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Abstract

Intravenous cyclophosphamide has been first line treatment for inducing disease remission in
lupus nephritis. Newer agents such as mycophenolate mofetil and calcineurin inhibitors are
available, but their comparative efficacy and toxicity are unclear. A network meta-analysis
was conducted using a frequentist model to assess the comparative efficacy and safety of all
immunosuppressive drug classes in adults and children with proliferative lupus nephritis.
Cochrane databases, MEDLINE, and Embase were searched for randomized trials published
through September 29, 2015. Primary outcomes were induction of disease remission and all-
cause mortality. Secondary outcomes were end-stage kidney disease, disease relapse, and
adverse events. Treatment estimates were calculated as odds ratios (OR) with 95% CI, using
intravenous cyclophosphamide as the referent treatment for induction and azathioprine for
maintenance of disease remission. Immunosuppression strategies were ranked using surface
under the cumulative ranking (SUCRA) probabilities. 47 eligible studies involving 3645
adults and children aged 10 years or over were eligible. Induction and maintenance
treatments were given for a median of 12 (IQR 6—84) months and 25 (IQR 12—48) months,
respectively. Calcineurin inhibitors (odds ratio 1.86, 95% CI 1.05-3.30) and mycophenolate
mofetil (1.54, 1.04-2.30) were the most effective treatments to induce disease remission.
Immunosuppressive regimens did not have differing effects on all-cause mortality.
Mycophenolate mofetil and calcineurin inhibitors were much less likely than intravenous
cyclophosphamide to cause alopecia, while regimens had statistically similar effects on end-
stage kidney disease, major infection, and ovarian failure. Mycophenolate mofetil was most
effective for maintaining disease remission (0.53, 95% CI 0.31 to 0.90) compared with
azathioprine. Thus, mycophenolate mofetil and calcineurin inhibitors were more effective to

induce remission of lupus nephritis than intravenous cyclophosphamide, while conferring



similar or lower treatment toxicity. Mycophenolate mofetil was the most effective

maintenance treatment to prevent disease relapse.



Introduction

Systematic lupus erythematosus (SLE) affects principally women of child-bearing age.
Although clinical manifestations are highly variable, kidney involvement affects between
20% and 75% of patients in the first 10 years.[1] While survival for patients with SLE was
less than 50% at 5 years in the 1950’s, this has improved to greater than 90%, attributed to
improved immunosuppression and other medical therapies (blood pressure lowering, dialysis
and transplantation) and a better understanding of disease biology. Therapies have
transformed lupus nephritis from an acute to chronic illness, in which the longer term
efficacy and adverse effects of treatments may assume greater importance in medical

decision-making.

Intravenous cyclophosphamide combined with corticosteroids has been first-line therapy to
induce remission from lupus nephritis, but causes considerable toxicity including infertility,
hair loss, and malignancy.[2] Newer immunosuppressive agents including calcineurin
inhibitors and mycophenolate mofetil may have a more favorable side-effect profile, but
whether these drugs are equivalent or superior to intravenous cyclophosphamide for

induction of disease remission in lupus nephritis is uncertain.[3]

Existing conventional meta-analyses suggest similar efficacy for mycophenolate mofetil and
cyclophosphamide on disease remission with lower toxicity than cyclophosphamide.[3 4]
However, standard pairwise meta-analysis can only compare two drug classes that have
already been evaluated in head to head trials. In a complex condition with several treatment
options, not all of which have been directly compared in trials, a network meta-analysis offers
the potential to compare all therapeutic strategies within a single framework and rank
treatments according to their efficacy and safety. Additional potential treatments including
rituximab and abatacept indicate that a network meta-analysis including all treatment options

within coherent analyses might assist clinical decision-making. Existing network analyses



have evaluated induction therapy in lupus nephritis, but have been inconclusive due to

relatively few included studies[5 6] or have reported only drug harms.[7]

A network meta-analysis of randomized controlled trials reporting immunosuppression
treatments for lupus nephritis was therefore conducted to determine the most effective agent

for inducing and maintaining disease remission of lupus nephritis.

Results

The trial selection process is shown in Figure 1. Overall, 38 trials in 146 publications were
included from a previous Cochrane [3] review and 9 trials in 27 publications were identified
through electronic database searching. In total, 47 randomized trials in 173 publications
evaluating two or more treatment approaches for immunosuppression to induce or maintain
disease remission of proliferative lupus nephritis were included involving 3645 adults and
children (aged 10 years or older). Induction therapy was evaluated in 42 trials (n=3358
participants) and maintenance treatment was evaluated in 10 trials (n=737 participants). One
trial reported outcomes for induction and maintenance therapy in two separate publications.[8

9]

Details of the characteristics of the included trials are reported in Supplemental Table 1 and
definitions of trial endpoints are shown in Supplemental Table 2. All trials were reported
between 1973 and 2015. The median number of participants was 47 (range 6 to 378), while
the mean age was 29.9 years (standard deviation 5.0; range 10.2 to 40.3 years). Induction
treatment was continued for a median follow-up of 12 months (range 5.5 to 84 months),
while the median duration of follow-up for maintenance therapy was 25 months (range 12 to

48 months).

In the early trials between 1973 and 1984, the interventions were oral azathioprine, oral

cyclophosphamide, prednisone alone, or plasma exchange. The first trial of intravenous



cyclophosphamide was reported in 1986 and trials evaluating calcineurin inhibitors emerged
in 1992. The earliest study assessing mycophenolate mofetil appeared in 2005 and rituximab
has been evaluated in trials since 2009. From 2012 onward, a range of other
immunomodulatory drugs including atacicept, abatacept, and laquinimod have been included
as induction therapies. Seventeen induction therapy trials (781 participants) contained an
intravenous cyclophosphamide arm (500-1000 mg/m?/body surface area monthly),[9-25], six
trials (361 participants) included mycophenolate mofetil (2000-3000 mg daily),[9 15 16 20
23 24] five trials (102 participants) included oral cyclophosphamide (1.5-4 mg/kg daily),[11
26-29] six trials (104 participants) included calcineurin inhibitors (cyclosporine 1-3 mg/kg

included rituximab (commencing at 1000 mg on days 1 and 15).[31 32]

Risks of bias

The risks of bias in individual trials and overall are provided in Supplemental Figure 1 and 2.
Generation of the randomization sequence and methods used to conceal allocation were
unclearly reported in 35 (72%) and 33 (68%) trials, respectively. 35 (72%) trials did not
report masking of participants and investigators to allocated treatment and there was
uncertainty about whether endpoint assessment was masked in 43 (89%) trials. 40 trials
(83%) had reported outcomes for most participants and with similar missing rates in all
treatment arms, and 29 (60%) had reported relevant outcomes of interest. Fifteen trials (32%)
had other potential sources of bias including differing baseline characteristics between
treatment arms,[ 10 24 25 33 34] sponsor involvement in data analysis and reporting,[9 32 33
35-38] early trial termination,[33 39] pooling of several trials within a study report without

meta-analytical techniques,[11] and crossover of participants between arms during follow-

up.[28]



Exploration of network structure, heterogeneity and consistency

When the participant characteristics (age, gender, kidney function, disease definition, racial
origin), interventions (doses and duration) and study design (duration of follow up) in the
included trials were evaluated according to treatment class, the trials were deemed
sufficiently similar for the key interventions that a network analysis was reasonable
(Supplemental Figure 3). As expected, trials evaluating azathioprine, oral cyclophosphamide
or prednisone were predominantly published in the 1970s to 1990s while intravenous
cyclophosphamide, mycophenolate mofetil, and calcineurin inhibitors were evaluated in trials

published generally since the year 2000.

Pairwise and network meta-analysis estimates were similar in magnitude (Supplemental
Table 3 and 4) and testing did not reveal evidence of inconsistency between direct and
indirect treatment effects, although confidence intervals were frequently wide (Supplemental
Table 5). There was no evidence of global inconsistency between studies in any network

(Supplemental Table 6).

Outcomes

The results of pairwise meta-analysis are shown in Supplemental Table 3 and network
analysis odds ratios are summarized in Table 1 and 2 and Supplemental Figure 4. The
confidence in treatment estimates for primary outcomes is provided in Table 3. Comparative
effects of rituximab could not be estimated in network analyses due to insufficient trials
comparing this treatment with other immunosuppressive agents. For the outcome of complete
remission, 18 trials involving 1119 participants (337 events) assessed six immunosuppression
strategies. For the outcome of all-cause mortality, 15 trials involving 1291 participants (94
deaths) assessed nine immunosuppression strategies. The treatment networks for primary
outcomes are shown in Figure 2 and for secondary outcomes are shown in Supplemental

Figure 5.



Primary outcomes

In network analysis, mycophenolate mofetil (OR 1.54 [95% CI 1.04 to 2.30]) and calcineurin
inhibitors (OR 1.86 [95% CI 1.05 to 3.30]) were superior to intravenous cyclophosphamide
for inducing disease remission (moderate confidence). Figure 3 shows the distribution of
probabilities of each class being ranked at each of the possible positions from “best” to
“worst”. The probability of being ranked most efficacious was 54% for calcineurin inhibitors,
43% for mycophenolate mofetil and 0.4% for intravenous cyclophosphamide. There was no
evidence of different effects of immunosuppression strategies on all-cause mortality (Table 1)
and treatment rankings were characterized by marked uncertainty (Figure 3) (low

confidence).

Secondary outcomes

Networks for secondary outcomes are shown in Supplemental Figure 4. For induction
therapy, there was no evidence that mycophenolate mofetil or calcineurin inhibitors had
different effects on end-stage kidney disease or doubling of serum creatinine when compared
to intravenous cyclophosphamide or each other (Table 1). Intravenous cyclophosphamide had
higher odds of failing to induce disease remission than mycophenolate mofetil (OR 2.04

[95% CI 1.15 to 03.57]) and calcineurin inhibitors (OR 3.03 [1.19 to 7.14]) (Table 1).

Mycophenolate mofetil had higher odds of major infection than calcineurin inhibitors (OR
2.17 [1.05 to 4.49]), although neither drug class had significantly different odds of major
infection compared to intravenous cyclophosphamide (Table 2). Mycophenolate mofetil had
lower odds of alopecia than intravenous cyclophosphamide (OR 0.22 [95% CI 0.13 to 0.39]),
while the odds of alopecia with calcineurin inhibitors did not significantly differ from
intravenous cyclophosphamide, although confidence intervals were wide (OR 0.19 [95% CI
0.02 to 1.72]) and calcineurin inhibitors were ranked similarly to mycophenolate mofetil.

Compared to oral cyclophosphamide, intravenous cyclophosphamide (OR 0.15 [95% CI 0.01



to 1.79]), mycophenolate mofetil (OR 0.08 [95% CI 0.01 to 0.85]) and calcineurin inhibitors
(OR 0.05 [95% 0.00 to 0.47]) conferred similarly lower odds of ovarian failure, although the
result for intravenous cyclophosphamide did not reach statistical significance. Oral
cyclophosphamide had a 92% probability of ranking worst for causing alopecia and a 93%

probability of ranking worst for ovarian failure (Figure 3).

There was no evidence that mycophenolate mofetil, calcineurin inhibitors and intravenous
cyclophosphamide had significantly different odds of leukopenia and herpes infection (Table
2). Mycophenolate was more likely to cause diarrhea than intravenous cyclophosphamide
(OR 2.70 [95% 1.60-4.53]), while there were insufficient comparative data for calcineurin
inhibitors. Treatment networks could not be generated for the outcomes of bladder toxicity,
nausea and vomiting. In pairwise meta-analyses, mycophenolate appeared superior to
intravenous cyclophosphamide for odds of nausea (OR 0.21 [95% CI 0.12 to 0.34]) and
vomiting (OR 0.26 [0.15 to 0.44]). There was no evidence of different odds of bladder
toxicity for oral compared with intravenous cyclophosphamide (OR 0.11 [95% CI 0.01-

2.25)).

