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Idiopathic membranous nephropathy is still the most common glomerular disease associated with nephrotic syndrome. The
greater the proteinuria, the greater the long-term risk for renal failure. In addition, patients who have membranous nephrop-
athy with nephrotic syndrome have significant morbidity and mortality, in particular related to thromboembolic and
cardiovascular complications. There is no specific treatment for membranous nephropathy. Supportive care with the use of
diuretics and angiotensin-converting enzyme inhibitors in combination with angiotensin II receptor blocker is recommended,
but these agents have only a limited effect. Immunosuppressive treatment options include the use of corticosteroids,
alkylating agents, cyclosporin A, tacrolimus, and mycophenolate mofetil, but their use is controversial, not all have been
shown to be effective, and their use can be associated with significant adverse effects. This has resulted in relatively small
improvement in the prognosis of membranous nephropathy in the past 30 yr, with up to 40% of patients eventually reaching
end-stage renal failure. Agents that offer more complete response rates with lower adverse effects are truly needed. Recent
data suggest that B cells play a key role in the pathogenesis of a number of autoimmune diseases including membranous
nephropathy and that selective depletion of B cells in humans may be beneficial in preventing the production of pathogenic
immunoglobulins and subsequent renal injury.
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Case Presentation
A 32-yr-old man underwent a general medical examination at
his primary care physician’s office in February 2004. At that
time, he was noted to have elevated total cholesterol of 353
mg/dl and triglycerides of 417 mg/dl and was started on
simvastatin 40 mg/d. During the course of the next 2 mo, he
started developing swelling in his feet and ankles that pro-
ceeded to involve his calves. He also developed tenderness on
his left calf. A diagnosis of a deep venous thrombosis was
made, and he was started on oral anticoagulant therapy. Given
the increased lower extremity edema, a urinalysis was con-
ducted, and the patient was found to have significant protein-
uria, with a 24-h urine collection showing proteinuria of 9.3 g.
The patient had no history of diabetes, macroscopic hematuria,
or hypertension. The patient underwent extensive serologic
workup including monoclonal protein studies, serum comple-
ment levels, anti-neutrophil cytoplasmic antibodies, hepatitis B
and C and HIV serology, and anti-nuclear antibody, all of
which were negative or in the normal range, and in July 2004,
he was referred to our institution for further evaluation. At
presentation at the Mayo Clinic, the physical examination was
of a healthy-appearing young man. His BP was 136/87 mmHg,
pulse rate was 69, weight was 89.8 kg, and body mass index
was 29 kg/m2. Eyes, nose, and throat examination was normal.

There was no lymphadenopathy. Heart examination showed
regular rate and rhythm with no murmurs. Lungs were clear to
auscultation. Abdomen was soft, with no masses or organo-
megaly. Lower extremities revealed 2� pitting edema to the
knees. Laboratory evaluation showed hemoglobin of 15.1 g/dl,
leukocytes of 4.7 � 109/L, and platelets of 236 109/L. Serum
creatinine was 1 mg/dl, serum albumin was 2.5 g/dl, total
cholesterol was 260 mg/dl, and serum triglycerides were 224
mg/dl. Proteinuria was 8.6 g/24 h, and creatinine clearance
(CrCl) was 110 ml/min. Chest x-ray was normal. Renal ultra-
sound showed a left kidney measuring 12.7 cm and a right
kidney measuring 12.6 cm in length, with normal echotexture
and negative for hydronephrosis or masses. Renal veins were
patent bilaterally. The patient was started on a low-sodium (�4
g/d) and low-protein (0.8 g/kg per d high-quality protein) diet,
simvastatin was changed to atorvastatin (20 mg/d), and he was
initiated on lisinopril 20 mg/d. It was also recommended that
he undergo a kidney biopsy to delineate further the diagnosis.
This was performed 1 mo later. A week before the biopsy, oral
anticoagulation therapy was discontinued. It was restarted 2 d
after the renal biopsy was performed.

Dr. Fernando Fervenza: I have invited Dr. Sanjeev Sethi to
discuss the renal biopsy findings.

Dr. Sanjeev Sethi: The renal biopsy consisted of one core of
renal cortex, which contained 11 glomeruli. None of the glo-
meruli were globally sclerosed. One glomerulus showed seg-
mental sclerosis with adhesion of the sclerosed segments to the
Bowman’s capsule (Figure 1A). The glomeruli showed slightly
thickened glomerular basement membranes (GBM), and on
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silver stains fine subepithelial pinholes were noted (Figure 1B).
Basement membrane spikes were not evident. The glomeruli
did not show proliferative features, and there was no evidence
of crescents, fibrinoid necrosis, or endocapillary proliferation.
The mesangium was unremarkable with no significant increase
in mesangial matrix or cellularity. The interstitium was well
preserved, and significant tubular atrophy and interstitial fi-
brosis were not seen. Arteries were unremarkable, while arte-
rioles showed mild focal hyaline deposition. Immunofluores-
cence microscopy showed granular staining for IgG (3�/3�;
Figure 1C), C3 (2�/3�; Figure 1D), � light chains (3�/3�), and
� light chains (3�/3�) along the capillary walls. Stains for IgA,
IgM, and C1q were negative. Electron microscopy (EM)
showed numerous scattered subepithelial deposits; some of the
deposits were separated from each other by basement mem-
brane spikes (Figure 1E). Intramembranous and subendothelial
deposits were not present. There was extensive effacement of
the foot processes of the visceral epithelial cells. Endothelial
cells were unremarkable and did not contain tubuloreticular
inclusions. The mesangium was also unremarkable and did not
contain electron-dense deposits. Diagnosis: Membranous ne-

phropathy (MN) with secondary focal segmental glomerulo-
sclerosis (FSGS).

Discussion
The diagnosis of MN is based on the following findings: (1)
Thickened GBM, often showing pinholes and spikes on silver
and periodic acid-Schiff stains, and occasionally subepithelial
fuchsinophilic deposits on trichome stains; (2) immunofluores-
cence microscopy showing granular Ig, usually IgG and C3,
along the capillary walls; and (3) subepithelial deposits on EM.

Based on the location of the deposits on EM, MN has been
divided into four stages: Stage I, sparse small deposits without
thickening of the GBM; stage 2, more extensive subepithelial
deposits with formation of basement membrane spikes be-
tween the deposits and thickening of the GBM; stage 3, com-
bination of stage 2 along with deposits completely surrounded
by basement membrane (intramembranous deposits); and stage
4, incorporation of deposits in the GBM and irregular thicken-
ing of the GBM. From the pathology standpoint, it is important
to determine whether the MN may be due to a secondary cause
such as an autoimmune disease, neoplasia, infection, or drugs.
Although it is often difficult to determine whether the MN is
idiopathic or secondary, there are some features that are helpful
in identifying a secondary cause. Features in favor of a second-
ary cause, in particular an autoimmune disease, include (1)
proliferative features (mesangial or endocapillary), (2) full-
house pattern of Ig staining including staining for C1q on
immunofluorescence microscopy, (3) glomerular deposits pre-
dominantly containing Ig other than IgG4, (4) electron-dense
deposits in the subendothelial location of the capillary wall and
mesangium or along the tubular basement membrane and ves-
sel walls, and (5) endothelial tubuloreticular inclusions on EM
(1). EM showing only a few superficial scattered subepithelial
deposits may suggest a drug-associated secondary MN.

Histologic findings such as the presence of FSGS, interstitial
foam cells, extent of tubulointerstitial fibrosis, and vascular
sclerosis have been associated with increased risk for renal
failure (2–6), but whether they are independent of the clinical
variables at the time of biopsy, can predict the rate of disease
progression, or should guide therapy is uncertain. The EM
location of the subepithelial deposits (i.e., subepithelial [homo-
geneous, synchronic] with subgroups superficial and deep ver-
sus subepithelial and intramembranous [heterogeneous, multi-
stage] deposits) has also been suggested as helpful in
identifying patients who are most likely to respond to treat-
ment, with patients in the homogeneous group showing a
better long-term prognosis than patients in the heterogeneous
group (7). On the other hand, a recent review of 389 renal
biopsies of adult patients with MN showed that although the
degree of tubulointerstitial disease, vascular sclerosis, and sec-
ondary FSGS were associated with reduced renal survival, they
did not predict this outcome independent of the baseline clin-
ical variable or correlate with the rate of decline in function or
with baseline proteinuria (8). Furthermore, the severity of tu-
bulointerstitial and vascular lesions did not preclude a remis-
sion in proteinuria in those who received immunosuppressive
therapy. Similarly, neither the stage nor the synchronicity of the

Figure 1. (A and B) Light microscopy showing segmental scle-
rosis (arrow; A, periodic acid Schiff stain) and pinholes (arrow)
along the glomerular basement membranes (B, silver stain). (C
and D) Immunofluorescence microscopy showing granular IgG
(C) and C3 (D) along the capillary walls. (E) Electron micros-
copy showing subepithelial electron-dense deposits and base-
ment membrane spikes (arrows) separating the deposits. Mag-
nification, �40 in A, B, C, and D; �7400 in E.
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EM deposits nor the amount of complement deposition (as
represented by C3) predicted renal survival, although those
with heavier complement deposition had a more rapid rate of
decline, as measured by slope of CrCl, than those who had zero
or only trace amounts (8). In addition, no correlation was seen
between the degree of complement deposition and spontane-
ous remission of proteinuria or treatment response.

In the patient discussed, there were no features to suggest a
secondary cause of the membranous glomerulopathy. FSGS
was noted in one glomerulus (of 11). Other pertinent findings
with good prognostic findings were that there was no global
glomerulosclerosis, the interstitium was well preserved, no
interstitial foam cells were noted, significant vascular sclerosis
was not present, and finally EM showed superficial subepithe-
lial deposits in a homogenous pattern.

Dr. Fernando Fervenza: The subsequent clinical course was
as follows. Secondary causes of MN were ruled out; namely,
there was no history of nonsteroidal anti-inflammatory agent
usage, hepatitis B and C serology were negative, and antinu-
clear and anti–double-stranded DNA antibodies testing was
also negative. The patient was recommended to undergo con-
servative treatment aiming at maximizing renal protection ther-
apy and minimizing proteinuria, and lisinopril dosage was
increased to 40 mg/d. A month later, BP was 115/67 mmHg,
but proteinuria had increased to 9.7 g/24 h. Atorvastatin dose
was increased to 40 mg/d, and losartan at a dosage of 100
mg/d was added to his treatment. Attempts to increase lisin-
opril a further resulted in postural hypotension. In December
2004, the patient returned for follow-up. BP was 107/58 mmHg,
and his pulse rate was 69. Despite excellent controlled BP and
maximally tolerated combined use of and angiotensin-convert-
ing enzyme inhibitor (ACEi) and an angiotensin receptor
blocker (ARB), proteinuria had increased to 10.8 g/24 h. An
extensive discussion regarding alternative options besides
maintaining the status quo was carried on with the patient,
including the use of cyclosporine (CsA), tacrolimus (TAC),
corticosteroids in combination with a cytotoxic agent, and my-
cophenolate mofetil (MMF). He was also informed of our clin-
ical study on the use of rituximab in MN. After having thought
it over and reviewing the informed consent form, the patient
decided to participate in the rituximab trial. As per protocol,
the patient received two intravenous infusion of rituximab at a
dosage of 1000 mg on days 1 and 15. After rituximab infusions,
proteinuria decreased to 5, 1.7, 1, and 0.2 g at 1, 3, 6, and 12 mo,
respectively. Since then, the patient has remained in complete
remission of proteinuria. At his last follow-up in June 2007, his
BP was 102/65 mmHg while taking lisinopril 40 mg/d and
ezetimibe 10 mg/d. His CrCl was 117 ml/min, and proteinuria
was �0.2 g/24 h (Figure 2).

