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Comparison of immunosuppressive therapeutic regimens in patients 
with nephrotic syndrome due to idiopathic membranous nephropathy

Immunosuppression in idiopathic membranous nephropathyGeorge Kosmadakis, Vasileios Filiopoulos, Despoina Smirloglou, Panayotis Skarlas, 
Christodoulos Georgoulias and Spiridon Michail

Department of Nephrology “Gregorios Vosnides”, Laiko General Hospital, Athens, Greece

ABSTRACT

In this prospective randomized trial, we compared the effects of cyclosporine- and cyclophosphamide-based
treatment regimens in patients with idiopathic membranous nephropathy. Twenty-eight patients were ran-
domized to receive treatment with one of the three therapeutic regimens: cyclosporine with methylprednisolone,
cyclophosphamide with methylprednisolone or lisinopril (control). Renal function and nephrotic syndrome
parameters were determined at baseline and during a 9-month treatment period. At the end of the study
period, renal function improved significantly in the cyclophosphamide and deteriorated significantly in the
cyclosporine group. Serum albumin levels increased significantly in the cyclosporine and cyclophosphamide
group. Total cholesterol levels and proteinuria were significantly reduced in all groups. In the comparison
between the groups, serum albumin levels were significantly lower in the control group and there were no dif-
ferences in the rest of the studied parameters at the end of the study. Six patients from the cyclosporine group
(1/10 complete and 5/10 partial), all cyclophosphamide-treated (4/8 complete and 4/8 partial) and all 10 lisinopril-
treated patients (10/10 partial) were on remission at the end of the study. In conclusion, cyclosporine-based
regimens are not inferior to cyclophosphamide-based regimens. Cyclophosphamide is associated with more
complete remissions after 9 months of treatment. Lisinopril is associated with a significant proteinuria reduc-
tion and without inducing any complete remissions.
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INTRODUCTION

Idiopathic membranous nephropathy (IMN) is the most
frequent cause of nephrotic syndrome (NS) in adults.1 It
is not considered a benign disease. In the Caucasian
population, end-stage renal disease develops in 20–40%
of patients at 10–15 years.2 NS may spontaneously
remit in about 20% of IMN cases, usually during the
first 6–12 months after the initiation of the symptoms.3

Even though significant breakthroughs have been
achieved in the study of the etiopathogenic factors
during the last years, the treatment of IMN remains a
controversial issue. It is clear that the induction of
remission is associated with the long-term renal prog-
nosis.4 Various therapeutic regimens have been intro-
duced and the treatment of IMN mainly consists of the
nonspecific “symptomatic” therapy – usually renin–
angiotensin axis inhibitors and cholesterol-lowering
agents – and the specific “immunosuppressive” treat-
ment options.5

The aim of this study was to compare the effects of
a cyclosporine- and cyclophosphamide-based treatment
regimen in patients with IMN and NS.

PATIENTS AND METHODS

Treatment protocol
In this prospective randomized trial, 30 treatment-
naïve patients were initially recruited and randomized
for the study and 28 of them (17 males, mean age ±
SEM 52.4 ± 2.8 years) started treatment with three
therapeutic regimens. The remaining two were excluded
from the study after the recruitment, consent, and ran-
domization but before the treatment initiation due to
loss of follow-up for one patient and severe/fast deteri-
oration of the renal function in another patient.

The first group (CYAMP) (10 patients, 8 males,
mean age ± SEM 50.5 ± 4.9 years) was treated with
3–3.5 mg/kg/day oral cyclosporine and 12.5 mg/day
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oral methylprednisolone; the second group (CPSMP)
(8 patients, 4 males, mean age ± SEM 55.4 ± 2.8 years)
was treated with 2 mg/kg/24 hour oral cyclophosphamide
and 1.5 mg/kg/48 hour oral methylprednisolone; and
the control group (LIS) (10 patients, 5 males, mean age
± SEM, 51.8 ± 5.4 years) was treated with the angio-
tensin-converting enzyme inhibitor (ACEI) lisinopril.

The aim of this prospective randomized trial was to
exclude the superiority of one regimen over the others
(non-inferiority study). All groups received treatment
with the studied regimens for a period of 9 months.
Every new patient who was satisfying the inclusion
criteria (biopsy-proven IMN with NS for a period over
6 months and no apparent secondary cause of mem-
branous nephropathy, excluded after a thorough clinical
and paraclinical screening) was randomized to receive
one of the three test schemes. The person doing the
randomization was blinded, that is, did not have the
right to recruit and did not have direct contact with
any of the patients. The recruiting and treating doctors
as well as the patients were not blinded on the type of
treatment throughout the medication period. At the
beginning, after the first, third, sixth month and at the
end of the study period (9 months), the glomerular
filtration rate (GFR) using the four-component
MDRD formula, GFR (mL/min/1.73m2) = 175 ×
(Scr)exp−1.154 × (Age)exp−0.203 × (0.742 if female) ×
(1.212 if African American), serum albumin, total
serum cholesterol as well as 24-hour proteinuria were
determined. We tried to minimize the possibility of a
spontaneous remission during the study period by
recruiting and randomizing the patients 6 months after
the histological confirmation of IMN as it was assumed
that possible spontaneous remission could take place
during this period of time. The study was approved by
the ethics committee of the hospital and an informed
consent form was explained, read, and signed by every
participating patient after a comprehensive period of
time for consideration.

