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Treatment of idiopathic membranous
nephropathy

Julia M. Hofstra, Fernando C. Fervenza and Jack F. M. Wetzels

Abstract | Inmunosuppressive treatment of patients with idiopathic membranous nephropathy (iMN) is heavily
debated. The controversy is mainly related to the toxicity of the therapy and the variable natural course of the
disease—spontaneous remission occurs in 40-50% of patients. The 2012 Kidney Disease: Improving Global
Outcomes (KDIGO) Clinical Practice Guideline for Glomerulonephritis provides guidance for the treatment of
iMN. The guideline suggests that immunosuppressive therapy should be restricted to patients with nephrotic
syndrome and persistent proteinuria, deteriorating renal function or severe symptoms. Alkylating agents are

the preferred therapy because of their proven efficacy in preventing end-stage renal disease. Calcineurin
inhibitors can be used as an alternative although efficacy data on hard renal end points are limited. In this
Review, we summarize the KDIGO guideline and address remaining areas of uncertainty. Better risk prediction
is needed to identify patients who will benefit from immunosuppressive therapy, and the optimal timing and
duration of this therapy is unknown because most of the randomized controlled trials were performed in
low-risk or medium-risk patients. Alternative therapies, directed at B cells, are under study. The discovery of
anti-M type phospholipase A2 receptor-antibodies is a major breakthrough and we envisage that in the near
future, antibody-driven therapy will enable more individualized treatment of patients with iMN.
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Introduction

Membranous nephropathy is a common cause of
nephrotic syndrome in adults, with a reported incidence
in northern Europe of 5-10 cases per million population
per year.! In about one-third of patients an underlying
cause—such as infection, solid or haematological malig-
nancy, systemic autoimmune disease or use of drugs such
as nonsteroidal anti-inflammatories, penicillamine and
gold injections—can be identified.? In the remaining
70% of patients the disease is considered to be primary
or idiopathic membranous nephropathy (iMN). Most
patients with iMN present with nephrotic syndrome and
normal renal function.

Membranous nephropathy was first described in 1957
by David Jones, who noted the typical basement mem-
brane extrusions in kidney biopsy samples using light
microscopy.’ The characteristic finding of subepithelial
deposits consisting of IgG and complement suggested an
immunological disease ontology. Unravelling the patho-
genesis of the disease started in 1959 with the descrip-
tion of Heymann’s nephritis, a rat model of membranous
nephropathy. In this model, proteinuria was induced
by injecting an extract of proximal tubular cells, and
kidney biopsy samples showed subepithelial immune
complexes, which contained IgG antibodies target-
ing megalin, a protein expressed on both rat tubuli
and podocytes.” As megalin is not present on human
podocytes, other pathophysiological mechanisms and
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antigenic targets were considered. Debiec et al. were
the first researchers to identify a target antigen in
humans. They described a case of neonatal membra-
nous nephropathy in a baby whose mother had a neutral
endopeptidase (NEP) deficiency. During pregnancy,
the mother formed alloantibodies against NEP that
crossed the placenta and bound to NEP expressed on the
podocytes of the foetus.® A major breakthrough came
with the discovery of circulating autoantibodies against
the M-type phospholipase A, receptor (PLA2R) in the
majority of patients with iMN.” Cumulative data in
cohorts of various ethnicities have confirmed that anti-
bodies against PLA2R, primarily of the IgG4 subclass,
are present in ~70% of patients.** The important role of
PLA2R in the pathogenesis of iMN was supported by the
observation of highly significant associations between
single nucleotide polymorphisms in the PLA2R gene
and the development of the disease.” Thus iMN should
now be considered a renal-limited autoimmune disease.

Treatment of iMN is a matter of fierce debate.
Treatment goals include preventing and/or treating com-
plications of nephrotic syndrome, preventing deteriora-
tion in renal function and limiting the adverse effects
of therapy. Although immunosuppressive therapy has
been used to treat patients with iMN for more than four
decades, the rationale for this strategy and evidence for
its efficacy were lacking for many years. The discovery of
autoantibodies in patients with iMN” provided retrospec-
tive support for the use of immunosuppressive drugs to
treat the disease and efficacy data has now been provided
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Key points

= Immunosuppressive treatment of idiopathic membranous nephropathy (iMN)
should be restricted to patients at high risk of developing end-stage renal

disease (ESRD)

= Current tools for predicting prognosis in iMN are inaccurate and up to one-third of
patients may receive unnecessary treatment—better risk predictors are required

= The KDIGO guideline suggests use of alkylating agents as a first-line therapy
because of their proven efficacy in preventing ESRD, calcineurin inhibitors are

an alternative option

= Less-toxic, alternative immunosuppressive therapies, such as rituximab,
that could potentially be used to treat patients with iMN are currently being
evaluated in randomized controlled trials with hard renal end points

= In the near future, antibody-driven therapies may enable more individualized
treatment of patients with anti-PLA2R-related membranous nephropathy

by clinical trials. In 2012, the Kidney Disease: Improving
Global Outcomes (KDIGO) Glomerulonephritis Work
Group published an evidence-based guideline for the
treatment of iMN (Figure 1)."" In this Review, we sum-
marize current treatment strategies for the disease
(Table 1), outline the unanswered questions and propose
future developments in therapy.

Identification of patients
As appropriate treatment of membranous nephropathy is
governed by the underlying disease, accurate identifica-
tion of patients is important and guidelines for screening
for secondary causes of membranous nephropathy have
previously been published.'? The KDIGO guideline states
that appropriate investigations should be performed to
exclude secondary causes in all patients with biopsy-
proven membranous nephropathy.!’ Secondary causes
can mostly be excluded using a detailed medical history
(including history of drugs used), physical examina-
tion and laboratory studies but some uncertainty always
remains, especially in elderly patients in whom malig-
nancy is a common cause of the disease. Therefore,
additional tools for patient identification have been con-
sidered. A study of the distribution of glomerular IgG
subclass deposits in kidney biopsy samples showed that
in patients with secondary membranous nephropathy
these deposits predominantly contained IgG1, whereas
IgG4 dominated in patients with iMN."* These findings
were confirmed in two subsequent small studies.!*'* The
number of inflammatory cells in the glomeruli has also
proven discriminative, with significantly higher numbers
reported in patients with cancer-associated membra-
nous nephropathy than in those with iMN (P=0.001).'¢
A cut-off value of eight cells per glomerulus was sug-
gested for distinguishing between the two conditions.'
These preliminary studies showed a predictive accuracy
for iMN of over 80%, but further validation is required.
The discovery of antibodies against PLA2R may also
provide a new diagnostic tool for iMN. However, it is
too early to conclude that the presence of anti-PLA2R
antibodies is pathognomonic for the disease as a small
number of patients with concurrent anti-PLA2R-positive
membranous nephropathy and a malignancy have been
described.’ These patients, in whom antibody titres
were low and proteinuria did not resolve after tumour

resection, may be an exception to the rule or rather
reflect the possibility that patients with iMN may carry
amalignancy as a chance finding.'”*® A larger amount of
more accurate data is required to clarify this issue. Such
data are expected to become available in the near future.

Supportive care

Up to 27% of patients with iMN present with non-
nephrotic proteinuria and many remain nonnephrotic
during follow-up.'” These patients have an excellent
prognosis and should be treated in accordance with the
current guidelines for the management of chronic kidney
disease (CKD)? and monitored for the development
of nephrotic syndrome, which usually occurs within
2 years of disease onset'” and may herald more rapid
disease progression. Prognosis in patients with iMN and
nephrotic syndrome is more variable. Around 30% of
patients, including those with fairly high levels of initial
proteinuria, develop spontaneous remission 1-2 years
after diagnosis.?! As follow-up time increases, an addi-
tional 20% of patients develop remission, leading to a
proposed ‘rule of halves’; after a follow-up of 5-10 years
almost 50% of patients develop spontaneous remission,
whereas the remaining patients show disease progression
and deterioration of renal function.?

The finding that 50% of patients with iMN and
nephrotic syndrome develop spontaneous remis-
sion and the principle of primum non nocere (first, do
no harm) has led to the advice that toxic, immuno-
suppressive therapy should be restricted to patients
at high risk of development of end-stage renal disease
(ESRD). However, evidence that late start of immuno-
suppressive therapy is as effective as early start is limited.
According to the KDIGO guideline, all patients with
iMN and nephrotic syndrome should receive optimal
conservative therapy directed at reducing oedema, low-
ering blood pressure and preventing cardiovascular and
thromboembolic events.'"** Those with oedema should
be treated with diuretics and dietary sodium restriction
and blood pressure should be targeted to 125/75 mmHg.
Treatment with angiotensin-converting-enzyme inhibi-
tors (ACEISs) or angiotensin-II-receptor blockers (ARBs)
is preferred, as these agents more effectively lower
proteinuria than conventional blood-pressure-lowering
therapy alone and improve outcome in patients with
chronic proteinuric kidney disease.?** However, evi-
dence that such therapy is beneficial in patients with
iMN is weak; the antiproteinuric effect of ACEIs and
ARBs is more modest in these patients (resulting in
<30% decrease from baseline) and is mainly observed
in those with lower levels of proteinuria.?*-* Notably, in
patients with severe nephrotic syndrome and normal
blood pressure, early initiation of ACEI or ARB therapy
may result in acute kidney injury (AKI), probably as a
result of existing intravascular volume depletion.?’ We,
therefore, advise caution when using ACEIs or ARBs in
the first weeks and months after diagnosis in patients
presenting with such characteristics. Use of ACEI or
ARB therapy has been reported to not be independently
related to prognosis in patients with iMN.?**!
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‘ Idiopathic membranous nephropathy ‘

:

‘ Nephrotic syndrome

Yes l
1

Severe, disabling,
or life-threatening
symptoms related to
nephrotic syndrome

Proteinuria >4 g per day
and >50% of baseline
value despite 6 months
of supportive treatment

or

Unexplained >30% increase
in serum creatinine
levels within
6-12 months of diagnosis

i No
Supportive care:
= ACE inhibitor and/or ARB
= Maintain blood pressure <130/80 mmHg or
<125/75 mmHg if proteinuria >1 g per day

= Dietary salt restriction

No Consider:

Yes i

Serum creatinine level
persistently >309 pmol/|
and kidney size <8 cm
on ultrasound

I
Yesi ‘No

= Diuretics if oedema is present
= Anticoagulants if serum albumin level

is <258/
l

‘ Remission of proteinuria? ‘

Close to end-stage
renal disease; do not use
immunosuppressive therapy

In addition to supportive care:

to various therapies

= Start immunosuppressive therapy after
excluding concomitant infections
= A specific contraindications

Yes No

Re-evaluate '—

Decrease
or withdraw
supportive drugs

Initial therapy:

6 months of cyclical steroids and cyclophosphamide

Alternative:
6 months of CNI + low-dose steroids
Consider:

Osteoporosis prophylaxis, gastric protection (H2 receptor blocker or proton-pump
inhibitor), and trimethoprim—sulphamethoxazole prophylaxis for Pneumocystis jiroveci

'

‘ Remission of proteinuria ‘
3 : .

Relapse of proteinuria ‘ ‘ Sustained remission

‘ ' l

2nd course of initial therapy
(maximum of two courses
of cyclophosphamide in total)

Decrease or withdraw
supportive drugs

'

‘ Treatment failure

|

Alternative therapy:

= CNI if steroids and
cyclophosphamide failed

= Cyclophosphamide and
steroids if CNI failed

= Consider alternatives such
as rituximab and
adrenocorticotropic hormone

Figure 1 | Treatment algorithm for membranous nephropathy based on the 2012 Kidney Disease: Improving Global
Outcomes guideline.** The KDIGO guideline provides guidance for the treatment of membranous nephropathy but several
areas of uncertainty remain. (1) Better tools for predicting risk of disease progression are required. (2) The optimal
duration of alkylating agent therapy is unclear. (3) Further investigation of the potential of antibody-guided therapy for
prevention of relapse is required. (4) Further research into the use of alternative therapies after treatment failure is
needed. Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin-ll-receptor blocker; CNI, calcineurin inhibitor.

