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ABSTRACT

Article type:

Background: Modified Ponticelli regimen (mPR), consisting of cyclical steroids and cyclophosphamide,
is the most established therapy for primary membranous nephropathy (MN). Yet, the potential
toxicity of this treatment regimen poses a significant concern.
Objectives: The aim of this study was to assess the efficacy and safety of a modified version of the
conventional mPR for primary MN using lower-than-standard dose pulse steroids.
Patients and Methods: This was a retrospective single-center analysis of patients admitted between
January 2008 to December 2017. All treatment-naive patients with biopsy-proven primary MN
treated with a lower-than-standard dose pulse steroid-based modification of the conventional mPR
(intravenous pulse of 500 mg methyl-prednisolone, instead of 1000 mg) were included. We report
the remission rates at the end of 6 months (both complete and partial), relapses and adverse effects
of treatment at the end of follow-up.
Results: A total of 41 individuals were included. Of 31 individuals who completed six months of
treatment (six were lost to follow-up, while four discontinued immunosuppression due to infections),
71% (n=22) responded to treatment [complete remission in 25.8% (n=8), partial remission in 45.2%
(n=14)]. Most common complications detected throughout the treatment were steroid induced
diabetes mellitus in 40% (n=14/35), infections in 25.7% (of which immunosuppression was
discontinued for four participants), and leucopenia in 8.5% (n=3/35). Relapses were seen in 29%
(n=9) during follow-up (mean follow-up period: 36 months).
Conclusions: The modified- ‘modified Ponticelli’ regimen with lower-than-standard dose intravenous
steroids and cyclophosphamide was efficient in attaining remission in primary MN.
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Implication for health policy/practice/research/medical education:
Although the efficacy of the mPR is well-proven, it is associated with a high risk of serious adverse events. Whether lowering dose of
intravenous pulse steroids would result in reduction of treatment-associated toxicity is unclear. In this retrospective study, we report the
response to a lower-than-standard dose intravenous pulse steroid-based modification of the modified Ponticelli regimen (500 mg methylprednisolone, instead of the standard 1000 mg dose).
Please cite this paper as: Ramachandra Rao I, Prabhu Attur R, Rangaswamy D, Shenoy S, Laxminarayana SLK, Nagaraju SP. Efficacy and
safety of a modified- “modified Ponticelli” regimen for treatment of primary membranous nephropathy. J Nephropathol. 2019;8(3):e25.
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1. Background
Primary membranous nephropathy (MN) is one of the
most common causes of nephrotic syndrome in adults
worldwide, accounting for 20-40% cases in most series
(1-3). Optimal treatment of primary MN has been a
matter of debate in the nephrology community for
*Corresponding author: Shankar Prasad Nagaraju,
Email; shankar.prasad@manipal.edu

decades. Although clinical trials on immunosuppressive
therapy for primary MN have spanned more than two
decades, universal consensus regarding choice of therapy
to decrease proteinuria and halt the progression of renal
disease does not exist.
The ‘modified Ponticelli’ regimen (mPR) is the most
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widely used treatment option for primary MN and consists
of a 6-month course of alternating monthly cycles of
steroids and oral cyclophosphamide (4). Despite evidence
that use of mPR reduces proteinuria, all-cause mortality
and progression to end-stage renal disease, there has always
been a concern regarding adverse effects (5). Steroids are
associated with numerous side-effects including weight
gain, acne, glucose intolerance, infections, delayed wound
healing, osteoporosis, myopathy, gastrointestinal ulceration
and perforation. Prolonged use of high dose steroids also
impairs the hypothalamic-pituitary-adrenal (HPA) axis
and abrupt withdrawal of steroids can precipitate adrenal
crisis. In fact, a study found an occurrence of HPA axis
suppression in 23% patients treated with mPR (6).
Additionally, adverse effects of cyclophosphamide include
myelosuppression, especially leucopenia, infections,
hemorrhagic cystitis, and gastrointestinal issues, and risk
of infertility and cancer.
Rituximab monotherapy has been emerging as a
promising therapeutic option for primary MN, given the
favorable safety profile (7-11). However, the high cost of
therapy is a barrier to widespread use, and mPR continues
to be the treatment of choice, especially in resourcelimited settings.
At our center, in an attempt to minimize therapyrelated adverse effects, we have been using a lowerthan-standard dose intravenous pulse steroid-based
modification of the conventional mPR, along with a
lower dose of cyclophosphamide as per Kidney Disease
Improving Global Outcomes (KDIGO) guidelines (2 mg/
kg/d instead of 2.5 mg/kg/d) (Figure 1).
2. Objectives
In this study we sought to report the remission rates and
adverse events with the use of this regimen in primary
MN.

