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Objective: Clinical trials are the most effective method for evaluating therapeutic strategies. The purpose of this study was to comprehensively assess the characteristics of trials on lupus nephritis (LN) and provide a reference for LN treatment and research.

Methods: Registered therapeutic trials on drug interventions for LN were obtained from ClinicalTrials.gov up to December 3, 2020. The general characteristics, methodological characteristics, detailed characteristics, investigated drugs, eligibility criteria, and outcome measures of these trials were analyzed.

Results: A total of 126 eligible trials were evaluated, and these trials mainly investigated the initial treatment of adult proliferative LN. Half of the trials enrolled <50 participants, and 70.7% of the trials lasted for 6–24 months. In total, 95.2% of trials adopted an interventional study design. Of intervention trials, 56.6% were in phase 2 or phase 3, 76.7% were randomized, 77.5% employed a parallel assignment, and 41.7% were masked. The eligibility criteria and outcome measures of the included trials varied and involved a variety of indicators. Chemical agents and biologics are the most widely studied immunotherapies, of which mycophenolate mofetil, tacrolimus, and rituximab are the most studied. In addition, some trials studied cell transplantation treatment.

Conclusions: The majority of clinical trials for LN therapy registered on ClinicalTrials.gov investigated the initial treatment of adult proliferative LN, and most of these trials were randomized, parallel assigned, and insufficiently masked interventional trials with small scale, short duration, various eligibility criteria, and outcome measures. We hope that more large-scale, long-term multicenter, and high-quality RCT trials with standardized inclusion criteria/exclusion criteria and treatment effect evaluation systems will be conducted and that more energy and funding will be put into exploring biological products and stem cell therapies. In addition, trials for membranous LN, childhood-onset LN, and maintenance phase LN are needed to establish optimal treatment strategies.
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INTRODUCTION

Renal involvement is a severe complication of systemic lupus erythematosus (SLE), and biopsy-proven lupus nephritis (LN) occurs in 20–40% of SLE patients (1, 2). LN is typically treated with immunosuppressive drugs, such as glucocorticoids, cyclophosphamide (CTX), or mycophenolate mofetil (MMF). However, these conventional immunosuppressive therapies are not effective for all patients; even in the context of clinical trials, only 50–62% of patients achieve remission. In patients who achieved remission, 18–27% may relapse in 5 years, and 30–37% may relapse in 10 years (3–6). In addition, a considerable proportion (10–30%) of patients will develop chronic renal insufficiency and/or end-stage renal disease (7). Nevertheless, the long-term use of conventional immunosuppressive agents has serious side effects, such as infection risk, bone marrow and gonadal suppression, and bone necrosis. The treatment of LN remains challenging, and more efforts are needed to develop more effective treatment strategies.

In the 1970s, the concept of “clinical trial registration” was proposed in the United States. Clinical trials with positive or promising outcomes are preferred for publication, and clinical trial registration helps to reduce this publication bias (8). ClinicalTrials.gov is a public trial registry provided by the U.S. National Library of Medicine and the U.S. Food and Drug Administration, representing one of the most widely used clinical trial registration platforms worldwide. It has high weekly growth rates for new entries, high transparency and accessibility, and detailed information on past and present clinical trials. Clinical trials are the most effective method to evaluate therapeutic strategies. Evaluating these registered clinical trials will enable us to gain a deeper understanding of the strategy of LN control. Therefore, we searched and analyzed all of these trials on therapy for LN registered in ClinicalTrials.gov to assess the characteristics of registered clinical trials regarding strategy control of LN.



MATERIALS AND METHODS


Data Source

A cross-sectional, descriptive study of clinical trials for LN therapy that had been registered on the ClinicalTrials.gov database was conducted. The trials were obtained from ClinicalTrials.gov using the advanced search function with the search term “lupus nephritis” for “condition” on December 3, 2020. All of these searched clinical trials were assessed to identify records of therapeutic trials. Intervention and observation studies were all included. There were no restrictions on the results of the study, age of the patients, sex, or other enrollment.