In patients with primary glomerulonephritis, addi-
tional beneficial effects of dual blockade of the renin-
angiotensin-aldosterone (RAAS) system (that is, ACEI
plus ARB) versus ACEI or ARB monotherapy in lowering
proteinuria have been reported.’>** Although outcome
data in patients with iMN are lacking, in our opinion low-
dose dual RAAS blockade may be an alternative treat-
ment option for these patients if high-dose ACEI or ARB
monotherapy is not tolerated. The ONTARGET study
showed that dual RAAS blockade was associated with
an increased risk of adverse events without an increase
in benefit in patients with vascular disease or diabetes
at high risk of cardiovascular events* and the KDIGO

guideline does not include any suggestions about com-
bining ACEI and ARB therapy in patients with iMN."
However, we find no contraindication for use of dual
RAAS blockade in these patients as they do not have dia-
betes, do not have significant cardiovascular disease and
are usually younger and have higher levels of proteinuria
than the ONTARGET study participants.

The effect of statin therapy on cardiovascular out-
comes in patients with iMN has not been investigated
in clinical trials. However, most researchers advise treat-
ing hypercholesterolaemia in patients with longstanding
proteinuria because of their increased cardiovascular risk.
The SHARP study findings support the use of statins for
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Table 1 | Treatment schedules for idiopathic membranous nephropathy*

Treatment

Dose Schedule

Chlorambucil cyclical therapy®®

Chlorambucil
Prednisolone

Methylprednisolone

0.2mg/kg per day

0.5mg/kg per day
1g IV

Months 2,4 and 6
Months 1,3 and 5

3 consecutive days at start of
months 1,3 and 5

Cyclophosphamide cyclical therapy®®

Cyclophosphamide
Prednisolone

Methylprednisolone

Months 2,4 and 6
Months 1,3 and 5

2.5mg/kg per day*
0.5mg/kg per day

1g IV 3 consecutive days at start of

months 1,3 and 5

Cyclophosphamide daily therapy®®

Cyclophosphamide

Prednisolone

Methylprednisolone

Ciclosporin®*

Ciclosporin

Prednisolone
(if used)!

Tacrolimus®3117

Tacrolimus

Prednisolone
(if used)?

Rituximab®6-%°

Rituximab

1.5mg/kg per day Months 1-6$

0.5mg/kg every second day Months 1-5, then taper dose to

stop in 6-8 weeks

1g IV 3 consecutive days at start of

months 1,3 and 5

Initial dose 3.5mg/kg per day,
trough level 125-225ug/1

Months 1-6, then taper dose by
25% each month; continue
treatment at 50% of dose until
12 months, then taper to lowest
possible maintenance dosell

0.15mg/kg per day
(maximum of 15mg)

Months 1-6, then taper dose

Initial dose 0.05mg/kg per
day, achieve trough level
3-5ng/l; if remission is not
achieved after 2 months,
increase to 5-8ng/I|

0.15mg/kg per day
(maximum of 15mg)

Months 1-12, then taper to
lowest possible maintenance
dosel

Months 1-6, then taper dose

1,000 mg IV
Or 375mg/m?

Days 1 and 15
1-4 weekly doses

*Some immunosuppressive regimens require prophylactic measures to prevent adverse effects. *The
KDIGO guideline advises 2 mg/kg per day.** Sdu Buf-Vereijken et al. used cyclophosphamide for

12 months;>® treatment duration is now limited to 6 months. llincidence of relapse is high; treatment must
be continued in the majority of patients. It is not known whether prednisolone coadministration is needed.
Abbreviation: |V, intravenous.

prevention of cardiovascular events in patients with CKD
and estimated glomerular filtration rate (eGFR) <45ml/
min/1.73 m?* and data from animal studies suggest
that these agents may reduce or even reverse podocyte
damage.**** In clinical studies, statin therapy has not been
proven to lower proteinuria or attenuate deterioration in
renal function.” The KDIGO guideline'! suggests that cli-
nicians who treat patients with iMN should refer to the
recommendations on statin use in the KDIGO guideline
for management of CKD.?

The use of anticoagulant therapy in patients with
membranous nephropathy should be considered.
Patients with nephrotic syndrome are at high risk
of arterial and venous thromboembolic events and
(for unknown reasons) this risk is especially high in
those with membranous nephropathy.* In a study
of 898 patients with iMN, the incidence of clinically

apparent venous thromboembolic events was 7%.* Such
events mostly occurred in the first 2 years after diagno-
sis and the only independent risk predictor was level of
serum albumin at diagnosis (with an increased risk in
patients with serum albumin levels <28 g/1). Whether
anticoagulant drugs should be prophylactically admin-
istered to patients with iMN has not yet been investigated
in a clinical trial. The decision on whether to start pro-
phylactic anticoagulant therapy in an individual patient
with iMN should, therefore, be based on the balance
between risk of thrombotic events and risk of bleeding.
In patients at high risk of thromboembolic events (that is,
those with a positive family history, those with a previous
thromboembolic event and/or those who are immobile),
the physician should consider starting prophylactic anti-
coagulation when serum albumin levels are fairly high
(<28 g/1). In light of the severe morbidity associated with
thromboembolic events, our current practice is to start
anticoagulation in any patient with low bleeding risk and
serum albumin levels <20 g/1. We do not use anticoagula-
tion in patients with high bleeding risk unless the esti-
mated risk of thrombosis clearly outweighs the risk of
bleeding. Notably, in patients with nephrotic syndrome
who start treatment with high-dose prednisone, the risk
of thromboembolic events may increase even further
owing to the potential additional thrombogenic effect of
the glucocorticoids themselves.*! In these patients, pro-
phylactic use of low-molecular-weight heparin during
initiation of treatment should be considered. An active
search for bilateral renal vein thrombosis should be con-
sidered in patients with abrupt, sudden AKI but should
not be undertaken routinely.

Immunosuppressive therapy

Physicians are faced with a dilemma when considering
immunosuppressive therapy in patients with iMN and
nephrotic syndrome because early start of immuno-
suppressive therapy could cause unnecessary harm in
patients who would otherwise develop spontaneous remis-
sion. Ideally, treatment should be restricted to the 50% of
patients with persistent and progressive disease activ-
ity. Theoretically, physicians could wait until 2-3 years
after diagnosis and then start therapy in those patients
who remain severely nephrotic or develop renal insuffi-
ciency—the best predictor of ESRD—during follow-up.
However, this strategy is controversial for a number of
reasons: patients may remain in doubt for a long time as
to whether they will need immunosuppressive therapy, the
risks of complications such as thromboembolic events are
highest during the initial period of nephrotic syndrome,
and use of immunosuppressive therapy in patients with
established renal insufficiency is associated with more
severe adverse effects. Moreover, waiting for spontane-
ous remission may be disadvantageous in patients who
do not remit, especially if immunosuppressive therapy is
postponed for too long.

In a small randomized controlled trial, patients
with iMN, nephrotic syndrome, normal renal func-
tion and high risk of progression were randomly
assigned to receive immediate (n=14) or postponed
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(n=12) immunosuppressive treatment.*? In the latter
group, therapy was initiated at onset of mild deteriora-
tion in renal function (that is, when serum creatinine
increased to >135 pmol/l). Only eight of the 12 patients
in the delayed start immunosuppression group even-
tually needed immunosuppressive therapy. However,
early initiation of therapy was associated with a more
rapid onset of remission, thus reducing the period of
nephrotic syndrome. At the end of follow-up (median
72+ 22 months), serum creatinine levels were not sig-
nificantly higher in the postponed treatment group than
in the immediate treatment group (105 pmol/l versus
93 umol/l, respectively). Although these data might
suggest that early immunosuppressive therapy does not
result in better preservation of renal function, the study
was underpowered to address this issue. In a retrospective
study of 328 patients with iMN and nephrotic syndrome
who initially received conservative therapy, serum cre-
atinine levels at final follow-up were significantly higher
in patients who did not develop spontaneous remis-
sion (183 + 168 pmol/l at 69 + 51 months) than in those
who did develop spontaneous remission (84 + 31 umol/l
at 91 £ 61 months, P <0.0001).?! Therefore, accurate
prediction of disease progression is utterly relevant.

Identification of patients with poor prognosis

An extensive search for tools to enable early differentia-
tion between patients with iMN and favourable prog-
nosis from those with poor prognosis has been carried
out.*** Although histological markers, gender, age,
blood pressure, urinary complement levels, and patient
HLA type have all been shown to predict prognosis, none
of these parameters can be used reliably.*’ By contrast,
persistent proteinuria, initial creatinine clearance and the
change in creatinine clearance over time have reasonable
predictive value.® These parameters were incorporated
in the Toronto Risk Score, a tool developed to calculate
the risk of disease progression in individual patients
with iMN.* Levels of B2-microglobulin and IgG in urine
have also been shown to predict patient prognosis.”’ The
Toronto risk score and levels of low-molecular-weight
proteins in urine have a comparable predictive accuracy
of around 80%.* Although reasonable, this level of accu-
racy may be insufficient to guide treatment decisions in
individual patients with iMN. Repeated measurements
of urinary markers may improve their predictive perfor-
mance. We found that repeated measurement of urinary
B2-microglobulin had a negative predictive value for
progression of iMN of 100% and a positive predictive
value of 89%.?? Although promising, these findings have
yet to be validated.

The level of anti-PLA2R antibodies may reflect disease
severity in patients with PLA2R-related iMN, and a weak
but statistically significant correlation between anti-
PLA2R titres and proteinuria has been reported.**
In patients with PLA2R-related iMN, remission of
proteinuria was preceded by the disappearance of cir-
culating anti-PLA2R antibodies®*' and spontaneous
remissions occurred less frequently in patients who had
high antibody titres at baseline (4% versus 38% in the

highest versus the lowest tertile).* However, a decrease
in proteinuria may occur independently of anti-PLA2R
antibody status and in some cases anti-PLA2R antibodies
may persist at least during partial remission.® Prospective
studies are, therefore, required to determine the prog-
nostic value of anti-PLA2R antibody levels in patients
with iMN. In the future, identification of additional
autoantibodies that have a role in the pathogenesis of
iMN may provide new prognostic markers for those
patients in whom no anti-PLA2R antibodies are present
at diagnosis.

In the absence of a perfect prognostic marker for iMN,
the KDIGO guideline proposes that immunosuppressive
therapy should be considered for patients with nephrotic
syndrome and persistent proteinuria (defined as >4 g per
day for 6 months with no substantial [>50%] decrease in
response to optimized conservative treatment) and/or an
otherwise unexplained increase in serum creatinine of
>30% during the first 6-12 months after diagnosis and/
or severe, disabling or life-threatening symptoms related
to nephrotic syndrome (Figure 1)." In our opinion, this
definition of persistent proteinuria is rather conservative
and may inaccurately identify some patients as being at
high risk of progression.

