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ABSTRACT

Introduction: Although new agents are frequently being used in
developed countries for lupus nephritis treatment, they are hard to
access in low resource settings. Leflunomide may be an alternative agent
in the treatment of lupus nephritis especially for patients who are
intolerant or refractory to cyclophosphamide in these settings. Thus a
systematic literature review was performed to analyze studies that
compare leflunomide and cyclophosphamide in LN.

Method: Cochrane Reviews, MEDLINE, Ovid, Scopus, Web of Science
were screened for the studies that compare leflunomide and
cyclophosphamide as induction regimen in lupus nephritis. Meta-analyses
for parameters of primary outcome (complete response) and secondary
outcomes (partial response, total response — sum of complete response
and partial response, change in albumin, creatinine, proteinuria, systemic
lupus erythematosus disease activity index and adverse events) were
performed.

Results: Eleven studies in the meta-analysis by Cao and the randomized
controlled trial of Zhang M were included. Meta-analyses demonstrated
that leflunomide was superior to cyclophosphamide in lupus nephritis
patients in achieving complete response, total response and in reducing
proteinuria. Both drugs had similar efficacy in achieving partial remission,
maintaining creatinine and albumin levels, and in reducing disease
activity index scores. Although a meta-analysis of adverse events was not
possible, leflunomide was associated with less leukopenia and menstrual
abnormalities but with more frequent hypertension.

Conclusion: Leflunomide may be a potential alternative to
cyclophosphamide in the treatment of lupus nephritis patients with its
comparable efficacy and acceptable safety profile. Larger studies of
longer duration in lupus nephritis patients of different ethnicities is
necessary before more robust conclusions can be reached.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease that can affect multiple organs and
systems with a highly variable clinical course and
prognosis among different patients'. This disease has a
complex pathogenesis which includes a combination of
genetic factors, environmental triggers, hormonal factors
and over production of various cytokines2. Lupus
nephritis (LN) is one of the most common and severe
organ manifestations of SLE, which is associated with
significant morbidity and mortality with up to 20% of
patients progressing to end stage renal diseasesd.
Glucocorticoids, antimalarials, conventional
immunosuppressive agents have been widely used in
lupus nephritis patients with variable success4. With the
addition of biologic agents into the therapeutic
armamentarium of rheumatologists, agents such as
rituximab and belimumab became available for
treatment of LN3. Despite the improvements in
therapeutic options, there is a significant proportion of
refractory patients and a considerable amount of
damage accrual, treatment associated morbidity and
suboptimal health related quality of life even among
patients that respond to the current treatment
modalitiesé. There is an unmet need for new therapeutic
options.

Lupus nephritis increases the economic burden of the
patients on healthcare systems. In a retrospective cohort
study, Garal-Pantelar et al reported that in Germany,
patients with LN had greater healthcare resource
utilization for most categories assessed and increased
mean  total  costs  per  person-year  versus
controls(€15,115.99 versus €4,081.88 in the first year
of follow-up)’. The novel effective treatment options for
such as belimumab and voclosporin are likely fto
increase the cost of lupus nephritis treatments. A
retrospective cohort study from Saudi Arabia reporting
the cost consequence analysis of belimumab versus
standard of care in management of SLE demonstrated
that  while belimumab demonstrated better
effectiveness, it caused higher cost in 96% of the
bootstrap cost-effectiveness distributions8. Study of
Kennedy et al analyzing the cost effectiveness of
voclosporin in treatment of lupus nephritis in the United
States demonstrated the cost effectiveness model with
inputs reflecting the latest and most relevant evidence.
In this study, the incremental cost of voclosporin per
quality-adijusted life-year was $88,076 and per equal
value of life-years gained was $77,6439.

Challenges of managing LN in low and middle income
countries with low resources include non-compliance due
to cost of therapy®. Due to high costs, treatment of
glomerular diseases in adults and children in resource-
poor settings largely is dependent on corticosteroids in
combination with other immunosuppressive therapy,
which often is cyclophosphamide because of its ready
availability and low cost of treatment, despite
significant adverse effects’®. Globally, widespread
access of lupus nephritis patients to novel and expensive
treatment modalities such as belimumab and voclosporin
in low resource settings in a short amount of time is
unlikely. Therefore in these settings, alternative

strategies  including  repurposing some  existing
immunsuprressive agents for use in LN treatment may be
considered.

The pyrimidine antagonist leflunomide  (LEF) s
successfully used in the treatment of rheumatoid arthritis
and psoriatic arthritis, with its place firmly established in
the treatment guidelines of both diseases!!.'2, In daily
rheumatology practice, for patients that encounter
intolerance or lack of effcacy to methotrexate and/or
azathioprine, there is a rationale to try off label use of
leflunomide as a potential alternative agent!3. There is
an accumulating body of evidence, mainly from China,
concerning the use of leflunomide in treatment of both
treatment naive and refractory cases of LN'4-18, There
are also a number of studies that compare the efficacy
and safety of cyclophosphamide (CYC) and leflunomide
in the treatment of LN9.20,

Leflunomide may present itself to the clinicians treating
SLE patients as an alternative agent in the treatment of
lupus nephritis especially for patients who are intolerant
or refractory to CYC (or unwilling to use this agent due
to infertility risk), especially in low resource settings. In
order to analyze the accumulating evidence on this
subject we decided to perform a systematic literature
review and meta-analysis of the studies that compare
the efficacy and safety of leflunomide and
cyclophosphamide as remission induction agents in the
treatment of lupus nephritis.

Method

This study is registered in PROSPERO database of
systematic review protocols with the ID number of
CRD42023415078. This study was reported according
to the Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses statement for reporting of
systematic reviews 21. Due to the nature of the study,
institutional ethics committee approval was not obtained.

Patient, Intervention, Comparator and Outcome

The patient, intervention, comparator and outcome
(PICO) method was used to screen studies. P-“patient”:
SLE patients that are sixteen years or older who meet
1997 American College of Rheumatology with biopsy
proven lupus nephritis according to International Society
of Nephrology / Renal Pathology Society classification.
I-“intervention”: studies where leflunomide is used as

“induction  treatment” for lupus  nephritis. C-
“comparator”: studies where cyclophosphamide is used
as “induction treatment” for lupus nephritis, O-

“outcome”: primary outcomes- percent of patients
achieving complete response (defined as proteinuria
less than 500 mg/day and normal serum albumin and
stable creatinine- percent change in creatinine less than
15% from baseline), secondary outcomes- percent of
patients achieving partial response (defined as more
than 50 % decrease in proteinuria with serum
albumin>30 g/I and stable serum creatinine level), total
response (defined as sum of complete and partial
response), change in estimated glomerular filtration rate
(eGFR), change in serum creatinine, change in
proteinuria (spot urine sample or 24 hour urine sample),
change in albumin concentration, change in systemic
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lupus erythematosus disease activity index (SLEDAI)
score, change in anti-dsDNA titers, change in serum
complement 3 , complement 4 levels and adverse events
associated with each drug.

