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Abstract
Background  The ideal long-term maintenance therapy of Lupus Nephritis (LN) is still a matter of debate. The present study 
was aimed at comparing the efficacy/safety profile of cyclosporine (CsA), mycophenolate mofetil (MMF) and azathioprine 
(AZA) in long-term maintenance therapy of LN.
Methods  We performed a retrospective study of patients with biopsy-proven active LN. After induction therapy, all patients 
received maintenance therapy with CsA, MMF or AZA based on medical decision. Primary endpoint was complete renal 
remission (CRR) after 8 years (defined as proteinuria < 0.5 g/24 h, eGFR > 60 ml/min/1.73 mq); secondary endpoints were: 
CRR after 1 year, renal and extrarenal flares, progression of chronic kidney disease (CKD stage 3 or above) and side-effects.
Results  Out of 106 patients, 34 received CsA, 36 MMF and 36 AZA. Clinical and histological characteristics at start of 
induction therapy were comparable among groups. At start of maintenance therapy, CsA patients had significantly higher 
proteinuria (P = 0.004) or nephrotic syndrome (P = 0.024) and significantly lower CRR (23.5% vs 55.5% on MMF and 41.7% 
on AZA, P = 0.024). At one year, CRR was similar in the three groups (79.4% on CsA, 63.8% on MMF, 58.3% on AZA, 
P = 0.2). At 8 years, the primary endpoint was achieved by 79.4% of CsA vs 83.3% of MMF and 77.8% of AZA patients 
(P = 0.83); 24 h proteinuria, serum creatinine, eGFR were similar. CKD stage 3 or above developed in 8.8% of CsA, in 8.3% 
of MMF and in 8.3% of AZA patients (P = 0.92). Flares-free survival curves and incidence of side-effects were not different.
Conclusions  This is the first study comparing CsA, MMF and AZA on long-term LN maintenance therapy. All treatments had 
similar efficacy in achieving and maintaining CRR, despite more severe baseline clinical features in patients treated with CsA.
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Introduction

Renal involvement is frequent in Systemic Lupus Erythe-
matosus (SLE) and may greatly influence the course of 
the disease. Despite current therapeutic strategies, patients 
with lupus nephritis (LN) have a 10-year cumulative inci-
dence of end-stage-renal disease (ESRD) of 10.1% and 
5.9% of death [1]. The treatment of LN consists of two 
phases: an aggressive initial therapy aimed at induction of 
remission and a longer period of maintenance treatment [2, 
3]. Around 20–50% of LN patients achieve response dur-
ing the induction phases but renal flares are common dur-
ing the follow-up [4, 5]. Maintenance treatment is intended 
to consolidate the response and prevent recurrences using 
lower and presumably fewer toxic levels of immunosup-
pressive medications [6].

Azathioprine (AZA), mycophenolate mofetil (MMF) 
and calcineurin inhibitors (cyclosporine A (CsA) and tac-
rolimus) have been successfully used as maintenance LN 
therapy in recent randomized clinical trials [7–12]. To the 
best of our knowledge, no direct comparison of these three 
drugs has been performed. Only two-by-two comparison 
studies of MMF vs AZA [8–10] and of AZA vs calcineu-
rin inhibitors [11, 12] collected in randomized controlled 
studies or in retrospective studies are available [13–15]. 
The last Cochrane review reported that disease relapse is 
increased with AZA compared with MMF but with mod-
erate evidence. No conclusions are available about the 
efficacy of MMF, CsA, AZA in preventing mortality and 
ESRD due to the lack of long-term data [16].

In order to fill in these gaps of knowledge, we planned 
a retrospective, multicenter study enrolling patients with 
active LN who, after induction therapy, were assigned, 
based on clinical judgement, to low-dose prednisone plus 
CsA, MMF or AZA. All patients were followed for at least 
8 years after maintenance therapy was started.

The primary outcome measure of this study is complete 
renal remission at 8 years after the start of maintenance 
therapy. Secondary outcome measures include complete 
renal remission at 1 year, number of renal and extrarenal 
flares, chronic kidney disease (CKD) development, side 
effects.

