUE,
print.byvar = FALSE,
text.random.w = "Random effects model (Subgroup)",

_n

col.square = "navy", col.diamond = "maroon",

cex = 1.1, just.studlab = "left", just.addcols = "center")

dev.off()

cat(pasteO(" - Combined forest plot saved to "', combined plot name,
"n"))
} else {

cat(" - WARNING: Insufficient data to generate a combined forest plot.\n")

cat("\n\n--- All analysis flows have completed ---\n")
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Appendix H3. R Script for Estimating Baseline Clinical Response Rate via Meta-

Analysis

R version 5.4.1 executed within the RStudio environment.

Bold italics are fill-in-the-blank items.

library(meta)

tac_data <- data.frame(
study = c(""Multitarget 2015", "Ye F 2022""),
responders = c(83, 16),
total = c(181, 27)

m_tac <- metaprop(
event = responders,
n = total,
studlab = study,
data = tac_data,
sm="PFT",
hakn = TRUE,
prediction = FALSE,
title = "Meta-analysis of Tacrolimus+tMMF Response Rate"

txt filename <- "TAC_MMF _ CRR Analysis Details.txt"
sink(txt_filename)

print(m_tac)

sink()

png_filename <- "TAC_MMF CRR Forest Plot.png"
png(png_filename, width = 2000, height = 1100, res = 200)
forest(m_ tac,

col.square = "navy",

col.diamond = "maroon",
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xlab ="CRR",

rightcols = c("effect", "ci"),
rightlabs = c("OR", "95% CI"),
fs.hetstat = &,

print.byvar = FALSE,

just = "center"

)
dev.off()
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A Prospective, Multicenter, Randomized, Three-Arm,
Parallel-Group, Open-label, Active-controlled Clinical
Trial Evaluating the Efficacy and Safety of Voclosporin,
Belimumab, and Tacrolimus in Patients with Lupus

Nephritis: An Exploratory Study.

Clinical Trial Protocol
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0. Synopsis

Title: A Prospective, Multicenter, Randomized, Three-Arm, Parallel-Group, Open-label,
Active-controlled Clinical Trial Evaluating the Efficacy and Safety of Voclosporin,
Belimumab, and Tacrolimus in Patients with Lupus Nephritis: An Exploratory Study.

1. Scientific Background and Rationale

Lupus nephritis (LN), a severe complication of Systemic Lupus Erythematosus (SLE),
often progresses to ESKD. Despite evolving treatments, a lack of direct head-to-head
RCTs for LN exists. This study, grounded in a Network Meta-analysis (NMA)
highlighting Voclosporin's efficacy, aims to compare the preliminary efficacy and safety
of Belimumab, Voclosporin, and Tacrolimus.

2. Study Objectives

This prospective, exploratory clinical trial aims to evaluate the preliminary efficacy and
safety profiles of Voclosporin, Belimumab, and Tacrolimus in LN patients receiving
combination treatments with standard of care (MMF + corticosteroids + HCQ). It will
also compare groups on corticosteroid reduction and discontinuation, conduct a five-year
long-term follow-up, and exploratorily assess sustained remission after main study drug
discontinuation, subject to participant consent. This data will provide key parameters for
future definitive Phase III trials.

3. Study Design
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This is a 260-week (5-year) multicenter, randomized, three-arm, parallel-group, open-

label, active-controlled clinical trial. Patients are 1:1:1 randomized to Voclosporin,

Belimumab, or Tacrolimus groups, all treatments combined with MMF, corticosteroids,

and HCQ.

e Phases:

Initial Treatment and Early Maintenance (Weeks 0-156).

Late Maintenance and Discontinuation Observation (Weeks 157-260).

e Discontinuation Phase:

At Week 156, if participants meet remission criteria, their willingness to

discontinue study drugs is ascertained. Consenting participants may undergo

gradual discontinuation as an exploratory objective; otherwise, they will continue

their original treatment. All participants are continuously followed up until the

end of Year 5.

e Visit Schedule: Includes initial intensive monitoring (Weeks 0-52), long-term

continuous monitoring (Weeks 52-156), and adjusted frequencies for the Late

Maintenance and Observation Phase (Weeks 156-260) based on discontinuation

choice.

4. Key Endpoints:

o Primary Efficacy: Complete Renal Response (CRR) at Week 52.
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e Secondary: CRR/Partial Renal Response (PRR) at various time points, No Renal

Response (NRR), Corticosteroid Tapering Outcomes, Time-to-Event (e.g., Renal

Relapse), Composite Renal Endpoints, and Serological Marker changes.

o Safety: Incidence of Adverse Events (AEs), Serious Adverse Events (SAEs), and

other safety parameters.

o Exploratory: Includes Discontinuation-Related Outcomes (relapse, rescue

therapy, off-medication rates for consenting discontinuers), Long-Term Follow-

up for Non-Discontinuing Participants (descriptive observation), Systemic

Disease Activity Control, Quality of Life, Cost Analysis, Biomarker Analysis,

Pharmacogenomics, and Subgroup Analysis.

5. Treatment Plan

All patients receive standard of care (MMF + corticosteroids + HCQ).

Study drugs Voclosporin (oral), Belimumab (IV), or Tacrolimus (oral) are given.

Corticosteroid tapering follows a predefined schedule. Tacrolimus doses are adjusted

based on Therapeutic Drug Monitoring (TDM). From Week 157, eligible, consenting

participants may exploratorily discontinue main study drugs.

6. Safety Monitoring

AEs/SAEs are graded by CTCAE and recorded using MedDRA. Close monitoring

includes infections and organ abnormalities. Study drug, MMF, and corticosteroid doses

116 doi:10.6342/NTU202503953



can be adjusted based on safety or efficacy needs. Rescue therapy is allowed but recorded

as treatment failure.

7. Statistical Considerations

A total sample size of 717 subjects, 239 per arm, is estimated to achieve a 95% confidence

interval width of < 20% for the CRR difference between Voclosporn and Tacrolimus

groups in the NMA of this thesis. Analysis populations include ITT, Safety Analysis Set,

and distinct subgroups for the Late Observation Phase. To ensure participant safety and

study progress, an independent Data Monitoring Committee (DMC) will conduct an

interim analysis at Week 36. This data aims to provide key parameters for larger,

definitive Phase III trials.

8. Ethical Considerations

The study adheres to ICH-GCP. Informed consent, participant rights, and data

confidentiality (coded data) are paramount. IRB/EC provides continuous oversight.

Specific informed consent is sought for genotyping analysis at screening and for entering

the exploratory main study drug discontinuation procedure at Week 156.
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1. Scientific Background

1.1 Systemic Lupus Erythematosus (SLE) and Lupus Nephritis (LLN)

Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease, with a
global prevalence ranging from 30 to 150 per 100,000 people primarily affecting women
of reproductive age. Approximately 30% to 50% of SLE patients develop LN due to
immune complex deposition, leading to persistent inflammation and glomerular
injury(Fanouriakis et al., 2024; Parikh et al., 2020). LN is one of the most serious
complications of SLE; without timely and effective treatment, 10% to 30% of LN patients
may progress to end-stage kidney disease (ESKD)(Faurschou et al., 2006), impacting

prognosis and quality of life.

