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Abstract

Objective: This study aimed to assess the relative efficacy and safety of calcineurin
inhibitor (CNI), mycophenolate mofetil (MMF), and azathioprine (AZA) as maintenance
therapies for lupus nephritis.

Methods: Randomized controlled trials (RCTs) examining the efficacy and safety of
CNI, MMF, and AZA as maintenance therapies in patients with lupus nephritis were
included. We performed a Bayesian random-effects network meta-analysis to combine
the direct and indirect evidence from RCTs.

Results: Ten RCTs comprising 884 patients were included in the study. Although the
difference was not statistically significant, MMF showed a trend toward a lower relapse
rate compared with AZA (odds ratio [OR] 0.72, 95% credible interval [Crl] 0.45-1.22).
Similarly, tacrolimus showed a trend toward a lower relapse rate compared with AZA
(OR 0.85, 95% Crl 0.34-2.00). Ranking probability based on the surface under the
cumulative ranking curve (SUCRA) indicated that MMF had the highest probability

of being the best treatment based on the relapse rate, followed by CNI and AZA. The
incidence of leukopenia in the MMF and CNI groups was significantly lower than that in
the AZA group (OR 0.12, 95% Crl 0.04—0.34; OR 0.16, 95% Crl 0.04—0.50; respectively).
Fewer patients with infections were observed in the MMF group than in the AZA group,
although the difference was not statistically significant. The analysis of withdrawals
due to adverse events showed a similar pattern.

Conclusion: Lower relapse rates combined with a more favorable safety profile suggest
that CNI and MMF are superior to AZA as maintenance treatments in lupus nephritis
patients.
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Introduction

Up to 60% of patients with systemic lu-
pus erythematosus (SLE) have renal im-
pairment, and lupus nephritis remains the
major cause of morbidity and mortality in
SLE [29, 35]. The treatment strategy for
lupus nephritis consists of an induction
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phase to induce remission and a mainte-
nance phase to prevent recurrence and the
development of end-stage renal disease
[1]. Cyclophosphamide (CYC) therapy has
long been considered the gold standard for
inducing renal remission and preventing
flare-ups. However, significant drug-re-
lated adverse effects, such as an increased


https://doi.org/10.1007/s00393-023-01374-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s00393-023-01374-x&domain=pdf

Table 1 Characteristics of individual studies included in the meta-analysis
Study [Ref] Region or LN biopsy class Induction treat- | Sample | Subject numbers of maintenance | Follow-
country ment size treatment up period?®
Tacrolimus/ | MMF [ AZA (months)
cyclosporine
Zhang, 2022 [36] China NIV, V,V+IL,V+IV | MMF, tacrolimus, | 123 37 47 39 96
CcYC
Kaballo, 2016 [20] Sudan I, v, V+1v CcYc 81 NA 41 40 36
Chen, 2012[7] China I, v, v Tacrolimus, CYC 70 34 NA 36 6
Dooley, 2011 [12] International I, 1Iv MMF, CYC 227 NA 116 111 36
Houssiau, 2010 [17] | European M, IV, AV, IV CcYC 105 NA 53 52 48
Moroni, 2006 [28] European v, v CYC 69 36 NA 33 14
Chan, 2005 [6] Hong Kong Iv, IV/V MMF, CYC 62 NA 32 30 63
Contreas, 2004 [8] North America | Il IV,V CcYC 59 NA 20 19 25-30
Jiang, 2002 [19] China NA MMF, CYC 46 NA 25 21 12
Chan, 2000 [5] Hong Kong v MMF, CYC 42 NA 21 21 12
LN lupus nephritis, MMF mycophenolate mofetil, AZA azathioprine, CYC cyclophosphamide, NA not available
*Mean or median