Methods

We retrospectively identified patients who had received 
AZA, MMF or CsA as maintenance therapy for active 
LN referring to four Italian centers (Nephrological Unit, 
Fondazione Ca’ Granda IRCCS Ospedale Maggiore Poli-
clinico Milan, Division of Clinical Rheumatology, ASST 

Gaetano Pini -CTO, Milan, Department of clinical and 
experimental medicine, Rheumatology Unit, University of 
Pisa, Division of Rheumatology, University of Padua). The 
first patient included in the study started induction therapy 
in May 2000 and the last patient in February 2010. During 
this time span 165 patients received a diagnosis of LN in 
the four participating centers and 106 entered this study. 
Five out of the 59 patients (8.5%) not included in the study 
developed chronic kidney disease (CKD) within 8 year of 
observation (3 out of these 5 patients reached ESRD), 3 
died (5.1%), and 6 were lost to follow-up (10.2%).

Some of the patients of this study have been included 
in a previous randomized controlled study that compared 
AZA to CsA in LN maintenance therapy [11]. Based on 
the good long-term results achieved in that study we have 
continued to employee CsA as calcineurin inhibitor in this 
study.

Eligible patients fulfilled the following inclusion crite-
ria: (1) diagnosis of SLE based on criteria of the American 
College of Rheumatology (ACR) for the classification of 
SLE [17, 18]; (2) biopsy-proven lupus nephritis according 
to the International Society of Nephrology/Renal Pathology 
Society 2003  (ISN/RPS) classification [19], (3) active lupus 
nephritis at diagnosis or during a renal flare (4) a follow-up 
of at least 8 years from the start of maintenance therapy with 
one of the three drugs in study.

The starting point of the study is the beginning of the 
maintenance therapy after the induction treatment for active 
lupus nephritis.

Primary endpoint The primary outcome measure was 
complete renal remission (CRR) at 8 years from the start of 
maintenance therapy.

Secondary endpoints (a) CRR at 1 year after the start of 
maintenance therapy, (b) occurrence of renal and extrare-
nal flares, (c) CKD development, (d) drug related adverse 
events.

The study was approved by the Ethics Committee of Fon-
dazione Ca’ Granda IRCCS Ospedale Maggiore Policlinico 
di Milano, Italy (protocol number 504_2019bis) and of the 
other participating centers. We acted in the full adherence 
to the Declaration of Helsinki.

All patients signed an informed consent for the scientific 
use of their data.

Patients were followed by a dedicated team in each of the 
participating centers. At each visit laboratory tests included: 
complete blood count, serum creatinine, estimated glomeru-
lar filtration rate (eGFR), glucose, total proteins and albu-
min, erythrocyte sedimentation rate, C-reactive protein, 
ANA, ENA, anti-dsDNA, antiphospholipid antibodies, C3, 
and C4, urinary sediment and 24-h proteinuria. Patients 
were also periodically subjected to: chest radiography, 
abdomen ultrasound, bone densitometry and cardiovascu-
lar evaluation.
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For the study, data had to be recorded at the start of 
induction therapy, at the start of maintenance therapy, after 
1, and 8 years of maintenance therapy at time of flares and 
at last observation.

Definitions

eGFR in ml/min/1.73 m2: according to the Modification of 
Diet in Renal Disease (MDRD).

Definitions of renal remission [20].
CRR​ proteinuria < 0.5  g/24  h, normal or near nor-

mal eGFR (within 10% of normal eGFR if previously 
abnormal)

Partial renal remission (PRR)  ≥ 50% reduction in pro-
teinuria to subnephrotic levels, and normal or near-normal 
eGFR

No Renal remission (NoR) all the other cases.
Renal flares [4].
Nephritic flare a rapid increase in serum creatinine of 

30% above baseline associated with an increase in proteinu-
ria, and/or active urine sediment.

Proteinuric flare a rapid increase in proteinuria of at least 
2 g/24 h if the previous proteinuria was < 3.5 g/24 h or a 
doubling if previous proteinuria was > 3.5 g/24 h.

Extra renal flares all extrarenal SLE manifestations 
requiring increase in immunosuppressive therapy.

Safety assessment: events that require hospitalization, 
diagnostic investigations and therapeutic modifications.

CKD eGFR < 60 ml/min and inactive urinary sediment, 
confirmed by at least three determinations during at least 
6 months.

Statistical analysis

Descriptive statistics were calculated as median and inter-
quartile ranges, since the distribution of the variables was 
not normal. For the same reason, the difference of continu-
ous variables between groups was tested with non paramet-
ric Wilcoxon test for independent samples. Paired data tests 
were used to compare the values of clinical parameters at 
different time points. Chi-square test was used to test corre-
lation of qualitative or dichotomized variables among groups 
of patients. We performed a logistic regression analysis to 
evaluate primary outcome (CRR) predictors among the main 
basal covariates. A Cox survival analysis of SLE flares pre-
dictors among the main basal covariates was performed.