Data Sources, Inclusion and Exclusion Criteria
Cochrane Reviews, MEDLINE, Ovid, Scopus, Web of
Science were the included databases. Randomized
controlled studies studies published until 1 January 2025
were included. Studies that were not randomized
controlled studies, case series, case reports and studies
that whose full text could not be obtained were
excluded.

Search Strategy

Keywords that were used were “lupus” or “SLE” or
“systemic lupus erythematosus” or “lupus nephritis” AND
“leflunomide”.

Data Extraction

Two reviewers (EST and EE) independently identified the
studies to be included by first reading the abstracts and
excluded the duplicates and then read the the full texts
of the selected abstracts. From each of the selected
studies they extracted the following information: First
auvthor, year of publication, study population
characteristics, study design, pretreatment and
posttreatment (or alternatively mean change in) serum
creatinine, eGFR, albumin, proteinuria, anti ds DNA titer,
serum complement 3, complement 4, systemic lupus
erythematosus disease activity index, number of patients
achieving complete response, the number of patients
achieving partial response and the adverse events
associated with each drug.

Risk of Bias and Certainty Assessment

Two reviewers (EST and EE) independently assessed risk
of bias and certainty of each study. The methodological
qualities of the included trials were assessed using the
Jadad  score, which judges descriptions of
randomization, blinding and dropouts/withdrawals from
trials (22).

Statistical Analysis
Begg and Mazumdar rank correlation tests were used to
test for publication bias in the studies that were included
in the meta-analysis.

Cochrane Q and 12 index were used to determine the
heterogeneity of the studies.

“Mean difference” was used as the effect size of the
change of pretreatment and posttreatment mean
albumin, creatinine, proteinuria, SLEDAI in leflunomide
group and cyclophosphamide group. Meta-analyses of
the mean values were reported under fixed effect and
random effect models with weight coefficients and 95%
confidence interval (Cl). “Risk difference” was used as
the effect size of complete remission, partial remission
and total remission. Meta-analyses of the differences
were reported under fixed effect models with ratio
difference and 95 % confidence interval. Forest plots
of the meta-analyses were  demonstrated by the
magnitude of the weight of each study with 95% CI.
MedCalc v23.0.2 statistical software were used.

Certainty of Evidence Assessment

Certainty of the evidence of the meta-analysis for each
outcome was planned to be assessed using the GRADE
Handbook.

Results

Studies Selected

The flowhart is demonstrated in Figure 1. Two studies
comparing the efficacy of leflunomide and
cyclophosphamide in the treatment of LN were included
in the meta-analysis: The randomized trial of Zhang M
et al and the meta-analysis of Cao et al comparing the
efficacy and safety of LEF and CYC in Chinese patients
with lupus nephritis20.23, Meta-analysis of Cao included
11 studies that provided head to head comparison of
the efficacy of leflunomide and cyclophosphamide in
the treatment of LN24-34These studies were all in
Chinese and their full texts could not be accessed but all
the necessary information provided in the meta-analysis
of Cao was utilized.
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Figure 1: Flowchart of the study
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Risk of Bias Analysis of Selected Studies 20,24,25,28,29,30,3234  change in SLEDAI score in seven
Risk of bias analysis of the included studies was studies20.25,.26,28,29,32.34 change in serum creatinine in ten
performed. The randomized trial of Zhang M et al had studies?0.24,25,26,29,30,31,32,33,34  agnd change in proteinuria
a Jadad score of 3. According to the meta-analysis of in eleven studies.20,24,25,26,28,29,30,31,32,33,34 Meta-analysis
Cao et al, among the 11 included studies, three of the adverse events was not possible because the
studies29:30.32 had a Jadad score of 4 and the remaining meta-analysis of the Cao et al did not report the
8 studies24-28:31,33.34 had a Jadad score of 3. number adverse events of each study separately (and
their full texts could not be accessed).
Parameters Included in Meta-Analysis
When the eleven studies included in the meta-analysis Publication Bias Analysis
of Cao, and the study of Zhang M were analyzed, Then, the publication bias for each parameter was
meta-analyses of the following 7 parameters were assessed. The results are demonstrated in Table 1. For
possible: Percent of patients with complete response, all the parameters the p value was > 0.05, therefore no
partial response and total response in ten studies20.25,:27- publication bias was present for these seven
34, change in serum albumin of eight studies parameters.
Table 1: Results Concerning Publication Bias
Kendall’s p value Comment
Tau
Change in serum 0.286 0.32 There is no significant publication bias (p>0,05).
albumin (2 studies)
Change in SLEDAI (2 0.66 0.10 There is no significant publication bias (p>0,05).
studies)
Change in serum 0.02 0.93 There is no significant publication bias (p>0,05).
creatinine (2 studies)
Change in proteinuria (2 | 0.66 0.10 There is no significant publication bias (p>0,05).
studies)
Complete remission 0.11 0.66 There is no significant publication bias (p>0,05).
Partial remission 0.20 0.42 There is no significant publication bias (p>0,05).
Total remission 0.24 0.35 There is no significant publication bias (p>0,05).
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Heterogeneity Analysis

Cochrane Q and 12 index were used to determine the
heterogeneity of the studies. The results are
demonstrated in Table 2. For change in serum albumin,
change in SLEDAI and change in proteinuria p values
were <0.05, therefore there was a heterogeneous

Table 2: Results Concerning Heterogeneity

distribution and random effect model was used. For
change in creatinine, complete remission, partial
remission and total remission p values were >0.05 thus,
there was a homogenous distribution and fixed effect
model was used.

1% (%) p value Comment

Change in serum | 76.37 0.001 There is heterogeneous distribution, therefore random effect

albumin model is utilized.

Change in SLEDAI 57.18 0.03 There is heterogeneous distribution, therefore random effect
model is utilized. .

Change in serum | 36.42 0.12 There is homogeneous distribution, therefore fixed effect

creatinine model is utilized.

Change in proteinuria | 94.04 0.001 There is heterogeneous distribution, therefore random effect
model is utilized.