risk of severe infections, bone marrow sup-
pression, malignancy, and ovarian toxicity,
outweigh these benefits [30]. Other im-
munosuppressive drugs used to treat lupus
nephritis include mycophenolate mofetil
(MMF), tacrolimus, and azathioprine (AZA).
Several studies have examined the ef-
ficacy and safety of calcineurin inhibitor
(CNI) MMF, and AZA as maintenance thera-
pies in patients with lupus nephritis [5-8,
12, 17, 19, 20, 28, 36]. All these drugs
have demonstrated significant efficacy as
maintenance therapies in randomized con-
trolled trials (RCTs) for lupus nephritis.
One meta-analysis found that MMF was
as effective as AZA when administered for
maintenance therapy and less hazardous
for the treatment of lupus nephritis [13].
A second study, however, found no ben-
efit of using MMF over AZA as mainte-
nance therapy for this indication [26]. CNI,
MMF, and AZA were investigated in a small
number of RCTs to examine their relative
efficacy and safety as maintenance treat-
ments for lupus nephritis, but the findings
were equivocal owing to the small sample
sizes. Even if the available data from head-
to-head comparisons are insufficient, net-
work meta-analysis may assess the com-
parative effectiveness of various medicines
and integrate data from a network of RCTs
to help in decision-making [23, 24]. The
present study employed a network meta-
analysis to compare the efficacy and safety
of CNI, MMF, and AZA as maintenance
treatments for lupus nephritis.

Methods

Identification of eligible studies and
data extraction

We performed an exhaustive search for
studies that examined the efficacy and
safety of CNI, MMF, and AZA as mainte-
nance treatments for patients with lupus
nephritis. A literature search was per-
formed in PubMed, EMBASE, and the
Cochrane Controlled Trials Register to
identify available articles (up to Decem-
ber 2022). The following keywords and
subject terms were used in the search: “lu-
pus nephritis,” “maintenance treatment,’
“tacrolimus,” “cyclosporine,” “mycophe-
nolate mofetil,” and “azathioprine” All
references were reviewed to identify ad-
ditional studies that were not included
in the electronic databases. RCTs were
included if the study met the following
criteria: 1) compared CNI or MMF with
AZA, or CNI with MMF as maintenance
therapy for lupus nephritis; 2) provided
endpoints for the efficacy and safety of
CNI, MMF, and AZA; and 3) included pa-
tients with biopsy-proven lupus nephritis
class lIl, IV, or V. The exclusion criteria were
as follows: 1) inclusion of duplicate data
and 2) lack of adequate data for inclusion.
The efficacy outcome was relapse. The
definitions of relapse were based on the
criteria used in each trial (@ Table 1and 2).
The safety outcome was the number of
patients withdrawn due to adverse events

(AEs), infection, leukopenia, or doubling
of serum creatinine. The following infor-
mation was extracted from each study:
first author, year of publication, study
region, and kidney biopsy class; number
of patients treated with CNI, MMF, or AZA;
and the efficacy and safety outcomes of
the drugs. We quantified the method-
ological qualities of the four studies using
the Jadad scores [18]. Network meta-anal-
ysis was conducted in accordance with
the guidelines provided by the PRISMA
statement [27].