1.2 LN diagnosis and classification

LN diagnosis relies on renal biopsy (classified according to ISN/RPS standards)
combined with a comprehensive evaluation of clinical features and laboratory findings
(e.g., proteinuria, renal function, serological markers)(Markowitz & D’ Agati, 2007). The
ISN/RPS 2003 classification categorizes LN into six classes; Class III, IV, V, and mixed
types (III+V, IV+V) are the primary immune therapeutic subtypes. Treatment aims to
achieve complete renal response (CRR) as early as possible, minimize disease relapse and
treatment-related adverse effects, protect renal function, and prevent long-term

complications(Fanouriakis et al., 2024; Rovin et al., 2024).
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1.3 LN treatments

LN treatment has evolved from traditional broad-spectrum immunosuppressants, such as

corticosteroids combined with MMF or CYC, to many emerging therapies in recent years,

including:

e Calcineurin inhibitors (CNIs): Tacrolimus is a standard therapy for LN in Asian

countries. Voclosporin, as a new-generation CNI, significantly improved renal

response rates in the AURORA-1 trial and was approved by the FDA (Drugs@FDA,

2021; Rovin et al., 2021, p. 1).

e B-cell targeted therapies: Belimumab is the first biologic approved by both the FDA

and TFDA for SLE and LN, and it improved renal response in the BLISS-LN

trial(Drugs@FDA, 2020; R. Furie et al., 2020). Rituximab and Obinutuzumab are also

B-cell targeted therapies commonly used for LN.

e Type I interferon pathway inhibitors: Anifrolumab showed efficacy in the TULIP-

LN trial, and its LN indication is still under investigation(Jayne et al., 2022).

1.4 Network Meta-analysis (NMA) and the Necessity of This Trial

This study conducted a NMA to compare the relative efficacy and safety of six emerging

therapies, including Voclosporin, Belimumab, and Tacrolimus, with MMF.

NMA primary results

Low-dose Voclosporin (Voclosporin 23.7mg) was significantly superior to MMF in
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achieving CRR (OR 2.26; 95%CI: 1.54-3.32), with the highest ranking of P-score.

Belimumab (BEL), as the first FDA-approved biologic for LN, also reached statistical

significance (OR:1.89; 95%CI: 1.17-3.03). Tacrolimus in multitarget therapy with MMF

did not reach statistical significance (OR:1.70; 95%CI: 0.91-3.16), but its OR was greater

than 1, indicating a positive trend. Low-dose Voclosporin showed a relatively higher risk

trend in safety (though not statistically significant), with data limited to less than one year.

Based on these NMA findings, and considering the efficacy of Voclosporin, the oral

convenience of CNIs, their effectiveness in Asian populations(Chi Chiu Mok et al., 2025;

Rovin et al., 2024), the cost advantage of Tacrolimus, and the important clinical standing

and favorable safety profile of Belimumab, this trial aims to explore the relative efficacy

and safety among Voclosporin, Belimumab, and Tacrolimus.

Given the lack of head-to-head comparative evidence for Voclosporin, Belimumab, and

Tacrolimus in lupus nephritis, this prospective, three-arm exploratory trial will evaluate

their relative effectiveness, safety, and corticosteroid-sparing effects. The trial also

includes a 5-year long-term follow-up and an exploratory assessment of sustained

remission after drug discontinuation, subject to consent. The results are expected to

provide the reference of clinical practice, public health policy, and the design of future

definitive trials.
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2. Study Design

2.1 Trial Type:

e Prospective Clinical Trial.
e Multi-center, Randomized, Three-Arm, Parallel-Group, Open-label, Active-

controlled Design.

2.2 Study Objective:

This prospective, exploratory clinical trial aims to evaluate the preliminary efficacy and
safety profiles of Voclosporin, Belimumab, or Tacrolimus receiving combination
treatments with standard of care (MMF + corticosteroids + HCQ) in LN patients. The
study will also compare groups on corticosteroid reduction and discontinuation, conduct
a five-year long-term follow-up, and exploratorily assess sustained remission after main
study drug discontinuation, subject to participant consent. This data will provide key

parameters for future definitive Phase III trials.

2.3 Assignment and Randomization:

e Three-arm parallel-group, patients will be randomly assigned 1:1:1 to:
o Belimumab Group (Group A): Belimumab + MMF + corticosteroids + HCQ
o Voclosporin Group (Group B): Voclosporin + MMF + corticosteroids + HCQ

o Tacrolimus Group (Group C): Tacrolimus + MMF + corticosteroids + HCQ

121 doi:10.6342/NTU202503953



o Randomization Method: Eligible subjects will be randomly assigned at the Baseline
(Day 0) visit via a central randomization system (e.g., Interactive Web Response
System [IWRS]). The randomization sequence will be generated by a statistician
independent of the study team. Each study site will recruit patients according to a
predefined stratified randomization scheme to ensure balance within stratification
factors. The randomization results will be kept strictly confidential to maintain the
integrity of the study design.

o Stratified Randomization:

o Lupus nephritis biopsy class: (1) IIL, IV, [II+V, IV+V; (2) V
o Baseline proteinuria level: (1) UPCR <3.5 mg/mg; (2) UPCR >3.5 mg/mg
o Baseline renal function: (1) eGFR >60 mL/min/1.73m2; (2) eGFR < 60

mL/min/1.73m2

2.4 Study Duration and Monitoring:

o Total study duration: 260 weeks (5 years).
e Study Phases:
o Initial Treatment and Early Maintenance Phase (Weeks 0-156, Years 1-3):
Patients will receive their randomly assigned main study drug, MMF,
corticosteroids, and HCQ.

o Late Maintenance and Discontinuation Observation Phase (Weeks 157-
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260, Years 4-5): This is a non-randomized extension follow-up phase. At the

end of Year 3 (Week 156), their willingness to discontinue main study drugs

will be ascertained.

= If consenting to discontinuation, Participants will undergo a gradual

discontinuation procedure for the main study drugs. They will continue

MMF, HCQ, and corticosteroids (as per Week 156 status, targeting the

lowest possible dose or discontinuation) as background therapy, with

continuous observation until the end of the 5-year study. This

discontinuation observation serves as an exploratory objective.

= If not consenting to discontinuation, Participants will continue their

original main study drug treatment under the same background therapy,

with continuous follow-up until the end of the 5-year study.

Primary efficacy endpoint: Complete renal response (CRR) at Week 52 (1 year).

Interim analysis will be conducted at Week 36 (approximately Month 9) to monitor

efficacy and safety and determine early continuation or termination by an independent

Data Monitoring Committee (DMC).
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3. Endpoints

3.1 Primary Efficacy Endpoint

Complete renal response (CRR) at week 52.
e CRR is defined as meeting all of the following criteria simultaneously:
o UPCR <0.5 mg/mg.
o eGFR > 60 mL/min/1.73m? or no more than a 20% decline from baseline.
o Urinary sediment: Normal urinalysis (i.e., no active urinary sediment).
o Rescue therapy: No use of rescue medication.

o Oral corticosteroid dose: Oral prednisone dose reduced to < 7.5 mg/day.