Corticosteroids

Evidence-based treatment of iMN began in 1979 with the
report of the first randomized controlled clinical trial in
patients with the disease.*? This study compared 8 weeks
of treatment with high-dose (125 mg) alternate-day
prednisone monotherapy (1 =34) with placebo (n=32).
Although prednisone treatment significantly reduced
the rate of deterioration in renal function, the poor rate
of renal survival in the placebo group during the short
follow-up (mean 23 months) was criticized. Indeed, two
subsequent randomized controlled trials of prednisone
monotherapy failed to confirm beneficial effects of pred-
nisone on renal function and proteinuria.”*** As the first
of these studies evaluated long-term, fairly low-dose
prednisone treatment (45 mg/m? on alternate days for
6 months)> and the second a short course of high-dose
prednisone (125 mg on alternate days for 8 weeks)>* a pos-
itive effect of long-term, high-dose prednisone therapy
cannot be excluded. However, we do not consider long-
term, high-dose steroid monotherapy to be a treatment
option for patients with iMN because such regimens are
highly toxic and alternatives are available. The KDIGO
guideline recommends that corticosteroid monotherapy
is not used as an initial therapy in patients with iMN."

Alkylating agents

The efficacy of alkylating agents in patients with iMN
at medium risk of progression (average proteinuria
~7g per 24 h) has been proven with a grade A level of
evidence (Table 2). Two randomized controlled trials
have shown a clear benefit on hard renal end points in
patients treated with chlorambucil or cyclophosphamide.
In a landmark trial by Ponticelli et al., 81 patients with
recent-onset iMN, nephrotic syndrome and normal
renal function were treated with either supportive care
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Table 2 | Alkylating agents in idiopathic membranous nephropathy—major clinical trials

Therapy No of Baseline Baseline Follow-up  Rate of Rate of Outcome
patients serum proteinuria  (months)* remission relapse
(male/ creatinine (g per day)* (%)* (%)8
female)  (umol/I)*
Ponticelli et al. (randomized controlled trial)*®
6 months of chlorambucil 42 94+22 6.2+3.0 120 83 26 10-year dialysis-free
and steroids (24/8) survival in 92% of patients
Supportive care 39 93125 5.312.8 120 38 NA 10-year dialysis-free
(29/10) survival in 60% of patients
Torres et al. (cohort study with historical controls)>”
6 months of 19 124+62 8.9+3.6 5287 42 25 7-year dialysis-free
chlorambucil and (11/8) survival in 90% of patients
steroids
Supportive care 20 124+88 6.9+3.1 47+38 (0] NA 7-year dialysis-free
(15/5) survival in 20% of patients
Du Buf et al. (cohort study with historical controls)®
12 months of 65 171 10.0 51 86 20 5-year dialysis-free
cyclophosphamide and (55/10) (106-512) (2.0-23.0)1 (5-132) survival in 86% of patients
steroids
Supportive carel 24 173 8.5 48 20 50 5-year dialysis-free
(20/4) (137-360) (0-19.6)!l (12-65) survival in 32% of patients
Jha et al. (randomized controlled trial)*®
6 months of 47 108127 6.2+t2.1 132 72 24 10-year dialysis-free
cyclophosphamide and (30/17) (126-144) survival in 89% of patients
steroids
Supportive care 46 103+£20 5.9+2.2 132 85 25 10-year dialysis-free
(27/19) (126-144) survival in 65% of patients
Howman et al. (randomized controlled trial)%*
6 months of 33 (NA) 50+16** 10.1+5.3 36 NA NA 20% decline in eGFR**
chlorambucil and in 58% and ESRD in 3%
steroids of patients
Supportive care 37 (NA) 50£20** 9.1+5.3 36 NA NA 20% decline in eGFR**

in 84% and ESRD in 11%
of patients

*Mean + SD or median (range). *As defined in the study. SAs defined in the study in patients with previous remission. IProteinuria reported as g/10 mmol
creatinine. 11 patients in this group received ineffective immunosuppressive therapy (mainly prednisone monotherapy). *Data on the third trial arm with
ciclosporin are included in Table 3. **eGFR calculated using the Cockcroft-Gault equation. Abbreviations: eGFR, estimated glomerular filtration rate; ESRD,

end-stage renal disease; NA, not available.

or chlorambucil and glucocorticoids in an alternating
schedule for 6 months.>® Patients in the treatment group
had higher rates of remission and dialysis-free survival
after 10 years than those in the control group (83%
versus 38% and 92% versus 60%, respectively). These
findings paved the way for immunosuppressive therapy
in patients with iMN and many physicians adopted the
so-called Ponticelli regimen. The beneficial effects of
alkylating agents were confirmed in a subsequent ran-
domized controlled trial in which patients with iMN,
normal renal function and nephrotic syndrome were
randomly assigned to treatment with cyclophosphamide
(replacing chlorambucil in the Ponticelli regimen) and
steroids (n=47) or supportive care only (n=46).°° Again,
the rates of remission and renal survival were higher
in the treatment group than in the placebo group; rates
of remission and 10-year dialysis-free survival were 72%
and 89%, respectively, in the treatment group compared
with 35% and 65%, respectively, in the control group
(Table 2). Both studies clearly illustrate the dilemma

faced by clinicians; although treatment with alkylating
agents was effective, dialysis-free survival after 10 years
was 260% in untreated patients. Adoption of this treat-
ment strategy for all patients with iMN would unneces-
sarily expose many patients to the toxic adverse effects
of alkylating agents; therefore, a more restrictive use of
these agents in patients with iMN is advocated in the
KDIGO guideline."

Some evidence supports the efficacy of such a
restrictive strategy. Two small cohort studies showed
better renal survival in patients with iMN and estab-
lished renal insufficiency who were treated with either
chlorambucil or cyclophosphamide than in historical
controls (Table 2).°”*® The overall efficacy of a restric-
tive treatment policy was also evaluated in a cohort of
60 patients with iMN and nephrotic syndrome.* In this
study, immunosuppressive therapy was started only in
patients with renal insufficiency or severe, longstanding
nephrotic syndrome. During 66 months of follow-up,
22 patients (37%) developed spontaneous remission and

448 | AUGUST 2013 | VOLUME 9

www.nature.com/nrneph

© 2013 Macmillan Publishers Limited. All rights reserved



33 patients (48%) received immunosuppressive therapy.
Patient survival at 7 years was 100% and renal survival
was 88%. Thus, the restrictive treatment strategy assured
a favourable long-term outcome, whilst avoiding unnec-
essary exposure to toxic therapy in around 50% of the
patients. Additional evidence that a restrictive treatment
strategy improves outcomes in patients with iMN was
provided by an epidemiological study in The Netherlands
that showed that the incidence of ESRD in patients with
iMN decreased by 75% after the introduction of restric-
tive treatment with cyclophosphamide, whereas the
incidence remained unchanged in regions that did not
regularly use such therapy.®® An analysis of data from the
Toronto Glomerulonephritis Registry confirmed that
an improvement in outcome in patients with iMN has
occurred in the past 30 years and that this improvement
is related to the implementation of restrictive immuno-
suppressive therapy.®' In this study, propensity scoring
was used to match 39 patients who received immuno-
suppressant therapy with 39 untreated controls; 5-year
renal survival was ~70% in the control group compared
with >95% in the treated patients.

In a UK trial published in 2013, 108 patients with
iMN and deterioration in renal function (defined as a
20% decline in eGFR before study entry) were randomly
assigned to treatment with either alternating chloram-
bucil and steroids for 6 months, ciclosporin mono-
therapy for 12 months or supportive care only.®* The
researchers found that the risk of reaching the primary
end point (a further 20% decline in eGFR) was signifi-
cantly lower in the chlorambucil group, but not in the
ciclosporin group, when compared with supportive care
only (Table 2). Although these data support the use of
chlorambucil in patients with deterioration in renal func-
tion, the high rate of progression in patients treated with
chlorambucil (58%) compared with the low rate of pro-
gression (5-8%) reported in the treatment groups in pre-
vious randomized controlled trials,>>*® may again cause
concern that late start of immunosuppressive therapy
is less effective than immediate start. We believe such
conclusions would be premature for several reasons. The
UK trial may be limited by the use of low-dose chloram-
bucil (starting dose 0.15 mg/kg per day) for a fairly short
period of time. Moreover, the surrogate renal end point
was a reduction in eGFR of only 20%, although lower-
ing of blood pressure, use of diuretics, and changes in
kidney creatinine handling during nephrosis might all
contribute to slight changes in serum creatinine levels.®*
The number of patients enrolled in the study who had
unusually rapid loss of renal function is also unclear. The
inclusion criteria included a decline in eGFR of 220%
based on at least three measurements over a period of at
least 3 months within 2 years before study entry. Thus
patients whose eGFR decreased rapidly during a 3-6-
month period may have been enrolled in the study even
though such a decrease is atypical for iMN, and super-
imposed events, including acute renal vein thrombosis
and interstitial nephritis, would have to be ruled out.
We, therefore, suggest that the surrogate renal end point
is invalid and may have caused overestimation of the

rate of progression to ESRD. Unfortunately, owing to
limited follow-up, the UK study does not provide data on
long-term renal outcomes.

With regard to the choice of the best alkylating agent,
uncontrolled data from our group suggest that cyclo-
phosphamide is more effective and less toxic than chlo-
rambucil.* Our review of the literature supports this
conclusion but we could not exclude that differences
in drug efficacy were caused by differences in treat-
ment duration in the various studies.’*** A randomized
controlled trial in which 87 patients with iMN were
treated with an alternating schedule of either chloram-
bucil or cyclophosphamide showed no significant dif-
ference in efficacy parameters, such as incidence of
remission (82% in the chlorambucil group versus 93%
in the cyclophosphamide group), incidence of relapse
(30% in the chlorambucil group versus 25% in the cyclo-
phosphamide group) or deterioration in renal func-
tion (defined as an increase in plasma creatinine level
of 250% from baseline, an end point reached by 1 of
41 (2%) chlorambucil-treated patients and 2 of 43 (5%)
cyclophosphamide-treated patients).® However, adverse
effects, such as nausea, bone marrow suppression and
infectious complications were more frequent in patients
who received chlorambucil. Thus, this study also supports
the use of cyclophosphamide as the preferred agent for
patients with iMN, as stated in the KDIGO guideline."!

Malignancy is one of the most feared adverse effects of
alkylating agents. The risk of malignancy associated with
use of cyclophosphamide is substantial and correlates
with the cumulative dose.®"*® In a study of patients with
Wegener’s granulomatosis (n=293), risk of malignancy
was not increased in patients who had never received
cyclophosphamide or in those treated with a cumula-
tive dose of <36 g.* However, the risks of leukaemia and
bladder cancer were increased in patients treated with a
cumulative dose of cyclophosphamide of >36g. A patient
weighing 80 kg who receives 2.5 mg/kg cyclophosphamide
per day would exceed this threshold after two courses of
the Ponticelli regimen. Cyclophosphamide is, therefore,
of limited utility when frequent relapses occur. Infertility is
another notorious side effect of alkylating agents. The risk
of ovarian failure is dependent on cumulative dose and
patient age. However, amenorrhoea has been reported in
female patients of any age receiving a cumulative dose of
10-15g of cyclophosphamide.”®72 In male patients, doses
of cyclophosphamide greater than 7.5 g/m? can result in
permanent oligospermia.”>”* We advise limiting the use of
cyclophosphamide in young patients to 2.5 mg/kg per day
for 8 weeks or 1.5 mg/kg per day for 12 weeks (resulting in
a cumulative dose of ~10g).

In summary, grade A evidence suggests that alkylating
agents are effective in patients with iMN and normal or
decreased renal function. The available data strongly
suggest that treatment with these agents should be
restricted to patients at high-risk of disease progression.
Of note, the centres in Toronto and The Netherlands that
reported a favourable outcome of restricted therapy®*®!
are known for their use of risk predictors, which may help
to avoid therapy being started too late. In our opinion,
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cyclophosphamide should be the preferred alkylating
agent for patients with iMN; however, the dose must be
carefully limited to reduce the risk of adverse effects.