Months 1, 3 and 5

Months 2,4 and 6

3. Patients and Methods
3.1. Study design
The study was a case-record based single-center
retrospective analysis conducted at a tertiary care center in
India. The study was approved by the institutional ethics
committee. All patients with primary MN presenting
between January 2008 to December 2017 fulfilling
the following criteria were included (1) Biopsy proven
primary MN, and (2) treated with a lower-than-standard
dose pulse steroid-based modification of the conventional
mPR (Figure 1).
Exclusion criteria: 1) Evidence of secondary causes
of MN (infections, systemic lupus erythematosus
or malignancy), 2) Relapse cases, and 3) Other
immunosuppression received in the past e.g. calcineurin
inhibitors (cyclosporine, tacrolimus) or rituximab.
Demographic, clinical, histopathological and laboratory
parameters of all patients were collected. Follow-up data
(till June 2018) was also collected. The following outcome
measures were studied;
Primary outcomes: Remission rates (both complete and
partial).
Secondary outcomes: 1) Therapy-related adverse effects
(including impaired glucose tolerance/diabetes mellitus,
infection and cytopenia), 2) Relapse rate at follow-up, 3)
Progressive renal dysfunction
The study definitions used are as follows:
Complete remission: Proteinuria < 0.3 g/day or protein-tocreatinine ratio (UPCR) <0.3 mg/mg, with normalization
of serum albumin (≥3.5 g/dL) (as per KDIGO 2012
guidelines).
Partial remission: Reduction of 24-hour urine protein
(or UPCR) to < 50% of baseline to < 3.5 g/d (or UPCR
<3.5 mg/mg), but > 0.3 g/d (or UPCR > 0.3 mg/mg) (as
per KDIGO 2012 guidelines).
Relapse: Proteinuria >3.5 g/day or >3500 mg/g urine
creatinine after remission has been attained (as per

• i.v. Methylprednisolone 500 mg × 3 days
• Oral predisolone 0.5 mg/kg/day × 27 days

• Oral cyclophosphamide 2 mg/kg/day

Figure 1. A lower-than-standard dose pulse steroid based modification of the conventional ‘modified Ponticelli’ regimen.
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KDIGO 2012 guidelines).
Progressive renal dysfunction: Doubling of serum
creatinine or need for renal replacement therapy.
3.2. Ethical issues
The research followed the tenets of the Declaration of
Helsinki. Informed consent was obtained from patients.
The study protocol was approved by the institutional
ethics committee of Kasturba Medical College and
Kasturba Hospital, Manipal (#721/2018).
3.3. Statistical analysis
Statistical analysis was carried out using SPSS version
18. Descriptive analysis was performed and data were
expressed as mean ± SD or median (interquartile range)
for continuous variables and as frequencies for categorical
variables. Comparison of responders and non-responders
were done using unpaired t test for continuous variables,
and χ2 test and Fisher’s exact test for nominal variables.
For non-parametric data, Mann-Whitney U test was used.
P value of < 0.05 was considered statistically significant.
4. Results
A total of 41 patients were included. Baseline characteristics
are shown in Table 1. Mean age at presentation was 47.6
± 11.2 years, with 63.4% (n=26) males. Mean proteinuria
was 7.4 ±3.31 g/day, with estimated glomerular filtration
rate (eGFR) of 89.9 ± 34.8 mL/min/1.73 m2. AntiPLA2R antibody ELISA was available in 22 patients, of
which 63.6% (n=14) were PLA2R-positive with median
titers of 230 RU/mL (IQR 0-406).
All individuals were administered either angiotensinconverting enzyme inhibitors/angiotensin receptor
blockers (ACEi/ARBS) and statins as supportive therapy

concurrently.
Immunosuppression was stopped prior to completion
of 6 months for four individuals due to infection, while six
individuals were lost to follow-up. Of 31 individuals who
completed six months of therapy, 71% (n=22) responded
to therapy. Complete remission was noted in 25.8% (n=8)
and partial remission in 45.2% (n=14) (Table 2).
Steroid induced diabetes mellitus seen in 40%
(n=14/35), was the most common adverse effect (Table
3). None of these patients required insulin for glycemic
control and were managed with oral hypoglycemic agents
alone. Infections were seen in 25.7% (n=9/35) including
upper respiratory tract infection in two, pneumonia
in two, cellulitis in two, urinary tract infection in one,

