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aggregates evidence of therapy for clinicians and sheds light on comparative efficacies of alternative
LN treatments. As more promising agents are entering the market, such as voclosporin, belimumab,
and obinutuzumab, LN management might undergo significant changes during the next years.

Keywords: systemic lupus erythematosus; lupus nephritis; end-stage kidney disease; calcineurin
inhibitor; glucocorticoids

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease of unknown etiology,
which can damage various tissues and organs [1]. Depending on the cohorts reported in
literature 20-75% of SLE patients have lupus nephritis (LN) [2], and presence of LN is one
of the major contributors to mortality in SLE patients [3]. Without adequate treatment,
LN can lead to irreversible renal injury, end-stage kidney disease (ESKD), or death [4].
Treatment is in general subdivided into induction and maintenance therapy. Conventional
treatment for LN induction therapy contained immunosuppressive drugs, specifically
glucocorticoids (GC) combined with additional immunosuppressive measure such as
cyclophosphamide (CPA), mycophenolate mofetil (MMEF), and calcineurin inhibitors (CNI)
including cyclosporine A (CSA) and tacrolimus (TAC) [5]. In maintenance, GC withdrawal
is one aim of therapy and there is uncertainty to the duration of immunosuppressive
therapy, which usually consists of MMF or azathioprine (AZA) or alternative management
approaches. In addition to immunosuppression, immunomodulation with antimalarials
as hydroxychloroquine or chloroquine are a mainstay of treatment [6]. Despite increased
options of treatment, mortality and risk of ESKD have remained stable since the 1990s [7,8],
underling the need for novel effective and safer treatment options.

Numerous clinical studies have compared efficacy and safety of these pharmacothera-
pies. However, there has not yet been a comprehensive review that compares all of these
options. This review closes this knowledge gap highlighting treatments options for LN
aiming to help clinicians understand current evidence as gathered by several meta-analyses.

2. Methods
2.1. Inclusion and Exclusion Criteria

Studies were included in our umbrella review if they were qualified for these following
conditions: (1) estimated the efficacy of individual treatment for induction or maintenance
of SLE using odds ratio (OR), relative risk (RR), risk difference (RD), or mean difference
(MD), and 95% confidence interval (CI); (2) written in English; and (3) included a systematic
review and meta-analysis. Articles were excluded if they met at least one of the following
criteria: (1) irrelevant to pharmacotherapy for LN; (2) did not cover remission rates, re-
lapse, mortality, progression to ESKD, and infection; (3) focused on Chinese or integrative
medicine; (4) or non-human studies.

2.2. Search Strategy and Data Extraction

Two authors performed a literature search in PubMed /Medline to find meta-analyses
evaluating the efficacy of various induction or maintenance therapies for SLE from their
inception to 30 August 2020, using the search term “lupus nephritis” AND “meta-analysis”
(Figure 1). A manual search was also conducted to identify and include any relevant studies
that could have been missed during the literature search.

Two investigators also documented outcome, comparison, first author, publication
year, used models in meta-analysis (random or fixed effect models), type of metrics such
as OR, RR, RD, or MD, summary effect with 95% CI, number of significant studies over
total included studies, number of cases over controls, and reported p-value from each
meta-analysis. Heterogeneity defined as I? index (I? > 50% is classified as high hetero-
geneity) [9], and Egger p-value (publication bias) were extracted from the articles if they
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were presented. Comparison of conventional meta-analysis and network meta-analysis
was also recorded. Evaluation of statistical significancy was considered as two-tailed. We
summarized reported summary of effects of meta-analysis compared to largest individual
studies within each meta-analysis.

136 articles reviewed by title screening ‘

88 articles were excluded

6 were studies about other diseases
[————| 6 were other languages (2 were other subject)
58 were other subject about lupus

18 were other outcomes

4

48 articles reviewed by abstract screening

24 articles were exclided

2 were Chinese medicine, integrative medicine
1 was not meta-analysis

5 were other outcomes

16 were updated recently

4

24 articles reviewed by full text screening

3 articles were excluded

1 was only summarized reported other reports
2 were reported other results in network meta-
analysis

4—( 2 articles were manually searched

L

| 23 eligible articles published until 2020 August 10th

Figure 1. Flow chart of literature search.

3. Results

Among 136 articles identified, 112 articles were excluded by title and abstract screening.
The remaining 24 articles were further reviewed by full text and 3 of them were excluded
because one only summarized a report and two reported other results in network meta-
analysis. In addition, two articles were identified by a manual search. Therefore, 23 articles
were eligible for this systemic review [4,5,10-30] (Figure 1).

3.1. Characteristics of Meta-Analysis

The 23 articles encompassed meta-analyses describing remission rates (complete and
partial), relapse, mortality, ESKD progression, infection, and malignancy following different
treatments for LN. None of the articles reported summary findings in an opposing direction
to that of its largest study. Heterogeneity was fairly low: 8 studies reported I? < 50%. Two
studies used ORs as their primary metrics, and the remainder used RRs.

3.2. Complete and Partial Remission Rates during Induction Therapy in Lupus Nephritis

In comparison to CPA and GC, TAC in combination with GC demonstrated higher
remission rates in both conventional and network meta-analyses (Table 1) [10]. CNI
outperformed CPA in network meta-analyses [9]. In the meta-analyses for these respective
findings, no individual study was significant, though a consistent effect was found when
pooled (highest p-values: 0.20-0.23). There were no differences between Euro-Lupus
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regimen and NIH regimen of CPA [5]. MMF did not improve remission rates relative
to CPA.

In two studies by Deng et al. and Tunnicliffe et al., a combination of MMF, TAC, and
GC (“multitarget therapy”) increased complete remission rates over CPA and GC alone
(RR 2.38; 95% CI: 1.07-5.30) [5,19]. Zhou et al., however, did not find differences in complete
remission rates between these interventions (RR 5.13; 95% CI: 0.75-35.02), but in all three
meta-analyses, the largest individual study effect size showed improved outcomes with
multitarget therapy [5,11,19]. Furthermore, TAC improved complete remission rates when
compared individually against other agents (RR 1.48; 95% CI: 1.23-1.77) and compositely
with GC against CPA and GC (RR 2.41; 95% CI: 1.8-3.99) [10,20]. Regimens including two
immunosuppressive agents (IS) improved complete remission rates over single IS regimens,
though the effect size was small (RR 1.22; 95% CI: 1.09-1.35) [23]. Leflunomide with GC
performed better than CPA and GC (RR 1.41; 95% CI: 1.10-1.82) [20]. Biologic agents did not
improve complete remission rates, though rituximab in combination with MMF induced
higher partial remission compared to MMF alone (RR 2.00; 95% CI: 1.05-3.82), a finding
consistent with the largest study effect within that meta-analysis [5]. Additional findings
are shown in Table 2. Network meta-analyses also showed higher partial remission rates
for multitarget therapy compared to CPA and GC (RR 2.69; 95% CI: 1.74-4.76) (Table 3) [10].

3.3. Relapse during Maintenance Therapy in Lupus Nephritis

AZA did not affect relapse risk in comparison to CSA (RR 1.25; 95% CI: 0.51-3.06)
or TAC (RR 6.62; 95% CI: 0.35-123.63) [5]. There was no difference between MMF + GC
versus oral CPA + GC (RR 1.15; 95% CI: 0.55-2.37) or continuous GC versus GC withdrawal
(RR 0.38; 95% CI: 0.05-2.88) [5]. However, in network meta-analyses, MMF reduced relapse
risk over AZA (RR 0.53; 95% CI: 0.31-0.90) [10]. CPA was better than GC at reducing
relapse (RR 0.31; 95% CI: 0.11-0.71) [4] (Tables 4 and 5). In conventional meta-analyses,
CPA and CNI demonstrated reduced relapse rates compared to other combinations.

3.4. Progression to ESKD during Induction Therapy in Lupus Nephritis

In the study by Tunnicliffe et al., CNI and GC did not change ESKD progression
rates (Table 3) [5]. In network meta-analyses, CPA and GC outperformed GC alone in the
reduction of ESKD incidence (total number of cases and controls: 385) (Tables 8 and 9) [10].
Compared to AZA and MMEF, high dose GC were associated with progression to ESKD and
high CPA with GC and CPA with AZA were reducing ESKD incidence (Table 10) [16].

3.5. Mortality during Induction Therapy in Lupus Nephritis

Only four conventional studies and one network study performed comparisons of
mortality. Neither conventional nor network meta-analyses reported differences in mortal-
ity when MMF and CPA, CNI, AZA, or MMF alone were combined with GC as compared to
CPA and GC alone. Oral CPA did not change mortality rates compared to intravenous (IV)
CPA, and CPA combined with GC also did not change mortality relative to GC alone [5].
In the CPA + GC vs. GC and oral CPA vs. IV CPA comparisons, the reported summary
effects, and network meta-analysis summary effects occurred in discordant directions
(Table 6) [5,10]. Abatacept was the only biologic agent found to reduce mortality (RR 0.29;
95% CI: 0.10-0.91), an effect concordant with the largest individual study effect [5]. AZA
with GC was also found to be more effective in mortality reduction than GC alone (RR 0.60;
95% CI: 0.36-0.99) (Table 7) [5].

3.6. Infection during Induction Therapy in Lupus Nephritis

In conventional studies, CNI with GC had reduced infection risks than CPA and GC.
Low CPA also had reduced infection rates relative to high CPA induction therapy [13].
No other differences regarding infection rates were shown in other comparisons, includ-
ing MMF with GC and TAC with GC in either conventional or network meta-analyses
(Table 11) [5,10-12]. Biologic-agents such as rituximab, abatacept, ocrelizumab, sirukumab,
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and belimumab did not affect infection incidence either alone or in conjunction with IS/CPA
against placebo (Table 12) [5,27,29]. Network meta-analysis showed that GC with MMF
or CNIs were associated with an increased incidence of infection compared to GC alone
(Table 13) [25].

3.7. Relapse during Maintenance Therapy in Lupus Nephritis

No differences were found between CNI or CPA vs. AZA (Table 14) [13]. MMF was
associated with reduced relapse rate as compared to AZA in network meta-analysis only,
and this effect was concordant with the study with the largest effect size (Table 14) [16,18].
Heterogeneity was low in MMF vs. AZA and CNI vs. AZA comparisons.

3.8. Mortality during Maintenance Therapy in Lupus Nephritis

In conventional studies, no differences were found amongst MMF, AZA, or CPA as
maintenance therapies in either summary findings or the largest effect within each meta-
analysis [5,15]. Neither MMF, CNI, and GC combination therapy or plasma exchange with
GC reduced mortality compared to CPA and GC in network meta-analyses (Table 15) [10].