Complete Remission 0.00 0.65 There is homogeneous distribution, therefore fixed effect
model is utilized.

Partial remission 0.00 0.95 There is homogeneous distribution, therefore fixed effect
model is utilized.

Total Remission 0.28 0.18 There is homogeneous distribution, therefore fixed effect
model is utilized.

Meta-Analysis of Efficacy Parameters

Table 3 demonstrates the meta-analyses of the mean
serum albumin, mean SLEDAI scores, mean serum
creatinine, mean proteinuria, complete response, partial
response and total response. Meta-analysis of the mean
difference in proteinuria demonstrated that change in
proteinuria in leflunomide group was signifantly higher
compared to that in cyclophosphamide group(p=0.02).
Meta-analyses of the mean differences of serum
albumin, SLEDAI scores and serum creatinine

Table-3 Meta Analyses of the Studies

demonstrated no significant difference between CYC
and LEF groups (p=0.92, p=0.40 and p=0.12
respectively. Meta-analyses of complete response and
total response demonstrated that leflunomide group had
significantly higher rates of complete and total response
in comparison to cyclophosphamide group(p=0.02 and
p<0.001 respectively). There was no significant
difference between LEF and CYC groups in terms of
partial  response  (p=0.42). Forest plots are
demonstrated in Figure 2.

Meta Analysis Results of the Mean Difference in Serum Albumin Levels

Study LEF CYc MD 95% CI z P Weight (%)
Zhang 2018 48 52 0.11(-0.28 0.51) 14.44
Cao 2007 17 18 0.49(-0.19 1.17) 11.58
Dong 2011 20 20 0.16(-0.46 0.79) 12.11
Li 2007 21 18 0.00(-0.64 0.64) 12.02
Mo 2010 31 31 -1.37(-1.93 -0.81) 12.77
Pan 2010 34 34 0.27(-0.21 0.75) 13.59
Wu 2008 17 18 0.27(-0.41 0.94) 11.66
Zhu 2013 19 18 0.30(-0.36 0.96) 11.83
Total (random effects) | 207 209 0.02(-0.39 0.43) 0.099 0.92 100
Meta Analysis Results of the Mean Difference in SLEDAI Scores

Zhang 2018 48 52 0.02(-0.38 0.41) 19.07
Cao 2007 17 18 -0.63(-1.32 0.06) 12.79
Chen 2003 12 20 -0.65(-1.4 0.10) 11.83
Li 2007 21 18 0.09(-0.55 0.73) 13.73
Mo 2010 31 31 0.56(0.05 1.08) 16.31
Wu 2008 17 18 -0.57(-1.250.12) 12.85
Zhu 2013 19 18 -0.17(-0.82 0.49) 13.42
Total (random effects) | 165 175 -0.15(-0.48 0.19) 0.852 0.40 100
Meta Analysis Results of the Mean Difference in Serum Creatinine Levels

Zhang 2018 | 48 52 | 0.17(-0.23 0.56) y 18.7
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Cao 2007 17 18 -0.59(-1.27 0.10) 6.49
Chen 2003 12 20 0.04(-0.69 0.77) 5.84
Dong 2011 20 20 -0.26(-0.89 0.37) 7.64
Mo 2010 31 31 0.43(-0.08 0.94) 11.49
Pan 2010 34 34 -0.19(-0.67 0.29) 12.89
Peng 2011 42 42 -0.52(-0.96 -0.09) 15.31
Wu 2008 17 18 -0.22(-0.89 0.45) 6.74
Xia 2012 21 21 -0.49(-1.12 0.12) 7.82
Zhu 2013 19 18 -0.03(-0.68 0.62) 715
Total (fixed effects) 261 274 -0.14(-0.30 0.03) 1.568 0.12 100
Meta Analysis Results of the Mean Difference in Proteinuria Levels

Zhang 2018 48 52 -0.28(-0.67 0.12) 9.52
Cao 2007 17 18 -0.85(-1.55 -0.14) 9.04
Chen 2003 12 20 0.08(-0.65 0.80) 9
Dong 2011 20 20 -0.33(-0.96 0.31) 9.17
Li 2007 21 18 -0.40(-1.04 0.25) 9.15
Mo 2010 31 31 0.97(0.43 1.49) 9.33
Pan 2010 34 34 -0.23(-0.71 0.25) 9.41
Peng 2011 42 42 -4.01(-4.76 -3.26) 8.91
Wu 2008 17 18 -1.10(-1.83 -0.38) 9

Xia 2012 21 21 -3.67(-4.69 -2.66) 8.34
Zhu 2013 19 18 -0.10(-0.76 0.55) 9.13
Total (random effects) | 282 292 -0.87(-1.61 -0.12) 2.289 0.02 100
Meta Analysis Results of the Risk Difference in Complete Response

Zhang 2018 11/48 14/52 -0.04(-0.21 0.13) 18.78
Cao 2007 9/17 8/18 0.09(-0.24 0.42) 4.94
Chen 2003 6/19 5/18 0.04(-0.26 0.33) 6.23
Li 2007 7/21 6/18 0.00(-0.30 0.30) 6.11
Mo 2010 5/31 2/31 0.10(-0.06 0.25) 22.21
Pan 2010 11/34 9/34 0.06(-0.16 0.28) 11.53
Peng 2011 26/42 16/42 0.24(0.03 0.45) 12.48
Wu 2008 6/17 6/18 0.02(-0.30 0.33) 5.44
Xia 2012 31/21 7/21 0.29(-0.004 0.58) 6.43
Zhu 2013 8/19 5/18 0.14(-0.16 0.45) 5.85
Total (fixed effects) 102/269 78/270 0.09(0.01 0.17) 2.314 0.02 100
Meta Analysis Results of the Risk Difference in Partial Response

Zhang 2018 27 /48 22/52 0.14(-0.06 0.33) 17.31
Cao 2007 6/17 5/18 0.08(-0.23 0.38) 6.92
Chen 2003 8/19 7/18 0.03(-0.28(0.35) 6.53
Li 2007 8/21 5/18 0.10(-0.19 0.40) 7.60
Mo 2010 22/31 20/31 0.06(-0.17 0.30) 12.12
Pan 2010 18/34 18/34 0.00(-0.24 0.24) 11.60
Peng 2011 11/42 15/42 -0.10(-0.29)0.10) 16.88
Wu 2008 8/17 9/18 -0.03(-0.36 0.30) 5.96
Xia 2012 6/21 6/21 0.00(-0.27 0.27) 8.75
Zhu 2013 9/19 8/18 0.03(-0.29 0.35) 6.33
Total (fixed effects) 123/269 115/270 0.03(-0.04 0.11) 0.799 0.42 100
Meta Analysis Results of the Risk Difference in Total Response