Clinical Discussion
Idiopathic MN is said to be the leading cause of nephrotic
syndrome (NS) in white adults, although recent data, including
our own, suggest that FSGS may have overtaken MN as the
most common cause of NS in white adults in many geographic
areas and especially in black individuals (9). In contrast to other
primary glomerular diseases such as IgA nephropathy and

FSGS, its incidence rate has remained constant over the past
three decades (9,10). In the majority of cases, the etiologic agent
is unknown, and the disorder is termed idiopathic. Secondary
MN forms may account for up to one third of cases and are
associated with autoimmune diseases (e.g., systemic lupus er-
ythematosus [SLE]), infections (e.g., hepatitis B and C), medi-
cations (e.g., nonsteroidal anti-inflammatory drugs), and neo-
plasias (e.g., carcinomas) (11). Idiopathic and secondary forms
have similar clinical presentations. Thus, the designation of
idiopathic should be made only after secondary causes have
been ruled out. The disease is rare in children and, when it does
occur, is commonly associated with an immunologically medi-
ated disorder (e.g., SLE).

Clinical Manifestations
The disease affects patients of all ages and races but is more
common in men than in women and most often diagnosed in
middle age with the peak incidence during the fourth and fifth
decades of life (12). At presentation, 60 to 70% of patients will
have the NS with the remaining 30 to 40% of patients present-
ing with proteinuria �3.5 g/24 h found at the time of a routine
examination in an otherwise asymptomatic patient (12). I
would also like to emphasize that a significant number of
patients (approximately 60%) who present with subnephrotic-
range proteinuria will progress to full NS within 1 to 2 yr from
presentation (Daniel C. Cattran, University of Toronto, Canada,
unpublished observations, 2006). The presence of microscopic
hematuria is common (30 to 40%), but macroscopic hematuria
and red cell casts are rare and suggest a different diagnosis (13).
At presentation, the great majority of patients are normoten-
sive, with hypertension present in 10 to 20% of the cases and
only a small fraction of patients (�20%) having significant renal
insufficiency (12,13).

Natural History
MN is a chronic disease, with spontaneous remission and re-
lapses. Spontaneous remissions are said to occur in up to 30%

Figure 2. Course of proteinuria after two doses of rituximab
(RTX; 1 g each). Note that proteinuria continues to increase
despite maximally tolerated doses of angiotensin-converting
enzyme inhibitor (ACEi) used in combination with an angio-
tensin receptor blocker (ARB).
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of cases and usually occur within the first 2 yr after presenta-
tion. The percentage of patients going into spontaneous remis-
sion is, however, much lower when patients are selected with
higher grades of proteinuria at presentation (e.g., proteinuria
�8 g/24 h). The other two thirds of the patients will generally
divide equally into either those with persistent proteinuria who
will maintain renal function long term or patients who will
progress to renal failure. In white patients with NS, 10-yr
kidney survival of �70% has been reported (3,14–17). In my
opinion, however, these data need to be carefully considered
because many of these studies include a significant number of
patients with proteinuria �3.5 g/24 h. For example, Schieppati
et al. (16) reported a 72% renal survival at 8 yr for 100 untreated
patients with MN; however, in this study, 37% of patients were
non-nephrotic (56% of patients had proteinuria �5 g/24 h), the
median follow-up was only 39 mo, and deaths were excluded
from the analysis. Despite these exceptions and the “benign”
presentation characteristics, 25% of the patients reached ESRD
by the end of 8 yr (16). Thus, it should not come as a surprise
that both in the United States and Europe, MN remains the
second or third leading cause of ESRD among the primary
glomerulonephritis types (18). Even patients who do not
progress but remain nephrotic are at an increased risk for
life-threatening thromboembolic and cardiovascular events. A
rapid change in either the degree of proteinuria or the rate of
loss of renal function, especially in a previously stable patient,
should raise the possibility of a superimposed condition (e.g.,
acute renal vein thrombosis, superimposed crescentic glomer-
ulonephritis, anti-GBM disease).

Predicting Factors
Evaluating the prognosis is critical in making the decision
regarding when and what to use in terms of treatment (e.g.,
conservative versus immunosuppressive treatment in patients
with MN) (5,19,20). An accurate predictor of outcome of pa-
tients with MN would allow the separation of patients who are
likely to have long-term renal survival from those who are
likely to progress. This would allow us to target immunosup-
pressive treatment to patients at high-risk for renal disease
progression; however, finding useful markers that predict this
last group has been difficult. As discussed by Dr. Sethi earlier,
the current evidence does not support that pathology plays
much of a role other than diagnosis: It is not helpful in estab-
lishing prognosis or predicting response to immunosuppres-
sive therapy. Urinary excretion ratios of �1-microglobulin, �2-
microglobulin, IgM, and IgG have all been found helpful in
assessing the severity of the overall renal injury and to predict
outcome in MN (21–25). Unfortunately, quantification of uri-
nary �1-microglobulin, �2-microglobulin, IgM, and IgG is not
widely available, and this limits their clinical use. Thus far, the
best model for the identification of patients at risk was devel-
oped with data derived from the Toronto Glomerulonephritis
Registry (26,27). This model takes into consideration the initial
CrCl, the slope of the CrCl, and the lowest level of proteinuria
during a 6-mo observation period. This risk score assessment
has good performance characteristics and has been validated in
two geographically diverse MN populations, one from Italy,

the other from Finland (27). Based on this model, patients who
present with a normal CrCl, proteinuria �4 g/24 h, and stable
renal function over a 6-mo observation period have an excellent
long-term prognosis and are classified as at low risk for pro-
gression. Patients with normal renal function and whose CrCl
remains unchanged during 6 mo of observation but continue to
have proteinuria �4 g but �8 g/24 h have a 55% probability of
developing chronic renal insufficiency and are classified as
medium risk for progression, and patients with persistent pro-
teinuria �8 g/24 h, independent of the degree of renal dys-
function, have a 66 to 80% probability of progression to chronic
renal failure within 10 yr and are classified in the high risk for
progression category. Patients with MN who were never ne-
phrotic or who achieved a complete remission (CR) of protein-
uria have an excellent long-term renal survival. Even a partial
remission (PR) has been recognized as a predictor of long-term
positive outcome in patients with MN (28). Troyanov et al. (28)
recently reviewed the data on 350 patients with MN and NS
and found that the 10-yr renal survival was 100% in the CR
group, 90% in the PR group, and 45% in the no remission
group. Patients in CR or PR have a similar rate of decline: �1.5
ml/min per yr in the CR group and �2 ml/min per yr in the PR
group. In contrast, the no remission group lost GFR at a rate of
�10 ml/min per yr. A review of this algorithm was recently
published (19).

Treatment Options
Using the algorithm for predicting outcome described, we can
rationally assign patients to conservative, nonimmunosuppres-
sive therapy or to immunosuppressive therapy according to
their risk for renal disease progression.

Conservative Therapy
Conservative therapy consists of restricting dietary protein in-
take (0.8 g/kg ideal body wt per d high-quality protein) and
controlling BP (target BP is �125/75 mmHg), hyperlipidemia,
and edema. In the Modification of Diet in Renal Disease
(MDRD) study, patients with proteinuria �1 g/d had a signif-
icantly better outcome when their BP was reduced to 125/75
mmHg (29). Thus, in patients with proteinuric renal disease
and including MN patients, the current target for BP control is
�125/75 mmHg. Reducing protein intake to approximately 0.6
to 0.8 g/kg ideal body wt per d decreases nephrotic-range
proteinuria (30); however, dietary protein restriction alone is
unlikely to induce CR of the NS. ACEi and/or ARB are effective
antihypertensive agents that can reduce proteinuria and slow
progression of renal disease in both diabetic and nondiabetic
chronic nephropathy patients, and for these reasons they are
the preferred agents to treat hypertension in proteinuric renal
diseases; however, controlled trials of ACEi or ARB in patients
with MN have been few and far between. The evidence that
such therapy is beneficial in MN is weak and largely inferential,
and the following issues need to be considered when using an
ACEi and or an ARB in patients with MN: (1) In both diabetic
and nondiabetic nephropathy patients, the use of an ACEi
and/or an ARB reduces proteinuria, slows progression of renal
disease, and seems to be cardioprotective (31); however, the
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degree of renal protection is related to the degree of proteinuria
reduction, and if proteinuria is not lowered, then the benefit is
substantially attenuated (32,33). The most recent data from the
Reduction of Endpoints in NIDDM with the Angiotensin II
Antagonist Losartan (RENAAL) trial confirm these observa-
tions in that the renoprotective effect of angiotensin II blockade
in patients with diabetic nephropathy was nearly fully ex-
plained by its antiproteinuric effect (34). (2) In patients with
MN, the antiproteinuric effect is modest (�30% decrease) and is
more significant in patients with lower levels of proteinuria
(35–37). (3) Thus, in contrast to diabetic renal diseases, ACEi
may not offer the same degree of renal protection to patients
with MN (38). In fact, studies by du Buf-Vereijken et al. (17) and
in a review by Troyanov et al. (28), the use of ACEi or ARB by
multivariate analysis did not show an independent value in
determining the prognosis of patients with MN. Furthermore,
Praga et al. (39,40) showed that in patients with NS (the major-
ity with MN), ACEi were ineffective in reducing proteinuria
and that this response in patients with MN was associated with
a poor renal function outcome. (4) In patients in whom a
significant antiproteinuric response is observed, the effect is
usually seen within 2 mo of initiation of angiotensin II blockade
therapy (35). Although a relative reduction of proteinuria is
always a positive result, the aim of antiproteinuric therapy is to
reduce it as close as possible to normal levels (CR). Reaching
this goal in patients with proteinuria �5 g/24 h using conser-
vative treatment with ACEi or ARB seems unrealistic, even
when these drugs are used at the highest dosage. The case I
presented today clearly emphasizes this point. Lipid-lowering
medications (in particular the statins) may have a synergistic
antiproteinuric effect when combined with ACEi, but this effect
is small and mainly observed in patients with proteinuria �3
g/24 h (41,42); however the lipid abnormalities are important
players in the high cardiovascular risk associated with proteinuria
and thus are an important target for treatment in these patients.