General management
Patients with prior history of essential hypertension
were excluded from the study.

In addition to the test drugs, patients were placed
on a low-sodium diet (5 g/day) and given moderate
doses of loop diuretics if indicated, as well as anti-
hypertensive agents (beta-blockers and/or dihydropyri-
dine calcium-blockers) if blood pressure readings were
above 140/90 mmHg. ACEIs and angiotensin receptor
blockers were not prescribed to the CYAMP and the
CPSMP patients. Cyclophosphamide dose was adjusted
according to the leukocyte count. The daily dose of
cyclosporine was adjusted to trough levels ranging from
100 to 120 μg/L. Concerning the prevention of steroid
toxicity, all patients underwent initial and follow-up

orthopedic and eye examinations. In lisinopril-treated
patients, renal function and potassium levels were fol-
lowed closely and low potassium diet was prescribed if
the serum potassium levels were abnormally high.

Definitions
Nephrotic patients were identified by a proteinuria
value ≥3.5 g/day associated with edema, hypoalbumin-
emia, and hypercholesterolemia. A complete remission
was defined by a proteinuria value ≤0.3 g/day. A partial
remission was defined by a proteinuria value <3.5 g/day
plus a 50% reduction from its peak value.

Data and study protocols – statistical analysis
Data were obtained at the start and at the end of the
first, third, sixth, and ninth months of the treatment
period. This is a non-superiority study comparing the
two most common immunosuppressive regimens in
patients with IMN and NS. The null hypothesis is that
these two regimens do not differ significantly in pro-
teinuria reduction after 12 months of treatment. The
primary end-point is the proteinuria reduction at the
end of the study and the secondary end-points are the
rate of change of the renal function (estimated GFR),
as well as the change of other parameters of the NS
(serum albumin, total cholesterol, and 24-hour pro-
teinuria). We compared the levels of the studied
parameters in the three groups and between the three
groups throughout the medication period.

Values are given as mean ± SEM. Statistical analysis
was performed using the SPSS® Version 17.0 (SPSS
Inc., Chicago, IL, USA). ANOVA was performed to
evaluate the overall significance in the rate of change
for the studied parameters in the course of the values
during the treatment period. A paired sample t-test
was performed to compare the timed values of every
studied parameter with the baseline ones. ANOVA
was also performed to test the timing effect of the
studied parameters between the three groups during
the study. A post hoc analysis (Bonferroni analysis)
was performed to compare the differences between the
three groups in the studied parameters at every specific
time-point throughout the study. p-Values less than
0.05 were considered to be significant.

RESULTS

Concerning the baseline values (Table 1) there was a
significant difference in the estimated GFR (eGFR)
values between the three groups. Baseline proteinuria,
total cholesterol, and serum albumin were not differ-
ent between the study groups (Table 1). Concerning
the CYAMP group, eGFR gradually deteriorated in
time and became significant at the end of the 9-month



568 G. Kosmadakis et al.

Renal Failure

therapy period [mean levels ± SEM (mL/min/m3) –
baseline (82 ± 8) vs. end of study (71 ± 8), p = 0.034]
(Table 3, Figures 1 and 2). Serum albumin in the
CYAMP group was increased significantly from the
first month and remained so until the end of the treat-
ment period [mean levels ± SEM (g/L) – baseline (2.7
± 0.2) vs. end of study (4.2 ± 0.1), p < 0.0001] and
total cholesterol was significantly reduced from the
sixth month until the end of the study period [mean
levels ± SEM (mg/dL) – baseline (403 ± 41) vs. end of
study (287 ± 19), p = 0.005] (Table 3, Figure 1). Twenty-
four-hour proteinuria was significantly reduced in this
group from the first month and until the end of the
treatment period [mean levels ± SEM (g/24 h) – base-
line (6.6 ± 1.0) vs. end of study (2.4 ± 0.5), p = 0.003]
(Table 3, Figure 3). In the CPSMP group, eGFR was
significantly increased by the end of the study [mean
levels ± SEM (mL/min/m3) – baseline (52 ± 7) vs. end
of study (62 ± 6), p = 0.033] (Table 3, Figures 1 and 2).
Serum albumin was increased significantly from the