Kaplan–Meier estimate was used to draw flares free sur-
vival curves, and log-rank test was used to test their dif-
ference. The analysis of the data of patients that changed 
or stopped maintenance therapy was performed based on 
intention to treat.

Initial and maintenance therapy

Induction therapy Table 1 Briefly: 96.2% of patients received 
three methylprednisolone pulses (MP) (500–1000 mg each) 
followed by oral prednisone 0.5–1 mg/kg/day, the other 
patients received oral prednisone 1 mg/kg day for one month 
then gradually tapered. Cyclophosphamide (CYC) (monthly 
pulses 0.5–1 g/m2 or oral 1–2 mg/kg for three months) was 
given to 73.6% of participants, MMF (target dose 2–3 g/
day) or AZA (initial dose of 2 mg/kg per die) to 16% of 
participants. Rituximab or intravenous immunoglobulins 
were administered in the remaining patients. In addition, as 
a concomitant therapy, all patients received hydroxychlo-
roquine and therapy with angiotensin converting enzyme 
inhibitors and/or angiotensin II receptor blockers therapy 
throughout the study.

Maintenance therapy

Mycophenolate mofetil: 2  g/day for the first year then 
reduced to 1.5 g/day.

Cyclosporine: 4 mg/kg per day. After the first month the 
dose was reduced by 0.5 mg/kg every 2 weeks to a mainte-
nance dose of 2.5–3.0 mg/kg per day for the first year and 
then 1.5 mg/kg/day.

Azathioprine: 2 mg/kg per day, with reduction to 1.5 mg/
kg per day after 2 months. After the first year the mean dos-
age was 1 mg/kg/day.

Results

We enrolled 106 patients, 101 females, with a median age 
of 31 years (interquartile ranges (IR) 22.5–37.8) at starting 
point of the study. Seventy patients (66%) entered this study 
at histological diagnosis of LN, and 36 during a LN renal 
flare that occurred in median 54 months (IR 36–69.6) after 
the diagnosis of LN. The median duration of SLE at enroll-
ment was 6.6 years (IR 1.3–12.5). The renal biopsy showed 
class III nephritis in 14.2%, class IV in 68.9%, and class V 
in 16.9%. of patients. At the beginning of induction therapy, 
23 patients (22.6%) had eGFR < 60 ml/min and 42 patients 
(39.6%) had nephrotic syndrome. As maintenance therapy, 
34 patients received CsA, and 36 received MMF or AZA 
based on medical judgeent and with the patients’ approval 
(Table 1).

At start of initial therapy there were no significant differ-
ences in demographic, clinical, histological and therapeutic 
characteristics of patients assigned to CsA, to AZA or to 
MMF (Table 1).

At start of maintenance therapy, a significant improve-
ment in renal parameters was obtained in all the three 
groups. However, in comparison to patients assigned to 
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MMF and to AZA, patients assigned to CsA had signifi-
cantly higher residual proteinuria (median 0.92 g/24 h in 
MMF, 0.55 g/24 h in AZA vs 1.4 g/24 h in CsA; P = 0.004), 
more frequent nephrotic syndrome (2.8% in MMF, 5.2% in 
AZA vs 20.5% in CsA; P = 0.024) (Table 2), and signifi-
cantly less frequent CRR (55.5% in MMF, 41.7% in AZA vs 
23.5% in CsA P = 0.024). Altogether, at start of maintenance 
therapy, complete, partial and no response were respectively 
23.5%, 55.8%, and 20.6% in CsA, 55.5%, 38.9% and 5.5% 
in MMF and 41.7%, 50% and 8.3 inAZA group (Fig. 1a).

After one year of maintenance therapy, the median pro-
teinuria was ≤ 0.5 g/day in all three groups (P = ns). The 
percentage of patients in CRR in CsA group (79.4%) was 
comparable to that of MMF (63.8% P = 0.2) and to that in 
AZA (58.3% P = 0.1) (Fig. 1b). PRR and NoR were pre-
sent in 5.9% and in 14.7% respectively in CsA vs 22.2% 

and 13.9% in MMF and 36.1% and 5.5% in AZA group. 
The median values of serum creatinine, eGFR, proteinuria 
and the number of patients with arterial hypertension were 
not significantly different among the three groups (P = 0.07, 
P = 0.23, P = 0.44 and P = 0.15 respectively).