For patients at low risk for progression (normal renal function
and proteinuria �4 g/24 h), treatment with ACEi with or without
ARB and a statin may be enough to reduce proteinuria to subne-
phrotic levels and is associated with little long-term significant
adverse effects. Evidence to support this approach comes from
published validation studies and from recent data on the clinical
relevance of PR (27,28). Although a relative reduction of protein-
uria is always a positive result, the aim of antiproteinuric therapy
should be to reduce proteinuria as close as possible to normal
levels (CR), as well as to preserve renal function long term. Reach-
ing this goal in patients with proteinuria �5 g/24 h using conser-
vative treatment with ACEi or ARB seems unrealistic, even when
these drugs are used at the highest dosage, and this point was
illustrated by the present case. Patients need to be instructed to
follow a low-salt diet because a high intake (e.g., 200 mg of Na or
4.6 g sodium/d) can significantly impair the beneficial effects of
angiotensin II blockade.

Immunosuppressive Therapy
Several treatment strategies, including a variety of immunosup-
pressive agents, have been shown to be at least partially suc-
cessful in reducing proteinuria in MN (43). The available evi-

dence is presented according to the risk group (e.g., medium,
high) that the patients in the studies most closely represent,
because the risk of treatment in the low-risk patient is likely to
exceed the benefits. It should be recognized, however, that this
evidence is based on a paucity of randomized, controlled clin-
ical trials or derived from noncontrolled or nonrandomized
studies, which are not on equal footing with randomized, con-
trolled clinical trials.

Medium Risk for Progression.
Corticosteroids. A study conducted by the Toronto Glomer-

ulonephritis Study Group in which patients were assigned to
receive either a 6-mo course of prednisone given on alternate
days or no specific treatment showed no significant benefit of
corticosteroid treatment alone in either induction of a remission
in proteinuria or preservation of renal function, even after the
data were adjusted to include only patients with nephrotic-
range proteinuria at entry (�3.5 g/24 h) (44).

Combined Corticosteroids and Cytotoxic Agents. A 6-mo
course of methylprednisolone (MTP) intravenously and oral
steroids alternating monthly with chlorambucil was superior to
conservative treatment in achieving CR or PR (45). CR was
achieved in 50% and PR in 31% of the cases compared with a
CR in 7% and PR in 24% of the control patients. After 10 yr of
follow-up, patients treated with combination therapy had a
92% probability of renal survival compared with 60% in the
control group, and only 8% of treated patients versus 40% of
untreated ones had reached ESRD (46). Similar results were
seen when the same cyclic combination of corticosteroids and
chlorambucil was compared with cyclic corticosteroids and oral
cyclophosphamide (CYC) (47). CR or PR was observed in 82%
of patients assigned to MTP and chlorambucil versus 93% of
patients assigned to MTP and CYC (P � 0.116, nonsignificant).
Treatment with CYC was associated with fewer side effects, but
renal function was equally preserved in both groups for up to
3 yr. These observations have been recently confirmed by Jha et
al. (48), who reported the 10-yr follow-up of a randomized,
controlled trial on 93 patients allocated to receive either a 6-mo
course of alternating prednisolone and CYC or supportive
treatment alone. Of the 47 patients treated with immunosup-
pressive therapy, 34 achieved remission (15 CR and 19 PR),
compared with 16 (5 CR and 11 PR) of 46 in the control group
(P � 0.0001). The 10-yr dialysis-free survival was 89 and 65%
(P � 0.016), and the likelihood of survival without death,
dialysis, and doubling of serum creatinine was 79% in the
treated versus 44% in the control group (P � 0.0006). The
incidence of infections was similar in the two groups (48).
Ponticelli et al. (49) also compared the effect of 6 mo of alter-
nating monthly pulses of MTP plus oral steroids and chloram-
bucil cycled as described versus MTP pulses plus steroids alone
and found at 3 yr 66% of the patients given steroids and
chlorambucil versus 42% of patients given steroids alone were
in remission, the difference being significant. At 4 yr, this
difference was no longer statistically significant, although a
seemingly large 20% difference favoring the combined treat-
ment persisted, with renal function been better preserved in the
chlorambucil-treated group. Thus, in a number of studies, both
CYC and chlorambucil in combination with corticosteroids
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have been effective in the treatment of patients with IMN and
preserved renal function with benefits maintained well beyond
the 1-yr treatment period, although relapse rates approached
35% at 2 yr. The long-term adverse effects of these cytotoxic
agents, in particular, effects on fertility as well as bladder
carcinoma and myelodysplasia are the major drawbacks to the
universal application of this form of therapy. A recent publica-
tion suggested that the risk for malignancy is not increased for
patients treated with cumulative CYC doses �36 g but in-
creases significantly in patients with cumulative CYC doses
�36 g (50). In regards to the risk for gonadal toxicity, I am not
aware that this issue has been formally addressed in patients
with MN treated with CYC; however, based on studies in
patients with lupus nephritis, the risk seems to be age related:
CYC resulted in ovarian failure in 100% of women older than 30
yr, approximately 50% of those aged 20 to 30 yr, and 13% of
patients younger than 20 yr (51). Similarly, the average cumu-
lative dose needed to cause amenorrhea seems to decrease with
age: Doses of 20.4 g in women in their 20s, 9. 3g in women in
their 30s, and as little as 5.2 g for women in their 40s (52). Thus,
the risks are probably low in a patient who receives one single
course of CYC, but CYC has a cumulative toxicity, and they
should be taken into consideration, especially in patients who
relapse after treatment and may require a second course of
therapy.

CsA. In relation to CsA, a single-blind, randomized, con-
trolled study of 51 patients with steroid-resistant MN treated
with low-dose prednisone plus CsA and compared with pla-
cebo plus prednisone showed that at the end of 26 wk of
treatment, 75% of patients (21 of 28) in the CsA group versus
only 22% of patients (five of 23) in the controls had achieved PR
or CR (P � 0.001; CR � 2 in the CsA group versus 1 in the
placebo group) (53). Relapses occurred in approximately 40% of
patients within 1 yr of discontinuation of CsA treatment, very
similar to that seen with combined cytotoxic/corticosteroid
regimens. Relapses should not be considered failure of therapy
because reintroduction of CsA or its alternative (i.e., cytotoxic/
corticosteroid regimen) is usually capable of inducing another
remission. Data from the German Cyclosporine in NS Study
Group suggest that prolonging CsA treatment (�1 yr) results in
higher (34% CR at 1 yr) and more sustained rate of remissions
(54). Taken together, these data suggest that CsA can induce a
remission (CR or PR) of the NS in 50 to 60% of patients. It is
important to emphasize that although reduction of proteinuria
usually occurs within a few weeks, the majority of CR occurred
after more than 6 mo of treatment. On the other hand, if after 3
to 4 mo of CsA therapy at adequate doses proteinuria is not
significantly reduced, then it is unlikely that the therapy will be
effective. Prolonged low-dose CsA (approximately 1.5 mg/kg
per d) could be considered for long-term maintenance of pa-
tients with preserved renal function who achieve CR or PR but
who relapse once CsA is discontinued, with little risk for neph-
rotoxicity (55).

TAC. An alternative to CsA is the recent study by Praga et
al. (56) evaluating TAC monotherapy in MN. In that study, 25
patients with normal renal function (mean proteinuria approx-
imately 8 g/24 h) received TAC (0.05 mg/kg per d) over 12 mo

with a 6-mo taper, whereas 23 patients served as control. After
18 mo, the probability of remission was 94% in the TAC group
but only 35% in the control group. Six patients in the control
group and only one in the TAC group reached the secondary
end point of a 50% increase in their serum creatinine (56).
Unfortunately, almost half of the patients relapsed after TAC
was withdrawn, and similar to patients treated with CsA, main-
tenance of remission may require prolonged use of TAC in low
dose.

High Risk for Progression.
Corticosteroids. The UK Medical Research Council con-

ducted a randomized, prospective, double-blind, controlled
trial assessing the medium-term effect of an 8-wk course of
high-dose prednisolone in 52 patients with preserved renal
function and high-grade proteinuria (mean 10.8 � 6/24 h) and
compared it with 51 patients treated conservatively (57). At 36
mo, there was no significant difference regarding the degree of
proteinuria between the control and the treatment groups, with
renal function deteriorating equally in both groups, thus con-
firming both the high risk for progression associated with
patients with this degree of proteinuria and the lack of benefit
of corticosteroids.

Combined Corticosteroids and Cytotoxic Agents. In relation to
cytotoxic agents combined with corticosteroids, there has not
been a randomized, controlled trial of cytotoxic agents plus
corticosteroids in this high-risk group, although a number of
uncontrolled studies have been conducted (46,47,49,58–69). In
patients with deteriorating renal function, the supporting data
are much less compelling than the results obtained in patients
at medium risk for progression; adverse effects, especially in-
fections, are higher; and the likelihood of benefit is reduced in
patients with severe renal failure (serum creatinine �3 mg/dl).

CsA. In relation to CsA, there has been only one controlled
trial using CsA in patients with high-grade proteinuria and
progressive renal failure. In this study, of the initial 64 mem-
branous patients, the 17 patients who had a loss in CrCl of �8
ml/min during the 12-mo observation (phase 1) period were
randomly assigned to either CsA treatment (nine patients) or
placebo (eight patients) for 12 mo (phase 2) (70). At the time of
initiation of treatment, their average CrCl was in the mid-50s
and their average proteinuria was 11 g/24 h. After 12 mo, there
was a significant reduction in proteinuria, and the rate of loss
(slope) of renal function in the CsA group was reduced from
�2.4 to �0.7 ml/min per mo, whereas in the placebo group, the
change was insignificant, �2.2 to �2.1 ml/min per mo (P �

0.02). This improvement was sustained in approximately 50%
of the patients for up to 2 yr after CsA was discontinued.

MMF. No controlled trials are available regarding MMF in
MN. Miller et al. (71), in a pilot study, treated 16 patients with
MN with 1.5 to 2.0 g/d MMF for a mean of 8 mo. These patients
would be categorized as either medium or high risk for pro-
gression given the severity of their proteinuria and the fact that
they had previously failed a variety of other immunosuppres-
sive drugs. The results were modest: Six patients had a �50%
reduction in their proteinuria, two had a minor reduction in
proteinuria, four had no change, three were withdrawn because
of significant adverse effects, and one stopped treatment on his
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own. Mean serum creatinine was unchanged over the course of
the study. In patients who responded, the lowest degree of
proteinuria was reached within 6 mo, suggesting that patients
who are likely to respond would do so in this time frame. This
pilot study is somewhat difficult to interpret as negative or
positive, given the setting of resistance to all other agents.
Similarly, Choi et al. (72) retrospectively analyzed 17 patients
with MN treated with MMF who were steroid dependent,
steroid resistant, or steroid intolerant, some had also been
treated with CsA and had been resistant or had a suboptimal
response to CsA. Overall, treatment with MMF (0.5 to 1.0 g
twice daily for a mean of 12 mo), which was combined with
steroids in most patients, resulted in a 61% reduction of pro-
teinuria (7.8 to 2.3 g/24 h; P � 0.001), with eight patients having
a PR and two patients a CR. Renal function improved in three
of six patients with renal failure. More recently, Branten et al.
(73) reported on 32 patients with MN and renal insufficiency
(serum creatinine �1.5 mg/dl) treated with MMF (1 g twice
daily) for 12 mo and compared with results obtained on 32
patients from a historic control group treated for the same
period of time with oral CYC (1.5 mg/kg per d). Both groups
received high-dose steroid treatment (MTP intravenously 1 g
�3 at months 1, 3, and 5 followed by oral prednisone 0.5 mg/kg
every other day for 6 mo, with subsequent tapering). Overall,
21 MMF-treated patients developed PR of proteinuria; in six
patients, proteinuria decreased by at least 50%; and no response
was observed in five patients. Cumulative incidences of remis-
sion of proteinuria at 12 mo were 66% in the MMF group versus
72% in the CYC group (P � 0.3). Adverse effects occurred at a
similar rate between the two groups, but relapses were much
more common in the MMF-treated group (73).

