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Abstract
Objectives We performed a meta-analysis to assess whether corticosteroids (C) plus (+) doublet immunosuppressive therapy (IT)
is superior to the classical combination of C with single-agent IT in active proliferative lupus nephritis (LN).
Method Randomized trials evaluating the benefits and risks of C+doublet versus single-agent IT in active proliferative LN were
obtained by searching PubMed, EMBASE, and Cochrane Central Register. The primary outcome was overall response rate
(ORR). The secondary outcomes were the change from baseline in Systemic Lupus Erythematosus Disease Activity Index (SLE-
DAI) score, negative conversion ratio of anti-double-stranded DNA (anti-dsDNA), and adverse events. The PROSPERO registry
number is CRD42017068491.
Results Eleven trials with 1855 patients were included. Compared with C+single-agent IT, C+doublet IT had a significantly
higher ORR (relative risk [RR], 1.22; 95% confidence interval [CI], 1.09 to 1.35; P < 0.01). In a subgroup analysis, C+doublet IT
without biologics had a significantly higher ORR than C+single-agent IT (RR, 1.30; 95% CI, 1.13 to 1.50; P < 0.01), while C+
doublet IT including biologics improved ORR only for refractory severe LN (RR, 1.46; 95% CI, 1.09 to 1.96; P = 0.012). A
larger change from baseline in SLE-DAI scores (standardized mean difference, − 0.49; 95% CI, − 0.68 to − 0.30; P < 0.01) and a
higher negative conversion ratio of anti-dsDNA (RR, 1.34; 95% CI, 1.06 to 1.69; P = 0.014) were observed with C+doublet IT
than with C+single-agent IT. The rates of adverse events were similar between the two regimens.
Conclusions Compared with single-agent IT, the combination of C and doublet ITwithout biologics improved clinical outcomes
in active proliferative LN.

Key Points
• Compared with corticosteroids + single-agent immunosuppressive therapy, corticosteroids + doublet immunosuppressive therapy without biologics

had a significantly higher overall response rate in active proliferative lupus nephritis.
• Compared with corticosteroids + single-agent immunosuppressive therapy, corticosteroids + doublet immunosuppressive therapy including biologics

improved overall response rate only for refractory severe lupus nephritis.
• A larger change from baseline in SLE-DAI scores and a higher negative conversion ratio of anti-dsDNAwere observed with corticosteroids + doublet

immunosuppressive therapy than with corticosteroids + single-agent immunosuppressive therapy.

Keywords Active proliferative lupus nephritis . Biologics . Corticosteroids . Doublet immunosuppressive therapy .

Meta-analysis . Single-agent immunosuppressive therapy

Introduction

Systemic lupus erythematosus (SLE) is a systemic autoim-
mune disease that involves multiple organs. Lupus nephritis
(LN) is one of its most common and severe manifestations and
usually has greater mortality. The prevalence of chronic kid-
ney disease in patients with LN is high, with approximately
20% of biopsy-proven LN patients reaching end-stage renal
disease (ESRD) by 8.5 years [1]. During a median follow-up
of 4.4 years, 42.6% of patients with ESRD from lupus
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nephritis (ESLN) died and the mortality for ESLN was 7.9
(95% CI, 7.8 to 8.1) per 100 person-years in the USA [2].

In LN, survival is significantly better in patients who
achieve complete or partial remission during initial therapy
than in those with no remission [3]. With the increasing use
of immunosuppressive agents, including cyclophosphamide,
mycophenolate mofetil (MMF), and calcineurin inhibitors
(CNIs), the risk of ESRD in LN patients has steeply declined;
however, the probability of renal remission is only 50% or
lower at 6 months in patients who receive a combined treat-
ment regimen involving corticosteroids and one immunosup-
pressive drug to treat active proliferative LN, and this rate
remains unsatisfactory [4, 5]. Therefore, deeper investigations
into more effective methods to treat active proliferative LN are
a key task for nephrologists and rheumatologists around the
world.

In recent years, a novel multitarget therapy involving cor-
ticosteroids and two immunosuppressive drugs (i.e., tacroli-
mus and MMF) was proposed by the Chinese nephrologist
Leishi Li and has been demonstrated to be well tolerated and
superior to pulse monthly intravenous cyclophosphamide plus
oral corticosteroids in inducing complete remission of class
V+IV LN [6]. Conversely, the LUNAR study [7] published in
2012 failed to show that adding rituximab to glucocorticoids
plusMMFwas superior over glucocorticoids plusMMF alone
in achieving a renal response. Moreover, guidelines regarding
corticosteroids plus doublet immunosuppressive therapy for
active proliferative LN are lacking [8–10]. As was previously
noted, whether corticosteroids (C) plus (+) doublet immuno-
suppressive therapy (IT) outperform the classical combination
of C with single-agent IT for active proliferative LN remains
controversial. Here, we designed a meta-analysis of random-
ized clinical trials (RCTs) to assess whether the efficacy and
safety of C + doublet IT is superior to that of C + single-agent
IT in active proliferative LN.