Antimetabolites

The antimetabolites azathioprine and mycophenolate
mofetil (MMF) have been successfully used as a replace-
ment for cyclophosphamide in patients with lupus
nephritis and in patients with vasculitis’>’¢ and have also
been used to treat patients with iMN. Several studies,
including a small randomized controlled trial, failed to
demonstrate an overall benefit of azathioprine therapy
in patients with iMN.”””8 However, these studies included
patients with normal renal function and the event rate
was low, so some beneficial effects of the agent cannot be
totally excluded. Indeed, two studies in which a total of
34 patients were treated with azathioprine and steroids
suggested that azathioprine improved renal outcome
in patients with iMN and renal insufficiency.””* In
these studies, the majority of patients developed partial
remission of proteinuria and renal function stabilized
in 28 patients. However, relapse of proteinuria occurred
during tapering of drugs in all but four patients, sug-
gesting that treatment needs to be continued for many
years (perhaps even for life). A subsequent trial did not
show beneficial effects of azathioprine on hard renal end
points after 10 years of follow-up.®!

MMF is a comparatively new immunosuppressive
agent with mild adverse effects in comparison to cyclo-
phosphamide. Initial case reports and small cohort
studies supported the efficacy of MMF in patients with
iMN®*? and many physicians were eager to use this drug
as a replacement for cyclophosphamide. However, the
results of a randomized controlled trial in which MMF
monotherapy was compared to placebo in 36 patients
with iMN were disappointing because the rates of remis-
sion in the treatment and control groups were not signifi-
cantly different (both ~37%).%* A second study of MMF
monotherapy also failed to demonstrate efficacy of the
drug in inducing remission in patients with iMN.* Some
data suggest that MMF may be more effective in induc-
ing remission in patients with iMN when used in com-
bination with steroids rather than as a monotherapy. We
prospectively treated 32 high-risk patients with iMN and
evidence of renal insufficiency (that is, plasma creati-
nine level >135 pumol/l, endogenous creatinine clearance
<70 ml/min or an increase in plasma creatinine >50%
from baseline) with MMF (2 g per day) and steroids
for 12 months and found no difference in the initial
response rate between the MMF group and historical
controls treated with cyclophosphamide, with a cumu-
lative remission rate after 12 months of 66% and 72%,
respectively.® Similarly, in two small Asian randomized
controlled trials, MMF and prednisone were as effec-
tive as alkylating agents and steroids at inducing remis-
sion of iIMN.#¥#% Although these data suggest that MMF
combined with high-dose corticosteroids is effective
in inducing remission of iMN, some concerns remain.
A higher primary nonresponse with MMF than with
cyclophosphamide was observed in several studies®*¢

and relapse rates after treatment with MMF were high.
In our study, the cumulative relapse rate 2 years after the
end of therapy was 70% in the MMF group compared to
20% in the cyclophosphamide group.®®

Consistent evidence that azathioprine has beneficial
effects on renal outcome in patients with iMN is lacking
and MMF monotherapy is not effective in inducing
remission in these patients. Although MMF in combi-
nation with steroids is effective in inducing remission
of iMN, data on hard renal end points are lacking and as
relapse rates are high, treatment must likely be contin-
ued for along period. Therefore, in line with the KDIGO
guideline, we do not suggest the use of antimetabolites
for initial treatment of iMN."

Calcineurin inhibitors

Calcineurin inhibitors (CNIs) are widely used in
patients with iMN. Although the antiproteinuric effects
of CNIs have been extensively documented, the exact
mechanism of action remains unclear. As CNIs do not
directly affect antibody production, their antiproteinuric
effects were initially attributed to decreased glomerular
perfusion and altered T-cell function.® However, Faul
et al. demonstrated that CNIs could also directly influ-
ence podocyte function.* Moreover, T-cell and B-cell
interactions are an important component of immune
regulation and CNIs may modulate antibody production
through this mechanism.

Many clinical trials have evaluated the effects of CNIs
in patients with iMN but most were uncontrolled, with
comparatively short follow-up and limited data on hard
renal end points (Table 3). In the first small randomized
controlled trial, in which nine patients with progres-
sive iMN were treated with ciclosporin monotherapy
(3.5 mg/kg per day for 12 months) and eight received
placebo, ciclosporin significantly decreased proteinuria
and attenuated decrease in eGFR.” A second randomized
controlled trial included 51 patients with steroid-resistant
iMN, nephrotic-range proteinuria and normal renal
function who were randomly assigned to treatment with
either ciclosporin 3.5 mg/kg per day (target trough level
125-225 pug/l) and prednisone 0.15 mg/kg per day (n=28)
or prednisone alone (1n=23) for 26 weeks.” The incidence
of remission at 26 weeks of follow-up was significantly
higher in the ciclosporin group than in the control group
(75% versus 22%, respectively, P <0.001), but in most
patients remission was not sustained; relapse occurred
in almost 50% of patients within 12 months after with-
drawal of ciclosporin and doubling of serum creatinine
was noted in 7% of treated and 9% of control patients. In
the UK trial, 29 (81%) of 36 patients with progressive iMN
who were treated with ciclosporin reached the primary
end point of a further 20% decline in eGFR.®* However,
the ciclosporin starting dose used in this study (5mg/kg,
goal trough level 100-200 pig/ml) may have been too high,
particularly in patients who already showed a degree of
renal compromise, and might have prompted a sudden
decrease in eGFR, which was considered as failure of
therapy. The results of the UK study might thus under-
estimate the efficacy of ciclosporin, and in the absence
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Therapy No of Baseline Baseline Follow-up Rate of Rate of Outcome
patients serum proteinuria  (months)* remission relapse
(male/ creatinine (g per day)* (%)* (%)8
female) (umol/1)*
Rostoker et al. (cohort study)*®
12-30 months of ciclosporinll 15 107 11.7 40 73 33 NA
(13/2) (85-185) (5.3-27.0) (18-66)
Cattran et al. (randomized controlled trial)®®
12 months of ciclosporin 9 (8/1) 186+65 11.5(9-18) 30 (4-54) NA Slope of creatinine clearance stable
Supportive care 8(6/2) 204+81 12.8 (4-21) 31 (4-69) NA ESRD in 50% of patients at end of
follow-up
Cattran et al. (randomized controlled trial)®*
6 months of ciclosporin and steroids 28 (26/2) 115+44 9.7+£5.3 17 75 48 Doubling of serum creatinine levels
in 7% of patients
6 months of placebo and steroids 23 (16/7) 9727 8.8+4.7 17 22 40 Doubling of serum creatinine levels
in 9% of patients
Goumenos et al. (cohort study)**°
24 months of ciclosporin and steroids 16 (10/6) 94201 8.0£4.0 >36 88 38 NA
Alexopoulos et al. (cohort study)®?
12 months of ciclosporin and steroids* 31 (19/12) 106+35 5.1+£2.5 26+16** 84 15 NA
12 months of ciclosporin* 20 (12/8) 88+27 49+1.5 18+ 7% 85 47 NA
Goumenos et al. (cohort study with historical controls)*?°
18-24 months of ciclosporin and 46 (34/12) 9727 7.4+£4.3 48+ 36+ 85 41 Renal function deterioration in 26%
steroids of patients
6 months of chlorambucil or 31 (21/10) 106+53 9.3+4.7 48+ 36% 55) 16 Renal function deterioration in 23%
cyclophosphamide and steroids of patients
Kalliakmani et al. (cohort study)®*
18-48 months of ciclosporin 32 (22/10) 88+27 73 60+24 88 46 Doubling of serum creatinine levels
and steroids in 31% and ESRD in 19% of patients
Praga et al. (randomized controlled trial)*®
12-18 months of tacrolimus 25 (20/5) 87+18 7.2+3.3 30 72 47 50% increase in serum creatinine
levels in 4% of patients
Supportive care 23 (20/3) 97 +27 8.4+5.3 30 22 0 50% increase in serum creatinine
levels in 26% of patients
Ballarin et al. (cohort study)*”
12-15 months of tacrolimus and 21 (16/5) 937 10.7+5.4 23(3-37) 71 73 NA
steroids £ MMFS$$
Chen et al. (randomized controlled trial)?*
6-9 months of tacrolimus and steroids 39 (23/16) 7622 7.7+£3.9 15 85 18 50% increase in serum creatinine
levels in 0% of patients
6 months of cyclophosphamide 34 (18/16) 85+38 7.3£3.9 15 65 22 50% increase in serum creatinine
and steroids levels in 0% of patients
Howman et al. (randomized controlled trial)s2!11l
12 months of ciclosporin 5 mg/kg 36 (NA) 49+18" 6.8t4.7 36 NA NA 20% decline in eGFR' in 81% and
per day ESRD in 17% of patients
Supportive care 37 (NA) 50201 9.1+5.3 36 NA NA 20% decline in eGFR' in 84% and

ESRD in 11% of patients

*Mean + SD or median (range). *As defined in the study. SAs defined in the study in patients with previous remission. lin nonresponders, ciclosporin therapy was withdrawn after 4 months.
TeGFR calculated using the Cockcroft-Gault equation. *Patients who responded to ciclosporin after 12 months were placed on long-term, low-dose therapy. **Data for responders only.
#Combined data for treatment and control group. $SMMF (500 mg twice daily) was used in patients with proteinuria >1 g per day after 3 months of therapy (n=9). liData on the third trial arm
with chlorambucil are included in Table 2. Abbreviations: eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; MMF, mycophenolate mofetil; NA, not available.

of data on hard renal end points, no definite conclusions
can be made.

Alexopoulos et al. suggested that combination therapy
with ciclosporin and steroids could induce remis-
sion and prevent relapse in patients with membranous

nephropathy.®> They found that after remission, patients
who received ciclosporin monotherapy (n=17) had a
higher rate of relapse during long-term treatment than
those treated with ciclosporin and prednisolone (1 =26;
47% versus 15% respectively, P <0.05). However, careful
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Table 4 | Rituximab in idiopathic membranous nephropathy—major clinical trials

Rituximab therapy No of Baseline Baseline Follow-up  Rate of Rate of OQOutcome
patients serum proteinuria (months)* remission relapse
(male/ creatinine (g per day)* (%)* (%)3
female) (umol/I)*
Cravedi et al. (cohort study)®®
1x375mg/m? (B-cell- 12 (8/4) 124+44 10.3+£8.9 12 67 NA NA
driven protocol)!l
4x375mg/m? 24 (16/8) 133+62 9.1+3.8 12 67 NA NA
Fervenza et al. (cohort study)®®
2x1gf 15 (13/2) 124+44 13.0+£5.7 12 58] NA ESRD in 13%
of patients
Ruggenenti et al. (cohort study)®®
4x375mg/m?* 6 (5/1) 186+88 9.4+4.0 3 0 NA NA
4x375mg/m2** 8 (3/5) 53815 9.1+40 12 75 NA NA
4x375mg/m?¥# 9 (4/5) 88+27 8.9+5.3 12 67 NA NA
Fervenza et al. (cohort study)®”
4x375mg/m?, repeated 20 (17/3)"  133+44 11.9+£4.9 24 80 5 NA
after 6 months
Segarra et al. (cohort study)°?
4%375mg/m2# 13 (11/2) 91 (75-128) 2.3(0.7-3.2) 30 100 23 NA
Ruggenenti et al. (cohort)*%°
1x375mg/m? or 100 (72/28) 107 (86-150) 9.1 (5.8-12.8) 31 65 ~25 ESRD in 4%
4x375mg/m? of patients

*Mean+SD or median (range). *As defined in the study. SAs defined in the study in patients with previous remission. ITreatment repeated if B cells >5/mm?3
(n=1). Mreatment repeated after 6 months if proteinuria >3 g per day and B cells >5x 106/ (n=10). *Retrospective cohort with tubule-interstitial score >1.7.
**Retrospective cohort with tubule-interstitial score <1.7. #*Prospective cohort with tubule—interstitial score <1.7. 1118 patients were included in the final
analysis. **Patients were initially treated with calcineurin inhibitors; these were withdrawn when remission was induced by rituximab. Abbreviations: ESRD,

end-stage renal disease; NA, not available.

review of their data suggests that patients who remained
in remission following tapering of ciclosporin had sub-
stantially higher trough levels than those who relapsed,
both in the monotherapy group and in the ciclosporin
plus prednisone group. This finding suggests that higher
levels of ciclosporin may be associated with maintenance
of remission in patients with iMN.