third month [mean levels ± SEM (g/L) – baseline (2.8
± 0.2) vs. end of study (4.2 ± 0.2), p = 0.001]; total
cholesterol was significantly reduced from the sixth
month of the study [mean levels ± SEM (mg/dL) – base-
line (377 ± 21) vs. end of study (285 ± 26), p = 0.017];
and 24-hour proteinuria reduction became significant
from the first month [mean levels ± SEM (g/24 h) –
baseline (7 ± 0.7) vs. end of study (1.0 ± 0.4), p <
0.0001] (Table 3, Figure 3). Concerning the control
group there were no changes in eGFR throughout the
study [mean levels ± SEM (mL/min/m3) – baseline (66
± 6) vs. end of study (62 ± 6), p = 0.556] (Table 3,
Figures 1 and 2); albumin and 24-hour proteinuria
significantly improved from the third month [albumin
mean levels ± SEM (g/L) – baseline (2.2 ± 0.1) vs. end
of study (3.1 ± 0.2), p < 0.0001] and 24-hour pro-
teinuria [mean levels ± SEM (g/24 h) – baseline (5.2 ±
0.8) vs. end of study (2.0 ± 0.2), p = 0.002] (Table 3,
Figures 2 and 3); and total cholesterol was signifi-
cantly reduced from the sixth month of the study
period [mean levels ± SEM (mg/dL) – baseline (355
± 28) vs. end of study (285 ± 23), p = 0.002] (Table 3,
Figure 1). In the comparisons between groups, at the
end of the study serum albumin levels were signifi-
cantly lower in the lisinopril-control group compared
to the other study groups (Table 2). There were no
significant differences at the end of the study between
the three groups concerning proteinuria, serum albu-
min, and total cholesterol (Table 2).

At the end of the treatment period, 60% (six
patients) from the cyclosporine-treated group were on
remission (1/10 complete and 5/10 partial). At the end
of the medication period, all cyclophosphamide-
treated patients were on remission (4/8 complete and

TABLE 1. Comparison of the baseline characteristics between
the three study groups.

Baseline CYAMP CPSMP Lisinopril p-Value

GFR (mL/min × 
1.73 m2)

81.6 ± 8 51.5 ± 7 65.7 ± 5.6 0.021

Proteinuria (g/24 h) 6.6 ± 1.0 7.0 ± 0.7 5.2 ± 0.8 0.291

Cholesterol 
(mg/dL)

403 ± 41 377 ± 21 355 ± 28 0.561

Albumin (g/dL) 2.7 ± 0.7 2.8 ± 0.2 2.2 ± 0.14 0.090

Note: GFR, glomerular filtration rate.

FIGURE 1. Percentage changes in the studied parameters from the baseline values.
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4/8 partial) and all 10 lisinopril-treated patients were
on partial remission.

The complications were not frequent and did not
affect seriously the course of the study. In two of the
cyclophosphamide-treated patients a transient leu-
copenia was observed with a total white blood count
just under 3000/mm3 and a Herpes Zoster infection
successfully treated with antivirals. From the lisinopril-
treated group, two patients presented with hyperkaliemia

(serum potassium levels over 6 meq/L) and two patients
with symptomatic hypotension.

DISCUSSION

This study investigated the comparative effects of two
common immunosuppressive regimens in the treatment
of IMN. The control group was treated “symptomati-
cally” with an ACEI. It was considered unethical by the
investigators to treat the control group with placebo or no
therapeutic agent at all. Historically, the first attempts for
the specific treatment of IMN were done with the use of
corticosteroids. Later on, cytotoxic agents were proved
more efficient. A meta-analysis of studies on the treat-
ment for IMN showed that cytotoxic agents with or with-
out corticosteroids increased fourfold the probability of a
remission compared to corticosteroids given alone or
symptomatic therapy only.6,7

Therapeutic regimens with chlorambucil and corti-
costeroids given in alternate months (the Ponticelli
scheme) proved the beneficial effects of cytotoxic

FIGURE 2. Mean eGFR levels of the three patient groups in different time-points 
of the study.

TABLE 2. Comparison of the end of study characteristics
between the three study groups.

End of study CYAMP CPSMP Lisinopril p-Value

GFR (mL/min × 
1.73 m2)

71.3 ± 8 62.0 ± 6 62.1 ± 6.3 0.557

Proteinuria (g/24 h) 2.4 ± 0.5 1.0 ± 0.4 2.0 ± 0.2 0.061

Cholesterol (mg/dL) 287 ± 61 285 ± 26 285 ± 23 0.998

Albumin (g/dL) 4.2 ± 0.5 4.2 ± 0.2 3.1 ± 0.2 <0.001

Note: GFR, glomerular filtration rate.

TABLE 3. Comparison of the baseline and the end of study characteristics in the three study groups.

