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Trends in Toronto Glomerulonephri�s Registry: 1975–2015



Rule of thirds

Natural history



• Schematic depiction of the primary membranous nephropathy stages with 
representative electron microscopy (EM) images of select stages

• The immune deposits consist of immunoglobulin (Ig) G, the relevant antigens, and the 
membrane attack complex of complement

Kidney Interna�onal (2021)
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Schematic representation of the MN proteins



Antigens of membranous nephropathy and their schematic molecular structure

J. Clin. Med. 2021, 10, 607

1. protocadherin-7 (PCDH7)
2 .  H i g h  t e m p e r a t u r e 
recombinant  prote in  A1 
(HTRA1)



Clinical and pathologic findings

JASN 32: 268–278, 2021



Simplified diagnostic algorithm

J. Clin. Med. 2021, 10, 607

PCDH7-associated MN 
had an associated 
prostate carcinoma.
PCDH7 is mostly present 
in older patients.



Cumulative incidence of ESKD in patients with lupus membranous nephritis 
(LMN).

JASN 32: 268–278, 2021
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Proposed classification of MN.MN is classified on the basis of the antigen detected. In cases where 
none of the known antigens are detected, the terminology “undetermined” should be used. The 
disease association should be given if present, not present, or if not known.

JASN 32: 268–278, 2021



Molecular Immunology 128 (2020) 195–204

Schematic overview of the complement cascade in MN 
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Pleiotropic effects of the MN loci and their clinical correlations
NATURE COMMUNICATIONS | (2020) 11:1600 



Ten miRNAs (let-7a-5p, let-7b-5p, let-7c-5p, let-7d-5p, miR-107, miR-129-3p, 
miR-423-5p, miR-516-3p, miR-532-3p, and miR-1275) were differentially 
expressed (DE) in MGN biopsies compared to unaffected controls



The modern era: serological management 
of MN

Stages of PMN:

• Immunological initiation phase

•  seropositive preclinical phase

•  active phase

•  immunological recovery phase

•  immunological remission (clinical recovery) phase

•  clinical remission



Graphical representation of the distinct phases of primary membranous nephropathy

Kidney Interna�onal (2021)



Kidney Interna�onal (2021)



Schematic representation of the immunologic and clinical courses of 
disease in PLA2R-associated MN.
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Clinical recovery and remission

Persistence of proteinuria

significant residual proteinuria that lingers for months to years despite 
immunological remission. 

• longevity of subepithelial deposits (stage 2–3 deposits evolu�on to 
stage 4 deposits, 21 months) 

• glomerulosclerosis and interstitial fibrosis

• GBM remains abnormal  ( It  may take years before the GBM 
architecture has normalized )



A kidney biopsy may not be required to confirm the diagnosis of MN in patients with a 
compatible clinical and serological presentation. 

• the sensi�vity of a posi�ve PLA2Rab test for the diagnosis of MN 
was 0.78 and specificity 0.99

• PLA2R an�body tes�ng without kidney biopsy may be a valid 
strategy to make a non-invasive diagnosis of MN in patients with a 
negative work-up for secondary causes





Kidney Interna�onal (2019) 95, 429–438

Ninety-seve patients had a negative work-up for secondary causes o MN. Sixty of those 97 
patients had an estimated glomerular filtration rate (eGFR) >60 ml/min/1.73m2. In these 
patients, the kidney biopsy did not provide significant information that altered 
management; one patient had a superimposed diabetic nephropathy and a second patient 
had a superimposed focal segmental glomerulosclerosis (FSGS) lesion.
Conclusion: Among patients with preserved kidney function and no evidence of secondary 
causes, a posi�ve PLA2R an�body test highly predicts a �ssue diagnosis of PLA2R-
associated MN



Guidance for the use and interpreta�on of the PLA2Rab assay in pa�ents with 
known PLA2R-associated MN 



Algorithm for centers preferentially performing
immunofluorescence assays (IFAs).

Kidney Interna�onal (2019) 95, 429–438



Algorithm for centers preferentially performing enzyme-
linked immunosorbent assays (ELISAs).