Evaluation of statistical associations
for network meta-analysis

The efficacy and safety of CNI, MMF, and
AZA for maintenance therapy of lupus
nephritis were ordered according to the
probability of being ranked as the best-
performingagent. Arandom effects model
was used as a conservative method, and
aBayesian network meta-analysis was con-
ducted using NetMetaXL [2] and WinBUGS
statistical analysis program version 1.4.3
(MRC Biostatistics Unit, Institute of Public
Health, Cambridge, UK). The Markov chain
Monte Carlo method was used to obtain
apooled effect size [3]. All chains were run
with 10,000 burn-in iterations followed by
10,000 monitoring iterations. Theinforma-
tion on relative effects was converted to
the probability that a treatment was best,
second best, and so on, with the ranking of
each treatment (called the surface under
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Table 2 Characteristics of individual studies included in the meta-analysis
Study [Ref] Drug dosages of maintenance treatment Definition of renal relapse
Tacrolimus/ MMF AZA
cyclosporine
Zhang, 2022 [36] | Trough level 1.0-1.5g/day 2mg/kg/day Confirmed when either of the following criteria are met: 1) proteinuria
3-5ng/mL >1.09/24 h in patients with urinary protein excretion <0.59/24h
after the induction phase or an increase in proteinuria >1.09/24hin
patients with urinary protein excretion > 0.5 g/24 h after the induction
phase; 2) a> 50% increase in Scr level among patients with normal
baseline Scr levels or a>30% increase in Scr levels among those with
abnormal baseline levels directly attributed to lupus
Kaballo, 2016 NA 22 mg/kg/day 2mg/kg/day A =50% increase in serum creatinine levels; doubling of proteinuria;
[20] >2g/d increase in proteinuria
Chen, 2012[7] Trough level NA 2mg/kg/day A doubling of urinary protein excretion, urinary protein excretion
4-6ng/mL >19/24hin patients with urinary protein > 0.5 g/24 h at the end of
the induction therapy, or urinary protein =2 g/24 h in patients with
urinary protein excretion > 0.5 g/24 h at the end of induction therapy;
an increase in serum creatinine of 50% or more over the baseline value
for more than 1 month
Dooley, 2011 NA 2g/day 2mg/kg/day Increase of 25% or more in the lowest serum creatinine level during
[12] the period from screening to the end of induction, plus one or more of
the following findings: simultaneous doubling of urinary protein clear-
ance, reaching a minimum of 2 g/24 h (or the urinary protein:creatinine
ratio equivalent); new or increased hematuria (= 5 red cells per high-
power field or > 2+ on a dipstick test for blood); or the appearance of
cellular casts
Houssiau, 2010 NA 2g/day 2mg/kg/day The recurrence or development of nephritic syndrome (serum albumin
[17] <3.5g/dL and 24 h proteinuria = 3 g) or renal impairment (= 33% in-
crease of serum creatinine within a 1-month period directly attributed
to lupus and confirmed 1 week later)
Moroni, 2006 Trough level NA 2mg/kg/day A nephritic flare was defined as a rapid increase in serum creatinine
[28] 200 ng/ml of =30% above baseline associated with an increase in proteinuria,
and/or active urine sediment, and/or a reduction in serum C3 and C4,
and/or an increase in anti-dsDNA antibody levels; a proteinuric flare
was defined as a rapid increase in proteinuria of at least 2 g/d if the
previous proteinuria level had been < 3.5 g/d or a doubling if previous
proteinuria had been >3.5g/d
Chan, 2005 [6] NA 1g/day 1.5-2mg/kg/day | Clinical manifestations indicating activity, with or without serologic
reactivation. An increase in prednisolone dose to > 15 mg/dL was also
classified as relapse
Contreas, 2004 NA 0.5-3 g/day 1-3 mg/kg/day Doubling of the urinary protein:creatinine ratio (proteinuria) or an
[8] increase in the serum creatinine level of > 50% for more than 1 month
Jiang, 2002 [19] NA 1g/day 1.5 mg/kg/day NA
Chan, 2000 [5] NA 1g/day 1.5 mg/kg/day By histologic studies
MMF mycophenolate mofetil, AZA azathioprine, Scr serum creatinine, NA not available

the cumulative ranking curve or SUCRA)
expressed as a percentage, ranging be-
tween 100% and 0%, with 100% and 0%
indicating that the treatment is the best
and worst, respectively [31]. The summary
estimates were presented in league tables
by ranking the treatments in order of the
most pronounced impact on the outcome
under consideration based on the SUCRA
[31]. We reported the pairwise odds ratio
(OR) and 95% credible interval (Crl) ad-
justed for the multiple-arm trials. Pooled
results were considered statistically signif-

$142

icant if 95% of the Crl did not contain

a value of 1.

Test for inconsistency and sensitivity

analysis

the consistency model to assess network
inconsistency between the direct and in-
direct estimates in each loop [34]. A sen-
sitivity test was performed by comparing
the random and fixed effects models.
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Inconsistency refers to the extent of dis-
agreement between the direct and indi-
rect evidence [10]. Assessment of incon-
sistency is important for conducting a net-
work meta-analysis [16]. We plotted the
posterior mean deviance of the individ-
ual datapoints in the inconsistency model
against their posterior mean deviance in

Results

Studies included in the meta-
analysis

A total of 967 studies were identified us-
ing electronic or manual searches, of which
16 were selected for full-text review based