Table 2. Study outcomes

Outcome

Total (N =31)a

Complete remission, n (%)

8 (25.8%)

Partial remission, n (%)

14 (45.2%)

No remission, n (%)

9 (29%)

Time of remission, months (mean ± SD)

4.9 ± 1.8

Creatinine at 6 months, mg/dL (mean ± SD)

0.9 ± 0.4

Proteinuria at 6 months, g/day (median, IQR)
eGFR at 6 months, mL/min/1.73m2 (mean
± SD)
Duration of follow-up, months [median
(IQR)]

1.2 (4.6-6.8)
93.3 ± 27.8
36 (9-58)

Relapse on follow-up, n (%)

9 (29%)

Time to relapse, months [median (IQR)]

11 (8-42)

Of the included 41 patients, 6 were lost to follow-up, while 4
discontinued immunosuppression due to infections. 31 patients
who completed 6 months of therapy were included for analysis
of outcome.
a

Table 1. Baseline characteristics of study population
Clinical parameter

Total (N =41)

Age, years (mean ± SD)

47.6 ± 11.2

Male, n (%)

26 (63.4%)

Female, n (%)

15 (36.6%)

Diabetes mellitus, n (%)

4 (9.8%)

Hypertension, n (%)

23 (56.1%)

Serum creatinine, mg/dL (mean ± SD)

1.1 ± 0.71

Baseline eGFR, mL/min/1.73m2 (mean ± SD)

89.9 ± 34.8

Microscopic hematuria, n (%)

10 (24.4%)

Proteinuria, g/day (mean ± SD)

7.4 ± 3.31

Albumin, g/dL (mean ± SD)

2.1 ± 0.5

Hemoglobin, g/dL (mean ± SD)

12.1 ± 2.1

Cholesterol, mg/dL (mean ± SD)

343.8 ± 78.1

Anti-PLA2R positive, n (%)

14/22 (63.6%)

Anti-PLA2R titre, RU/mL (median (IQR))

230 (0-406)

www.nephropathol.com

Table 3. Adverse effects of therapy

Adverse effect
Steroid-induced diabetes mellitus, n (%)

No. of patients a
(Total =35)
14 (40%)

Infection, n (%)

9 (25.7%)b

Upper respiratory tract infection

2

Pneumonia

2

Cellulitis

2

Urinary tract infection

1

Pulmonary TB

1

Oral candidiasis

1

Leukopenia, n (%)

3 (8.5%)

Others, n (%)

0 (0%)

Of the included 41 patients, six were lost to follow-up.
Immunosuppression was stopped in four patients due to
infections.
a

b
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oral candidiasis in one and pulmonary tuberculosis in
one patient. Of the five (14.2%) patients who required
hospitalization, immunosuppression was discontinued in
four. Leucopenia was seen in 8.5% (n=3/35).
Median follow-up period was 36 (IQR 9-58) months.
Relapse rate was 29% (n=9), with median time to relapse
of 11 (IQR 8-42) months. Progressive renal dysfunction
was seen in 6.5% (n=2), with both patients progressing to
end-stage renal disease.
On comparison of responders and non-responders
(Table 4), anti-PLA2R titers (P = 0.019) and percentage
of glomerulosclerosis at presentation (P = 0.003) were
significantly related with response at six months. There
was no significant difference in age, gender, duration
of symptoms, baseline creatinine or eGFR, severity of
proteinuria and presence of interstitial fibrosis/tubular
atrophy (IFTA) between the two groups.

long-term side-effects of the mPR makes clinicians wary
of its use and alternative therapeutic options have been
studied. Remission rates of 70%-75% have been reported
with the use of calcineurin inhibitors, which is comparable
to mPR (14,15). However, high relapse rates of 40%-45%
and risk of nephrotoxicity is a concern. Rituximab is now
emerging as an important contender for first-line therapy
of primary MN with reported remission rates of 65% and
favorable safety profile (7-11). But considering the high
cost of therapy and the absence of prospective head-tohead trials comparing the rituximab and mPR, we believe
that the mPR remains the most well-established therapy
for primary MN.
It is noteworthy that, the one-gram pulse methylprednisolone dose used in both the classical and mPR was
largely empirical and based on the doses used for treatment
of acute renal allograft rejection and lupus nephritis (4).
With the focus shifting towards steroid minimization/
avoidance in the current era, the administration of highdose pulse steroids for treatment of primary MN is
questionable. This is especially so in developing countries
where infections are common.
With the use of the modified ‘modified Ponticelli’
regimen (Figure 1), we found remission rate of 71%,
with complete remission of 25.8% at our center. This is
comparable to that reported by Jha et al (72% remission)
and Ramachandran et al (remission rates of 60% and
77% at 6- and 12- months, respectively) (13,16). The
relapse rate in our study was 29%, which is also similar
to previous studies, with Jha et al and Ram et al reporting
relapse rates of 23.5% and 18.9%, respectively (13,17).
The most common therapy-related adverse effect in our
study was steroid-induced diabetes mellitus seen in 40%
of patients. Ramachandran et al reported an incidence
of diabetes mellitus/glucose intolerance of 14.3% (16).