3.2 Secondary Endpoints

CRR at specific time points: Week 24, Week 104, Week 156, Week 208, Week 260.

o Partial Renal Response (PRR) at specific time points: Week 24, Week 52, Week 78,
Week 104, Week 130, Week 156, Week 208, Week 260.
o PRR s defined as meeting all of the following criteria simultaneously:

*  UPCR reduced by > 50% from baseline. Additionally, upon achieving
a 50% reduction, PRR should also meet either of the following
conditions to reflect a clinically significant improvement: if baseline
UPCR < 3.0 mg/mg, then UPCR < 1.0 mg/mg; or if baseline UPCR

> 3.0 mg/mg, then UPCR < 3.0 mg/mg.
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. eGFR > 60 mL/min/1.73m? or no more than a 20% decline from

baseline.

= Rescue therapy: No use of rescue medication.

= Oral corticosteroid dose: Oral prednisone dose reduced to < 7.5

mg/day.

No Renal Response (NRR)

Failure to achieve partial or complete response within 6 months of treatment initiation.

Corticosteroid Tapering Outcomes

Proportion of patients achieving target dose: Assessed at Week 24, 52, 78, 104, 130,

156, 208, 260.

o Proportion of subjects with oral prednisone dose < 7.5 mg/day.

o Proportion of subjects with oral prednisone dose < 5 mg/day.

o Proportion of subjects with oral prednisone dose < 2.5 mg/day.

o Cumulative oral prednisone dose: Assessed at Week 104, 156, 260.

o Complete corticosteroid discontinuation:

o Mean time and number of subjects reaching an oral prednisone dose = 0

mg/day (defined as 0 mg/day oral prednisone for 28 consecutive days).

o Number and frequency of subjects who re-used oral prednisone due to disease

relapse after previously achieving a dose = 0 mg/day.

125 doi:10.6342/NTU202503953



e Time-to-Event Endpoints:

Monitored until the end of the study at Week 260.

o Time to CRR

o Time to Renal Relapse

# Renal relapse is defined as a clinical judgment of any of the following, after

excluding infection, dehydration, poorly controlled blood pressure, or other

non-lupus nephritis-related factors:

*  Worsening proteinuria: UPCR increase > 50% and reaching > 1.0

mg/mg (or > 100 mg/mmol).

*  Worsening renal function (either of the following):

=  eGFR decline > 20% from baseline or lowest point of remission.

=  Serum Creatinine doubling from the lowest point of remission or

baseline, confirmed by a second measurement at least 3 weeks later.

»=  Recurrence/Worsening of active urinary sediment: Red blood cells

(RBC) > 5 per high power field (hpf) or white blood cells (WBC) >

5 per hpf (excluding infection), or presence of cellular casts (RBC or

WBC casts).

o Composite Renal Endpoint

o Renal-related death
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o Progression to ESRD/dialysis/transplantation
o Sustained renal function deterioration: Defined as eGFR decline > 30% from
baseline, sustained for at least 3 months.
e Changes in Serological Markers
Changes from baseline in proteinuria, serum albumin, serum creatinine, estimated

glomerular filtration rate (eGFR), C3 and C4, and anti-dsDNA.

3.3 Safety Endpoints

All AEs will be graded for severity according to the latest version of CTCAE (Common
Terminology Criteria for Adverse Events). Terminology from the MedDRA (Medical

Dictionary for Regulatory Activities) database will be used for recording.

Incidence of Adverse Events (AEs).

e Incidence of Serious Adverse Events (SAEs)

e Incidence of Treatment-related AEs/SAEs.

e Incidence of Infection-related AEs/SAEs.

e Withdrawal rate due to AEs/SAEs.

o Incidence of Adverse Events of Special Interest (AESIs) and clinically significant

laboratory abnormalities.
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3.4 Exploratory Endpoints

o Discontinuation-Related Outcomes at Week 156 (Year 3) (Exploratory):
This section evaluates outcomes for participants who meet discontinuation criteria at
Week 156 and consent to enter the planned discontinuation procedure.
o Number of patients meeting discontinuation criteria at Year 3 (Week 156).
o Relapse rate from Week 156 to Week 260 among those meeting
discontinuation criteria at Year 3.
o Rate of receiving rescue therapy from Week 156 to Week 260 among those
meeting discontinuation criteria at Year 3.
o Proportion of subjects remaining off medication at Week 208 and Week 260
among those meeting discontinuation criteria at Year 3.

e Long-Term Follow-up Observation for Non-Discontinuing Participants
(Exploratory): This section will descriptively present long-term observation results
(from Week 156 to Week 260) for participants who met remission criteria at Year 3
(Week 156) but did not consent to discontinue main study drugs and continued
their original treatment. This includes disease activity, relapse, rescue therapy use,
safety profile, and quality of life, providing exploratory information for sustained
treatment scenarios.

e Systemic Disease Activity Control: Assessed using SELENA-SLEDAI-2K.
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Quality of Life (QoL): Using LupusQoL (Lupus Quality of Life).

Cost Analysis (evaluating total treatment costs): Evaluation of total treatment costs

and healthcare resource utilization during the trial period.

Biomarker Analysis: Exploring predictors of treatment response or prognosis,

including immunogenicity assessment.

Pharmacogenomics/Genotyping Analysis

o Exploring genetic markers associated with treatment response or adverse

events.

o Additional Informed Consent: Genotyping analysis will be performed after

obtaining separate written informed consent from the subject. Gene-related

markers will be referenced using databases such as PharmaGKB.

Subgroup Analysis

If sufficient study data are available, the subgroup-related analyses will be conducted

based on LN Class (ISN/RPS Class III, 1V, V, etc.), ethnicity, baseline renal function

status (eGFR, proteinuria level), biomarkers, and genotyping, to explore treatment

efficacy, toxicity profiles, and safety performance in different patient subgroups.
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4. Selection of Patients

4.1 Inclusion criteria

Subjects enrolled in the study must meet the following inclusion criteria:

e Age 18-75 years, meeting the 1997 ACR SLE classification criteria.

e Biopsy-proven active lupus nephritis, classified as ISN/RPS Class III, IV, III+V,

IV+V, or V.

o Renal Biopsy Requirement

1. Renal biopsy within the past 12 months

2. If unavailable or clinical status has changed, a repeat biopsy is

required.

3. Biopsy must show active lesions (e.g., cellular proliferation, necrosis,

crescents, vasculitis).

o Evidence of active renal disease:

o UPCR > 1.0 mg/mg or 24h proteinuria > 1g, with hematuria, pyuria, or cellular

casts.

o Ifno active urinary sediment: either biopsy within 3 months confirming active

LN or UPCR > 3.5 mg/mg.

e Positive ANA > 1:80 or anti-dsDNA > 30 IU/mL at screening.

e Must have initiated high-dose corticosteroids (HDCS) with MMF as standard-of-care
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therapy. Initiation must occur within 60 days before or on Day 0.
e Renal function preserved: eGFR > 30 mL/min/1.73m? at screening.
e Females must not be pregnant or nursing. Those with childbearing potential must

avoid pregnancy and use effective contraception throughout the study.