I need to point out that the majority of the these studies were
said to be targeted to patients with deteriorating renal function
and have been deemed successful because proteinuria and
azotemia were diminished. However, careful review of the data
shows that reversal of azotemia is almost always incomplete
and often transient, suggesting that the decline in renal function
is merely attenuated and not arrested.

New Therapies
Adrenocorticotropic Hormone. In a study by Berg and

colleagues (74,75), synthetic adrenocorticotropic hormone
(ACTH) administered for 1 yr decreased proteinuria in patients
with MN. More recently, Ponticelli et al. (76) conducted a ran-
domized pilot study comparing MTP plus a cytotoxic agent
versus synthetic ACTH in 32 patients with MN. Of these, 16
were randomly assigned to receive MTP plus chlorambucil or
CYC (group A), and 16 were assigned to receive ACTH (group
B). ACTH was administered by one intramuscular injection (1
mg) every other week with the frequency increased to two
injections per week for a total treatment period of 1 yr. Data
were reported according to intention-to-treat analysis. CR or PR
as a first event was attained by 93% of patients in group A (five
CR and 10 PR) and 87% in group B (10 CR and four PR), the
difference between the two groups being nonsignificant. Ad-
verse effects associated with the use of ACTH included dizzi-
ness, glucose intolerance, diarrhea, and the development of

bronze-colored skin, which resolved after the end of therapy.
Although these studies suggest that prolonged synthetic ACTH
therapy may represent an effective therapy in patients with
MN, more extensive randomized studies with longer follow-up
are needed before therapeutic recommendations could be
made. At the present time, the synthetic formulation of ACTH
used in these studies is not available in the United States.

Rituximab. Experimental data in MN suggest that B cell
activation results in Ig deposition along the GBM, causing
injury to the membrane and subsequent proteinuria (77). In
humans, there is evidence that therapy directed against B cells
(e.g., cyclophosphamide, which has striking but nonselective
effects on B cell function) is effective in MN (46,78). Thus, a case
could be made for selectively targeting B cells and therefore
halting the production of the pathogenic antibodies, resulting
in improvement or even resolution of the glomerular pathology
in MN. This form of therapy is available with the use of ritux-
imab, a chimeric mAb directed against the cell-surface protein
CD20, a molecule selectively expressed on cells of B lympho-
cyte lineage but not present on stem cells (79).

In a pilot study using rituximab in MN, Ruggenenti and
colleagues (80,81) prospectively treated eight nephrotic patients
with MN with four weekly courses of rituxan (375 mg/m2) and
followed them for 1 yr. Proteinuria significantly decreased from
a mean � SD of 8.6 � 4.2 g at baseline to 3.0 � 2.5 g (�66%; P �

0.005) at 12 mo. This included two patients with �0.5 g/24 h
and �3.5 g/24 h in three other patients. In the three remaining
patients, proteinuria decreased by 74, 44, and 41%, respectively.
Renal function remained stable in all patients. Adverse effects
were reported as mild.

In collaboration with Dr. Daniel Cattran in Toronto, we
recently conducted a prospective, open-label, pilot trial in 15
patients with MN and proteinuria �5 g/24 h despite treatment
with ACEi and/or ARB and adequately controlled BP, with the
present case being one of the patients enrolled in the study.
Rituximab (1 g) was given on days 1 and 15. At 6 mo, patients
with proteinuria �3 g/24 h and CD19� B cell counts �15
cells/�l received a second identical course of rituximab. Thir-
teen men and two women, median age 47 (range 33 to 63) and
mean � SD baseline creatinine of 1.4 � 0.5 mg/dl, were treated.
Baseline proteinuria of 13.0 � 5.7 g/24 h (range 6.1 to 23.5)
decreased to 6.0 � 7.3 g/24 h (range 0.2 to 20) at 12 mo (P �

0.001) (82). In the 14 patients who completed 12 mo of follow-
up, CR (�0.3 g/24 h) was achieved in two patients, PR (�3
g/24 h) in six patients, and five patients did not respond. Two
patients progressed to ESRD. Adverse effects were minor. The
nearly 60% (eight of 14) CR or PR rate and a 48% reduction in
mean protein levels are clinically important. Thus, rituximab
seems effective in reducing proteinuria in some patients with
MN, but this response varied from CR to no change, and our
ability to identify a priori the patients who will respond to
therapy remains elusive. A recent publication from Remuzzi’s
group (83) suggested that rituximab is likely to be most effec-
tive in patients with minimal degrees of tubulointerstitial in-
jury. Further research is needed to identify a priori which pa-
tients are likely to benefit from rituximab treatment. These pilot
studies, although encouraging, need to be confirmed by ade-
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quately powered, randomized, controlled studies before recom-
mendations can be made regarding its use.

Dr. Fernando Fervenza:
I have invited Dr. Ulrich Specks to discuss the use of ritux-

imab in other autoimmune diseases with renal involvement.
Dr. Ulrich Specks: In the interest of time, I will focus my

presentation on the use of rituximab for anti-neutrophil cyto-
plasmic antibodies (ANCA)-associated vasculitis (AAV). AAV
comprises three heterogeneous syndromes: Wegener’s granu-
lomatosis (WG), microscopic polyangiitis (MPA), and the
Churg-Strauss syndrome (CSS) (84). These three multisystem
disorders are characterized by necrotizing small-vessel vascu-
litis with predilection for the kidneys, lungs, and peripheral
nervous system that share the occurrence of ANCA in most
patients at the time of initial presentation (85–87). The use of
CYC has substantially improved the prognosis of these pa-
tients, turning a previously universally fatal illness into a
chronically relapsing disease process (88); however, approxi-
mately 10% of patients fail to respond to CYC therapy. Further-
more, the toxicity of CYC therapy, including malignancies,
infertility, and infection, may limit or prohibit its use in some
patients (89). Consequently, better treatment alternatives are
needed.

B lymphocytes play a critical role in the regulation of im-
mune responses, are responsible for the production of antibod-
ies, and are involved in the pathogenesis of autoimmune dis-
eases, including, as discussed by Dr. Fervenza, MN (90). B
lymphocytes are also responsible for the production of autoan-
tibodies including ANCA, which have been implicated in the
pathogenesis of several forms of vasculitis (91). The rationale
for the first use of rituximab in a patient with chronically
relapsing severe refractory WG included the following obser-
vations and hypotheses. First, higher frequencies of activated
peripheral blood B cells are associated with disease activity and
severity. Second, the most effective agent for WG (CYC) has
profound effects on B cells. Third, the hypothesis that ANCA
play a significant role in disease pathogenesis and evidence that
autoantibodies are produced by short-lived plasma cells, which
are the progeny of antigen-specific B cell precursors (92). Our
index case was a 66-yr-old man who had received a diagnosis
of WG in 1994. During treatment of disease flares, he had
developed CYC toxicity, precluding its subsequent use, and
prednisone in combination with azathioprine or MMF failed to
restore remission. Treatment with four weekly doses of ritux-
imab at 375 mg/m2 was initiated on a compassionate-use basis
under the hypothesis that B lymphocyte depletion would result
in rapid removal of potentially pathogenic ANCA. By the time
of the fourth infusion, ANCA were undetectable in the serum,
and 2 mo later, the patient was in clinical remission (92). Nine
months after completion of the first course of rituximab, the
patient’s ANCA began to rise, and he was retreated with an-
other course of rituximab (this time without prednisone). To
date, this patient has received six courses of rituximab and
remains in remission.

This initial success prompted us to use the same rituximab
regimen (four weekly courses of 375 mg/m2) in an additional
10 patients with PR3-ANCA–positive WG who were resistant

or had contraindication to the use of CYC (93). The majority of
these patients had received intravenous MTP, and three had
also received plasma exchange preceding rituximab therapy to
control life- or organ-threatening disease manifestations. Clin-
ical remission accompanied by a significant decrease in ANCA
levels was induced in all patients, and glucocorticoids were
discontinued in all over the course of 5 mo. Two patients
experienced minor flares, at 7 and 12 mo, which responded to
re-treatment with rituximab and prednisone. Three patients
were re-treated prophylactically without glucocorticoids for
rising ANCA titers and remained in remission. Adverse effects
were minimal and mostly related to the first infusion.

Encouraged by this favorable experience, we conducted a
prospective, open-label, pilot trial of rituximab in conjunction
with a strictly protocolized oral glucocorticoid tapering regi-
men (94). Ten patients with active severe refractory ANCA-
positive WG or MPA were treated with the lymphoma dosing
regimen of rituximab. Again, all patients achieved remission by
3 mo. One patient had a relapse after peripheral blood B lym-
phocytes and ANCA returned and was re-treated successfully
with prednisone and rituximab. Five patients were re-treated
with rituximab alone in the face of rising ANCA levels and
remained in remission. Adverse effects again were minimal.

A number of other case reports and small case series of
patients with WG, MPA, and CSS who received treatment with
rituximab have been published recently (95–100). All of these
reports support the use of rituximab for the treatment of re-
fractory AAV.

To date, only a couple of reports have cast doubts on the
efficacy of rituximab in refractory WG (101,102). Aries et al.
(101) reported on patients of whom only two achieved clinical
remission. The nonresponders had severe granulomatous or-
bital disease complications (101). Similarly, Omdal et al. (102)
reported on two patients with granulomatous retro-orbital and
sinus masses who seemed unresponsive to rituximab. This is
different from our experience, which indicates that both vascu-
litic and granulomatous disease manifestations respond to rit-
uximab (93,94). Hence, factors other than differences in disease
manifestations may explain the observed differences in out-
comes (94).

It should be emphasized that the exact mechanisms by which
rituximab exerts efficacy in AAV remain poorly understood.
Our original “ANCA-centric” hypothesis has recently been
tempered by our treatment success with this agent in several
ANCA-negative patients with WG (103). Finally, caution is
advised about extrapolation from one autoimmune disease to
another, because the pathogenic mechanisms, B lymphocyte
depletion and autoantibody responses to rituximab therapy,
are too heterogeneous among the different autoimmune dis-
eases, particularly SLE, rheumatoid arthritis, and AAV
(104,105).