CYAMP CPSMP Lisinopril

Baseline
End 

of study
p-Value Baseline

End 
of study

p-Value Baseline
End 

of study
p-Value

GFR (mL/min × 1.73 m2) 81.6 ± 8 71.3 ± 8 0.034 51.5 ± 7 62.0 ± 6 0.033 65.7 ± 5.6 62.1 ± 6.3 0.56

Proteinuria (g/24 h) 6.6 ± 1.0 2.4 ± 0.5 0.003 7.0 ± 0.7 1.0 ± 0.4 <0.0001 5.2 ± 0.8 2.0 ± 0.2 0.002

Cholesterol (mg/dL) 403 ± 41 287 ± 61 0.005 377 ± 21 285 ± 26 0.017 355 ± 28 285 ± 23 0.002

Albumin (g/dL) 2.7 ± 0.7 4.2 ± 0.5 <0.0001 2.8 ± 0.2 4.2 ± 0.2 0.001 2.2 ± 0.14 3.1 ± 0.2 <0.0001

Note: GFR, glomerular filtration rate.
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agents in IMN. Chlorambucil was later replaced by
cyclophosphamide given intravenously every month or
per os in longer and shorter timed courses.8

Later on, calcineurin inhibitor cyclosporine was
introduced in the treatment of IMN with or without
corticosteroids and it was found to be effective but
with an increased rate of relapses as well as nephrotox-
icity after the completion of therapy. Intravenous
immunoglobulin, azathioprine, mycophenolate mofetil,
tacrolimus, and rituximab have also been used suc-
cessfully in the treatment of IMN.5 During the last
two decades, the majority of patients have been treated
with cyclosporine-based or cyclophosphamide-based
treatment regimens. It is known that up to 40% of
untreated patients with IMN eventually develop end-
stage renal disease5 and patients on complete remis-
sion have a better long-term renal prognosis.4 In view
of these facts, it is important to try inducing and main-
taining remission in patients with IMN and NS, espe-
cially the ones with relatively bad prognostic factors
from a clinical (diuretic-resistant generalized edema),
biochemical (deterioration of the renal function, very
severe proteinuria, associated with severe hypolipi-
demia and hypoalbuminemia), and histological (signs
of tubulointerstitial fibrosis) point of view.

In this study, the renal function of the cyclosporine
group deteriorated significantly during the study
period, possibly because of intrarenal vasoconstriction
and calcineurin inhibitor nephrotoxicity.9 On the
other hand, renal function was significantly improved
in the cyclophosphamide-treated patients, an impor-
tant finding that has been observed in earlier studies
(Table 3).10

The results of this study bring into dispute the
influence of immunosuppression in patients with IMN
and NS and the debate on the use of cyclophospha-
mide or cyclosporine. The present results are in agree-
ment with those of a big meta-analysis by Remuzzi
et al. in which there were no differences when data
from all treatment categories were combined as a

group and compared with placebo or no treatment and
there was no evidence of clinically relevant differences
in favor of cyclosporine.11

Remarkably, treatment with ACEI was associated
with significant improvement in the parameters of NS
without affecting significantly the renal function.12

Renin–angiotensin axis inhibition is attracting the
interest of the treating doctors. It is believed that com-
bination therapy with two or three agents aimed to
inactivate the renin–angiotensin axis may have an
additive effect on NS parameters of nondiabetic renal
patients.13

Treatment with lisinopril led to a reduction of the
proteinuria levels by 62%. This is a useful finding that
coincides with the GISEN group findings (ACEI
ramipril significantly reduced proteinuria levels in
nondiabetic nephrotic patients).14 Other studies have
indicated modest antiproteinuric effects (up to 30%)
in patients with IMN and NS treated with ACEI.15

The patient population was not different in some
important way from that in the earlier studies.

In this study, all treatment options were associated
with a remarkable improvement in the parameters of
the NS and the response was significant from the earlier
stages of the treatment period, usually from the end of
the first or the third month of treatment (Figure 3).
We believe that this is a useful finding because it can
be used as a tool for the assessment of response to
therapy. As indicated in previous studies, a possible
lack of significant reductions in NS parameters 3
months after the initiation of the treatment may, with
a fair level of certainty, lead to a rescheduling of the
therapeutic strategy.16 A weak point of this study is
that it is prospective randomized and not double-blind
randomized. Nevertheless, it should be noted that
every new patient who was fulfilling the inclusion cri-
teria was randomized by a “blinded” person who was
not involved in the recruitment or the treatment of the
patients and had no contact with them. Additionally,
the investigators had no external funding for this study

FIGURE 3. Mean 24-hour proteinuria levels of the three patient groups in different time-points of the study.
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and no reason to be biased for or against a specific
substance.

In conclusion, CYAMP, MP, and CPSMP therapy
in patients with NS due to IMN improves similarly
hypoalbuminemia, hypercholesterolemia, and pro-
teinuria without changing renal function.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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