Statistical Analysis

We extracted all the following information: National Clinical Trial (NCT) number, study type, study start date, during date, enrollment, participant age, gender, locations, recruitment status, study results, publications of the study, sponsor, collaborators, funding type, Data Monitoring Committee (DMC), U.S. FDA-regulated product, Individual Participant Data (IPD) sharing statement, phases, allocation, intervention model, masking, primary purpose, groups or arms, time perspective, observational model, experimental medications, eligibility criteria, and outcome measures. The general characteristics of the clinical trials are presented as descriptive statistics. Categorical data were expressed by calculating the frequency and percentage. All analyses were performed using Microsoft Excel software.




RESULTS


General Characteristics of the Included Clinical Trials

The initial search identified 159 clinical trials for LN therapy registered on ClinicalTrials.gov up to December 3, 2020. After carefully reviewing all the information, 33 trials were not therapeutic trials in patients with LN and were excluded. Thus, a total of 126 registered trials were included. The enrolled trials were registered between 1998 and 2020. The number of registered trials has increased significantly since 2006, and most trials (n = 108, 85.7%) began in 2006 and after (Figure 1). On average, there are approximately seven trials every year. The general characteristics of the identified trials are shown in Figure 2. Of the eligible trials, 120 (95.2%) were interventions, and only 6 (4.8%) trials were observational trials. Of all trials, 29.4% spanned 6–12 months, 40.5% spanned 12–24 months, and 15.1% spanned 24–36 months. Only 8.7% trials were conducted for 36 months or more. Only five trials lasted 5–10 years. Half of these trials enrolled <50 participants (n = 63, 50.0%). Only 29.3% (n = 37) recruited 100 or more participants, 18.2% (n = 23) recruited 200 or more participants, and 10.3% (n = 13) recruited 300 or more participants. Most trials (n = 88, 69.8%) included adults only. Some trials (n = 34, 27.0%) included both children and adults, and a small number of trials (n = 4, 3.2%) exclusively included children. Almost all subjects (n = 123, 97.6%) in these trials did not restrict the gender of the participants. Only three studies included only women. Completed status was dominant in the included trials (n = 53, 42.1%). Nineteen trials (15.1%) were terminated, and 10 trials (7.9%) were withdrawn. Insufficient enrollment (n = 10), safety concerns (n = 4), and insufficient efficacy to warrant continuation of the study (n = 5) were the main reasons. Other reasons included funding problems (n = 1), administrative reasons (n = 1), and implementation issues (local pharmacies unwilling to comply with the study protocol (n = 1).
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FIGURE 1. Quantity trend of registered trials per year.
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FIGURE 2. General characteristic of included trials (n = 126). Pie chart of (A) study type; (B) observation period; (C) enrollment; (D) participant age; (E) gender; (F) recruitment status.




Methodological Quality of Included Clinical Trials

The study design characteristics of the included trials are displayed in Figure 3. Among the 120 interventional trials, most trials (n = 73, 60.8%) were in phase 2 or 3. Of the interventional trials, 75.0% were randomized, 75.0% were parallel assignment, and 55.8% were not masked. A total of 79.2% of the trials were divided into two or more groups. In addition, of the six observational trials, half were cohort studies, and half were case-only studies. Five of the trials were prospective.


[image: Figure 3]
FIGURE 3. Design data of included interventional trials (n = 120). Pie chart of (A) phases; (B) allocation; (C) intervention model; (D) masking; (E) arm.




Detailed Characteristics of the Included Clinical Trials

Detailed characteristics of the included trials are displayed in Figure 4. The selected 126 trials were implemented on six continents. Most (n = 97, 77.0%) were conducted on only one continent, mainly in Asia (n = 57, 45.2%), North America (n = 23, 18.3%), and Europe (n = 11, 8%). Twenty-nine (23.0%) trials were conducted on two or more continents, of which 5 trials (4.0%) were conducted on two continents and 24 trials (19.0%) were conducted on more than two continents. Industries were listed as primary sponsors in 43.7% trials, universities in 31.0% trials, and hospitals in 14.3% trials. Greater than one-third (n = 40, 40.5%) of trials involved collaborations. Most of the trials (n = 63, 50.0%) were supported by other types of funds followed by industrial funds (n = 50, 39.7%). Only 4 (3.2%) trials were funded by the NIH. Half of the trials (n = 64, 50.8%) provided DMC. A total of 12.7% of the treatment regimens used were US FDA-regulated products. In total, 6.3% had IPD sharing statements. Eighteen (14.3%) trials listed results on ClinicalTrials.gov, whereas 41 (32.5%) trials had web links for the publications of results on ClinicalTrials.gov.
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FIGURE 4. Detailed characteristics of included trials (n = 126). Pie chart of (A) locations; (B) study sponsor; (C) collaborators; (D) funder type; (E) data monitoring committee; (F) U.S. FDA-regulated Product status; (G) IPD sharing statement; (H) Study results; (I) Publications of the study. IPD, Individual Participant Data.