Zhang 2018 38/48 36/48 0.04(-0.13 0.21) 16.36
Cao 2007 15/17 13/17 0.12(-0.14 0.37) 7.20
Chen 2003 14/19 12/19 0.11(-0.19 0.40) 5.35
Li 2007 15/21 11/21 0.19(-0.10 0.48) 5.56
Mo 2010 27/31 22/31 0.16(-0.04 0.36) 11.69
Pan 2010 19/34 27/34 0.06(-0.12 0.24) 14.14
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Peng 2011 37/42 31/42 0.14(-0.02 0.31) 16.92
Wu 2008 14/17 15/17 -0.06(-0.30 0.18) 8.20
Xia 2012 19/21 13/21 0.29(0.04 0.53) 7.83
Zhu 2013 17/19 8/19 0.47(0.21 0.74) 6.75
Total (fixed effects) 225/269 188/269 0.14(0.07 0.21) 3.922 <0.001 100
Figure 2: Forest plot of the meta-analysis of each parameter
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Safety Parameters

Even though meta-analysis of adverse events was not
possible. Table 4 provides the rates of each side effect
in the meta-analysis of Cao et al and in the randomized

trial of Zhang M et al. It is noteworthy that across the

© 2026 European Society of Medicine

studies LEF was associated with less leukopenia and

menstrual abnormalities compared to CYC and in the
study of Zhang M et al, leflunomide was associated with
more cases of hypertension. In the same study,
leflunomide patient died due to suicide, The frequency
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of liver function test abnormalities differed across
studies: in the meta-analysis of Cao , CYC group had
higher rates of liver function test abnormalities, whereas
in the study of Zhang M, LEF group had more patients
with hepatotoxicity. Alopecia, gastrointestinal symptoms
and total number of infections were more frequent in
cyclophosphamide group than leflunomide group in
Cao’s meta-analysis, whereas in the study of Zhang M
alopecia, gastrointestinal symptoms and total number of
infections were in similar frequency in both groups.

Table 4- Adverse Events

Quality Assessment

Unfortunately the full texts of in the individual studies in
the meta-analysis of Cao et al were not accessible,
which prevented us from performing overall quality
assessment for each parameter of meta-analysis
according to GRADE Handbook.

Adverse event Cao et al- 2015: Number of studies, Zhang et al- 2018:
Number of adverse event/Number of Number of adverse event/Number of
patients patients
Leflunomide Cyclophosphamide Leflunomide Cyclophosphamide

Liver function test elevation 9 studies, 9 studies, 32/222 9/48 5/52
16,225

Gastrointestinal symptoms 8 studies, 8 studies, 33/204 4/48 4/52
19/198

Alopecia 7 studies, 6/167 |7 studies, 21/173 1/48 2/52

Leukopenia 6 studies, 1/134 |6 studies, 11/129 1/52 16/48

Infection (Total) 5 studies, 5 studies, 23/121 16/48 18/52
11/121

Herpes Zoster Infection 2 studies, 0/65 |2 studies, 2/65 1/48 3/52

Menstrual Abnormalities 4 studies, 0/106 |4 studies, 6/106 0/48 2/52

Rash 7 studies, 9/176 |7 studies, 6/171 N.A. N.A.

Hypertension N.A. N.A. 5/48 1/52

Headache N.A. N.A. 1/48 3/52

Tachycardia N.A. N.A. 2/48 4/52

Death N.A. N.A. 1/48 0/52

Total 7 studies, 7 studies, N.A. N.A.
32/187 69/182

NL.A.: Not available

Discussion

This meta-analysis compares the efficacy and safety of
LEF and CYC in lupus nephritis patients, by assembling
the data from 12 different studies with an acceptable
risk of bias (a Jadad score of 3 and higher). Final
results demonstrated a similar efficacy for both drugs in
maintaining serum creatinine concentration, serum
albumin concentration and in reducing SLEDAI scores as
well as achieving partial remission. Leflunomide was
significantly better than cyclophosphamide in reducing
proteinuria and in achieving complete response and
total renal response. Although a meta-analysis of the
adverse events was not possible, LEF seemed to have an
acceptable adverse event profile with less leukopenia
and menstrual abnormalities compared to CYC but
higher rates of hypertension. For other adverse events,
even though results varied between the studies,
leflunomide seemed to have an acceptable safety
profile that is comparible with CYC (if not better in some
aspects).  This meta-analysis results agree with the
meta-analysis of Cao et al23, which is quite
predicatable as it consists mostly of same studies that
were included in that meta-analysis.

Leflunomide’s best known mechanism of action is
inhibition of de novo pyrimidine synthesis by blocking
dihydroorotate dehydrogenase3s. Activated lymphocytes
demand a large amount of pyrimidine for ongoing DNA
synthesis during proliferation which can not be
sufficiently met by salvage of pyrimidine, which renders
them susceptible to leflunomide3¢. Other mechanisms of
action of leflunomide include inhibition of tyrosine
kinases involved in T lymphocyte3” and B lymphocyte38.3?
activation, suppression of interleukin-2 production4, and
blocking nuclear factor kappa beta activation4!. In the
animal study of Bartlett et al, when the MRL/Ipr mice
that spontaneously develop a SLE-like disease,
treatment  with leflunomide was associated with
reduction in proteinuria, decrease in autoantibodies and
better survival compared to prednisolone and
cyclosporine A42, Study of Xu et al on the same animal
model demonstrated that the main mechanism of action
of leflunomide in this model is through tyrosine kinase
inhibition rather than pyrimidine synthesis antagonism43.
In their animal study, Popovic et al reported that
leflunomide restored the suppressed T-cell response to
the same level as found in healthy mice44. In the same
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mouse model, He et al reported that leflunomide
treatment could dramatically reduce the production of
auvtoantibodies and immune complex deposition in the
kidney, leading to relieved kidney damage and
reduced mortality. The therapeutic effect of leflunomide
on the lupus-prone mice was partially due to the
inhibition of TLR9 signaling pathway45. In their animal
study Qiaco et al used MRL-lpr mice (female) and
C57BL/6 mice model of SLE to demonstrate that LEF
could inhibit development of lupus nephritis, attenuate
the generalized autoimmune features by augmenting
iTreg cells, which suppressed pathogenic interleukin-17
producing double negative T cells by an Akt dependent
mechanism46.