Further evidence that CNI monotherapy is effective
in inducing remission in patients with membranous
nephropathy came from a Spanish multicentre ran-
domized controlled trial in which the efficacy of tacroli-
mus (n=25) was compared with that of standard therapy
(n=23).” Tacrolimus was started at 0.05 mg/kg per day
and the dose adjusted to achieve a trough level of 3-5ng/
ml, and 5-8 ng/ml if remission was not achieved after
2 months. After 12 months of therapy, tacrolimus dose
was gradually tapered for a further 6 months. Although
rates of remission at 18 months of follow-up were high
(76% in the tacrolimus group versus 30% in the control
group), almost 50% of treated patients relapsed within
18 months of tacrolimus withdrawal. High rates of
relapse associated with use of CNIs have been reported
in most studies with sufficient follow-up (Table 3). These
relapses are not innocuous as multiple relapses are asso-
ciated with doubling of serum creatinine levels and the
development of ESRD.**

Although CNIs are an effective therapy for indu-
cing remission in the majority of patients with iMN
and nephrotic syndrome, relapse rates after treatment

withdrawal are high, necessitating continued treatment
for many years. The lack of data on renal outcomes is
a major limitation and renal toxicity is a concern. To
date, no randomized controlled trials have compared
the serious adverse events of CNIs versus alkylating
agents when used as an initial therapy for iMN, and
formal studies with sufficiently long follow-up on hard
renal end points are urgently needed. Despite the lack
of data, and in line with the KDIGO guideline,' we
consider CNIs to be an alternative initial therapy for
patients with iMN who do not tolerate treatment with
alkylating agents.

Rituximab

The chimeric anti-CD20 monoclonal antibody rituxi-
mab has now been used to treat patients with iMN
for more than a decade. As iMN is considered to be
an antibody-driven autoimmune disease, a rationale
for rituximab therapy certainly exists. Results of ran-
domized clinical trials of rituximab in patients with
iMN are expected in the next few years and data from
several cohort studies are already available (Table 4). In
2002, Remuzzi et al. reported that rituximab therapy
(375 mg/m?* once weekly for 4 weeks) significantly
decreased mean urinary protein excretion from 8.6 g
to 3.8 g per 24 h in eight patients with iMN and persis-
tent nephrotic syndrome despite standard supportive
care; remission occurred in five of these patients.” Two
subsequent studies involving a total of 35 patients with
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iMN (about 50% of whom were refractory to standard
therapy) treated with intravenous rituximab (initial
regimen of two 1 g infusions 2 weeks apart or four once-
weekly infusions of 375 mg/m?) showed 50% complete
or partial remission of proteinuria at 1 year and 80% at
2 years.”*”” The proteinuria response was gradual and
sustained with no difference in the effectiveness of the
two dosing regimens at 1 year. Total B-cell counts started
to recover after 3 months (faster than has been reported
in patients with antineutrophil cytoplasmic antibody
[ANCA]-associated vasculitis, rheumatoid arthritis
or non-Hodgkin’s lymphoma®’), suggesting that as the
drug is lost in the urine, heavy proteinuria may result
in decreased levels of rituximab. However, no correla-
tion between rituximab levels, degree of proteinuria or
drug response was observed. A B-cell-titrated protocol
in which patients initially receive a single dose of rituxi-
mab (375 mg/m?) followed by a second infusion when
>5 B cells/mm? are detected in the circulation during
follow-up has been shown to have similar effectiveness
to the four-dose protocol but at a lower cost.”® However,
protocols using higher rituximab doses were associated
with significantly lower relapse rates than was the B-cell-
titrated protocol,’®?” suggesting that use of the latter
strategy may result in a higher rate of relapse. Rituximab
therapy may be less beneficial in patients with iMN
and moderate tubulointerstitial fibrosis than in those
with mild or no interstitial fibrosis,”® but this has not
been confirmed.

An immunological effect of rituximab in patients
with iMN was confirmed in a study that showed that
anti-PLA2R antibodies disappeared in 17 of 25 (68%)
patients who were treated with the drug.®" A decline in
antibody levels preceded a decrease in proteinuria, and
disappearance of anti-PLAR2 antibodies was associ-
ated with a higher rate of remission of proteinuria. In a
cohort of 100 consecutive patients who were treated with
rituximab (almost one-third of whom had previously
been treated with other immunosuppressive agents),
proteinuria decreased over time from a median of 9.1g
per day to ~4 g per day, ~2 g per day and ~1.5g per day
at 1 year, 2 years and 3 years of follow-up, respectively.'®
Although these data support the efficacy of rituximab,
some caveats exist. Firstly, the number of patients who
would have developed spontaneous remission without
rituximab therapy is unknown. Secondly, although the
cumulative incidence of remission was 94%, these data
should be interpreted with caution in view of the cen-
soring of patients who failed therapy; remission was
not achieved in 35 patients and approximately 25% of
remitting patients relapsed during follow-up. Lastly, the
study does not prove that rituximab was effective on hard
renal end points: four patients died and four developed
ESRD after a mean follow-up of 31 months. A rand-
omized controlled trial of rituximab versus ciclosporin
in patients with iMN that should provide data on hard
renal end points is currently recruiting.'”

Rituximab therapy may enable successful withdrawal
of CNIs in CNI-dependent patients with membranous
nephropathy. In a study of 13 patients with at least four

previous CNI-responsive relapses of nephrotic protein-
uria, rituximab therapy (375 mg/m?) enabled CNIs to
be successfully withdrawn in all patients.'*> Moreover,
CNI withdrawal after administration of rituximab was
accompanied by an improvement in eGFR and further
reduction in proteinuria. Three patients relapsed during
a mean follow-up of 35 months but were successfully
treated with a second course of rituximab therapy.
Notably, several studies have shown rituximab-induced
remission of iMN in patients who previously failed other
treatments.?>**1% In light of these data and the favourable
adverse effect profile, we support the use of rituximab
as a rescue therapy in patients who have already been
exposed to the toxicity of other immunosuppressive
drugs. However, evidence for the efficacy of rituximab
in patients with low GFR (<45 ml/min) is lacking.

In summary, rituximab is associated with high remis-
sion rates and only mild adverse effects have been
reported. Relapse rates are fairly low, and comparable to
those seen with cyclophosphamide, and a B-cell-titrated
treatment regimen seems most cost-effective. Until the
eagerly awaited results of upcoming randomized con-
trolled trials with hard renal end points are available, we
advise the use of rituximab in patients with iMN as a
second-line or third-line treatment only. The KDIGO
guideline does not discuss rituximab as a treatment
option for patients with iMN but does state that there is
a need for clinical trials of this drug in these patients."!

Adrenocorticotropic hormone

Several studies have shown a decrease in proteinuria
in patients with iMN in response to treatment with
synthetic adrenocorticotropic hormone (ACTH).'031%
Consistent with the hypothesis that this drug acts
through a direct renal mechanism, treatment with a
melanocortin-receptor agonist reduced proteinuria
and oxidative stress and improved podocyte morph-
ology in rats with passive Heymann’s nephritis.' In
patients with iMN, ACTH may exert similar beneficial
effects through activation of the melanocortin receptor
MCRI in podocytes.'® A randomized controlled trial
showed that synthetic ACTH (which is not available
in the USA) was as effective in inducing remission of
iMN as was combined therapy with an alkylating agent
and steroid, and was associated with very few adverse
effects.!® A retrospective case series showed a remission
rate of 82% in 11 patients with iMN who were treated
with the highly purified ACTH gel formulation and
had previously failed a mean of 2.4 immunosuppressive
therapies.'”” A subsequent prospective open-label study
included five patients with iMN and eGFR <45 ml/
min who were resistant to previous immunosuppres-
sive treatment.'® In three of these patients, ACTH gel
induced immunological remission, that is, disappear-
ance of anti-PLA2R antibodies, which was accompa-
nied by clinical remission in two of the patients. In a
study in which 20 patients with iMN were randomly
assigned to receive either 40 IU or 801U of ACTH gel
twice weekly for 120 days, ACTH therapy resulted in
a significant reduction in median proteinuria from
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9.1+ 3.4 g per day at baseline to 3.8 £4.3 g per day at
12 months of follow-up (P <0.001).! At 12 months of
follow-up, 65% of the patients showed a >50% decrease
in proteinuria. A clear dose-response relationship
was also reported, with 801U twice weekly for at
least 4 months seeming necessary for maximal effect.
Clearing of serum anti-PLA2R antibodies in parallel
with a reduction in proteinuria was noted in some, but
not all, patients, suggesting a possible direct effect on
the podocyte; no serious adverse effects were reported.

Although promising, evidence for the efficacy of
ACTH in improving long-term renal outcomes in
patients with iMN is lacking, as none of the current
studies provided sufficient follow-up. In addition, ACTH
gel is extremely costly. We, therefore, recommend that
ACTH should not be used for the initial treatment of
iMN. The KDIGO guideline states that until more pow-
erful randomized trials are performed, no recommenda-
tions can be made regarding the use of ACTH therapy in
patients with iMN."

Prevention of adverse effects

Many immunosuppressive drugs are associated with
adverse effects and existing guidelines recommend or
suggest prophylactic measures to reduce the risk of these
effects. In the case of treatment with high-dose steroids
for longer than 3 months, prophylactic osteoporosis treat-
ment should be started according to current guidelines"
and in our opinion, gastric protection should be provided
using H2-receptor blockers or proton pump inhibitors. In
addition, prophylactic treatment for Pneumocystis jiroveci
using trimethoprim-sulfamethoxazole (or an alternative
in the case of allergy resistant to sulfa desensitization)
should be considered for all patients receiving alkylating
agents and rituximab.

Areas of concern

The KDIGO guideline provides guidance for the use
of immunosuppressive treatment in patients with iMN
but some areas of uncertainty remain. Strategies for the
identification of patients at high-risk of progression are
insufficient and many patients will receive unnecessary
immunosuppressive therapy if KDIGO definitions are
applied. For example, in a cohort of 104 patients with
iMN, we identified 48 patients with persistent protein-
uria defined according to the KDIGO guideline.'*® After
a mean follow-up of 32 months, spontaneous remission
had occurred in 18 of these patients (38%). Although
patients in this cohort were classified as low or high
risk with reasonable accuracy (~80%) using both the
Toronto risk score and urinary 32-microglobulin excre-
tion, we suggest repeated measurement of the levels of
low-molecular-weight proteins in urine as these are
better predictors of renal disease progression.”? However,
quantification of these urinary markers might not help
to predict response to immunosuppressive therapy!'®!!!
and new biomarkers are needed. Measurement of anti-
PLA2R antibody titres might be valuable not only for
diagnosis of iMN but also for prediction of outcomes
and titration of immunosuppressive therapy (Figure 2).