5. Discussion
The 2012 KDIGO guidelines recommend the use of the
mPR for the treatment of patients with primary MN at risk
of disease progression (12). First described by Ponticelli
et al in 1998, the modification involved replacement of
the chlorambucil component of the ‘classical Ponticelli’
regimen by oral cyclophosphamide (4). Following this
randomized controlled trial, which showed similar rates
of remission (82% versus 93%) and better safety profile
of the modified regimen when compared to the classical
regimen, cyclophosphamide replaced chlorambucil as
alkylating agent of choice in the treatment of primary
MN. In 2007, Jha et al reported remission rates of 72.3%
(31.9% complete remission and 40.4% partial response)
(13). A lower dose of cyclophosphamide compared to that
used by Ponticelli et al (2 mg/kg/d versus 2.5 mg/kg/d) was
used in this study. Despite favorable results, the short- and
Table 4. Comparison of responders and non-responders
Parameter

Responders (n=22)

Non-responders (n=9)

P value

46.77 ±11.78

47.75 ±9.95

0.809

Age, years (mean ± SD)
Gender, n

0.323

Male

13

7

Female

9

2

Duration of symptoms, months (mean ± SD)

4.09 ±4.93

7.75 ±6.44

0.073

Baseline serum creatinine, mg/dL (mean ± SD)

1.0 ±0.64

1.34 ±0.88

0.203

Baseline eGFR, mL/min/1.73 m (mean ± SD)

95.1 ±33.7

76.9 ±35.8

0.152

Baseline proteinuria, g/day (mean ± SD)

7.2 ±2.7

8.5 ±4.3

0.301

Anti-PLA2R titres, RU/mL (mean ± SD)

150 ±166.8

640± 597.2

0.019

Glomerulosclerosis, % (mean ± SD)

3.86 ±7.44

18.95±17.81

0.003

3

4

0.198

2

IFTAa > 25%, n
IFTA, Interstitial fibrosis/tubular atrophy.
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Regional factors could account for the higher incidence of
steroid-induced diabetes mellitus in our study population
despite reduced dose of steroids.
Serious infections requiring hospitalization were seen in
14.2%. Previous studies by Jha et al and Ramachandran
et al have reported serious infection rates of 21.2% and
25.7% (13,16). The overall infection rate in our study was
25.7% (n=9/35), which is again lower than that reported
by Ramachandran et al (37.1%) (16). Although the
infection rate in our study is lower compared to previous
studies, in the absence of a control group treated with the
standard dose of intravenous steroids, we cannot comment
on whether the use of reduced steroid doses truly resulted
in a reduction of short- or long-term adverse events.
The lower-than-standard pulse steroid therapy in our
study resulted in a cumulative dose reduction of 4.5 g.
Studies have shown that higher the cumulative steroid
dose used, higher the risk of adverse events and healthcare expenditure (18,19).
To the best of our knowledge, this is the first study to use a
lower-than-standard dose intravenous methylprednisolone
in the treatment of primary MN along with the standard
dose of cyclical oral cyclophosphamide. Although
variations of the steroid/cyclophosphamide combination
have been attempted in the past, regimens avoiding/
reducing intravenous methylprednisolone have used
cyclophosphamide either concurrently or for a prolonged
duration, thus increasing risk of cyclophosphamide
toxicity (20).
6. Conclusions
The modified- ‘modified Ponticelli’ regimen with lowerthan-standard dose intravenous steroids was effective in
achieving remission in primary MN. The dose of steroids
to be used in mPR regimen needs to be readdressed and
warrants further studies.
Limitations of the study
The limitations of this study are the lack of a control group,
small patient number and retrospective nature of the
study. These limitations notwithstanding, we believe our
study raises an important question about the necessity for
high dose pulse steroids for primary MN as recommended
in the modified Ponticelli treatment protocol. Whether
reduction in intravenous steroid dose in mPR would
reduce toxicity of this regimen while maintaining efficacy
needs to be evaluated in further studies.
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