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Aim
The combination of cyclophosphamide (Cyc) and predniso-
lone is effective in treating in severe diffuse proliferative glo-
merulonephritis (DPGN) in systemic lupus erythematosus
(SLE). However, Cyc can have severe, immediate and cumu-
lative, adverse effects. Mycophenolate mofetil (MMF) is a
p u rine antimetabolite that selective ly suppresses ly m p h o-
cytes, which usually depend on purine nucleotide synthesis.
MMF has been suggested as a potential substitute for Cyc,
and this randomized trial was conducted in order to verify the
efficacy of oral MMP combined with oral prednisone in
treating lupus DPGN.
Methods
42 patients (pts) with SLE and DPGN (based on kidney biop-
sy), WHO class IV (according to classification), urinary pro-
tein excretion ≥ 1g/24 hrs, and serum albumin ≤ 3.5 g/dl
were enrolled and, within 48 from the kidney biopsy, ran-
domly assigned to one of two treatments: prednisolone plus
MMF for 12 months, or prednisolone plus Cyc for 6 months,
followed by prednisolone plus azathioprine for 6 months.
MMF was initiated at 1 g twice a day for 6 months and then
reduced to 500 mg twice a day for the second 6 months, then
replaced with azathioprine 1 mg/kg/day at 12 months. Cyc
was administered orally at a dose of 2.5 mg/kg/day for 6
months and then replaced by azathioprine 1.5 mg/kg/day at 6
months, then lowered to 1 mg/kg/day at 12 months. The
starting dose of prednisolone was 0.8 mg/kg/day, tapered by
5 mg/day after 2 weeks, with reductions of 2.5 mg/day every
2 weeks and then every 4 weeks until the maintenance dose
of 10 mg per day was reached.
Pts were seen weekly for 4 weeks, then every other week for
8 weeks, then monthly. At each follow-up visit the pts were
eva l u ated for manife s t ations of lupus nep h ritis and fo r
adverse effects of the therapy. Urinanalysis, renal and liver
function, serum anti-double-stranded DNA antibodies, ser-
um C3, urinary protein excretion/24 hours, and creatinine
clearance were evaluated. Blood pressure was measured and
hypertension was treated with calcium-channel blockers. 
Primary outcomes were complete or partial remission. Com-
plete remission was defined as a value for urinary protein
excretion < 0.3 g/24 hours, with normal urinary sediment, a
normal serum albumin concentration, and values for serum
creatinine and creatinine clearance no more than 15% above
the baseline values. Partial remission was defined as a value
for urinary protein excretion between 0.3 and 2.9 g/24 hours,
with a serum albumin concentration of at least 30 g/liter. 

Results
The mean C3 serum concentration increased significantly in
both groups after 2 weeks of treatment (p < 0.05 in both
groups), while the proportion of pts with high serum anti-
double-stranded DNA antibodies significantly decreased in
both groups (p =0.001 in group 1 and p=0.03 in group 2).
The mean cre atinine serum concentration signifi c a n t ly
decreased with respect to baseline values in group 2 after 2
weeks of therapy (p =0.04) and in group 1 (p =0.04) after 12
weeks of therapy. Compared to baseline values, urinary pro-
tein excretion significantly decreased and serum albumin sig-
nificantly increased in group 2 after 2 weeks of therapy and
in group 1 after 4 weeks of therapy, remaining lower and
higher, respectively, with respect to baseline values for each
subsequent evaluation (p < 0.05 in all comparisons). At 12
months creatinine clearance did not differ significantly from
baseline values in either group and also serum creatinine and
C3 were stable in respect to baseline values (p> 0.05 in all
comparisons).
81% of the 21 pts in group 1 had a complete remission, and
14% had a partial remission, as compared with 76% and 14%
respectively of the 21 pts in group 2. The improvements in
the degree of proteinuria and the serum albumin and creati-
nine concentrations were similar in the two groups. One
patient in each group discontinued treatment because of side
effects. Infections were noted in 19% of the pts in group 1
and in 33% of pts in group 2 (P = 0.29). Only the latter expe-
rienced amenorrhea (23%), alopecia (19%), l e u ko p e n i a
(10%), and death (10%). The relapse rates were 15% and
11% in group 1 and in group 2, respectively (p>0.05).
Conclusions
In the management of lupus DPGN, the combination of
MMF and prednisolone is as effective as a Cyc and predni-
solone followed by azathioprine and prednisolone but is less
toxic. This very important result indicates that MMF may be
a safe alternative to Cyc. It could be used to avoid the toxici-
ty and mutagenic effects of Cyc, or as an an alternative treat-
ment in pts who fail to respond to Cyc. 