Late start of immunosuppressive therapy avoids
unnecessary drug exposure; however, immuno-
suppressants may be less effective in patients with estab-
lished renal injury, a late start might mean that patients
are exposed to complications of nephrotic syndrome
and adverse effects of therapy might be more severe in
patients with renal insufficiency. Treatment with cyclo-
phosphamide and steroids is preferred but is not without
risks, and careful weighing of the risks and benefits for
individual patients is needed. The optimal duration of
alkylating agent therapy is subject to discussion. The
KDIGO guideline recommends a 6-month alterna-
ting Ponticelli treatment regimen that effectively leads
to 3 months of treatment with steroids and 3 months
of treatment with alkylating agents.!' However, this
regimen has proven beneficial only in randomized con-
trolled trials that included patients with recent-onset
disease and normal renal function. In the UK rand-
omized controlled trial, the Ponticelli regimen seemed
to be less effective in high-risk patients.> Beneficial
effects of alkylating agents in patients with renal insuf-
ficiency have been obtained with protocols that used
cyclophosphamide 1.5 mg/kg per day for 12 months
(cumulative dose of 44 g in a person weighing 80 kg).>*#
We suggest that in patients with renal insufficiency,
treatment may be extended to 1.5 mg/kg per day for a
period of 6 months (resulting in a total dose of 22 g in
a 80 kg patient). In the near future, treatment duration
might be individualized and guided by measurement
of anti-PLA2R antibody levels (Figure 2)* and future
studies should address the efficacy of antibody-driven
treatment strategies.

Adverse effects of alkylating agents preclude their
injudicious, early and prolonged use in patients with
iMN and the search for safer, equally effective alterna-
tives is warranted. CNIs are an alternative option, either
used as a monotherapy or in combination with low-
dose prednisone. Unfortunately, treatment with these
agents must be continued long-term to avoid relapse,
and nephrotoxicity is a serious concern that will
often preclude use of CNIs in patients with moder-
ate to severe renal insufficiency. Rituximab might be
a good alternative to alkylating agents but no evidence
that rituximab has beneficial effects on hard renal
end points is currently available. Ongoing randomized
clinical trials should provide definite answers. For
example, the ERA-EDTA-supported STARMEN trial
will compare cyclophosphamide and steroids with a
combination of tacrolimus and rituximab.''? Another
potential new treatment option is the monoclonal anti-
body belimumab. This inhibitor of soluble B lympho-
cyte stimulator decreases B-cell survival and prevents
the development of plasma cells.!* In theory, treatment
with belumimab should decrease autoantibody levels
in patients with iMN. The therapy has already been
shown to decrease levels of anti-double-stranded DNA
and rheumatoid factor in patients with systemic lupus
erythematosus and rheumatoid arthritis, respectively.'?
Phase II studies of belumimab in patients with iMN are
currently underway.!*
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Figure 2 | Potential role of anti-PLA2R antibody assessment in guiding diagnosis and therapy in membranous nephropathy.
If ongoing prospective studies confirm the high specificity of anti-PLA2R antibodies for diagnosis of idiopathic membranous
nephropathy and the predictive value of antibody titres for patient prognosis, anti-PLA2R levels might be used to aid
diagnosis and treatment decisions. Low and high antibody titres have not yet been defined. An increase in anti-PLA2R titre
over time may suggest that spontaneous remission is unlikely. Abbreviation: anti-PLA2R, autoantibodies against the M-type

phospholipase A, receptor.

To date, no clinical trials with any therapeutic regimen
have been carried out in patients with iMN who failed
their initial therapy or relapsed. In general, patients
who fail a certain therapy might benefit from treatment
with an agent from another class. Patients who relapse
could also be treated with a second course of their
original therapy although no more than two courses
of the Ponticelli regimen should be used. In patients
with increasing proteinuria and/or progressive loss of
renal function, recurrence of disease activity must be
differentiated from secondary focal glomerulosclero-
sis. In such patients a renal biopsy may be helpful and
might disclose that the glomerular basement mem-
brane architecture is still greatly disrupted although
antibody deposits have been reabsorbed.!® The absence

of antibody deposits and/or the presence of severe glo-
merulosclerosis and/or interstitial fibrosis with tubular
atrophy would argue against renewed treatment with
immunosuppressive therapy.

Conclusions

Treatment of iMN has been a matter of fierce debate for
decades and some clinicians still doubt the efficacy of
established immunosuppressive therapies. However, the
2012 KDIGO guideline' reflects the sense that major
progress in treatment of iMN has been made. We can
now use clinical criteria to identify patients who might
need immunosuppressive therapy and several treat-
ment options exist. In line with the KDIGO guideline,
we advocate cyclophosphamide combined with steroids
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as the initial therapy for patients with iMN. Obviously,
many open questions remain and the risks and benefits
of each therapy should be considered for each individual
patient when making treatment decisions—this is the
art of being a physician. Immunosuppressive therapy
is associated with an increased risk of adverse effects
but could reduce the duration of nephrotic syndrome,
which is associated with increased risk of infection,
thrombosis, cardiovascular events and ultimately pro-
gressive renal failure. The identification of PLA2R as
a major antigen in patients with iMN may change the
diagnosis and treatment of the disease in the near future
and studies directed at optimizing therapy using anti-
PLA2R antibody titres should be developed. However,
approximately 30% of patients with iMN are anti-PLA2R
negative and the search for additional autoantibodies
continues.'® The most important lesson of the KDIGO
guideline is the need for further randomized controlled

trials of immunosuppressants in patients with glomeru-
lar diseases.'" Global collaborations are needed to enable
considerable improvements.

Review criteria

The PubMed database and Cochrane library were

searched for full-text articles published in English before
February 2013. The search terms included “membranous
nephropathy” and “idiopathic membranous nephropathy”

in combination with the terms “treatment” and
“immunosuppressive therapy”, using the filters “randomized
controlled trial” and “clinical trial”. All randomized trials
were included, cohort trials were judged on study design and
sufficient number of patients. In areas where clinical trials
are lacking, review articles were included. Furthermore, the
reference lists of key articles, including the recent KDIGO
guideline on membranous nephropathy, were searched to
identify further relevant articles.

McQuarrie, E. P., Mackinnon, B., Stewart, G. A.,
Geddes, C. C. Membranous nephropathy
remains the commonest primary cause of
nephrotic syndrome in a northern European
Caucasian population. Nephrol. Dial. Transplant.

Glassock, R. J. Secondary membranous
glomerulonephritis. Nephrol. Dial. Transplant. 7

Jones, D. B. Nephrotic glomerulonephritis. Am. J.

Heymann, W., Hackel, D. B., Harwood, S.,
Wilson, S. G., Hunter, J. L. Production of
nephrotic syndrome in rats by Freund’s adjuvants
and rat kidney suspensions. Proc. Soc. Exp. Biol.

Kerjaschki, D., Farquhar, M. G. The pathogenic
antigen of Heymann nephritis is a membrane
glycoprotein of the renal proximal tubule brush
border. Proc. Natl Acad. Sci. USA 79, 5557-5561

Debiec, H. et al. Antenatal membranous
glomerulonephritis due to anti-neutral
endopeptidase antibodies. N. Engl. J. Med. 346,

Beck, L. H. et al. M type phospholipase A2
receptor as target antigen in idiopathic
membranous nephropathy. N. Engl. J. Med. 361,

Hofstra, J. M., Beck, L. H. Jr, Beck, D. M.,
Wetzels, J. F. & Salant, D. J. Anti-phospholipase
A, receptor antibodies correlate with clinical
status in idiopathic membranous nephropathy.
Clin. J. Am. Soc. Nephrol. 6, 1286-1291 (2011).
Qin, W. et al. Anti-phospholipase A2 receptor
antibody in membranous nephropathy. J. Am.
Soc. Nephrol. 22,1137-1143 (2011).
Stanescu, H. C. et al. Risk HLA-DQA1 and
PLA,R1 alleles in idiopathic membranous
nephropathy. N. Engl. J. Med. 364, 616-626

Kidney Disease: Improving Global Outcomes
(KDIGO) Glomerulonephritis Work Group. KDIGO
clinical practice guideline for glomerulonephritis.
Kidney Int. Suppl. 2, 186-197 (2012).

Hofstra, J. M. & Wetzels, J. F. Management of
patients with membranous nephropathy.
Nephrol. Dial. Transplant. 27, 6-9 (2012).

1.
25, 1009-1010 (2010).
2.
(Suppl. 1) 64-71 (1992).
3.
Pathol. 33, 313-329 (1957).
4.
Med. 100, 660-664 (1959).
5.
(1982).
6.
2053-2060 (2002).
7.
11-21 (2009).
8.
9.
10.
(2011).
11.
12.
13.

Ohtani, H. et al. Distribution of glomerular IgG
subclass deposits in malignancy-associated
membranous nephropathy. Nephrol. Dial.
Transplant. 19, 574-579 (2004).

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

Qu, Z. et al. Absence of glomerular IgG4
deposition in patients with membranous
nephropathy may indicate malignancy. Nephrol.
Dial. Transplant. 27, 1931-1937 (2012).
Song, Y. S., Min, K. W,, Kim, J. H., Kim, G. H. &
Park, M. H. Differential diagnosis of lupus and
primary membranous nephropathies by IgG
subclass analysis. Clin. J. Am. Soc. Nephrol. 7,
1947-1955 (2012).

Lefaucheur, C. et al. Membranous nephropathy
and cancer: Epidemiologic evidence and
determinants of high-risk cancer association.
Kidney Int. 70, 1510-1517 (2006).

Hofstra, J. M. & Wetzels, J. F. Anti-PLA R
antibodies in membranous nephropathy: ready
for routine clinical practice? Neth. J. Med. 70,
109-113 (2012).

Hoxha, E. et al. An immunofluorescence test for
phospholipase A,-receptor antibodies and its
clinical usefulness in patients with membranous
glomerulonephritis. Nephrol. Dial. Transplant.
26,2526-2532 (2011).

Hladunewich, M. A., Troyanov, S., Calafati, J. &
Cattran, D. C. The natural history of the non-
nephrotic membranous nephropathy patient.
Clin. J.Am. Soc. Nephrol. 4, 1417-1422 (2009).
Kidney Disease: Improving Global Outcomes
(KDIGO) CKD Work Group. KDIGO 2012 Clinical
Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease. Kidney
Int. Suppl. 3, 1-150 (2013).

Polanco, N. et al. Spontaneous remission of
nephrotic syndrome in idiopathic membranous
nephropathy. J. Am. Soc. Nephrol. 21, 697-704
(2010).

van den Brand, J. A., Hofstra, J. M. &

Wetzels, J. F. Low-molecular-weight proteins as
prognostic markers in idiopathic membranous
nephropathy. Clin. J. Am. Soc. Nephrol. 6,
2846-2853 (2011).

Deegens, J. K. & Wetzels, J. F. Diagnosis and
treatment of primary glomerular diseases.
Membranous nephropathy, focal segmental
glomerulosclerosis and IgA nephropathy.
Minerva Urol. Nefrol. 57,211-236 (2005).

The GISEN group (Gruppo Italiano di Studi
Epidemiologici in Nefrologia). Randomised
placebo-controlled trial of effect of ramipril on
decline in glomerular filtration rate and risk of
terminal renal failure in proteinuric, non-
diabetic nephropathy. Lancet 349, 1857-1863
(1997).

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Brenner, B. M. et al. Effects of losartan on renal
and cardiovascular outcomes in patients with
diabetes type 2 and nephropathy. N. Engl. J. Med.
345,681-689 (2001).

Gansevoort, R. T., Heeg, J. E., Vriesendorp, R.,
de, Z. D. & de Jong, P. E. Antiproteinuric drugs in
patients with idiopathic membranous
glomerulopathy. Nephrol. Dial. Transplant. 7
(Suppl. 1), 91-96 (1992).

Ruggenenti, P. et al. ACE inhibition improves
glomerular size selectivity in patients with
idiopathic membranous nephropathy and
persistent nephrotic syndrome. Am. J. Kidney.
Dis. 35, 381-391 (2000).