Overview of Investigated Strategy

An overview of the treatment strategy for LN in the registered clinical trials is shown in Table 1. The majority of the trials investigated the initial treatment of LN, and the drugs involved in the trials were divided into three categories: chemical agents, biologics, and cell transplantation. Among them, conventional chemical agents were the most studied (n = 67) followed by biological agents (n = 41). In addition, 11 trials investigated the effect of stem cell transplantation. Among the chemical agents, the most studied were calcineurin inhibitors (CNIs) followed by antiproliferative/antimetabolite agents. CNIs includes tacrolimus (TAC), cyclosporine A (CsA), and voclosporin. Twenty-nine trials investigated the efficacy and safety of CNIs. Among them, 20 trials investigated CNIs only, and 9 trials investigated CNIs combined with MMF. TAC was the most investigated drug (n = 22). The most investigated antiproliferative/antimetabolite agents are CTX (n = 9) and MMF/mycophenolic acid (MPA) (n = 8). In addition, azathioprine, leflunomide, sirolimus, mizoribine, deoxyspergualin, and fludarabine were also investigated. Other chemical agents, including proteasome inhibitors (ixazomib, velcade, KZR-616), immunomodulators (Tripterygium wilfordii and laquinimod), antimalarial drugs (chloroquine and artesunate), and others (acthar gel calcitriol, iguratimod, pentoxifylline, tamibarotene), were also investigated. Twenty-seven types of biologics were investigated, and the most studied single drug in biologics was rituximab (n = 7). Among the cell transplantation treatments, bone marrow-derived mesenchymal stem cells (n = 4) and umbilical cord-derived mesenchymal stromal cells (n = 4) were the most studied. Of the eligible trials, only 13 trials investigated maintenance therapy and involved 10 types of drugs, such as MMF, abetimus sodium, BI 655064, prednisolone, TAC + MMF, TAC, leflunomide, MMF/azathioprine, and Tripterygium wilfordii.


Table 1. Overview of investigated strategy.
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Eligibility Criteria of Included Clinical Trials

The inclusion/exclusion criteria of the included trials varied and involved a variety of indicators, such as pathological type, proteinuria level, serum creatinine, estimated glomerular filtration rate (eGFR), systemic lupus erythematosus disease activity index (SLEDAI), albumin level, urinary sediment, and anti-dsDNA antibody level. The eligibility criteria of each indicator also differed. We compared and analyzed four important and frequently used indicators of the inclusion/exclusion criteria of the included trials, and the results are shown in Table 2. The inclusion/exclusion criteria of 83 trials specified the pathological types of LN patients. Most of the trials included the pathological type of proliferative LN (n = 43) or mixed proliferative LN and membranous LN (MLN) (n = 34). Only six trials included pure MLN. Among the included trials, 79 trials specified the proteinuria level (urine protein to creatinine ratio (UPCR) or 24-h urinary protein excretion level) of LN patients. Nine trials (five included pure MLN and four included mixed membranous and proliferative LN) defined the proteinuria level of MLN patients. The level was >2 g/g in four trials, >3 g/g in four trials, and >3.5 g/g in one trial. Among the other 74 trials, 37 trials included LN patients with proteinuria >1 g/g, 14 trials included patients with proteinuria >0.5 g/g, 6 trials included patients with proteinuria >1.5 g/g, and 5 trials included patients with proteinuria >2 g/g. The eligibility criteria of 42 trials had provisions for eGFR, and 26 patients with eGFR >30 ml/min/1.73 m2 were included. One-third of the trials involved serum creatinine levels, but the eligibility criteria of each trial differed. Only 18 trials had SLEDAI scores in the eligibility criteria, and most trials had SLEDAI scores >8 or 10.


