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P
rimary membranous nephropa-
thy (MN) is a frequent cause of

nephrotic syndrome in adults. The
natural outcome of the disease is
variable. Some subjects may enter
spontaneous remission of protein-
uria, while other patients show
persistent proteinuria and slow
progression to end-stage kidney dis-
ease. Patients with severe and unre-
mitting nephrotic syndrome may
also suffer from disabling and even
life-threatening extrarenal complica-
tions, including thromboembolic
events and cardiovascular disease.
Proteinuria and kidney function
can assess the risk of progression.
Patients entering complete remission
(<0.2 or <0.3 g per day with
normal kidney function) can main-
tain stable kidney function in the
long-term. Also, partial remission
may predict a fair outcome, but re-
lapses of nephrotic syndrome are
frequent. The long-term outcome
depends on the duration of
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remission and on the treatment
used to obtain remission.

Management of primary MN has
been a matter of debate. There is a
general agreement on the use of
symptomatic therapy (diuretics,
blood pressure control, reduction of
proteinuria with renin-angiotensin
system inhibition, treatment of dys-
lipidemia, and, in select patients,
anticoagulation); however, it is still
discussed whether it is better to start
“specific” therapy early, or to delay
therapy until some “marker” pre-
dictive of a likely poor outcome de-
velops. The choice of the type of
therapy has also been a matter of
discussion. Several drugs are now
available for and have been evaluated
in the treatment of MN. Glucocorti-
coids, alkylating agents, calcineurin
inhibitors, and rituximab, have
received the greatest attention.

In 2012, the Kidney Disease:
Improving Global Outcomes guide-
lines recommended that initial ther-
apy of MN consist of a 6-month
course of alternating monthly cycles
of oral and intravenous corticoste-
roids, and oral alkylating agents (also
called Ponticelli regimen). Calci-
neurin inhibitors (CNIs) were rec-
ommended as alternative regimens.
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The role of rituximab in patients
resistant to both alkylating agent-
based and CNI-based regimens re-
mains undefined.1 Several observa-
tional, nonrandomized, studies
reported a high rate of remission
(mainly partial) with the use of rit-
uximab. Recently, substantial prog-
ress has been achieved owing to 3
head-to head randomized controlled
trials that compared the effects of
rituximab against CNI or Ponticelli
regimen (Figure 1). The MENTOR
trial assigned 130 patients with MN
to receive cyclosporine for 12 months
or rituximab, 2 infusions adminis-
tered 14 days apart, to be repeated in
case of partial response. There were
no significant differences in the pro-
portion of patients entering complete
or partial remission with rituximab
(35%) or cyclosporine (49%) at 6
months or at 12 months (60% and
52%, respectively), but at 24
months, 39 patients (60%) in the
rituximab group and 13 (20%) in the
cyclosporine group had a complete
or partial remission (P < 0.001),
owing to the high number of relapses
after cyclosporin discontinuation.
Serious adverse events occurred in 11
patients (17%) in the rituximab
group and in 20 (31%) in the cyclo-
sporine group. Among patients in
remission who tested positive for
anti–phospholipase A2 receptor an-
tibodies, the decline in autoanti-
bodies was faster and of greater
magnitude and duration in the rit-
uximab group than in the cyclo-
sporine group.2 In 86 adults with
MN and nephrotic proteinuria, the
STARMEN trial compared the
regimen with corticosteroids alter-
nating monthly with cyclophospha-
mide for 6 months to low-dose
tacrolimus (0.05 mg/kg per day for 6
months and tapering for another 3
months) plus 1 g of rituximab at
month 6. At 2 years, complete or
partial remission occurred in 84% of
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Head to head randomized controlled trials in membranous nephropathy

Figure 1. Complete and partial remissions in 3 different head-to-head randomized controlled trials. Results at 6, 12, and 24 months. The first 2
columns indicate the MENTOR trial (in red rituximab, in green cyclosporine). The second 2 columns indicate the STARMEN trial (in yellow
tacrolimus plus rituximab, in blue cyclic regimen). The last 2 columns indicate the RYCYCLO trial (in red rituximab, in blue the cyclic therapy).
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patients in the corticosteroid-
cyclophosphamide group (complete
remission in 60%) and in 58% in the
tacrolimus-rituximab group (com-
plete remission in 26%). In contrast
with MENTOR, relapses of nephrotic
proteinuria occurred in only 3 pa-
tients (12%) in the tacrolimus-
rituximab group, versus 1 patient
(2.7%) in the corticosteroid-
cyclophosphamide group. Serious
adverse events were similar in the 2
groups.3 The RI-CYCLO trial assigned
74 adults with MN and proteinuria
>3.5 g per day to receive the Pon-
ticelli cyclic regimen for 6 months or
1 g rituximab on days 1 and 15.
Complete remission at 12 months was
higher in the cyclic regimen arm
than in rituximab (32% and 16%,
respectively). At 2 years, the proba-
bilities of complete or partial remis-
sion were 43% and 82%,
respectively, with the cyclic
regimen, versus 42% and 83%,
respectively, with rituximab. Serious
adverse events occurred in 19% of
patients receiving rituximab and in
14% receiving the cyclic regimen.4

According to these randomized
controlled trials, CNIs would achieve
fewer complete clinical remissions
and would be less likely to maintain
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remission in comparison with ritux-
imab or the cyclic therapy. In addi-
tion, the MENTOR data reported
that a decline in kidney function
during follow-up is more likely with
cyclosporine; however, these trials
cannot be considered conclusive.