Kidney Interna�onal (2019) 95, 429–438



When to consider a kidney biopsy in a PLA2Rab-posi�ve patient 



Patients with MN should be evaluated for associated conditions, regardless of whether 
PLA2Rab and/or TSHD7Aab are present or absent 



Risk factors for progression Good prognosis

Age Complete remission of proteinuria

Male sex Partial remission of proteinuria

Decreased GFR on presentation Long duration of remission

Increased excretion of some LMW
markers such as β2 microglobulin

Persistent elevated an�-PLA2R or 
THSD7A levels a�er therapy

Low an�-PLA2R or THSD7A levels or 
decreased levels

An�-PLA2R against CTLD1, CTLD7 domain An�-PLA2R against CysR domain

C3 staining in the biopsy sample

Increased urinary excre�on of C3dg and 
C5b-9

Risk alleles*: HLA-DQR1; PLA2R1
HLA-DRB

*Presence of risk alleles for both HLA and PLA2R raises the risk for PMN up to 79-fold

*





Traditional approach to a patient with MN-related proteinuria

J. Clin. Med. 2021, 10, 1205



In patients with MN, use clinical and laboratory criteria to assess the risk of 
progressive loss of kidney function 

Because spontaneous remission is relatively common in MN and 
because immunosuppressive treatment has adverse effects, it is 
important to assess the risk of progressive loss of kidney function 
pr ior  to  dec id ing  about  whether  and when to  implement 
immunosuppressive treatment 



Clinical criteria for assessing risk of progressive loss of kidney function 

PLA2Rab should be measured at 3- to 6-month intervals, the shorter interval being performed in pa�ents with high 
PLA2Rab levels at baseline. Changes in PLA2Rab levels during follow-up likely add to risk es�ma�on. Disappearance 
of PLA2Rab precedes clinical remission and should lead to refraining from addi�onal therapy. 
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Considerations for treatment of patients with primary MN: 
• All patients with primary MN and proteinuria should receive optimal supportive care. 
• Immunosuppressive therapy should be restricted to patients considered at risk for  
progressive kidney injury 



Commonly used treatment regimens for patients with MN

Cyclosporine and tacrolimus are o�en given in combina�on with prednisone in a dose of 10 mg/day. A�er four 
months, withdrawal if no response; a�er 12 months, consider tapering to lower levels.



J Am Soc Nephrol 28: 348–358, 2017

Positive effect of rituximab on proteinuria remission occurred a�er 6 months. 
These data suggest that PLA2R-Ab levels are early markers of rituximab effect 
and that addition of rituximab to NIAT does not affect safety.



an�–PLA2R-
Ab levels

serum 
albumin

proteinuria NIAT

NIAT-rituximab



Key findings from the GEMRITUX trial 

Nature review, nephrology, 13(563-579), September 2017



J Am Soc Nephrol 28: 2729–2737, 2017

Rituximab (RTX) may be a safer alternative, lower partial remission rates with 
rituximab versus cyclophosphamide, rates of complete remission and the 
composite renal end point did not differ significantly between groups



Results: Over 85% of the pa�ents achieved proteinuria reduction, serum albumin improvement and serum lipid 
recovery; the probability of remission in both groups was over 80% at 6 months. The remission rate was steady at 
over 80% a�er 12 and 24 months in the long-term group, but only 50 and 45%, respec�vely, in the short-term group. 
Nine pa�ents (45%) relapsed in the short-term group after tacrolimus withdrawal, while not a single patient suffered 
recurrence in the long-term group 
Conclusion: Combined therapy of tacrolimus with prednisone can relieve IMN significantly; prolonged tacrolimus 
treatment at a low blood concentration can alleviate the illness persistently, with a low recurrence rate and gratifying 
safety.



Average of 24-hour urinary protein excre�on levels (g/24 h) and change in serum 
albumin (mean ± SD g/l) from the baseline value at each follow-up evaluation in the 
short-term (n = 20) and long-term treated patients (n = 22) during the study period

Pharmacology 2013;91:259–266



Conclusion: Tacrolimus combined with corticosteroid had tolerable adverse effects and
induced the remission of IMN more effectively and more rapidly. This is the first  prospective
randomized cohort study to compare three different therapies in patients at high risk for
IMN. It provides strong evidence for choosing optimal treatment for patients with IMN.



Probability of complete remission and partial remission in the tacrolimus, cyclophosphamide, and 
cyclophosphamide groups. 



Both TAC and MPR are comparable in induction remission, but with different 
adverse effect profile and with higher relapse rate



(a) Urine protein in both the groups at baseline, 6 and 12 months. (b) Estimated 
glomerular filtration rate (eGFR) in both the groups at baseline, 6 and 12 months. (c) 
Serum albumin in both the groups at baseline, 6 and 12 months. (d) PLA2R an�bodies in 
both the groups at baseline, 6 and 12 months.*
There was a significant reduction in eGFR in patients receiving TAC* (P = 0.009). 

Nephrology 21 (2016) 139–146



At 2 years a� er randomiza� on, relapse rates are higher for TAC/GCs 
compared with cCTX/GCs in PMN patients. Thus, cCTX/GCs are better than 
TAC/GCs in the longer term in PMN patients.