Table 2. Eligibility criteria of included clinical trials.
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Outcome Measures of Included Clinical Trials

The included trials involved a wide variety of primary and secondary outcome measures. The top 20 primary and secondary outcome measures are summarized in Table 3. Of the composite outcomes, complete remission (CR), total remission (TR), partial remission (PR), and flare are used most frequently followed by changes from baseline in UPCR, eGFR, anti-dsDNA antibody level, complement 3 (C3) level, and complement 4 (C4) level, which are used to evaluate urine protein, renal function, and lupus serological activity, respectively. There were 48 trials using CR as the outcome. Among these trials, 38 trials specified the definition of CR, and there were 37 different definitions. PR was used as the outcome in 30 trials. Among these trials, 29 trials specified the definition of PR, and there were 24 different definitions. The general standard of TR is CR+PR, and nine tests specified other definitions of TR. CR and PR standards generally consist of two or more of the following indicators: UPCR, 24-h urine protein, eGFR, serum creatinine, serum albumin, and urine sediment. Regarding the definition of CR, UPCR+eGFR or UPCR+ serum creatinine with or without urinary sediment is the most common. With regard to the definition of PR, UPCR is defined alone, and UPCR+ serum creatinine is the most common.


Table 3. The top 20 primary and secondary outcome measures.
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Half of the studies evaluated the safety and tolerability of the treatment strategy. Safety and tolerability assessments included clinical manifestations, physical examination, vital signs, laboratory tests, laboratory tests (including hematology, serum chemistry, and urinalysis), side effects, and adverse events (AEs). AEs were assessed by the common terminology criteria for adverse events (CTCAE) v4.0 or v5.0 and relevant evaluation indicators, including the number and percentage of patients with AEs, serious adverse events (SAEs), AE leading to study discontinuation, and AE of special interest (infusion-related reactions, neutropenia, infections, thrombocytopenia, gastrointestinal symptoms, transient increases in serum creatinine, liver function disorder and glucose intolerance, hospitalization, death, etc.).




DISCUSSION

This study comprehensively analyzed therapeutic trials in patients with LN registered on ClinicalTrials.gov. Through this analysis, we found that the majority of clinical trials for LN therapy registered on ClinicalTrials.gov were randomized, parallel assigned, and insufficiently masked interventional trials with a limited number of participants, short duration, and various eligibility criteria and outcome measures. Chemical agents and biologics are the most widely studied immunotherapies, of which MMF, TAC, and rituximab are the most studied. Most trials investigated the initial treatment of adult proliferative LNs, and only a few trials included children, membrane LNs, and maintenance treatment phase LNs. Very few completed trials have results available on ClinicalTrials.gov, and few trials have IPD sharing statements.

From the perspective of study design, the majority of the trials clearly indicated random allocation (75.0%) and parallel assignment models (75.0%). Only 41.7% trials indicated masking procedures. The essential elements of designing a worthwhile clinal trial include ensuring that the trial provides an unbiased treatment comparison by appropriate randomization, blinding, and making the trial large enough so that it is adequately powered to detect (or refute) any treatment differences of clinical importance (9). The application of randomization can essentially eliminate the influence of reverse causality and selection bias on research validity and significantly mitigate the influence of confusion (10). In the double-blind method, patients and the evaluators responsible for their treatment and follow-up are not aware of which randomized treatment is assigned to patients to avoid any potential impact treatment awareness on patients' cognition, patient management, and endpoint evaluation (11, 12). According to these registrations, the scale of most studies was still small. Half of these trials included <50 patients, and only 29.3% recruited >100 participants. Large-scale multicenter trials facilitate the recruitment of a sufficient number of patients with rapid trial progression compared with single-center trials (13). For chronic disease trials, sample scale determination involves considering the length of follow-up as well as patient numbers (9). LN is a lifelong autoimmune disease. Patients who achieve remission may relapse in the future, and some patients will develop chronic renal insufficiency and/or end-stage renal disease. Reasonable evaluation of treatment strategies should include short-term therapeutic effects and long-term prognosis. Of the included trials, 32.6% spanned <12 months, and only 8.7% spanned more than 36 months. In view of proteinuria at 12 months representing the best single predictor for long-term renal outcome (i.e., risk for end-stage kidney disease or doubling of serum creatine levels after 10 years) (14–16) and limited practical conditions, the duration of the study should be at least 12 months. Based on the above, we hope that more large-scale, long-term multicenter and sufficiently masked high-quality RCT trials will be conducted henceforth.

