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Efficacy and Safety of Biologic Agents for Lupus Nephritis
A Systematic Review and Meta-analysis
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Objectives: The aim of this study was to examine the effect and safety of
biological agents for lupus nephritis (LN).
Methods: PubMed, EMBASE, and the Cochrane Library databases were
searched from their inception up toNovember 2021. The outcomeswere over-
all response, complete remission, proteinuria, renal activity index, and adverse
events (AEs). Only randomized controlled trials (RCTs) were included.
Results: Nine RCTs (1645 patients) were included. The RCTs evaluated
abatacept (n = 2), belimumab (n = 1), obinutuzumab (n = 1), atacicept
(n = 1), IL-2 (n = 1), ocrelizumab (n = 1), and rituximab (n = 2). The use
of biological agents was associated with higher likelihoods of achieving
an overall response (relative risk [RR], 1.26; 95% confidence interval
[CI], 1.15–1.39; p < 0.001; I2 = 14.3%; pQ = 0.301) and a complete re-
sponse (RR, 1.33; 95% CI, 1.16–1.54; p < 0.001; I2 = 41.8%; pQ = 0.056).
The use of biological agents was not associated with improvements in the
urinary protein-to-creatinine ratio (weighted mean difference, 3.83; 95%
CI, −3.71 to 11.38; p = 0.319; I2 = 99.4%; pQ < 0.001). The use of biolog-
ical agents in patients with LN was also not associated with an increased
risk of any AEs (RR, 1.01; 95% CI, 0.98–1.04; p = 0.519; I2 = 0.0%;
pQ = 0.533), serious AEs (RR, 0.95; 95% CI, 0.82–1.09; p = 0.457;
I2 = 0.0%; pQ = 0.667), grade >3 AEs (RR, 0.91; 95% CI, 0.67–1.22;
p = 0.522; I2 = 0.0%; pQ = 0.977), infections (RR, 1.09; 95% CI,
0.99–1.20; p = 0.084; I2 = 0.0%; pQ = 0.430), and deaths (RR, 0.67; 95%
CI, 0.36–1.24; p = 0.200; I2 = 0.0%; pQ = 0.439). The meta-regression anal-
ysis showed that follow-up duration and the sample size did not influence the
complete response rate, whereas publications in 2012 to 2014 influence the
rate compared with 2015 to 2020.
Conclusions: Biological agents seem to be effective and safe for manag-
ing patients with LN.
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S ystemic lupus erythematosus (SLE) is amultisystem autoimmune
disorder of connective tissue characterized by autoantibodies that

target nuclear antigens, remissions, and flares, and a highly variable
clinical presentation, disease course, and prognosis.1–5 Therefore,
SLE is characterized by an unpredictable disease course and periods
of remission and flare, leading to organ damage and mortality.1–5

The treatment goals of SLE include minimizing organ dam-
age, preventing flares during periods of stability, and optimizing
health-related quality of life.1–5 The standard management of SLE
is based on hydroxychloroquine, glucocorticoids, methotrexate,
azathioprine, mycophenolate mofetil, and cyclophosphamide.1–7

In addition, novel biological agents are being developed (targeting
the lymphocytes, accessory molecules, and cytokines) to enhance
the therapeutic efficacy when combined with standard therapies.8

With those novel treatments, the 5- and 10-year survival rates now
reach 95% and 91%, respectively.4,5

Lupus nephritis (LN) occurs in approximately 40% of SLE pa-
tients, mostly within 5 years from the SLE diagnosis, and presents a
rate of progression to end-stage renal disease of 4.3% to 10.1%.9

Patients with LN have a poorer prognosis than patients with SLE
without kidney involvement, reported at 5% to 25% at 5 years.10,11

Still, there is uncertainty regarding the effect and safety of biological
agents for LN. A randomized controlled trial (RCT) confirmed that,
although rituximab therapy led to more responders and greater re-
ductions in anti-dsDNA and C3/C4 levels, it did not improve clini-
cal outcomes after 1 year of treatment.12 The combination of ritux-
imab with mycophenolate mofetil and corticosteroids did not result
in any new or unexpected safety signals.12 Another controlled trial
confirmed that, in patients with active LN, more patients who re-
ceived belimumab plus standard therapy had a primary efficacy re-
nal response than those who received standard therapy alone.13

Therefore, given the conflicting results, a higher level of evidence
was required. Therefore, this meta-analysis aimed to examine the ef-
fect and safety of biological agents for LN. The results could help
guide treatments and future guidelines for the management of LN.
MATERIALS AND METHODS

Literature Search
This meta-analysis was reported according to the Preferred

Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) 2020 guidelines.14,15 The search parameters were de-
signed based on the PICOS principle.16 PubMed, EMBASE,
and the Cochrane Library databases were searched from their in-
ception up to November 2021 for potentially eligible studies,
using the MeSH terms of “lupus nephritis” and “biological fac-
tors,” as well as relevant key words (Supplementary Table S1,
http://links.lww.com/RHU/A480). The literature search was con-
ducted independently by 2 investigators (L.W. and S.C.). Their re-
sults were compared, and the differences were solved by discussion
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until a consensus was reached. The reference lists of the included
articles were searched for additional potentially eligible studies.
Eligibility Criteria
The inclusion criteria were (1) patients with a diagnosis of LN,