3.9. Progression to ESKD during Maintenance Therapy in Lupus Nephritis

In conventional meta-analyses, MMF did not reduce ESKD progression compared
to AZA, and AZA did not reduce ESKD progression relative to CPA [5,18]. In network
meta-analyses, GC at normal and high doses resulted in higher ESKD progression rates
than CPA + GC (RR 2.40; 95% CI: 1.05-5.48), CPA + AZA (RR 4.35; 95% CI: 1.56-14.28), MMF
(RR 4.54; 95% CI: 1.45-17.31), and high-dose CPA + GC (RR 4.17; 95% CI: 1.41-16.67) [4].

3.10. Infection during Maintenance Therapy in Lupus Nephritis

AZA did not change infection rates versus MMF (RR 1.08; 95% CI: 0.60-1.96), though
it was more effective than GC alone in conventional meta-analyses (RR 2.18; 95% CI:
1.01-4.73), as well as the largest study effect within that meta-analysis (Table 10) [5]. No dif-
ferences were observed for CNI vs. AZA or GC (either withdrawal vs. continuation) [5,13].
In network meta-analyses, MMF (RR 5.50; 95% CI: 1.00-30.1) or CNI (RR 5.0; 95% CI:
1.1-22.6) with GC was more effective than GC alone to reduce infections (Table 15) [25].
However, there was no difference in infection rates between MMF + GC and CPA + GC
across high and low CPA doses [14].

3.11. Malignancy during Induction and Maintenance Therapy in Lupus Nephritis

Based on conventional meta-analyses, no induction treatment regimen reduced in-
cidence of malignancy [5]. In maintenance therapy, AZA was found to be equivalent to
MMEF (RR 4.04; 95% CI: 0.45-36.07) [5]. Network meta-analyses also found combined AZA
and GC therapy to be equivalent to CPA and GC [10]. Varying CPA route of administra-
tion (oral versus IV), duration of therapy, or dosage did not affect malignancy risk [10]
(Tables 16 and 17).
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Table 1. Remission rates after induction therapy in lupus nephritis (comparison of the results between conventional meta-analysis and network meta-analysis).

Reported NMA No. of No. of
Comparison Author, Year MT Summary Effect Reported Reported 12 Significant Cases/ LarogeSt Effect p Value NMA Author, Year
o Summary Effect  p Value (p Value) Study/Total (95% CI) (Largest)
(95% CI) o Controls
(95% CI) Study

MMEF + GC vs. - 0%

CPA + GC Tunnicliffe, et al., 2018 [5] R RR 1.17(0.97-1.42) 1.44 (1.00-2.06) 0.11 (0.46) 1/10 868/441 1.07 (0.54-2.09) - Palmer, et al., 2017 [10]

MMEF + CPA +

GC vs. CPA + Tunnicliffe, et al., 2018 [5] F RR 1.22(0.78-1.89) 1.48 (0.62-3.53) 0.38 - 0//1 82/40 1.22 (0.78-1.89) 0.38 Palmer, et al., 2017 [10]

GC

TAC + GC vs. 0%

CPA + GC Zhou, et al., 2019 [11] F RR 241(1.8-3.99) 2.35 (1.03-5.45) 0.0006 (0.93) 0/7 276/135 1.64 (0.65-4.14) 0.20 Lee, et al., 2015 [12]

CNI+GC vs. Zhang, et al., 2016 [13] F RR  1.33(0.93-1.90) 1.74 (1.09-2.79) 0.12 0% 0/4 188/95 1.36 (0.83-2.22) 0.20 Palmer, et al., 2017 [10]

CPA + GC g, . : . . . . . . . (0.97) . . . . , .

géA *GCVS innicliffe, etal, 2018 [5] F RR 263 (0.13-5464)  0.57 (0.23-140)* 053 ; 0/1 13/7 263 (0.13-5464) 053 Palmer, et al., 2017 [10]

AZA + GCvs. - . )

CPA + GC Tunnicliffe, et al., 2018 [5] F RR  2.03(0.64-6.46) 1.53 (1.53-2.39)+  0.23 - 0/1 59/38 2.03 (0.64-6.46) 0.23 Singh, et al., 2016 [4]

Low CPA vs. - 67%

High CPA Tunnicliffe, et al., 2018 [5] R RR  1.09 (0.63-1.86) 1.46 (0.83-2.86) 0.76 (0.05) 0/3 267/117 1.37 (0.75-2.50) 0.29 Bae, et al., 2019 [14]

TAC + GC vs. 42%

MME + GC Zhou, et al., 2019 [11] F RR  0.95(0.54-1.64) 1.60 (0.70-3.57) 0.84 (0.18) 0/3 206/103 1.13 (0.59-2.18) 0.71 Lee, et al., 2015 [12]
Abbreviations: CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; Largest effect: effect of the largest individual study in the
meta-analysis; M: model; No: Number; NMA: Network meta-analysis; MMF: Mycophenolate mofetil; R: random effect; RR: relative risk; T: type of metrics; TAC: tacrolimus. * results of
GC vs. CPA + GC; t results of CPA + GC vs. AZA + GC; results of overall effect.

Table 2. Complete and partial remission rates of induction therapy in lupus nephritis.
Reported SN
. Type of No. of Significant No. of Largest Effect p Value

Comparison Author, Year M Metrics (S;;rol/lonéaﬁy Effect Reported p Value 12 (p Value) Study/Total Study ~ Cases/Controls 95% CI) (Largest)

Complete Remission

CPA vs. Others

MMF + TAC + GC vs. CPA + GC Tunnicliffe, et al., 2018 [5] R RR 2.38 (1.07-5.30) 0.034 57% (0.13) 2/2 402/201 1.80 (1.34-2.42) <0.001

MMF + TAC + GC vs. CPA + GC Zhou, et al., 2019 [11] R RR 5.13 (0.75-35.02) 0.10 69% (0.07) 1/2 402/201 2.49 (1.59-3.88) <0.001

MMEF + GC vs. Oral CPA + GC Tunnicliffe, et al., 2018 [5] F RR 0.98 (0.74-1.30) 0.88 - 0/1 62/30 0.98 (0.74-1.30) 0.88

Multi target vs. CPA Deng, et al., 2018 [18] F RR 1.94 (1.61-2.33) <0.001 0% (0.48) 6/8 801/406 1.80 (1.34-2.42) <0.001

Leflunomide +GC vs. CPA + GC Cao, et al., 2015 [20] F RR 1.41 (1.10-1.82) 0.007 0% (0.94) 1/9 442 /220 1.63 (1.03-2.56) -

AZA + CPA+ GC vs. GC Tunnicliffe, et al., 2018 [5] F RR 0.21 (0.04-1.02) 0.054 - 0/1 29/7 0.21 (0.04-1.02) -




J. Clin. Med. 2022, 11, 343

7 of 21

Table 2. Cont.

Reported SN

. Type of No. of Significant  No. of Largest Effect p Value
Comparison Author, Year M Metrics (S;;r;;né;x)’y Effect Reported p Value 12 (p Value) Study/Total Study  Cases/Controls (95% CI) (Largest)
CIs vs. Others
MMF + CPA + GC vs. CPA + GC Tunnicliffe, et al., 2018 [5] F RR 1.22 (0.78-1.89) 0.38 - 0//1 82/40 1.22 (0.78-1.89) 0.38
TAC vs. Others Karaaij, et al., 2016 [21] F RR 1.48 (1.23-1.77) <0.05 65% (0.021) 2/5 693/- 1.77 (1.31-2.38) <0.001
MMF + GC vs. TAC + GC Tunnicliffe, et al., 2018 [5] R RR 1.02 (0.83-1.26) 0.85 0% (0.59) 0/3 273/135 0.95 (0.74-1.23) 0.71
TAC + GC vs. CPA + GC Zhou, et al., 2019 [11] F RR 241 (1.46-3.99) 0.0006 0% (0.93) 0/7 276/135 1.64 (0.65-4.14)  0.20
Biologic agents
Rituximab vs. Others Zhong, et al., 2019 [22] R RR 1.98 (0.90-4.39) 0.09 68% (0.02) 1/5 548/378 1.40 (0.53-3.75) 0.16
Rituximab + CPA vs. Rituximab Tunnicliffe, et al., 2018 [5] F RR 0.90 (0.16-5.13) 091 - 0/1 19/9 0.90 (0.16-5.13) 091
Rituximab + MMF vs. MMF Tunnicliffe, et al., 2018 [5] F RR 0.86 (0.51-1.45) 0.58 - 0/1 144/72 0.86 (0.51-1.45) 0.58
Abatacept + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] R RR 1.13 (0.74-1.71) 0.57 0% (0.74) 0/2 432/168 1.08 (0.66-1.77) -
Laquinimod + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] F RR 1.55 (0.73-3.42) 0.28 - 0/1 46/15 1.55 (0.70-3.42) 0.28
Orcrelizumab + IS vs. placebo + 1S Tunnicliffe, et al., 2018 [5] F RR 1.07 (0.74-1.56) 0.72 - 0/1 223/75 1.07 (0.74-1.56) 0.72
Sirukumab + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] F RR 0.93 (0.66-1.32) 0.70 - 0/1 25/4 0.93 (0.66-1.32) 0.70
Others
GC vs. reduced GC Tunnicliffe, et al., 2018 [5] F RR 0.93 (0.39-2.23) 0.87 - 0/1 81/39 0.93 (0.39-2.23) 0.87
GC+2ISvs. GC+11IS Liu, et al., 2019 [23] RR 1.22 (1.09-1.35) <0.001 30.5% (0.17) 3/10 1432/622 1.32(1.16-1.51) <0.001
AZA + GCvs. GC Tunnicliffe, et al., 2018 [5] R RR 0.95 (0.54-1.69) 0.87 2% (0.31) 0/2 37/19 0.91 (0.56-1.46) -
Partial Remission
CPA vs. Others
MMF + TAC + GC vs. CPA + GC Tunnicliffe, et al., 2018 [5] R RR 1.00 (0.78-1.28) 1.00 0% (1.00) 0/2 402/201 1.00 (0.77-1.30) -
AZA + GCvs. CPA + GC Tunnicliffe, et al., 2018 [5] R RR 1.80 (0.67-4.81) 0.24 - 0/1 59/38 1.80 (0.67-1.81) 0.24
MMF + GC vs. CPA + GC Tunnicliffe, et al., 2018 [5] R RR 1.02 (0.89-1.18) 0.74 0% (0.96) 0/9 868/441 1.06 (0.85-1.32) -
TAC + GC vs. CPA + GC Deng, et al., 2012 [24] F RR 0.95 (0.68-1.33) 0.78 0% (0.63) 0/5 219/111 0.87 (0.52-1.48) 0.20
CNI + GC vs. CPA + GC Tunnicliffe, et al., 2018 [5] R RR 0.86 (0.61-1.26) 048 0% (0.76) 0/4 178/87 0.82 (0.50-1.36) -
Low vs. High CPA Tian, et al., 2017 [17] F RR 1.08 (0.89-1.32) 043 0% (0.92) 0/3 411/220 1.12 (0.85-1.48) 041
MMF + GC vs. oral CPA + GC Tunnicliffe, et al., 2018 [5] F RR 1.07 (0.44-2.59) 0.88 - 0/1 62/30 1.07 (0.44-2.59_ 0.88
Others
MMF + CPA + GC vs. CPA + GC Tunnicliffe, et al., 2018 [5] F RR 1.03 (0.55-1.90) 0.94 - 0/1 82/40 1.03 (0.55-1.90) 0.94
MMF + GC vs. TAC + GC Tunnicliffe, et al., 2018 [5] R RR 0.83 (0.51-1.36) 047 0% (0.66) 0/2 190/94 0.78 (0.44-1.33) -
MMF + Rituximab vs. MMF Tunnicliffe, et al., 2018 [5] F RR 2.00 (1.05-3.82) 0.035 - 1/1 144/72 2.00 (1.05-3.82) 0.035
Rituximab + CPA vs. Rituximab Tunnicliffe, et al., 2018 [5] F RR 0.75 (0.35-1.62) 0.47 - 0/1 19/9 0.75 (0.35-1.62) 0.47
Abatacept + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] R RR 0.88 (0.58-1.33) 0.54 0% (0.80) 0/2 432/168 0.92 (0.53-1.61) -
Orcrelizumab + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] F RR 1.49 (0.82-2.49) 0.13 - 0/1 223/75 1.49 (0.89-2.49) 0.13
GC vs. reduced GC Tunnicliffe, et al., 2018 [5] F RR 1.33 (0.78-2.24) 0.29 - 0/1 81/39 1.33 (0.78-2.24) 0.29

Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; IS: immunosuppressive agents;
Largest effect: effect of the largest individual study in the meta-analysis; M: model; No: Number; NMA: Network meta-analysis; MMF: Mycophenolate mofetil; OR: odds ratios; R:
random effect; RR: relative risk; TAC: tacrolimus.
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Table 3. Complete and partial remission rates of induction therapy in lupus nephritis (Network meta-analysis).

Comparison

Author, Year

Reported Summary Effect (95% CI)

CPA vs. Others

MMF + GC vs. Low CPA + GC
MMF + GC vs. High CPA + GC
MMF + CIs + GC vs. CPA + GC
Low CPA + GC vs. CSA + GC
High CPA + GC vs. CSA + GC
Low CPA vs. TAC

Low CPA vs. CPA

Oral CPA vs. CPA

Mizoribine + GC vs. CPA + GC

Bae, et al., 2019 [14]
Bae, et al., 2019 [14]
Palmer, et al., 2017 [10]
Singh, et al., 2016 [4]
Singh, et al., 2016 [4]
Singh, et al., 2016 [4]
Singh, et al., 2016 [4]
Palmer, et al., 2017 [10]
Palmer, et al., 2017 [10]

1.02 (0.51-2.02) *
1.48 (0.99-2.44) *
2.69 (1.74-4.76)
0.38 (0.38-0.76) *,t
0.55 (0.55-0.87) *+
0.50 (0.50-0.95) *
0.51 (0.51-0.95)
0.57 (0.23-1.40)
0.29 (0.08-1.11)

Other

CNI + GC vs. MMF + GC
Plasma exchange vs. CSA
MMEF +GC vs. GC
CNI + GC vs. GC

Tang, et al., 2018 [25]
Singh, et al., 2016 [4]
Tang, et al., 2018 [25]
Tang, et al., 2018 [25]

1.0 (0.3-3.6)

0.49 (0.49-0.97) *
8.6 (1.4-51.6)

8.8 (1.6-48.2)

Abbreviations: CNI: calcineurin inhibitors; CPA: cyclophosphamide; GC: glucocorticoid; MMF: mycophenolate mofetil; TAC: tacrolimus. * reports of overall effects; t includes partial
remission, complete remission, and renal response.

Table 4. Relapse during maintenance therapy of lupus nephritis.

Reported
. Type of Summary Reported 12 No. of Significant No. of Largest Effect p Value

Comparison Author, Year M Metrics Effect p Value (p Value) Study/Total Study Cases/Controls (95% CI) (Largest)
(95% CI)

AZA vs. CSA Tunnicliffe, et al., 2018 [5] RR 1.25(0.51-3.06)  0.63 - 0/1 69/36 1.25 (0.51-3.06) 0.63

. 6.62

AZA vs. TAC Tunnicliffe, et al., 2018 [5] RR (0.35-123.63) 0.21 - 0/1 70/34 6.62 (0.35-123.63) 0.21

g&?&c vs-oral o nicliffe, etal, 2018 [5]  F RR 1.15(0.55-2.37)  0.71 . 0/1 62/30 1.15 (0.55-2.37) 0.71

GC withdrawalvs. 5 | icliffe, etal, 2018[5] R RR 0.38 (0.05-2.88) 035 ; 0/1 15/8 0.38 (0.05-2.88) 0.35

GC continuous

Abbreviations: AZA: azathioprine; CI: confidence interval; CPA: cyclophosphamide; CSA: cyclosporine A; F: fixed effect; GC: glucocorticoid; Largest effect: effect of the largest individual
study in the meta-analysis; M: model; No: Number; MMF: Mycophenolate mofetil; OR: odds ratios; R: random effect; RR: relative risk.



J. Clin. Med. 2022, 11, 343 9o0f21

Table 5. Relapse during maintenance therapy of lupus nephritis (Network meta-analysis).

Comparison Author, Year Reported Summary Effect (95% CI)
MMEF vs. AZA Palmer, et al., 2017 [10] 0.53 (0.31-0.90)
CPA vs. GC Singh, et al., 2016 [4] 0.31 (0.11-0.71)

Abbreviations: AZA: azathioprine; CPA: cyclophosphamide; GC: glucocorticoid; MMF: mycophenolate mofetil.

Table 6. Mortality during induction therapy (compared with Network meta-analysis).

Reported NMA No. of No. of
. Reported Reported 12 Significant . Largest Effect p Value NMA

Comparison Author, Year M Ta SuI:\mary Effect Summary Effect  p Value (p Value) Study/Total Cases/ (95% CI) (Largest)  Author, Year

(95% CI) o Controls

(95% CI) Study

MMF + CPA +
GCvs. CPA + Tunnicliffe, et al., 2018 [5] F RR 0.95(0.06-14.72) 0.92 (0.06-15.3) 0.97 - 0//1 82/40 0.96 (0.06-14.72) 0.97 Palmer, et al., 2017 [10]
GC
CNI + GC vs. - 0%
CPA + GC Tunnicliffe, et al., 2018 [5] R RR 0.41(0.06-2.69) 0.83 (0.27-2.56) 0.36 (0.79) 0/3 153/75 0.29 (0.01-6.93) 0.50 Palmer, et al., 2017 [10]
gIéA *GCvs. Tunnicliffe, et al., 2018 [5] R RR  0.98(0.53-1.82) 2.03(0.72-5.77)*  0.94 (1(;) ;05) 0/4 226/88 4.91 (0.66-36.40) - Palmer, et al., 2017 [10]
AZA + GC vs. - 67%
CPA + GC Tunnicliffe, et al., 2018 [5] R RR  1.39(0.25-7.77) 1.52 (0.52—4.46) 0.71 (0.08) 0/2 146/75 0.49 (0.09-2.81) - Palmer, et al., 2017 [10]
g/[II)\[/iF++GGCC Vs Henderson, et al., 2013 [15] R RR  1.02(0.52-1.98) 420 (0.59-2.44) 0.96 20/34) 0/4 710/349 1.02 (0.61-5.27) 0.24 Palmer, et al., 2017 [10]
I%racll,CAP AVS Tunnicliffe, etal, 2018[5] R RR 080 (020-324)  2.86(0.82-100) 076 ?(312/02) 0/2 67/34 051 (0.18-147) - Palmer, et al., 2017 [10]

Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; Largest effect: effect of the largest
individual study in the meta-analysis; M: model; No: Number; NMA: Network meta-analysis; MMF: Mycophenolate mofetil; R: random effect; RR: relative risk. * results of GC vs. CPA +
GC; aType of metrics.
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Table 7. Mortality during induction and maintenance therapy in lupus nephritis.

Reported
. Type of Summary Reported No. of Significant  No. of Cases/  Largest Effect p Value
Comparison Author, Year M Metrics Effect p Value 12 (p Value) Study/Total Study  Controls (95% CI) (Largest)
(95% CI)
Induction therapy
CPA vs. Others
Low CPA vs. High CPA Tunnicliffe, et al., 2018 [5] R RR 0.97 (0.14-6.56)  0.98 - 0/2 121/63 0.97 (0.14-6.56) -
CPA + AZA + GCvs. GC Tunnicliffe, et al., 2018 [5] R RR 0.53 (0.17-1.68) 0.28 - 0/1 29/7 0.53 (0.17-1.68) 0.28
CNI vs. Others
TAC vs. Others J. Hannah, et al., 2016 [25] F RR 0.39 (0.10-1.42) 0.15 0% (1.00) 0/5 153/75 0.29 (0.01-6.93) 0.5
MMF + GC vs. TAC + GC Tunnicliffe, et al., 2018 [5] R RR 1.10 (0.44-2.77) 0.84 0% (0.98) 0/7 273/135 1.17 (0.37-3.66) 1.00
Biologic agents
Rituximab + MMF vs. MMF Tunnicliffe, et al., 2018 [5] F RR ?(50204_102 35) 0.30 - 0/1 144/72 5.00 (0.24-102.35) 0.30
Belimumab vs. placebo Kandala, et al., 2013 [27] R RR 0.59 (0.16-2.11) - - 0/3 2133/675 - -
Abatacept + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] R RR 0.29 (0.10-0.91) 0.034 0% (0.92) 1/2 432/168 0.29 (0.09-0.96) -
Laquinimod + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] F RR 1.50 (0.06-34.79)  0.80 - 0/1 46/15 1.50 (0.06-34.79) 0.80
Orcrelizumab + IS vs. placebo + IS~ Tunnicliffe, et al., 2018 [5] F RR 0.66 (0.23-1.85) 0.43 - 0/1 379/125 0.66 (0.23-1.85) 0.43
Others
GC vs. reduced GC Tunnicliffe, et al., 2018 [5] F RR 4.65(0.23-93.95)  0.32 - 0/1 81/39 4.65 (0.23-93.95) 0.32
Plasma exchange + IS vs. IS Tunnicliffe, et al., 2018 [5] R RR 1.62 (0.64-4.09) 0.31 - 0/2 125/65 1.53 (0.58-4.04) -
AZA + GCvs. GC Tunnicliffe, et al., 2018 [5] R RR 0.60 (0.36-0.99) 0.048 0% (0.74) 1/3 78/35 0.53 (0.29-0.99) -
Maintenance therapy
MMF vs. AZA Deng, et al., 2019 [18] F RR 0.55 (0.23-1.28) 0.16 0% (0.58) 0/7 601/294 0.32 (0.01-7.82) -
AZA vs. CPA Tunnicliffe, et al., 2018 [5] R RR 0.12 (0.01-2.03) 0.14 - 0/1 39/20 0.12 (0.01-2.03) 0.14

Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; IS: immunosuppressive agents;
Largest effect: effect of the largest individual study in the meta-analysis; M: model; No: Number; MMF: Mycophenolate mofetil; OR: odds ratios; R: random effect; RR: relative risk;
TAC: tacrolimus.
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Table 8. Progression to ESRD (compared with Network meta-analysis).