The inclusion/exclusion criteria of the included trials varied. The inclusion/exclusion criteria involved a variety of indicators, and each indicator differed. LN treatment effect evaluation includes many aspects: renal disease activity (proteinuria, renal function, urinary sediment, albumin, prednisone dose, and renal biopsy), overall disease activity, quality of life, immunological activity (autoantibodies, complement, immune cells, and cytokines), and other outcomes (survival rate and death). Each aspect has a variety of evaluation indicators. Each evaluation indicator can include a variety of different outcome indicators. For example, UPCR can have multiple outcomes: UPCR level, change from baseline in UPCR, number of patients with UPCR <0.75 g/g, and number of patients with a reduction from baseline in UPCR by at least 50%. Moreover, some indicators have a variety of measurement methods (e.g., UPCR can be measured over a 24-h urine collection, a single random urine collection, or a morning first urine collection) and calculation methods (e.g., eGFR can be calculated using a variety of formulas). In addition, different laboratories have different reference ranges and different detection time points. Therefore, we can see that the outcome measures of the trials vary.

Composite outcomes can comprehensively reflect the degree of disease through the combination of multiple outcome indicators. CR, PR, and TR were the most frequently used composite outcomes. At present, there is no unified definition for CR, PR, and TR of LN. Through the analysis of the outcome measures of the included trials, many problems in the application of composite outcomes were identified. (1) Some trials did not specify the definition of the composite outcome. Forty-eight trials applied CR as an outcome, but 11 of them did not have a specified definition of CR. (2) Some definitions are unclear, such as normalization of serum creatinine, inactive urinary sediment, return to normal, and return to baseline. (3) The definitions of the composite outcome are different. Thirty-eight trials defined CR, but only two of the definitions were consistent. Analyzing the differences among the definitions, the main differences were identified. On the one hand, the number and types of indicators included in the composite outcome differ. On the other hand, the criteria of the included indicators differ, including different contents (whether the urine sediment includes white blood cells), different reference objects (normal value or baseline value or both), different cutoff point values, and whether the cutoff point value is included. Finally, some definitions require additional conditions (e.g., six CR and four PR required prednisone dose tapered to <10 mg/day). Unclear definitions and different definitions made the same composite outcome represent different outcomes. In summary, the inclusion/exclusion criteria and outcome measures of the included trials varied, which resulted in a lack of uniformity and comparability with similar studies. It is necessary to standardize the inclusion/exclusion criteria and treatment effect evaluation system of general LN clinical trials to improve the quality of the research, increase industry comparability (external validity), and provide effective evidence for evidence-based medicine.

Currently, proliferative LNs, including type III, type IV, type III plus V, and type IV plus V LNs, are severe clinical entities with poor prognosis. Both MMF/MPA and low-dose CTX are recommended as first-line options for initial treatment (17–19). Despite improvements in kidney failure-free survival, a considerable number of patients do not achieve remission with the recommended induction regimens, and more efforts are needed to develop more effective treatment strategies. Focus has been placed on the use of CNIs. The mechanism of CNIs in treating LN includes immune modulatory effects and nonimmune-mediated mechanisms. CNIs inhibit calcium- or calmodulin-dependent phosphatase, which leads to a decrease in the nuclear translocation of transcription factors related to interleukin-2 transcription (such as NF-AT), thus blocking T-cell activation (20). Nonimmune-mediated mechanisms include CNIs enhancing podocyte function by stabilizing the actin cytoskeleton, improving podocyte survival by inhibiting podocyte apoptosis (21), reducing intraglomerular pressure by inducing afferent arteriolar vasoconstriction, and decreasing the proliferation of mesangial cells by blocking the cycle of mesangial cells (22). Voclosporin is a next-generation CNIs similar to cyclosporin. One of its functional groups is modified, allowing it to effectively combine with calcineurin and quickly remove metabolites without the need to detect drug concentrations (23). Although CNIs combined with hormone induction treatment of LN showed significant efficacy that was consistent with or better than that of CTX and MMF (24), some skepticism about its use remains, i.e., whether race and/or ethnicity influence response to CNIs as studies on CNIs are mainly conducted in Asia, whether the benefit of CNIs is largely nonimmunologic and associated with more flares, and whether long-term CNI exposure leads to worsening CKD in the LN population (3, 25). Larger CNI studies with more diverse patient populations, longer time horizons, and protocol biopsies are needed to help address these problems and clarify the evolving role of CNIs in the treatment of LN (26).