When considering maintenance therapy to prevent disease relapse, mycophenolate mofetil
was superior to azathioprine (OR 0.53 [95% CI 0.31 to 0.90]) and had a 66% probability of
being the best treatment, while treatment effects of calcineurin inhibitors did not differ
significantly from mycophenolate mofetil (OR 0.70 [95% CI 0.20 to 2.48]) but were not

significantly better than azathioprine (OR 0.75 [95% CI 0.24 to 2.37]) (Table 4 and Figure 4).

Sensitivity analysis
Pre-specified sensitivity analyses for the outcome of complete remission with induction
treatment were conducted to test the robustness of the results. Treatment effects were

imprecise in sensitivity analyses restricted to trials with follow up of 24 months or longer and

10



in trials in which allocation was adequately concealed (Supplemental Table 7). There were
insufficient observations to perform reliable meta-regression analyses accounting for year of

publication, race, or age.

Discussion

Considering benefits and harms of therapy, this network meta-analysis indicates that added to
corticosteroids, mycophenolate mofetil or calcineurin inhibitors are superior induction
therapy for proliferative lupus nephritis compared with intravenous cyclophosphamide.
Mycophenolate mofetil was the only treatment with statistically lower risks of side-effects
compared with cyclophosphamide, including hair loss, nausea, and vomiting. Calcineurin
inhibitors posed lower risks of major infection than mycophenolate mofetil. Both
mycophenolate mofetil and calcineurin inhibitors had considerably lower average odds of
ovarian failure than intravenous cyclophosphamide, but this did not reach statistical
significance for either therapy. Mycophenolate mofetil is superior to azathioprine for
maintaining disease remission. However, despite 42 trials, the longer term effects of
immunosuppression on risks of mortality or end-stage kidney disease following induction or
maintenance therapy remain uncertain in part due to the relative rarity of these events and the
short duration of existing studies. Based on these results and weighing the balance of benefits
and harms, mycophenolate mofetil would be a reasonable first-line agent for inducing and
maintaining disease remission in patients with proliferative lupus nephritis, although
calcineurin inhibitors might be preferred in patients for whom major infection would be

especially hazardous.

The finding that mycophenolate mofetil and calcineurin inhibitors have a higher probability
of inducing disease remission than intravenous cyclophosphamide contrasts with a 2012
updated Cochrane review which found no differences between these two treatments for

complete remission of proteinuria,[3] although with similar uncertainty as the current analysis
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is for treatment effects on death and kidney function. Similarly, a 2009 meta-analysis
observed similar efficacy between mycophenolate mofetil and intravenous cyclophosphamide
for inducing renal remission, with comparable risks of death and end-stage kidney disease.[4]
A Bayesian network meta-analysis published in 2014 concluded there was insufficient
evidence to determine whether mycophenolate or tacrolimus were superior to
cyclophosphamide for inducing proteinuric remission or normal serum creatinine at 6
months.[5] A network analysis involving 9 trials in 972 patients concluded that tacrolimus
was superior to cyclophosphamide for inducing complete or partial disease remission but that
mycophenolate mofetil was comparable to cyclophosphamide treatment.[6] The different
conclusions drawn by these previous meta-analyses and the present study are likely due to the
larger amount of information available in the present review to permit more precise
inferences about competing treatments for lupus nephritis. This study integrated both direct
and indirect drug comparisons from18 studies within highly coherent networks to compare
and rank the best available treatments for complete remission and potentially had greater

statistical power than existing reviews.

The findings of this network meta-analysis are consistent with a recent randomized trial
comparing combined therapy with tacrolimus and mycophenolate versus intravenous
cyclophosphamide in biopsy-proven lupus nephritis showing that patients who received
combined therapy had a higher probability of complete or partial disease remission at 6
months (hazard ratio 1.72; 95% CI 1.34 to 2.21), although there were more serious adverse
events and greater withdrawal from tacrolimus plus mycophenolate therapy driven primarily
by infection-related events.[21] This raises the possibility that dual therapy might incur
greater toxicity than each individual treatment class alone. Although there has been no
previous head to head trials of dual versus monotherapy, when the two trials[12 21]

evaluating combined mycophenolate mofetil plus tacrolimus versus cyclophosphamide as

12



induction therapy were included in the network for complete remission in this study, dual
mycophenolate mofetil plus tacrolimus therapy was not significantly better than
mycophenolate mofetil alone (1.74, 95% CI 0.97 to 3.14) or tacrolimus alone (1.45, 95% CI
0.70 to 2.98). Based on these promising but inconclusive results and to test the balance of
benefits and harms of dual therapy further, a trial comparing mycophenolate mofetil or
tacrolimus against combined mycophenolate mofetil plus tacrolimus might be considered a

priority, including careful documentation of efficacy and patient-centered treatment harms.

This network analysis is consistent with the findings of a 2015 study evaluating comparative
effects of cyclophosphamide, azathioprine, mycophenolate mofetil and prednisone alone on
maintenance of disease remission in lupus nephritis.[40] In that meta-analysis,
mycophenolate mofetil was ranked as the best therapy for preventing kidney failure during
maintenance treatment, although due to a small number of events, the estimated treatment
effects were very imprecise. The similar findings between this previous review and the
present study despite differing statistical approaches and endpoints strengthens the
conclusions of both studies that mycophenolate mofetil might be the best treatment for

maintaining remission of lupus nephritis.

While the strengths of this systematic review include a comprehensive literature search
without language or date restriction, evaluation of the assumptions of consistency among
included trials before generating treatment estimates, and including standardized approaches
to assessing the confidence that might be held in the results, the meta-analysis has some

limitations that might be considered when interpreting the findings.

First, the analysis is limited by the data in the primary trials and the methods of reporting
data. For example, complete remission was a heterogeneous outcome with variable

definitions in existing studies. Notwithstanding the differences in endpoint definitions among
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trials, there was evidence of low heterogeneity in the pooled analysis indicating that a
network meta-analysis was appropriate. Second, there were few deaths (n=94) and patients
progressing to end-stage kidney disease (n=151) during trial follow up leading to
considerable uncertainty in treatment effects on these patient-relevant outcomes. It remains
uncertain whether biochemical remission of disease based on proteinuria and/or serum
creatinine is a valid predictor of longer term outcomes in lupus nephritis, particularly end-
stage kidney disease, as existing trials generally do not follow patients for long enough to
detect this treatment outcome. Similarly, there was insufficient precision in treatment effects
on doubling of serum creatinine, although azathioprine or corticosteroids alone were clearly
inferior to intravenous cyclophosphamide. Third, while the treatment classes were derived
from similar study populations (age, gender, serum creatinine), there were secular trends in
the publication era for differing treatments. As expected, azathioprine, oral
cyclophosphamide and prednisone alone were principally evaluated in earlier decades while
intravenous cyclophosphamide, mycophenolate mofetil and calcineurin inhibitors were
assessed in more recent trials. While this difference might threaten the assumed consistency
required to generate a single analytical network and confound treatment comparisons due to
differing epidemiological patterns of disease and treatments over time, notably there was low
heterogeneity observed in networks for the primary outcomes, and the key treatment
comparisons (cyclophosphamide, mycophenolate mofetil and calcineurin inhibitors) were
drawn from trials all published more recently. Fourth, different outcomes and responses to
treatment are observed among people of different racial origins in lupus nephritis and
therefore, it might be hypothesized that treatment effects might be different based on
ethnicity. However, there were insufficient data for racial origin in the original trial reports to
perform meta-regression analyses to explore this possibility. Fifth, combinations of treatment

classes were not included in this study as these trials could not be connected sufficiently
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within analytical networks to calculate treatment estimates. Similarly, evidence for rituximab
was sparse and disconnected from networks as trials compared rituximab with combination
therapy or placebo. Finally, the inconsistent endpoint definitions and imprecision in treatment
estimates for mortality and end-stage kidney disease has implications for future trial design.
In future studies, longer term endpoints and larger study populations might be achieved
through more efficient study design — for example, registry-based randomized trials[41] — in
which important patient-centered outcomes such as death and end-stage kidney disease are
captured automatically during long-term routine follow up within registry databases.
Standardization of both safety and short term and long term efficacy outcomes in trials
evaluating therapies for lupus nephritis, as has been generated in rheumatology, might
facilitate better understanding about the benefits and harms of therapy.[42] Based on the
potential benefits of calcineurin inhibitors and mycophenolate mofetil on short term
outcomes in this analysis, future head to head trials comparing the benefits and harms of

these treatments alone or in combination might be prioritized.

Mycophenolate mofetil is superior to intravenous cyclophosphamide for short-term disease
remission and lower treatment-related toxicity as induction therapy in proliferative lupus
nephritis. Calcineurin inhibitors display greater efficacy than intravenous cyclophosphamide,
when added to corticosteroids. Mycophenolate mofetil is superior to azathioprine for
sustaining disease remission. Longer term benefits of treatment on mortality and end-stage

kidney disease remain uncertain.
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Concise Methods

A network meta-analysis was performed using a frequentist framework. The meta-analysis
was conducted and reported according to a pre-specified protocol and the PRISMA Extension
Statement for Reporting of Systematic Reviews incorporating network meta-analyses of

health care interventions.[43]

Data sources and searches

Randomized controlled trials that were publically available on September 30, 2015 in which
people with lupus nephritis were allocated to immunosuppression for induction or
maintenance of disease remission were identified. The Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE, and Embase were searched using a highly-
sensitive search strategy for each database developed by an experienced trials search
coordinator. Searches were conducted without date or language restriction. The search terms
are shown in the appendix. A previous published Cochrane meta-analysis was screened for

eligible randomized trials.[3]

Study selection

Parallel-group randomized trials that involved adults or children with proliferative lupus
nephritis (defined by trial investigators) and who received the following immunosuppression
treatment for induction and/or maintenance of disease remission (in addition to
corticosteroids) were included: intravenous cyclophosphamide, oral cyclophosphamide,
mycophenolate mofetil, calcineurin inhibitor, rituximab or azathioprine. Included trials were
those that reported a comparison between at least two different classes of immunosuppression
or between a medication and a placebo or usual care. Trials were excluded if they were a
crossover study design. Trials which used combination drug therapies for lupus nephritis or

other classes of intervention (such as plasma exchange) were included to provide indirect
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evidence for the principal treatment classes of interest. Abstracts of articles in non-English
languages were reviewed and the full-text was translated when the citation was considered
potentially eligible before assessment and data extraction. Two reviewers (SP, DT) working
independently screened the titles and abstracts of the retrieved search records to determine
potential eligibility. Any citation report that was considered potentially eligible was reviewed

in full-text by the same two reviewers who resolved discrepancies through consensus.

Data extraction

Two investigators (SP, DT) abstracted data independently into an electronic database. The
authors crosschecked the data and reached consensus for any discrepancies through

discussion.

Risk of bias

Two independent reviewers (SP, DT) assessed risks of bias in the included trials using the

Cochrane Collaboration assessment tool.[44]

Data synthesis and analysis

The primary outcomes of interest for induction therapy were complete remission of disease
and all-cause mortality. Secondary outcomes were end-stage kidney disease, doubling of
serum creatinine, failure of therapy to induce remission, major infection, alopecia, ovarian
failure, malignancy, nausea, vomiting, bone toxicity, bladder toxicity, leukopenia, and herpes
infection. In maintenance therapy, relapse of disease was the primary outcome. Outcome data
were extracted for the longest reported follow up in studies. Studies reporting zero events in
all arms had those outcomes excluded from analyses. The outcomes were used as defined in
the individual trials. Data from trials principally evaluating induction treatment were

analyzed separately from trials evaluating treatment for maintenance of disease remission.
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In meta-analysis, first the clinical setting and participant characteristics were evaluated to
consider whether the trials were sufficiently similar that a network meta-analysis approach
was appropriate — that is, the trials did not differ for the distribution of potential effect
modifiers. This is the assumption of consistency in study design and purpose that is necessary
to assume the validity of a network meta-analysis, and considers the assumption that the
direct evidence (from head to head trials) and the indirect evidence (derived from network
analysis) estimate the same underlying treatment effect.[45] Box plots were generated
according to treatment class to explore distributions of key effect modifiers including study
age, gender, serum creatinine, and date of publication. We intended to explore distributions
of treatment classes by ethnicity or race, but these assessments were precluded by insufficient

data.