Materials and methods

Search strategy

Our study was registered with PROSPERO under the regis-
tration number CRD42017068491. This study was conducted
and reported according to the preferred reporting items for
systematic reviews and meta-analysis (PRISMA) guidelines
[11]. The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology was
used to estimate the overall quality of the evidence [12].
RCTs comparing the benefits and risks of C + doublet versus
single-agent IT in active proliferative LN were searched for
electronically. The PubMed, EMBASE, and Cochrane Central
Register of Controlled Trials databases were searched to iden-
tify relevant RCTs published prior to March 2019, using a

highly sensitive search strategy. Randomized trials were lim-
ited to human studies published in English. The following
main keywords or corresponding terms were used to search
the databases: “immunosuppressive drugs”, which includes
all types of conventional and novel immunosuppressive
drugs, “lupus nephritis”, and “randomized trials.” The search
strategy is shown in the supplement.

Inclusion criteria

Trials meeting the following criteria were included in this
study: (1) randomized trials that compared the efficacy
of C + doublet and single-agent IT in active prolifera-
tive LN and reported endpoints for a renal response to the
treatment; (2) LN patients in whom there was a histologically
(renal biopsy) confirmed diagnosis according to the World
Health Organization (WHO) 1982 classification [13] or the
International Society of Nephrology/Renal Pathology
Society 2003 classification [14] regardless of whether they
were adults or children; and (3) the number of patients in each
group was at least 5.

Selection of trials and data extraction

We screened the titles and abstracts of the retrieved search
records to determine potential eligibility. For all potential ar-
ticles, the full text was retrieved when possible. The data were
independently abstracted by three investigators (Bo Liu,
Qiyun Ou, and Ying Tang), cross-checked, and discussed to
identify any discrepancies and to reach a consensus between
the authors. Data retrieved from trial publications included
publication details, sample size, interventions, histological
and clinical characteristics, duration of follow-up, criteria for
complete and partial renal responses, and outcomes. The pri-
mary outcome of interest was the overall response rate (ORR,
including the complete response rate (CRR) and the partial
response rate (PRR)). The second outcomes were the change
from baseline in SLE Disease Activity Index (SLE-DAI)
scores, the negative conversion ratio of anti-double-stranded
DNA (anti-dsDNA), all-cause mortality, total adverse events
(AEs), serious AEs, infections, urinary tract infection, varicel-
la zoster virus infection, upper respiratory tract infection, leu-
kopenia, menstrual disorder, and infusion-related AEs.
Efficacy was evaluated in a subgroup analysis in which pa-
tients were classified by the type of immunosuppressive agent
used and the duration of IT.

Trial sequential analysis

A trial sequential analysis (TSA) was used to calculate the
required information size for our meta-analysis. This analysis
provided trial sequential monitoring boundaries that could be
used to decide whether a trial could be terminated at an early
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date. The TSA can reduce the repetitive testing of accumulat-
ed data and control the risks of type I and type II errors due to
sparse data. The TSA was conducted using TSA version 0.9
beta [15–20].

Statistical analysis

The meta-analysis was performed using a random effects
model to estimate the treatment effects according to relative
risks with 95% confidence intervals (95% CIs), and pooled
standardized mean differences (SMDs) with 95% CIs were
estimated for continuous outcomes. Heterogeneity was eval-
uated using the I2 statistic [21]. P < 0.05 was considered
statistically significant, and all P values were two-sided.
Potential publication bias was visually evaluated using
funnel plots and quantified using funnel plots and the
Copas selection model [22] to visually evaluate the ex-
tent of symmetry of the plots (Egger et al.’s test [23]
and Begg’s test [24]). P < 0.05 indicated publication bi-
as. Two authors (Zhenjian Xu and Yongjian Chen) in-
dependently uploaded the data to ensure the reliability and
accuracy of the results. The statistical analyses were conduct-
ed in R version 3.4.4 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Characteristics

