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There is strong evidence to support the efficacy of
alkylating agents in the treatment of patients with
membranous nephropathy. Randomized controlled
trials that included patients with membranous
nephropathy and nephrotic syndrome reported remis-
sion rates of 77%–93% (1), which translated in im-
proved kidney survival in studies with long follow-up
(2,3). In one study, kidney survival at 10 years was
92% in patients treated with alkylating agents and
60% in controls (2). Of note, the 60% kidney survival
in the control group suggested that the treatment
strategy (i.e., treating all patients with membranous
nephropathy and nephrotic syndrome) exposed many
patients unnecessarily to the risk of immunosuppres-
sive therapy. Indeed, in this control group, the cumu-
lative rate of complete and partial remission was 47%,
and a third of patients were in remission at last
follow-up. Subsequent studies showed that treatment
can be restricted to patients at high risk of disease pro-
gression (reviewed in van de Logt et al. [1]). The larg-
est study included 254 patients with membranous
nephropathy and nephrotic syndrome. After a median
(interquartile range) follow-up of 57 (32–90) months,
only 124 patients (49%) had received immunosuppres-
sive therapy. Renal survival was 86% after 10 years,
and remission of proteinuria developed in 83% of pa-
tients (4). Obviously, treatment that prevents develop-
ment of kidney failure and obviates the need for RRT
is of great benefit, both for the individual patient and
for society. On the basis of the evidence (and the cal-
culated cost efficacy), national and international
guidelines recommended treatment with cyclophos-
phamide and steroids for patients with membranous
nephropathy, nephrotic syndrome, and high risk for
disease progression (5).

Many physicians and patients are reluctant to use
cyclophosphamide and steroids, because of the associ-
ated toxicity. Indeed, the use of cyclophosphamide is
associated with many short-term side effects, such as
infections, anemia, leukocytopenia, thrombocytopenia,
and liver dysfunction. Still, most can be easily man-
aged with dose reduction, temporary withdrawal,
and/or administration of antibiotics. The most feared
side effects are infertility (maximal cumulative dose,
10 g/d) and malignancy (maximal cumulative dose,
36 g).

Therefore, the recent introduction of less toxic im-
munosuppressive therapies has created great interest.
Calcineurin inhibitors were proposed as an alterna-
tive, on the basis of the high remission rates reported
in the initial studies (1). Meanwhile, enthusiasm for
these agents has waned. More recently, rituximab was
proposed as first-line therapy, again, primarily on the
basis of short-term studies suggesting high protein-
uria remission rates, and the notion that the toxicity of
rituximab is low. However, rituximab has not been
compared with cyclophosphamide in a randomized
control trial; there is, as yet, no evidence that treat-
ment with rituximab improves kidney survival in pa-
tients with membranous nephropathy, and there are
no data to prove that rituximab can be used in a re-
strictive treatment strategy. In the current era of
evidence-based medicine, these limitations should be
discussed with our patients.
A detailed analysis of the studies that are used to

claim success of rituximab points to many caveats, as
listed below:

(1) There are no data on long-term follow-up, or on
hard renal end points. Rituximab is advocated on
the basis of the remission rates. However, remission
of proteinuria may not be the best predictor of kid-
ney outcome. In this respect, it is important to bear
in mind the initial “apparent” success of calcineurin
inhibitors. Many studies reported high remission
rates, ranging from 75%–88% (6–8). However, dur-
ing follow-up, most patients had relapsed. In a
study that reported 5-year follow-up data, 10% of
patients had died, and 30% of patients had reached
a kidney failure end point (defined as doubling of
serum creatinine) (9). In multivariable analysis, re-
nal function deterioration was associated with mul-
tiple relapses.

(2) Efficacy of rituximab is lower than suggested. For
more than a decade, the efficacy of rituximab was
largely supported by data derived from a large Ital-
ian cohort that included 132 patients with membra-
nous nephropathy and nephrotic proteinuria. A de-
tailed analysis, after a follow-up of 30.8
(interquartile range, 6.0–145.4) mon ths, showed
that the nonresponder rate was 36%. Moreover, the
relapse rate was approximately 30% (10). Because
these were observational data, and we do not know
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the spontaneous remission rate, we cannot estimate the real
benefit of rituximab. The Evaluate Rituximab Treatment for
Idiopathic Membranous Nephropathy (GEMRITUX) study, a
randomized controlled trial from France, provided better
evidence (11). This study proved that rituximab was more
effective than no treatment in inducing remission. At the
end of follow-up (median of 23 months), the remission rate
was 66% with rituximab and 45% with conservative thera-
py. Thus, this study confirmed the 35% failure rate. More-
over, because 45% of patients developed spontaneous re-
mission, the attributable efficacy rate is only 38%
([66%–45%]/[100%–45%]). There has been a debate that
the relatively low efficacy of rituximab might be related to
the use of a low dose of rituximab (in the Italian cohort
study, most patients received only one dose of 375 mg/m2