Renal and extrarenal flares during maintenance 
therapy

During the first year of maintenance therapy none of the 
patients of the three groups developed renal or extrarenal 
flares.

During the subsequent follow-up, SLE flares occurred 
in nine patients in CsA group, (26.5%) after a mean of 
4.4 ± 2.4 years (range 1.3–7.6 years) from the start of 
maintenance therapy. Three flares were nephritic flares, 

Table 1   Demographic, clinical and histological characteristics of patients at start of intial therapy

N° number, CsA cyclosporine, AZA azathioprine, MMF mycophenolate mofetil, pts patients, eGFR glomerular filtration rate, LN Lupus Nephri-
tis, SLE Systemic Lupus Erythematosus, FUP follow up, ISN/RPS International Society of Nephrology/Renal Pathology Society, mg/dl mil-
ligram/deciliter. FUP follow-up, N° number, CYC​ cyclophosphamide. If not differently specified data are reported as median and interquartile 
ranges
All Patients*: Class III + V: 5 pts, IV + V: 7 patients; CsA**: Class III + V: 2 patients, IV + V:4 patients; MMF ***Class III + V: 2 patients, 
IV + V:2 patients; AZA**** class III + V:1 patients, IV + V: 1 patients

All patients
106

CsA
34 patients

MMF
36 patients

AZA
36 patients

P value

Patients who started the study at diagnosis of LN N° 
(%)

70 (66) 24 (70.6) 22 (64.7) 24 (66.7) 0.65

Median age at the start of induction therapy (years) 31 (22.5–37.8) 27.1 (21–35.1) 34.3 (24.3–39.2) 29.6 (23.5–35.8) 0.28
Sex females/males 101/5 32/2 33/3 36/0 0.23
Ethnicity (Caucasian/South American) 103/3 33/1 34/2 36/0 0.8
Histological class III (or III + V)/IV (or IV + V) /V only 

(ISN/RPS 2003)
15/73/18* 5/22/7** 4/29/3*** 6/22/8**** 0.38

Activity index 7 (3.5–8) 6 (3.5–8) 7 (5.25–9) 7 (2.75–8) 0.7
Chronicity index 2 (1–3) 3 (0–3.5) 2 (0.75–3.25) 1.5 (1–2) 0.7
FUP from the diagnosis of SLE to the start of the study 

(years)
6.6 (1.3–12.5) 4.7 (1.3–12.6) 7.4 (0.9–13.7) 6.6 (2.0–10.9) 0.89

FUP from diagnosis of LN to the start of the study 
(years)

0.3 (0.1–4) 0.3 (0.1–3.1) 0.3 (0.1–5.6) 0.2 (0.1–3.1) 0.51

FUP from the start of the study to last observation 
(years)

15.5 (11.3–19.2) 18.8 (13.3–20.2) 12.4 (10.1–14.8) 16.9 (14.4–19.2)  < 0.0001

Methylprednisolone pulses/oral prednisone N° (%) 102 (96.2)/4 (3.8) 33 (97.1)/1 (2.9) 34 (94.4)/2 (5.6) 35 (97.2)/1 (2.8) 0.78
Immunosuppressive initial therapy % of different drugs CYC 73.6 CYC 79.4 CYC 69.5 CYC 72.2 0.41

MMF 11.3 MMF 8.9 MMF 13.9 MMF 8.5 0.22
AZA 4.7 AZA 2.9 AZA 5.5 AZA 5.5 0.37
Others 10.4 Others 8.8 Others 11.1 Others 13.8 0.76

Data at the start of initial therapy
 Serum creatinine mg/dl 0.9 (0.8–1.2) 0.9 (0.8–1) 0.8 (0.7–1) 0.9 (0.7–1.3) 0.81
 eGFR (ml/min/1.73mq) 98.1 (65.1–132.2) 93.5 (77.7–119) 108.4 (78.2–137) 88.4 (57.4–127.4) 0.87
 Patients with GFR < 60 ml/min/1.73mq N° (%) 24 (22.6) 6 (17.6) 7 (19.4) 11 (36) 0.29
 Proteinuria g/day 2.9 (2–4.7) 3.1 (2.5–5.9) 2.8 (1.9–4.1) 2.7 (1.9–3.77) 0.20
 Patients with nephrotic syndrome N° (%) 42 (39.6) 15 (44.1) 13 (36.1) 14 (36.8) 0.73
 Patients with arterial hypertension N° (%) 55.3 58.8 57.6 50 0.71
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five were proteinuric flares and the last was an extrarenal 
flare. All flares were responsive to therapy.