Eleven randomized trials were eligible (Fig. 1). These trials
involved 1855 participants. Ten RCTs were evaluated as full-
text articles. Two trials (402 participants) evaluated C com-
bined with tacrolimus (4 mg daily) andMMF (1000 mg daily)
[6, 25]. One trial (265 participants) evaluated C combined
with voclosporin (23.7 mg or 39.5 mg twice a day) and
MMF (2000 mg daily for some participants) [26]. One trial
(82 participants) evaluated C combined with cyclophospha-
mide (0.4 g/m2 monthly) andMMF (1000mg daily) [27]. One
trial (46 participants) evaluated C combined with laquinimod
and MMF [28]. Six trials evaluated C combined with bio-
logics and MMF or cyclophosphamide, including 3 trials
(247 participants) for rituximab (RTX) [7, 29, 30], 2 trials
(432 participants) for abatacept [31, 32], and 1 trial (381 par-
ticipants) for ocrelizumab [33]. The details related to these 11
RCTs are shown in Table 1. The other disease-modifying anti-
rheumatic drugs (DMARDs) administered concomitantly in
the trials are shown in Table S1. Most of the participants had
active proliferative LN except for patients in one trial that
enrolled refractory LN patients. Four trials [6, 7, 25, 33] in

Fig. 1 PRISMA flow diagram.
LN, lupus nephritis; C,
corticosteroids; IT,
immunosuppressive therapy;
RCTs, randomized clinical trials
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which the dosage of the administered corticosteroids was
compared between doublet and single-agent immunosuppres-
sive therapy showed that was similar. The patients were
followed up for half a year in 5 trials, 9 months in 1 trial,
and 1 year in 5 trials. The abstract for this study was published
in the EULAR 2018 Annual European Congress of
Rheumatology [34].

Renal response

Ten trials [6, 7, 25–27, 29–33] comprising 1651 participants
and 10 trials [6, 7, 25, 27–33] involving 1432 participants
were included in the current meta-analysis performed to esti-
mate the CRR and ORR, respectively. Compared with C +
single-agent IT, C + doublet IT had a significantly higher
CRR and ORR (RRs of 1.40 [95% CI, 1.09 to 1.79],
P < 0.01, and 1.22 [95% CI, 1.09 to 1.35], P < 0.01, respec-
tively; Table 2 and Fig. 2). Moreover, we performed TSA on
ORR with the settings and data and calculated that the infor-
mation size was 1160. The cumulative Z-curve of ORR
crossed above the TSAmonitoring boundaries, demonstrating
an a priori anticipated intervention effect indicating a 20%
relative risk increment on the basis of a comparator event
proportion of 54.8%. Further trials are unnecessary and are
unlikely to change the outcomes (Fig. S1). No evidence of
publication bias related to ORR was observed according to
the results of Egger’s test (P = 0.427), Begg’s test (P =
0.721), and the Copas selection model (Fig. S2).

In a subgroup analysis, C + doublet IT without bio-
logics resulted in significantly higher CRR and ORR
than were found for C + single-agent IT (RRs of 1.66
[95% CI, 1.21 to 2.29], P < 0.01, and 1.30 [95% CI,
1.13 to 1.50], P < 0.01, respectively; Table 3), while C
+ doublet IT including biologics improved CRR and
ORR only in refractory severe LN (RRs of 3.00 [95%
CI, 1.61 to 5.58], P <0.01, and 1.46 [95% CI, 1.09 to
1.96], P = 0.012, respectively; Table 3). Among patients
who received biologics in six trials [7, 29–33] (902
participants), the type of accompanying immunosuppres-
sive agent (i.e., cyclophosphamide or MMF) and the
treatment duration did not influence the renal response
(all P > 0.05; Table 3).

The activity of SLE

The change from baseline in SLE-DAI scores and the
negative conversion ratio of anti-dsDNA were reported
in 2 trials [25, 30] (446 participants) and 4 trials [6, 25,
32, 33] (437 participants), respectively. The change
from baseline in SLE-DAI scores was larger (standard-
ized mean difference, − 0.49; 95% CI, − 0.68 to − 0.30;
P < 0.01; Table 2), and the negative conversion ratio of
anti-dsDNA was higher (RR, 1.34; 95% CI, 1.06 to
1.69; P = 0.014; Table 2) for C + doublet IT than for C +
single-agent IT.