In their paper published in 2005, Cui et al conducted a
prospective multicenter controlled trial on 51 systemic
lupus erythematosus patients with biopsy proven
proliferative lupus nephritis where treatment naive
patients received either leflunomide (Group A) or
intravenous cyclophosphamide (Group B), and relapsed
patients who received immunosuppressives in the last
three months received leflunomide (Group C). Forty-
seven patients completed the six month treatment
period. Total response rate, complete remission rate and
SLEDAI improvement were statistically similar in both
groups. In Group C total response rate was 60 % and
complete remission rate was 6.7 %. Infection and
alopecia were the major adverse events. This study
proposed LEF as an effective alternative induction
treatment in both treatment naive and refractory cases
of LN,

In 2008, in their prospective multicenter non-
randomized observational study of Wang et al enrolled
110 biopsy proven LN patients. Seventy patients were
treated with LEF (with a loading dose of 1 mg/kg/day
for 3 days followed by 30 mg/day.) and 40 patients
were treated with CYC, with both groups receiving
concomitant prednisone. At the end of é months 21% of
the LEF patients were in complete remission and 52%
were in partial remission, similar to the rates in CYC
group (18% total and 55% partial remission). Both
groups also had similar improvement in SLEDAI scores.
Repeat kidney biopsies performed in 13 patients in
leflunomide group demonstrated a very significant
reduction in activity index but an increased chronicity
index despite treatment. Both groups had a similar
safety profile, with a higher incidence of gastrointestinal
events in cyclophosphamide group'.

In their study published in 2009, Zhang FS et al
performed baseline kidney biopsy from 31 lupus
nephritis patients, then treated them with LEF (initially a
loading dose of 0.8-1.2 mg/kg per day for 3-7 days,
followed by a maintenance dose of 0.4-0.8 mg/kg.
Three of these patients priorly received CYC or
mycophenolate for a long time. Initial biopsy revealed 5
patients with Class Il, 11 patients with Class Ill, 10
patients with Class IV and 9 patients with Class V lupus
nephritis. At the end of 12 months repeat biopsy was
performed to all 31 patients. The posttreatment biopsies
revealed 5 patients with Class Il, 17 patients with Class
lll, 3 patients with Class IV and 6 patients with Class V
LN. The rate of class transformation was 41.9%, with

one patient transforming from Class IV to Class Il, 6
patients transforming from Class IV to Class Ill, 3
patients from Class V to Class Ill and 3 patients from
Class Il to Class Il. In patients without class
transformation active lesions improved significantly. The
chronic lesions did not aggravate under LEF treatment,
unlike the study of Wang. SLEDAI scores of all patients
improved significantly. There were no infections and side
effects did not require leflunomide discontinuation’®.

The study of Zhang Y et al published in 2010 enrolled
43 lupus nephritis patients who had previously received
cyclophosphamide but either relapsed under CYC or
could not tolerate it. These patients received LEF for 12
months. At the end of first months proteinuria decreased
significantly and by 3-6 months of treatment, serum
albumin gradually increased and anti ds DNA titers as
well as SLEDAI scores gradually decreased. Leflunomide
was associated with less side effects compared to
cyclophosphamide!”.

The latest study on this subject was published by Zhang
S et al in 2023. This study enrolled 20 refractory lupus
nephritis patients that met 2012 systemic lupus
erythematosus classification criteria. Refractory disease
was defined as “ proteinuria and/or estimated
glomerular filtration rate not improved or worsened for
4—-6 months under two different induction regimens
according to standards of care, based on the Kidney
Disease-Improving Global Outcomes. and The European
Alliance of Associations for Rheumatology / European
Renal Association—European Dialysis and Transplantation
Association guidelines”. The previous immunosuppressive
drugs these patients received included mycophenolate
mofetil(19 patients), cyclophosphamide(18 patients),
tacrolimus(10  patients), azathioprine(6  patients),
cyclosporine A(5 patients) and methotrexate(4 patients).
These patients received a daily dose of 20-40 mg LEF
orally. Meanwhile, immunosuppressives were withdrawn,
and corticosteroids were gradually tapered. The
primary endpoint was the response of patient. The
percentage of more than a 25% decrease in 24-hour
urine protein quantity was calculated as the secondary
endpoint. It was evaluated 3 months, 6 months, and 1
year after enrollment, with 13 patients continuing the
treatment for 2 vyears. Eighteen patients (90%)
completed the study. At 3 months, 80%(16/20) of the
patients achieved more than a 25% decrease in 24-
hour urine protein quantity. At 6 months, three
patients(15%) achieved a partial response, and five
patients(25%) achieved a complete response. However,
by 12 months and 24 months, the complete response
rate dropped to 15% and 20%, respectively. The
overall response rates (sum of complete response and
partial response) were 30%, 40%, 40%, and 30% at
3, 6, 12, and 24 months, respectively. As for the
secondary endpoint, the ratio of patients with more than
a 25% decrease in their 24-hour urine protein quantity
was 80% at month 3, 65% at month 6, 60% at month
12, and 50% at month 24 in the intention-to-treat
analysis. Treatment failure was observed in 9
patients(?/18) after 12 months, as well as in 7 of the
remaining 13 patients after 24 months. Two patients
withdrew from the study due to developing cytopenia
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and leukopenia. This study also underlined leflunomide
as be a promising treatment option for refractory LN'8,

Recent years have added numerous new and promising
options to the therapeutic armamentarium of the
clinicians that treat lupus nephritis. Addition of the new
B cell depleting agent obinutuzumab+47, B cell activating
factor inhibitor with belimumab4® and the new
calcineurin inhibitor voclosporin4® to the current options
of mycophenolic acid analogues, classical calcineurin
inhibitors(cyclosporin A and tacrolimus) and B cell
depleting agent rituximab, has enriched our thepeutic
options. In fact in some developed countries, even
cyclophosphamide which has for a very long time been
the gold standard for remission induction therapy has
been supplanted by the emerging combination
immunosuppressive regimen%. When these options are
considered, offering LEF as an option may not seem
appealing especially in developed countries. However
these new options are rather expensive. One must keep
in mind that in low resource settings, access to even
mycophenolic acid analogues is difficult. Thus, in those
settings leflunomide can be offerred as a possible
alterative to patients who respond inadequately to
cyclophosphamide, can not tolerate CYC or do not want
to utilize cyclophosphamide.