4.2 Exclusion criteria

Subjects will be excluded from participating in the study if they meet any of the following

exclusion criteria:

e Severe Renal Impairment:
o eGFR <30 ml/min/1.73 m? at screening or history of dialysis.
e Severe Unstable Conditions:
o Severe active CNS lupus requiring therapeutic intervention within 60 days of
baseline (Day 0)
o Significantly unstable or uncontrolled non-SLE diseases (e.g., severe
cardiovascular, hepatic impairment with ALT/AST > Grade 2)
o History of malignant neoplasm within the last 5 years (except adequately
treated basal or squamous cell skin cancers or carcinoma in situ of the uterine
Cervix)
e Active or Recent Infections:

o Severe or uncontrolled active infections (e.g., tuberculosis, Hepatitis B/C,
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HIV).

o Hospitalization for treatment of infection within 60 days of baseline (Day 0)

or parenteral antibiotic treatment within 60 days of baseline (Day 0).

e Prior Treatment Failure / Recent Inmunosuppressant/Biologic Exposure:

o Subjects who have previously failed MMF induction therapy based on

investigator's opinion.

o Received induction therapy within 6 months prior to the screening visit.

o Received CYC induction therapy within 3 months prior to planned initiation

of current induction.

o Received the following, without meeting specified washout periods:

=  Within 364 days of baseline (Day 0):

Belimumab, other B-cell targeted therapies, biologic investigation

agents, IL-6 targeted therapy, or other potent

chemotherapeutic/immunosuppressive agents.

*  Within 90 days of baseline (Day 0):

Anti-TNF therapy, Interleukin-1 receptor antagonist (anakinra),

Intravenous Immunoglobulin (IVIG), or Plasmapheresis.

»  Within 60 days of baseline (Day 0):

Tacrolimus treatment (a shorter washout period consistent with its
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pharmacokinetics) or a non-biological investigational agent (other

than Tacrolimus).

o Hypersensitivity:

Known hypersensitivity or contraindication to Voclosoporin, Belimumab, Tacrolimus

or any component thereof, or history of an anaphylactic reaction to parenteral

administration of contrast agents, human or murine proteins or monoclonal antibodies.

o Tacrolimus-Related Specific Exclusions:

Uncontrolled diabetes mellitus or known concomitant medications with significant

interactions with Tacrolimus that cannot be safely discontinued.

e Pregnancy/Nursing:

Female subjects not using specified highly effective contraception methods or are

pregnant/breastfeeding.

e Other High-Risk Factors:

History of a major organ transplant, IgA deficiency (IgA level < 10 mg/dL), received

a live vaccine within 30 days of baseline (Day 0), history of drug or alcohol abuse or

dependence within 364 days prior to baseline (Day 0), or evidence of serious suicide

risk.
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5. Treatment plan

5.1 General Treatment Approach

e All patients will continue to receive standard of care (MMF + corticosteroids + HCQ)
throughout the trial.
e The experimental groups will additionally continue to receive Belimumab,

Voclosporin, or Tacrolimus.

5.2 Standard of Care - All Groups

e Mycophenolate Mofetil (MMF):
o Initial Dose: 2 g/day (1g BID).
o Long-term Maintenance: Adjusted to 1-3 g/day for long-term maintenance.
o General Dose Adjustment: MMF dose may be adjusted based on patient
clinical response and tolerability.
o Corticosteroids (Prednisone or equivalent):
o IV Methylprednisolone pulse therapy: 500mg/day for 3 days or 500-1000mg
per pulse at start.
o Subsequent Oral Prednisone: 0.6-0.8 mg/kg/day. Maximum oral dose: < 60
mg/day.
o Tapering Strategy: Oral prednisone dose will be systematically tapered to 10

mg/day by Week 12, then gradually reduced to < 7.5 mg/day or discontinued,
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if possible, based on clinical response and tolerability. Refer to Appendix 1.
Steroid Tapering Plan for the detailed tapering schedule.
e Hydroxychloroquine (HCQ):
o Hydroxychloroquine treatment is recommended for all patients, with an initial
dose of approximately 5 mg/kg/day. This dose will continue throughout the

study period unless contraindications or adverse reactions occur.

5.3 Study Drugs

e Belimumab Group (Group A): Belimumab IV 10 mg/kg. Frequency: Weeks 0, 2, 4,
then every 4 weeks thereafter, for a minimum duration of 156 weeks and a maximum
of 260 weeks.

e Voclosporin Group (Group B): Oral Voclosporin 23.7 mg, twice daily. Continued
for a minimum duration of 156 weeks and a maximum of 260 weeks.

e Tacrolimus Group (Group C): Oral Tacrolimus 4 mg/day (2 mg BID). Continued

for a minimum duration of 156 weeks and a maximum of 260 weeks.

5.4 Concomitant Medications

e Permitted: Standard supportive care (e.g., ACEI/ARBs, osteoporosis prevention).
e Prohibited: Additional immunosuppressants, other biologics (except study drugs), or

other investigational drugs.
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5.5 Planned Discontinuation Strategy and Long-term Observation for

Main Study Drugs

This will be a strategic phase starting in Year 4 (Week 157), as part of an exploratory

research objective.

e Objective: To explore, while ensuring patient safety, whether eligible patients can
gradually reduce and ultimately discontinue main study drugs, monitoring their
disease remission status. For participants unwilling to discontinue, original treatment
will continue with ongoing follow-up.

o Initiation Criteria and Participant Choice: This applies only to patients who meet
all predefined discontinuation criteria at the end of Year 3 (Week 156). Upon
meeting these criteria, the participant's informed consent will be sought to decide

whether to enter the main study drug discontinuation procedure.

o Conditions for Discontinuation Definition at Week 156:
o Sustained CRR: CRR sustained for > 12 months up to Week 156.
o Immunological Stability: Sustained normalization of C3/C4 and sustained
seroconversion or low, stable anti-dsDNA titers.
o No Significant Extra-renal Lupus Activity: SELENA SLEDAI score
(excluding renal components) maintained at low activity (e.g., < 4).

o Stability: No lupus nephritis-related relapse for > 6 months before
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discontinuation assessment.

o Good Safety and Tolerability: No adverse events leading to permanent study

drug discontinuation, and no new, serious, or uncontrolled concomitant

diseases.

o Principal Investigator (PI) Overall Judgment: PI determines safe

discontinuation of main study medication.

o Discontinuation Process:

o For those consenting to discontinuation: Main study drugs will be gradually

tapered and eventually discontinued. The discontinuation process typically

lasts several weeks to several months, depending on the drug's half-life, side

effects, and the patient's clinical response.

o Discontinuation Protocol: This tapering protocol will be individualized

by the Principal Investigator (PI) and Medical Monitor based on the

participant's actual treatment status.

* Belimumab: As it's an intravenous therapy administration, extending

the dosing interval can be considered (e.g., from every 4 weeks to

every 6 weeks, then every 8 weeks, finally discontinuation).

* Voclosporin: Gradually reduce the daily dose (e.g., from 23.7 mg BID

to 23.7 mg QD, then halve the dose, finally discontinuation).
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* Tacrolimus: Gradually reduce the daily dose, continuously

monitoring trough drug concentrations during the discontinuation

process (e.g., from 4 mg/day to 2 mg/day, then 1 mg/day, finally

discontinuation).

o Monitoring: During the discontinuation process, renal function, proteinuria,

serological markers, and disease activity will be monitored more frequently to

allow for timely intervention if signs of relapse appear.

o Relapse Management: If disease relapse occurs during discontinuation, the

main study drug dose should be immediately restored to a level sufficient to

control the condition, and the corresponding relapse treatment protocol

initiated based on relapse severity.

e Continued Treatment and Follow-up:

o For those not consenting to discontinuation: Participants who meet

discontinuation criteria at the end of Year 3 but do not consent to discontinue

main study drugs will continue their originally assigned main study drug

treatment and will be followed up until the end of the 5-year study.
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6. Toxicities to be monitored and dosing modification

6.1 General Safety Monitoring

AEs (adverse events) will be graded for severity according to the latest version of

CTCAE (Common Terminology Criteria for Adverse Events).