In recent years, there have been an increasing number of reports on the treatment of LN with biological agents, and more favorable outcomes have been achieved with less toxicity (27, 28). Compared with traditional therapeutic drugs, new biological agents target the pathogenesis of LN, offer rapid effects and few side effects, have gained increasing recognition, and have become a research hotspot (29). Of the eligible trials in this study, one-third of trials investigated the safety and efficacy of biologics in the treatment of LN. Biologics developed for LN can be largely categorized into B-cell directed therapies, T-cell directed agents, cytokine directed agents, and biologics that target complement components and signaling pathways. Biologics targeting B cells are generally aimed at depleting B cells, such as RTX, ocrelizumab, and obinutuzumab. These humanized monoclonal antibodies are directed against the B-cell surface marker CD20 and deplete CD20+ naive B cells and memory B cells, thereby eliminating sufficient B-cell precursors. Other biologics targeting B cells are anti-B lymphocyte stimulating factors that are generally aimed at blocking surface ligand-receptor interactions that promote B-cell activation and maturation, TLR expression, and antibody production (30). For example, belimumab and blisibimod target the B-cell ligand BAFF (B-cell activating factor), and atacicept, a fusion protein TACIIg (calcium modulator and cyclophilin ligand interactor), binds both B-cell ligands BAFF and APRIL (a proliferation-inducing ligand). Biologics directed at T cells focus on preventing T-cell costimulation, which is required for T-cell activation. For example, abatacept and RG2077 block interactions between costimulatory molecules CD80 and CD86 present on APCs with the costimulatory T-cell receptor CD28. BI 655064, iscalimab, and BG9588 are anti-CD40 or anti-CD40L antibodies that block CD154 binding to CD40. Itolizumab blocks the CD6 pathway. Milatuzumab blocks the CD74 pathway. In addition, biologics directed against cytokines, including TWEAK, TNF, IFN-γ, IL-6, IL-17, IL-23, and MIF, have also been investigated among these trials. These agents include BIIB023, infliximab, AMG 811, anifrolumab, etanercept, CNTO 136, secukinumab, guselkumab, and an anti-MIF antibody. In addition, other biologics targeting complement components, such as ravulizumab, APL-2, and narsoplimab, and the signaling pathway BMS-986165, which is a tyrosine kinase two signaling pathway inhibitor, have also been studied. Although biologics have shown promising success, to date, biologic agents for LN have yet to achieve the desired response and have considerable secondary effects. Thus, further and ongoing research is needed to determine safety, efficacy, optimal combination, dosage, and timing.

Stem cell therapy, which includes transplantation of hematopoietic stem cells (HSCs) and mesenchymal stem cells (MSCs), has become a new approach in the treatment of LN. HSCs can be obtained from bone marrow, umbilical cord blood, or peripheral blood. Mechanistically, agents are employed to remove the existing immune components in patients using a pretreatment regimen, such as CTX or anti-thymocyte globulin; then, HSCs are administered to rebuild the immune system (31). MSCs can be obtained from bone marrow (the nonhematopoietic component), umbilical cord, umbilical cord blood, adipose tissue, or embryonic tissue. Mechanisms have been proposed regarding the potential of MSCs to ameliorate LN, including correcting the immune imbalance, inducing immune tolerance and tissue repair, and improving organ function (32). Although some clinical studies have reported that stem cell transplantation (whether HSCs or MSCs) has a therapeutic effect on LN patients (33, 34), procedure-associated mortality is a concern. Further research is needed to optimize and improve these treatment options.

