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Aims
Long-term therapy with cyclophosphamide improves renal
survival in patients with proliferative lupus nephritis. How-
e v e r, the beneficial effect of long-term cyclophosphamide must
be weighed against its considerable toxic effects. Duringthe
past decade, there have been reports on the use of mycophe-
nolatemofetil or sequential mycophenolate mofetil and aza-
thioprine for induction and maintenance treatment of lupus
nephritis. This is a prospective controlled trial comparing
threemaintenance regimens: quarterly intravenous injections
of cyclophosphamide(pulse cyclophosphamide), oral myco-
phenolate mofetil, and oralazathioprine 
Methods
Fifty-nine patients with lupus nephritis (12 in World Health
Organization class III, 46 in class IV, and 1 in class Vb) re-
ceived induction therapy consisting of a maximum of seven
monthly boluses of intravenous cyclophosphamide (0.5 to
1.0 g per square meter of body surface area) plus corticos-
teroid (prednisone up to 0.5 mg/kg/day or an equivalent cor-
ticosteroid). Subsequently, the patients were randomly
assigned to one of three maintenance therapies: quarterly i.v.
injections of cyclophosphamide, oral azathioprine (1 to 3 mg
per kilogram of body weight per day), or oral mycophenolate
mofetil (500 to 3000 mg/day) for one to three years. The
baseline characteristics of the three groups were similar, with
the exception that the chronicity index was 1.9 points lower
in the cyclophosphamide group than in the mycophenolate
mofetil group (p = 0.009). The primary endpoints of the stu-
dy were patient and renal survival. The secondary endpoints
were renal relapse, amenorrhea for 12 months or more, hos-
pitalisation, infection and other adverse events. Remission
was defined as some degree of reduction in proteinuriaand
stable or improved serum creatinine levels.
Results
Of the 59 patients with proliferative or mixed membranous
and proliferative lupus nephritis who were enrolled in the
study, 46% were black, 49% were Hispanic, and 5% were
white. On the basis of improvements in renal function, the
degree of proteinuria,serum albumin levels, and lupus anti-
bodies and complement values,cyclophosphamide induction
therapy led to substantial improvements in all groups be-
tween study entry and random assignment to thevarious main-
tenance therapies. Remission of nephritis occurredin 83% of
patients during the pulse-cyclophosphamideinduction phase.
The proportions of patients who met thecriteria for remission

were evenlydistributed among the three maintenance thera-
py groups. During maintenance therapy, 5 patients died (4 in
the cyclophosphamide group and one in the mycophenolate
mofetil group), and chronic renal failure developed in 5 (3 in
the cyclophosphamide group and one each in the azathio-
prine and mycophenolate mofetil groups). There were no sig-
nificant differences in actuarial renal survival, but the 72-
month event-free survival (based on a composite endpoint of
deathand renal failure), was significantly better in both the
a z a t h i o p r i n e and mycophenolate mofetil groups than in the cy-
clophosphamidegroup (p = 0.05 and p = 0.009, respective-
ly). The rate of relapse-free survival was higher in the myco-
phenolate mofetil group than in the cyclophosphamide group
(p = 0.02). Finally, the rate of unscheduledhospital admissions,
total hospital days, and the number of infectious episodes
were significantly higher in the cyclophosphamidegroup than
in either the azathioprine or the mycophenolate mofetil
group.
Conclusions
Following induction therapy with cyclophosphamide, both
azathioprine and mycophenolate mofetil offer better bene-
fit–risk profiles for maintenance therapy than does cyclo-
phosphamide.
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Comment
Controlled randomized studies have shown that intermittent
pulse cyclophosphamide therapy (IV-CY) is the treatment of
choice for moderate to severe proliferative lupus nephritis.
Following induction with pulse IV-CY therapy, a mainte -
nance regimen is essential to decrease the risk of flares (1).