An important issue is repre-
sented by the short-term follow-up.
In no case did the follow-up exceed
2 years, too short a period to eval-
uate the safety and efficacy of a
treatment in a disease characterized
by slow progression. Moreover, in
the MENTOR and STARMEN trials,
the period of administration of CNIs
was too short to assess their efficacy
on the outcome of MN.

The first issue has been faced by
Ramachandran et al.5 In that not
protocolized trial, the authors
updated at 6 years the results of a
randomized trial in which 70 pa-
tients with MN and nephrotic pro-
teinuria resistant to antiproteinuric
therapy were assigned to cyclic
therapy with corticosteroids and
cyclophosphamide for 6 months
(modified Ponticelli regimen) or
tacrolimus for 1 year, plus predni-
sone, 0.5 mg/kg per day, for 6
months. At the end of 6 years, 21
(62%) participants in the modified
K

Ponticelli regimen and 9 (28%) in
the tacrolimus group maintained
relapse-free remission (relative risk
2.19), and 30 (88%) patients in
Ponticelli regimen versus 17 (53%)
patients in tacrolimus were in
remission (relative risk 1.66). Both
groups often had relapses (9 pa-
tients in cyclic terapy vs. 16 in
tacrolimus). None of patients
treated with the modified Ponticelli
regimen reported a solid organ or
hematologic malignancy. This
study confirmed the long-term su-
periority of a 6-month cyclical
therapy over 1 year of tacrolimus.

The other issue is represented
by the short period of CNI
administration. In the MENTOR
trial, cyclosporine was given for
only 1 year and in the STARMEN
trial, tacrolimus was administered
for approximately 9 months. The
current experience with the use of
CNIs in glomerular diseases shows
that early relapses of proteinuria
are frequent after withdrawal of
CNI. A possible option to reduce
relapses may consist of the
administration of rituximab. This
dug was evaluated in the STAR-
MEN trial, in which a single dose
of rituximab was administered just
idney International Reports (2021) 6, 2537–2539
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at the start of tacrolimus tapering,
and the number of relapses was
relatively low (12%). Encouraging
results with the combination
cyclosporin-rituximab also have
been reported.6 Alternatively, pa-
tients with MN who achieved
remission should continue treat-
ment with smaller doses of tacro-
limus or cyclosporine to prevent
the deleterious consequences of
persistent nephrotic syndrome.
Some nephrologists are reluctant to
use CNI for prolonged periods,
being afraid of kidney toxicity.
The risk of CNI-related nephro-
toxicity is usually dose-dependent,
and can be prevented by using low
doses and monitoring kidney
function. A single center reported
that the use of cyclosporine for 20
years does not cause progressive
increase in serum creatinine if
kidney transplant recipients are
carefully monitored during the
follow-up.7 A retrospective anal-
ysis of the clinical courses of more
than 4000 cyclosporine-treated
kidney allograft recipients fol-
lowed from 1 to 10 years did not
demonstrate any differences in the
long-term rate of attrition of graft
function between cyclosporine-
and non–cyclosporine-treated pa-
tients.8 Theoretically, patients can
remain on CNI as long as the drug
is providing some benefit and
there are no adverse side effects.

To remain on the safe side, we
recommend selecting patients before
administering CNI. Patients with se-
vere hypertension and kidney
insufficiency are not good candidates
for CNI. Serum creatinine and blood
pressure should be monitored every
7 to 10 days in the early period and
at least every month after 4 weeks. If
serum creatinine increases >30%
over the baseline, the doses of CNI
should be reduced; if no improve-
ment is obtained, a kidney biopsy
may be considered to check for his-
tological evidence of nephrotoxicity.
CNI should be given at the smallest
Kidney International Reports (2021) 6, 2537–2539
effective dose for at least 6 months. If
proteinuria is not reduced by 50%
by the end of this time frame, an
alternate therapy should be consid-
ered, although in some cases the
response may occur later. Treatment
targets should include complete or
partial remission of proteinuria,
maintenance of stable estimated
glomerular filtration rate (not more
than 30% of pretreatment level),
avoiding hypertension. Measuring
CNI blood levels, although recom-
mended by the manufacturing com-
panies, is not strictly necessary. The
relevance of therapeutic blood
monitoring is limited by the large
intra- and interpatient variability,
which severely limits the accuracy of
pharmacokinetic models and
bioavailability estimates. On the
other hand, CNI blood levels do not
reflect their intracellular (i.e., phar-
macologically active) concentrations.
At any rate, some random check may
be useful to verify that the patient is
really assuming the prescribed CNI.

In summary, the available data
suggest that the initial treatment in
MN should rest on cyclic therapy or
rituximab. The cyclic regimen might
be preferred, being associated with
earlier complete remissions. Howev-
er, although not substantiated by a
long-term trial,9 concern remains that
cyclophosphamide may be associated
with disquieting adverse events,
including gonadal toxicity, infection,
and neoplasia. Thus, some nephrolo-
gists feel that a cyclophosphamide-
based approach should be limited to
patients with disabling or life-
threatening nephrotic syndrome or
progressive loss of kidney function.
Prolonged use of low-dose CNI is still
important in managing nephrotic
patients with contraindications or
resistance to cyclical regimen or rit-
uximab. In patients who respond,
CNI should be tapered off very
gradually to prevent relapse. On the
other hand, the combination of rit-
uximab and CNI could be effective
both to speed proteinuria decrease
and to avoid relapses after CNI
discontinuation. The role in MN of
new CNI, such as voclosporin,
require adequately powered placebo-
controlled trials.
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