In MMF group 14 SLE flares (38.8%) occurred in mean 
3.9 ± 1.8 years (range 1.16–6.4) after the start of mainte-
nance therapy. Three were nephritic flares, six proteinuric 
flares and five extrarenal flares. Almost all flares have been 
treated with benefit, except for only incomplete recovery 
of proteinuria in one proteinuric flare.

Twelve flares occurred in AZA group (33.3%) after a 
mean of 5.5 ± 2.8 years (range 1.5–9). Only one nephritic 
flare occurred in this group, ten were proteinuric flares 
and one was an extrarenal flare. All flares were treated 
with success.

The treatment of flares is reported in (Table 3).

The results of Cox regression analysis to evaluate SLE 
flares predictors among the main baseline covariates are 
reported in Supplementary Table 1. None of the tested 
covariates was associated with the development of flares.

The number and the type of SLE flares and the Kaplan 
Meier flares free survival curves were not significantly dif-
ferent among the three groups (P = 0.54) (Fig. 2).

Renal status at 8 years (Table 2)

No difference at eight years was demonstrated in the pri-
mary endpoint of the study among the three groups. The 
number of patients with CRR was 27 (79.4%) in CsA group 
vs 30 in MMF group (83.3%) and 28 (77.8%) in AZA group 

Table 2   Data at start, and after one, and eight years of maintenance therapy

N° number, CsA cyclosporine, AZA azathioprine, MMF mycophenolate mofetil, pts patients, SLE systemic lupus erythematosus, eGFR glomeru-
lar filtration rate, CKD chronic kidney disease, mg/dl milligram/decilitre. If not differently specified data are reported as median and interquartile 
ranges

CsA
34 patients

MMF
36 patients

AZA
36 patients

P value

Data at start of maintenance therapy
 Serum Creatinine mg/dl 0.9 (0.7–1) 0.8 (0.7–0.9) 0.8 (0.7–1) 0.32
 eGFR (ml/min/1.73mq) 105.8 (81.7–138.6) 120.7 (86.7–147.4) 103.9 (74.1–130) 0.61
 Patients with GFR < 60 ml/min/1.73mq N° (%) 3 (8.8) 1 ( 2.7) 3 (8.3) 0.35
 Proteinuria g/24 h 1.4 (0.81–3.15) 0.55 (0.28–1) 0.92 (0.43–1.7) 0.004
 Nephrotic syndrome No (%) 7 (20.5) 1 (2.8) 2 (5.2) 0.02

Data at one year after start of maintenance therapy
 Serum Creatinine mg/dl 0.9 (0.73–1) 0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.07
 eGFR (ml/min1.73mq) 86.2 (74–109.9) 93.4 (80.7–112.6) 96.4 (82–119.8) 0.23
 Patients with GFR < 60 ml/min/1.73 mq N° (%) 4 (11.7) 2 (5.5) 3 (7.9) 0.23
 Proteinuria g/24 h 0.32 (0.27–0.55) 0.3 (0.2–0.8) 0.5 (02–0.9) 0.44
 Patients with arterial hypertension N° (%) 21(63.6) 14 (43.8) 17 (50) 0.15
 Renal/extrarenal flares 0 0 0
 Prednisone dosage mg/day 6.25 (5–10) 7.5 (5–12.5) 7.5 (5–10) 0.67

Renal and extrarenal flares during maintenance therapy
 All SLE flares N° (%) 9 (26.5) 14 (38.8) 12 (33.3) 0.54
 Nephritic flares N° 3 3 1 0.35
 Proteinuric flares N° 5 6 10 0.21
 Extrarenal flares N° 1 5 1 0.096