The current reports suggest that rituximab is remarkably
well tolerated by most patients. Adverse effects seem to be
limited usually to mild infusion reactions occurring in up to
10% of patients and infections. Studies of rituximab use in
lymphoma and a number of autoimmune diseases (e.g., rheu-
matoid arthritis, SLE) as well as our own experience in AAV
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have revealed remarkably low infection rates even when ritux-
imab has been used in combination with CYC or methotrexate
(93,94,106,107). In patients with lymphoma and in patients with
AAV, treatment with rituximab had minor effects on total
serum Ig levels, and acquired humoral immunity is preserved
after rituximab therapy (93,94,108). Our long-term experience
over a mean of 35 mo of follow-up in 28 patients who received
at least two repeated courses of rituximab for their refractory,
chronically relapsing WG suggest that long-term B lymphocyte
depletion is also a promising novel approach to remission
maintenance associated with few adverse events (109). There is,
however, some recent concern with the role of rituximab in the
development of unusual infections, such as progressive multi-
focal leukoencephalopathy (PML) following the reports of two
cases of PML resulting in death in patients who received ritux-
imab for treatment of SLE (110). PML is a rare, progressive,
demyelinating disease of the central nervous system that usu-
ally leads to death or severe disability. The disease is caused by
activation of the JC virus, a polyomavirus that resides in latent
form in up to 80% of healthy adults. PML has been reported in
the literature in HIV-positive patients, immunosuppressed can-
cer patients, organ transplant recipients, and patients with au-
toimmune disease, including SLE and AAV, who had never
received rituximab, suggesting that the overall immunosup-
pression rather than a particular agent is responsible for the
development of PML (111,112).

I would like to conclude by saying that a pathogenic role for
B lymphocytes in the pathogenesis of autoimmune diseases,
including AAV, is emerging. Preliminary data indicate that B
lymphocyte depletion with rituximab seems to be an effective
and safe mechanism-based treatment approach for remission
induction and remission maintenance in refractory AAV. Even
repeated courses of rituximab therapy seem to be associated
with surprisingly few infections. Whether B cell depletion can
replace CYC as first-line therapy for patients with newly diag-
nosed AAV remains to be seen. We are currently conducting a
randomized, double-blind, double placebo-controlled, multi-
center trial in 200 patients with AAV. This trial is designed to
evaluate the efficacy and safety of rituximab for remission
induction in severe AAV in comparison with CYC (http://
www.clinicaltrials.gov). Given the substantial morbidity and
adverse effects associated with the use of CYC, rituximab may
represent a promising alternative for the treatment of AAV.

Concluding Remarks
Idiopathic MN is a glomerular disease usually of abrupt onset
and associated with the NS. Control of the NS, specifically CR
or PR, is associated with prolonged renal survival and a slower
rate of renal disease progression. There are no standard or
universal first-line specific therapeutic options for idiopathic
MN. Supportive or conservative care should be given in all
cases and should include the use of ACEi and ARB therapy as
well as a lipid-lowering agent. In patients who are at low risk
for progression, this approach should suffice, given their excel-
lent prognosis. These patients need to be followed long term to
ensure that there is no disease progression. On the other hand,
patients at medium or high risk for progression are candidates

for immunosuppressive therapy, for there is overwhelming
clinical evidence that higher sustained levels of proteinuria
predict more rapid decline in renal function, more pronounced
tubulointerstitial injury, and eventual kidney failure. It is also
worth emphasizing that patients with persistent NS proteinuria
have significant abnormalities in their lipid profile, and al-
though these abnormalities can be improved by the use of an
hepatic hydroxymethyl glutaryl–CoA reductase inhibitor, it
will not be completely corrected unless NS goes into remission.
Thus, allowing a heavy proteinuric state to remain long term is
likely to place the patient at an increased risk for cardiovascular
complications. As illustrated by the case I presented earlier,
nephrotic patients are also at risk for thromboembolic events,
with an incidence as high as 50% in patients with severe MN
being reported. These events are associated with a mortality
rate as high as 42% in high-risk patients. These data emphasize
that these life-defining events, in addition to the potential renal
failure, are common in these patients. Therefore, even if the
main benefit of immunosuppressive therapy is to speed up the
induction of a remission that may have occurred spontane-
ously, it may still have value in the long term. A treatment
algorithm that combines the predictive factors and best evi-
dence for immunosuppressive therapy is presented in Table 1.
The recommendation is based on evidence from trials con-
ducted in patients in these respective categories, but the phy-
sicians must take into account the individual patient and his or
her wishes to make the best decision regarding which therapy
should be initiated. These treatments are not mutually exclu-
sive and may follow one after the other (with a drug holiday) if
the first one chosen does not succeed in reducing the protein-
uria to the desired range and/or adverse effects make comple-
tion of a course of therapy untenable. Patients who do not
respond well or relapse after a first course of immunosuppres-
sion therapy may benefit from a second course of immunosup-
pression. It should be noted that I have made no reference in
Table 1 to the use of corticosteroids because, in my opinion, the
evidence to date does not support the widespread use of oral
corticosteroids as a single agent for the treatment of MN; how-
ever, some of my distinguished colleagues may still recom-
mend a “trial” of corticosteroids in patients with newly diag-
nosed MN and NS. Preliminary evidence on the use of anti-
CD20 antibodies suggests that this is another agent that may be
as effective and safer for the treatment of MN and AAV than
our current regimens; however, rituximab is very expensive
and not covered by any insurance policy, and before it can be
recommended for routine use, it needs to be evaluated by
rigorously conducted, prospective, controlled, randomized tri-
als that will also look for factors that may determine its efficacy
in patients with MN. Additional information will also be
needed regarding long-term safety and efficacy (e.g., absence of
relapses and serious infections, including PML) before it can be
recommended as first-line therapy for patients with MN. Pa-
tients with severe renal insufficiency (serum creatinine �3 mg/
dl) are less likely to benefit from immunosuppression therapy,
and the risk of treatment is significantly higher, and these
patients should be considered for conservative therapy only
and plans made for transplantation in the future.
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Questions and Answer
Dr. Ajay K Singh (Brigham and Women’s Hospital and Har-
vard Medical School, Boston, MA): Thank you, Fernando, for
an exceptional discussion. I would also like to thank our host,
Prof. Rainer Oberbauer from Krankenhaus der Elisabethinen
here in Linz Austria, for hosting this CJASN Clinical Confer-
ence. I have a comment and then a question. I noticed that in
the case series you presented, several patients had progressive
reduction in proteinuria that lasted several months after the last
dose of rituximab. Given this observation, is rituximab re-
treatment in membranous necessary?

Dr. Fernando Fervenza: This is an excellent question for
which I do not have a clear answer. Per protocol, patients who
at 6 mo had recovered their circulating CD20� B cell count but
had proteinuria �3.5 g/24 h got a second identical course of
rituximab. Would a patient who had a baseline proteinuria of 9
g/24 h and at 6 mo it had dropped to 4 g/24 h have continued
to lower proteinuria over time without the second course of
rituximab? I would guess the answer to be yes, but this is a
question that was not addressed by the study.

Prof. Gert Mayer (Medical University Innsbruck, Austria): Is
sequential administration of rituximab in primary nonre-
sponders indicated?

Dr. Fernando Fervenza: This is another important question.
At 6 mo, seven patients had not responded to treatment, mean-
ing that their proteinuria was basically identical to their base-
line levels. They all got re-treated, and two of them responded
with proteinuria �1 g/24 g 12 mo after the second infusion.
Thus, failure to respond to one course of rituximab makes it
unlikely that a response will occur after a second treatment,
but, as suggested by these two patients, we cannot state that
for sure. It would be great if we could have markers that
could predict which patient is likely to respond to rituximab,
and we are trying to address this issue in a new study we are
currently conducting (http://www.clinicaltrials.gov/ct/
show/NCT00405340?order � 3).

Dr. Sabine Horn (Medical University Graz, Austria): How
many patients developed antibodies against rituximab in your
case series?

Dr. Fernando Fervenza: Thank you very much for raising this
point. The formation of human antichimeric antibodies
(HACA) may be induced by administering any chimeric mAb
such as occur with the anti-TNF mAb infliximab; however, the
formation of HACA after rituximab therapy is relatively un-
common. In a phase II trial of 58 patients with non-Hodgkin’s
lymphoma who received rituximab (375 mg/m2), no patient
developed HACA (113). The rare occurrence of HACA after
rituximab therapy may be related to the main effect of the drug:
The abolition of primary and memory humoral responses (114).
On the other hand, the underlying disease itself may affect the
propensity for antibody formation as reported by Looney et al.
(115), who found detectable HACA in 30% of patients with SLE
treated with rituximab. Similarly, Smith et al. (107) recently
reported finding HACA in five of 14 patients with AAV. It is
possible that other factors, such as the ethnic make up of the
patient population and/or the use of concomitant cytotoxic or
immunosuppressive agents, may also affect development of
HACA. In our study, immunodepletable HACA was detected
in six patients at various time points. In one patient with the
lowest antibody level, HACA became negative with follow-up.
In the other five patients, HACA remained positive to the end
of the study.

Dr. James Pattison (Consultant Nephrologist, Guys Hospital,
London, UK): Could you discuss the issue of HACA in ritux-
imab-treated membranous patients?

Dr. Fernando Fervenza: We tested for the development of
these antibodies because their appearance may affect the effi-
cacy of rituximab. Similarly, although such antibodies are not

Table 1. Membranous nephropathy: Treatment
recommendationsa

Low risk (proteinuria �4 g/24 h and normal renal
function): Conservative therapy

ACEi with or without ARB
lipid control with HMG-CoA reductase inhibitor
dietary protein restriction (0.6 to 0.8g/kg ideal body

wt per d)
dietary NaCl intake (goal is 2 to 3 g of Na) to

optimize antiproteinuric effects of ACEi and ARB
BP �125/75 mmHgb

smoking cessationc

reduce obesityd

continue to monitor
Medium risk (proteinuria �4 to �8 g/24 h and normal

renal function): Conservative therapy, initially;
patients with proteinuria �4 g/24 h after 6-mo
observation period should be considered for
additional immunosuppressive therapy with

cyclosporine
tacrolimus
MMFe

cytotoxic/corticosteroid combination
rituximabe

High risk (proteinuria �8 g/24 h with or without renal
insufficiency): Conservative therapy, for �6 mo;
patients with proteinuria �8 g/24 h or decreasing
renal function should be considered for additional
immunosuppressive therapy with

cytotoxic/corticosteroid combination
cyclosporine
MMFe

rituximabe

aAdapted from reference (19). ACEi, angiotensin-
converting enzyme inhibitor; ARB, angiotensin II receptor
blocker; HMG, hydroxymethyl glutaryl; MMF,
mycophenolate mofetil.

bAvoid dihydropyridine calcium channel blockers because
they are not antiproteinuric. If needed for BP control, use a
nondihydropyridine calcium channel blocker.

cCigarette smoking increases proteinuria and is associated
with faster disease progression.

dObesity may cause glomerulomegaly and proteinuria.
Weight loss reduces proteinuria.

eData from nonrandomized, controlled studies.
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associated with clinical symptoms (106,115), after repeated
drug administration, they may contribute to adverse effects or
retard B cell depletion. In the Smith et al. study mentioned
earlier, relapses of AAV were more common in HACA-positive
patients (five of five) than in HACA-negative patients (four of
nine), and in two patients with the highest HACA titers, one
patient develop a severe infusion reaction and one failed to
achieve complete B cell depletion (107). In our study, we found
no correlation among the presence of HACA, the degree of B
cell depletion, and the development of adverse effects or be-
tween our responders and nonresponders; however, these ob-
servations are inconclusive, and future studies are needed to
define further the clinical significance of HACA. Ocrelizumab,
the new humanized anti-CD20 mAb, may ameliorate this po-
tential problem.