NMA
Reported Reported No. of
Comparison Author. Year M T Surp;mary Effect NMA Suﬁ\mary Reported 12 Significant  No. of Largest Effect p Value
! o Author, Year p Value (p Value) Study/Total Cases/Controls (95% CI) (Largest)
(95% CI) Effect Stud
(95% CI) y

MMEF + GC vs. - Palmer, et al., o
CPA + GC Tunnicliffe, et al., 2018 [5] R RR 0.71(0.27-1.84) 2017 [10] 2.60 (0.36-18.7) 0.48 0% (0.65) 0/3 231/117 0.53 (0.15-1.81) 0.31
CNI + GC vs. - Palmer, et al.,
CPA + GC Tunnicliffe, et al., 2018 [5] F RR 1.00(0.07-14.85) 2017 [10] 2.08 (0.23-18.9) 1.0 - 0/1 38/19 1.00 (0.07-14.85) -
géA FOCYS Tunnicliffe, etal, 2018[5] R RR  0.63 (0.39-1.03) [Sllglgh etal, 2016 56033092 0,07 0% (0.87)  0/4 278/107 0.74 (029-1.86) -
AZA + GC vs. .. Palmer, et al., o
CPA + GC Tunnicliffe, et al., 2018 [5] R RR  0.40 (0.15-1.07) 2017 [10] 1.79 (0.56-5.70)  0.07 0% (0.76) 0/2 144/56 0.25 (0.01-5.93) -
Oral CPA vs. .. Palmer, et al., o
IV CPA Tunnicliffe, et al., 2018 [5] R RR  0.23 (0.04-1.28) 2017 [10] 1.34 (0.31-5.88)  0.09 0% (0.97) 0/2 67/34 0.23 (0.03-1.83) -

Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; Largest effect: effect of the largest

individual study in the meta-analysis; M: model; No: Number; OR: odds ratios; R: random effect; RR: relative risk; T: type of metrics.

Table 9. Progression to ESRD during treatment of lupus nephritis.

Reported
. Type of Summary Reported No. of Significant  No. of Cases/ Largest Effect p Value
Comparison Author, Year M mETRICS Effect p Value 12 (p Value) Study/Total Study  Controls (95% CI) (Largest)
(95% CI)

Induction therapy
CPA vs. Others
MMF + GC vs. oral CPA + GC  Tunnicliffe, et al., 2018 [5] F RR 0.19 (0.01-3.76) 0.27 - 0/1 62/30 0.19 (0.01-3.76) 0.27
CPA + AZA + GC vs. GC Tunnicliffe, et al., 2018 [5] F RR 0.21 (0.04-1.02) 0.054 - 0/1 29/7 0.21 (0.04-1.02) 0.054
Low vs. High CPA Tunnicliffe, et al., 2018 [5] R RR 0.49 (0.05-5.20) 0.55 - 0/2 135/64 0.49 (0.05-5.20) 0.55
Long vs. Short CPA Tunnicliffe, et al., 2018 [5] R RR 0.40 (0.09-1.83) 0.24 - 0/1 40/20 0.40 (0.09-1.83) 0.24
CNs vs. Others
MMF + GC vs. TAC + GC Tunnicliffe, et al., 2018 [5] R RR 122 (0.51-2.91)  0.66 - 0/1 150/74 1.22 (0.51-2.91) 0.66
Biologic agents
Abatacept + IS vs. placebo + IS Tunnicliffe, et al., 2018 [5] R RR 0.84 (0.21-3.45) 0.81 - 0/1 298/100 0.84 (0.21-3.45) 0.81
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Table 9. Cont.
Reported
. Type of Summary Reported No. of Significant  No. of Cases/  Largest Effect p Value
Comparison Author, Year M mETRICS Effect p Value 12 (p Value) Study/Total Study  Controls (95% CI) (Largest)
(95% CI)
Others
GC vs. reduced GC Tunnicliffe, et al., 2018 [5] F RR 0.93 (0.39-2.23) 0.87 - 0/1 81/39 0.93 (0.39-2.23) 0.87
AZA +GCvs. GC Flanc, et al., 2004 [28] R RR 0.66 (0.17-2.55) 055 49.7% (0.16) 0/2 54/22 0.33 (0.08-1.32) -
Plasma exchange + IS vs. IS Tunnicliffe, et al., 2018 [5] R RR 1.24 (0.60-2.57) 0.56 0% (0.63) 0/3 143/74 1.44 (0.63-3.29) -
Plasma exchange vs. IS Tunnicliffe, et al., 2018 [5] F RR 0.24 (0.01-4.44) 0.34 - 0/1 20/11 0.24 (0.01-4.44) 0.34
Maintenance therapy
MMF vs. AZA Deng, et al., 2019 [18] F RR 0.50 (0.18-1.39) 0.19 0% (0.74) 0/5 514/252 0.14 (0.01-2.62) 0.07
AZA vs. CPA Tunnicliffe, et al., 2018 [5] R RR 0.35 (0.04-3.09) 0.35 - 0/1 39/20 0.35 (0.04-3.09) 0.35
Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; IS: immunosuppressive agents;
Largest effect: effect of the largest individual study in the meta-analysis; M: model; No: Number; MME: Mycophenolate mofetil; OR: odds ratios; R: random effect; RR: relative risk; TAC:
tacrolimus.
Table 10. Progression to ESRD during treatment of lupus nephritis (Network meta-analysis).
Comparison Author, Year Reported Summary Effect (95% CI)

GCvs. CPA + GC

CPA + AZA vs. GC

High GC vs. AZA + GC
High GC vs. MMF

High CPA + GC vs. High GC
Plasma exchange vs. CPA

Palmer, et al., 2017 [10]
Singh, et al., 2016 [16]
Singh, et al., 2016 [16]
Singh, et al., 2016 [16]
Singh, et al., 2016 [16]
Palmer, et al., 2017 [10]

2.40 (1.05-5.48)
0.23 (0.07-0.64)
2.15 (1.06-4.10)
4.54 (1.45-17.31)
0.24 (0.06-0.71)
2.92 (0.31-27.8)

Abbreviations: AZA: azathioprine; CPA: cyclophosphamide; GC: glucocorticoid; MMF: mycophenolate mofetil.
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Table 11. Infection during induction therapy (compared with Network meta-analysis).