rituximab; in the GEMRITUX trial, patients received two
doses of 375 mg/m2 rituximab). Indeed, a French study sug-
gested that two doses of 1 g of rituximab were more effec-
tive (12). The recent randomized controlled Membranous
Nephropathy Trial of Rituximab (MENTOR) study used a
high dose of rituximab (cumulative dose, 4 g) (13). Unfortu-
nately, the MENTOR study had a short follow-up (last ob-
servation was only 18 months after rituximab administra-
tion), and does not provide proof for efficacy on hard renal
end points. Moreover, efficacy was also limited in this
study: 22% of patients did not respond initially and were
excluded from the study. A total of 39 of 65 patients (60%)
were in partial or complete remission at the last follow-up
(24 months). Stated otherwise, at 24 months, 60% of pa-
tients treated with rituximab were in partial or complete re-
mission, as compared with 20% in the control group, which
is an attributable efficacy rate of 50% ([60%– 20%]/[100%–

20%]).
(3) The efficacy of rituximab in patients with kidney insuffi-

ciency is unproven. Thus, there are no data to support its
use in patients with reduced eGFR. A small, retrospective
study evaluated the association between baseline charac-
teristics and proteinuria response at 3 months after rituxi-
mab treatment (14). The study included only 14 patients:
six nonresponders and eight responders (defined as a
proteinuria reduction of .40%). A finding of interstitial

fibrosis and tubular atrophy (on review of a biopsy speci-
men) was a determinant of response: the tubulointerstitial
score was ,1.7 in responders and .1.7 in nonrespond-
ers. Of note, not unexpectedly, renal function was also
different, with a serum creatinine level of 2.1 (SD, 1.0)
mg/dl in nonresponders and 1.3 (SD, 0.4) mg/dl in res-
ponders. Thus, this small study suggests that rituximab is
of limited benefit in patients with severe kidney
dysfunction.

(4) Although there are no randomized controlled trials that
compare rituximab with cyclophosphamide and steroids,
there are data to suggest that rituximab is inferior to cy-
clophosphamide and steroids. Van den Brand et al. (15)
compared two European cohorts that were treated with
either rituximab or cyclophosphamide and steroids. The
partial remission rate was lower in the rituximab-treated
cohort (adjusted hazard ratio, 0.63; 95% CI, 0.45 to
0.89). This observation was supported by the finding that
rituximab was also less effective in inducing an immuno-
logic remission than cyclophosphamide, especially in pa-
tients with high anti–phospholipase A2 receptor antibody
(aPLA2R1ab) levels (16). Figure 1 illustrates the observa-
tions in patients in the highest tertile of aPLA2R1ab levels
(150–776 RU/ml). aPLA2R1ab levels decreased to
levels ,14 RU/ml (the cutoff to define positive and nega-
tive) in 86% (12 of 14) of patients treated with cyclophos-
phamide, and in 23% (three of 13) of patients treated with
rituximab. Interestingly, in a recent study using a cutoff of
150 RU/ml, aPLA2R1ab levels identified patients who
were high risk with a specificity of 80% (17).

Conclusion
There is sufficient evidence to support the notion that rit-

uximab is not preferable to cyclophosphamide for treat-
ment of patients with membranous nephropathy and a
high risk of progressive disease. On the basis of the avail-
able data, we suggest there is a window of opportunity for
rituximab in patients with membranous nephropathy, nor-
mal eGFR, nephrotic syndrome, and aPLA2R1ab levels
,150 RU/ml. When discussing therapy with the individual

Figure 1. | Observations in patients in the highest tertile of aPLA2R1ab levels (150–776 RU/ml). aPLA2R1ab levels decreased to levels
,14 RU/ml (the cutoff to define positive and negative) in 23% (three of 13) of patients treated with rituximab, and in 86% (12 of 14) of pa-
tients treated with cyclophosphamide. aPLA2R1ab, anti–phospholipase A2 receptor antibody.
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patient, it is important to provide a balanced view, which
includes a discussion of benefits and risks. The risks associ-
ated with cyclophosphamide-based therapy must include
the risks associated with the concomitant use of corticoste-
roids. Patient characteristics such as age, obesity, glucose
intolerance, and predicted rate of eGFR loss (and thus risk
of ESKD) will shift the balance.
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