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such as the combination of cyclophosphamide and predni-
sone, and calcineurin inhibitors (CNIs), as well as of newer 
agents such as rituximab will be reviewed.  Key Messages:  
Appropriate assessment is required to exclude secondary 
conditions causing membranous glomerulonephritis. The 
role of antibodies to phospholipase A 2  receptor (anti-PLA2R) 
in establishing the primary disease is growing, though more 
data are required. The increase in therapeutic options sup-
ports treatment individualization, taking into account the 
availability, benefits and risks, as well as patient preference. 
 Facts from East and West:  (1) The prevalence of IMN is in-
creasing worldwide, particularly in elderly patients, and has 
been reported in 20.0–36.8% of adult-onset NS cases. The 
presence of anti-PLA2R antibodies in serum or PLA2R on re-
nal biopsy is the most predictive feature for the diagnosis of 
IMN and is used in both the East and West; however, appro-
priate screening to rule out secondary causes should still be 
performed. (2) Several observational (nonrandomized) Asian 
studies indicate a good response to corticosteroids alone in 
IMN patients, although no randomized controlled trials 
(RCTs) have been done in Asian membranous patients at 
high risk of progression. Corticosteroid monotherapy has 
failed in randomized controlled studies in Western countries 
and is therefore not recommended. (3) Cyclophosphamide 
is the most commonly prescribed alkylating agent in Europe 
and China. Also, chlorambucil is still used in some Western 
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 Abstract 

  Background:  Idiopathic membranous nephropathy (IMN) is 
a common cause of nephrotic syndrome (NS) in adults in 
Western countries. In 2012, the KDIGO (Kidney Disease: Im-
proving Global Outcomes) working group published guide-
lines for the management of glomerulonephritis, thus pro-
viding a template for the treatment of this condition. While 
being aware of the impact of the clinicians’ acumen and that 
patients may choose a different therapeutic option due to 
the risks of specific drugs and also of the evolving guidelines, 
this review details our approach to the management of pa-
tients with IMN in a Western center (Toronto).  Summary:  
Based on studies published in Europe and North America, we 
included recent advances in the diagnosis and management 
of patients with membranous nephropathy similar to our 
practice population. We highlight the importance of estab-
lishing the idiopathic nature of this condition before initiat-
ing immunosuppressive therapy, which should include the 
screening for secondary causes, especially malignancy in the 
elderly population. The expected outcomes with and with-
out treatment for patients with different risks of progression 
will be discussed to help guide clinicians in choosing the ap-
propriate course of treatment. The role of conservative ther-
apy as well as of established immunosuppressive treatment, 
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countries, particularly in Europe. In North America, CNIs are 
the more common first-line treatment. (4) Cyclosporine is 
predominantly used as monotherapy in North America, al-
though KDIGO and Japanese guidelines still recommend a 
combination with low-dose corticosteroids. Clinical studies 
both in Asia and Europe showed no or little effects of mono-
therapy with mycophenolate mofetil compared to standard 
therapies. (5) There are encouraging data from nonrandom-
ized Western studies for the use of rituximab and a few small 
studies using adrenocorticotropic hormone. Clinical trials 
are ongoing in North America to confirm these observations. 
These drugs are rarely used in Asia. (6) A Chinese study re-
ported that 36% of IMN patients suffered from venous 
thromboembolism versus 7.3% in a North American study. 
Prophylactic anticoagulation therapy is usually added to 
IMN patients with a low risk of bleeding in both Eastern and 
Western countries. (7) The Chinese traditional medicine herb 
triptolide, which might have podocyte-protective proper-
ties, is used in China to treat IMN. An open-label, multicenter 
RCT showed that Shenqi, a mixture of 13 herbs,  was superior 
to corticosteroids plus cyclophosphamide therapy to restore 
epidermal growth factor receptor in IMN patients, although 
proteinuria improvement was equal in the two groups. Im-
portantly, Shenqi treatment induced no severe adverse 
events while standard therapy did.  © 2015 S. Karger AG, Basel 

 Introduction 

 Idiopathic membranous nephropathy (IMN) remains 
one of the most common causes of adult-onset nephrotic 
syndrome (NS) in Western countries  [1–3] . Since mem-
branous nephropathy (MN) has originally been described 
over half a century ago  [4] , considerable information has 
been collected to help guide us with patient management. 
Some of these data relate to an understanding of the natu-
ral history and pathophysiology of the disease, while other 
studies are about new treatments and an increased aware-
ness of the risks as well as of the benefits of these therapeu-
tic regimens. Today, we have the capacity to reduce pro-
teinuria and ameliorate the consequences of IMN.