Reported NMA No. of No. of
Comparison Author. Year Type of Suﬂl marv Effect NMA Reported Reported 12 Significant Cas'es / Largest Effect p Value
P uthor Metrics o y Author, Year Summary Effect  p Value (p Value) Study/Total (95% CI) (Largest)
(95% CI) o Controls
(95% CI) Study
glll)\fjcccc VS Tunnidliffe, etal, 2018 [5] R RR 1.02 (0.67-1.54) [Lle;] etal, 2015 (07 (054-153)  0.94 0% (0.50)  0/9 699/351 122(0.68-220) -
TAC + GC vs. Lee, et al., 2015
CPA + GC Zhou, et al., 2019 [11] F OR 0.77 (0.42-1.43) [12] 0.49 (0.21-1.23) 0.41 - 0/5 - - -
CNI + GC vs. Palmer, et al., o
CPA + GC Zhang, et al., 2016 [13] F RR 0.65 (0.43-0.98) 2017 [10] 0.57 (0.28-1.16) 0.04 0% (0.53) 0/5 194/97 1.09 (0.32-3.73) 0.9
SEA *GEVS Tunnicliffe, etal, 2018[5] R RR 0.87 (0.50-1.51) ggi‘;[e]ro?t al, 0.81 (0.34-194)* 061 0% (059)  0/6 291/113 112(053-240) -
Oral CPA vs. - Palmer, et al., o
IV CPA Tunnicliffe, et al., 2018 [5] R RR 1.16 (0.47-2.90) 2017 [10] 1.12 (0.43-2.94) 0.75 0% (0.35) 0/2 67/34 0.60 (0.11-3.19) -
;?;CCI;‘ZVS' Tian, et al., 2017 [17] F RR 0.74 (0.56-0.98) Fﬁﬁ etal, 2019 0.62 (0.29-1.25) 0.03 20% (0.28)  1/7 655/348 0.80 (0.47-1.35) 0.39
TAC + GC vs. Lee, et al., 2015
MMF + GC Zhou, et al., 2019 [11] R OR 095(0.06-16.03) 1% 0.56 (0.24-1.30) 0.97 - - - - -
Abbreviations: CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; Largest effect: effect of the largest individual study in the
meta-analysis; M: model; No: Number; NMA: Network meta-analysis; MMF: Mycophenolate mofetil; OR: odds ratios; R: random effect; RR: relative risk; TAC: tacrolimus. * results of
GC vs. CPA + GC.
Table 12. Infection during induction and maintenance therapy in lupus nephritis.
Reported No. of Significant
Comparison Author, Year M ;{Zpe.Of Summary Effect Reported 12 (p Value) Study/Total No. of cases/ Larogest Effect p Value
etrics o p Value Controls (95% CI) (Largest)
(95% CI) Study
Induction therapy
CPA vs. Others
1(\;[24}: *TAC+GCvs. CPA+ 1 nicliffe, et al., 2018 [5] R RR 0.80 (0.22-2.94) 0.74 57% (0.13) 2/2 402/201 1.80 (1.34-2.42) <0.001
MMEF + GC vs. Oral CPA + GC  Tunnicliffe, et al., 2018 [5] F RR 0.38 (0.08-1.79) 0.22 - 0/1 62/30 0.38 (0.08-1.79) 0.22
Long CPA vs. Short CPA Tunnicliffe, et al., 2018 [5] R RR 1.00 (0.07-14.90) 1.0 - 0/1 40/20 1.00 (0.07-14.90) 1.0
AZA + CPA+ GC vs. GC Tunnicliffe, et al., 2018 [5] F RR 0.48 (0.10-2.30) 0.36 - 0/1 29/7 0.48 (0.10-2.30) 0.36
CNI vs. Others
TAC vs. Others Karaaij, et al., 2016 [21] F RR 0.91 (0.69-1.19) - 269% (0.242)  0/5 693/- 1.14 (0.81-1.60) -
AZA vs. TAC Tunnicliffe, et al., 2018 [5] F RR 1.26 (0.30-5.22) 0.75 - 0/1 70/34 1.26 (0.30-5.22) 0.75
MMEF + GC vs. TAC + GC Tunnicliffe, et al., 2018 [5] R RR 2.14 (0.93-4.92) 0.60 0% (0.28) 0/2 190/94 1.70 (0.52-5.58) 0.53
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Table 12. Cont.
Reported No. of Significant
Comparison Author, Year M "l{zfpe.of Summary Effect Reported 12 (p Value) Study/Total No. of cases/ Larogest Effect p Value
etrics o p Value Controls (95% CI) (Largest)
(95% CI) Study
Biologic agents
gitﬁiﬁ:ﬁ + CPAvs. Tunnicliffe, et al., 2018 [5] F RR 0.09 (0.07-12.38) 0.94 - 0/1 19/9 0.09 (0.07-12.38) 0.94
Rituximab + MMF vs. MMF Tunnicliffe, et al., 2018 [5] F RR 1.00 (0.48-2.08) 1.0 - 0/1 144/72 1.0 (0.48-2.08) 1.0
Rituximab + IS vs. IS Shamliyan, et al., 2017 [29] F RD 0.03 (—0.03-0.08) - 0% (0.78) 0/1 - 0.03 (—0.03-0.08) -
Abatacept + IS vs. placebo + IS~ Tunnicliffe, et al., 2018 [5] R RR 1.29 (0.81-2.04) 0.28 0% (0.62) 0/2 432/168 1.22 (0.73-2.03) -
J?Iré’mhmmab +1Svs. placebo i\ icliffe, et al,, 2018 [5] F RR 1.14 (0.95-1.36) 0.17 . 0/1 378/125 1.14 (0.95-1.36) 0.17
Isér“k“mab +1ISvs. placebo+ 1 icliffe, et al., 2018 [5] F  RR 0.93 (0.66-1.32) 0.70 ; 0/1 25/4 0.93 (0.66-1.32) 0.70
Belimumab vs. placebo Kandala, et al., 2013 [27] R RR 0.85 (0.57-1.28) - - 0/3 2133/675 - -
Others
glgﬂz *CPA+GCvs. CPA+ 1 nicliffe, et al., 2018 [5] F  RR 0.37 (0.14-0.93) 0.035 ; 1/1 82/40 0.37 (0.14-0.93) 0.035
Plasma exchange + IS vs. IS Tunnicliffe, et al., 2018 [5] R RR 0.69 (0.35-1.37) 0.29 0% (0.36) 0/2 125/65 0.65 (0.32-1.30) -
Plasma exchange vs. IS Tunnicliffe, et al., 2018 [5] F RR 0.40 (0.02-8.78) 0.56 - 0/1 20/11 0.40 (0.02-8.78) -
GC vs. reduced GC Tunnicliffe, et al., 2018 [5] F RR 4.64 (0.57-38.00) 0.15 - 0/1 81/39 4.64 (0.57-38.00) 0.15
MMEF vs. AZA Deng, et al., 2019 [18] R RR 0.61 (0.29-1.30) 0.20 84% (0.0004)  1/4 255/124 1.26 (0.88-1.79) -
AZA + GCvs. GC Tunnicliffe, et al., 2018 [5] R RR 3.56 (0.46-27.79) 0.23 0% (0.59) 0/2 42/16 2.00 (0.11-37.22) -
Maintenance therapy
AZA vs. MMF Tunnicliffe, et al., 2018 [5] F RR 1.08 (0.60-1.96) 0.79 0% (0.87) 0/3 412/209 1.22 (0.57-2.62) -
CNIvs. AZA Zhang, et al., 2016 [13] F RR 0.56 (0.28-1.10) 0.09 0% (0.34) 0/2 139/69 1.06 (0.23-4.89) >0.99
AZA vs. GC Tunnicliffe, et al., 2018 [5] F RR 2.18 (1.01-4.73) 0.048 - 1/1 69/36 2.18 (1.01-4.73) 0.048
GC withdrawal vs. GC Tunnicliffe, et al., 2018 [5] R RR 0.57 (0.06-5.03) 0.61 ; 0/1 15/8 0.57 (0.06-5.03) 0.61
continuous

Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; IS: immunosuppressive agents;
Largest effect: effect of the largest individual study in the meta-analysis; M: model; No: Number; MMF: Mycophenolate mofetil; OR: odds ratios; R: random effect; RR: relative risk; TAC:

tacrolimus.
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Table 13. Infection during treatment of lupus nephritis (Network meta-analysis).

Comparison Author, Year Reported Summary Effect (95% CI)
MMF + GC vs. CPA + GC Palmer, et al., 2017 [10] 1.23 (0.84-1.77)
MMEF + CNI + GC vs. CPA + GC Palmer, et al., 2017 [19] 3.59 (0.66-19.5)
Low CPA + GC vs. MMF + GC Bae SC, et al., 2019 [14] 0.73 (0.29-1.66)
MMF + GC vs. High CPA + GC Bae SC, et al., 2019 [14] 0.85 (0.52-1.39)
AZA + GC vs. CPA + GC Palmer, et al., 2017 [10] 0.34 (0.10-1.13)

MMF + GC vs. GC

CNI + GC vs. GC

Tang, et al., 2018 [25]
Tang, et al., 2018 [25]

5.50 (1.00-30.1)
5.0 (1.1-22.6)

Abbreviations: AZA: azathioprine; CNI: calcineurin inhibitors; CPA: cyclophosphamide; GC: glucocorticoid; MMF: mycophenolate mofetil.

Table 14. Relapse during maintenance therapy (compared with Network meta-analysis).

NMA No. of

Reported s No. of
. Type of NMA Reported Reported 12 Significant Largest Effect p Value

Comparison Author, Year M Metrics Suronmary Effect Author, Year Summary Effect  p Value (p Value) Study/Total cases/ (95% CI) (Largest)

(95% CI) o Controls

(95% CI) Study
MMEF vs. AZA Eg?g' etal, 2019 RR 0.75 (0.54-1.05) [Si?gh’ etal, 2016 59 038-090) 0.9 0% (072  1/7 558,/270 0.55 (031-0.99)  0.03
CNIvs. AZA [Zf;‘j‘“g' etal, 2016 RR 0.44 (0.10-1.89) ggi‘;‘ﬁr(ﬁt al., 0.64(022-1.88) 027 0% (054)  0/2 139/69 0.64 (0.22-1.88)  0.49
Tunnicliffe, et al., Palmer, et al., *

AZA vs. CPA 2018 [5] R RR 0.79 (0.34-1.85) 2017 [10] 1.68 (0.51-5.51) 0.59 - 0/1 39/20 0.79 (0.34-1.85)  0.59
Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; Largest effect: effect of the largest individual study in the
meta-analysis; M: model; No: Number; NMA: Network meta-analysis; MMF: Mycophenolate mofetil; R: random effect; RR: relative risk. * results of CPA vs. AZA.

Table 15. Mortality during induction and maintenance therapy of lupus nephritis (Network meta-analysis).
Comparison Author, Year Reported Summary Effect (95% CI)
MMEF + CNI + GC vs. CPA + GC Palmer, et al., 2017 [10] 1.00 (0.02-52.8)

Plasma exchange + GC vs. CPA +GC Palmer, et al., 2017 [10] 8.21 (0.22-3.04)
Abbreviations: CNI: calcineurin inhibitors; CPA: cyclophosphamide; GC: glucocorticoid; MMF: mycophenolate mofetil.
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Table 16. Malignancy during induction and maintenance therapy of lupus nephritis.

Reported No. of
. Type of Summary Reported p Significant No. of Largest Effect p Value
Comparison Author, Year M Metrics Effect Value 12 (p Value) Study/Total Cases/Controls (95% CI) (Largest)
(95% CI Study
Induction therapy
MMF + GC vs. Tunnicliffe, 0.65 0.65
CPA + GC etal., 2018 [5] R RR (0.11-3.86) 0.64 ) 0/1 364/180 (0.11-3.86) 0.64
CPA + GCvs.  Tunnicliffe, 0.82 o 2.69
GC etal., 2018 [5] R RR (0.07-9.90) 0.87 26% (0.24) 0/2 147/39 (0.15-49.06) )
CNI + GC vs. Tunnicliffe, 5.00 5.00
CPA + GC et al., 2018 [5] F RR (0.26-97.70) 0.29 ) 0/1 38/19 (0.26-97.70) )
Low vs. High Tunnicliffe, 1.44 o 5.47
CPA etal., 2018 [5] R RR (0.09-23.31) 0.80 41%(0.19) 0/2 206/88 (0.30-99.28) )
Long vs. Short  Tunnicliffe, 3.00 3.00
CPA etal., 2018 [5] R RR (0.13-69.52) 0.49 ) 0/1 40/20 (0.13-69.52) 0.49
Belimumab * Borba, et al., 1.50 o 2.01
vs. placebo 2014 [30] R RR (0.25-9.17) 0.66 0% (0.71) 0/3 1349/674 (0.18-22.09) )
Maintenance therapy
Tunnicliffe, 4.04 o 3.11
AZA vs. MMF etal,, 2018 [5] F RR (0.45-36.07) 0.21 0% (0.82) 0/3 370/188 (0.13-75.47) -
Abbreviations: AZA: azathioprine; CI: confidence interval; CNI: calcineurin inhibitors; CPA: cyclophosphamide; F: fixed effect; GC: glucocorticoid; Largest effect: effect of the largest
individual study in the meta-analysis; M: model; No: Number; MMF: Mycophenolate mofetil; OR: odds ratios; R: random effect; RR: relative risk. * Belimumab 10 mg/kg.
Table 17. Malignancy during treatment of lupus nephritis (Network meta-analysis).
Comparison Author, Year Reported Summary Effect (95% CI)
AZA + GC vs. CPA + GC Palmer, et al., 2017 [10] 4.67 (0.61-37.7)
Oral CPA + GC vs. IV CPA + GC Palmer, et al., 2017 [10] 7.77 (0.81-74.9)

Abbreviations: AZA: azathioprine; CPA: cyclophosphamide; GC: glucocorticoid; IV: intravenous.
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4. Discussion

To address the need for a systematic comparison of available LN therapies, we collected
and reviewed 23 meta-analyses evaluating comparative efficacies of LN drugs. To the best
of our knowledge, we have conducted the most comprehensive review of meta-analyses of
treatments use in the management of LN.