Kidney Interna�onal Reports (2017) 2, 610–616



Remission rate at various time points

Kidney Interna�onal Reports (2017) 2, 610–616



Conclusion: In combination with low-dose corticosteroids, the effect of MMF may not be inferior to 
that of CsA in patients with idiopathic MN, with similar adverse effects including gastrointestinal 
symptoms



Probability of complete or partial remission of proteinuria in MMF and CsA groups. The 
cumula�ve incidence of complete or par�al remission of proteinuria at 48 weeks was 
82.8% in the MMF group and 70.9% in the CsA group, which did not significantly differ 
between the groups (P = 0.93).



Changes in proteinuria from baseline in MMF and CsA groups. 
Changes in proteinuria from baseline to 12, 24, 36, and 48 weeks 
were comparable between the two

J Korean Med Sci. 2018 Feb 26;33(9):e74



n engl j med 381;1 nejm.org July 4, 2019

Rituximab was non inferior to cyclosporine in inducing complete or partial 
remission of proteinuria at 12 months and was superior in maintaining 
proteinuria remission up to 24 months.



Among patients in remission who tested positive for an�–phospholipase A2 receptor (PLA2R) an�bodies, the 
decline in autoan�bodies to an�-PLA2R was faster and of greater magnitude and dura�on in the rituximab 
group than in the cyclosporine group





Kidney Interna�onal (2021) 99, 986–998

This was tested in a randomized, open-label controlled trial of 86 pa�ents with primary membranous 
nephropathy and persistent nephrotic syndrome after six-months observation and assigned 43 each to 
receive six-month cyclical treatment with corticosteroid and cyclophosphamide or sequential treatment 
with tacrolimus (full-dose for six months and tapering for another three months) and rituximab (one gram 
at month six).
Conclusion: treatment with corticosteroid cyclophosphamide induced remission in a significantly greater 
number of patients with primary membranous nephropathy than tacrolimus-rituximab.



Kidney Interna�onal (2021) 99, 986–998



Kidney Interna�onal (2021) 99, 986–998



Kidney Interna�onal (2021) 99, 986–998





Major randomized clinical trials (RCTs) on membranous nephropathy since 2019.

J. Clin. Med. 2021, 10, 607 3 of



Risk-based treatment of MN 



Immunosuppressive therapy is not required in patients with MN, 
proteinuria <3.5 g/d, and eGFR >60 ml/min/1.73 m2 

Immunosuppressive therapy is not required in patients with MN, nephrotic 
syndrome, and normal eGFR unless at least one risk factor for disease 
progression is present or unless serious complications of nephrotic syndrome 
(e.g., AKI, infections, thromboembolic events) have occurred. 

For patients with MN and at least one risk factor for disease progression, we 
recommend using rituximab or cyclophosphamide and steroids for six months, or 
tacrolimus-based therapy for at least six months, with the choice of treatment 
depending on the risk estimate 



Longitudinal monitoring of PLA2Rab levels at three and six months a�er start of 
therapy may be useful for evaluating treatment response in patients with 
membranous nephropathy, and can be used to guide adjustments to therapy 



Guidance for the use and interpreta�on of the PLA2Rab assay in pa�ents with 
known PLA2R-associated MN 

Although there are no defined cut-off values, many experts consider reduc�ons of 50-90% to 
represent a large decrease in PLA2Rab levels. 



Immunological monitoring in MN after start of therapy 

the cumula�ve dose of cyclophosphamide should not exceed 25 g (approximately six months of 
therapy at a dose of 1.5 mg/kg/day). Lower doses (maximum 10g) must be used in pa�ents who 
wish to conceive.



Management of initial relapse after therapy 



Relapse increase in proteinuria >3.5 g/day in pa�ents who 
developed a partial or complete remission

Relapse in patients 
with a partial remission 
(characterized by 
normalization of serum 
albumin)

an increase of proteinuria paralleled by a decrease in serum 
albumin levels

Resistance • persistent NS after immunosuppressive therapy
• persistent proteinuria in parallel with persistent or 

increasing antibody levels

Resistance in the period of “clinical remission”, PLA2Rab were s�ll 
positive, this would be evidence for resistant disease

Resistance If PCR decreased to values between 2 and 3.5 g/day without 
an increase of serum albumin to normal, the subsequent 
rise in PCR

• In pa�ents with posi�ve PLA2Rab, it is advised to evaluate PLA2Rab at the �me of remission and relapse. The course 
of PLA2Rab should precede the clinical course. In pa�ents with very early relapse, it is important to consider reasons 
for the failure of the previous therapy (e.g., compliance, low drug levels, insufficient B cell depletion, presence of anti-
rituximab antibodies). 

• Disappearance of the an�bodies most commonly precedes clinical remission. It is advised to wait at least six to 12 
months after antibody disappearance before evaluation of treatment response. 