  Guidelines for all common histologic variants of IMN 
have recently been published under the auspices of the 
KDIGO (Kidney Disease: Improving Global Outcomes) 
initiative  [5] . These guidelines, graded by the quality of 
evidence, were established to help supplement the clini-
cian’s decision-making process, but not to replace physi-
cian judgment  [6] . The highest quality of evidence (grade 
A) is uncommon in IMN, leaving disease management 

still highly dependent on the individual case characteris-
tics and the integration of both the physician’s judgment 
and the patient’s preference of treatment. The latter are 
particularly relevant in Western countries and common-
ly relate to adverse events (AE) that can be associated with 
immunotherapy, which are in turn often impacted by the 
patient’s age and sex. In this review, we present our ap-
proach to the management of IMN that has evolved not 
only based on published data such as the KDIGO glo-
merulonephritis guidelines but also on our clinical expe-
rience, taking into account these factors and reflecting 
our current practice in the Glomerulonephritis Clinic 
and Registry at the University of Toronto in Canada.

  Confirming the Diagnosis 

 Usually, IMN patients present with features of NS, 
which, however, is not specific to this condition and over-
laps with many other primary and secondary glomerular 
diseases. Thus, the diagnosis of MN can only be con-
firmed by a kidney biopsy and appropriate histopatho-
logic examination. Along with this histologic confirma-
tion, screening for other causes of NS and for secondary 
causes of the membranous lesion must be undertaken 
( table 1 ).

  Pathology 
 The diagnosis of IMN is suspected by the stiffening and 

thickening of the glomerular basement membrane by light 
microscopy; however, the deposition of immunoglobulin 
G (IgG) and complement 3 (C3) along the glomerular base-
ment membrane by immunofluorescence (IF) and subepi-
thelial electron-dense deposits by electron microscopy are 
the sine qua non of the MN pattern  [7, 8] . Secondary eti-
ologies (SMN) share these features, along with additional 
findings such as mesangial or endocapillary cell prolifera-
tion by light microscopy and tubuloreticular inclusions; 
also, electron-dense deposits in other regions (mesangial or 
subendothelial) by electron microscopy or a ‘full-house’ 
pattern by IF staining for immunoglobulins and comple-
ments (IgG, IgA and IgM plus C3 and C1q) strongly sug-
gest lupus nephritis  [9, 10] . If an increased number of in-
flammatory cells (>8 per glomerulus) are seen, MN associ-
ated with malignancy should also be considered  [11] .

  A recently suggested feature distinguishing IMN from 
SMN is the staining pattern for the IgG subclasses, with 
predominantly IgG4 subclass deposition for IMN versus 
an IgG1 and IgG3 staining pattern in the case of lupus 
MN  [12, 13] ; IgG1 and IgG2 dominance was associated 
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with malignancy-associated MN  [14] . Although of inter-
est, the overlap in the deposition pattern of the IgG sub-
classes currently limits our ability to discriminate prima-
ry from secondary disease  [15] . Although our nephro-
pathologists use this approach in their tissue examination 
and believe it will eventually provide valuable informa-
tion, its application is currently at the confirmatory rath-
er than at the diagnostic level.

  Preliminary Screening 
 The prevalence of secondary causes of MN is highly 

variable in the published literature, but approximately 
30% of adults in the cohorts of Western countries have an 
identifiable etiologic agent leading to the injury pattern of 
MN  [16–18] . This underlines the critical need for a prop-
er diagnosis and dictates subsequent management. A 
growing concern is the increased rate of malignancy 
among MN patients older than 60 years, where the inci-
dence may reach 20%  [19, 20] . Investigation of these pa-
tients should closely follow appropriate age and sex ma-
lignancy screening as recommended by regional guide-
lines. In our clinic, appropriate screening is driven not 
only by these guidelines, but also by clinical suspicion 
( table 1 ). An elderly patient, for example, with a signifi-
cant history of smoking, even if remote, would dictate a 

chest CT to rule out lung cancer, versus a young woman 
recently emigrated from East Asia, for whom screening 
for viral hepatitis and autoimmune disease would be 
deemed appropriate even without a documented history 
of systemic involvement.

  Anti-Phospholipase A 2  Receptor Antibodies 
 Antibodies to phospholipase A 2  receptor (anti-PLA2R), 

a transmembrane protein found in podocytes, were origi-
nally detected in the serum of 70% of IMN patients  [21] . 
These antibodies can also be localized in glomerular tissue 
by IF staining, further implicating their role in IMN patho-
biology  [21, 22] . Following the initial description, publica-
tions from Western countries have reported variable prev-
alence, with a positivity of these circulating antibodies in 
IMN cases ranging from 52 to 78%  [23, 24] . These anti-
bodies are rarely detected in SMN, offering high specific-
ity. Unfortunately, in many of the IMN studies, it has not 
been possible to assess the relationship between circulat-
ing and kidney-bound antibodies due to the absence of 
concurrent serum and tissue samples  [22] , making this 
currently an association rather than a cause-and-effect re-
lationship. Perhaps equally concerning, a few patients 
with malignancy and presumed SMN have demonstrated 
anti-PLA2R in the serum  [25] , reinforcing the need to 