Second, random-effects pairwise meta-analysis was done for all head to head comparisons of
drug classes. Heterogeneity of treatment estimates between trials in pairwise meta-analysis
was assessed using the y? test and corresponding 12 statistic. The I? thresholds of 0% to 40%,
30% to 60%, 50% to 90% and 75% to 100% were considered to represent heterogeneity that
might not be important, moderate, substantial and that was considerable, considering also the

magnitude and direction of treatment effects.[46]

Third, using a frequentist framework, random-effects network meta-analysis was used to
simultaneously compare all classes of immunosuppression for each pre-specified
outcome.[45 47] Comparative treatment effects in all meta-analyses were calculated as odds
ratios and corresponding 95% confidence intervals. The extent of heterogeneity in each
network analysis was evaluated using the restricted maximum likelihood method to generate
a common heterogeneity variance for the network (tau [t]), which was then compared with an

empirical distribution of heterogeneity variances, considering the range of odds ratios
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expected. Values from 0.1 to 0.5 were considered low, 0.5 to 1.0 were considered fairly high,

and above 1.0 represented fairly extreme heterogeneity.[48]

To explore for evidence of inconsistency between direct and indirect treatment estimates for a
specific drug comparison, a loop-specific approach that compares direct and indirect
treatment effects generated from closed evidence loops in the network (triangular or quadratic
loops, connecting three or four different treatments, respectively) was used. The ratio of odds
ratios (direct treatment estimate: indirect treatment estimate) was calculated together with the
95% confidence interval. A ratio of odds ratios with a confidence interval including 1 is
consistent with no evidence of inconsistency. To check the assumption of consistency in the

entire analytical network, the ‘design-by-treatment’ interaction approach was used.[49]

Drug classes were then ranked to generate a hierarchy of treatments for a given clinical
endpoint. The relative ranking probability of each treatment being among the “best”
treatment was obtained using surface under the cumulative ranking (SUCRA) curves and
displayed using rankograms. The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach to assess confidence in estimates of effect associated
with specific drug comparisons in network analyses was used.[50] The assessment addressed
considerations of risk of bias, consistency, imprecision, indirectness and publication bias. The
starting point for indirect estimates was “high” and downgraded considering these
characteristics. GRADE was used to assess confidence in the primary outcomes of complete

remission from disease and all-cause mortality.

Pairwise and network meta-analysis were done in Stata version 13 (www.stata.com) using the

network command[51] and self-programmed Stata routines.[52]
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Figure legends

Figure 1: Summary of evidence search and selection

Figure 2: Graphic representation of treatment comparison for efficacy and safety of

induction immunosuppression treatment for proliferative lupus nephritis.

Lines represent trials comparing two classes of drug or drugs for A) complete remission of lupus
nephritis and B) all-cause mortality. Lines indicate trials comparing two classes of drug. Numbers on
connecting lines represent the number of studies/number of participants in trials directly comparing
the two treatments. The nodes indicate the drug treatments assessed in existing trials. The size of the
node is proportional to the number of studies evaluating the treatment. For example, the most
commonly evaluated treatment for complete remission of lupus nephritis is intravenous
cyclophosphamide. There were 18 studies involving 1119 patients in the network for complete
remission and 15 studies involving 1291 patients in the network for all-cause mortality.

Figure 3: Rankings for efficacy and safety of immunosuppression treatment to induce
disease remission in lupus nephritis

The graphs display the distribution of probabilities of treatment ranking from best through worst for
each outcome. Ranking indicates the probability that drug class is first “best”, second “best”, etc. For
example, the ranking suggests oral cyclophosphamide treatment posed the highest risk of incurring
ovarian failure (worst), while calcineurin inhibitors incurred the lowest probability of ovarian failure
(best). Mycophenolate mofetil and calcineurin inhibitors were among the best treatments for inducing
disease remission while intravenous cyclophosphamide and prednisone alone provided the lowest
probability of disease remission (worst).

Figure 4: Rankings for efficacy of immunosuppression as maintenance therapy to
prevent disease relapse in lupus nephritis

Graph displays distribution of probabilities for each outcome. Ranking indicates probability that drug
class is first “best”, “second” best,” etc. For example, mycophenolate mofetil is among the best for
preventing disease relapse during maintenance therapy, while intravenous cyclophosphamide is
among the worst.
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Table 1: Summary efficacy of immunosuppression for proliferative lupus nephritis compared with intravenous

cyclophosphamide

Complete All-cause End-stage Doubling Treatment
Drug class remission mortality* kidney disease* creatinine* failure*
Intravenous cyclophosphamide (reference) 1.00 1.00 1.00 1.00 1.00

Mycophenolate mofetil
Oral cyclophosphamide
Calcineurin inhibitor
Azathioprine
Rituximab

Prednisone

1.54 (1.04-2.30)
0.64 (0.18-2.32)

1.86 (1.05-3.30)

0.57 (0.23-1.40)

1.08 (0.42-2.74)
2.73 (0.71-10.5)
0.48 (0.11-2.03)
1.53 (0.50-4.69)

2.01 (0.69-5.86)

2.61 (0.36-18.7)
1.34 (0.31-5.88)
2.73 (0.16-45.4)
1.79 (0.56-5.70)

2.40 (1.05-5.47)

1.35 (0.08-24.3)
1.83 (0.47-7.19)
3.67 (0.19-71.0)
3.35(1.17-9.68)

2.94 (1.44-6.00)

0.49 (0.28-0.87)
1.79 (0.24-13.2)
0.33 (0.14-0.84)
4.14 (0.16-105)

4.03 (1.30-12.5)

Number of studies/number of participants in network

18/1119

15/1291

9/592

7/472

12/684

Values are odds ratios and 95% confidence intervals derived from network meta-analysis. $Odds ratio >1 favors active drug class. *Odds ratio <1 favors active drug
class. For example, an odds ratio of 1.54 for mycophenolate mofetil versus intravenous cyclophosphamide for the outcome of complete remission indicates the odds
of complete disease remission is 1.54 (higher) with mycophenolate mofetil compared with intravenous cyclophosphamide. There were insufficient observations to
calculate estimated treatment effects from network analysis for rituximab for any outcome and for intravenous cyclophosphamide versus azathioprine for the
outcome of complete remission. The heterogeneity tau (t) values in the network analyses were: complete remission t<0.001 (low heterogeneity); all-cause mortality
1=0.18 (low heterogeneity); end-stage kidney disease 1<0.001 (low heterogeneity); doubling of serum creatinine 1<0.001 (low heterogeneity); treatment failure

1<0.001 (low heterogeneity).
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Table 2: Summary adverse effects of immunosuppression for proliferative lupus nephritis compared with intravenous cyclophosphamide

Major Herpes
Drug class infection Alopecia Ovarian failure Malignancy Nausea Vomiting Leukopenia infection
Intravenous cyclophosphamide 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Mycophenolate mofetil
Oral cyclophosphamide
Calcineurin inhibitor
Azathioprine
Rituximab

Prednisone

1.23 (0.84-1.77)
1.11 (0.43-2.93)
0.57 (0.27-1.16)
0.34 (0.10-1.12)

0.81 (0.34-1.94)

0.13 (0.22-0.39)
0.41 (0.02-8.50)

0.19 (0.02-1.73)

0.48 (0.11-2.08)
6.39 (0.56-7.30)
0.29 (0.08-1.06)
0.44 (0.11-1.77)

0.11 (0.03-0.44)

7.77 (0.81-74.9)

4.76 (0.61-37.7)

0.56 (0.05-6.18)

0.21 (0.12-0.34)

0.26 (0.15-0.44)

0.76 (0.31-1.86)

0.38 (0.10-1.49)

1.70 (0.92-3.15)
2.25(0.77-6.57)
1.07 (0.30-3.93)
0.46 (0.09-2.33)

0.54 (0.19-1.53)

Number of studies/number of
participants in network

18/1230

4/519

10/489

3/259

2/508

1/364

7/340

12/932

Values are odds ratios and 95% confidence intervals derived from network meta-analysis. Odds ratio <1 favors active drug class. For example, an odds ratio of 0.13 for
mycophenolate mofetil versus intravenous cyclophosphamide for the outcome of alopecia indicates the odds of alopecia is 0.13 (lower) compared with intravenous

cyclophosphamide. — indicates insufficient observations to calculate treatment effects. The heterogeneity tau (t) values in the network analyses were: major infection t<0.001

(low heterogeneity); alopecia t<0.001 (low heterogeneity); ovarian failure t<0.001 (low heterogeneity); malignancy t not estimable (no source of heterogeneity); nausea t=not
estimable (no source of heterogeneity); vomiting T=not estimable (no source of heterogeneity); leukopenia 1<0.001 (low heterogeneity); herpes infection 1<0.001 (low

heterogeneity).
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Table 3: Summary of confidence in network treatment estimates for the primary
outcomes (complete disease remission and all-cause mortality) of immunosuppression
treatments versus intravenous cyclophosphamide in people with lupus nephritis

Confidence Network treatment
in the Reasons for downgrading confidence estimate

Intervention evidence in the evidence* OR (95% CI)

Complete remission

Mycophenolate mofetil Ilﬁ.ofgrate Some study limitations 1.54 (1.04-2.30)

Oral cyclophosphamide Low Some study limitations 0.64 (0.18-2.32)
0000 Imprecision

Calcineurin inhibitor I:A.Ofgrate Some study limitations 1.86 (1.05-3.30)

Azathioprine - - -

Rituximab - - -

Prednisone Low Some study limitations 0.57 (0.23-1.40)
0000 Imprecision

All-cause mortality

Mycophenolate mofetil Low Some study limitations 1.08 (0.42-2.74)
0000 Imprecision

Oral cyclophosphamide OV Some study limitations 2.73 (0.71-10.5)
0000 Imprecision

Calcineurin inhibitor Low Some study limitations 0.48 (0.11-2.03)
0000 Imprecision

Azathioprine Low Some study limitations 1.53 (0.50-4.69)
0000 Imprecision

Rituximab - - -

Prednisone Low Some study limitations 2.01 (0.69-5.86)
0000 Imprecision

The confidence in the evidence is based on considerations of study limitations (methodological reporting),
consistency in treatment effects between studies, directness of the evidence to likely clinical questions, evidence
of small study effects (smaller studies with systematically different results from larger studies) and precision of
the estimate (width of confidence interval when including 1 [null effect]) according to GRADE criteria.[50]
Moderate confidence means that additional studies are likely to have an important impact on our confidence in
treatment effects and may change the estimate. Low confidence means that additional studies are very likely to
have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
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Table 4: Summary pairwise and network estimates of drug regimens as maintenance
treatment on disease relapse compared to azathioprine

Network meta-

Drug(s) comparison analysis
Relapse
Azathioprine (reference) 1.00
Mycophenolate mofetil 0.53 (0.31-0.90)
Calcineurin inhibitor 0.75(0.24-2.37)
Intravenous cyclophosphamide 1.63 (0.50-5.39)
Number of studies/number of participants in network 4/460

Values are odds ratios and 95% confidence intervals derived from network
meta-analysis. Odds ratio <1 favors active drug class. The heterogeneity tau (1)
values in the network analysis for treatment relapse was: 1<0.001 (low
heterogeneity).
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Unique records identified through updated
database searching of Embase and Cochrane
databasesthrough September 29, 2015
(n=289)

Duplicaterecords from previous ||
Cochrane review excluded (n = 5)

Records evaluated intitle and
abstract
(n=284)

Records excluded on title and abstract (n=51)

Not people with lupus nephritis (n=32) |
Not immunosuppression therapy (n=12)
Not randomized controlled trial (n=7)

A,

Records evaluated in full text detail

(n=33)

. Records identified through existing
Records excluded on full text analysis (n=6) Cochrane review current to April 2012
Not people with lupus nephritis (n=1) (n=50 studies in 168 publications)
Not immunosuppression therapy (n=2) [
Not randomized controlled trial (n=2) || Records excluded as ineligible for
Ongoing study (n=1) network analysis (n=22)