Ambalavanan, S., Fauvel, J. P, Sibley, R. K.,
Myers, B. D. Mechanism of the antiproteinuric
effect of cyclosporine in membranous
nephropathy. J. Am. Soc. Nephrol. 7, 290-298
(1996).

Schoolwerth, A. C. et al. Renal considerations in
angiotensin converting enzyme inhibitor therapy:
a statement for healthcare professionals from
the Council on the Kidney in Cardiovascular
Disease and the Council for High Blood
Pressure Research of the American Heart
Association. Circulation 104, 1985-1991
(2001).

du Buf-Vereijken, P. W., Branten, A. J. &
Wetzels, J. F. Idiopathic membranous
nephropathy: outline and rationale of a
treatment strategy. Am. J. Kidney Dis. 46,
1012-1029 (2005).

Troyanov, S., Wall, C. A., Miller, J. A.,

Scholey, J. W. & Cattran, D. C. Idiopathic
membranous nephropathy: definition and
relevance of a partial remission. Kidney Int. 66,
1199-1205 (2004).

Rutkowski, P. et al. Low-dose dual blockade of
the renin-angiotensin system in patients with
primary glomerulonephritis. Am. J. Kidney Dis.
43,260-268 (2004).

Luno, J. et al. Effects of dual blockade of the
renin-angiotensin system in primary proteinuric
nephropathies. Kidney Int. Suppl. 82, S47-S52
(2002).

Yusuf, S. et al. Telmisartan, ramipril, or both in
patients at high risk for vascular events. N. Engl.
J. Med. 358, 1547-1559 (2008).

Baigent, C. et al. The effects of lowering LDL
cholesterol with simvastatin plus ezetimibe in
patients with chronic kidney disease (Study of
Heart and Renal Protection): a randomised

456 | AUGUST 2013 | VOLUME 9

© 2013 Macmillan Publishers Limited. All rights reserved

www.nature.com/nrneph



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

placebo-controlled trial. Lancet 377,
2181-2192 (2011).

Sakurai, N. et al. Fluvastatin prevents podocyte
injury in a murine model of HIV-associated
nephropathy. Nephrol. Dial. Transplant. 24,
2378-2383 (2009).

Hartner, A. et al. Statin treatment reduces
glomerular inflammation and podocyte damage
in rat deoxycorticosterone-acetate-salt
hypertension. J. Hypertens. 27, 376-385
(2009).

Cormack-Aboud, F. C., Brinkkoetter, P. T.,

Pippin, J. W., Shankland, S. J. & Durvasula, R. V.
Rosuvastatin protects against podocyte
apoptosis in vitro. Nephrol. Dial. Transplant. 24,
404-412 (2009).

Barbour, S. J. et al. Disease-specific risk of
venous thromboembolic events is increased in
idiopathic glomerulonephritis. Kidney Int. 81,
190-195 (2012).

Lionaki, S. et al. Venous thromboembolism in
patients with membranous nephropathy. Clin. J.
Am. Soc. Nephrol. 7, 43-51 (2012).

Ueda, N. Effect of corticosteroids on some
hemostatic parameters in children with minimal
change nephrotic syndrome. Nephron 56,
374-378 (1990).

Hofstra, J. M. et al. Early versus late start of
immunosuppressive therapy in idiopathic
membranous nephropathy: a randomized
controlled trial. Nephrol. Dial. Transplant. 25,
129-136 (2010).

Reichert, L. J., Koene, R. A. & Wetzels, J. F.
Prognostic factors in idiopathic membranous
nephropathy. Am. J. Kidney Dis. 31, 1-11 (1998).
Praga, M. & Rojas-Rivera, J. Glomerular disease:
predicting outcomes in idiopathic membranous
nephropathy. Nat. Rev. Nephrol. 8, 496-498
(2012).

Pei, Y., Cattran, D. & Greenwood, C. Predicting
chronic renal insufficiency in idiopathic
membranous glomerulonephritis. Kidney Int. 42,
960-966 (1992).

Cattran, D. C. et al. Validation of a predictive
model of idiopathic membranous nephropathy:
its clinical and research implications. Kidney Int.
51, 901-907 (1997).

Branten, A. J. et al. Urinary excretion of p2-
microglobulin and IgG predict prognosis in
idiopathic membranous nephropathy: a
validation study. J. Am. Soc. Nephrol. 16,
169-174 (2005).

van den Brand, J. A., Hofstra, J. M. &

Wetzels, J. F. Prognostic value of risk score and
urinary markers in idiopathic membranous
nephropathy. Clin. J.Am. Soc. Nephrol. 7,
1242-1248 (2012).

Hofstra, J. M. et al. Antiphospholipase A2
receptor antibody titer and subclass in idiopathic
membranous nephropathy. J. Am. Soc. Nephrol.
23,1735-1743 (2012).

Kanigicherla, D. et al. Anti-PLA2R antibodies
measured by ELISA predict long-term outcome in
a prevalent population of patients with idiopathic
membranous nephropathy. Kidney Int. 83,
940-948 (2013).

Beck, L. H. et al. Rituximab-induced depletion of
anti-PLA2R autoantibodies predicts response in
membranous nephropathy. J. Am. Soc. Nephrol.
22,1543-1550 (2011).

[No authors listed] A controlled study of short-
term prednisone treatment in adults with
membranous nephropathy. Collaborative Study
of the Adult Idiopathic Nephrotic Syndrome.

N. Engl. J. Med. 301, 1301-1306 (1979).
Cattran, D. C. et al. A randomized controlled trial
of prednisone in patients with idiopathic

membranous nephropathy. N. Engl. J. Med. 320,
210-215 (1989).

54. Cameron, J. S., Healy, M. J. & Adu, D. The
Medical Research Council trial of short-term high-
dose alternate day prednisolone in idiopathic
membranous nephropathy with nephrotic
syndrome in adults. The MRC Glomerulonephritis
Working Party. Q. J. Med. 74, 133-156 (1990).

55. Ponticelli, C. et al. A 10-year follow-up of a
randomized study with methylprednisolone and
chlorambucil in membranous nephropathy.
Kidney Int. 48, 1600-1604 (1995).

56. Jha, V. et al. A randomized, controlled trial of
steroids and cyclophosphamide in adults with
nephrotic syndrome caused by idiopathic
membranous nephropathy. J. Am. Soc. Nephrol.
18, 1899-1904 (2007).

57. Torres, A. et al. Conservative versus
immunosuppressive treatment of patients with
idiopathic membranous nephropathy. Kidney Int.
61,219-227 (2002).

58. du Buf-Vereijken, P. W., Branten, A. J.,

Wetzels, J. F. & Membranous Nephropathy Study
Group. Cytotoxic therapy for membranous
nephropathy and renal insufficiency: improved
renal survival but high relapse rate. Nephrol.
Dial. Transplant. 19, 1142-1148 (2004).

59. du Buf-Vereijken, P. W. et al. Restrictive use of
immunosuppressive treatment in patients with
idiopathic membranous nephropathy: high renal
survival in a large patient cohort. Q. J. Med. 97,
353-360 (2004).

60. Hofstra, J. M. & Wetzels, J. F. Introduction of a
cyclophosphamide-based treatment strategy
and the risk of ESRD in patients with idiopathic
membranous nephropathy: a nationwide survey
in the Netherlands. Nephrol. Dial. Transplant. 23,
3534-3538 (2008).

61. Cattran, D. C., Reich, H. N., Kim, S. J. &
Troyanov, S. Have we changed the outcome in
membranous nephropathy? A propensity study
on the role of immunosuppressive therapy. Clin.
J.Am. Soc. Nephrol. 6, 591-598 (2011).

62. Howman, A. et al. Immunosuppression for
progressive membranous nephropathy: a UK
randomised controlled trial. Lancet 381,
744-751 (2013).

63. Branten, A. J., Vervoort, G. & Wetzels, J. F. Serum
creatinine is a poor marker of GFR in nephrotic
syndrome. Nephrol. Dial. Transplant. 20,
707-711 (2005).

64. Branten, A. J., Reichert, L. J., Koene, R. A. &
Wetzels, J. F. Oral cyclophosphamide versus
chlorambucil in the treatment of patients with
membranous nephropathy and renal
insufficiency. Q. J. Med. 91, 359-366 (1998).

65. Ponticelli, C. et al. A randomized study
comparing methylprednisolone plus
chlorambucil versus methylprednisolone plus
cyclophosphamide in idiopathic membranous
nephropathy. J. Am. Soc. Nephrol. 9, 444-450
(1998).

66. Baltus, J. A., Boersma, J. W., Hartman, A. P. &
Vandenbroucke, J. P. The occurrence of
malignancies in patients with rheumatoid
arthritis treated with cyclophosphamide:

a controlled retrospective follow-up. Ann. Rheum.
Dis. 42,368-373 (1983).

67. Knight, A., Askling, J., Granath, F., Sparen, P. &
Ekbom, A. Urinary bladder cancer in Wegener’s
granulomatosis: risks and relation to
cyclophosphamide. Ann. Rheum. Dis. 63,
1307-1311 (2004).

68. Plotz, P. H. et al. Bladder complications in
patients receiving cyclophosphamide for
systemic lupus erythematosus or rheumatoid
arthritis. Ann. Int. Med. 91, 221-223 (1979).

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

REVIEWS

Faurschou, M. et al. Malignancies in Wegener’s
granulomatosis: incidence and relation to
cyclophosphamide therapy in a cohort of 293
patients. J. Rheumatol. 35, 100-105 (2008).
Mok, C. C., Lau, C. S. & Wong, R. W. Risk factors
for ovarian failure in patients with systemic lupus
erythematosus receiving cyclophosphamide
therapy. Arthritis Rheum. 41, 831-837 (1998).
Pendse, S., Ginsburg, E. & Singh, A. K.
Strategies for preservation of ovarian and
testicular function after immunosuppression.
Am. J. Kidney. Dis. 43, 772-781 (2004).
loannidis, J. P, Katsifis, G. E., Tzioufas, A. G. &
Moutsopoulos, H. M. Predictors of sustained
amenorrhea from pulsed intravenous
cyclophosphamide in premenopausal women
with systemic lupus erythematosus.

J. Rheumatol. 29, 2129-2135 (2002).
Meistrich, M. L., Parchuri, N., Wilson, G.,
Kurdoglu, B. & Kangasniemi, M. Hormonal
protection from cyclophosphamide-induced
inactivation of rat stem spermatogonia. J. Androl.
16, 334-341 (1995).

Wetzels, J. F. Cyclophosphamide-induced
gonadal toxicity: a treatment dilemma in
patients with lupus nephritis? Neth. J. Med. 62,
347-352 (2004).

Appel, G. B. et al. Mycophenolate mofetil versus
cyclophosphamide for induction treatment of
lupus nephritis. J. Am. Soc. Nephrol. 20,
1103-1112 (2009).

Jayne, D. et al. A randomized trial of
maintenance therapy for vasculitis associated
with antineutrophil cytoplasmatic
autoantibodies. N. Engl. J. Med. 349, 36-44
(2003).

Western Canadian Glomerulonephritis Study
Group. Controlled trial of azathioprine in the
nephrotic syndrome secondary to idiopathic
membranous glomerulonephritis. Can. Med.
Assoc. J. 115, 1209-1210 (1976).

Ahuja, M., Goumenos, D., Shortland, J. R.,
Gerakis, A. & Brown, C. B. Does
immunosuppression with prednisolone and
azathioprine alter the progression of idiopathic
membranous nephropathy? Am. J. Kidney Dis.
34,521-529 (1999).

Brown, J. H. et al. Treatment of renal failure in
idiopathic membranous nephropathy with
azathioprine and prednisolone. Nephrol. Dial.
Transplant. 13, 443-448 (1998).