Table 1.  Common causes of SMN and routine tests to rule out these possible conditions

Causes Tests

Autoimmune diseases lupus nephritis
rheumatoid arthritis

ANA, ENA, C3, C4
rheumatoid factor, anti-CCP

Infections HBV
HCV
HIV

HBsAg, anti-HBc, anti-HBs
anti-HCV, HCV RNAa

HIV screeningb

Medications NSAIDs
classic: gold, penicillamine, captopril
recent: anti-TNF-α

medication review

Malignancyb lung
prostate
colon
breast
plasma cell dyscrasias

low-dose chest CT
PSA
FOBT, colonoscopy
mammogram, US
SPEP, serum FLC

 ANA = Antinuclear antibody; ENA = extractable nuclear antigens antibodies; CCP = cyclic citrullinated 
peptide; HBV = hepatitis B virus; HCV = hepatitis C virus; HBsAG = hepatitis B surface antigen; anti-HBc = 
hepatitis B core antibody; anti-HBs = hepatitis B surface antibody; HIV = human immunodeficiency virus; 
NSAIDs = nonsteroidal anti-inflammatory drugs; TNF = tumor necrosis factor; CT = computerized tomography; 
PSA = prostate-specific antigen; FOBT = fecal occult blood test; US = ultrasonography; SPEP = serum protein 
electrophoresis; FLC = free light chains.

a If anti-HCV antibodies are positive. b Recommendations are under review by Centers for Disease Control 
and Prevention, and specific recommendations from local authorities should be followed.
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screen for malignancy in patients at risk, regardless of 
their anti-PLA2R status. In our clinic, we routinely test 
both serum and tissue anti-PLA2R but do not rely on 
them as the sole discriminator between IMN and SMN, 
given the above overlap, lack of sensitivity and, potential-
ly, lack of specificity. There are several other outstanding 
issues that need resolution, including the significant per-
centage of IMN patients with PLA2R negativity. Initially, 
this was thought to possibly represent patients about to 
enter spontaneous remission but, with time, it has been 
noted that it does not explain the great percentage of the 
negative-antibody cohort. In a series of patients treated 
with rituximab, among those with detectable serum anti-
PLA2R antibodies (approx. 80% of those screened), lower 
circulating anti-PLA2R antibody titers at baseline and de-
pletion of anti-PLA2R within 6 months of therapy pre-
dicted remission, and re-emergence of circulating anti-
bodies predicted relapse. However, when compared to pa-
tients who were anti-PLA2R negative at screening, the 
treatment response was similar  [26] . Therefore, although 
helpful in finding both tissue and circulating anti-PLA2R, 
more prospective data are needed to guide the use of an-
tibodies during follow-up and also guide the monitoring 
of antibody-negative patients.

  Assessing the Risk of Progression 

 The variability in the natural history of IMN makes the 
assessment of prognosis a critical element in the manage-
ment of the patient. Although this assessment usually re-
quires observing the development of protein excretion 
over time, the evaluation of immediate morbidity risks is 
also warranted. This includes the evaluation of the risk of 
complications arising from severe nephrosis (such as ana-
sarca and the risk of infection and thromboembolism) 
since they can act as indicators to initiate therapy earlier 
than the severity of proteinuria alone might dictate.

  Risk Factors for Progression to End-Stage Kidney 
Disease 
 Proteinuria 
 Currently, a prolonged duration of high-grade pro-

teinuria is the strongest predictor of progression to renal 
impairment and remains the best evidence-based guide 
to a long-term outcome ( fig. 1 ). This is the method we 
employ to assess prognosis in the great majority of pa-
tients with IMN evaluated in our Glomerulonephritis 
Clinic. European studies have found that high levels of 
urinary IgG and low-molecular-weight (LMW) proteins 

IMN

1
3

3

  Fig. 1.  Suggested treatment algorithm based on risk assessment and degree of protein excretion.  1  Initiate low-salt 
diet; start ACE inhibitors/ARB (target blood pressure <130/80 mm Hg) as tolerated.  2  If the patient relapses, con-
sider immunosuppressive therapy.  3  Initial treatment with an appropriate immunosuppressive agent after exclud-
ing contraindications to treatment, such as infections, malignancy and impaired GFR. 
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(such as β 2 - and α 1 -microglobulins) were associated with 
worse renal survival  [27–29] . However, LMW proteins do 
not appear to predict either long-term outcome or a re-
sponse to cyclophosphamide  [30] , and a recent North 
American study found that although LMW proteins were 
predictive of a response to rituximab at 12 months, they 
did not predict long-term outcome (24 months) any bet-
ter than changes in the 24-hour urine protein excretion 
rate  [31] . High levels of anti-PLA2R have also been sug-
gested as indicative of a poor prognosis, though more ex-
perience is needed in this respect  [32] . Potentially, the 
combination of several of these factors may be better than 
any single one to guide prognosis.