In most of these leflunomide studies that were included
in the meta-analysis, patients used higher doses than the
doses (10-20 mg/day) used in rheumatoid arthritis or
psoriatic arthritis. In the randomized trial of Zhang et
al, leflunomide tablets were given at an initial loading
dose of 40 mg/day for 3 days and followed by 20
mg/day for 24 weeks. In the studies that were eligible
for the meta-analysis of Cao et al, oral leflunomide was
used at a dose of 20 to 50 mg/day for 6-12 months.
Further studies with larger number of patients are
necessary to determine the optimal dosing regimen of
LEF in lupus nephritis patients.

The strength of this meta-analysis is the relatively large
number of LN patients it assembles (it is the largest
meta-analysis on this subject) and the acceptable
quality of the included studies (with a Jadad score of at
least 3) as well as the consistency and homogeneity of
its design. This study was not without weaknesses. First of
all, the inclusion criteria included all lupus nephritis

patients, therefore the efficacy parameters account for
all LN patients and not for specific subgroups such as
proliferative or Class V lupus nephritis. Another
important weakness is that the all the studies are all
performed in China and therefore demonstrating the
efficacy and safety of LEF in comparison to
cyclophosphamide in lupus nephritis in only one ethnicity.
Further studies on the efficacy of leflunomide in LN
patients with different ethnicities are necessary. Other
limitations include the lack of highest quality studies
(with a Jadad score of 5), the presence of high
heterogeneity observed in 3 parameters (namely serum
albumin, SLEDAI score and proteinuria), the relative
short duration of studies (mostly 6 months), different
doses of LEF across different studies and the lack of
post-treatment biopsies to assess histopathological
improvement in activity indices. One other important
limitation in our meta-analysis is our inability to access
the full texts of the 11 studies in the meta-analysis of
Cao, which prevented us from performing the meta-
analysis of specific adverse events and certainty of
evidence assessment according to Grading of
Recommendations  Assessment, Development and
Evaluation Handbook. Finally, assessments concerning
important outcomes such as mortality and end stage
renal failure are lacking.

Conclusion

In this largest meta-analysis that compares the efficacy
and safety of LEF and CYC in lupus nephritis patients,
leflunomide has comparable (if not better in some
parameters) efficacy in Chinese LN patients and an
acceptable safety profile. LEF can be a possible
alternative for lupus nephritis patients that respond
inadequately to cyclophosphamide, relapse under CYC
or are unable to tolerate cyclophosphamide, especially
in resource poor settings where access to novel
treatment regimen is not possible or sustainable. Larger
randomized controlled trials with longer duration that
determine the optimal dose of leflunomide in different
classes of lupus nephritis in patients from different
ethnicities are necessary before more robust conclusions
can be reached.

Conflict of Interest: The authors declare no conflict
of interest.

© 2026 European Society of Medicine 10



References

1.

10.

11.

12.

Moysidou GS, Dara A. JAK Inhibition as a Potential
Treatment Target in Systemic Lupus Erythematosus.
Mediterr J Rheumatol. 2024 Mar 30;35(Suppl 1):37-
44, doi: 10.31138/mjr.231123.jia.

Richter P, Cardoneanu A, Burlui AM, Macovei LA,
Bratoiu | et al. Why Do We Need JAK Inhibitors in
Systemic Lupus Erythematosus? Int J Mol Sci. 2022
Oct 4;23(19):11788. doi: 10.3390/ijms231911788.
Alforaih N, Whittall-Garcia L, Touma Z. A Review of
Lupus Nephritis. J Appl Lab Med. 2022 Oct
29;7(6):1450-1467. doi: 10.1093 /jalm/jfac036.
Anders HJ, Saxena R, Zhao MH, Parodis |, Salmon JE
et al. Lupus nephritis. Nat Rev Dis Primers. 2020 Jan
23;6(1):7. doi: 10.1038/541572-019-0141-9.
Lazar S, Kahlenberg JM. Systemic Lupus
Erythematosus: New Diagnostic and Therapeutic
Approaches. Annu Rev Med. 2023 Jan 27;74:339-
352. doi: 10.1146/annurev-med-043021-032611.
Nakayamada S, Tanaka Y. Novel JAK inhibitors
under investigation for systemic lupus erythematosus:
- where are we now? Expert Opin Investig Drugs.
2023 Jul-Dec;32(10):901-908. doi:
10.1080/13543784.2023.2264172.
Garal-Pantaler E, Schultze M, Georgiou ME, Pignot
M, Gairy K et al. Real-World Burden of
Immunosuppressant-Treated  Lupus  Nephritis: A
German Claims Database Analysis. Rheumatol Ther.
2024 Feb;11(1):113-127. doi: 10.1007 /5407 44-
023-00623-4.

Alsuwayegh A, Almaghlouth 1A, Almasaoud MA,
Alzaid AS, Alsuhaibani AA et al. Cost Consequence
Analysis of Belimumab versus Standard of Care for
the Management of Systemic Lupus Erythematosus in
Saudi Arabia: A Retrospective Cohort Study. Int J
Environ Res Public Health. 2023 Jan 20;20(3):1917.
doi: 10.3390/ijerph20031917. PMID: 36767283;
PMCID: PMC9915237.

Khandelwal P,  Govindarajan S, Bagga A.
Management and outcomes in children with lupus
nephritis in the developing countries. Pediatr
Nephrol. 2023 Apr;38(4):987-1000. doi:
10.1007/500467-022-05769-x. Epub 2022 Oct
18. PMID: 36255555.

Ekrikpo U, Obiagwu P, Chika-Onu U, Yadla M,
Karam S et al. Epidemiology and Outcomes of
Glomerular Diseases in Low- and Middle-Income
Countries. Semin Nephrol. 2022 Sep;42(5):151316.
doi: 10.1016/j.semnephrol.2023.151316.

Smolen JS, Landewé RBM, Bergstra SA,
Kerschbaumer A, Sepriano A et al. EULAR
recommendations for the management of rheumatoid
arthritis  with synthetic and biological disease-
modifying antirheumatic drugs: 2022 update. Ann
Rheum Dis. 2023 Jan;82(1):3-18. doi: 10.1136/ard-
2022-223356. Epub 2022 Nov 10. Erratum in: Ann
Rheum Dis. 2023 Mar;82(3):e76. doi: 10.1136/ard-
2022-223356¢corr1. PMID: 36357155.

Gossec L, Kerschbaumer A, Ferreira RJO, Aletaha D,
Baraliakos X et al. EULAR recommendations for the

management of psoriatic arthritis with
pharmacological therapies: 2023 update. Ann
Rheum Dis. 2024 May 15;83(6):706-719. doi:

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10.1136/ard-2024-225531.
PMCID: PMC11103320.

