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Abstract
Background: Rituximab represents a valid therapeutic option to induce remission in patientswith primary glomerulonephritis.
Despite several studies proving its efficacy in improving outcomes in patients with membranous nephropathy (MN), its role in
therapeutic protocols is not yet defined.

Methods: We studied 38 patients with idiopathic MN treated with rituximab (in 13 patients as first-line therapy, in the
remaining 25 after conventional immunosuppressive therapy). The patients were analyzed for a 15-month median
(interquartile range 7.7–30.2) follow-up, with serial monitoring of 24-h proteinuria, renal function and circulating CD19+ B cells.

Results: The percentages of patients who achieved complete remission, partial remission and the composite endpoint
(complete or partial remission) were 39.5% (15 patients), 36.8% (14 patients) and 76.3% (29 patients), respectively. The 24-h
proteinuria was reduced significantly during the entire period of follow-up (from a baseline value of 6.1 to 0.9 g/day in the last
visit; P < 0.01), while albuminemia increased constantly (from a baseline value of 2.6 to 3.5 g/dL in the last observation; P < 0.01).
Renal function did not significantly change during the observation period. Circulating CD19+ B cells were reduced significantly
from the baseline value to the 24-month value (P < 0.01); data about anti-phospholipase A2 receptor antibodieswere available in
14 patients, 10 of which experienced a decreasing trend after treatment. No significant adverse events were described during
and after infusions.

Conclusions: The present study confirmed that treatment with rituximab was remarkably safe and allowed for a large
percentage of complete or partial remissions in patients with MN.
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Introduction
Rituximab represents a new therapeutic hope for the treatment
of primary or secondary glomerulonephiritis (GN), such asmem-
branousnephropathy (MN) and other GN. Rituximab is a chimeric

monoclonal antibody specifically directed to the transmembrane
protein CD20 on B-lymphocytes [1, 2]. It was first introduced in
1997 for the treatment of B cell lymphoma (four weekly doses
of 375 mg/m2) [3] and in 2006 it was approved for the treatment
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of rheumatoid arthritis [4]. In recent years, several studies have
shown the efficacy of rituximab in improving the outcome
of renal diseases associated with an autoimmune pathology,
but the mechanism of action in these diseases is still unclear
[5]. In a prospective observational study, Ruggenenti et al. demon-
strated a significant reduction in proteinuria after rituximab
treatment in eight patients with MN and persistent proteinuria
>3.5 g/24 h [6]. In a follow-up of 1 year, one-quarter achieved
complete remission (proteinuria <0.5 g/24 h) while three-eighths
had partial remission (proteinuria <3.5 g/24 h). In 2012, Ruggen-
enti et al. [7] showed high percentages of complete and partial
remission (27 and 38%, respectively) in a larger cohort of MN pa-
tients treated with rituximab.

The aimof this studywas to describe the efficacy and safety of
rituximab in 38 patients with MN prospectively monitored for a
median follow-up of 15 months after rituximab administration.

Materials and methods
Patients

Beginning inMarch 2007, we followed 38 patients with idiopath-
ic MN treated with rituximab referred to two nephrology units
(Nephrology, Dialysis and Transplant Unit, Department of
Emergency and Organ Transplantation, University of Bari
and Nephrology, Dialysis and Transplant Unit, Department of
Medical and Surgical Sciences, University of Foggia) with the
following inclusion criteria: biopsy-proven MN, nephrotic syn-
drome characterized by persistent daily proteinuria exceeding
3.5 g/day, hypoalbuminemia and peripheral edema. Patients
with secondary forms of MN were not enrolled in this study.
Since the drug was off-label, the treatment protocol was ap-
proved by the Ethical Committee of the Azienda Ospedaliera-
Universitaria Consorziale Policlinico, Bari, Italy. Patients gave
written informed consent for rituximab treatment according
to the Declaration of Helsinki. Rituximab was supplied by the
hospital pharmacy.