  Age 
 MN is the most common cause of NS in patients over 

the age of 60 years  [33] . This age group accounts for 23% 
of patients diagnosed with IMN  [34] . Although increased 
age is reported to be a risk factor for progression, it likely 
reflects the natural decline in glomerular filtration rate 
(GFR) associated with normal aging (i.e. the loss of func-
tional nephrons). Indeed, when compared to younger 
IMN patients, the rate of decline in GFR in the elderly was 
similar, and the higher end-stage kidney disease rate was 
due to a lower GFR at therapy start  [34] . Thus, older in-
dividuals will require careful attention given their lower 
reserve of kidney function at baseline, but age alone 
should not preclude therapy. A heightened awareness 
must be maintained both before and after initiating po-
tent immunosuppressive treatment, given that AE of im-
munosuppression are likely to be greater.

  Sex 
 A number of studies have reported worse outcomes in 

men compared to women with IMN. A review of the data 
from our registry did find that, on average, men had a 
higher blood pressure (2 mm Hg) than women and high-
er mean proteinuria. However, after adjusting for these 
two factors, the rate of decline in GFR was almost the 
same, making our approach to treatment, after these pa-
rameters had been assessed, independent of the patient’s 
sex  [35] .

  Kidney Function 
 A reduced kidney function at presentation (as deter-

mined by increased serum creatinine or reduced creati-
nine clearance) has been shown to correlate with reduced 
renal survival. In addition, a progressive decline in renal 
function over time (the slope of creatinine clearance) is 
strongly predictive of a poor renal outcome. Our concern 

in this cohort is that the former, at presentation, is often 
not related to the disease process per se and that the time 
span needed before a decline in the slope as the only pa-
rameter of progression can clearly be determined results 
in an irreversible loss of a substantial number of function-
ing nephrons  [36] .

  Choosing the Right Therapy 

 The natural history of untreated IMN is variable. 
Based on Western studies  [37, 38] , a third of the patients 
will have spontaneous and complete remission, another 
third will have persistent proteinuria, and another third 
will have persistent proteinuria and progress to end-
stage renal disease. This illustrates the relevance of estab-
lishing, as early as possible, those patients who will 
achieve spontaneous remission and thus be spared the 
potential risks of immunosuppression. On the other end 
of the spectrum, there exists an IMN group with an in-
creased risk of developing renal impairment, including 
patients with persistent high-grade proteinuria and those 
who present with either a low GFR or with evidence of 
progressive decline in renal function. This group repre-
sents a relatively small percentage of IMN patients, but 
they may warrant immunosuppressive therapy earlier 
than the standard patient, given that their renal reserve 
is low and their risk of NS complications is high. Previ-
ously, we published a validated tool using daily protein 
excretion and GFR over time to predict the risk of pro-
gression  [36] . In our practice, we use a modified version 
of this algorithm to determine the overall risk of progres-
sion to help guide our treatment in the majority of IMN 
patients ( fig. 1 ).

  Low-Risk Group 
 Patients in this group have low-grade proteinuria ( ≤ 4 

g/day) and a normal renal function that persists over a 
6-month period of observation. They have a good prog-
nosis, with only a 5% risk of progression to chronic kid-
ney disease (CKD) over 5 years. Conservative therapy 
only is our approach in this cohort and should include 
dietary salt restriction and blood pressure control, prefer-
ably with angiotensin-converting enzyme (ACE) inhibi-
tors or angiotensin II receptor blockers (ARB), which 
may also contribute to proteinuria reduction.

  Medium-Risk Group 
 This group is defined by persistent proteinuria be-

tween 4 and 8 g/day over 6 months, despite maximum 
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conservative therapy; the patients have a >50% proba-
bility of developing CKD within 5 years. In general, we 
follow the KDIGO guidelines that recommend the ini-
tiation of immunosuppressive therapy in conjunction 
with conservative therapy at the end of that observation 
period. The exceptions are patients with advanced CKD 
(too late to treat) or life-threatening infections (too 
risky to treat). In our clinic, we take these factors into 
consideration, along with age and other comorbidities 
like diabetes that may significantly elevate the risk of 
treatment, thus favoring further observation. This ap-
proach is used particularly if proteinuria is showing a 
progressive decline and GFR is stable over the 6-month 
span  [37] .

  High-Risk Group 
 Patients in this group have persistent proteinuria >8 g/

day and/or a deteriorating kidney function. They have a 
65–80% risk of progression to CKD in 5 years and, in 
these patients, we may choose to start therapy earlier than 
the 6 months. Additionally, ruling out complications of 
NS as additional factors in this clinical state (such as renal 
vein thrombosis) or therapy (such as over-diuresis or 
drug-induced interstitial nephritis) is critical. Repeated 
assessment is required especially if the GFR trajectory has 
changed or the patient’s clinical status is deteriorating, 
since there is a radical difference in management if the 
deterioration is due to a complication rather than the dis-
ease process itself. In the past, those with a GFR <40 ml/
min/1.73 m 2 , but still assessed as having a reasonable 
chance of response, might receive either cyclical cyclo-
phosphamide/prednisone or cyclosporine. Although a 
recent randomized controlled trial (RCT) points out that 
the risk-benefit ratio is substantially altered in this sce-
nario and any therapy must be carefully weighed against 
the risk, we occasionally consider these therapies under 
case-specific conditions including the use of rituximab 
 [39] .