Data at eight years after start of maintenance therapy
 Serum Creatinine mg/dl 0.85 (0.8–1) 0.8 (0.7–0.8) 0.7 (0.7–0.9) 0.05
 eGFR (ml/min/1.73mq) 105 (74.8–133) 96.8 (80–116.7) 103.2 (76–120.7) 0.28
 Proteinuria g/24 h 0.2 (0.1–0.4) 0.2 (0.1–0.5) 0.2 (0.1–0.6) 0.87
 Patients with arterial hypertension N° (%) 22 (68.8) 17 (47.2) 18 (53) 0.29
 Patients with CKD N° (%) 3 (8.8%) 3 (8.3%) 2 (8.3%) 0.92
 Prednisone dosage mg/day 5 (2.5–5) 5 (0–5) 2.5 (0–5) 0.27
 Immunosuppressive drug dosage mg/day 75 (50–137.5) 1000 (1000–2000) 50 (25–50) 0.63
 Patients in maintenance therapy with the study drug at 8 years N° (%) 20 (58.8) 26 (72) 25 (69.4) 0.46
 Duration of maintenance therapy from the start of the study to the end 

of follow up (years)
6.1 (4.15–10.9) 7.4 (5.5–10.1) 7.1 (5.7–10.7) 0.47
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(P = 0.83). PRR and NoR were present in 1.8% and 8.8% 
of patients in CsA group vs 5.5% and 11.1% in MMF and 
in 13.9%and 8.3% in AZA group (Fig. 1c). Three patients 
developed CKD in CsA group (8.8%) in comparison to three 
in MMF (8.3%) and two in AZA group (8.3%) (P = 0.92). No 
patient died during the study.

The median values of serum creatinine, eGFR and pro-
teinuria were in normal range in all the three groups. The 
number of patients with arterial hypertension was similar 
(P = 0.29).

Logistic regression analysis was performed to identify the 
predictors of CRR among baseline patient variables. Except 
for arterial hypertension at baseline (OR 6.486 Confidential 
intervals 1.754–23.982, P = 0.001) none of the other base-
line variables were associated with the occurrence of CRR 

(Supplementary Table 2). At 8 years, 20 patients in CsA 
group (58.8), 26 (72%) in MMF group 25 (69.4%) in AZA 
group, continued treatment with the drug (P = 0.46).

During the study, five successful pregnancies occurred 
in the CsA group, two in the MMF group and five in the 
AZA group.

Clinical status at last observation

No patient died. One patient in CRR was lost to follow up 
after 13.8 years in CsA group, the other 33 were followed 
for 18.6 (IR 12.2–19.8) years. Six patients (four in CRR 
and two in CKD) were lost in the AZA group between 
12.3 and 24 years, the other 30 patients were followed for 
16.6 years (IR 11.8–18.8). All MMF patients were followed 
for 12.4 years (IR 10.1–14.8). At last observation CRR, PRR 
and CKD were present in 72.4%, 18.3% and 9.3% of patients 
in CsA group, 83.3%, 3.3% and 13.4%, in AZA and 75%, 
13.9 and 11.1% in MMF group.

Side effects

No differences in number and in severity of side effects was 
demonstrated among the three drugs as reported in (Table 4).

Discussion

Although earlier diagnosis and refinement of therapeutic 
approaches have improved the prognosis of LN, the type 
and duration of maintenance treatment remains a major 
challenge for clinicians. In 2004 Contreras et al. demon-
strated that maintenance therapy with quarterly i.v. CYC 
was significantly less effective and more toxic than those 
with MMF and AZA [21]. Following such evidence i.v. CYC 
was not recommended as maintenance therapy in LN and 
MMF, AZA and calcineurin inhibitors are used instead. In 
patients with incomplete response to maintenance therapy, 
some recent studies suggest that the addition of Belimumab 
allows the achievement of complete response [22].

This is the first study that compares CsA to AZA and 
to MMF as maintenance therapy. All patients enrolled had 
a follow-up of at least 8 years after starting maintenance 
therapy, the longest follow-up reported until now in particu-
lar for MMF. Results are based on every day clinical practice 
of four Italian Nephrological and Rheumatological tertiary 
centers. CsA, AZA and MMF proved to be equally effective 
in consolidating and maintaining the CRR until the end of 
the study. The primary outcome measure of this study, the 
CRR at 8 years, was achieved in around 80% of patients in 
each group. Besides arterial hypertension, no other base-
line variables were associated with the occurrence of CRR 
at logistic regression analysis. This result suggests a rather 

Fig. 1   a Percentage of patients in complete, partial and no renal 
remission assigned to the three different maintenance drugs, at the 
start of maintenance therapy. b Percentage of patients in complete, 
partial and no renal remission assigned to the three different main-
tenance drugs, after one year of maintenance therapy. c Percentage 
of patients in complete, partial and no renal remission assigned to 
the three different maintenance drugs, after 8  years of maintenance 
therapy. CsA cyclosporine, AZA azathioprine, MMF mycophenolate 
mofetil
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satisfactory allocation of patients into the three maintenance 
treatments groups.