In induction therapy of LN, we found that CNI, particularly TAC, outperformed CPA
in the rates of remission, alongside a beneficial safety profile. These effects were supported
primarily by conventional meta-analyses, and improved outcome after TAC use in terms
of remission was also supported by network meta-analyses. Multi-target therapy also
improved remission rates, though without improvements in infectious risks. Defective
regulatory T cells, increased activity of dendritic cells, and impaired clearance of neutrophil
extracellular traps have been documented and thought to cause overactivation of T helper
cells and B cells driving organ inflammation and injury in SLE [31-33]. CNI include TAC,
which complexes FK506 binding protein 12, and CSA, which complexes with cyclophilin,
and ultimately inhibit activity of the phosphatase calcineurin [26]. TAC and CSA have
similar mechanisms of action, but TAC is approximately 25-times more potent than CSA
and might thus be used primarily in the management of LN [26,34]. CNI prevent the
calcineurin-mediated dephosphorylation and subsequent nuclear translocation of NF-AT,
a transcription factor promoting IL-2 transcription. The use of CNI in real-life has been
limited primarily due to the fact that clinical trials investigating either TAC or CSA have
either been underpowered or of insufficient duration [31]. Our findings indicate that
TAC with GCs outperform CPA with GCs across multiple moderate-sized meta-analyses.
The beneficial effects of CNI have recently been confirmed in a phase 2 and phase 3 trial
investigating the efficacy of voclosporin in combination with MMF [35,36]. Ethnicity plays
a crucial role when assessing efficacy of agents in the management of LN, as CNI might
be mainstay of therapy in Asian countries, while their efficacy might be comparable to
conventional therapies in Caucasians [37-39].

Compared to IV cyclophosphamide, the use of calcineurin inhibitors (TAC and CSA)
may be as effective in inducing complete renal remission, while the combination of MMF
and TAC may improve the induction of complete renal remission, and achieving stable
kidney function at six months. The generalizability of these findings may be limited as
the two studies of combination therapy have largely included patients of Asian ethnicity,
and have had serious concerns regarding selection bias and reporting bias. The safety of
these therapies is unclear as the certainty of evidence is generally low to very low due to
substantial imprecision in treatment effects and a small sample size and event numbers,
limiting the applicability of the findings [5,37,40]. In Chinese patients CNIs have the
potential to replace the more toxic CPA regimens in high-risk subgroups. TAC may be
considered as another non- CPA alternative for induction therapy of LN and in those with
refractory disease or intolerance to CPA or MMF.

Multitarget therapy of LN using TAC and MMF or GC versus TAC, MMF, and GC
triple combination was analyzed for induction therapy. The combination TAC, MMF, and
GC or TAC and GC provides better outcome data compared with CPA and GC. There is
only good option for induction therapy of LN same evidence level.

For mortality, infection, progression to ESKD, malignancy, there is strong evidence for
an impact of immunosuppressive agents. We can confirm that AZA with GC is reducing
mortality rates when used as a maintenance agent, GC low dose reduces infection risk, and
AZA with MMF reduces progression to ESKD in induction therapy of LN. These findings
can explain that CNI or combination therapy are not suitable for maintenance therapy in
LN and MMF or GC are good choices for remission maintenance in LN [4,5,10,13,16].

In the maintenance of remission, MMF outperformed AZA in reducing relapse, a
finding which was supported by network but not conventional meta-analyses. Again,
differences among ethnicities need to be taken into account. While in an international multi-
center trial a maintenance strategy comparing MMF showed beneficial effects, these effects
were not found in a European study [41,42]. MMF and AZA have distinct adverse effects
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and potential contraindications which are important to acknowledge when prescribing
these agents. AZA may not be used in patients taking xanthine oxidase inhibitors or in
patients with IBD, as AZA has a black box warning of hepatosplenic T-cell lymphoma in
the context of IBD. MMF has a black box warning of embryo-fetal toxicity and thus should
not be used in pregnant patients and patients who plan to conceive (men and women).

Antimalarial agents (HCQ) are inexpensive, especially compared with treatments
used more recently in SLE patients, and also have a good overall tolerability profile, with
the exception of a risk of retinal toxicity. To date, HCQ have not been reliably linked
to an increased incidence of infections as has been known to occur with use of other
immunosuppressive drugs [43]. Higher dosage use of HCQ can cause retinal toxicity, thus
a dosage of 0.5-0.6 mg/kg/day maximum is suggested [44]. Despite reports of the valuable
clinical effects of antimalarial agents in SLE, we still need additional confirmation from
clinical studies as well as more-detailed basic studies to decipher their mechanisms of
action [43].

Abatacept improved mortality over placebo when used as induction therapy. However,
abatacept in combination with standard of care therapy failed to show higher remission
rates in several clinical trials, thus it is neither used nor approved for treatment of LN [29,45].
Other biologic agents such as orcelizumab, sirukumab, laquinimod, and belimumab did not
improve mortality, infection, and partial remission rates against placebo, either paired with
immunosuppressants or alone in the case of belimumab. Rituximab and MMF had higher
partial remission rates than MMF alone as induction therapy, but rituximab, either alone or
combined with CPA, IS, or MMF, did not improve other outcomes. Abatacept, orcelizumab,
and belimumab each had moderate-sized meta-analyses, but rituximab, laquinimod, and
sirukumab had low sample sizes. Nonetheless, the BLISS-LN trial indicated that belimumab
therapy has superior efficacy estimates and is thus approved for the management of LN. In
this landmark trial, 448 patients underwent randomization to belimumab or placebo on top
of standard therapy. The belimumab-treated cohort not only had higher complete response
rates, but also reduced the risk of renal-related events or deaths [46].

Adverse effects should be considered to guide selection of therapy. Given the side
effects of CPA and GCs, there is an impetus to evaluate CPA and GC at reduced intensities
for induction therapy. Administration of lower cumulative doses of CPA or GC have
been proposed to improve patient quality of life [47,48]. Modifying CPA or GC intensity
had either no effect, or, in the case of low-dose CPA, detrimental effects on LN outcomes.
The combination of newer pharmacologic agents not only allow the replacement of CPA
but also indicates that a reduced GC regimen can be used safely. In a recent case series,
belimumab allowed the withdrawal or reduction of GCs while maintaining a complete
response [49]. Furthermore, the adverse effects of multitarget therapy consisting of a
triple immunosuppressant combination, though effective at inducing remission, should
be particularly considered given that adding pharmacotherapies may negatively impact
quality of life. Multitarget therapy is most effective in class IV and class V LN lesions, and it
has been reported that higher proportions of patients find the adverse effects of multitarget
therapy intolerable compared to CPA and GC [19]. Multidrug therapy does not increase
rates of infection or malignancy. For patients with more severe LN and more willing to
tolerate adverse events, multidrug therapy may prove to be a superior option in inducing
remission compared to double therapy.

Limitations are inherent to the design of the study. Sample size estimates of most
interventions were low. Moreover, most interventions with low sample size were tested
in one ethnicity and a generalizability of the results is not possible for some of these
interventions, i.e., AZA is not an option to induce remission in Caucasians. Moreover, some
trials such as the LUNAR trial investigating the role of rituximab on top of standard of
care indicated higher overall remission rates [50]. As a negative trial, rituximab was not
approved in the management of LN, but is still used in the management of LN, especially
in refractory cases [51]. Moreover, analyses as exerted in this study always undergo a strict
heterogeneity assessment. The highest heterogeneity in significant findings was 1> = 57%
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(multitarget therapy vs. CPA + GC), with the remainder of comparisons showing low
heterogeneity (usually below I? = 5%). Furthermore, we did not perform the assessment
of the risk of bias and quality of evidence for network-meta-analyses. In network meta-
analysis, the assessment of the risk of bias and quality of evidence are more challengeable
than in conventional meta-analysis since network meta-analysis has more than one pooled
effect estimate, which means that bias from a single trial could affect various pooled
outcomes [52].

5. Conclusions

To conclude, we conducted a comprehensive review of meta-analysis on comparative
efficacies for LN pharmacotherapy. Our study aggregates and interprets meta-analyses to
guide clinicians and intensify discussion on optimal LN care. We find that TAC and GC or
multitarget therapy are particularly effective at inducing remission without increases in
infection or malignancy. For maintenance of LN after remission, MMF and GC are reducing
mortality, infection, progression to ESKD, and relapse. Preliminary evidence is promising
for biologics, but further evidence is required to demonstrate superior mortality and quality
of life outcomes. Research in SLE and LN is a rapidly moving field and novel therapies
will change the landscape in near future.

Author Contributions: All authors made substantial contributions to all the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of data,
(2) drafting the article or revising it critically for important intellectual content, (3) final approval
of the version to be submitted. All authors have read and agreed to the published version of the
manuscript.

Funding: None provided financial support for the conduct of the research and/or preparation of
the article.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available from the corresponding author on a reasonable request.
Acknowledgments: We thank Jun Young Lee for contributing to organizing tables.

Conflicts of Interest: All authors state that they have no actual or potential conflict of interest
including any financial, personal, or other relationships with other people or organization.