  Conservative Therapy 

 Dietary Modifications 
 We strongly recommend salt restriction in our pa-

tients with proteinuria with or without hypertension. The 
average salt consumption in most Western countries is 
well beyond the recommended daily intake per person 
(<2 g of sodium/day based on WHO recommendations) 
 [40] . We often refer patients to a dietitian for education 
and reinforcement of the necessary dietary changes. It has 

also been shown that the effect of a renin-angiotensin sys-
tem blockade is diminished in patients who have high uri-
nary sodium excretion, which is another reason for pay-
ing careful attention to sodium intake  [41] . In terms of 
dietary protein intake, we advise adults >18 years to take 
0.8 g/kg body weight/day plus replacing the protein ex-
creted in the urine on a gram-for-gram basis  [42] . Diets 
low in fat and cholesterol are also advised in nephrotic 
patients  [5] .

  ACE Inhibitors/ARB 
 The ideal target blood pressure in IMN is not clear. A 

blood pressure of <130/80 mm Hg among those with >1 
g/day protein excretion is a reasonable target. Given the 
positive effect on proteinuria in other renal diseases, un-
less there is a specific contraindication, we prescribe ACE 
inhibitors or ARB in this setting. Their benefit has been 
suggested in a recent study, which showed that patients 
who achieved spontaneous partial or complete remission 
in proteinuria were more likely to have received ACE in-
hibitor therapy prior to achieving this state  [37] . We do 
not combine ACE inhibitors and ARB, given the lack of 
any evidence of benefit in IMN and the potential risk of 
side effects such as acute kidney injury, hyperkalemia and 
hypotension  [43] . We also advise patients experiencing 
intercurrent illness, especially associated with volume de-
pletion (vomiting or diarrhea), to discontinue their re-
nin-angiotensin system blockade therapy temporarily to 
avoid acute kidney injury.

  Hyperlipidemia 
 Hypercholesterolemia and hypertriglyceridemia are 

known complications of NS and almost always accom-
pany IMN patients with nephrotic-range proteinuria. 
The most effective way to improve hyperlipidemia associ-
ated with NS is to cure the underlying IMN or at least re-
duce proteinuria to the subnephrotic range. However, for 
patients where this cannot be accomplished and where 
there is a projected long duration of nephrosis, we pre-
scribe statins to help retard one of the factors known to 
be associated with accelerated cardiovascular disease 
 [44] .

  Thromboembolism 
 Compared with other primary glomerulonephritis, 

patients with IMN accompanied by NS have a higher 
risk of developing renal vein thrombosis and thrombo-
embolism  [45] . Chronic prophylactic anticoagulation 
has long been debated  [46] . In a cohort of 898 patients 
with MN in North America, the risk of venous throm-
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boembolism (VTE) was 7.2%, with most cases diag-
nosed within the first 2 years of onset of nephrosis  [47] . 
Low serum albumin (<28 g/l) in multivariate analysis 
was the dominant factor associated with a higher inci-
dence of VTE. Recently, a risk-benefit tool has been de-
veloped to help clinicians in their decision-making 
based on the data surrounding the question of prophy-
lactic anticoagulation, which takes into account not only 
the risks of thromboembolism but also the risks of bleed-
ing (www.gntools.com)  [48] . Interestingly, episodes of 
VTE were not shown to affect renal survival. Earlier re-
ports have suggested higher incidences of VTE  [49, 50] , 
especially when routine screening was employed; how-
ever, there are no trials that have shown improved out-
comes with screening. In our clinic, we often prescribe 
prophylactic anticoagulation in patients with serum al-
bumin levels of <25 g/l but only after very careful assess-
ment and after determining that the risk of bleeding is 
low.