The percentage of SLE flares and the SLE flares free sur-
vival curves were not different among the three groups. No 
significant predictors of flares emerged at Cox regression 
analysis among the basal covariates. This could probably 
be due to the low number of patients included in the study.

At last observation, despite the potential nephrotoxicity 
of calcineurin inhibitors [23], CKD and the percentage of 
arterial hypertension occurred in a comparable number of 
patients in CsA group than in MMF and in AZA group. No 
other differences were observed among the three groups in 
the median value of proteinuria and of eGFR.

To the best of our knowledge, only two-by-two compari-
son studies of MMF vs AZA [8–10] and AZA vs calcineurin 

inhibitors (CsA and tacrolimus) [11, 12] collected in ran-
domized controlled studies or in retrospective studies are 
available [13–15]. The results of the two first randomized 
controlled trials comparing AZA and MMF were con-
trasting. In the maintenance phase of ALMS study, MMF 
resulted more effective than AZA in preventing treatment 
failure after 4 years observation [8]. While, in the Maintain 
study, AZA and MMF were equally effective in preventing 
renal flares over a 10-year follow-up [9]. These two studies 
were not comparable for several reasons, including selec-
tion of patients, ethnicities differences and selection of end-
points. Two retrospective studies reported equal efficacy of 
the two drugs [13, 14]. Based on the last Cochrane review on 
LN therapy, relapses are apparently more frequent in AZA 
compared with MMF but with moderate certainty evidence 
[16]. We have not observed significant differences in the 
percentage of responses and of flares among patients treated 
with AZA or MMF. Both were equally effective in the long-
term in maintaining LN remission.

Not many studies have evaluated the efficacy of CsA in 
LN patients despite the potential efficacy of this drug in 
proteinuric forms of LN as demonstrated in animal models. 
In a mouse model of LN, CsA was effective in reducing 
proteinuria and preserving renal function through stabilizing 
podocyte actin cytoskeleton and inhibiting podocyte apop-
tosis [24]. Low doses of calcineurin inhibitors have been 
shown to inhibit the function of P-glycoprotein, leading to 
restoration of intracellular therapeutic levels of glucocorti-
coids, thus preventing treatment resistance [25]. Following 
encouraging results in randomized controlled trials, there 
is growing interest in the role of tacrolimus as potential 
therapeutic agent in LN induction therapy, particularly in 
association with MMF [26]. As far maintenance therapy is 

Table 3   Number and type of SLE flare that occurred during the study and the flare therapy

N° number, CsA cyclosporine, AZA azathioprine, MMF mycophenolate mofetil, CYC​ cyclophosphamide, Pts patients, MPs 3 methylpredniso-
lone pulses, P prednisone. If not differently specified data are reported as average and standard deviation

N° pts with proteinuric flares N° of pts with nephritic flares N° of pts with extrarenal flares Years from start main-
tenance therapy and 
flares

Total num-
ber of flares 
(%)

CsA 5 3 1 4.4 ± 2.4 9 (26.5%)
Therapy 3: MPs + CYC​ 2: MPs + added MMF 1: Rituximab

2: MPs + MMF 1: MPs + CYC + AZA
MMF 6 3 5 3.9 ± 1.8 14 (38:8%)
Therapy 2 MPs 2: MPs + increase MMF 3: Oral P + Belimumab

1: MPs + CsA 1: Oral P +  1: Oral P,
1: Ora P + Belimumab Tacrolimus 1: Oral P

AZA 10 1 1 5.5 ± 2.8 12 (33.3%)
Therapy 5: MPs + MMF 1: MPs + MMF 1: Oral P

2: MPs + CYC​
2: MPs
1: MMF

Fig. 2   Kaplan and Meier flare free survival curves of patients 
assigned to receive Cyclosporine, Mycophenolate Mofetil or azathio-
prine as maintenance therapy in lupus nephritis. CsA cyclosporine, 
AZA azathioprine, MMF mycophenolate mofetil
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concerned, only a randomized controlled study comparing 
tacrolimus with AZA in LN maintenance therapy has been 
performed in Chinese patients. The two drugs had a similar 
rate of renal relapses. However, a 6 months follow-up is too 
short to draw firm conclusions [12]. Based on the satisfac-
tory results at 4 years of our randomized trial in which CsA 
was compared to AZA in maintenance LN therapy [11] we 
have used this calcineurin inhibitor in the present study.