Fig. 1 A Evidence network diagram of comparisons for network meta-anal-
ysis. The width of each edge is proportional to the number of randomized
controlled trials comparing each pair of treatments, and the size of each
treatment node is proportional to the number of randomized participants
(sample size). AZA azathioprine, CN/ calcineurin inhibitor, MMF mycophe-

nolate mofetil

on the title and abstract details. How-
ever, six of the 16 studies were excluded:
one because it included patients with lu-
pus nephritis without renal biopsy, [9] one
was not an RCT (cohort [4]), four studies
included data only on AZA without a com-
parison group including tacrolimus, MMF,
or AZA [11, 28], and two studies included
duplicate data [32, 33]. Thus, 10 RCTs,
including a total of 884 patients, met the
inclusion criteria ([5-8, 12, 17, 19, 20, 28,
36]; @Fig. 1). There were three interven-
tions, including eight studies of MMF, nine
of AZA, and three of CNI, for the network
meta-analysis. The Jadad scores for all
studies except two were 3-4, indicating
high study quality. The relevant features of
the studies included in this meta-analysis
are presented in @Table 1and 2.

Network meta-analysis of the
efficacy of CNI, MMF, and AZA in
RCTs

We considered the number of relapses as
the efficacy outcome. MMF was listed at

MMF
0.85
(0.35 - 2.32) CNI
0.72 0.85
(0.45 - 1.22) (0.34 - 2.00) AZA
a
MMF
0.93
(017 - 7.31) CNI
0.45 0.49
(0.16 - 1.06) (0.07 - 2.06) AZA
b
CNI
0.70
(0.12 - 4.10) ilids
0.39 0.56
(0.09 - 1.92) (0.19 - 1.63) oz
C
MME
078
(0.16 - 3.66) CNI
0.12 0.16
(0.04 - 0.34) (0.04 - 0.50) g2
d
NI
0.50
(0.01 - 12.05) ks
0.34 0.66
(0.00 — 7.44) (0.26 - 1.68) a2
e

Fig. 2 A League tables showing the results of the network meta-analyses
comparing the effects of all drugs, including odds ratio (OR) and 95%credible
interval (Crl). OR < 1 means the treatment in the top left is better. a Relapse;
b withdrawal due to adverse events; cinfection; d leukopenia; e doubling
serum creatine. MMF mycophenolate mofetil, AZA azathioprine

the top left of the diagonal of the league
table (BFig. 2) because it was associated
with the most favorable SUCRA for effi-
cacy outcomes, whereas AZA was listed at
the bottom right of the diagonal of the
league table because it was associated
with the least favorable results (B Fig. 2;

@ Table 3). MMF showed a trend toward
a lower relapse rate compared with AZA
(odds ratio [OR] 0.72,95% credible interval
[Crl] 0.45-1.22; BFig. 2 and 3). The num-
ber of relapses were lower in the CNI group
than in the AZA group (OR 0.85, 95% Crl
0.34-2.00; @Fig. 2 and 3). However, the
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Table 3 Rank probability of efficacy and
safety of CNI, MMF, and AZA based on renal
relapse, withdrawal due to AEs, number of
infections, and leukopenia, and doubling
serum creatine

Relapse

Treatment SUCRA

MMF 0.776

CNI 0.505

AZA 0.220
Withdrawal due to adverse events
Treatment SUCRA

MMF 0.752

CNI 0.653

AZA 0.095

Infection

Treatment SUCRA

CNI 0.775

MMF 0.600

AZA 0.125
Leukopenia

Treatment SUCRA

MMF 0.813

CNI 0.685

AZA 0.004

Doubling serum creatine

Treatment SUCRA

CNI 0.700

MMF 0.580

AZA 0.220

MMF mycophenolate mofetil, AZA azathio-
prine, SUCRA surface under the cumulative
ranking curve, AEs adverse events

number of relapses did not differ signifi-
cantly between the three drugs. This may
be partly explained by the low statistical
power from a relatively small number of
patients who had relapses in each group
and from the small number of studies in
this network meta-analysis. The ranking
probability based on SUCRA indicated that
MMF had the highest probability of be-
ing the best treatment based on the re-
nal relapse rate, followed by CNI and AZA
(@ Table 3).