(2) the intervention included biological agents, (3) the outcomes
were overall response, complete remission, proteinuria, renal activity
index, and adverse events (AEs), and (4) RCT. The exclusion criteria
were (1) conference abstract, case report, meta-analysis, review, ani-
mal study, or protocol; (2) language not in English; (3) the full text
could not be obtained; or (4) no data could be used from the report.
Data Extraction and Quality Assessment
The data were extracted by 2 independent investigators (P.C.

and Y.Z.). Disagreements were resolved by a third investigator
(S.C.). The retrieved data included the names of the authors, year,
time, country, patient characteristics (sample size, age, and male
proportion), intervention, control, dosage, follow-up, and out-
comes. The RCTs were evaluated using the Cochrane risk bias
tool.17 The quality assessment was performed independently by
2 investigators independently (P.C. and F.H.). Differences were
solved by discussion.
FIGURE 1. Study selection process.
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Statistical Analysis
All analyseswere performed using STATASE14.0 (StataCorp,

College Station, TX). Relative risks (RRs), weighted mean differ-
ences, and the corresponding 95% confidence intervals (CIs) were
used to compare the outcomes. Statistical heterogeneity among the
included studies was calculated using Cochran Q test and the I2 in-
dex. An I2 > 50% and pQ < 0.10 indicated high heterogeneity. The
random-effects model was used when high heterogeneity was ob-
served among studies. Otherwise, the fixed-effects model was ap-
plied. The p values <0.05 were considered statistically significant.17

The potential publication bias was assessed using Begg and Egger
tests. Sensitivity analyses were performed to identify individual
study effects on pooled results and test the reliability of the results.
Furthermore, we performed meta-regression to assess the influence
of different study factors on the complete response rates of LN to bi-
ological agents. Subgroup analyses were conducted to explore the
source of heterogeneity among subgroups of publication time.

RESULTS

Identification of Eligible Studies
Figure 1 presents the study selection process. The initial search

yielded 310 records, and 212 were excluded before the screening.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Then, 98 records were screened, and 79 were excluded. Nineteen
reports were sought for retrieval, and 10 could not be retrieved.
Nine reports were assessed for eligibility and were included in this
meta-analysis.

Study Characteristics and Quality Assessment
Supplementary Table S2 (http://links.lww.com/RHU/A480)

presents the characteristics of the included studies. The 9RCTs12,13,18–24

included 1645 patients. The RCTs evaluated abatacept,18,19 beli-
mumab,13 obinutuzumab,20 atacicept,21 IL-2,22 ocrelizumab,23 and
rituximab.12,24 The controls groups included placebo,12,13,18–22

standard of care,23 and cyclophosphamide.24

Supplementary Table S3 (http://links.lww.com/RHU/A480)
presents the quality evaluation using the Cochrane tool for RCTs.
Seven RCTs scored 6 points,12,18,19,21–24 and 2 RCTs scored
7 points.13,20

Overall Response
Eight RCTs presented overall response data.12,13,18–20,22–24

The use of biological agentswas associated with a higher likelihood
of achieving an overall response (RR, 1.26; 95% CI, 1.15–1.39;
p < 0.001; I2 = 14.3%; pQ = 0.301) (Fig. 2).

Complete Response
Eight RCTs presented overall response data.12,13,18–20,22–24

The use of biological agents was associated with a higher likeli-
hood of achieving a complete response compared with the control
intervention (RR, 1.33; 95%CI, 1.16–1.54; p < 0.001; I2 = 41.8%;
pQ = 0.056) (Fig. 3). The studies were subgrouped according to
those published in 2012 to 2014,12,18,19,23 2015 to 2020,13,22,24

and 2021.20 The studies published in 2012 to 2014 did not show
a higher likelihood of complete response (RR, 1.06; 95% CI,
0.89–1.27; p = 0.518; I2 = 0.0%; pQ = 0.936), whereas significant
FIGURE 2. Forest plot of the overall response.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
complete responses were observed for those in 2015 to 2020 (RR,
1.91; 95% CI, 1.45–2.53; p < 0.001; I2 = 49.2%; pQ = 0.116) and
2021 (RR,1.69; 95%CI, 1.14–2.50;p<0.001; I2=0.0%;pQ=0.679)
(Supplementary Fig. S1, http://links.lww.com/RHU/A480).
Urinary Protein-to-Creatinine Ratio
Two studies reported the urinary protein-to-creatinine ra-

tio.18,21 The use of biological agents was not associated with im-
provements in the urinary protein-to-creatinine ratio (weighted
mean difference, 3.83; 95% CI, −3.71 to 11.38; p = 0.319;
I2 = 99.4%; pQ < 0.001) (Fig. 4).
Safety
In the analysis, theAEs showed that the use of biological agents