References

1. Anders, H.J.; Saxena, R.; Zhao, M.H.; Parodis, I.; Salmon, J.E.; Mohan, C. Lupus nephritis. Nat. Rev. Dis. Primers 2020, 6, 7.
[CrossRef]

2. Cervera, R.;; Khamashta, M.A.; Hughes, G.R. The Euro-lupus project: Epidemiology of systemic lupus erythematosus in Europe.
Lupus 2009, 18, 869-874. [CrossRef] [PubMed]

3.  Zhang, ES.; Nie, YK,; Jin, X.M.; Yu, HM.; Li, YN.; Sun, Y. The efficacy and safety of leflunomide therapy in lupus nephritis by
repeat kidney biopsy. Rheumatol. Int. 2009, 29, 1331-1335. [CrossRef]

4.  Singh,].A.; Hossain, A.; Kotb, A.; Wells, G.A. Comparative effectiveness of immunosuppressive drugs and corticosteroids for
lupus nephritis: A systematic review and network meta-analysis. Syst. Rev. 2016, 5, 155. [CrossRef] [PubMed]

5. Tunnicliffe, D.J.; Palmer, S.C.; Henderson, L.; Masson, P; Craig, ].C.; Tong, A.; Singh-Grewal, D.; Flanc, R.S.; Roberts, M.A.;
Webster, A.C.; et al. Immunosuppressive treatment for proliferative lupus nephritis. Cochrane Database Syst. Rev. 2018,
6, Cd002922. [CrossRef]

6. Fanouriakis, A.; Kostopoulou, M.; Alunno, A.; Aringer, M.; Bajema, I.; Boletis, ].N.; Cervera, R.; Doria, A.; Gordon, C.; Govoni, M.;
et al. 2019 update of the EULAR recommendations for the management of systemic lupus erythematosus. Ann. Rheum. Dis. 2019,
78,736-745. [CrossRef]

7. Croca, S.C.; Rodrigues, T.; Isenberg, D.A. Assessment of a lupus nephritis cohort over a 30-year period. Rheumatology (Oxford)
2011, 50, 1424-1430. [CrossRef] [PubMed]

8. Tektonidou, M.G.; Dasgupta, A.; Ward, M.M. Risk of End-Stage Renal Disease in Patients With Lupus Nephritis, 1971-2015:
A Systematic Review and Bayesian Meta-Analysis. Arthritis Rheumatol. 2016, 68, 1432-1441. [CrossRef]

9.  Cochran, W.G. The combination of estimates from different experiments. Biometrics 1954, 10, 101-129. [CrossRef]


http://doi.org/10.1038/s41572-019-0141-9
http://doi.org/10.1177/0961203309106831
http://www.ncbi.nlm.nih.gov/pubmed/19671784
http://doi.org/10.1007/s00296-009-0861-3
http://doi.org/10.1186/s13643-016-0328-z
http://www.ncbi.nlm.nih.gov/pubmed/27619512
http://doi.org/10.1002/14651858.CD002922.pub4
http://doi.org/10.1136/annrheumdis-2019-215089
http://doi.org/10.1093/rheumatology/ker101
http://www.ncbi.nlm.nih.gov/pubmed/21415024
http://doi.org/10.1002/art.39594
http://doi.org/10.2307/3001666

J. Clin. Med. 2022, 11, 343 20 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

Palmer, S.C.; Tunnicliffe, D.J.; Singh-Grewal, D.; Mavridis, D.; Tonelli, M.; Johnson, D.W,; Craig, J.C.; Tong, A.; Strippoli, G.EM.
Induction and Maintenance Immunosuppression Treatment of Proliferative Lupus Nephritis: A Network Meta-analysis of
Randomized Trials. Am. . Kidney Dis. 2017, 70, 324-336. [CrossRef]

Zhou, T; Lin, S.; Yang, S.; Lin, W. Efficacy and safety of tacrolimus in induction therapy of patients with lupus nephritis. Drug
Des. Dev. Ther. 2019, 13, 857-869. [CrossRef] [PubMed]

Lee, Y.H.; Song, G.G. Relative efficacy and safety of tacrolimus, mycophenolate mofetil, and cyclophosphamide as induction
therapy for lupus nephritis: A Bayesian network meta-analysis of randomized controlled trials. Lupus 2015, 24, 1520-1528.
[CrossRef] [PubMed]

Zhang, X.; Ji, L.; Yang, L.; Tang, X.; Qin, W. The effect of calcineurin inhibitors in the induction and maintenance treatment of
lupus nephritis: A systematic review and meta-analysis. Int. Urol. Nephrol. 2016, 48, 731-743. [CrossRef]

Bae, 5.C.; Lee, Y.H. Comparative efficacy and safety of low-dose and high-dose cyclophosphamide as induction therapy for lupus
nephritis: A network meta-analysis. Z. Rheumatol. 2019, 78, 467-473. [CrossRef] [PubMed]

Henderson, L.K.; Masson, P.; Craig, ].C.; Roberts, M.A; Flanc, R.S.; Strippoli, G.E.; Webster, A.C. Induction and maintenance
treatment of proliferative lupus nephritis: A meta-analysis of randomized controlled trials. Am. J. Kidney Dis. 2013, 61, 74-87.
[CrossRef] [PubMed]

Singh, J.A.; Hossain, A.; Kotb, A ; Oliveira, A.; Mudano, A.S.; Grossman, J.; Winthrop, K.; Wells, G.A. Treatments for Lupus
Nephritis: A Systematic Review and Network Metaanalysis. . Rheumatol. 2016, 43, 1801-1815. [CrossRef] [PubMed]

Tian, M.; Song, X.; Dong, L.; Xin, X.; Dong, J. Systematic evaluation of different doses of cyclophosphamide induction therapy for
lupus nephritis. Medicine 2017, 96, €9408. [CrossRef]

Deng, J.; Xie, H.; Zhu, L.; Luo, L.; Xie, H. Maintenance therapy for lupus nephritis with mycophenolate mofetil or azathioprine.
A meta-analysis. Clin. Nephrol. 2019, 91, 172-179. [CrossRef] [PubMed]

Deng, J.; Luo, L.; Zhu, L.; Xie, H.; Xie, H. Multitarget therapy versus intravenous cyclophosphamide in the induction treatment of
lupus nephritis: A metaanalysis of randomized controlled trials. Turk. J. Med. Sci. 2018, 48, 901-910. [CrossRef] [PubMed]

Cao, H.; Rao, Y;; Liu, L.; Lin, J.; Yang, H.; Zhang, X.; Chen, Z. The Efficacy and Safety of Leflunomide for the Treatment of Lupus
Nephritis in Chinese Patients: Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0144548. [CrossRef]

Kraaij, T.; Bredewold, O.W.; Trompet, S.; Huizinga, T.W.; Rabelink, T.J.; de Craen, A.J.; Teng, Y.K. TAC-TIC use of tacrolimus-based
regimens in lupus nephritis. Lupus Sci. Med. 2016, 3, €000169. [CrossRef]

Zhong, Z.; Li, H.; Zhong, H.; Zhou, T. Clinical efficacy and safety of rituximab in lupus nephritis. Drug Des. Devel. Ther. 2019,
13, 845-856. [CrossRef]

Liu, B.; Ou, Q.; Tang, Y.; Fu, S; Liang, P; Yu, Y.; Xu, Z.; Chen, Y.; Xu, A. Corticosteroids combined with doublet or single-agent
immunosuppressive therapy for active proliferative lupus nephritis. Clin. Rheumatol. 2019, 38, 2519-2528. [CrossRef] [PubMed]
Deng, J.; Huo, D.; Wu, Q.; Yang, Z.; Liao, Y. A meta-analysis of randomized controlled trials comparing tacrolimus with
intravenous cyclophosphamide in the induction treatment for lupus nephritis. Tohoku J. Exp. Med. 2012, 227, 281-288. [CrossRef]
[PubMed]

Tang, K.T.; Tseng, C.H.; Hsieh, T.Y.; Chen, D.Y. Induction therapy for membranous lupus nephritis: A systematic review and
network meta-analysis. Int. . Rheum. Dis. 2018, 21, 1163-1172. [CrossRef] [PubMed]

Hannabh, J.; Casian, A.; D’Cruz, D. Tacrolimus use in lupus nephritis: A systematic review and meta-analysis. Autoimmun. Rev.
2016, 15, 93-101. [CrossRef]

Kandala, N.B.; Connock, M.; Grove, A.; Sutcliffe, P.; Mohiuddin, S.; Hartley, L.; Court, R.; Cummins, E.; Gordon, C.; Clarke, A.
Belimumab: A technological advance for systemic lupus erythematosus patients? Report of a systematic review and meta-analysis.
BM] Open 2013, 3, e002852. [CrossRef]

Flanc, R.S.; Roberts, M.A ; Strippoli, G.F,; Chadban, S.J.; Kerr, P.G.; Atkins, R.C. Treatment of diffuse proliferative lupus nephritis:
A meta-analysis of randomized controlled trials. Am. J. Kidney Dis. 2004, 43, 197-208. [CrossRef]

Shamliyan, T.A.; Dospinescu, P. Additional Improvements in Clinical Response From Adjuvant Biologic Response Modifiers in
Adults With Moderate to Severe Systemic Lupus Erythematosus Despite Inmunosuppressive Agents: A Systematic Review and
Meta-analysis. Clin. Ther. 2017, 39, 1479-1506.e1445. [CrossRef]

Borba, H.H.; Wiens, A.; de Souza, T.T.; Correr, C.J.; Pontarolo, R. Efficacy and safety of biologic therapies for systemic lupus
erythematosus treatment: Systematic review and meta-analysis. BioDrugs 2014, 28, 211-228. [CrossRef]

Mok, C.C. Calcineurin inhibitors in systemic lupus erythematosus. Best Pract. Res. Clin. Rheumatol. 2017, 31, 429-438. [CrossRef]
Fransen, ].H.; van der Vlag, J.; Ruben, J.; Adema, G.J.; Berden, ].H.; Hilbrands, L.B. The role of dendritic cells in the pathogenesis
of systemic lupus erythematosus. Arthritis Res. Ther. 2010, 12, 207. [CrossRef]

Lee, K.H.; Kronbichler, A.; Park, D.D.; Park, Y.; Moon, H.; Kim, H.; Choi, ].H.; Choi, Y.; Shim, S.; Lyu, 1.S.; et al. Neutrophil
extracellular traps (NETs) in autoimmune diseases: A comprehensive review. Autoimmun. Rev. 2017, 16, 1160-1173. [CrossRef]
[PubMed]