All adverse events will be coded and recorded using standard terminology from the

MedDRA (Medical Dictionary for Regulatory Activities) database.

SAEs (severe adverse events) will be defined according to ICH-GCP guidelines and

reported promptly.

Close monitoring will be performed for infections (especially serious and

opportunistic infections), hematological, hepatic, and renal abnormalities,

gastrointestinal reactions, cardiovascular events, malignancies, allergic/infusion-

related reactions, and neuropsychiatric events.

6.2 Study Drug Dose Adjustments and Interruptions

Belimumab:

Fixed dose; no dose adjustments are permitted. Infusion rates may be slowed or

delayed (up to 2 weeks or 1 dose) to manage AEs. Permanent discontinuation should

occur if Grade 4 AEs or severe infection with concomitant low IgG occurs.

Voclosporin:

Doses may be adjusted based on eGFR changes, following the AURORA 1 protocol
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(Table P1) (Rovin et al., 2021).

Table P1. Voclosporin Dose Adjustments Based on eGFR Changes.

From The AURORA 1 trial protocol.

Confirmed eGFR Decrease

from Baseline

Dosing Recommendation

e  Stop administration of Voclosporin until

a repeat test can be performed
>30%

d eGFR < 60mL/min/1-73 m> e  Restart Voclosporin upon eGFR recovery
and ¢ mL/min/1-73 m

at a lower dose and increase dose as

tolerated based on renal function*®

» 20% and <30% e  Repeat eGFR within 2 weeks and reduce
and eGFR < 60mL/min/1-73 m? dose by 7-9 to 15-8 mg BID**

e  Maintain Voclosporin dose and monitor
<20% )
renal function

*eGFR recovery defined as eGFR >80% of baseline. Upon eGFR recovery, restart
dosing at 7.9 mg BID and reassess eGFR within 2 weeks.

**After consultation with Medical Monitor to discuss if medically appropriate and
confirmation that change in eGFR was not due to potential contributing factors (e.g.,
NSAID use, dehydration, lupus flare). BID, twice daily; eGFR, estimated glomerular
filtration rate; NSAID, non-steroidal anti-inflammatory drug. (Rovin et al., 2021).

e Tacrolimus:
Doses will be proactively adjusted based on TDM results to balance efficacy and

minimize toxicity (e.g., nephrotoxicity).
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X Therapeutic Drug Monitoring (TDM) Trough Concentration Targets:

o Initial Treatment and Early Maintenance Phase (Weeks 0-156):

Mandatory maintenance of trough concentration at 5-8 ng/mL. This target

aims for rapid disease activity control during the induction phase and

references observations from the Multitarget trial.

o Late Maintenance and Discontinuation Observation Phase (Weeks 157-

260): If patients continue Tacrolimus treatment, their trough concentration

target will be gradually adjusted to 4-6 ng/mL. This adjustment aims to

maintain disease remission long-term while reducing the risk of Tacrolimus-

related long-term toxicity, especially nephrotoxicity, and aligns with KDIGO

2024 guidelines for maintenance CNI doses.

o Frequency: Initially every 2 weeks, then adjusted to every 4 weeks once

concentrations are stable, with dose adjustments based on TDM results to

ensure efficacy and minimize toxicity.

MMF Dose Adjustment:

If Grade 3 or 4 neutropenia occurs after MMF treatment or other clinically significant

side effects judged by the investigator, the dose may be reduced to no less than 1 gram

daily. Safety-related dose reductions require consultation with the medical monitor.

Corticosteroids Dose Adjustment:
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Dose adjustments and tapering will follow the plan detailed in Table P2.

Table P2. The Oral prednisone tapering schedule.

This plan aims to rapidly reduce corticosteroid exposure while maintaining disease

remission. The goal is to reach doses of < 7.5 mg/day, < 5 mg/day, and < 2.5 mg/day, and

ultimately achieve complete discontinuation. Reference from the AURORA 1 trial.

Time point / Duration

Doseage mg/day

Rationale/Goal

Day 1-2

IV Methylprednisolone pulse:
0.5g/day (500-1000mg/pulse)

Rapid control of acute

inflammation

Week 0-2 (Day 3-13)

0.6-0.8 mg/kg/day

Initial oral induction dose

(< 60 mg/day)
Week 3-4 0.3-0.4 mg/kg/day First significant reduction
Week 5-6 15 mg/day
Week 7-8 10 mg/day
Week 9-10 7.5 mg/day Achieve low-dose target
Week 11-12 5 mg/day Achieve lower-dose target
Achieve very low-dose
Week 13-14 2.5 mg/day
target
Week 15-16 2.5 mg/day
Week 17-20 2.5 mg/day
Goal: Dose should be < 10
Week 21-24 2.5 mg/day

mg/day by this point
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6.3 Treatment Failure and Rescue Therapy

o Rescue therapy is permitted when significant disease worsening occurs to ensure
patient safety, but its use will be recorded as "treatment failure" and will impact the
assessment of the primary efficacy endpoint. Rescue therapy typically includes (but
is not limited to):

o Oral corticosteroid doses exceed the predefined protocol limits.

o Use of other immunosuppressants or biologics not assigned or explicitly
prohibited in the protocol (e.g., Rituximab, other anti-TNF therapies).

o Plasmapheresis or intravenous immunoglobulin (IVIG).

o Any other powerful intervention deemed "rescue" due to disease worsening.

e All details of rescue therapy will be meticulously recorded.

6.4 Pregnancy Management

e Once pregnancy is confirmed, the study drug must be discontinued. All pregnancy

events will be reported and tracked as SAEs.
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7. Required clinical and laboratory data and study calendar

7.1 Study Duration and Visit Frequency

o Total Study Duration: 260 weeks (5 years).

e Study Phases:

O

Initial Treatment and Early Maintenance Phase (Years 1-3: Weeks 0-156):

Patients will receive their randomized main study drug, MMEF, corticosteroids,

and HCQ.

Late Maintenance and Discontinuation Observation Phase (Years 4-5,

approximately after Week 156 to approximately Week 260): If patients

meet the predefined remission criteria at the end of Year 3, the main study drug

will be gradually discontinued. After discontinuation, patients will continue

on background MMF, HCQ, and maintain their corticosteroid usage status

from Week 156 (targeting the lowest dose or discontinuation).

e Visit Schedule:

o

Initial Intensive Monitoring (approximately Weeks 0-52): Frequent

follow-up visits (e.g., Weeks 2, 4, 8, 12, 24, 36, 52) for close monitoring of

early treatment response and safety.

Long-term Continuous Monitoring (approximately Weeks 52-156):

Follow-up visits will transition to once every six months (e.g., Weeks 78, 104,
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130, 156) for continuous assessment of long-term efficacy, safety, and disease

stability.

o Late Maintenance and Observation Phase (Weeks 156-260):

For participants meeting remission criteria at Week 156:

= For those consenting to discontinuation: Visit frequency will be

immediately intensified post-discontinuation (e.g., monthly for the

first 3-6 months). After this, it will be adjusted to every 3-6 months as

clinically appropriate, continuing until Week 260 to closely monitor

for post-discontinuation relapses and sustained remission.