Randomized trials included in Randomized trials obtained from Cochrane
updated review review (n=38 studies in 146 publications)
(n=9 studiesin 27 publications)

4

47 unique randomized trialsin 173 publicationsincluded in network meta-
analysis (involving 3645 adultsand children)

Induction therapy n=42 studies involving 3358 adults and children
Maintenance therapy n=10 studiesinvolving 737 adults and children

Figure 1: Summary of evidence search and selection
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Figure 2: Graphic representation of treatment comparisons for efficacy and safety of induction immunosuppression treatment for
proliferative lupus nephritis

A Complete remission B All-cause mortality

Oral

cyclophosphamide

Mycophenolate Mycophenolate

mofetil Oral cyclophosphamide mofetil
Intravenous
cyclophosphamide
Prednisone
Prednisone Intravenous .
cyclophosphamide Azathioprine
Calcineurin
inhibitor
Oral cyclophosphamide +
prednisone
Oral cyclophosphamide + )
Calcineurin prednisone Ora:hqyclqphospham|de +
inhibitor azathioprine

Azathioprine +
prednisone

Lines represent trials comparing two classes of drug or drugs for A) complete remission of lupus nephritis and B) all-cause mortality. Lines indicate trials comparing two
classes of drug. Numbers on connecting lines represent the number of studies/number of participants in trials directly comparing the two treatments. The nodes indicate the
drug treatments assessed in existing trials. The size of the node is proportional to the number of studies evaluating the treatment. For example, the most commonly evaluated
treatment for complete remission of lupus nephritis is intravenous cyclophosphamide. There were 18 studies involving 1119 patients in the network for complete remission
and 15 studies involving 1291 patients in the network for all-cause mortality.
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Figure 3: Rankings for efficacy and safety of immunosuppression treatment to induce

Complete disease remission
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disease remission in lupus nephritis

The graphs display the distribution of probabilities of treatment ranking from best through worst for each
outcome. Ranking indicates the probability that drug class is first “best”, second “best”, etc. For example, the
ranking suggests oral cyclophosphamide treatment posed the highest risk of incurring ovarian failure (worst),
while calcineurin inhibitors incurred the lowest probability of ovarian failure (best). Mycophenolate mofetil and
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calcineurin inhibitors were among the best treatments for inducing disease remission while intravenous
cyclophosphamide and prednisone alone provided the lowest probability of disease remission (worst).
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Figure 4: Rankings for efficacy of immunosuppression as maintenance therapy to
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prevent disease relapse in lupus nephritis

Graph displays distribution of probabilities for each outcome. Ranking indicates probability that drug class is

first “best”, “second” best,” etc. For example, mycophenolate mofetil is among the best for preventing disease

relapse during maintenance therapy, while intravenous cyclophosphamide is among the worst.
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Supplemental Table 1: Characteristics of included studies

GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Cade et al SLE based on history | IV Induction Azathioprine 1-2 Azathioprine 1-2 mg/kg/day + | Conventional 72 54 41 30.5
(1973)[1] and physical findings; mg/kg/day heparin or azathioprine 1-2 treatment (76%) 24.8
biopsy-proven active mg/kg/day + prednisone 60- 26.1
proliferative GN 100 mg/day or prednisone 60- 224
100 mg/day
Fries et al SLE with antinuclear | -- Induction Oral cyclophosphamide Oral prednisone Conventional 24 10 - -
(1973)[2] antibodies; (average 125 mg/day for 1 mg/kg/day treatment
involvement of 2 or 16 weeks)
more organs
Donadio et al Histological evidence | III, IV Induction Azathioprine 2 mg/kg/day | Conventional treatment Oral prednisone | 6 16 14 Range
(1974)[3] of lupus nephritis (6 months) (88%) 17-68
Hahn et al SLE; active life- I, IV Induction Azathioprine 3-4 Conventional treatment Oral prednisone | 24 24 20 335
(1975)[4] threatening disease mg/kg/day (83%) 31.7
(24 months)
Donadio et al SLE; serological v Induction Oral cyclophosphamide 2 | Conventional treatment Oral prednisone | 24 30 21 30.7
(1978)[5] evidence; creatinine mg/kg/day (70%) 323
clearance <80 (6 months)
ml/min/1.73 m? or
reduction of 25%;
renal biopsy showing
DPLN
Clark et al SLE; serological v Induction Plasma exchange 4L Conventional treatment Oral 24 12 - -
(1981)[6] evidence; biopsy- monthly prednisone; oral
proven DPLN; (3-24 months) azathioprine
creatinine clearance
>30 ml/min
Clark et al SLE; serological v Induction Plasma exchange 4L 5 Conventional treatment Oral 18 39 33 26
(1984)[7] evidence; biopsy- exchanges in first 2 weeks prednisone; (85%) 25
proven DPLN then 3-4 weekly cytotoxic

therapy
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Austin et al SLE; clinical or 1L 1v, vV Induction Intravenous Oral cyclophosphamide (up to | Oral prednisone | 84 111 92 27
(1986)[8] histological evidence cyclophosphamide 0.5-1 4 mg/kg/day for 48 months) (83%)
of active GN; g/m? every 3 months or oral azathioprine (up to 4
creatinine clearance (48 months) mg/kg/day for 84 months) or
>20 ml/min combined oral azathioprine
and cyclophosphamide (up to
1 mg/kg/day for 52 months)
or oral prednisone (1
mg/kg/day)
Balletta et al Lupus nephritis on 1L 1v, vV Induction Cyclosporin 1.5 mg/kg Conventional treatment Oral prednisone | 12 10 9(90%) | 25.6
(1992)[9] biopsy twice daily 234
(12 months)
Boumpas et al Severe lupus nephritis | III, IV, V Induction Intravenous Intravenous Oral 60 65 60 29
(1992)[10] (impaired kidney cyclophosphamide 0.5-1 cyclophosphamide 0.5-1 g/m? | corticosteroids (92%)
function, active urine g/m? monthly (6 months) | monthly (6 months) or
sediment or active GN then every 3 months (2 intravenous
on histology) years) methylprednisolone 1.0 g/m?
daily (3 days) then monthly (6
months)
Lewis et al Lupus nephritis I, IV Induction Plasma exchange 3-4 L Conventional treatment Oral 31 86 53 31
(1992)[11] three times weekly (4 prednisone; (62%) 33
weeks) cyclophosphami
de
Doria et al Lupus nephritis; v Induction Plasma exchange (50% Intravenous Oral 24 months | 18 16 27
(1994)[12] serum creatinine <106 plasma volume) twice a methylprednisolone 500 mg corticosteroids (89%)

pmol/l

week (2 weeks), weekly
(2 months) fortnightly (3
months)

daily (3 days) or conventional
treatment
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Sesso et al Lupus nephritis IL 1L, IV Induction Intravenous Intravenous Oral 14.4-154 | 29 25 30.0
(1994)[13] (active urine cyclophosphamide 0.5-1 methylprednisolone 10-20 corticosteroids (86%) 243
sediment; urine g/m? monthly (4 months), | mg/kg daily (3 days), monthly
protein>3.0 g/day; bimonthly (4 months), 3 (3 months), bimonthly (4
impaired kidney monthly (6 months) months), 3 months (6 months)
function (creatinine
clearance <80 ml/min
or recent reduction of
at least 30%)
Belmont et al Active renal disease IL III, IV, V| Induction Misoprostol 200 ng four Placebo Oral 18 14 11 35
(1995)[14] (active urine times daily corticosteroids (79%)
sediment, proteinuria (8 weeks)
and/or low C3 and or
C4)
Gourley et al Glomerulonephritis I, IV Induction Intravenous Intravenous Oral 59.6 82 68 30
(1996)[15] (active urinary cyclophosphamide 0.75-1 | cyclophosphamide 0.75-1 corticosteroids (83%) 31
sediment and/or g/m? monthly (6 g/m? monthly (6 monthly), 3 31
biopsy-proven monthly), 3 monthly (2 monthly (2 years) and
disease) years) intravenous
methylprednisolone (1 g/m?
daily (3 days), monthly (12
months), 3 monthly (2 years)
or intravenous
methylprednisolone (1 g/m?
daily (3 days), monthly (12
months), 3 monthly (2 years)
Luietal Lupus nephritis v Induction Oral cyclophosphamide 1 | Cyclosporin 5 mg/kg/day Oral 12 34 - -
(1997)[16] mg/kg/day (12 months) corticosteroids;
(12 months) oral
azathioprine
Fuetal Lupus nephritis; I, IV Maintenance Oral cyclophosphamide 2 | Cyclosporin 5 mg/kg/day Conventional 12 40 - 10.4
(1998)[17] normal creatinine mg/kg/day and oral (12 months) care 10.2

clearance

prednisolone 2 mg/kg/day
(12 months)
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Wallace et al Lupus nephritis; I, IV Induction Plasma exchange 60 Conventional care IV cyclo- 24 18 19 33
(1998)[18] chronicity index<6 mL/kg on three phosphamide (95%) 32
consecutive days every
month
(6 months)
Boletis et al Lupus nephritis; I, IV Maintenance IV cyclophosphamide 1 IV immunoglobulin 400 Oral 18 14 9 31
(1999)[19] response to g/m? every 2 months (6 mg/kg monthly corticosteroids (64%)
cyclophosphamide months) then every 3 (18 months)
therapy (6 months); months (12 months)
inactive or improved
urinary sediment
Chan et al Lupus nephritis; v Induction and | Mycophenolate mofetil Oral cyclophosphamide 2.5 Oral 12 42 39 36
(2000)[20] urinary protein maintenance oral 1 g twice daily (6 mg/kg/day (6 months) corticosteroids (93%) 39
excretion >1g/24 months) then 500 mg replaced by azathioprine 1.5
hours; serum twice daily (6 months) mg/kg/day
albumin<3.5g/dL;
serum creatinine <300
pmol/L
Nakamura et al Lupus nephritis; oral v Induction IV cyclophosphamide Plasmapheresis 1-2 times Oral 6 20 29.5 16
(2002)[21] corticosteroid with or 0.75-1.0 g/m?> monthly (6 | weekly (average 8.4 corticosteroids 30.5
without cytotoxic months) treatments) (80%)
medications for at
least 6 months
Contreras et al Lupus nephritis; 1L, IV, Vb Maintenance IV cyclophosphamide Mycophenolate mofetil 500- Oral 25-30 59 55 33
(2002)[22] creatinine clearance 0.5-1.0 g/m? every 3 3000 mg per day (29 months) | corticosteroids (93%) 32
>20 mL/min months (25 months) or azathioprine 1-3 mg per 33

day (30 months)
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Ginzler et al Lupus nephritis; 1L 1v, vV Induction IV cyclophosphamide Mycophenolate mofetil 500 Oral 24 weeks 140 156 31
(2005)[23] incident decrease in monthly according to mg twice daily increased to corticosteroids (wit (92%) 32.5
kidney function National Institutes of 750 mg twice daily (at week extension
(serum creatinine Health protocol 2) and increased weekly to phase of
>88.4 pmol/l), (24 weeks) 1000 mg three times daily 36.2-37.2
proteinuria >500 (24 weeks) months)
mg/24 hours,
microscopic
haematuria or cellular
casts; increasing
proteinuria with rising
serum creatinine;
active urine sediment,
or serological
abnormality
Ong et al Lupus nephritis; I, IV Induction IV cyclophosphamide Mycophenolate mofetil 1 g Oral 6 months 44 37 30.5
(2005)[24] serum creatinine <200 0.75-1 g/m? monthly twice daily corticosteroids (with (84%) 313
pmol/L (6 months) (6 months) additional
analysis
for
survival
(range
24.2-47.7
months)
El-Sehemy etal | SLE; kidney disease 1L 1v, vV Induction IV cyclophosphamide Cyclosporine 1-2 mg/kg in IV and oral 6 23 23 25.6
(2006)[25] (proteinuria and/or 0.75 g/m? monthly two divided doses daily corticosteroids (100%) | 22
haematuria with (6 months) tapered to 2.5 mg/kg/day (6 21.4
urinary casts) months) or oral azathioprine
1-2 mg/kg/day
Grootscholten et | Lupus nephritis; I, 1V, Ve, Induction IV cyclophosphamide Azathioprine 2 mg/kg/day IV or oral 66.0-75.6 | 87 75 30
al creatinine clearance Vd 0.75 g/m? every 4 weeks corticosteroids (86%) 33
(2006)[26] >25 mL/min (6 pulses) then every 12 (azathioprine
weeks (7 pulses) group) or oral
corticosteroids
(cyclophospham