Kiely PD. The broadening use of leflunomide in
clinical practice. Hosp Med. 2004 Dec;65(12):735-9.

PMID: 38499325;

doi: 10.12968/hosp.2004.65.12.735. PMID:
15624449.
Cui Tai-gen, Hou Fan-fan, Ni Zhao-hui, Chen Xiang-

mei, Zhang Feng-shan et al. Treatment of
proliferative lupus nephritis with leflunmoide and
steroid: a prospective multi-center controlled clinical
trial. Zhonghua Nei Ke Za Zhi 2005;44(9):672-6.
Tam LS, Li EK, Wong CK, Lam CWK, Li WC et al.
Safety and efficacy of leflunomide in the treatment
of lupus nephritis refractory or intolerant to tradi
tional immunosuppressive therapy: an open label
trial [7]. Ann Rheum Dis 2006; 65:417-8.

Zhang FS, Nie YK, Jin XM, Yu HM, Li YN et al. The
efficacy and safety of leflunomide therapy in lupus
nephritis by repeat kidney biopsy. Rheumatol Int
2009;29:1331-5.

Zhang Y, Yuan L, Kong X, Liv H, Wang H. Efficacy
and safety of treatment with Leflunomide for lupus
nephritis (LN) failed from cyclophosphamide (CTX)
treatment[J]. Journal of Dalian Medical University,
2010, 32(6): 689-
691+694. doi: 10.11724 /jdmu.2010.06.18 .

Zhang S, Chen Y, Chen X, Zhao Y, Zeng X et al.
Treatment of refractory lupus nephritis using
leflunomide: A prospective study. Front Immunol.
2023 Mar 17;14:1133183. doi:
10.3389/fimmu.2023.1133183.

Wang HY, Cui TG, Hou FF, Ni ZH, Chen XM et al.
Induction treatment of proliferative lupus nephritis
with leflunomide combined with prednisone: a
prospective multi-centre observational study. Lupus.
2008;17(7):638-44.

Zhang M, Qi C, Zha Y, Chen J, Luo P et dl
Leflunomide versus cyclophosphamide in the induction
treatment of proliferative lupus nephritis in Chinese
patients: a randomized trial. Clin Rheumatol
2019;38:859-67.

Hutton B, Salanti G, Caldwell DM, Chaimani A,
Schmid CH et al. The PRISMA extension statement
for reporting of systematic reviews incorporating
network meta-analyses of health care interventions:
Checklist and explanations. Ann. Intern. Med. 2015,
162:777-784. doi: 10.7326/M14-2385

Jadad AR, Moore RA, Carroll D, Jenkinson C,
Reynolds DJM et al. Assessing the quality of reports
of randomized clinical trials: Is blinding necessary?
Control. Clin. Trials. 1996;17:1-12. doi:
10.1016/0197-2456(95)00134-4.

Cao H, Rao Y, Liu L, Lin J, Yang H et al. The Efficacy
and Safety of Leflunomide for the Treatment of
Lupus Nephritis in Chinese Patients: Systematic
Review and Meta-Analysis. PLoS One. 2015 Dec
15;10(12):e0144548. doi:

10.1371 /journal.pone.0144548.

Dong J, Yang F, Yang XF, Tang L. The case-control
study of leflunomide in diffuse lupus nephritis.
Chinese Journal of Practice Medicine. 2011; 38(15):
28-30.

© 2026 European Society of Medicine 11


https://doi.org/10.11724/jdmu.2010.06.18
https://dx.doi.org/10.7326/M14-2385
https://dx.doi.org/10.7326/M14-2385
https://dx.doi.org/10.7326/M14-2385
https://dx.doi.org/10.7326/M14-2385
https://dx.doi.org/10.7326/M14-2385

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Cao LO, Ni ZH, Qian JL, Lin AW, Zhang WM et al.
Induction and maintenance treatment for IV and V
with leflunomide: a prospective study. Chinese
Journal of Nephrology. 2007; 23(1): 3—7.

Chen YH. Comparative investigation of leflunomide
and cyclophosphamide in the treatment of lupus
nephritis. Chinese Journal of Misdiagnostics. 2003;
3(10): 1508-15009.

Chen KY. The efficacy of leflunomide in thirty-seven
lupus nephritis patients. Jilin Medical Journal. 2010:
31(17): 2615-2616.

Li JP. The efficacy of leflunomide in twenty-one lupus
nephritis patients. Suzhou University Journal of
Medical Science. 2007; 27(2): 282—-284.

Mo H, Zhao ZQ, Ning YH, Meng JY. Efficacy and
safety of leflunomide versus cyclophosphamide for
induction therapy of lupus nephritis: a randomized
controlled trials. Guangxi Medical Journal. 2010; 32
(6): 668—-670.

Pan XZ, TangWG. Induction treatment of lupus
nephritis with leflunomide versus cyclophosphamide
combined with prednisone. Internal Medicine. 2010;
5(3): 243-245.

Peng XP. Efficacy and safety of leflunomide in
patients with lupus nephritis: a randomized controlled
trials. Hainan Medical Journal. 2011; 22(13): 44—
45.

Wu SB, Wang YD, Xu Y. Clinical efficacy of
leflunomide versus cyclophosphamide in patients with
lupus nephritis: a randomized controlled trials.
Journal of modern Chinese medicine and Western
Medicine. 2008; 17(17): 2599-2601.

Xia YO. Clinical therapeutic effect of leflunomide
combined with prednisone in the treatment of lupus
nephritis. Medical Recapitulate. 2012; 18(3): 465—
467.

ZhuY. A randomized controlled trials of leflunomide
in lupus nephritis. Hebei Medical Journal. 2013:
35(12): 1815-1816.

Rickermann, K, Fairbanks, LD, Carrey, LA,
Hawrylowicz CM, Richards DF et al. Leflunomide
inhibits pyrimidine de novo synthesis in mitogen-
stimulated T lymphocytesfrom healthy humans. J Biol
Chem 1998; 273: 21682-21691.

Breedveld, FC, Dayer, JM. Leflunomide: mode of
action in the treatment of rheumatoid arthritis. Ann
Rheum Dis 2000; 59: 841-849.