= For those not consenting to discontinuation: Follow-up will

continue at the Long-term Continuous Monitoring frequency (e.g.,

every six months) until Week 260, for ongoing assessment of long-

term efficacy, safety, and disease stability under continued treatment.

e Interim Analysis:

o Will be performed at Week 36 (approximately Month 9).

o Purpose: The interim analysis aims to evaluate the study's progress, safety, and

efficacy prematurely. This will be conducted by an independent Data

Monitoring Committee (DMC) to decide whether early termination of the trial

is warranted (e.g., due to overwhelming efficacy, futility, or unacceptable

145 doi:10.6342/NTU202503953



safety concerns), thereby ensuring patient safety and optimizing research

resources.

7.2 Key Data Types Overview

o Baseline:
o Demographics, Medical history (incl. SLE & therapy history), Renal biopsy,
Autoantibody profile (e.g., ANA, anti-dsDNA), Baseline QoL (quality of life).
o Biochemical Data: Includes complete blood biochemical indicators such as
serum albumin, total protein, blood urea nitrogen (BUN), serum creatinine
(SCr), estimated glomerular filtration rate (eGFR), electrolytes (sodium,
potassium, magnesium, chloride, calcium, phosphorus), blood glucose, liver
function indicators (AST/ALT, ALP, bilirubin), and blood lipids (cholesterol,
triglycerides).
o Baseline Disease Activity Scores: SELENA-SLEDAI-2K
o At Each Visit:
o Clinical Assessments: Physical exam, vital signs, treatment adherence, any
types of adverse events recording.
o Renal Parameters: Proteinuria (UPCR/24hr), Renal function (Serum
Creatinine, eGFR), Urinalysis/urinary microscopy.

o Disease Activity: SELENA SLEDAI / BILAG, anti-dsDNA, Complement

146 doi:10.6342/NTU202503953



levels (C3, C4).

o Lab Safety: Complete Blood Count (CBC), Liver and Kidney Function Tests

(AST/ALT, total bilirubin, direct bilirubin), Blood Glucose, Lipids

(cholesterol, triglycerides).

o Immunoglobulin Levels: Serum IgG, IgA & IgM levels (especially IgG, for

Belimumab safety).

o Drug Monitoring: Tacrolimus Trough Level Monitoring (TDM).

o Patient-Reported Outcomes: LupusQoL (Lupus Quality of Life), Healthcare

Resource Utilization (for cost analysis).

o Exploratory Items: Urine biomarkers, anti-Belimumab antibody

(immunogenicity), Pharmacogenetics sampling (genotyping).

Safety: Pregnancy Test (for women of childbearing potential)

o

7.3 Study Calendar

The study calendar is detailed in Appendix.
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8. Statistical considerations

In this exploratory clinical trial, the statistical design of this trial aims to explore the
preliminary efficacy trends and safety profiles of Voclosporin, Belimumab, and
Tacrolimus in patients with lupus nephritis, and to provide key parameters for future

larger-scale definitive Phase III trials.

8.1 Sample Size Calculation:

The sample size calculation is based on achieving a 95% confidence interval width of
<20% for the CRR difference, rather than statistical power. The estimation is based on the
VCS+MMF vs. TAC+MMF comparison from the preceding NMA, as it represents the
largest expected effect. The resulting sample size per arm will be applied to all three
treatment groups.
Estimation of Core Parameters
o Expected Response Rates
o Control Group (pTAC, p2): Based on the meta-analysis of existing literature
on the TAC+MMF regimen, the estimate from the common-effect model is
adopted, with an expected response rate of 47.6% (0.476).
o Representative Test Group (pVCS, p1): According to the results of the main
NMA in this thesis, the relative efficacy (Odds Ratio, OR) of VCS+MMF
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compared to TAC+MMF is approximately 1.33. Based on this relative effect

and the baseline response rate, the expected response rate for VCS+MMF is

estimated to be approximately 54.7% (0.547).

e Precision Target

The precision target for this study is a total width of the 95% confidence interval

not exceeding 0.20, which corresponds to a half-width d of 0.10.

Sample Size Calculation

e Calculation Formula

The estimation is based on the standard formula for comparing two independent

proportions: N per group = (Z*> * (p1*(1-p1) + p2*(1-p2))) / d*(Chow et al., 2017)

Parameter Input and Calculation

o Z:1.96 (for 95% confidence level)

o pl:0.547

o p2:0.476

o d:0.10

N = (1.96%* (0.547*0.453 + 0.476*0.524)) / 0.10?

N = (3.8416 * (0.2478 + 0.2494)) / 0.01

N=1.909/0.01
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N=191
The calculation shows that to achieve the predefined precision target, approximately
191 subjects are required per group.

Final Total Sample Size

o Initial Total Sample Size (three arms): 191 subjects/arm % 3 arms = 573 subjects

e Adjustment for a 20% Potential Dropout Rate: Final Total Sample Size = 573 / (1 -

0.20) =573/ 0.80 = 717 subjects
Conclusion: This exploratory clinical trial plans to enroll a total sample size of 717

subjects (approximately 239 per arm).

8.2 Statistical Analysis Methods

e Analysis Populations:
o Primary Efficacy Analysis: Intention-to-Treat (ITT) (all randomized
patients).
o Safety Analysis: Safety Analysis Set (all patients receiving at least one dose).
o Endpoint Analysis Methods:
o Primary Endpoint (CRR proportion): The Chi-square test or Fisher's exact
test will be used to compare CRR differences between groups. The analysis
will primarily focus on reporting point estimates of the treatment differences
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and the corresponding confidence intervals to provide evidence of efficacy

trends.

o Secondary Efficacy Endpoints:

= Proportional data (e.g., CRR/PRR proportion, proportion

achieving specific corticosteroid doses, NRR proportion,

proportion of patients discontinuing medication): Will be

compared using the Chi-square test or Fisher's exact test.

» Time-to-Event data (e.g., Time to CRR, Time to Renal Relapse,

composite renal hard endpoints): Will be described using Kaplan-

Meier survival curves and compared between groups using Cox

proportional hazards models.

* Continuous variables (e.g., magnitude of change in various

indicators, cumulative corticosteroid dose): Will be compared

between groups using t-tests / ANOVA (or non-parametric

equivalents). For longitudinal data, Mixed Model Repeated Measures

(MMRM) will be used to estimate treatment differences over time.

= Safety Endpoints (e.g., incidence of AEs/SAEs): Differences

between groups will be compared using the Chi-square test / Fisher's
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exact test. The analysis will focus on descriptive statistics and the

presentation of incidence rates.

o Exploratory Endpoint Analysis:

= Exploratory Discontinuation-Related Outcomes at Week 156

(Year 3): This section will evaluate the outcomes of participants who

meet discontinuation criteria at Week 156 and consent to enter the

planned discontinuation procedure. The analysis will use survival

analysis methods (e.g., Kaplan-Meier curves and Cox proportional

hazards models) to assess relapse rates and rescue therapy rates.

= Exploratory Long-Term Follow-up for Non-Discontinuing

Participants: This section will descriptively present the long-term

observation results (from Week 156 to Week 260) for participants who

met remission criteria at Year 3 (Week 156) but chose not to

discontinue their main study drugs and continued their original

treatment. This includes disease activity, relapses, use of rescue

therapy, safety profiles, and quality of life.