ide group)
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Moroni et al Lupus nephritis; IV, Ve, Vd Maintenance Cyclosporin Azathioprine 2 mg/kg/day Oral 24 69 62 31.7
(2006)[27] serum creatinine <352 4 mg/kg/day reduced corticosteroids (90%) 31.2
pmol/L every 2 weeks to
maintenance dose 2.5-3.0
mg/kg/day
(24 months)
Dyadyk et al Lupus nephritis v Induction Oral cyclophosphamide Azathioprine 1.5-2.0 Not reported 21.7 59 50 36
(2007)[28] 1.5-3.5 mg/kg daily mg/kg/day (mean 18.9 18.9 (85%)
(mean 21.7 months) months)
Hong et al Diffuse proliferative v Induction IV cyclophosphamide Tacrolimus 0.1 mg/kg daily Corticosteroids 6 25 23 30.7
(2007)[29] lupus nephritis, urine 0.5-0.75 g/m? monthly (6 (92%)
protein excretion >2 months)
g; serum creatinine
265 pmol/L
Bao et al Lupus nephritis; V+IV Induction IV cyclophosphamide Mycophenolate mofetil 1.0 g | IV and oral 6 40 36 30.6
(2008)[30] Disease Activity 0.5-1.0 g/m? monthly daily and tacrolimus 4 mg/day | corticosteroids (90%) 27.2
Index >12; proteinuria (6 months) (6 months)
>1.5 g/day with or
without active urinary
sediment; serum
creatinine >265.2
pmol/L
Mulic-Bacic et Lupus nephritis 1L, 1v, vV Induction and | IV cyclophosphamide 0.5 | Mycophenolate mofetil 2000 Corticosteroids 5.5 45 - -
al maintenance g/m? monthly mg daily (6 months) then
(2008)[31] (24 weeks) 1000 mg daily (18 months)
Aspreva Lupus Lupus nephritis; if [II | III, IV-S, Induction IV cyclophosphamide Mycophenolate mofetil 500 Oral 5.5 370 313 313
Management or V, then proteinuria | IV-G, V, 0.5-1.0 g/m? monthly (24 | mg twice daily (1 week) then | corticosteroids (84.6) 324
Study >2 g/day 1I+V, weeks) 1000 mg twice daily (1
(2009)[32] IV+V week), then 1500 mg twice
daily (22 weeks)
Lietal Lupus nephritis; I, IV Induction IV cyclophosphamide 750 | Rituximab 1000 mg (day 1 IV and oral 12 19 18 39.6
(2009)[33] clinical activity index mg plus rituximab 1000 and 15) corticosteroids (95%) 40.3

>6/24; urinary protein
>1.5 g/24 hours;
serum albumin <35
g/l

mg (day 1 and day 15)
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Mok et al Lupus nephritis I, 1V, IV Induction and | Mycophenolate mofetil 2- | Tacrolimus 0.06-0.1 mg daily | Oral 6 96 - 354
(2009)[34] maintenance 3 g daily (6 months) corticosteroids. (90%)
(6 months) Oral cyclo-
phosphamide
for poor
response
El-Shafey et al Lupus nephritis; I, IV Induction Intravenous Mycophenolate mofetil 1000 Oral 6 47 45 22.8
(2010)[35] estimated GFR>30 cyclophosphamide 0.5-1 mg twice daily (6 months) corticosteroids (96%) 23.8
ml/min; serum g/m?
creatinine <200 (6 months)
pmol/L
MAINTAIN Lupus nephritis; I, 1V, Ve, Maintenance Mycophenolate mofetil Azathioprine 2 mg/kg/day Oral 48 105 96 33
Nephritis Trial proteinuria >0.5 Vd target dose 2 g/day (mean | (mean 48 months) corticosteroids (91%) 33
(2010)[36] g/day; 48 months)
CYCLOFA- Lupus nephritis I, IV Induction and | IV cyclophosphamide 10 | Cyclosporin 4-5 mg/kg/day (9 | Oral 18 40 29 30
LUNE maintenance mg/kg (every 1.5, 2, then | months) then decreasing to corticosteroids (73%) 28
(2010)[37] 3 weekly (24 weeks) then | 1.25 mg/kg/day (18 months)
every 6-8 weeks (4-5
boluses)
Chen et al Lupus nephritis II1, IV-S, Induction IV cyclophosphamide Tacrolimus 0.05 mg/kg/day in | Oral 6 81 69 31.9
(2012)[38] IV-G, 500-1000 mg/m? every 4 divided doses twice daily corticosteroids (85%) 32
VHIII, weeks (6 pulses)
V+IV
Dooley et al Lupus nephritis; 1L, 1v, vV Maintenance Mycophenolate mofetil Oral azathioprine 2 v 36 227 195 31.8
(2011)[39] clinical response to 1000 mg twice daily mg/kg/day cyclophosphami (86%) 31.0
(extension of mycophenolate (36 months) (36 months) de or
Aspreva Lupus | mofetil or IV mycophenolate
Management cyclophosphamide mofetil
Study during induction induction (24
(2009)[32]) weeks) oral

corticosteroids
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
Ginzler et al Lupus nephritis I, IV Induction Atacicept 150 mg Placebo Mycophenolate | 3 6 4 18-54
(2012)[40] including urine subcutaneous twice mofetil; oral (66%) (range)
protein: creatinine weekly (4 weeks) then corticosteroids
ratio >1.0 mg/mg and 150 mg weekly (total 48
haematuria; estimated weeks but trial terminated
glomerular filtration after 6 patients enrolled)
rate >30 mL/min/1.73
m?; stable disease
Lietal, Lupus nephritis; 111, IV-S; Induction IV cyclophosphamide Mycophenolate mofetil 1.5- Oral 6 60 52 33
2012[41] chronic index <3; IV-G; V; 0.5-0.75 g/m?> monthly (6 | 2.0 g daily (6 months) or corticosteroids (87%) 26.5
urinary protein >1.0 VHIII; months) tacrolimus 0.08-0.1 29
g/day V+IV mg/kg/day (6 months)
LUNAR Lupus nephritis; urine | III, IV, Induction Rituximab 1000 mg on Placebo Mycophenolate | 12 144 130 31.8
(2012)[42] protein: creatinine 1I+V, days 1, 15, 168, and 182 mofetil; IV and (90%) 29.4
ratio >1.0; estimated IvV+v oral
glomerular filtration corticosteroids
rate >25 mL per
minute/1.73 m?;
<50% glomerular
sclerosis
Jayne et al Lupus nephritis - Induction Laquinimod 0.5 mg/day Placebo Mycophenolate | 5.5 46 - -
(2013)[43] (24 weeks) or laquinimod mofetil;
1 mg/day corticosteroids
BELONG Lupus nephritis; urine | III, IV, Induction IV ocrelizumab 400 mg or | Placebo Mycophenolate | 12 378 329 31.9
(2013)[44] protein: creatinine 1I+V, 1000 mg (days 1 and 15 mofetil or (87%) 30.6
ratio >1.0; estimated IvV+v then week 16 and every cyclo- 313
glomerular filtration 16 weeks) phosphamide
rate >25 mL per followed by

minute/1.73 m?;
<50% glomerular
sclerosis

azathioprine; IV
or oral
corticosteroids
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GN Maintenance Non-
(WHO/ISN | and/or randomised Duration | Number Age,
class- induction immune- follow up | of Female, | years
Study Inclusion criteria ification) treatment Active treatment Control suppression (months) | patients | n (%) (mean)
ACCESS Lupus nephritis; urine | III, IV, Induction IV abatacept 500-1000 Placebo IV cyclo- 5.5 134 122 32
(2014)[45] protein: creatinine 1I+V, mg monthly (5.5 months) phosphamide (91%) 32.7
ratio >1.0 IvV+v followed by
azathioprine;
oral
corticosteroids
Furie et al Lupus nephritis; if I, 1V, Induction IV abatacept 30 mg/kg or | Placebo Mycophenolate | 12 198 170 31.0
(2014)[46] biopsy > 3 months 1I+V, 10 mg/kg (days 1, 15, 29, mofetil; (86%) 30.5
previously then low Iv+v 57) then 500-1000 mg on corticosteroids 31.8
complement levels or days 85, 113, 141, 169,
elevated anti-dsDNA, 197, 225, 253, 281, 309,
urine protein: 337
creatinine ratio >0.44
mg/mmol; and active
urine sediment; serum
creatinine <265
pmol/L and <88.4
pmol increase within
1 month
Rathi et Lupus nephritis 1L, 1v, vV Induction IV cyclophosphamide 500 | Mycophenolate mofetil 2-3 g | IV and oral 5.5 81 - -
al(2014)[47] without crescentic mg fortnightly (6 daily corticosteroids
glomerulonephritis; infusions) (24 weeks)
serum creatinine <265
pmol/L
Liu et Biopsy-proven lupus I, 1V, Induction IV cyclophosphamide Mycophenolate mofetil 0.5 g | IV and oral 5.5 362 329 33.6
al(2015)[48] nephritis within 6 1I+V, 0.75 g/m? body surface twice daily plus tacrolimus 2 corticosteroids (91%) 303
months; proteinuria at | IV+V area then adjusted to 0.5 mg twice daily

least 1.5 g/day; serum
creatinine <265.2
pmol/L

to 1.0 g/m? every 4 weeks
for 6 doses

47 studies in 48 publications were included in this table. Dooley et al (2011) was an extension/maintenance phase of the Aspreva Lupus Management Study (2009).[32 39]
Abbreviations: GN = glomerulonephritis; DPLN = diffuse proliferative lupus nephritis; ISN = International Society of Nephrology; WHO = World Health Organization.
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Supplemental Table 2: Definitions of primary and secondary endpoints in trials

Study Endpoint definition

Complete remission

Lewis et al (1992)[11] Serum creatinine <106 pmol/L (1.2 mg/dl) and 24 hour urine protein <0.2 g/day
Sesso et al (1994)[13] Improvement of serum creatinine and/or urine sediment or proteinuria

Gourley et al (1996)[15] Not defined

Lui et al (1997)[16] Full response, not otherwise defined

Wallace et al (1998)[18]

Serum creatinine <124 pmol/L (1.4 mg/dl), urine protein <0.5 g/day, absence of urinary
casts; normal blood pressure and serum albumin >4.0 mg/dL

Chan et al (2000)[20]

Urinary protein excretion <0.3 g/24 hours; normal urinary sediment, serum albumin and
serum creatinine; and creatinine clearance increase <15% above baseline

Ginzler et al (2005)[23]

Return to within 10% of normal serum creatinine level, proteinuria and urinary sediment

Ong et al (2005)[24] Stabilisation or improvement in kidney function (serum creatinine <20% compared with
the baseline and reduction in serum creatinine >20%), urinary red blood cells < 10 per
HPF, and reduction of proteinuria to <0.3 g/day

Hong et al (2007)[29] Urinary protein excretion <0.4g/24h, no active urinary sediment (urinary
RBC<10x10*ml), serum albumin > 35¢g/L, serum creatinine normal

Bao et al (2008)[30] Proteinuria <0.4 g/24 h, normal urinary sediment, serum albumin >3.5 g/dl and a normal

serum creatinine or no more than >15% above baseline values

Mulic-Bacic et al (2008)[31]

Normalization and maintenance of abnormal renal measurements

Aspreva Lupus Management Study (2009)[32]