Xu X, Williams JW, Bremer EG, Finnegan A, Chong
ASF. Inhibition of protein tyrosine phosphorylation in
T cells by a novel immunosuppressive agent,
leflunomide. J Biol Chem 1995; 272: 12398-12403.
Siemasko KF, Chong A, Williams JW, Bremer EG,
Finnegan A. Regulation of B cell function by the
immunosuppressive agent leflunomide.Transplantation
1996; 61: 635-642.

Pinschewer DD, Ochsenbein AF, Fehr T, Zinkernagel
RM. Leflunomide-mediated suppression of antiviral
antibody and T cell responses: differential
restoration by uridine. Transplantation 2001; 72:
712-719.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Cao WW, Kao PN, Aoki Y, Xu JC, Shorthouse RA et
al. A novel mechanism of action of the
immunomodulatory drug, leflunomide: augmentation
of the immunosuppressive cytokine, TGF-beta 1, and
suppression of the immunostimulatory cytokine IL-2.
Transplant Proc 1996; 28: 3079-3080.

Manna SK, Aggarwal BB. Immunosuppressive
leflunomide metabolite (A77 1726) blocks TNF-
dependent nuclear factor-kB activation and gene
expression. J Immunol 1999; 162: 2095-2102.
Bartlett RR, Popovic S, Raiss RX. Development of
autoimmunity in MRL/lpr mice and the effects of
drugs on this murine disease. Scand J Rheumatol

1988; 75(Suppl): 290-299.

Xu X, Blinder L, Shen J, Gong H, Finnegan A et al. In
vivo mechanism by which leflunomide controls
lymphoproliferative  and  autoimmune  disease

inMRL/MpJ-lpr/lpr Mice. J Immunol 1997; 159:
167-174.

Popovic S, Bartlett RR. The use of the murine chronic
graft vs host (CGVH) disease, a model for systemic
lupus erythematosus (SLE), for drug discovery. Agents
Actions. 1987; 21: 284-286.

He C, Lu X, Yan Z, Wu M, Liu S et al. Therapeutic
effect of leflunomide on the development of
experimental lupus nephritis in mice. Rheumatol Int.
2012,32(3):633-638. doi: 10.1007/500296-010-
1630-z

Qiao G, Yang L, Li Z, Williams JW, Zhang J. A77
1726, the active metabolite of leflunomide,
attenuates lupus nephritis by promoting the
development of regulatory T cells and inhibiting IL-
17-producing double negative T cells. Clin Immunol.
2015 Apr;157(2):166-74. doi:
10.1016/j.clim.2015.01.006.

Furie RA, Rovin BH, Garg JP, Santiago MB, Aroca-
Martinez G et al. REGENCY Trial Investigators.
Efficacy and Safety of Obinutuzumab in Active Lupus
Nephritis. N  Engl J Med. 2025 Apr
17;392(15):1471-1483. doi:
10.1056/NEJM0a2410965. Epub 2025 Feb 7.
PMID: 39927615.

Furie R, Rovin BH, Houssiau F, Malvar A, Teng YKO et
al. Two-Year, Randomized, Controlled Trial of
Belimumab in Lupus Nephritis. N Engl J Med. 2020
Sep 17;383(12):1117-1128. doi:
10.1056/NEJMoa2001180. PMID: 32937045.
Rovin BH, Teng YKO, Ginzler EM, Arriens C, Caster
DJ 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 May
29;397(10289):2070-2080. doi: 10.1016/S0140-
6736(21)00578-X.

Sammaritano LR, Askanase A, Bermas BL, Dall'Era M,
Duarte-Garcia A et al. 2024 American College of
Rheumatology (ACR) Guideline for the Screening,
Treatment, and Management of Lupus Nephritis.
Arthritis Rheumatol. 2025 Sep;77(9):1115-1135.
doi: 10.1002/art.43212.

© 2026 European Society of Medicine 12


https://doi.org/10.1007/s00296-010-1630-z
https://doi.org/10.1007/s00296-010-1630-z

Leflunomide in Lupus Nephritis
Supplementary Material

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses Checklist
Section and ltem  Checklist item

Location

Topic # where item
is reported
TITLE
Title | 1 | Identify the report as a systematic review. Page 1
ABSTRACT
Abstract | 2 | See the PRISMA 2020 for Abstracts checklist. Page 1
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Page 2
Obijectives 4 Provide an explicit statement of the objective(s) or question(s) the review Page 2
addresses.
METHODS
Eligibility 5 Specify the inclusion and exclusion criteria for the review and how studies were | Pages 2
criteria grouped for the syntheses. and 3
Information 6 Specify all databases, registers, websites, organisations, reference lists and Page 3
sources other sources searched or consulted to identify studies. Specify the date when
each source was last searched or consulted.
Search 7 Present the full search strategies for all databases, registers and websites, Page 3
strategy including any filters and limits used.
Selection 8 Specify the methods used to decide whether a study met the inclusion criteria of | Page 3
process the review, including how many reviewers screened each record and each
report retrieved, whether they worked independently, and if applicable,
details of automation tools used in the process.
Data 9 Specify the methods used to collect data from reports, including how many Page 3
collection reviewers collected data from each report, whether they worked
process independently, any processes for obtaining or confirming data from study
investigators, and if applicable, details of automation tools used in the process.
Data items 10a List and define all outcomes for which data were sought. Specify whether all Page 3
results that were compatible with each outcome domain in each study were
sought (e.g. for all measures, time points, analyses), and if not, the methods
used to decide which results to collect.
10b List and define all other variables for which data were sought (e.g. participant | Not
and intervention characteristics, funding sources). Describe any assumptions available
made about any missing or unclear information.
Study risk of | 11 Specify the methods used to assess risk of bias in the included studies, including | Page 3
bias details of the tool(s) used, how many reviewers assessed each study and
assessment whether they worked independently, and if applicable, details of automation
tools used in the process.
Effect 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) | Page 3
measures used in the synthesis or presentation of results.
Synthesis 13a Describe the processes used to decide which studies were eligible for each Page 3
methods synthesis (e.g. tabulating the study intervention characteristics and comparing
against the planned groups for each synthesis (item #5)).
13b Describe any methods required to prepare the data for presentation or Not
synthesis, such as handling of missing summary statistics, or data conversions. available
13c¢ Describe any methods used to tabulate or visually display results of individual Not
studies and syntheses. available
13d Describe any methods used to synthesize results and provide a rationale for the | Page 3
choice(s). If meta-analysis was performed, describe the model(s), method(s) to
identify the presence and extent of statistical heterogeneity, and software
package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among | Not
study results (e.g. subgroup analysis, meta-regression). available
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24c Describe and explain any amendments to information provided at registration Not
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