  Immunosuppressive Therapy 

 In patients in whom immunosuppressive therapy is 
warranted, treatment with either an alkylating agent 
combined with prednisone or cyclosporine is recom-
mended by the KDIGO glomerulonephritis guidelines. 
Recently, a systematic review of RCTs (36 trials, 1,762 pa-
tients) of immunosuppressive treatments showed a re-
duction in short- and long-term complications of IMN in 
patients treated with a combination of prednisone and 
alkylating agents, however, at the cost of increased side 
effects. The benefit of other immunosuppressive agents 
was less clear in their relationship with the standard hard 
outcomes of renal survival primarily due to sample sizes 
(not powered to detect these outcomes) and the short fol-
low-up period in relation to the usual slow progression 
over years of MN  [51] . Which of these therapeutic regi-
mens is used initially depends on the careful assessment 
of the individual patient. Comorbidities such as obesity 
and diabetes may deter clinicians and patients from alkyl-

 Table 2. Common immunosuppressive regimens used for the treatment of MN

Group Dosage Special considerations

Alkylating 
agents –

–

–

Ponticelli-based regimens:
Methylprednisolone 1 g i.v. for 3 days, then prednisone 0.4 mg/kg 
daily for 27 days in months 1, 3 and 5, alternating with 
chlorambucil 0.2 mg/kg/day for 30 days in months 2, 4 and 6
Methylprednisolone 1 g i.v. for 3 days, then prednisone 0.4 mg/kg 
daily for 27 days in months 1, 3 and 5, alternating with 
cyclophosphamide 2.5 mg/kg/day for 30 days in months 2, 4 and 6
Methylprednisolone 1 g i.v. for 3 consecutive days, then prednisone 
0.5 mg/kg every other day for 6 months with subsequent tapering 
plus cyclophosphamide 1.5 – 2 mg/day for 1 yeara

–

–

–

–

Follow WBC, serum creatinine and urine 
protein excretion every 2 weeks for the first 
2 months, then every month while on 
therapy; monitor serum glucose while on 
prednisone
Hold chlorambucil or cyclophosphamide if 
WBC ≤3,500/mm3 until recovery to >4,000/
mm3, then adjust the dose
Consider PJP prophylaxis for patients on 
cyclophosphamide
Consider gastric (PPI) and bone protection 
(calcium and vitamin D ± bisphosphonate) 
for patients on prednisone

CNIs –

–

–

Cyclosporine 3.5 mg/kg/day given in 2 equally divided doses 12 h 
apart, with or without prednisone (0.15 mg/kg/day) for 6 months
Tacrolimus 0.05 – 0.075 mg/kg/day given in 2 equally divided doses 
12 h apart, without prednisone for 6 – 12 months
Consider extending the course if the patient is in partial remission, 
with slow tapering over 6 – 18 months

–

–

Start at lower dose: target cyclosporine 12 h 
trough level of 110 – 170 μg/l.
Start at lower dose: target tacrolimus 12 h 
trough level of 4 – 8 μg/l

Rituximab –

–

Either 375 mg/m2 i.v. at 4 weekly doses or 1 g i.v. at 2 doses 15 days 
apart
A repeated course may be necessary if only partial reduction at 6 
months is observed

–

–
–

Given in a monitored setting; caution of 
severe infusion reactions
Consider PJP prophylaxis
Monitoring of the CD19/20 count may be 
usefulb

PJP = Pneumocystis jirovecii pneumonia; PPI = proton pump inhibitor. 
a More recently, a Dutch group has proposed a cyclophosphamide course of 6 months duration to lower the risk of long-term toxicity.
b More evidence is needed regarding the utility and frequency of monitoring CD19/20 counts.
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ating agent-based regimens, given the significant steroid 
exposure. Additionally, the risk of complications from 
cyclophosphamide may be higher in older individuals 
and/or in those with a reduced GFR. On the other hand, 
cyclosporine is often difficult to manage and not as well 
tolerated in patients with reduced GFR and/or in those 
with severe underlying vascular damage on kidney biop-
sy, which tends to accentuate the calcineurin inhibitor 
(CNI) nephrotoxicity. Recently, there has been evidence 
suggesting that treatment with rituximab can be an effec-
tive alternative to these agents, although the published 
data to date are limited, and long-term results are lacking 
in direct comparison to these other agents. We have sum-
marized the established immunosuppressive regimens in 
 table 2 .

  Alkylating Agent Regimens 
 One of the first immunosuppressive regimens proven 

to be effective against IMN was the combination of chlo-
rambucil and prednisone  [52] . Ponticelli et al.  [53]  showed 
a significant increase in complete and partial remissions 
compared to symptomatic management (72 vs. 30%). 
Subsequently, cyclophosphamide was compared to chlo-
rambucil, with similar rates of remission but a decreased 
incidence of side effects. A smaller RCT (15 patients treat-
ed with chlorambucil plus steroids and 17 patients with 
cyclophosphamide plus steroids) was stopped prema-
turely due to increased side effects in the chlorambucil-
treated group  [54] . Although these agents are effective in 
Western and Eastern populations  [55, 56] , they do have a 
significant rate of late relapse. In our clinic, we usually 
prescribe these regimens with some modification, i.e. 
specifically eliminating the pulses of steroids, given the 
technical difficulty in arranging intravenous methylpred-
nisolone and our concern that the additional steroids add 
considerably to the AE profile based on cumulative expo-
sure. Furthermore, patients often do not tolerate their ‘off 
prednisone’ months, commonly experiencing symptoms 
of fatigue or feeling ‘low’. Although not as highly recom-
mended by KDIGO, the cytotoxic regimen from the 
Dutch group has less steroid exposure but a higher cumu-
lative dose of cyclophosphamide, though the short-term 
efficacy seems comparable  [56] . These authors have re-
cently suggested that a reduction from a 12- to 6-month 
course of cyclophosphamide is as effective as the standard 
12-month course, but long-term data are lacking  [57] .