Network meta-analysis of the safety
of CNI, MMF, and AZA in RCTs

We considered the number of patient with-
drawals due to AEs, infection, leukopenia,
and doubling of serum creatinine as the
safety outcome. The number of patient

S144
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withdrawals due to AEs did not differ signif-
icantly between the interventions (@ Fig. 2
and 3). However, the incidence of infec-
tion in the CNI and MMF groups tended
to be lower than that in the AZA group
(OR 0.39, 95% Crl 0.09-1.92; OR 0.56, 95%
Crl 0.19-1.63; @Fig. 2 and 3). The ranking
probability based on SUCRA indicated that
CNI had the highest probability of being
the most tolerable treatment, followed by
MMF and AZA (B Table 3). Fewer patients
with infections were observed in the CNI
and MMF groups than in the AZA group,
although the difference was not statisti-
cally significant (BFig. 2 and 3). The in-
cidence of leukopenia in the MMF and
CNI groups was significantly lower than
that in the AZA group (OR 0.12, 95% Crl
0.04-0.34; OR 0.16, 95% Crl 0.04-0.50;
BFig. 2 and 3). The ranking probability
based on SUCRA indicated that MMF had
the highest probability of being the safest
treatment based on leukopenia incidence,
followed by CNI and AZA (@ Table 3). The
doubling of serum creatinine levels did
not differ significantly among the inter-
ventions (@ Fig. 2; @ Table 3).

Inconsistency and sensitivity
analysis

Inconsistency plots assessing network in-
consistencies between direct and indirect
estimates showed a low possibility that
these inconsistencies may significantly af-
fect the network meta-analysis results. In
addition, the random and fixed effects
model results provided the same trend for
OR, indicating that the results of this net-
work meta-analysis are robust (@ Fig. 3).

Discussion

The bestlong-term results for lupus nephri-
tis require identification of the optimal
maintenance medication after remission
induction [1]. The relative effectiveness
and safety of CNI, MMF, and AZA as main-
tenance therapies in patients with lupus
nephritis were examined in this network
meta-analysis. MMF, which is probably
better than AZA, may be linked to the
highest likelihood of preventing renal re-
currence in these patients as maintenance
therapy, followed by CNI. However, there
were no significant differences in the ef-

ficacy. In terms of safety, there was no
difference in the number of withdrawals
owingto AEsamongthedrugs. Tolerability
seemed to be higher with CNI and MMF be-
cause AE withdrawals were less common
thanwith AZA. MMF and CNI were similarly
linked to a significantly lower prevalence
of leukopenia than AZA.

Unlike the previous network meta-anal-
ysis by Lee et al., [21] the current analysis
eliminated CYC and included four new tri-
als. Only one study has been conducted
on CYC. However, in terms of relative ef-
fectiveness, our findings are comparable
to those of the CYC study [21]. Further-
more, our findings are consistent with re-
cent meta-analyses that found that MMF
was less harmful than AZA [13]. Similar
studies have been published on the man-
agement of lupus nephritis [14, 15]. Both
studies were meta-analyses of RCTs on
the induction and maintenance of lupus
nephritis. MMF prevented relapse more
successfully than AZA during maintenance
treatment, with no increase in clinically
meaningful AEs. In contrast to the two
previous studies, our network meta-anal-
ysis focused on lupus nephritis mainte-
nance treatment and included analyses
of the relative effectiveness and safety
of immunosuppressive medications such
as MMF, AZA, and CNI. Our findings are
consistent with those of previous studies
comparing MMF to AZA in terms of renal
relapse and safety. However, our findings
provide important information that was
missing from earlier conventional meta-
analyses about the relative effectiveness
and safety of CNI, MMF, and AZA as main-
tenance therapies for lupus nephritis.

However, due to several limitations of
our research, our findings should be con-
sidered with caution. First, there were only
two RCTs on tacrolimus in the included
literature, resulting in limited sample sizes.
Second, diversity in the study design and
patient characteristics may have influ-
enced the results of this network meta-
analysis. Third, this study focused only on
effectiveness and safety, measuring the
number of patients who experienced re-
nal relapse, severe infection, leukopenia,
doubling blood creatine, and withdrawal
due to AEs. Consequently, the findings
of this study did not address all elements
of drug efficacy and safety. Fourth, the
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Fig. 3 <« Bayesian network meta-analysisresults
of randomized controlled studies on the relative
efficacy and safety of calcineurin inhibitor (CNJ),
mycophenolate mofetil (MMF), and azathio-
prine (AZA) based on renal relapse, withdrawal
due to adverse events (AEs), number of infec-
tions, leucopenia, and doubling serum creatine.
aRelapse, b withdrawal due to AE, cinfection,

d leukopenia, e doubling serum. OR odds ratio,
Crl95% credible interval

results are complicated by a number
of factors, including the percentage of
patients with class IV lupus nephritis, vary-
ing definitions of renal relapse, induction
therapy employed, severity of the illness,
drug dosage, and duration of follow-up.
We were not able to adjust the variables
because of a lack of data.