Dr. Luana Pillon (Assistant Professor, New York University
School of Medicine, Director Dialysis, VA New York Harbor
Health Care System Hospital): Would there be any utility in
determining the profile of the IgG subclasses in these patients?

Dr. Fernando Fervenza: As you are aware, immunofluores-
cence examination of renal biopsies by Noël et al. (116) and Doi
et al. (117) found IgG4 and IgG1 to be the predominant Ig
subclass in the glomerular deposits in patients with idiopathic
MN, with neither IgG2 nor IgG3 deposits detectable in any of
these patients, whereas all four IgG subclasses (predominant
IgG1 and IgG3) were detected in patients with membranopro-
liferative glomerulonephritis and lupus nephritis. On the other
hand, Bannister et al. (118) found IgG3 and IgG4 to be the
predominant Ig subclasses in patients with MN. Does the type
or the amount of the deposited IgG subclass affects a patient’s
response to rituximab? I do not know the answer, but we will
be addressing this question in our ongoing study.

Acknowledgments
We thank Dr. Daniel Cattran for helpful comments to the manuscript.

The studies with the use of rituximab were supported by unrestricted
research grants from Genentech Inc. (South San Francisco, CA) and
Biogen Idec (San Diego, CA) to F.C.F. and U.S. and by UL1-RR24150
Grant to the Center for Translational Science Activities.

Disclosures
F.C.F. and U.S. have served as members of board advisory panels

and have received investigator-initiated research grants from Genen-
tech (South San Francisco, CA) and Biogen Idec (San Diego, CA).

References
1. Markowitz GS: Membranous glomerulopathy: Emphasis

on secondary forms and disease variants. Adv Anat Pathol
8: 119–125, 2001

2. Noel LH, Zanetti M, Droz D, Barbanel C: Long-term prog-
nosis of idiopathic membranous glomerulonephritis: Study
of 116 untreated patients. Am J Med 66: 82–90, 1979

3. Zucchelli P, Ponticelli C, Cagnoli L, Passerini P: Long-term
outcome of idiopathic membranous nephropathy with ne-
phrotic syndrome. Nephrol Dial Transplant 2: 73–78, 1987

4. Wehrmann M, Bohle A, Bogenschutz O, Eissele R, Freisle-
derer A, Ohlschlegel C, Schumm G, Batz C, Gartner HV:

Long-term prognosis of chronic idiopathic membranous
glomerulonephritis: An analysis of 334 cases with particu-
lar regard to tubulo-interstitial changes. Clin Nephrol 31:
67–76, 1989

5. Marx BE, Marx M: Prediction in idiopathic membranous
nephropathy. Kidney Int 56: 666–673, 1999

6. Gluck MC, Gallo G, Lowenstein J, Baldwin DS: Membra-
nous glomerulonephritis: Evolution of clinical and patho-
logic features. Ann Intern Med 78: 1–12, 1973

7. Yoshimoto K, Yokoyama H, Wada T, Furuichi K, Sakai N,
Iwata Y, Goshima S, Kida H: Pathologic findings of initial
biopsies reflect the outcomes of membranous nephropa-
thy. Kidney Int 65: 148–153, 2004

8. Troyanov S, Roasio L, Pandes M, Herzenberg AM, Cattran
DC: Renal pathology in idiopathic membranous nephrop-
athy: A new perspective. Kidney Int 69: 1641–1648, 2006

9. Swaminathan SL, Melton LJ III, Bergstralh EJ, Leung N,
Fervenza FC: Changing incidence of glomerular disease in
the Olmstead County: A 30-year renal biopsy study. Clin
J Am Soc Nephrol 1: 483–487, 2006

10. Haas M, Meehan SM, Karrison TG, Spargo BH: Changing
etiologies of unexplained adult nephrotic syndrome: A
comparison of renal biopsy findings from 1976–1979 and
1995–1997. Am J Kidney Dis 30: 621–631, 1997

11. Glassock RJ: Secondary membranous glomerulonephritis.
Nephrol Dial Transplant 7[Suppl 1]: 64–71, 1992

12. Cattran DC: Idiopathic membranous glomerulonephritis.
Kidney Int 59: 1983–1994, 2001

13. Couser WG, Shankland SJ: Membranous nephropathy. In:
Comprehensive Clinical Nephrology, 2nd Ed., edited by John-
son RJ, Feehally J, Philadelphia, Elsevier, 2003, pp 295–307

14. Donadio JV Jr, Torres VE, Velosa JA, Wagoner RD, Holley
KE, Okamura M, Ilstrup DM, Chu CP: Idiopathic membra-
nous nephropathy: The natural history of untreated pa-
tients. Kidney Int 33: 708–715, 1988

15. Troyanov SW, Cattran DC: Natural history of patients with
idiopathic membranous nephropathy (IMGN) who never
become nephrotic [Abstract]. J Am Soc Nephrol 14: 287A,
2003

16. Schieppati A, Mosconi L, Perna A, Mecca G, Bertani T,
Garattini S, Remuzzi G: Prognosis of untreated patients
with idiopathic membranous nephropathy. N Engl J Med
329: 85–89, 1993

17. du Buf-Vereijken PW, Branten AJ, Wetzels JF: Idiopathic
membranous nephropathy: Outline and rationale of a
treatment strategy. Am J Kidney Dis 46: 1012–1029, 2005

18. Maisonneuve P, Agodoa L, Gellert R, Stewart JH, Buccianti
G, Lowenfels AB, Wolfe RA, Jones E, Disney AP, Briggs D,
McCredie M, Boyle P: Distribution of primary renal dis-
eases leading to end-stage renal failure in the United
States, Europe, and Australia/New Zealand: Results from
an international comparative study. Am J Kidney Dis 35:
157–165, 2000

19. Cattran D: Management of membranous nephropathy:
When and what for treatment. J Am Soc Nephrol 16: 1188–
1194, 2005

20. Glassock RJ: The treatment of idiopathic membranous ne-
phropathy: A dilemma or a conundrum? Am J Kidney Dis
44: 562–566, 2004

21. Reichert LJ, Koene RA, Wetzels JF: Urinary IgG excretion
as a prognostic factor in idiopathic membranous nephrop-
athy. Clin Nephrol 48: 79–84, 1997

Clin J Am Soc Nephrol 3: 905-919, 2008 Idiopathic Membranous Nephropathy 915



22. Reichert LJ, Koene RA, Wetzels JF: Urinary excretion of
beta 2-microglobulin predicts renal outcome in patients
with idiopathic membranous nephropathy. J Am Soc Neph-
rol 6: 1666–1669, 1995

23. Branten AJ, du Buf-Vereijken PW, Klasen IS, Bosch FH,
Feith GW, Hollander DA, Wetzels JF: Urinary excretion of
beta2-microglobulin and IgG predict prognosis in idio-
pathic membranous nephropathy: A validation study.
J Am Soc Nephrol 16: 169–174, 2005

24. Bakoush O, Torffvit O, Rippe B, Tencer J: Renal function in
proteinuric glomerular diseases correlates to the changes
in urine IgM excretion but not to the changes in the degree
of albuminuria. Clin Nephrol 59: 345–352, 2003

25. Bazzi C, Petrini C, Rizza V, Arrigo G, Beltrame A, Pisano L,
D’Amico G: Urinary excretion of IgG and alpha(1)-micro-
globulin predicts clinical course better than extent of pro-
teinuria in membranous nephropathy. Am J Kidney Dis 38:
240–248, 2001

26. Pei Y, Cattran D, Greenwood C: Predicting chronic renal
insufficiency in idiopathic membranous glomerulonephri-
tis. Kidney Int 42: 960–966, 1992

27. Cattran DC, Pei Y, Greenwood CM, Ponticelli C, Passerini
P, Honkanen E: Validation of a predictive model of idio-
pathic membranous nephropathy: Its clinical and research
implications. Kidney Int 51: 901–907, 1997

28. Troyanov SW, Miller JA, Scholey JW, Cattran DC: Idio-
pathic membranous nephropathy: Definition and rele-
vance of a partial remission. Kidney Int 66: 1199–1205, 2004

29. Peterson JC, Adler S, Burkart JM, Greene T, Hebert LA,
Hunsicker LG, King AJ, Klahr S, Massry SG, Seifter JL:
Blood pressure control, proteinuria, and the progression of
renal disease. The Modification of Diet in Renal Disease
Study. Ann Intern Med 123: 754–762, 1995

30. Giordano M, De Feo P, Lucidi P, DePascale E, Giordano G,
Cirillo D, Dardo G, Signorelli SS, Castellino P: Effects of
dietary protein restriction on fibrinogen and albumin me-
tabolism in nephrotic patients. Kidney Int 60: 235–242, 2001

31. Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, de
Jong PE, de Zeeuw D, Shahinfar S, Toto R, Levey AS,
Group AS: Progression of chronic kidney disease: The role
of blood pressure control, proteinuria, and angiotensin-
converting enzyme inhibition—A patient-level meta-anal-
ysis. Ann Intern Med 139: 244–252, 2003

32. Apperloo AJ, de Zeeuw D, de Jong PE: Short-term antipro-
teinuric response to antihypertensive treatment predicts
long-term GFR decline in patients with non-diabetic renal
disease. Kidney Int Suppl 45: S174–S178, 1994

33. Rossing P, Hommel E, Smidt UM, Parving HH: Reduction
in albuminuria predicts diminished progression in diabetic
nephropathy. Kidney Int Suppl 45: S145–S149, 1994

34. Keane WF, Brenner BM, de Zeeuw D, Grunfeld JP, McGill
J, Mitch WE, Ribeiro AB, Shahinfar S, Simpson RL, Snapinn
SM, Toto R, RENAAL Study Investigators: The risk of
developing end-stage renal disease in patients with type 2
diabetes and nephropathy: The RENAAL study. Kidney Int
63: 1499–1507, 2003

35. Gansevoort RT, Heeg JE, Vriesendorp R, de Zeeuw D, de
Jong PE: Antiproteinuric drugs in patients with idiopathic
membranous glomerulopathy. Nephrol Dial Transplant
7[Suppl 1]: 91–96, 1992

36. Ruggenenti P, Mosconi L, Vendramin G, Moriggi M, Re-
muzzi A, Sangalli F, Remuzzi G: ACE inhibition improves

glomerular size selectivity in patients with idiopathic
membranous nephropathy and persistent nephrotic syn-
drome. Am J Kidney Dis 35: 381–391, 2000