Return to normal serum creatinine; urine protein <0.5 g/day; inactive urinary sediment (<5
white blood cells per high power field, <5 red blood cells per high power field, and cells <
1+ on dipstick and absence of red cell casts)

Li et al (2009)[33]

Proteinuria <0.5 g/day, no hematuria or pyuria

Cyclofa-Lune (2010)[37]

Serum creatinine within the normal range with stable or improved values as compared with
baseline (no more than 15% above baseline), and inactive urinary sediment, and normal
range proteinuria (<0.3 g/24 h)

El-Shafey etal (2010)[35]

Normal serum creatinine concentration, proteinuria <0.5 g/day; no hematuria

Chen et al (2011)[38]

Urinary protein excretion <0.3 g/24 h with normal urinary sediment, normal serum
albumin concentration (serum albumin 3.5 g/dL), and stable kidney function (normal
serum creatinine range or increase not 15% or more above baseline values)

LUNAR Study (2012)[42]

Serum creatinine level of <115% of baseline if it was normal at baseline; inactive urinary
sediment (<5 red blood cells per high power field) and absence of red cell casts); and urine
protein to creatinine ratio <0.5

BELONG Study (2013)[44]

Normal serum creatinine [25% increase from baseline] and improvement in urinary protein
to urinary creatinine ratio to <0.5

Jayne et al (2013)[43]

Renal response not otherwise defined

ACCESS Study (2014)[45]

Urinary protein to creatinine ratio of 0.5 based on a 24-hour urine collection, serum
creatinine level of 1.2 mg/dl or 125% of baseline, and adherence to the prednisone taper to
10 mg/day by week 12

Furie et al (2014)[46]

Complete response (estimated glomerular filtration rate (¢GFR) 90% of screening level if
normal at screening visit, or e§GFR >90% of 6 months, pre-flare value if abnormal at
screening, 2) urinary protein to creatinine ratio <0.26 gm/gm (30 mg/mmol), and 3)
inactive urinary sediment (RBCs and WBCs per high power field within normal limits of
central laboratory assessments; no red blood cell or white blood cell casts)

Rathi et al (2014)[47]

Normal serum creatinine; proteinuria <0.5 g/day; and inactive urine sediment

Liu et al(2015)[48]

24-hour urinary protein excretion of 0.4 g or less, the absence of active urine sediments,
serum albumin level of 35 g/L or greater, and normal serum creatinine levels
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Study Endpoint definition

End-stage kidney disease

Cade et al (1973)[1] Renal death

Donadio et al (1978)[5] End-stage kidney disease on dialysis or died of kidney failure

Austin et al (1986)[8] End-stage kidney failure

Boumpas et al 1992[10] End-stage kidney disease

Lewis et al (1992)[11] Renal failure defined as increase in the serum creatinine concentration that was at least 265
pmol/l (3 mg/dl) above baseline concentration or the requirement for dialysis

Sesso et al (1994)[13] Kidney failure requiring dialysis

Belmont et al (1995)[14]

End-stage kidney disease requiring hemodialysis

Gourley et al (1996)[15]

End-stage kidney disease

Wallace et al (1998)[18]

End-stage kidney disease

Contreras et al (2002)[22]

End-stage kidney disease

Ong et al (2005)[24] Commencement of permanent dialysis or kidney transplantation
Grootscholten et al 2006[26] End-stage kidney disease
Mok et al (2009)[34] End-stage kidney disease

El-Shafey et al (2010)[35]

Commencement of permanent dialysis or kidney transplantation

MAINTAIN Nephritis Trial (2010)[36]

End-stage kidney disease

Aspreva Lupus Management Study (2011)[39]

Long-term dialysis or kidney transplantation

Furie et al (2014) Acute or chronic kidney failure
Treatment failure
Donadio et al (1978)[5] End-stage kidney disease or final creatinine clearance increased by 25% or more

Gourley et al (1996)[15]

Urine >10 erythrocytes per high-power field, cellular casts, proteinuria (>1 g protein
excretion per day)

Lui et al (1997)[16]

Not described

Chan et al (2000)[20]

Urine protein excretion that remained at or above 3 g per 24 hours or a value of 0.3t02.9 g
per 24 hours but with a serum albumin concentration < 3.0 g/dl and increase in the serum
creatinine >0.6 mg/dl(50 pumol/l) or a value for creatinine clearance that was more than
15% above the baseline value or the discontinuation of treatment due to side effects

Ginzler et al (2005)[23]

Those without complete (return to within 10 percent of normal values of serum creatinine
levels, proteinuria, and urine sediment) or partial remission (improvement of 50% in all
abnormal renal measurements, without worsening (within 10 percent) of any measurement)
at 24 weeks, plus those who stopped treatment for any reason

Grootscholten et al (2006)[26]

Doubling of serum creatinine at week 12

Li et al (2009)[33] Worse disease activity
Mok et al (2009)[34] Failure to respond
Cyclofa-Lune Study (2010)[37] Not described
El-Shafey et al (2010)[35] Not described

Chen et al 2011[38]

Failure to meet complete (urinary protein excretion <0.3 g/24 h with normal urinary
sediment, normal serum albumin concentration (serum albumin 3.5 g/dL), and stable
kidney function (normal serum creatinine range or increase not 15% or more above
baseline values) or partial (urinary protein excretion range of 0.3-2.9 g/24 h and a decrease
of at least 50% of baseline level, with serum albumin concentration of at least 3.0 g/dL and
stable kidney function) remission

Aspreva Lupus Management Study (2011)[39]

Renal flare (either proteinuric or nephritic): Proteinuric flare: (doubling of the urinary
protein to creatinine ratio and proteinuria > 1 g/24 h in patients with urinary protein > 0.5
g/24 h at the end of the induction phase or proteinuria > 2 g/24 h in subjects with urinary
protein > 0.5 g/24 h at the end of the induction phase) Nephritic flare: 25% increase in
serum creatinine level over the best value achieved from screening to end of induction.
Increase in serum creatinine must be accompanied by one or more of the following:
simultaneous doubling of proteinuria reaching a minimum of 2 g/24 h (or ratio equivalent);
new/increased hematuria; appearance of cellular casts
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Study

Endpoint definition

LUNAR Study (2012)[42]

If criteria for complete remission (serum creatinine level of <115% of baseline if it was
normal at baseline; inactive urinary sediment (<5 red blood cells per high power field) and
absence of red cell casts); and urine protein to creatinine ratio <0.5) or partial remission
(serum creatinine level < 115% of baseline; red blood cells per high power field <50%
above baseline and no red cell casts; and at least a 50% decrease in the urine protein to
creatinine ratio to <1.0 (if the baseline ratio was < 3.0) or to <3.0 (if the baseline ratio was
>3.0) were not met, for early termination from the study or inability to assess the end point
due to missing data, or for initiation of a new immunosuppressant agent prior to week 52

Disease relapse

Fu et al (1998)[17]

Reactivation

Chan et al (2000)[20]

Urinary protein excretion increased by 1 g per 24 hours or more above baseline value or if
there was an increase in the serum creatinine concentration irrespective of the value for
serum anti-double stranded DNA antibody or C3 concentration. Renal relapse was
confirmed by histological studies.

Contreras et al (2002)[22]

Doubling of urinary protein to creatinine ratio

Moroni et al (2004)[27]

Renal flare

Mok et al (2009)[34]

Renal flare

Cyclofa-Lune 2010[37]

In patients who had achieved a response to induction therapy, substantial impairment of
renal function (defined as an increase in serum creatinine greater than 50 pmol/l),

new or persistent nephrotic range proteinuria (>3.5 g/day), or new or persistent nephritic
syndrome (defined as any combination of at least three items of the following: 33%
increase in serum creatinine, active urinary sediment, proteinuria >0.5 g/day, low C3).

MAINTAIN Nephritis Trial (2010)[36]

(1) the recurrence or the development of nephrotic syndrome (serum albumin <3.5 g/dl and
24 h proteinuria >3 g; this type of renal flare is further referred to as ‘nephrotic
syndrome’), (ii) renal impairment (>33% increase of serum creatinine within a 1-month
period directly attributed to lupus and confirmed 1 week later; flare referred to as ‘renal
impairment’) or (iii) a threefold increase of 24 h proteinuria within a 3-month period
accompanied by microscopic hematuria (defined as a number of red blood cells (RBC) per
high power field superior to upper normal limit for the local laboratory) and >33%
reduction of serum C3 level within a 3-month period (this definition of renal flare was only
applicable to those patients with low-

baseline 24 h proteinuria (>0.5 g and <1 g); this type of renal flare is further referred to as
‘proteinuria increase’)

Aspreva Lupus Management Study (2011)[39]

Renal flare (either proteinuric or nephritic): Proteinuric flare: (doubling of the urinary
protein to creatinine ratio and proteinuria > 1 g/24 h in patients with urinary protein > 0.5
g/24 h at the end of the induction phase or proteinuria > 2 g/24 h in subjects with urinary
protein > 0.5 g/24 h at the end of the induction phase) Nephritic flare: 25% increase in
serum creatinine level over the best value achieved from screening to end of induction.
Increase in serum creatinine must be accompanied by one or more of the following:
simultaneous doubling of proteinuria reaching a minimum of 2 g/24 h (or ratio equivalent);
new/increased hematuria; appearance of cellular casts
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Supplemental Table 2: Definitions of primary and secondary endpoints in trials

Study

Endpoint definition

Ovarian failure

Boumpas et al (1992)[10]

Premature ovarian failure in women <45 years of age

Gourley et al (1996)[15] Amenorrhea

Lui et al (1997)[16] Amenorrhea

Chan et al (2000)[20] Not described

Adam et al (2004)[25] Menstrual disturbance

Grootscholten et al (2006)[26] Postmenopausal before 40 years of age, proven with high LH and FSH levels
Bao et al (2008)[30] Irregular menstruation

Cyclofa-Lune Study (2010)[37]

Amenorrhea

El-Shafey et al (2010)[35]

Irregular menstruation

MAINTAIN Nephritis Trial (2010)[36]

Transient amenorrhea

Chen et al (2011)[38] Amenorrhea

Li et al (2012)[41] Not described

Liu et al(2015)[48] Menstrual disorder

Leukopenia

Donadio et al (1974)[3] White cell count <3000 per cubic milliliter
Doria et al (1994)[12] Not described

Lui et al (1997)[16] Not described

Chan et al (2000)[20] White cell count <2000 per cubic milliliter
Moroni et al (2004)[27] Not described

Ong et al (2005)[24] White cell count <3.5 x 10° per liter

Bao et al (2008)[30] Not described

Cyclofa-Lune Study (2010)[37] Not described

El-Shafey et al (2010)[35]

White cell count <3.5 x 10° per liter

Chen et al (2011)[38] White cell count <2000 per cubic milliliter
Li et al (2012)[41] Not described
Aspreva Lupus Management Study (2011)[39] Not described

Liu et al(2015)[48]

Common terminology Criteria for Adverse Events
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Supplemental Table 3: Summary pairwise and network estimates of efficacy end points

associated with immunosuppression compared to intravenous cyclophosphamide
(referent) for induction treatment of proliferative lupus nephritis