  Calcineurin Inhibitors 
 Based on both RCTs and observational studies  [58–

60] , cyclosporine has been shown to be effective in in-

ducing remission among patients with steroid-resistant 
nephrotic IMN (75% remission vs. 22% remission in the 
placebo group) and, in a small RCT, among those with a 
progressive decline in renal function and high-grade 
proteinuria. Although there was a high rate of relapse 
during follow-up in this 6-month study (30–47%), a sig-
nificantly lower rate of relapse has been seen when ther-
apy was more prolonged  [58] . It is suggested that cyclo-
sporine monotherapy is as effective as the combination 
of cyclosporine and prednisone in inducing remission 
after 1 year  [58] . Based on these data, we assess treatment 
response in our clinic after a minimum of 6 months and, 
if the patients have achieved complete remission, cyclo-
sporine is slowly tapered off over a 6-month follow-up, 
but, if only partial remission has been achieved, we con-
tinue treatment with cyclosporine for a minimum of an 
additional 6 months, titrating the cyclosporine down if 
possible to reduce the likelihood of nephrotoxicity while 
still maintaining partial remission. If partial remission 
has been difficult to achieve or the patient has had com-
plications due to NS in the past, we often maintain treat-
ment with a low level of cyclosporine for a prolonged 
period (years) to maintain control of the disease. In pa-
tients who do not achieve at least partial remission by 6 
months, we discontinue cyclosporine therapy and start 
with an alternative agent if the benefit-risk ratio remains 
positive. Patients on any CNI may have periods of renal 
impairment, often transient and dose related, and, there-
fore, we do monitor both serum creatinine and drug lev-
els during the initial period, during any up-titration and 
when there is an unexpected change in the serum cre-
atinine level.

  The other CNI, tacrolimus, appears to be as effective 
as cyclosporine  [61] . In an RCT from Spain, patients on 
tacrolimus monotherapy had significantly higher com-
bined partial and complete remission rates at 18 months 
compared to controls (76 vs. 34%) but with similar re-
lapse rates to cyclosporine therapy following its with-
drawal  [61] . In our clinic, cyclosporine is the predomi-
nant CNI used, but only because of its availability through 
government programs and its lower cost; however, given 
its AE profile and convenience, if tacrolimus is covered 
by the patient’s health insurance, it is often preferred. In 
our experience, the two CNI options are equally effica-
cious.

  Rituximab 
 Several prospective but uncontrolled trials have shown 

rituximab to be an effective therapy for patients with IMN 
 [62–66] . Recently, 100 consecutive IMN patients were 
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treated with rituximab over a median follow-up time of 
29 months, and partial or complete remission was 
achieved in 65 patients  [65] . AE aside from infusion reac-
tions were uncommon. There was a 28% relapse rate, sim-
ilar to other IMN drug regimens, but relapse tended to 
occur later than in CNI-based regimens. Also, in parallel 
to the other major therapeutic options, the response time 
usually takes months (a median time of 7 months), and 
most patients with relapse respond to a repeat course of 
their primary treatment. A single infusion with monitor-
ing of B-cell depletion, low-dose weekly infusions over 4 
weeks or a larger 2-dose regimen have all been shown to 
be effective. Based on these pilot studies, with its ease of 
use and at least a short-term low AE profile, rituximab
is an evolving candidate for the treatment of IMN. Re-
sults from ongoing RCTs such as the MENTOR trial 
(NCT01180036) comparing rituximab to cyclosporine 
treatment are awaited and, if the earlier results are con-
firmed, they will substantially raise evidence supporting 
this approach.

  Adrenocorticotropic Hormone 
 Two forms of the adrenocorticotropic hormone 

(ACTH) drug are available. First, the natural form of 
ACTH derived from the porcine pituitary gland was used. 
It was demonstrated to be effective in the treatment of NS 
in children in the early 1950s  [67, 68] . Although there are 
no RCTs evaluating this form of ACTH, it remains the 
only FDA drug approved in the United States for the 
treatment of NS, based on these historical data. This med-
ication has recently reemerged as therapy in nephrotic 
IMN patients. In a 20-patient, dose-response prospective 
study, a >50% proteinuria reduction was seen in 65% of 
the patients at 12 months, and the response was propor-
tionate to cumulative drug exposure  [69] . The second 
ACTH is a synthetic form that has been available in Eu-
rope for more than 2 decades. A small randomized trial 
in patients with moderate IMN disease and no previous 
immunosuppression showed that a year of this therapy 
was equivalent to the Ponticelli steroids/cytotoxic combi-
nation in achieving remission  [70] . Although its mecha-
nism of action is unknown, it is postulated that ACTH 
may exert its effect by interacting with melanocortin re-
ceptors in the podocytes, which may stabilize these cells 
 [71] . We do not prescribe this medication as an initial 
agent, given its limited evidence base, common side ef-
fects and high cost, but our initial dose-response study 
did demonstrate its potential. An ongoing trial compar-
ing naturally occurring ACTH (Acthar) to placebo for re-
sistant IMN is ongoing (NCT01386554).