37. Ambalavanan S, Fauvel JP, Sibley RK, Myers BD: Mecha-
nism of the antiproteinuric effect of cyclosporine in mem-
branous nephropathy. J Am Soc Nephrol 7: 290–298, 1996

38. Rostoker G, Ben Maadi A, Remy P, Lang P, Lagrue G, Weil
B: Low-dose angiotensin-converting-enzyme inhibitor cap-
topril to reduce proteinuria in adult idiopathic membra-
nous nephropathy: A prospective study of long-term treat-
ment. Nephrol Dial Transplant 10: 25–29, 1995

39. Praga M, Borstein B, Andres A, Arenas J, Oliet A, Montoyo
C, Ruilope LM, Rodicio JL: Nephrotic proteinuria without
hypoalbuminemia: Clinical characteristics and response to
angiotensin-converting enzyme inhibition. Am J Kidney Dis
17: 330–338, 1991

40. Praga M, Hernandez E, Montoyo C, Andres A, Ruilope
LM, Rodicio JL: Long-term beneficial effects of angioten-
sin-converting enzyme inhibition in patients with ne-
phrotic proteinuria. Am J Kidney Dis 20: 240–248, 1992

41. Fried LF, Orchard TJ, Kasiske BL: Effect of lipid reduction
on the progression of renal disease: A meta-analysis. Kid-
ney Int 59: 260–269, 2001

42. Bianchi S, Bigazzi R, Caiazza A, Campese VM: A con-
trolled, prospective study of the effects of atorvastatin on
proteinuria and progression of kidney disease. Am J Kidney
Dis 41: 565–570, 2003

43. Perna A, Schieppati A, Zamora J, Giuliano GA, Braun N,
Remuzzi G: Immunosuppressive treatment for idiopathic
membranous nephropathy: A systematic review. Am J Kid-
ney Dis 44: 385–401, 2004

44. Cattran DC, Delmore T, Roscoe J, Cole E, Cardella C,
Charron R, Ritchie S: A randomized controlled trial of
prednisone in patients with idiopathic membranous ne-
phropathy. N Engl J Med 320: 210–215, 1989

45. Ponticelli C, Zucchelli P, Passerini P, Cagnoli L, Cesana B,
Pozzi C, Pasquali S, Imbasciati E, Grassi C, Redaelli B: A
randomized trial of methylprednisolone and chlorambucil
in idiopathic membranous nephropathy. N Engl J Med 320:
8–13, 1989

46. Ponticelli C, Zucchelli P, Passerini P, Cesana B, Locatelli F,
Pasquali S, Sasdelli M, Redaelli B, Grassi C, Pozzi C: A
10-year follow-up of a randomized study with methyl-
prednisolone and chlorambucil in membranous nephrop-
athy. Kidney Int 48: 1600–1604, 1995

47. Ponticelli C, Altieri P, Scolari F, Passerini P, Roccatello D,
Cesana B, Melis P, Valzorio B, Sasdelli M, Pasquali S, Pozzi
C, Piccoli G, Lupo A, Segagni S, Antonucci F, Dugo M,
Minari M, Scalia A, Pedrini L, Pisano G, Grassi C, Farina
M, Bellazzi R: A randomized study comparing methyl-
prednisolone plus chlorambucil versus methylpred-
nisolone plus cyclophosphamide in idiopathic membra-
nous nephropathy. J Am Soc Nephrol 9: 444–450, 1998

48. Jha V, Ganguli A, Saha TK, Kohli HS, Sud K, Gupta KL,
Joshi K, Sakhuja V: A randomized, controlled trial of ste-
roids and cyclophosphamide in adults with nephrotic syn-
drome caused by idiopathic membranous nephropathy.
J Am Soc Nephrol 18: 1899–1904, 2007

49. Ponticelli C, Zucchelli P, Passerini P, Cesana B: Methyl-
prednisolone plus chlorambucil as compared with meth-
ylprednisolone alone for the treatment of idiopathic mem-
branous nephropathy. The Italian Idiopathic Membranous

916 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 905-919, 2008



Nephropathy Treatment Study Group. N Engl J Med 327:
599–603, 1992

50. Faurschou M, Sorensen IJ, Mellemkjaer L, Loft AG, Thom-
sen BS, Tvede N, Baslund B: Malignancies in Wegener’s
granulomatosis: Incidence and relation to cyclophospha-
mide therapy in a cohort of 293 patients. J Rheumatol 35:
100–105, 2008

51. Balow JE, Austin HA 3rd, Tsokos GC, Antonovych TT,
Steinberg AD, Klippel JH: NIH conference: Lupus nephri-
tis. Ann Intern Med 106: 79–94, 1987

52. Koyama H, Wada T, Nishizawa Y, Iwanaga T, Aoki Y:
Cyclophosphamide-induced ovarian failure and its thera-
peutic significance in patients with breast cancer. Cancer
39: 1403–1409, 1977

53. Cattran DC, Appel GB, Hebert LA, Hunsicker LG, Pohl
MA, Hoy WE, Maxwell DR, Kunis CL, North America
Nephrotic Syndrome Study Group: Cyclosporine in pa-
tients with steroid-resistant membranous nephropathy: A
randomized trial. Kidney Int 59: 1484–1490, 2001

54. Meyrier A, Noel LH, Auriche P, Callard P: Long-term renal
tolerance of cyclosporin A treatment in adult idiopathic
nephrotic syndrome. Collaborative Group of the Societe de
Nephrologie. Kidney Int 45: 1446–1456, 1994

55. Alexopoulos E, Papagianni A, Tsamelashvili M, Leontsini
M, Memmos D: Induction and long-term treatment with
cyclosporine in membranous nephropathy with the ne-
phrotic syndrome. Nephrol Dial Transplant 21: 3127–3132,
2006

56. Praga M, Barrio V, Juarez GF, Luno J: Tacrolimus mono-
therapy in membranous nephropathy: A randomized con-
trolled trial. Kidney Int 71: 924–930, 2007

57. Cameron JS, Healy MJ, Adu D: The Medical Research
Council trial of short-term high-dose alternate day pred-
nisolone in idiopathic membranous nephropathy with ne-
phrotic syndrome in adults. The MRC Glomerulonephritis
Working Party. Q J Med 74: 133–156, 1990

58. Donadio JV Jr, Holley KE, Anderson CF, Taylor WF: Con-
trolled trial of cyclophosphamide in idiopathic membra-
nous nephropathy. Kidney Int 6: 431–439, 1974

59. Ponticelli C, Zucchelli P, Imbasciati E, Cagnoli L, Pozzi C,
Passerini P, Grassi C, Limido D, Pasquali S, Volpini T:
Controlled trial of methylprednisolone and chlorambucil
in idiopathic membranous nephropathy. N Engl J Med 310:
946–950, 1984

60. Murphy BF, McDonald I, Fairley KF, Kincaid-Smith PS:
Randomized controlled trial of cyclophosphamide, warfa-
rin and dipyridamole in idiopathic membranous glomer-
ulonephritis. Clin Nephrol 37: 229–234, 1992

61. West ML, Jindal KK, Bear RA, Goldstein MB: A controlled
trial of cyclophosphamide in patients with membranous
glomerulonephritis. Kidney Int 32: 579–584, 1987

62. Mathieson PW, Turner AN, Maidment CG, Evans DJ, Rees
AJ: Prednisolone and chlorambucil treatment in idiopathic
membranous nephropathy with deteriorating renal func-
tion. Lancet 2: 869–872, 1988

63. Bruns FJ, Adler S, Fraley DS, Segel DP: Sustained remission
of membranous glomerulonephritis after cyclophospha-
mide and prednisone. Ann Intern Med 114: 725–730, 1991

64. Falk RJ, Hogan SL, Muller KE, Jennette JC: Treatment of
progressive membranous glomerulopathy: A randomized
trial comparing cyclophosphamide and corticosteroids

with corticosteroids alone. The Glomerular Disease Collab-
orative Network. Ann Intern Med 116: 438–445, 1992

65. Jindal K, West M, Bear R, Goldstein M: Long-term benefits
of therapy with cyclophosphamide and prednisone in pa-
tients with membranous glomerulonephritis and impaired
renal function. Am J Kidney Dis 19: 61–67, 1992

66. Warwick GL, Geddes CG, Boulton-Jones JM: Prednisolone
and chlorambucil therapy for idiopathic membranous ne-
phropathy with progressive renal failure. Q J Med 87: 223–
229, 1994

67. Branten AJ, Reichert LJ, Koene RA, Wetzels JF: Oral cyclo-
phosphamide versus chlorambucil in the treatment of pa-
tients with membranous nephropathy and renal insuffi-
ciency. QJM 91: 359–366, 1998

68. Torres A, Dominguez-Gil B, Carreno A, Hernandez E,
Morales E, Segura J, Gonzalez E, Praga M: Conservative
versus immunosuppressive treatment of patients with id-
iopathic membranous nephropathy. Kidney Int 61: 219–227,
2002

69. du Buf-Vereijken PW, Branten AJ, Wetzels JF: Cytotoxic
therapy for membranous nephropathy and renal insuffi-
ciency: Improved renal survival but high relapse rate.
Nephrol Dial Transplant 19: 1142–1148, 2004

70. Cattran DC, Greenwood C, Ritchie S, Bernstein K,
Churchill DN, Clark WF, Morrin PA, Lavoie S: A con-
trolled trial of cyclosporine in patients with progressive
membranous nephropathy. Canadian Glomerulonephritis
Study Group. Kidney Int 47: 1130–1135, 1995

71. Miller G, Zimmerman R 3rd, Radhakrishnan J, Appel G:
Use of mycophenolate mofetil in resistant membranous
nephropathy. Am J Kidney Dis 36: 250–256, 2000

72. Choi MJ, Eustace JA, Gimenez LF, Atta MG, Scheel PJ,
Sothinathan R, Briggs WA: Mycophenolate mofetil treat-
ment for primary glomerular diseases. Kidney Int 61: 1098–
1114, 2002

73. Branten AJ, du Buf-Vereijken PW, Vervloet M, Wetzels JF:
Mycophenolate mofetil in idiopathic membranous ne-
phropathy: A clinical trial with comparison to a historic
control group treated with cyclophosphamide. Am J Kidney
Dis 50: 248–256, 2007

74. Berg AL, Arnadottir M: ACTH-induced improvement in
the nephrotic syndrome in patients with a variety of diag-
noses. Nephrol Dial Transplant 19: 1305–1307, 2004

75. Berg AL, Nilsson-Ehle P, Arnadottir M: Beneficial effects of
ACTH on the serum lipoprotein profile and glomerular
function in patients with membranous nephropathy. Kid-
ney Int 56: 1534–1543, 1999

76. Ponticelli C, Passerini P, Salvadori M, Manno C, Viola BF,
Pasquali S, Mandolfo S, Messa P: A randomized pilot trial
comparing methylprednisolone plus a cytotoxic agent ver-
sus synthetic adrenocorticotropic hormone in idiopathic
membranous nephropathy. Am J Kidney Dis 47: 233–240,
2006