No. of direct

drug Hetero-
comparisons geneity in
(no. of Pairwise pairwise Network meta-
Drug(s) comparison participants)  meta-analysis analysis, I analysis
Complete remission
Intravenous cyclophosphamide (reference)
Calcineurin inhibitor 4 (186) 1.74 (0.95-3.20) 0.0% 1.86 (1.05-3.30)
Mycophenolate mofetil 7 (766) 1.60 (1.07-2.41) 0.0% 1.54 (1.04-2.30)
Oral cyclophosphamide 0(0) - - 0.64 (0.18-2.32)
Prednisone 2 (83) 0.59 (0.21-1.68) 23.8% 0.57 (0.23-1.40)
All-cause mortality
Intravenous cyclophosphamide (reference)
Calcineurin inhibitor 3 (153) 0.39 (0.06-2.81) 0.0% 0.48 (0.11-2.03)
Mycophenolate mofetil 6 (680) 1.14 (0.49-2.65) 0.0% 1.08 (0.42-2.74)
Azathioprine 2 (126) 2.63 (0.73-9.46) 0.0% 1.53 (0.50-4.69)
Prednisone 3 (131) 1.38 (0.41-4.65) 3.2% 2.01 (0.69-5.86)
Oral cyclophosphamide 1(38) 3.46 (0.58-20.7) NA 2.73 (0.71-10.5)
End-stage kidney disease
Intravenous cyclophosphamide (reference)
Oral cyclophosphamide 1(38) 5.43 (0.55-54.0) NA 1.34(0.31-5.88)
Azathioprine 2 (126) 5.47 (0.89-33.9) 0.0% 1.79 (0.56-5.70)
Prednisone 4 (196) 2.29 (0.96-5.45) 0.0% 2.40 (1.05-5.47)
Mycophenolate mofetil 2(91) 2.61 (0.36-18.7) 0.0% 2.61 (0.36-18.7)
Calcineurin inhibitor 0(0) -- NA 2.73 (0.16-45.4)
Doubling creatinine
Intravenous cyclophosphamide (reference)
Mycophenolate mofetil 0(0) - NA 1.35 (0.08-24.3)
Oral cyclophosphamide 1(38) 5.43 (0.55-54.0) NA 1.83 (0.47-7.19)
Prednisone 4 (196) 2.89 (1.34-6.20) 0.0% 2.94 (1.44-6.00)
Azathioprine 2 (126) 5.82 (1.54-22.1) 0.0% 3.35 (1.17-9.68)
Calcineurin inhibitor 1 (40) 3.15(0.12-82.2) NA 3.67 (0.19-71.0)
Treatment failure
Intravenous cyclophosphamide (reference)
Calcineurin inhibitor 2 (121 0.40 (0.11-1.45) 0.0% 0.33 (0.14-0.84)
Mycophenolate mofetil 2 (187) 0.48 (0.26-0.87) 0.0% 0.49 (0.28-0.87)
Oral cyclophosphamide 0(0) - NA 1.79 (0.24-13.2)
Prednisone 1 (54) 4.04 (1.30-12.6) NA 4.03 (1.30-12.5)
Azathioprine 1(87) 4.15 (0.16-104.8) NA 4.14 (0.16-105)

An odds ratio above 1 indicates the drug is more likely to cause the outcome compared with intravenous cyclophosphamide
and an odds ratio below 1 indicates the drug is less likely to lead to the specified outcome compared with intravenous

cyclophosphamide.
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Supplemental Table 4: Summary pairwise and network estimates of safety end points
associated with immunosuppression for induction treatment of proliferative lupus nephritis

No. of direct

drug Hetero-
comparisons geneity in
(no. of Pairwise pairwise Network meta-
Drug(s) comparison participants)  meta-analysis analysis, I analysis
Major infection
Intravenous cyclophosphamide (reference)
Azathioprine 2 (54) 0.39 (0.05-3.13) 44.6% 0.34 (0.10-1.12)
Calcineurin inhibitor 4 (167) 0.46 (0.18-1.21) 3.1% 0.57 (0.27-1.16)
Prednisone 4 (196) 0.65 (0.18-2.32) 38.5% 0.81 (0.34-1.94)
Oral cyclophosphamide 1(38) 1.80 (0.26-12.2) NA 1.11 (0.43-2.93)
Mycophenolate mofetil 4 (495) 1.30 (0.88-1.92) 0.0% 1.23 (0.84-1.77)
Alopecia
Intravenous cyclophosphamide (reference)
Mycophenolate mofetil 1 (364) 0.22 (0.13-0.39) NA 0.13 (0.22-0.39)
Calcineurin inhibitor 2(113) 0.21 (0.02-1.92) 0.0% 0.19 (0.02-1.73)
Oral cyclophosphamide 0(0) - - 0.41 (0.02-8.50)
Ovarian failure
Intravenous cyclophosphamide (reference)
Prednisone 2 (98) 0.11 (0.03-0.45) 0.0% 0.11 (0.03-0.44)
Calcineurin inhibitor 4 (167) 0.26 (0.07-1.06) 0.0% 0.29 (0.08-1.06)
Azathioprine 2 (102) 0.61 (0.11-3.33) 24.9% 0.44 (0.11-1.77)
Mycophenolate mofetil 2 (87) 0.30 (0.06-1.62) 0.0% 0.48 (0.11-2.08)
Oral cyclophosphamide 0(0) - - 6.39 (0.56-73.0)
Malignancy
Intravenous cyclophosphamide (reference)
Prednisone 2(113) 0.52 (0.02-13.2) 0.0% 0.56 (0.05-6.18)
Oral cyclophosphamide 1(38) 9.26 (0.45-193) NA 7.77 (0.81-74.9)
Azathioprine 2 (126) 4.97 (0.53-46.5) 0.0% 4.76 (0.61-37.7)
Nausea
Intravenous cyclophosphamide (reference)
Mycophenolate mofetil 1 (364) 0.21 (0.12-0.34) NA 0.21 (0.12-0.34)
Vomiting
Intravenous cyclophosphamide (reference)
Mycophenolate mofetil 1 (364) 0.26 (0.15-0.44) NA 0.26 (0.15-0.44)
Diarrhea
Intravenous cyclophosphamide (reference)
Oral cyclophosphamide 0(0) - - 0.87 (0.03-23.2)
Mycophenolate mofetil 2 (411) 2.70 (1.61-4.53) 0.0% 2.70 (1.61-4.53)
Bladder toxicity
Intravenous cyclophosphamide (reference)
Oral cyclophosphamide 1(38) 0.11 (0.01-2.25) NA NA
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Supplemental Table 4: Summary pairwise and network estimates of safety end points
associated with immunosuppression for induction treatment of proliferative lupus nephritis

No. of direct

drug Hetero-
comparisons geneity in
(no. of Pairwise pairwise Network meta-
Drug(s) comparison participants)  meta-analysis analysis, I analysis
Bone toxicity
Intravenous cyclophosphamide (reference)
Prednisone 2 (101) 1.27 (0.40-4.03) NA 1.27 (0.40-4.03)
Leukopenia
Intravenous cyclophosphamide (reference)
Calcineurin inhibitor 3 (153) 0.38 (0.10-1.49) 0.0% 0.38 (0.10-1.49)
Mycophenolate mofetil 3 (131) 0.77 (0.31-1.94) 0.0% 0.76 (0.31-1.86)
Herpes infection
Intravenous cyclophosphamide (reference)
Azathioprine 1(39) 0.35 (0.06-2.09) NA 0.46 (0.09-2.33)
Prednisone 3 (167) 0.48 (0.12-1.92) 38.1% 0.54 (0.19-1.53)
Calcineurin inhibitor 2(113) 1.46 (0.36-5.95) 0.0% 1.07 (0.30-3.93)
Mycophenolate mofetil 3 (455) 1.66 (0.88-3.13) 0.0% 1.70 (0.92-3.15)
Oral cyclophosphamide 1(38) 1.00 (0.13-7.85) NA 2.25(0.77-6.57)

An odds ratio above 1 indicates the drug is more likely to cause the outcome compared with intravenous cyclophosphamide
and an odds ratio below 1 indicates the drug is less likely to lead to the specified outcome compared with intravenous
cyclophosphamide. A network was not possible for the outcome of bladder toxicity as data were only available in a single

trial.
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Supplemental Table S: Evaluation of loop-specific consistency in triangular and
quadratic treatment loops for each binary outcome network

Ratio of odds ratios
obtained by pairwise
and network meta-

Closed loop of evidence

analysis

Complete remission of disease

Oral cyclophosphamide — MMF — CNI

8.43 (1.00-163)

IV cyclophosphamide — Prednisone — Cyclophosphamide + prednisone

2.99 (1.00-25.8)

IV cyclophosphamide — MMF — CNI

1.11 (1.00-4.71)

All-cause mortality

IV cyclophosphamide — Prednisone — Cyclophosphamide + prednisone

10.7 (1.00-627)

AZA — Prednisone — Prednisone + AZA

6.55 (1.00-91.7)

AZA — Prednisone — Prednisone + cyclophosphamide

6.55 (1.00-85.1)

AZA — Oral cyclophosphamide — Prednisone

6.55 (1.00-87.4)

AZA —1V cyclophosphamide — Prednisone

6.06 (1.00-99.3)

IV cyclophosphamide — Oral cyclophosphamide — Prednisone

2.99 (1.00-48.9)

IV cyclophosphamide — Prednisone — AZA + cyclophosphamide

2.99 (1.00-47.7)

IV cyclophosphamide — Oral cyclophosphamide — MMF

1.81 (1.00-71.5)

AZA -1V cyclophosphamide - Oral cyclophosphamide

1.52 (1.00-28.9)

AZA -1V cyclophosphamide — AZA + cyclophosphamide

1.52 (1.00-28.3)

IV cyclophosphamide — MMF — CNI

1.37 (1.00-19.8)

End stage kidney disease

AZA —1V cyclophosphamide — Prednisone

6.84 (1.00-66.9)

IV cyclophosphamide — Oral cyclophosphamide — Prednisone

6.32 (1.00-106)

IV cyclophosphamide — Prednisone — CNI

6.32 (1.00-143)

AZA — Oral cyclophosphamide — Prednisone

2.42 (1.00-32.2)

AZA — Prednisone — AZA + cyclophosphamide

2.42 (1.00-46.8)

AZA — Prednisone — CNI

2.42 (1.00-44.4)

AZA —1V cyclophosphamide — Oral cyclophosphamide

2.11 (1.00-145)

IV cyclophosphamide — Prednisone — AZA + Prednisone

1.17 (1.00-108)

AZA — Oral cyclophosphamide — CNI Multi-arm trials only*
IV cyclophosphamide — Oral cyclophosphamide — CNI Multi-arm trials only*
Oral cyclophosphamide — Prednisone — CNI Multi-arm trials only*

Doubling of serum creatinine

IV cyclophosphamide — Oral cyclophosphamide — MMF

5.43 (1.00-2329)

IV cyclophosphamide — Oral cyclophosphamide — Prednisone

4.52 (1.00-73.2)

IV cyclophosphamide — Prednisone — AZA + cyclophosphamide

4.52 (1.00-98.7)

AZA —1V cyclophosphamide — Prednisone

3.00 (1.00-21.9)

AZA —1V cyclophosphamide — Oral cyclophosphamide

1.89 (1.00-46.1)

AZA —1V cyclophosphamide — AZA + cyclophosphamide

1.89 (1.00-60.1)

IV cyclophosphamide — Prednisone — Cyclophosphamide + prednisone

1.25 (1.00-109)

IV cyclophosphamide — Oral cyclophosphamide — Cyclophosphamide + AZA Multi-arm trials only*

AZA — Prednisone — Cyclophosphamide + AZA Multi-arm trials only*
AZA — Oral cyclophosphamide — Cyclophosphamide + AZA Multi-arm trials only*
AZA — Oral cyclophosphamide — Prednisone Multi-arm trials only*
Oral cyclophosphamide — Prednisone — Cyclophosphamide + AZA Multi-arm trials only*
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Closed loop of evidence

Ratio of odds ratios
obtained by pairwise
and network meta-
analysis

IV cyclophosphamide — MMF — CNI

Multi-arm trials only*

Treatment failure

MMF — Prednisone - Cyclophosphamide + AZA

3.80 (1.00-222)

Oral cyclophosphamide — Prednisone - Cyclophosphamide + AZA

1.20 (1.00-7.57)

Oral cyclophosphamide — CNI — Cyclophosphamide + Prednisone

Multi-arm trials only*

Major infection

AZA —1V cyclophosphamide — Cyclophosphamide + AZA

79.4 (1.07-5869)

AZA —1V cyclophosphamide — Oral cyclophosphamide

79.4 (1.06-5943)

AZA — Oral cyclophosphamide — CNI

18.6 (1.00-790)

IV cyclophosphamide — Oral cyclophosphamide — Prednisone

9.10 (1.00-136)

IV cyclophosphamide — Prednisone — Cyclophosphamide + AZA

9.10 (1.00-134)