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Comment
The data in the literature available so far strongly support
the combination of cy clophosphamide (Cyc) and pre d n i s o l o n e
as the “gold standard” in the treatment of severe lupus neph -
ri t i s , p a rt i c u l a rly diffuse pro l i fe rat ive glomeru l o n ep h ri t i s
(DPGN). Indeed, Cyc is generally used both to induce the re -
mission of lupus nephritis as well as a maintenance therapy.
The use of Cyc is large ly supported by the NIH studies, wh i ch
a re the only ra n d o m i zed controlled studies with a long-term
follow-up so far published. These same studies, however,
have raised many concerns regarding the long-term safety of
Cyc, with particular reference to its gonadal toxicity and
carcinogenicity. In the studies by Gourley et al. and Illei et al.
premature menopause was observed in 56% and cervical
dysplasia in 9% of the patients treated with Cyc versus 10%
and 0% respectively in patients treated with steroids. Fur -
thermore, one recent meta-analysis on the treatment of LN
has shown that clear data on the superiority of Cyc over
other immunosuppressive drugs is lacking, since the NIH stu -
dies have demonstrated the superiority of Cyc regimens over
predisone alone.
Therefore, alternative ways of treating LN are now under
evaluation and protocols based on shorter courses of Cyc or
on the administration of drugs such as azathioprine, cyclo -
sporine, mycophenolate are under evaluation both for the in -
duction of remission as well as in the maintenance of remis -
sion of LN.
MMF appears to be a very promising drug for the treatment
of autoimmune diseases since data on transplanted patients
show a good efficacy in the prevention of acute rejection,
associated with a good tolerability and a lower incidence of
side effects compared with azathioprine. Many case reports
have suggested the efficacy of MMF in the treatment of active
SLE, which is ususally resistant to “conventional” therapies
including Cyc. However, most of the data available has been
derived from the analysis of case reports with the inevitable
limitations of such studies.
The article by Chan et al. represents a important report on
the efficacy and safety of MMF and evaluates its role as a
remission-inducing drug in DPGN. Some caution, however,
is needed in the interpretation of these data, particularly in
relation to the efficacy of the drug.

The first problem is posed by the limited number of enrolled
patients. This is of course a common limitation in controlled
randomized studies of rare diseases such as SLE, and can be
overcome only by multicenter studies such as the Eurolupus
nephritis trial. The number of patients may in fact have been
too small to detect significant differences between the two
treatment groups and indeed the authors do not provide any
information on the power of the study to detect clinically
meaningful treatment effects.
The hypothesis of a low power of the study appears to be sup -
ported by the observation that no statistically significant dif -
ferences in adverse events were observed between the two
treatment groups, although patients in the Cyc group had a
33% incidence of infections versus 19% of the MMF pa -
tients, and 3 cases of amenorrhea were observed in 13 pre-
menopausal patients in the Cyc group while no cases were
observed in the MMF group.
A second limitation lies in the shortness of the fo l l ow up peri o d.
Although the aim of the study was to eva l u ate the effi c a cy of
MMF in controlling “ a c u t e ” disease activ i t y, recent observa -
tions underline the importance of renal fl a res in the prog n o s i s
of LN. Thus the effi c a cy of a protocol in controlling not only
acute disease activity but also in the prevention of early and
l ate renal fl a res must be considere d. A longer fo l l ow up wo u l d
t h e re fo re be re q u i red to prove the effi c a cy of this pro t o c o l ,s i n c e
the remission induced by MF fo l l owed by AZA may be less
“ s t abl e ” than a remission induced by Cyc fo l l owed by A Z A .
The data on the safety of the drug is certainly very interesting
and demonstrates the good tolerability of MMF in SLE pa -
tients. In fact, although limited by the low power of the study,
the incidence of side effects appears to have been lower in
the MMF group than in the Cyc group. Unfortunately, the
data on cancer development cannot be evaluated for two rea -
sons: first; the inadequate follow-up period, and secondly
the additive effects of the maintenance drug (i.e. azathio -
prine). Future studies may help to shed light on this all
important point.
Despite these limitations, Chan's study provides important
indications on the effects and safety of MMF in SLE and sup -
ports the need for randomized controlled trials. In view of the
evident difficulties in the recruitment of patients, multicenter
studies would appear advisable.
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