Bone, J. M., Rustom, R. & Williams, P. S.
‘Progressive’ versus ‘indolent’ idiopathic
membranous glomerulonephritis. Q. J. Med. 90,
699-706 (1997).

Goumenos, D. S., Ahuja, M., Davlouros, P,

El Nahas, A. M. & Brown, C. B. Prednisolone and
azathioprine in membranous nephropathy:

a 10-year follow-up study. Clin. Nephrol. 65,
317-323 (2006).

Choi, M. J. et al. Mycophenolate treatment for
primary glomerular disease. Kidney Int. 61,
1098-1114 (2002).

Dussol, B. et al. Mycophenolate mofetil
monotherapy in membranous nephropathy:

a 1 year randomized controlled trial. Am. J.
Kidney Dis. 52, 699-705 (2008).

Miller, G., Zimmerman, R. lll, Radhakrishnan, J. &
Appel, G. Use of mycophenolate mofetil in
resistant membranous nephropathy. Am. J.
Kidney Dis. 36, 250-256 (2000).

Branten, A. J., du Buf-Vereijken, P. W.,

Vervloet, M. & Wetzels, J. F. Mycophenolate
mofetil in idiopathic membranous nephropathy:
a clinical trial with comparison to a historic
control group treated with cyclophosphamide.
Am. J. Kidney Dis. 50, 248-256 (2007).

NATURE REVIEWS ‘ NEPHROLOGY

© 2013 Macmillan Publishers Limited. All rights reserved

VOLUME9 | AUGUST 2013 | 457



REVIEWS

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Senthil Nayagam, L. et al. Mycophenolate mofetil
or standard therapy for membranous
nephropathy and focal segmental
glomerulosclerosis: a pilot study. Nephrol. Dial.
Transplant. 23, 1926-1930 (2008).

Chan, T. M. et al. Prospective controlled study on
mycophenolate mofetil and prednisolone in the
treatment of membranous nephropathy with
nephrotic syndrome. Nephrology 12, 576-581
(2007).

Meyrier, A. Antiproteinuric and immunological
effects of cyclosporin A in the treatment of
glomerular diseases. Nephrol. Dial. Transplant. 7
(Suppl. 1), 80-84 (1992).

Faul, C. et al. The actin cytoskeleton of kidney
podocytes is a direct target of the antiproteinuric
effect of cyclosporine A. Nat. Med. 14, 931-938
(2008).

Cattran, D. C. et al. A controlled trial of
cyclosporine in patients with progressive
membranous nephropathy. Canadian
Glomerulonephritis Study Group. Kidney Int. 47,
1130-1135 (1995).

Cattran, D. C. et al. Cyclosporine in patients with
steroid-resistant membranous nephropathy:

a randomized trial. Kidney Int. 59, 1484-1490
(2001).

Alexopoulos, E., Papagianni, A.,

Tsamelashvili, M., Leontsini, M. & Memmaos, D.
Induction and long-term treatment with
cyclosporine in membranous nephropathy with
the nephrotic syndrome. Nephrol. Dial.
Transplant. 21, 3127-3132 (2006).

Praga, M., Barrio, V., Juérez, G. F, Lufo, J. &
Grupo Espanol de Estudio de la Nefropatia
Membranosa. Tacrolimus monotherapy in
membranous nephropathy: a randomized
controlled trial. Kidney Int. 71, 924-930
(2007).

Kalliakmani, P., Koutroulia, E., Sotsiou, F.,
Vlachojannis, J. G. & Goumenos, D. S. Benefit
and cost from the long-term use of cyclosporine
A in idiopathic membranous nephropathy.
Nephrology 15, 762-767 (2010).

Remuzzi, G. et al. Rituximab for idiopathic
membranous nephropathy. Lancet 360,
923-924 (2002).

Fervenza, F. C. et al. Rituximab treatment of
idiopathic membranous nephropathy. Kidney Int.
73,117-125 (2008).

Fervenza, F. C. et al. Rituximab therapy in
idiopathic membranous nephropathy: a 2 year
study. Clin. J. Am. Soc. Nephrol. 5, 2188-2198
(2010).

Cravedi, P, Ruggenenti, P, Sghirlanzoni, M. C. &
Remuzzi, G. Titrating rituximab to circulating B
cells to optimize lymphocytolytic therapy in
idiopathic membranous nephropathy. Clin. J. Am.
Soc. Nephrol. 2,932-937 (2007).

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Ruggenenti, P. et al. Rituximab for idiopathic
membranous nephropathy: who can benefit?
Clin. J. Am. Soc. Nephrol. 1, 738-748 (2006).
Ruggenenti, P. et al. Rituximab in idiopathic
membranous nephropathy. J. Am. Soc. Nephrol.
23,1416-1425 (2012).

US National Library of Medicine. ClinicalTrials.gov
[online], http://clinicaltrials.gov/ct2/show/
NCT011800367?term=NCT01180036&rank=1
(2013).

Segarra, A. et al. Successful treatment of
membranous glomerulonephritis with rituximab
in calcineurin inhibitor-dependent patients. Clin.
J.Am. Soc. Nephrol. 4, 1083-1088 (2009).
Berg, A. L., Nilsson-Ehle, P. & Arnadottir, M.
Beneficial effects of ACTH on the serum
lipoprotein profile and glomerular function in
patients with membranous nephropathy. Kidney
Int. 56, 1534-1543 (1999).

Berg, A. L. & Arnadottir, M. ACTH-induced
improvement in the nephrotic syndrome in
patients with a variety of diagnoses. Nephrol.
Dial. Transplant. 19, 1305-1307 (2004).
Lindskog, A. M. et al. Melanocortin 1 receptor
agonists reduce proteinuria. J. Am. Soc. Nephrol.
21,1290-1298 (2010).

Ponticelli, C. et al. A randomized pilot trial
comparing methylprednisolone plus a cytotoxic
agent versus synthetic adrenocorticotropic
hormone in idiopathic membranous nephropathy.
Am. J. Kidney Dis. 47, 233-240 (2006).
Bomback, A. S. et al. Treatment of nephrotic
syndrome with adrenocorticotropic hormone
(ACTH) gel. Drug Des. Devel. Ther. 5, 147-153
(2011).

Bomback, A. S. et al. Treatment of resistant
glomerular diseases with adrenocorticotropic
hormone gel: a prospective trial. Am. J. Nephrol.
36, 58-67 (2012).

Hladunewich, M. et al. A pilot study to determine
dose, effectiveness and depletion of anti-PLA2R
antibodies of adrenocorticotrophic hormone
(ACTH Acthar® Gel) in subjects with nephrotic
syndrome and idiopathic membranous
nephropathy [abstract]. J. Am Soc. Nephrol. 23,
FR-OR125 (2012).

du Buf-Vereijken, P. W. & Wetzels, J. F. Treatment-
related changes in urinary excretion of high and
low molecular weight proteins in patients with
idiopathic membranous nephropathy and renal
insufficiency. Nephrol. Dial. Transplant. 21,
389-396 (2006).

Irazabal, M. V. et al. Low and high-molecular-weight
urinary proteins as predictors of response to
rituximab in patients with membranous
nephropathy: a prospective study. Nephrol. Dial.
Transplant. 28, 137-146 (2013).

ERA-EDTA Immunonephrology Working Group.
Ongoing Projects [online], http://

113.

114.

115.

116.

117.

118.

119.

120.

121.

www.era-edta.org/immunonephrology,
immunonephrology ongoingprojects.html (2012).
Stohl, W. et al. Belimumab reduces
autoantibodies, normalizes low complement
levels, and reduces select B cell populations in
patients with systemic lupus erythematosus.
Arthritis Rheum. 64, 2328-2337 (2012).

US National Library of Medicine. ClinicalTrials.gov
[online], http://clinicaltrials.gov/ct2/show,
NCT01762852?term=NCT01762852&rank=1
(2013).

Fervenza, F. C., Glassock, R. J. & Bleyer, A. J.
American Society of Nephrology Quiz and
Questionnaire 2012: Glomerulonephritis. Clin. J.
Am. Soc. Nephrol. http://dx.doi.org/10.2215
CJN.00440113.

Murtas, C. et al. Coexistence of different
circulating anti-podocyte antibodies in
membranous nephropathy. Clin. J. Am. Soc.
Nephrol. 27, 1394-1400 (2012).

Ballarin, J. et al. Treatment of idiopathic
membranous nephropathy with the combination
of steroids, tacrolimus and mycophenolate
mofetil: results of a pilot study. Nephrol. Dial.
Transplant. 22, 3196-3201 (2007).

Rostoker, G. et al. Long-term cyclosporin A
therapy for severe idiopathic membranous
nephropathy. Nephron 63, 335-341 (1993).
Goumenos, D. S., Kalliakmani, P, Tsakas, S.,
Sotsiou, F. & Vlachojannis, J. G. The remission of
nephrotic syndrome with cyclosporin treatment
does not attenuate the progression of idiopathic
membranous nephropathy. Clin. Nephrol. 61,
17-24 (2004).

Goumenos, D. S. et al. Corticosteroids and
ciclosporin A in idiopathic membranous
nephropathy: higher remission rates of nephrotic
syndrome and less adverse reactions than after
traditional treatment with cytotoxic drugs. Am. J.
Nephrol. 27,226-231 (2007).

Chen, M. et al. Tacrolimus combined with
corticosteroids in treatment of nephrotic
idiopathic membranous nephropathy:

a multicenter randomized controlled trial. Am. J.
Med. Sci. 339, 233-238 (2010).

Acknowledgements

J.M.

Hofstra and J. F. M. Wetzels are supported by

Dutch Kidney Foundation grants (NSN grants
KJPB11.021 and OWO0S8). F. C. Fervenza has received
grant support from the Fulk Family Foundation.

Author contributions

J. M.

Hofstra researched data for the article and

wrote the manuscript. J. F. M. Wetzels wrote and
reviewed and/or edited the manuscript before
submission. F. C. Fervenza reviewed and/or edited
the manuscript before submission. All authors
made a substantial contribution to discussions of
the content.

458 | AUGUST 2013 | VOLUME 9

© 2013 Macmillan Publishers Limited. All rights reserved

www.nature.com/nrneph


http://clinicaltrials.gov/ct2/show/NCT01180036?term=NCT01180036&rank=1
http://clinicaltrials.gov/ct2/show/NCT01180036?term=NCT01180036&rank=1
http://www.era-edta.org/immunonephrology/immunonephrology_ongoingprojects.html
http://www.era-edta.org/immunonephrology/immunonephrology_ongoingprojects.html
http://www.era-edta.org/immunonephrology/immunonephrology_ongoingprojects.html
http://clinicaltrials.gov/ct2/show/ NCT01762852?term=NCT01762852&rank=1
http://clinicaltrials.gov/ct2/show/ NCT01762852?term=NCT01762852&rank=1
http://dx.doi.org/10.2215/CJN.00440113
http://dx.doi.org/10.2215/CJN.00440113

	Treatment of idiopathic membranous nephropathy
	Julia M. Hofstra, Fernando C. Fervenza and Jack F. M. Wetzels
	Key points
	Introduction
	Identification of patients
	Supportive care
	Immunosuppressive therapy
	Areas of concern
	Conclusions
	Review criteria
	Figure 1 | Treatment algorithm for membranous nephropathy based on the 2012 Kidney Disease: Improving Global Outcomes guideline.11 The KDIGO guideline provides guidance for the treatment of membranous nephropathy but several areas of uncertainty remain. (
	Figure 2 | Potential role of anti-PLA2R antibody assessment in guiding diagnosis and therapy in membranous nephropathy. If ongoing prospective studies confirm the high specificity of anti-PLA2R antibodies for diagnosis of idiopathic membranous nephropathy
	Acknowledgements
	Author contributions