= Other Exploratory Endpoints: All exploratory endpoints (including

cost, biomarkers, pharmacogenomics, subgroups, systemic activity,
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serology, and QoL) will undergo exploratory analysis for hypothesis

generation. The analysis will focus on descriptive statistics, trend

analysis, correlation analysis, and identification of potential predictive

factors. These results are expected to provide a basis for future larger-

scale studies.

e Multiple Comparisons & Interim Analysis:

o Multiple Comparisons: Given in this exploratory trial, formal statistical

adjustments for multiple comparisons will not be performed. All p-values will

be reported as descriptive measures and interpreted with caution.

o Interim Analysis: Will be conducted at Week 36 (approximately Month 9) by

an independent Data Monitoring Committee (DMC). The primary purpose of

the interim analysis is to monitor the safety of the participants. The DMC will

review accumulating safety data to identify any potential safety concerns that

might warrant modification or early termination of the trial, thereby ensuring

patient safety.
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9. Data Management and Preservation

This study will adhere to the International Conference on Harmonisation - Good Clinical
Practice (ICH-GCP) guidelines and all relevant national and local regulations to ensure
data integrity, accuracy, reliability, and confidentiality.

9.1 Data Collection and Management

o Data Collection: All study data will be collected via electronic Case Report Forms
(eCRFs) within an Electronic Data Capture (EDC) system. Investigators will ensure
the accurate consistency of data in the eCRF with source documents.

o Data Cleaning and Validation: The EDC system will generate automated and
manual queries to ensure data consistency and completeness. The database will be
locked after data collection is complete and validated.

9. 2. Data Quality Assurance and Security

e Quality Assurance: The Principal Investigator and study site will be responsible for
ensuring data quality. The study team will conduct regular internal quality checks. If
necessary, independent Contract Research Organizations (CROs) or academic
monitoring units may be commissioned for monitoring and audits to ensure the study
complies with the protocol and ICH-GCP. All study site personnel will receive

necessary data management training.
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o Data Confidentiality: Patient data will be pseudonymized and identified only by
subject ID numbers. Databases will implement strict access controls and comply with
applicable data protection regulations.

9. 3. Data Storage and Sharing

o Data Retention: Investigators must properly retain all study records and source
documents for the longest period required by local regulations and sponsor
requirements (typically no less than 15 years after drug marketing authorization).

o Data Sharing: De-identified data from this trial will be made available to other
researchers upon reasonable request, by data sharing agreements, and will be retained
for at least 5 years. Trial results will be publicly registered and published on clinical

trial registration platforms.
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10. Ethical Considerations

10.1 Informed Consent

The primary purpose of informed consent is to protect participant rights by ensuring
voluntary enrollment and upholding research ethics. Key contents include the study
purpose, risks versus benefits, alternative treatment options, and confidentiality of
personal information. Participants will be informed of their voluntary participation and
right to withdraw at any time. The process involves investigator's explanation and
participant's signature. All consent forms and processes will be reviewed and approved
by an independent Institutional Review Board (IRB) / Ethics Committee (EC).

10.2 IRB/EC Oversight & Participant Protection

The IRB/EC will provide continuous oversight, reviewing the full protocol, recruitment
materials, and any amendments to ensure ongoing ethical compliance. They will conduct
continuing reviews annually, and all SAEs will be promptly reported to them for risk
assessment.

10.3 Data Privacy & Research Integrity

Patient data will be coded for confidentiality and access will be strictly controlled,
complying with applicable data protection laws. Ethical considerations for biological

samples (if applicable) will detail usage scope, retention, destruction, and participant
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consent rights for future use.

All potential conflicts of interest will be managed and disclosed. Participants retain the

right to withdraw at any time. Conditions for early termination of the trial by the

investigator, sponsor, or IRB/EC will be outlined, ensuring participant safety and rights

are maintained.
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11. Discussion

This study is an exploratory trial based on a Phase III trial design. It aims to investigate
the preliminary efficacy trends and safety profiles of Belimumab, Voclosporin, and
Tacrolimus in patients with LN, when administered alongside standard treatment with
MMF, corticosteroids, and hydroxychloroquine. This study will also observe each
treatment group's performance regarding corticosteroid tapering and discontinuation, as
well as the ability to maintain long-term remission and safety whether the main study
drugs are continued or discontinued. The findings will provide crucial references for
larger, definitive Phase I1I trials.
The design considerations and limitations of this study as follows.
11.1 Three-Arm Design Considerations
This study compares Voclosporin, Belimumab, and Tacrolimus based on their
significance in LN treatment, potential advantages, and clinical relevance.
e Belimumab: This was the first biologic approved by the FDA for LN. It has
shown superiority over placebo in efficacy and safety in the BLISS-LN trial.
e Voclosporin: As a new generation calcineurin inhibitor (CNI) developed
specifically for LN, it's currently approved in Europe and North America. The

AURORA 1 trial indicated its excellent efficacy potential in lupus nephritis,
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significantly increasing complete renal response rates.

e Tacrolimus: This CNI is routinely used for LN and has demonstrated
effectiveness in various studies. Compared to Voclosporin, Belimumab and
Tacrolimus is generally more affordable, making it a crucial treatment option in
many regions.

The preceding Network Meta-Analysis (NMA) results showed that Voclosporin has a
significant efficacy advantage. CNIs are oral medications, offering greater patient
convenience. Studies also indicate their relative effectiveness in Asian LN patients.
Therefore, including Tacrolimus as a comparator arm is essential and meaningful, both
for providing international evidence and considering the current medication landscape in
Taiwan.

11.2 Sample Size and Study Design Choices

For this clinical trial, the sample size was initially calculated based on an ideal three-arm,
Phase III superiority trial design. According to the NMA in this thesis, a sample size
calculation based on the smallest inter-group difference in complete remission rate (CRR)
(pBEL = 0.502, pTAC = 0.476) and standard Phase III parameters (o = 0.05 / 3, power =
0.9) yielded a required sample size of nearly 18,000 subjects. Given the infeasibility of

this sample size, the conditions were compromised. The design was revised to a two-arm
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trial using the largest inter-group difference (pVCS = 0.547, pTAC = 0.476) and lowered

statistical parameters (o = 0.05, power = 0.8). This resulted in a sample size of 612 per

arm, a number that still presents a significant recruitment challenge.

Considering the necessity and feasibility of comparing these three treatments in the

current lupus treatment landscape in Taiwan and Asia, the final decision was to adopt an

exploratory three-arm trial design with a precise therapeutic endpoint as the primary

objective. The focus shifted from achieving statistical significance to estimating the true

differences in efficacy and safety among the three therapies with sufficient precision (a

95% confidence interval width of < 20%). Nevertheless, even when calculating the

sample size with the largest inter-group difference (pVCS = 0.547, pTAC = 0.476), the

result was 717 subjects, approximately 239 per arm, a figure that remains difficult for

conducting a multi-national, multi-center trial.