Management of resistant disease

• Persistent proteinuria is not sufficient to define resistance. If proteinuria persists, while serum albumin has increased, 
one should consider secondary FSGS. This would be further supported by the disappearance of PLA2Rab. In pa�ents with 
persistent proteinuria with normal or near-normal serum albumin levels or patients with persistent proteinuria despite 
loss of PLA2Rab, a kidney biopsy should be considered to document ac�ve membranous nephropathy. 



Nature review, nephrology, 13(563-579), September 2017

obinutuzumab, ocrelizumab

In about 30% to 40% of 
patients, rituximab fails to 

induce remission of MN







• ACTH therapy to 11 pa�ents who had failed treatment with other IS 
treatments

• cor�cotrophin 40 IU subcutaneous twice a week for 6 months
• >50% reduc�on in proteinuria
• 2 pa�ents who developed excessive fluid retention and infection

Kidney Interna�onal (2019) 96, 245–251 251



The general rule is to 
treat the underlying 
disease or stop the 

offending agent

treatment of the 
malignancy

MN can initially be 
treated 

supportively

malignancy-
associated MN

not show evidence of a 
remission of proteinuria, a 

trial of immunosuppression 
following the algorithm for 

primary MN

class V lupus 
nephritis

MN due to chronic 
HBV infection

in combination with 
a proliferative form 

(class III/IV lupus 
nephritis)

agents directed against the 
infection, such as pegylated 

interferon, entecavir, or 
tenofovir

treatment should 
be focused on the 

proliferative 
classes

Treatment of Secondary MN



Pathophysiology of posttransplant membranous nephropathy. Recurrent membranous 
nephropathy (rMN) and de novo membranous nephropathy (dnMN)

Transplantation ■ October 2019 ■ Volume 103 ■ Number 
10



Clinical and Pathologic Features That Distinguish Recurrent from De 
Novo MN

AJKD Vol 77 | Iss 3 | March 2021



Evaluation of a kidney transplant recipient with MN 



In pa�ents with MN not associated with PLA2Rab, proteinuria should be 
evaluated monthly for at least six to 12 months a�er transplanta�on.

•A kidney biopsy is needed when proteinuria exceeds 1g/d

In pa�ents with PLA2R-associated MN, regular measurement of an� 
PLA2Rab a�er kidney transplanta�on is advised in the first six to 12 months 
after transplantation. The frequency of monitoring may vary from once per 
month in patients with high titers pretransplant to once per three months 
in pa�ents without measurable an�PLA2Rab pretransplant 

•A relapse can be an�cipated with persistently high or increasing �ters of an�PLA2Rab, and in such 
cases performing a kidney biopsy in pa�ents with proteinuria 0.3 to 1.0 g/d can be considered



studies have suggested that higher PLA2Rab levels (>45 
RU/ml) are associated with increased risk





Single-dose rituximab for treatment of recurrent GN was associated with 
less subsequent rejection and longer time to graft loss without increased 
infection, but was no more effective than regimens not using rituximab at 
36-months except those with recurrent membranous GN.



EARLY TREATMENT WITH 
RITUXIMAB IN RECURRENT 
MEMBRANOUS NEPHROPATHY 
AFTER KIDNEY TRANSPLANT: Nikhil 

Agrawal1, Sreedhar Adapa2, Venu Madhav Konala3, Hemant Dhingra2, 
Martha Pavlakis1. 1Beth Israel Deaconess Medical Center, Boston, MA, 
United States; 2The Nephrology Group, Fresno, CA, United States; 
3Ashland Bellefonte Cancer Center, Ashland, KY, United States 

Treatment with rituximab early in the disease course appears to be effective 
and perhaps necessary given less likelihood of spontaneous remission 

NKF 2019 Spring Clinical Mee�ngs, AJKD Vol 73 | Iss 5 | May 2019



Prophylactic anticoagulant therapy in patients with membranous nephropathy and 
nephrotic syndrome should be based on an estimate of the risk of thrombotic events 
and the risk of bleeding complications 

• The risk of thrombosis is particularly increased in the first six-to-twelve months after onset 
of disease.

• the VTE risk starts to increase at a serum albumin level lower than 2.8 g/dL and increases 
further with lower values.

• Patients with membranous nephropathy and nephrotic syndrome are also at risk of 
developing arterial thrombotic events. The risk of arterial thrombotic event is dependent 
on age, history of previous events, diabetes, eGFR, smoking, and severity of nephrotic 
syndrome

• Use of aspirin is insufficient to prevent VTE; use of warfarin is sufficient to prevent ATE
• A good alternative is to use low-dose LMW heparin + aspirin for a period of three months 

before switching to warfarin, allowing to judge the course of proteinuria 
• the use of direct oral anticoagulant agents such as apixaban for prophylaxis needs further 

study.



Anticoagulant therapy in patients with MN 
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