AZA — Control — Oral cyclophosphamide

5.57 (1.00-157)

IV cyclophosphamide — Prednisone — Cyclophosphamide + prednisone

5.10 (1.00-52.8)

AZA —1V cyclophosphamide — CNI

2.75 (1.00-292)

AZA —1V cyclophosphamide — Prednisone

2.63 (1.00-63.0)

AZA — Prednisone — Cyclophosphamide + AZA

1.77 (1.00-92.0)

AZA — Prednisone — AZA + prednisone

1.77 (1.00-101.4)

AZA — Oral cyclophosphamide — Prednisone

1.77 (1.00-93.3)

IV cyclophosphamide + Oral cyclophosphamide - MMF

1.53 (1.00-17.1)

IV cyclophosphamide + Oral cyclophosphamide — CNI

1.26 (1.00-30.7)

IV cyclophosphamide — MMF — CNI

1.16 (1.00-4.84)

Oral cyclophosphamide — MMF — CNI

1.06 (1.00-19.0)

IV cyclophosphamide — Oral cyclophosphamide - Cyclophosphamide + AZA

Multi-arm trials only*

AZA — Oral cyclophosphamide — Cyclophosphamide + AZA

Multi-arm trials only*

Oral cyclophosphamide — Prednisone — Cyclophosphamide + AZA

Multi-arm trials only*

Ovarian failure

AZA —1V cyclophosphamide — CNI

8.23 (1.00-185)

Oral cyclophosphamide — MMF — CNI

5.28 (1.00-1292)

IV cyclophosphamide — MMF — CNI

3.30 (1.00-168)

Malignancy

AZA —1V cyclophosphamide — Oral cyclophosphamide

1.41 (1.00-166)

AZA —1V cyclophosphamide — Cyclophosphamide + AZA

1.41 (1.00-558)

IV cyclophosphamide — Prednisone - Cyclophosphamide + AZA

1.39 (1.00-901)

IV cyclophosphamide — Oral cyclophosphamide — Prednisone

1.39 (1.00-300)

AZA —1V cyclophosphamide — Prednisone

1.18 (1.00-176)

AZA — Oral cyclophosphamide — Prednisone

Multi-arm trials only*

Oral cyclophosphamide — Prednisone — Cyclophosphamide + AZA

Multi-arm trials only*

IV cyclophosphamide — Oral cyclophosphamide — Cyclophosphamide + AZA

Multi-arm trials only*

AZA — Prednisone — Cyclophosphamide + AZA

Multi-arm trials only*

AZA — Oral cyclophosphamide — Cyclophosphamide + AZA

Multi-arm trials only*

Bone toxicity

IV cyclophosphamide — Prednisone — Cyclophosphamide + prednisone

3.25 (1.00-40.8)

Leukopenia

Oral cyclophosphamide — MMF — CNI

5.68 (1.00-972)
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Closed loop of evidence

Ratio of odds ratios
obtained by pairwise
and network meta-
analysis

IV cyclophosphamide — MMF — CNI

2.69 (1.00-78.0)

Herpes infection

IV cyclophosphamide — Oral cyclophosphamide — CNI

8.20 (1.00-312)

IV cyclophosphamide — Prednisone — Cyclophosphamide + AZA

3.53 (1.00-45.5)

IV cyclophosphamide — Oral cyclophosphamide — Prednisone

3.53 (1.00-48.3)

AZA —1V cyclophosphamide — Prednisone

3.53 (1.00-73.5)

AZA — Control — Prednisone

3.51 (1.00-995)

IV cyclophosphamide — Prednisone — Cyclophosphamide + Prednisone

2.94 (1.00-51.7)

IV cyclophosphamide — Oral cyclophosphamide — MMF

1.11 (1.00-14.6)

AZA — Prednisone — Cyclophosphamide + AZA

Multi-arm trials only*

Oral cyclophosphamide — Prednisone — Cyclophosphamide + AZA

Multi-arm trials only*

AZA —1V cyclophosphamide — Cyclophosphamide + AZA

Multi-arm trials only*

AZA — Oral cyclophosphamide — Cyclophosphamide + AZA

Multi-arm trials only*

Control — Plasma exchange — Prednisone

Multi-arm trials only*

AZA — Oral cyclophosphamide — Prednisone

Multi-arm trials only*

AZA —1V cyclophosphamide — Oral cyclophosphamide

Multi-arm trials only*

Relapse

AZA —1V cyclophosphamide - MMF

1.45 (1.00-11.7)

Abbreviations; AZA, azathioprine; [V, intravenous; MMF, mycophenolate mofetil; CNI, calcineurin inhibitor. *Consistent
by definition. A ratio of odds ratios between treatment estimates obtained from pairwise meta-analysis and network meta-
analysis provides information about evidence for consistency between direct and indirect treatment estimates. A ratio of odds
ratios with a 95% confidence interval compatible with 1 indicates there is no evidence of inconsistency between estimates
for direct treatment effects and those generated by network meta-analysis. A loop of evidence is when three or four
treatments are directly compared in a closed loop of evidence in which direct treatment effects from different studies are
joined. For example, a closed loop is formed for treatment estimates of complete remission by conjointly analyzing studies
that directly compare oral cyclophosphamide and mycophenolate mofetil, mycophenolate mofetil and calcineurin inhibitor
and calcineurin inhibitor with oral cyclophosphamide. A triangular loop is formed by direct comparisons for three treatments
analyzed within a treatment network and a quadratic loop is formed for direct comparisons of four treatments analyzed
within a treatment network. Data for inconsistency factors for the outcomes of alopecia, nausea, vomiting, diarrhea, and
bladder toxicity are not shown as no closed loops were present in the networks of evidence for these endpoints.
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Supplemental Table 6: Evidence of heterogeneity (global) within analyses

Endpoint Chi square P value
Complete remission 3.45 0.47
All-cause mortality 6.85 0.55
End-stage kidney disease 3.98 0.41
Doubling of serum creatinine 2.09 0.72
Treatment failure 0.51 0.77
Relapse 0.19 0.66
Major infection 15.1 0.13
Alopecia Insufficient observations

Ovarian failure 4.38 0.50
Malignancy 0.03 0.99
Nausea Insufficient observations

Vomiting Insufficient observations

Diarrhea Insufficient observations

Bladder toxicity Insufficient observations

Bone toxicity Insufficient observations

Leukopenia 0.84 0.82
Herpes infection 4.41 0.49
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Supplemental Table 7: Pre-specified sensitivity analyses for the primary outcome of

complete disease remission

Analysis to assess whether treatment effects were different among adults and children as
planned were not possible as separate data for different age groups was not available in

primary trials.

Trials with

Trials of 24 months allocation
Drug class follow up or longer concealment
Intravenous cyclophosphamide 1.00 1.00

Mycophenolate mofetil
Oral cyclophosphamide
Calcineurin inhibitor
Rituximab

Prednisone

0.14 (0.01 to 3.68)
0.10 (0.01 to 1.78)
1.14 (0.23 t0 5.72)

0.59 (0.20 to 1.74)

2.04 (0.85 to 4.93)

1.50 (0.53 to 4.30)

Number of studies/number of participants in network

11/227
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Supplemental Figure 1: Risks of bias in individual studies
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47 studies in 48 publications were included in this analysis. Dooley et al (2011) was an extension/maintenance

phase of the Aspreva Lupus Management Study (2009).[32 39]
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Supplemental Figure 2: Summary of risks of bias in included studies
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47 studies in 48 publications were included in this analysis. Dooley et al (2011) was an extension/maintenance

phase of the Aspreva Lupus Management Study (2009).[32 39]

24



Supplemental Figure 3: Summary study-level characteristics according to treatment
class.
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Box plots showing the distribution of study level characteristics according to treatment class. There were insufficient
observations to provide box plots for ethnicity/racial origin.
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Supplemental Figure 4: Summary odds ratios and 95% confidence intervals estimated

by network meta-analysis for induction treatment of lupus nephritis.

The values below the drug class correspond to the odds of the clinical end point between the

column treatment compared to the row treatment. An odds ratio >1 indicates the odds of the
outcome was more likely with the column treatment. The values in bold are the estimated

odds ratios that are statistically significant (excluding the likelihood of no effect).
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There were 18 studies involving 1119 participants in this network reporting 337 people
experiencing complete remission of lupus nephritis during treatment. The heterogeneity tau

for the network was 0.00 indicative of low heterogeneity in treatment effects among studies.

26



All-cause mortality
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There were 15 unique studies included in the network reporting 94 deaths in a total of 1346
randomized participants. The heterogeneity tau for the network estimating treatment effects
on all-cause mortality was 0.18 indicative of low-level heterogeneity in treatment effects
among studies.



End-stage kidney disease
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There were 9 studies reporting 151 participants experiencing end-stage kidney disease in a

total of 1036 randomized participants. The heterogeneity tau for the network estimating
treatment effects on end-stage kidney disease was <0.001 indicative of low heterogeneity in
treatment effects among studies.
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Doubling of serum creatinine
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There were seven studies reporting 68 participants experiencing doubling of serum creatinine
among a total of 472 randomized participants. The heterogeneity tau for the network
estimating odds of doubling of serum creatinine was <0.001 indicative of low heterogeneity
in treatment effects among studies.
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Failure to induce disease remission (treatment failure)
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There were 12 studies reporting 182 participants experiencing failure to induce remission
events among a total of 684 randomized participants. The heterogeneity tau for the network
estimating odds of failure to induce disease remission was <0.001, indicative of low
heterogeneity in treatment effects among studies.
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Major infection
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There were 18 studies reporting 380 participants experiencing one or more major infections
among a total of 1230 randomized participants. The heterogeneity tau for the network
estimating odds of major infection was <0.001, indicative of low heterogeneity in treatment
effects among studies.
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Alopecia
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There were four studies reporting 92 participants experiencing alopecia among a total of 519

randomized participants. The heterogeneity tau for the network estimating odds of alopecia
was <0.001, indicative of low heterogeneity in treatment effects among studies.
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Ovarian failure
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There were ten studies reporting 60 participants experiencing ovarian failure among a total of
489 randomized participants. The heterogeneity tau for the network estimating odds of
ovarian failure was <0.001, indicative of low heterogeneity in treatment effects among

studies.
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Malignancy
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There were three studies reporting 13 participants experiencing one or more malignancies
among a total of 259 randomized participants. The heterogeneity tau for the network

estimating odds of malignancy was not estimable.
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Diarrhea
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There were four studies reporting 87 participants experiencing one or more episodes of
diarrhea among a total of 597 randomized participants. The heterogeneity tau for the network
estimating odds of failure to induce disease remission was <0.001, indicative of low

heterogeneity in treatment effects among studies.
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Bone toxicity
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There were three studies reporting 25 participants experiencing bone toxicity among a total of
491 randomized participants. The heterogeneity tau for the network estimating odds of failure
to induce disease remission was 0.32, indicative of moderate heterogeneity in treatment
effects among studies.
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Leukopenia
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There were seven studies reporting 51 participants experiencing one or more episodes of
leukopenia among a total of 340 randomized participants. The heterogeneity tau for the
network estimating odds of leukopenia was <0.001, indicative of low heterogeneity in
treatment effects among studies.
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Herpes infection
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There were 12 studies reporting 104 participants experiencing one or more episodes of herpes
infection events among a total of 932 randomized participants. The heterogeneity tau for the

network estimating odds of failure to induce disease remission was <0.001, indicative of low

heterogeneity in treatment effects among studies.

38



Disease relapse (during maintenance treatment)
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There were four studies reporting 96 participants experiencing disease relapse among a total

of 460 randomized participants. The heterogeneity tau for the network estimating odds of
relapse was <0.001, indicative of low heterogeneity in treatment effects among studies.
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Supplemental Figure 5: Networks of treatment comparisons for efficacy and safety of immunosuppression as induction treatment for lupus

nephritis (secondary outcomes)
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Supplemental Figure 5 (continued): Networks of treatment comparisons for efficacy and safety of immunosuppression as induction
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