LN is more likely to occur in children (35), and childhood-onset LN exhibits a more active disease course and worse long-term survival than adult-onset LN (36, 37). However, recommendations for the management of childhood-onset LN published by American and European experts in pediatric SLE and LN are largely based on data extrapolated from studies in adults (38, 39). Compared with proliferative LN, pure MLN is associated with a lower risk of progression to end-stage renal disease (40). Therefore, the treatment of pure MLNs differs from that of proliferative LNs. However, insufficient evidence is available to recommend the best immunosuppressive treatment strategy for MLN at present given that well-powered clinical RCTs for MLN are lacking (41). According to this study, only 3.2% of trials included children, and 4.8% included patients with pure MLN. Once clinical remission has been achieved, the treatment of LN patients should change to maintenance therapy. The maintenance phase is important because despite clinical remission, histological activity is present in 44.4% of patients, and persistent kidney inflammation seems to increase the risk of renal relapse and chronic kidney disease progression (42). Among these trials, only 10.3% investigated maintenance therapy. Obviously, there is still a great shortage of research for MLN, childhood-onset LN, and maintenance treatment of LN, and we hope that more research institutions will conduct drug trials using these patients to establish optimal clinical treatment strategies.

In 2004, the International Committee of Medical Journal Editors (ICMJE) issued a publication policy requesting that prospective clinical trials need to be registered prior to patient inclusion (43). From this study, the number of clinical trial registrations for LN therapy has increased significantly since 2006. This increase may be related to this publication policy, as reported in other studies (44). The ICMJE believes that there is an ethical obligation to responsibly share data generated by interventional clinical trials because trial participants have put themselves at risk. In January 2016, the ICMJE published a proposal aimed at helping to create an environment in which the sharing of deidentified individual participant data becomes the norm. The ICMJE requires manuscripts submitted to ICMJE journals as of July 1, 2018 that report the results of clinical trials to include a data sharing statement, and clinical trials that begin enrolling participants on or after January 1, 2019 must include a data sharing plan in the trial's registration. Only 6.3% of the trials had IPD sharing statements in our study, but we believe that IPD sharing statements will be increasingly more common in future registered clinical trials. Approximately half (42.1%) of the trials in the study were completed; however, only 14.3% trials had results available on ClinicalTrials.gov, which is similar to that noted in other reports (45, 46). In summary, prospective clinical trials need to be registered prior to patient inclusion, must include IPD sharing statements in the trial's registration, and upload the results of completed studies to the Clinicatrials.gov registry in a timely fashion to make research more transparent, reduce publication bias, and ensure the safety of participants.

Our research still had some limitations: (1) This study only retrieved trials listed with ClinicalTrials.gov. Although approximately two-thirds of total global registrations and 375,253 research studies in all 50 states and 220 countries are listed on ClinicalTrials.gov, we might miss some trials registered in other registration centers. (2) All information pertaining to the conclusions reached in this study comes from ClinicalTrials.gov, and there are no other sources of information. The clinical trial registry may have changed and may not reflect the actual situation.

This study discussed the current situation and problems of clinical trials currently being conducted for LN on ClinicalTrials.gov. For researchers and physicians conducting future clinical trials for LN, some important points should be noted. (1) Large-scale, long-term, multicenter, and sufficient masked high-quality RCT trials with standardized inclusion/exclusion criteria and treatment effect evaluation systems should be conducted to generate good clinical evidence. (2) More energy and funding should be put into exploring biological products and stem cell therapies. (3) Trials for MLN, childhood-onset LN, and maintenance phase of LN are needed to establish optimal treatment strategies. (4) Prospective clinical trials need to be registered prior to inclusion in patients, must include IPD sharing statements in the trial's registration, and should update the latest results of the trial in a timely and complete manner to make the research more transparent, reduce publication bias, and ensure the safety of participants.



CONCLUSIONS

The majority of clinical trials for LN therapy registered on ClinicalTrials.gov investigated the initial treatment of adult proliferative LN, and most of these trials were randomized, parallel assigned, and insufficiently masked interventional trials with small scale, short duration, various eligibility criteria, and outcome measures. We hope that more large-scale, long-term multicenter and high-quality RCT trials with standardized inclusion criteria/exclusion criteria and treatment effect evaluation systems will be conducted and that more energy and funding will be put into exploring biological products and stem cell therapies. In addition, trials for MLN, childhood-onset LN, and maintenance phase LN are needed to establish optimal treatment strategies.
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