Treatment and follow-up

All patients received a conservative therapy characterized by full-
dose renin–angiotensin system inhibitors (RASis) with other
anti-hypertensive drugs to control blood pressure and protein-
uria, loop diuretics to control edema and statins to improve
hypercholesterolemia. RASis were used for at least 6 months be-
fore starting immunosuppressive treatment in patients forwhich
rituximab was used as first-line therapy and their dosage was ti-
trated on the basis of proteinuria, renal function, blood pressure
and adverse effects. Patients who received rituximab as second-
line therapy continued treatment with RASis in the period be-
tween the different immunosuppressive therapies. Following a
baseline evaluation, they received 4 weekly intravenous infusions
of rituximab at a dose of 375 mg/m2. Two patients received only
two infusions of rituximab, because circulating CD199+ B cells
after the first infusions were <5/mm3. These infusions were pre-
ceded by adequate premedication, based on methylprednisolone
40 mg, antihistaminic drugs (chlorphenamine maleate 10 mg)
and adequate hydration (500 mL of sodium chloride solution).
Rituximab was reconstituted at the concentration of 1 mg/mL.
The infusions were administered at an initial rate of 50 mL/h for
30 min, increasing the rate by 50 mL every 30 min until a
maximum rate of 150 mL/h was reached, according to tolerability.

The clinical and laboratory parameters for all patients at
baseline and every month for the first 3 months and then every

3 months were evaluated, such as urinary protein excretion,
serum creatinine, estimated glomerular filtration rate (eGFR)
by the Modified Diet in Renal Disease formula and white blood
cell and lymphocyte subpopulation counts. Circulating B cell
levels in peripheral blood were evaluated by the detection of
CD19+ cells. B cell depletion was described as a CD19+ cell count
<5/mm3 and <1% total lymphocytes count. When available, anti-
phospholipase A2 receptor antibodies (anti-PLA2R Abs) were
evaluated before and after the treatment.

Outcomes

The primary outcome of this studywas achievement of complete
or partial remission. Complete remission was defined as 24-h
proteinuria <0.5 g in at least two consecutive visits while partial
remission was defined as 24-h proteinuria <3 g or at least 50%
reduction versus baseline values. We considered a composite
endpoint (complete or partial remission) defined as the presence
of at least one of these two events in the study population.
Patients who did not achieve these outcomes in the study period
were considered nonresponders. A relapse of the disease was an
increase in 24-h proteinuria >3.5 g after achievement of complete
remission or a novel increment of proteinuria after achievement
of partial remission. Secondary outcomes were the evaluation of
24-h proteinuria, albuminemia, renal function and circulating
CD19+ B cells during the follow-up period. The safety profile of
the treatment was analyzed during the follow-up of the study
population through the reporting of serious and nonserious
adverse events.

Statistical analyses

All patients with at least 3 months of observation were consid-
ered for the analysis. Clinical characteristics of the study popula-
tion in the follow-up period were reported as absolute numbers
or percentages for the dicotomic variables, as mean ± standard
deviation (SD) or median and interquartile range (IQR) for the
continuous variables with symmetric or asymmetric distribu-
tions, respectively. The comparison of clinical parameters during
the follow-up period was made using the χ2 test for dicotomic
variables and the Student’s t-test or the Wilcoxon test for con-
tinuous variables as appropriate. The Kaplan–Meier method for
censored data was used to analyze the probability of achieving
the primary outcomes of complete remission, partial remission
or composite endpoint. Survival time was calculated from the
beginning of treatment until the date of the event; for the com-
posite endpoint (complete or partial remission), survival time
was referred to as the time of partial remission. Patients not
achieving remission were considered as censored at the time of
the last visit. Statistical analyses were carried out using SPSS
software (version 21; IBM, Armonk, NY, USA).

Results
Clinical features of the study population

We followed 38 patients with idiopathic MN and nephrotic syn-
drome for a period of at least 3 months after the first administra-
tion of rituximab [median follow-up 15 months (IQR 7.7–30.2)].
Thirteen patients received treatment with rituximab as first-
line therapy. The remaining 25 patients showed a relapse of
disease after receiving other standard immunosuppressive ther-
apy based on steroids in combination with alkylating drugs
(chlorambucil or cyclophosphamide, 14 patients), calcineurin in-
hibitors (cyclosporine, 7 patients) or other immunosuppressants
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(mycophenolate mofetil, 4 patients). According to our clinical
practice, we waited at least 6 months before starting other
immunosuppressive drugs. The two groups did not differ in
population age (mean 56.7 versus 55.4 years; P = 0.81), renal
function (median eGFR 78 versus 64 mL/min/1.73 m2; P = 0.39),
24-h proteinuria (median 5.4 versus 6.3 g/24 h; P = 0.79) and
CD19+ B cells (mean 10.2 versus 10%; P = 0.93) and previous ther-
apies. The main clinical characteristics of the study population
are described in Table 1. During study observation, 37 patients
did not receive other immunosuppressive treatments; only one
‘nonresponder’ patient received treatment with another im-
munosuppressant. However, two patients received a second
course of rituximab after a relapse of nephrotic syndrome during
the follow-up period.