The CYCLOFA-LUNE trial compared the efficacy of 
CsA vs i.v. CYC pulses as induction therapy in patients 
with proliferative lupus nephritis [27]. After a mean follow-
up of 7.7 years, no differences emerged in the incidence of 
renal insufficiency and ESRD between the two arms. Rihova 
et al. administered CsA as induction and as maintenance 
therapy in 31 LN patients. Complete remission was achieved 
in 93.5% of patients. The relapse rate was 45.2%. After a 
mean follow-up of 7.1 ± 2.05 years, 67.9% of patients were 
in remission [15].

CsA maintenance therapy was compared with AZA in 
one Italian randomized controlled trial that included 69 
DPLN patients. The primary endpoint was the prevention 
of LN flares. After 4 years, the incidence of renal flares was 
19% in the CSA group, which was not significantly differ-
ent from the 24% in AZA group. Of note, the reduction of 
proteinuria occurred earlier in CsA group and, at the end of 
the follow-up, 41.7% of patients assigned to CsA had unde-
tectable proteinuria versus 15.1% of those in AZA group 
(P = 0.045) [11]. Our results confirmed the efficacy of CsA 
in reduction proteinuria and reinforced the role of CsA in the 
LN therapy, as other authors have confirmed recently [28, 
29]. As a matter of fact, despite no differences in induction 
therapy, patients in CsA had significantly higher proteinuria 
and more frequent nephrotic syndrome than those of the 
other two groups. Therefore, a significantly lower number of 

CsA patients were in CRR at start of maintenance therapy. 
After 1 year of maintenance therapy, the situation reversed 
and CsA patients were slightly more frequent in remission 
than in the other two groups. It is demonstrated that the 
normalization in daily proteinuria is a strong predictor of 
a fairly long-term renal outcome not only in patients with 
primary glomerular diseases [30] but also in those with LN.

The more rapid reduction of proteinuria with CsA is very 
relevant in clinical practice, because it could allow to better 
guide the clinician in the therapeutic choice based on the 
initial characteristics of the patients such as the proteinuria 
levels. Despite longer duration of CsA treatment, we have 
not observed in this group, the most severe potential com-
plications of this drug such as the development/worsening 
of arterial hypertension and nephrotoxicity. This is probably 
the result of a regular monitoring of the patients by dedi-
cated teams, of the frequent checking of drug blood levels, 
and of the progressive reduction of the dosage until its with-
drawal in patients who achieve stable remission. Altogether, 
these results suggest the efficacy and safety of low dose CsA 
in long-term maintenance treatment of LN. Another interest-
ing point of the study is the high number of patients who had 
a successful pregnancy in CsA and in AZA group. CsA and 
AZA having a safety profile can be continued during preg-
nancy, instead MMF must be withdrawn at least 6 months 
before conception [31]. This study has many limitations. It 
is a retrospective study. The number of patients included in 
the study is low for a proper evaluation of the primary end 
point. The exclusion of the patients with a shorter follow-up 
could have biased the results. The assignment to one of the 
drugs for maintenance therapy was not randomized.

Despite these limitations, this is the first study that com-
pares AZA, CsA, MMF in maintenance therapy of LN. All 
these three drugs seem to be equally effective in inducing 

Table 4   Side effects of the 
maintenance therapy

N° number, CsA cyclosporine, AZA azathioprine, MMF mycophenolate mofetil

Side effects CsA MMF AZA

Total side effects N° (%) 3 (9.4%) 6 (16.7%) 5 (13.9%)
Side effects in the first year N° 0 1 1
Side effects from the first to the eighth year N° 3 5 4
Serious side effects during the maintenance therapy CsA MMF AZA
Death 0 0 0
Serious infections 2 0 2
Haematological 0 0 1
Central nervous system 0 0 0
Endocrinological 0 2 0
Migraine with aura 0 1 0
Gynecological 0 1 0
Cardiovascular 1 0 1
Cancer 0 0 0
Others 0 2 1
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and maintaining the remission of LN during a long follow-
up with an acceptable rate of flares and of side effects. The 
rapid reduction of proteinuria that is obtained with CsA is 
an added value of this drug which must be valued in clinical 
practice when choosing LN treatment. However, it is likely 
that the key for treatment efficacy resides mostly in a strict 
patient follow-up by a dedicated team.
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