in patients with LN was not associated with an increased risk of any
AEs (RR,1.01; 95%CI, 0.98–1.04;p=0.519; I2=0.0%;pQ=0.533)
(Fig. 5A), serious AEs (RR, 0.95; 95% CI, 0.82–1.09; p = 0.457;
I2 = 0.0%; pQ = 0.667) (Fig. 5B), grade >3 AEs (RR, 0.91; 95%
CI, 0.67–1.22; p = 0.522; I2 = 0.0%; pQ = 0.977) (Fig. 5C), infec-
tions (RR, 1.09; 95% CI, 0.99–1.20; p = 0.084; I2 = 0.0%;
pQ = 0.430) (Fig. 5D), and deaths (RR, 0.67; 95% CI, 0.36–1.24;
p = 0.200; I2 = 0.0%; pQ = 0.439) (Fig. 5E).
Publication Bias
The publication bias analyses showed no significant publication

bias when considering the overall response (Begg test, p = 0.200;
Egger test, p = 0.121). The publication bias analyses showed pub-
lication bias when considering the complete response (Begg test,
p = 0.017; Egger test; p = 0.117), but no publication bias was ob-
served according to publication years (Supplementary Fig. S2,
http://links.lww.com/RHU/A480).
www.jclinrheum.com 97
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FIGURE 3. Forest plot of complete response.
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Sensitivity Analysis
The sensitivity analyses based on the overall response (Sup-

plementary Fig. S3, http://links.lww.com/RHU/A480), and the
complete response (Supplementary Fig. S4, http://links.lww.com/
RHU/A480) showed that the results were robust.

Meta-Regression of Complete Response
Supplementary Figure S5 (http://links.lww.com/RHU/A480)

presents the meta-regression analysis of the factors that could af-
fect the complete response to biological agents in patients with
LN. Follow-up duration and the sample size did not influence
the complete response rate, whereas publication in 2012 to 2014
influenced the rate compared with 2015 to 2020.

DISCUSSION
Biological agents are recommended to manage SLE,4,5,8 but

their use in patients with LN yielded conflicting results.12,13,18–24

Therefore, this meta-analysis aimed to examine the effect and safety
of biological agents for LN. The results suggest that biological agents
seem to be effective and safe for managing patients with LN. How-
ever, the use of biological agents was not associated with improve-
ments in the urinary protein-to-creatinine ratio, contrary to previous
studies.25 Still, this failure to lower the protein-to-creatinine ratio
FIGURE 4. Forest plot of urinary protein-to-creatinine ratio.

98 www.jclinrheum.com
is consistent with Rovin et al.12 Still, because the 2 included stud-
ies that examined that point displayed high heterogeneity, no con-
clusion can be drawn regarding the protein-to-creatinine ratio.

Kidney lesions in SLE progress frommild to end-stage renal
disease and are a major cause of morbidity and mortality in patients
with SLE.1,2,7 For now, the guidelines and expert consensuses for
managing LN recommend immunosuppression (cyclophospha-
mide, mycophenolate mofetil, calcineurin inhibitors, leflunomide,
and mTOR inhibitors), anti-inflammatory treatments, and therapies
targeting autoimmunity.26–28 Biological agents such as belimumab,
rituximab, obinutuzumab, and abatacept can be used for induction
therapy in selected patients with LN.26–28 Still, more recent biolog-
ical agents are not included in the guidelines. The presentmeta-analysis
suggested that the more recent RCTs (≥2015) that tested more re-
cent biological agents had better efficacy than the older agents
(2012–2014). Such results could both be due to better agents
and tomore effectively selected patients. This could suggest improve-
ments in patient selection with time, as well as improvements in con-
comitant standard therapy. Still, a previous meta-analysis of biologi-
cal agents in SLE, including 5 RCTs in LN, showed no significant
effect of the included agents, except for belimumab; on the other
hand, all agents had significant steroid-sparing effects, suggesting that
this outcome could be included in future trials.29 Steroids can
have significant AEs and affect the patients' quality of life.30
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 5. Forest plot of Adverse Events (AEs). A, Any Adverse Events (AEs). B, Serious Adverse Events (AEs). C, Grade 3 or higher Adverse
Events (AEs). D, Infection. E, Deaths.
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This meta-analysis showed that the use of biological agents
was safe, without differences in AEs compared with the control
groups. It was previously observed with rituximab in LN.25

This study has limitations. First, a meta-analysis is an imper-
fect analysis because it inherits the limitations and biases of all in-
cluded studies. Still, a meta-analysis provides a general trend in
larger sample sizes and across multiple study populations. Second,
unpublished articles could not be retrieved. Third, the definition of
complete and partial response used in each RCTwas not the same,
will cause data heterogeneity. Finally, high heterogeneity was ob-
served in several analyses because of the different agents, doses,
and follow-up times used in the different studies.
CONCLUSIONS
This meta-analysis of 9 RCTs suggests that biological agents

seem to be effective and safe for managing patients with LN. These
results could help guide the treatment of patients with LN, design
future clinical trials, and delineate future guidelines for the manage-
ment of LN.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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