Primary outcome

Over a median follow-up period of 15 months (IQR 7.7–30.2), 15
patients (39.5%) achieved complete remission after treatment
with rituximab, while 14 (36.8%) achieved partial remission.
The composite endpoint of complete or partial remission was
achieved by 29 patients (76.3%; Figure 1). However, nine patients
did not presentwith complete or partial remission after the treat-
ment course. The mean time to complete remission was 5.8
months from the beginning of treatment, while the achievement
of partial remission occurred earlier (mean 3.24 months). No
statistically significant differenceswere described in the percent-
age of patients with complete or partial remission according to
gender (men 69.5% versus women 86.6%; P = 0.35) and the type
of therapeutic approach (patients treated with first-line therapy
or after other immunosuppressive drugs; P = 0.98). In contrast,
the analysis showed a significant difference in renal function
between patients who achieved complete or partial remission
and nonresponder patients (mean eGFR 74.4 versus 42.1 mL/
min/1.73 m2; P = 0.02).

Secondary outcomes

Table 2 and Figure 2 summarize the main clinical and laboratory
parameters of the different follow-up visits of the study popula-
tion after rituximab treatment.We showa statistically significant
reduction in 24-h proteinuria in the first months after rituximab
infusions for the entire period of observation (from a median

24-h proteinuria of 6.15 to 0.9 g at the last visits; P < 0.01); this im-
provement was associated with a significant increase in albumi-
nemia (from a median of 2.6 to 3.5 g/dL at the last follow-up;

Table 1. Baseline clinical parameters of the study population

First-line
therapy

Second-line
therapy

P-
value

Number of patients 13 25
Age (years) 56.77 ± 15.44 55.4 ± 19.33 0.82
Gender (M/F) 9/4 14/11 0.42
Follow-up (months) 12 (4.5–23.5) 25 (8–37.5) 0.08
Serum creatinine
(mg/dL)

1.1 (0.8–1.48) 1.1 (0.85–1.62) 0.51

eGFR (mL/min/
1.73 m2)

78 (48–100.5) 64 (37.5–98) 0.39

Albuminemia (g/dL) 2.39 ± 0.49 2.64 ± 0.46 0.12
24-h proteinuria (g) 5.4 (4–10.16) 6.3 (4.47–8.2) 0.79
CD19+ lymphocytes % 10.2 ± 3.45 10.08 ± 4.25 0.93
CD19+ lymphocytes
(n/mm3)

347.5 ± 423.98 190.88 ± 72.45 0.07

Values are expressed as absolute number, percentage, mean ± SD ormedian (IQR)

as appropriate.

Fig. 1: Kaplan–Meier analysis of the percentage of patients who achieved (a)

complete remission, (b) partial remission or the (c) composite endpoint.

Patients not achieving remission were considered as censored at the time of the

last visit.
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P < 0.01). Renal function remained stable for the entire period
of observation; the monitoring of CD19+ B cells showed a signifi-
cant reduction until 24 months after treatment (10.1 versus 3.5%;
P < 0.01), while this difference was not statistically significant atT
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Fig. 2: Follow-up values of (a) proteinuria, (b) eGFR, (c) albuminemia and (d) CD19+

B lymphocytes during the period of observation (*P < 0.05 at baseline value).
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36 months (P = 0.22). Anti-PLA2R antibody evaluation was avail-
able in 18 patients. Among these, 14 patients presented with
high levels of antibodies before the treatment: 10 of these
patients experienced a reduction of anti-PLA2R Ab titer, while 3
patients experienced no change after treatment (first patient pre-
sented with complete remission, a second patient with partial
remission, while a third patient experienced no remission) and
in another patient the titer increased (the patient presented
with aworsening of renal functionwithout remission of nephrot-
ic syndrome). Treatment with rituximab was well tolerated in all
patients; no serious reactions during the infusions were noted,
however, one patient presented with dyspnea during the first in-
fusion that resolved after the rate of infusion was decreased.
Additionally, an H1N1 viral infection with serious respiratory
problems occurred in one patient after the second administration
and caused a delay in completing the entire course of treatment.