Table 2 Efficacies of the two treatments

Outcomes No. of trials No. of participants Relative effect GRADE

Ratio (95% CI) P value I2, %

Complete response rate 10 1651 RR 1.40 (1.09 to 1.79) < 0.01** 57 ⊕⊕⊕Ο Moderatea

Partial response rate 9 1386 RR 1.03 (0.87 to 1.23) 0.716 26.3 ⊕⊕⊕Ο Moderateb

Overall response rate 10 1432 RR 1.22 (1.09 to 1.35) < 0.01** 30.5 ⊕⊕⊕⊕ High

Change from baseline in SLE-DAI scores 2 446 SMD − 0.49 (− 0.68 to − 0.30) < 0.01** 19.9 ⊕⊕⊕Ο Moderatec

Negative conversion ratio of anti-dsDNA 4 437 RR 1.34 (1.06 to 1.69) 0.014* 0 ⊕⊕⊕Ο Moderatec

C, corticosteroids; IT, immunosuppressive therapy; CI, confidence interval; RR, risk ratio; SLE-DAI, Systemic Lupus Erythematosus Disease Activity
Index; SMD, standardized mean difference; anti-dsDNA, anti-double-stranded DNA

*Significant P value < 0.05

**Significant P value < 0.01

GRADE Working Group grades for evidence quality:

⊕⊕⊕⊕ High quality: further research is very unlikely to change our confidence in the estimated effect

⊕⊕⊕ΟModerate quality: further research is likely to have an important impact on our confidence in the estimated effect and might change the estimate

⊕⊕ΟΟ Low quality: further research is very likely to have an important impact on our confidence in the estimated effect andmight change the estimate

⊕ΟΟΟ Very low quality: We are very uncertain about the estimate
a Downgraded (− 1) for inconsistency: substantial heterogeneity (I2 > 50%) was found among the trials
b Downgraded (− 1) for inconsistency: the 95% confidence intervals were wide; the study included no effect and failed to exclude important benefits or
serious harmful effects
c Downgraded (− 1) for imprecision: potential for small sample bias

Clin Rheumatol (2019) 38:2519–2528 2523



Safety

We performed a pooled analysis of the 10 trials [6, 7, 25–29,
31–33] (1768 participants) that evaluated the safety of the
treatment regimens. There was no significant difference in
all-cause mortality between C + doublet and single-agent IT
(RR, 0.89; 95% CI, 0.43 to 1.85; P = 0.76; Table S2). The
risks for total AEs (RR, 1.01), serious AEs (RR, 1.08), infec-
tions (RR, 0.98), urinary tract infection (RR, 0.80), varicella
zoster virus infection (RR, 1.37), upper respiratory tract infec-
tion (RR, 0.92), leucopenia (RR, 0.33), and infusion-related
AEs (RR, 1.08) were similar between the two regimens (all
P > 0.05; Table S2). Compared with C + single-agent IT, C +
doublet IT had a lower risk of menstrual disorder (RR, 0.38;
95% CI, 0.17 to 0.87; P = 0.022; Table S2).

Study withdrawals

Nine trials [6, 7, 25–27, 29, 31–33] (1722participants) report-
ed that 467 patients discontinued therapy. The reasons for
withdrawal from treatment in the included RCTs are shown
in Table S3. The pooled RR provided low-quality evidence
indicating that there was no significant difference in the num-
ber of patients who discontinued therapy between the C +
doublet and single-agent IT groups (RR, 0.91; 95% CI, 0.77
to 1.08; P = 0.28; I2 = 9%).

Discussion

To the best of our knowledge, this study constitutes the first
meta-analysis to comprehensively and systematically evaluate
the efficacy and safety of C + doublet versus single-agent IT in
active proliferative LN.We found that there were significantly
higher CRR and ORR in the group of C + doublet ITwithout
biologics than in that of C + single-agent IT. C + doublet IT
including biologics improved CRR and ORR only in refrac-
tory severe LN. The change from baseline in SLE-DAI scores

was larger and the negative conversion ratio of anti-dsDNA
was higher in the C + doublet IT group than in the C + single-
agent IT group. The results of safety analyses showed that
both groups tolerated the drug regimens well.

Our results indicate that C + doublet IT without biologics
provided efficacy superior to that of C + single-agent IT (i.e.,
cyclophosphamide or MMF) when used to treat LN.
Similarly, a 2017 network meta-analysis showed that MMF
plus tacrolimus was more likely than MMF or cyclophospha-
mide alone (ORs of 1.87 [95% CI, 1.06–3.29], and 2.69 [95%
CI, 1.74–4.16], respectively) to achieve complete renal remis-
sion during initial therapy for LN [35]. A multicenter study
performed in China found that a multitarget therapy consisting
of corticosteroids, MMF, and tacrolimus was also effective
and safe as a maintenance treatment for LN [36]. Because
most of these studies were conducted in Chinese patients,
further studies are required to evaluate the effect and safety
of this regimen in LN patients in other ethnic groups.