77. Kerjaschki D, Neale TJ: Molecular mechanisms of glomer-
ular injury in rat experimental membranous nephropathy
(Heymann nephritis). J Am Soc Nephrol 7: 2518–2526, 1996

78. Cupps TR, Edgar LC, Fauci AS: Suppression of human B
lymphocyte function by cyclophosphamide. J Immunol 128:
2453–2457, 1982

79. Einfeld DA, Brown JP, Valentine MA, Clark EA, Ledbetter
JA: Molecular cloning of the human B cell CD20 receptor

Clin J Am Soc Nephrol 3: 905-919, 2008 Idiopathic Membranous Nephropathy 917



predicts a hydrophobic protein with multiple transmem-
brane domains. EMBO J 7: 711–717, 1988

80. Remuzzi G, Chiurchiu C, Abbate M, Brusegan V, Bontem-
pelli M, Ruggenenti P: Rituximab for idiopathic membra-
nous nephropathy. Lancet 360: 923–924, 2002

81. Ruggenenti P, Chiurchiu C, Brusegan V, Abbate M, Perna
A, Filippi C, Remuzzi G: Rituximab in idiopathic membra-
nous nephropathy: a one-year prospective study. J Am Soc
Nephrol 14: 1851–1857, 2003

82. Fervenza FC, Cosio FG, Erickson SB, Specks U, Herzenberg
AM, Dillon JJ, Leung N, Cohen IM, Wochos DN, Bergstralh
E, Hladunewich M, Cattran DC: Rituximab treatment of
idiopathic membranous nephropathy. Kidney Int 73: 117–
125, 2008

83. Ruggenenti P, Chiurchiu C, Abbate M, Perna A, Cradevi P,
Bontempelli M, Remuzzi G: Rituximab for idiopathic
membranous nephropathy: Who can benefit? Clin J Am Soc
Nephrol 1: 738–748, 2006

84. Jennette JC, Falk RJ, Andrassy K, Bacon PA, Churg J, Gross
WL, Hagen EC, Hoffman GS, Hunder GG, Kallenberg CG,
et al.: Nomenclature of systemic vasculitides: Proposal of
an international consensus conference. Arthritis Rheum 37:
187–192, 1994

85. Finkielman JD, Lee AS, Hummel AM, Viss MA, Jacob GL,
Homburger HA, Peikert T, Hoffman GS, Merkel PA, Spiera
R, St Clair EW, Davis JC Jr, McCune WJ, Tibbs AK, Ytter-
berg SR, Stone JH, Specks U: ANCA are detectable in
nearly all patients with active severe Wegener’s granulo-
matosis. Am J Med 120: 643 e649–e614, 2007

86. Guillevin L, Durand-Gasselin B, Cevallos R, Gayraud M,
Lhote F, Callard P, Amouroux J, Casassus P, Jarrousse B:
Microscopic polyangiitis: Clinical and laboratory find-
ings in eighty-five patients. Arthritis Rheum 42: 421– 430,
1999

87. Keogh KA, Specks U: Churg-Strauss syndrome: Clinical
presentation, antineutrophil cytoplasmic antibodies, and
leukotriene receptor antagonists. Am J Med 115: 284–290,
2003

88. Fauci AS, Haynes BF, Katz P, Wolff SM: Wegener’s gran-
ulomatosis: Prospective clinical and therapeutic experience
with 85 patients for 21 years. Ann Intern Med 98: 76–85,
1983

89. Hoffman GS, Kerr GS, Leavitt RY, Hallahan CW, Lebovics
RS, Travis WD, Rottem M, Fauci AS: Wegener granuloma-
tosis: An analysis of 158 patients. Ann Intern Med 116:
488–498, 1992

90. Martin F, Chan AC: Pathogenic roles of B cells in human
autoimmunity: Insights from the clinic. Immunity 20: 517–
527, 2004

91. Huugen D, Tervaert JW, Heeringa P: Antineutrophil cyto-
plasmic autoantibodies and pathophysiology: New in-
sights from animal models. Curr Opin Rheumatol 16: 4–8,
2004

92. Specks U, Fervenza FC, McDonald TJ, Hogan MC: Re-
sponse of Wegener’s granulomatosis to anti-CD20 chimeric
monoclonal antibody therapy. Arthritis Rheum 44: 2836–
2840, 2001

93. Keogh KA, Wylam ME, Stone JH, Specks U: Induction of
remission by B lymphocyte depletion in eleven patients
with refractory antineutrophil cytoplasmic antibody-asso-
ciated vasculitis. Arthritis Rheum 52: 262–268, 2005

94. Keogh KA, Ytterberg SR, Fervenza FC, Carlson KA, Schr-

oeder DR, Specks U: Rituximab for refractory Wegener’s
granulomatosis: Report of a prospective, open-label pilot
trial. Am J Respir Crit Care Med 173: 180–187, 2006

95. Tamura N, Matsudaira R, Hirashima M, Ikeda M, Tajima
M, Nawata M, Morimoto S, Kaneda K, Kobayashi S, Hashi-
moto H, Takasaki Y: Two cases of refractory Wegener’s
granulomatosis successfully treated with rituximab. Intern
Med 46: 409–414, 2007

96. Stasi R, Stipa E, Del Poeta G, Amadori S, Newland AC,
Provan D: Long-term observation of patients with anti-
neutrophil cytoplasmic antibody-associated vasculitis
treated with rituximab. Rheumatology (Oxford) 45: 1432–
1436, 2006

97. Ferraro AJ, Day CJ, Drayson MT, Savage CO: Effective
therapeutic use of rituximab in refractory Wegener’s gran-
ulomatosis. Nephrol Dial Transplant 20: 622–625, 2005

98. Eriksson P: Nine patients with anti-neutrophil cytoplasmic
antibody-positive vasculitis successfully treated with rit-
uximab. J Intern Med 257: 540–548, 2005

99. Maher LV, Wilson JG: Successful treatment of rheumatoid
vasculitis-associated foot drop with rituximab. Rheumatol-
ogy (Oxford) 45: 1450–1451, 2006

100. Koukoulaki M, Smith KG, Jayne DR: Rituximab in Churg-
Strauss syndrome. Ann Rheum Dis 65: 557–559, 2006

101. Aries PM, Hellmich B, Voswinkel J, Both M, Nolle B,
Holl-Ulrich K, Lamprecht P, Gross WL: Lack of efficacy of
rituximab in Wegener’s granulomatosis with refractory
granulomatous manifestations. Ann Rheum Dis 65: 853–
858, 2006

102. Omdal R, Wildhagen K, Hansen T, Gunnarsson R, Krist-
offersen G: Anti-CD20 therapy of treatment-resistant We-
gener’s granulomatosis: Favourable but temporary re-
sponse. Scand J Rheumatol 34: 229–232, 2005

103. Seo P, Specks U, Keogh K: Efficacy of rituximab in limited
Wegener’s granulomatosis with refractory granulomatous
manifestations [Abstract]. Clin Exp Rheumatol 25: S-111,
2007

104. Walsh M, Jayne D: Rituximab in the treatment of anti-
neutrophil cytoplasm antibody associated vasculitis and
systemic lupus erythematosus: Past, present and future.
Kidney Int 72: 676–682, 2007

105. Cambridge G, Leandro MJ, Teodorescu M, Manson J, Rah-
man A, Isenberg DA, Edwards JC: B cell depletion therapy
in systemic lupus erythematosus: Effect on autoantibody
and antimicrobial antibody profiles. Arthritis Rheum 54:
3612–3622, 2006

106. Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sos-
nowska A, Emery P, Close DR, Stevens RM, Shaw T:
Efficacy of B-cell-targeted therapy with rituximab in pa-
tients with rheumatoid arthritis. N Engl J Med 350: 2572–
2581, 2004

107. Smith KG, Jones RB, Burns SM, Jayne DR: Long-term com-
parison of rituximab treatment for refractory systemic lu-
pus erythematosus and vasculitis: Remission, relapse, and
re-treatment. Arthritis Rheum 54: 2970–2982, 2006

108. Hauser AE, Muehlinghaus G, Manz RA, Cassese G, Arce S,
Debes GF, Hamann A, Berek C, Lindenau S, Doerner T,
Hiepe F, Odendahl M, Riemekasten G, Krenn V, Radbruch
A: Long-lived plasma cells in immunity and inflammation.
Ann N Y Acad Sci 987: 266–269, 2003

109. Golbin JM, Keogh KA, Fervenza FC, Ytterberg SR, Specks
U: Update on rituximab use in patients with chronically

918 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 905-919, 2008



relapsing Wegener’s granulomatosis [Abstract]. Clin Exp
Rheumatol 25: S-111, 2007

110. Rituxan warning. FDA Consum 41: 3, 2007
111. Choy DS, Weiss A, Lin PT: Progressive multifocal leukoen-

cephalopathy following treatment for Wegener’s granulo-
matosis. JAMA 268: 600–601, 1992

112. Itoh K, Kano T, Nagashio C, Mimori A, Kinoshita M,
Sumiya M: Progressive multifocal leukoencephalopathy in
patients with systemic lupus erythematosus. Arthritis
Rheum 54: 1020–1022, 2006

113. Davis TA, Grillo-Lopez AJ, White CA, McLaughlin P,
Czuczman MS, Link BK, Maloney DG, Weaver RL, Rosen-
berg J, Levy R: Rituximab anti-CD20 monoclonal antibody
therapy in non-Hodgkin’s lymphoma: Safety and efficacy
of re-treatment. J Clin Oncol 18: 3135–3143, 2000

114. Gonzalez-Stawinski GV, Yu PB, Love SD, Parker W, Davis
RD Jr: Hapten-induced primary and memory humoral re-
sponses are inhibited by the infusion of anti-CD20 mono-

clonal antibody (IDEC-C2B8, Rituximab). Clin Immunol 98:
175–179, 2001

115. Looney RJ, Anolik JH, Campbell D, Felgar RE, Young F,
Arend LJ, Sloand JA, Rosenblatt J, Sanz I: B cell depletion
as a novel treatment for systemic lupus erythematosus: A
phase I/II dose-escalation trial of rituximab. Arthritis
Rheum 50: 2580–2589, 2004

116. Noel LH, Aucouturier P, Monteiro RC, Preud’Homme JL,
Lesavre P: Glomerular and serum immunoglobulin G sub-
classes in membranous nephropathy and anti-glomerular
basement membrane nephritis. Clin Immunol Immunopathol
46: 186–194, 1988

117. Doi T, Mayumi M, Kanatsu K, Suehiro F, Hamashima Y:
Distribution of IgG subclasses in membranous nephropa-
thy. Clin Exp Immunol 58: 57–62, 1984

118. Bannister KM, Howarth GS, Clarkson AR, Woodroffe AJ:
Glomerular IgG subclass distribution in human glomeru-
lonephritis. Clin Nephrol 19: 161–165, 1983

Clin J Am Soc Nephrol 3: 905-919, 2008 Idiopathic Membranous Nephropathy 919