Takeuchi, H.; Okuyama, K.; Konno, O.; Jojima, Y.; Akashi, I.; Nakamura, Y.; Iwamoto, H.; Hama, K.; Iwahori, T.; Uchiyama, M.;
et al. Optimal dose and target trough level in cyclosporine and tacrolimus conversion in renal transplantation as evaluated by
lymphocyte drug sensitivity and pharmacokinetic parameters. Transplant. Proc. 2005, 37, 1745-1747. [CrossRef]


http://doi.org/10.1053/j.ajkd.2016.12.008
http://doi.org/10.2147/DDDT.S189156
http://www.ncbi.nlm.nih.gov/pubmed/30880918
http://doi.org/10.1177/0961203315595131
http://www.ncbi.nlm.nih.gov/pubmed/26162684
http://doi.org/10.1007/s11255-015-1201-z
http://doi.org/10.1007/s00393-018-0512-8
http://www.ncbi.nlm.nih.gov/pubmed/30039177
http://doi.org/10.1053/j.ajkd.2012.08.041
http://www.ncbi.nlm.nih.gov/pubmed/23182601
http://doi.org/10.3899/jrheum.160041
http://www.ncbi.nlm.nih.gov/pubmed/27585688
http://doi.org/10.1097/MD.0000000000009408
http://doi.org/10.5414/CN109450
http://www.ncbi.nlm.nih.gov/pubmed/30686286
http://doi.org/10.3906/sag-1804-57
http://www.ncbi.nlm.nih.gov/pubmed/30384552
http://doi.org/10.1371/journal.pone.0144548
http://doi.org/10.1136/lupus-2016-000169
http://doi.org/10.2147/DDDT.S195113
http://doi.org/10.1007/s10067-019-04596-0
http://www.ncbi.nlm.nih.gov/pubmed/31081535
http://doi.org/10.1620/tjem.227.281
http://www.ncbi.nlm.nih.gov/pubmed/22820853
http://doi.org/10.1111/1756-185X.13321
http://www.ncbi.nlm.nih.gov/pubmed/29879319
http://doi.org/10.1016/j.autrev.2015.09.006
http://doi.org/10.1136/bmjopen-2013-002852
http://doi.org/10.1053/j.ajkd.2003.10.012
http://doi.org/10.1016/j.clinthera.2017.05.359
http://doi.org/10.1007/s40259-013-0074-x
http://doi.org/10.1016/j.berh.2017.09.010
http://doi.org/10.1186/ar2966
http://doi.org/10.1016/j.autrev.2017.09.012
http://www.ncbi.nlm.nih.gov/pubmed/28899799
http://doi.org/10.1016/j.transproceed.2005.02.075

J. Clin. Med. 2022, 11, 343 21 of 21

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Rovin, B.H.; Solomons, N.; Pendergraft, W.F,, 3rd; Dooley, M.A.; Tumlin, J.; Romero-Diaz, J.; Lysenko, L.; Navarra, S.V.;
Huizinga, R.B. A randomized, controlled double-blind study comparing the efficacy and safety of dose-ranging voclosporin with
placebo in achieving remission in patients with active lupus nephritis. Kidney Int. 2019, 95, 219-231. [CrossRef] [PubMed]
Rovin, B.H.; Teng, YK.O.; Ginzler, E.M.; Arriens, C.; Caster, D.].; Romero-Diaz, J.; Gibson, K.; Kaplan, J.; Lisk, L.; Navarra, S.; et al.
Efficacy and safety of voclosporin versus placebo for lupus nephritis (AURORA 1): A double-blind, randomised, multicentre,
placebo-controlled, phase 3 trial. Lancet 2021, 397, 2070-2080. [CrossRef]

Kronbichler, A.; Neumann, I.; Mayer, G. Moderator’s view: The use of calcineurin inhibitors in the treatment of lupus nephritis.
Nephrol. Dial. Transplant. 2016, 31, 1572-1576. [CrossRef] [PubMed]

Mok, C.C. Pro: The use of calcineurin inhibitors in the treatment of lupus nephritis. Nephrol. Dial. Transplant. 2016, 31, 1561-1566.
[CrossRef]

Fernandez Nieto, M.; Jayne, D.R. Opponent’s comments. Nephrol. Dial. Transplant. 2016, 31, 1566-1567. [CrossRef] [PubMed]
Mok, C.C. Con: Cyclophosphamide for the treatment of lupus nephritis. Nephrol. Dial. Transplant. 2016, 31, 1053-1057. [CrossRef]
[PubMed]

Dooley, M.A.; Jayne, D.; Ginzler, E.M.; Isenberg, D.; Olsen, N.J.; Wofsy, D.; Eitner, E.; Appel, G.B.; Contreras, G.; Lisk, L.; et al.
Mycophenolate versus azathioprine as maintenance therapy for lupus nephritis. N. Engl. J. Med. 2011, 365, 1886-1895. [CrossRef]
Houssiau, FA.; D'Cruz, D.; Sangle, S.; Remy, P.; Vasconcelos, C.; Petrovic, R.; Fiehn, C.; de Ramon Garrido, E.; Gilboe, ILM.;
Tektonidou, M.; et al. Azathioprine versus mycophenolate mofetil for long-term immunosuppression in lupus nephritis: Results
from the MAINTAIN Nephritis Trial. Ann. Rheum. Dis. 2010, 69, 2083-2089. [CrossRef] [PubMed]

Dorner, T. Hydroxychloroquine in SLE: Old drug, new perspectives. Nat. Rev. Rheumatol. 2010, 6, 10-11. [CrossRef] [PubMed]
Zanetti, C.B.; Pedrosa, T.; Kupa, L.d.VK.; Aikawa, N.E.; Borba, E.F; Vendramini, M.B.G.; Silva, C.A.; Pasoto, S.G.; Bonfa, E.
Hydroxychloroquine blood levels in stable lupus nephritis under low dose (2-3 mg/kg/day): 12-month prospective randomized
controlled trial. Clin. Rheumatol. 2021, 40, 2745-2751. [CrossRef] [PubMed]

Timlin, H.; Magder, L.; Petri, M. Clinical Outcomes Observed among Biopsy Proven Lupus Nephritis Patients Treated with
Mycophenolate Mofetil as First-line Therapy. Cureus 2017, 9, €1907. [CrossRef]

Furie, R.; Rovin, B.H.; Houssiau, F; Malvar, A.; Teng, Y.K.O.; Contreras, G.; Amoura, Z.; Yu, X.; Mok, C.C.; Santiago, M.B.; et al.
Two-Year, Randomized, Controlled Trial of Belimumab in Lupus Nephritis. N. Engl. ]. Med. 2020, 383, 1117-1128. [CrossRef]
Acharya, N. Glucocorticoid withdrawal in lupus—to do or not to do? Ann. Rheum. Dis. 2020. [CrossRef]

Houssiau, F.A.; Vasconcelos, C.; D’Cruz, D.; Sebastiani, G.D.; de Ramon Garrido, R.; Danieli, M.G.; Abramovicz, D.; Blockmans, D.;
Mathieu, A.; Direskeneli, H.; et al. Immunosuppressive therapy in lupus nephritis: The Euro-Lupus Nephritis Trial, a randomized
trial of low-dose versus high-dose intravenous cyclophosphamide. Arthritis Rheum. 2002, 46, 2121-2131. [CrossRef]

Binda, V.; Trezzi, B.; Del Papa, N.; Beretta, L.; Frontini, G.; Porata, G.; Fabbrini, P; Pozzi, M.R.; Messa, P,; Sinico, R.A.; et al.
Belimumab may decrease flare rate and allow glucocorticoid withdrawal in lupus nephritis (including dialysis and transplanted
patient). J. Nephrol. 2020, 33, 1019-1025. [CrossRef]

Rovin, B.H.; Furie, R;; Latinis, K.; Looney, R.J.; Fervenza, E.C.; Sanchez-Guerrero, J.; Maciuca, R.; Zhang, D.; Garg, ].P; Brunetta, P;
et al. Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: The Lupus Nephritis Assessment with
Rituximab study. Arthritis Rheum. 2012, 64, 1215-1226. [CrossRef]

Kronbichler, A.; Brezina, B.; Gauckler, P.; Quintana, L.F.; Jayne, D.R.W. Refractory lupus nephritis: When, why and how to treat.
Autoimmun. Rev. 2019, 18, 510-518. [CrossRef] [PubMed]

Li, T.; Puhan, M.A.; Vedula, S.S.; Singh, S.; Dickersin, K.; The Ad Hoc Network Meta-analysis Methods Meeting Working
Group. Network meta-analysis-highly attractive but more methodological research is needed. BMC Med. 2011, 9, 79. [CrossRef]
[PubMed]


http://doi.org/10.1016/j.kint.2018.08.025
http://www.ncbi.nlm.nih.gov/pubmed/30420324
http://doi.org/10.1016/S0140-6736(21)00578-X
http://doi.org/10.1093/ndt/gfw288
http://www.ncbi.nlm.nih.gov/pubmed/27591329
http://doi.org/10.1093/ndt/gfw289
http://doi.org/10.1093/ndt/gfw289a
http://www.ncbi.nlm.nih.gov/pubmed/27683730
http://doi.org/10.1093/ndt/gfw068
http://www.ncbi.nlm.nih.gov/pubmed/27190358
http://doi.org/10.1056/NEJMoa1014460
http://doi.org/10.1136/ard.2010.131995
http://www.ncbi.nlm.nih.gov/pubmed/20833738
http://doi.org/10.1038/nrrheum.2009.235
http://www.ncbi.nlm.nih.gov/pubmed/20046202
http://doi.org/10.1007/s10067-021-05600-2
http://www.ncbi.nlm.nih.gov/pubmed/33486596
http://doi.org/10.7759/cureus.1907
http://doi.org/10.1056/NEJMoa2001180
http://doi.org/10.1136/annrheumdis-2020-217261
http://doi.org/10.1002/art.10461
http://doi.org/10.1007/s40620-020-00706-3
http://doi.org/10.1002/art.34359
http://doi.org/10.1016/j.autrev.2019.03.004
http://www.ncbi.nlm.nih.gov/pubmed/30844548
http://doi.org/10.1186/1741-7015-9-79
http://www.ncbi.nlm.nih.gov/pubmed/21707969

	Introduction 
	Methods 
	Inclusion and Exclusion Criteria 
	Search Strategy and Data Extraction 

	Results 
	Characteristics of Meta-Analysis 
	Complete and Partial Remission Rates during Induction Therapy in Lupus Nephritis 
	Relapse during Maintenance Therapy in Lupus Nephritis 
	Progression to ESKD during Induction Therapy in Lupus Nephritis 
	Mortality during Induction Therapy in Lupus Nephritis 
	Infection during Induction Therapy in Lupus Nephritis 
	Relapse during Maintenance Therapy in Lupus Nephritis 
	Mortality during Maintenance Therapy in Lupus Nephritis 
	Progression to ESKD during Maintenance Therapy in Lupus Nephritis 
	Infection during Maintenance Therapy in Lupus Nephritis 
	Malignancy during Induction and Maintenance Therapy in Lupus Nephritis 

	Discussion 
	Conclusions 
	References