Nevertheless, this meta-analysis has
afewadvantages. Invarious trials, patients
with lupus nephritis ranged in number
from 42 to 227, while this particular in-
vestigation comprised 884 participants.
By improving the statistical power and
resolution, we were able to generate
data that were more precise than those
revealed in individual research. When di-
rect head-to-head comparisons are either
unavailable or inadequate, network meta-
analysis allows for an indirect comparison
of different treatments, maximizing the
use of all available data [22, 25]. The
relative effectiveness and safety of MMF,
CNI, and AZA in maintenance therapy of
lupus nephritis are shown in this study. In
conclusion, we discovered that CNI and
MMF were the most effective mainte-
nance therapies for patients with lupus
nephritis and that MMF had the best
chance of minimizing the risk of leukope-
nia, infections, and withdrawal due to AEs.
MMF and CNI maintenance treatments
are preferable over AZA in these patients
owing to the outcome of decreased renal
relapse rates. Further research is needed
to definitively assess the relative effec-
tiveness and safety of CNI, MMF, and AZA
in a broader group of patients in order to
find the best maintenance treatment for
lupus nephritis.
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Zusammenfassung

Relative Wirksamkeit und Sicherheit von Calcineurin-Inhibitoren,
Mycophenolatmofetil und Azathioprin als Erhaltungstherapie bei
Lupusnephritis: eine Netzwerk-Metaanalyse

Zielsetzung: Ziel dieser Studie war es, die relative Wirksamkeit und Sicherheit von
Calcineurin-Inhibitoren (CNI), Mycophenolatmofetil (MMF) und Azathioprin (AZA) als
Erhaltungstherapie bei Lupusnephritis zu bewerten.

Methoden: Eingeschlossen wurden randomisierte kontrollierte Studien (RCTs), welche
die Wirksamkeit und Sicherheit von CNI, MMF und AZA als Erhaltungstherapie bei
Patienten mit Lupusnephritis untersuchten. Wir fiihrten eine Bayessche Netzwerk-
Metaanalyse mit zufalligen Effekten durch, um die direkte und indirekte Evidenz aus
den RCTs zu kombinieren.

Ergebnisse: Es wurden 10 RCTs mit 884 Patienten in die Studie aufgenommen.
Obwohl der Unterschied statistisch nicht signifikant war, zeigte MMF im Vergleich

zu AZA die Tendenz zu einer niedrigeren Riickfallrate (Odds-Ratio [OR] 0,72; 95 %
Konfidenzintervall [KI] 0,45-1,22). Auch bei Tacrolimus zeigte sich ein Trend zu

einer niedrigeren Riickfallrate im Vergleich zu AZA (OR 0,85; 95 % Kl 0,34-2,00). Die
Rangwabhrscheinlichkeit auf Grundlage der Flache unter der kumulativen Rangkurve
(SUCRA) zeigte, dass MMF die hochste Wahrscheinlichkeit hatte, die beste Behandlung
auf der Grundlage der Riickfallrate zu sein, gefolgt von CNI und AZA. Die Inzidenz von
Leukopenien war in der MMF- und CNI-Gruppe signifikant niedriger als in der AZA-
Gruppe (OR 0,12; 95 % Kl 0,04-0,34; OR 0,16; 95 % KI 0,04-0,50; jeweils). In der MMF-
Gruppe wurden weniger Patienten mit Infektionen beobachtet als in der AZA-Gruppe,
obwohl der Unterschied statistisch nicht signifikant war. Die Analyse der Abbriiche
aufgrund von unerwiinschten Ereignissen ergab ein dhnliches Muster.
Schlussfolgerung: Geringere Riickfallraten in Verbindung mit einem giinstigeren
Sicherheitsprofil deuten darauf hin, dass CNI und MMF als Erhaltungstherapie bei
Patienten mit Lupusnephritis gegeniiber AZA (iberlegen sind.
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