  Mycophenolic Acid 
 Studies assessing mycophenolate mofetil (MMF) for 

the treatment of IMN have reported variable results. In a 
Dutch cohort, compared to a historic control group re-
ceiving cyclophosphamide, 32 patients receiving MMF 
plus corticosteroids had a proteinuria remission rate of 
66% at 1 year  [72] . The relapse rate was significant (38%) 
and, perhaps most importantly, it was noted in some even 
before the trial of therapy was completed. In contrast, in 
an open-label RCT from France, MMF monotherapy 
showed no significant difference in remission rates com-
pared to placebo therapy  [73] . We occasionally use MMF 
as adjunct therapy in patients who are intolerant of full-
dose, first-line therapy.

  Azathioprine 
 There are very little data that indicate a benefit of aza-

thioprine with or without corticosteroids for the treat-
ment of IMN. We do not use this agent in our glomeru-
lonephritis clinic for IMN.

  Prednisone 
 Although prednisone has been shown to be effective in 

combination with other agents, there is substantial evi-
dence to suggest it is ineffective as monotherapy in the 
treatment of IMN in Western countries  [74, 75] .

 Table 3. Definitions of the response to observation, conservative 
or immunosuppressive treatment

Definition Criteria

Complete
remission

Reduction in urine protein to <0.3 g/day (urine 
protein-creatinine ratio <300 mg/g or 30 mg/mmol) 
confirmed by two values at least 1 week apart, with 
normal serum albumin and renal function

Partial
remission

Reduction in urine protein to <3.5 g/day (urine 
protein-creatinine ratio <3,500 mg/g or 350 mg/
mmol) and ≥50% reduction from peak values, 
confirmed by two values at least 1 week apart, 
accompanied by an improvement or normalization 
of serum albumin, and stable renal function

No
response

Not fitting either criteria (note: response can be 
delayed, and this should only be confirmed after 6 
months of observation from the end of an 
appropriate regimen, especially with cytotoxic agents 
and rituximab)

Relapse NS after achieving either complete or partial 
remission
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  Progressive and Resistant Disease 
 Most of the above treatment regimens were estab-

lished in patients with nephrotic-range proteinuria and 
generally well-preserved GFR. Evidence of an efficacy in 
patients with severe or progressive renal insufficiency is 
scarce. A recent 3-armed RCT from the United Kingdom 
compared the cyclical regimen of chlorambucil/predni-
sone to cyclosporine or supportive therapy only in pa-
tients with documented rapidly progressive IMN and a 
mean creatinine clearance of 50 ml/min at entry  [39] . 
Those in the chlorambucil group showed a modest slow-
ing in the rate of decline in GFR, but with a higher per-
centage of AE than those in the other two arms, suggest-
ing that this rare category of IMN patients needs to be 
carefully assessed before any therapy is tried.

  In the nonresponsive patient, adherence to medica-
tions and to sodium dietary restrictions as well as ruling 
out specific IMN complications such as renal vein throm-
bosis should be entertained. It is also important to differ-
entiate primary nonresponse from relapse, given that the 
latter is likely to respond to retreatment. An additional 
important caveat is that clinical response to immunosup-
pressive therapy may lag by months following a treatment 
course, especially in the case of alkylating agents and 
rituximab; thus, after the initial course of therapy has 
been completed, it is recommended to wait for up to 6 
months before determining failure and embarking on a 
different immunosuppressive regimen.

  Follow-up 
 Long-term follow-up is necessary in all patients with 

IMN. The frequency of follow-up is often determined by 
the patients’ remission status as defined by KDIGO ( ta-
ble 3 ). Even patients with complete remission should be 
made aware of the clinical signs associated with disease 
relapse and have regular monitoring of urine protein ex-
cretion, since recurrence of low-grade proteinuria can 
precede the full-blown clinical features of NS by months.

  Summary 

 This review provides an approach to the management 
of IMN but does not cover all patient scenarios such as 
pregnancy and recurrent or de novo disease in renal 
transplants. It does specifically reflect the Toronto ap-
proach as well as, in general, the approach of Western 
countries for patients once IMN has been established. It 
largely follows the published KDIGO glomerulonephritis 
guidelines but also highlights the changes that have oc-
curred since their publication and emphasizes the ongo-
ing need for integrating physician judgment and patient 
preferences into the management algorithm.
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