Our findings suggest that the risk of adverse events is not
clearly higher for C + doublet IT. In the patients treated with C
+ double conventional immunosuppressors in most of the in-
cluded trials, the dosages of MMF (1.0 g/day) and cyclophos-
phamide (monthly dose of 0.4 g/m2) were lower than the
doses recommended in the KDIGO guideline [10] (monthly
dose of 0.5–1 g/m2 for cyclophosphamide used alone and
maximum 3 g/day for MMF used alone). This indicates that,
while these conventional immunosuppressive drugs were ap-
plied together at a lower than routine dose, there was no sig-
nificant increase in the occurrence of AEs.

Six trials in this meta-analysis assessed the efficacy and
safety of C + doublet IT including biologics such as RTX,
abatacept, and ocrelizumab for LN. RTX and ocrelizumab
are monoclonal antibodies that selectively target and deplete
CD20+ B cells in the peripheral circulation [37]. Abatacept, a
fusion protein containing CTLA-4 linked to the Fc portion of
IgG1 [38], prevents antigen-presenting cells from binding to
CD28 on T cells and then inhibits the activation of primary T
cell–dependent immune responses [39]. RTX is recommended

Fig. 2 Overall response rate of
the two treatments. C,
corticosteroids; IT,
immunosuppressive therapy; RR,
risk ratio; CI, confidence interval
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for use in patients with LN refractory to conventional immu-
nosuppressive drugs by the Guidelines of EULAR/ERA-
EDTA [8], ACR [9], and KDIGO [10] published in 2012.
Similarly, a meta-analysis published in 2013 also concluded
that RTX effectively induced the remission of LN in patients
who had failed to achieve remission with standard therapies
[40].

Unexpectedly, our study demonstrated that adding bio-
logics to C plus cyclophosphamide or MMF did not provide
additional efficacy for active proliferative LN even though the
treatment duration was prolonged to 1 year. This may be be-
cause of the following major factors. First, among the patients
who received biologics (six trials with 902 participants), only
84 refractory LN patients were enrolled in the only trial [30]
that showed that, compared with C plus cyclophosphamide,
adding RTX to C plus cyclophosphamide produced better
therapeutic efficacy and significantly improved the prognosis
of refractory and severe LN. In the other trials, the renal re-
sponse of LN patients to previous immunosuppressive treat-
ment was unclear. Second, all of the patients enrolled in the
trials were diagnosed with active proliferative LN according
to the World Health Organization (WHO) 1982 classification
[13] or the International Society of Nephrology/Renal
Pathology Society 2003 classification [14], which were not
based on the underlying disease pathophysiology. Some ob-
servations reminded us that different LN-associated histolog-
ical lesions might involve different immune pathogeneses,
including aberrant apoptosis, autoantibody production, im-
mune complex deposition, and complement activation [41,
42], and these differences could influence patient sensitivity
to different therapeutic strategies. Moreover, some types of
lesions, including glomerular crescents, podocyte injury,
tubulointerstitial lesions, and vascular injury, did not receive
sufficient consideration in these classification systems [42].
Therefore, prospective trials are needed to identify the patients
for whom C + doublet IT including biologics is efficacious.

As expected, SLE-DAI scores were significantly lower and
the negative conversion ratio of anti-dsDNAwas higher in the
C + doublet IT group than in the C + single-agent IT group.
Doublet immunosuppressive therapy was therefore effective
in lessening SLE activity. Unfortunately, the trials included
failed to show a lower requirement for corticosteroids in dou-
blet immunosuppressive therapy.

This meta-analysis has several limitations that should be
considered. First, the criteria for complete and partial renal
responses used in the included trials were heterogeneous
(Table S4). Wofsy et al. [43] compared several previously
proposed criteria using the same data set as that used in a large
trial of abatacept in LN. They found that the choice of defini-
tion for complete response affected whether an LN trial was
interpreted as a success or a failure. Therefore, it is necessary
to unify the definition of renal response to immunosuppres-
sive treatments for LN in the future. Second, some trials in

which children were enrolled did not perform a sub-analysis
of the efficacy and safety in which patients were stratified
according to age. Other limitations include heterogeneity in
patient demographics, clinical manifestations and renal path-
ological lesions, and a lack of uniformity in the dose and type
of immunosuppressors used among the included trials.
Moreover, missing data related to adverse events may have
caused us to underestimate or overestimate the RR for adverse
effects.

Conclusion

The results of this meta-analysis provide further support for
the notion that, compared with single-agent IT, a combination
consisting of corticosteroids and doublet IT without biologics
improved clinical outcomes in active proliferative LN.
However, further studies are needed to identify the patients
in whom C + doublet IT including biologics is most effica-
cious and to unify the definition of renal response to immu-
nosuppressive treatments for LN.
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