The NMA results in this thesis also indicate that the differences in CRR among these LN

treatments are generally small. It is perhaps due to these subtle potential differences that

few head-to-head randomized controlled trials (RCTs) for LN currently exist. Therefore,

this study maintains that estimating the sample size through a data-driven statistical

approach is essential for obtaining the most valuable results. While alternatives like

subjective estimation or consulting expert opinion exist, a rigorous calculation based on
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existing data provides a more objective and compelling foundation for the trial.
11.3 Double-blind or Open-label
The treatments compared in this study involve different administration routes:
intravenous (IV) for Belimumab and oral for Voclosporin and Tacrolimus. Strictly
implementing a double-blind design would necessitate a complex double-dummy method.
However, this approach would mean nearly two-thirds of patients would receive long-
term IV injections with no therapeutic effect. This offers no benefit to patients, and
placebo control has already been validated in previous RCTs. Long-term, non-beneficial
IV injections could increase patient dropout rates and introduce new confounding factors.
Based on balancing patient burden, ethical considerations, and trial feasibility, this study
adopts an open-label design. To minimize potential selection bias or confounding bias
from differing baseline characteristics that might arise from an open-label design, this
study will implement the following strategies:
o Randomized stratification: This ensures treatment groups remain balanced across key
baseline factors (e.g., biopsy classification, baseline proteinuria, and renal function).
e Objective endpoint measurement: Laboratory data will be centrally and uniformly
tested.

o Independent blinded assessment: An independent Endpoint Adjudication Committee,
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blinded to treatment assignments, will adjudicate key endpoints.

e Rigorous statistical analysis: Robust statistical analysis methods will be used, with

full consideration of potential biases during analysis.

11.4 Considerations for Treatment Discontinuation

Given the chronic relapsing nature of lupus nephritis, patients may cycle between disease

remission and relapse throughout their lives. While KDIGO guidelines recommend

continuous immunosuppressive therapy for 3-5 years or even longer, the fundamental

question remains:

Do patients truly continue to benefit without significant risks from long-term exposure to

multiple immunosuppressive treatments?

Beyond the potential side effects of long-term drug exposure on organs, treatments

involving intravenous (IV) administration, like Belimumab, might cause physiological

and psychological discomfort due to weekly or monthly visits and injections, potentially

impacting patients' quality of life.

From a practical standpoint, both Belimumab and Voclosporin are considerably expensive

medications. While long-term patient use clearly benefits pharmaceutical companies

commercially, from a public policy perspective, particularly for Taiwan's National Health

Insurance finances, ignoring the potential heavy financial burden on patients if they bear
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long-term out-of-pocket costs or co-payments, and the increased economic pressure on

public health resources, would be negligent.

Nevertheless, these emerging treatments, especially Voclosporin, which show significant

efficacy in our NMA results, could be introduced for initial treatment if they demonstrate

superior early efficacy. Subsequently, corresponding discontinuation strategies should be

formulated to strike a balance between effective induction and maintenance treatment

periods and economic costs. From Voclosporin being an oral medication, it is expected to

offer a better quality of life by eliminating the need for frequent clinic visits for injectable

treatments.

It's also worth noting that while our NMA results indicate a significant efficacy advantage

for Voclosporin, its safety profile shows a slightly higher trend of risk compared to other

treatments. Although the AURORA 2 extension study showed no increased safety risk

compared to AURORA 1 over a longer follow-up period, that extension went up to three

years (Saxena A et al., 2024). This is also the reason for this study's five-year follow-up

period and treatment discontinuation observation period.

Despite this rationale, this study acknowledges that discontinuing treatment after three

years might increase the risk of disease relapse or worsening for subjects. Therefore, the

follow-up for the fourth and fifth years of this study will be more intensive. However,
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based on ethical considerations, at the end of the 3-year follow-up period at Week 156,

the study group will seek informed consent again from participants who meet the

predefined discontinuation criteria regarding their willingness to stop treatment.

Participants who consent will enter the discontinuation follow-up process, while those

who do not consent will continue to receive their original treatment and follow-up until

the end of the fifth year of the study.
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Appendix. Study Calendar

. . Initial Treatment and Early Maintenance Phase
Study Calandar / Week -4-156 Screening | Baseline — - — Y - —
Initial Intensive Monitoring Continuous Monitoring

Study week W-4 WO w2 w4 W8 W12 W16 W20 W24 W36 W52 W78 w104 W130 W156
Study month M1 M2 M3 M4 M5 M6 M9 M12 M18 M24 M30 M36
Written Informed Consent

Demographics
Medical History
SLE/LN History
Therapy History
Eligibility Criteria
Biopsy Report
Clinical Assessments
SELENA-SLEDAI-2K
SLICC Damage
C-SSRS Columbia-Suicidality Severity Rating Scale .
LupusQol (Lupus Quality of Life)
Record Concurrent Medications .
Physical Exam .

Weight and Vital signs .

Record/Assess Adverse Events

Laboratory Assessments
Hematology and chemistry (fasting)
Serum Creatinine / eGFR

Urinalysis / Urinary Microscopy
Spot urine

24-hour Urine

Urine Biomarkers

Pregnancy Test

Complement (C3/C4), anti-dsDNA .
ANA .
aCL (IgA, 18G, IgM isotypes)
Anti-Sm, anti-C1lq

Serum IgG .
Serum IgA, 1gM .
PT/PPT .
Tacrolimus TDM

Immunogenicity (anti-belimumab antibody)
Peripheral B lymphocytes

HIV, HBV, HCV test .
Pharmacogenetics Sampling .
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Study Calandar / Week 157-260

Late Maintenance and Discontinuation Observation Phase

Intensified Post-Discontinuation Monitoring / Continued Treatment Follow-up

Subsequent Discontinuation Observation/Continued Treatment Follow-up

Study week

W156

Wi161

W165

W169

W173

W177

W182

W195

W208

W221

W234

W247

W260

Study month

M36

M37

M38

M39

M40

M41

M42

M45

M48

M51

M54

M57

M60

Written Informed Consent*

O

Demographics

Medical History

SLE/LN History

Therapy History

Eligibility Criteria

Biopsy Report

Clinical Assessments

SELENA-SLEDAI-2K

SLICC Damage

o0

o0

o0

O0

Olo

oo

C-SSRS Columbia-Suicidality Severity Rating Scale

LupusQol (Lupus Quality of Life)

Record Concurrent Medications

Physical Exam

Weight and Vital signs

o (o 0|0 0 o o

Record/Assess Adverse Events

Laboratory Assessments

Hematology and chemistry (fasting)

Serum Creatinine / eGFR

Urinalysis / Urinary Microscopy

Spot urine

OO0 OO0

OO0 OO0

OO0 OO0

OOl OO0

OO0 OO0

24-hour Urine

o o |0 0 o

Urine Biomarkers

Pregnancy Test

Complement (C3/C4), anti-dsDNA

ANA

aCL (IgA, 1gG, IgM isotypes)

Anti-Sm, anti-Clq

Serum IgG

Serum IgA, IgM

PT/PPT

Tacrolimus TDM

Immunogenicity (anti-belimumab antibody)

Peripheral B lymphocytes

OIPOPIVPIOPIOIIO] VIO OO0

OPPIOPIOOIOIO

OPPIOPEPOPPVIOIOIOIDIOIO] [O|OOI0IOOIOO

OPOIOPOIOOIOIOIO

OPOIOPIOOIOIOIO

o 0|0 o o 00 o 0 o 0o

OPPIOPEPIVIOPIOIOD] OO |O]00|O

OOV PIOPIOOIOIO

OPOIOPOIOOIOIOIO

HIV, HBV, HCV test

Pharmacogenetics Sampling

«: All participants; O: Participants meeting discontinuation criteria and consenting to discontinuation follow-up.
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