However, extended courses of IV-CY increase the rates of
sustained amenorrhea and are associated with significant
expense and inconvenience. Because of these concerns,
recent random controlled (RCT) studies have explored the
use of mycophenolate mofetil(MMF) for both the induction
and maintenance of remission of proliferative lupus nephri -
tis. A study from Hong Kong (2) and a more recent one from
New York (presented at the annual ACR meeting in 2003)
have concluded that MMF is comparable – if not superior to
– CY in inducing remission. In this study, Contreras and col -
leagues conclude that after induction therapy with IV-CY,
both azathioprine (AZA) and mycophenolate mofetil (MMF)
are superior as a maintenance therapy to IV-CY. Do these
studies suggest that IV-CY therapy may soon become obsolete?
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Lupus nephritis is a notoriously heterogeneous disease with
histology, race, duration and delay in immunosuppressive
therapy all impacting on renal outcomes. Outcomes from
s h o rt-term follow-up studies may differ from those after
longer follow-up, a finding that dictates caution in over-
interpreting the results from studies of short duration such as
the studies on MMF. Thus, with a longer follow-up, the Hong
Kong study demonstrated rates of relapse with MMF that
were twice as high. 
Taken together, the available evidence indicates that for
patients with severe nephritis (rapidly progressive glomeru -
lonephritis, crescent nephritis or nephritis with a combina -
tion of high activity with moderate to high chronicity fea -
tures) combination pulse therapy with CY and methylpred -
ndisolone (MP) is the treatment of choice (3, 4). For selected
patients with moderately severe nephritis, MMF (or azathio -
prine) may be used initially to induce remission. In such
cases, the initial use of less intensive regiments with clear-
cut short-term endpoints (achievement of complete remission
within the first 3 to 6 months) may be a reasonable approach.
But is MMF or azathioprine better in terms of efficacy and
toxicity than IV-CY to maintain remission, as the study by
Contreras suggests ? A close look at this study raises ques -
tions about the validity of the claim of superiority. 
First and foremost, it is not clear whether this was designed
as a superiority trial. In general, superiority trials require a
larger patient population, a longer follow-up or both, espe -
cially if potent therapies are being compared. Second, there
were no differences in renal survival among the treatment
groups, a factthat challenges the authors' claim that azathio -
prineand MMF are superior to IV-CY. The observed differ -
ences in survival were detected only when a composite out -
come was used. Third, the risks of death, renal failure, seri -
ous side effects and relapse of nephritis were higher than
expected during maintenance therapy with cyclophospha -
mide. Fourth, duringthe maintenance phase, the doses of cy -
clophosphamide (mean: slightly more than 500 mg per
square meter of body surface area)were lower than the doses
recommended on the basis of the NIHstudies. Although low -
er doses of IV-CY were used, the rate of unscheduledhospital
admissions, total hospital days, and the number ofinfectious
episodes were significantly higher in the cyclophosphamide
g roup than in either the azathioprine or the MMF g roup. Con -
comitant cort i c o s t e roids were used in higher doses than in the
NIH trials. Thus, the high rate of infections in the cyclophos -
phamide group may havebeen falsely attributed to CY alone.

There are additional issues casting doubts on the applicabil -
ity of these data to other patient populations. There were
very few white patients in this cohort. Moreover, there was a
high rate of remission (up to 83% of all patients treated for
3-6 months with IV-CY), raising the question as to whether
this population may have nephritis, which may be more
responsive to treatment compared to the NIH cohort. Finally,
rates of relapse during maintenance therapy with azathio -
prine and MMFwere lower than those reported by the Hong
Kong group. 
The recent Cochrane review of all RCT in lupus nephritis
published until January 31, 2003 concludes that “until future
RCTs of newer agents are completed, the current use of
cyclophosphamide combined with steroids remains the best
option to preserve renal function in proliferative lupus neph -
ritis. The smaller effective dose and duration of cyclophos -
phamide therapy should be used to minimize gonadal toxici -
ty without compromising efficacy”. To this end, the current
RCT study by Contreras demonstrates that both azathioprine
and MMF can be used as maintenance therapy in patients with
proliferative lupus nephritis. While waiting for the longer
follow-up of this interesting study, physicians caring for pa -
tients with proliferative nephritis may use these drugs as main -
tenance therapy under close observation. Additional, RCT
with a longer follow up involving more re p resentative patient
populations are needed to further substantiate these findings. 
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