Discussion
In recent years, the treatment of MN has improved by the identi-
fication of pathogenic mechanisms underlying this disease (in
particular the role of autoantibodies) and the consequent intro-
duction of targeted therapy based on depleting circulating B
cells to induce remission of disease and a reduction of protein-
uria [8, 9]. The Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines recommend that initial therapy consist of
the ‘Ponticelli regimen’, a 6-month course of alternatingmonthly
cycles of oral and intravenous corticosteroids and oral alkylating
agents (chlorambucil or cyclophosphamide) [10]. Alternative re-
gimens for initial therapy in MN consist of cyclosporine or tacro-
limus, particularly in patients who had contraindications to the
Ponticelli regimen, while corticosteroid monotherapy and rituxi-
mab was not recommended in first-line therapy [11, 12].

Recently, several studies have been published analyzing the
efficacy and safety of rituximab in the treatment of MN [6, 7,
13–16]. The present study showed a significant reduction in
24-h proteinuria and an improvement of albuminemia in a
cohort of 38 patients with biopsy-proven idiopathic MN. Among
these, 15 patients (39.5%) achieved complete remission after ri-
tuximab treatment, while 14 (36.8%) achieved partial remission.
The composite endpoint of complete or partial remission was
achieved by 29 patients (76.3%). The results of this study were
similar to data published by Ruggenenti et al. [7]; in a larger cohort
(n = 100), rituximab treatment induced complete remission in 27
patients (27%) and partial remission in 38 patients (38%). In our
study, there were no statistically significant differences between
gender and the rate of complete or partial remission (69.5 versus
86.6%); these data differed from other published data in which
female gender was considered an independent factor of disease
remission [7]. Also, in our study the percentage of remission
does not differ between patients treated with rituximab as first-
line therapy and patients treated after previous immunosuppres-
sive therapy. Similarly, Cravedi et al. [14] demonstrated a similar
reduction of 24-h proteinuria after treatment with rituximab in
first- or second-line therapy. Another important finding in our
study is the significant increase in albuminemia and the stability
of renal function after treatment with rituximab for the entire
period of observation, as Ruggenenti et al. [8, 15] showed previ-
ously [6, 7].

The improvement of proteinuria and renal function related to
the depletion of CD19+ B cells confirms the role of B lymphocytes
in MN [14]. This hypothesis was validated by the evidence of
immunoglobulin G4 (IgG4) reduction in immunofluorescence
and the reduction of dense deposits in electronic microscopy in

renal biopsy performed after rituximab treatment, as reported
by Ruggenenti et al. [15]. However, some evidence suggests that
themechanism of action of rituximab is not only related to direct
interaction with B cells depleting antibody production, but also
by a direct recognition of specific proteins on the podocytes
surface [17, 18] and by a modulation of T cell activity [5]. In the
present study, renal biopsy was performed before any immuno-
suppressive treatment, no data about IgG subclasses were
collected and electronic microscopy was only available for a
few patients. Moreover, CD19+ B cell count was determined to
monitor the direct effect of the treatment and not to guide clinic-
al management. Hence, patients with an optimal clinical re-
sponse and the presence of CD19+ B cells after treatment did
not receive any additional rituximab doses.

Treatment with rituximab was well tolerated in our study
population, with limited adverse events after drug administra-
tion. Despite the short period of observation, the absence of
serious adverse events is suggestive of the safety of rituximab
treatment, contrary towhat is reported in the scientific literature,
where nonserious (fever, skin rash, chills) and serious adverse
events (bronchospasm, angioedema, Steven–Johnson syndrome)
have been described [9].

Despite the strong results described, some issues have not
been resolved. First, the timing to initiate immunosuppressive
therapy is still not defined, considering the possibility of
spontaneous remission [17]. KDIGO guidelines suggest a 6-
month observation period without immunosuppressive therapy
for patients with spontaneous reduction of proteinuria and low
risk of progression [10]. Polanco et al. [20] described a high per-
centage of spontaneous remission (32%) in a cohort of 328 pa-
tients with MN [19]. Another important issue is the efficacy of
rituximab for inducing remission in patients with idiopathic
MN compared with other immunosuppressive drugs: the on-
goingMENTOR studywill evaluate for the first time the noninfer-
iority of rituximab compared with cyclosporine for inducing
complete or partial remission of proteinuria in this setting [20].

However, the cost of rituximab treatment is considerably
higher than other immunosuppressive agents and strategies to
optimize the use of rituximab should be encouraged. Cravedi
et al. [13] compared two different therapeutic approaches with
rituximab (the first group’s treatment was guided by B cell
count, while the second group received the standard four
doses) and described a similar rate of complete and partial remis-
sion. Similarly, the potential to reduce the number of infusions
with a reduction in cost and the incidence of adverse events
should be considered.

Finally, evaluation of parameters that define the response
to treatment with rituximab is necessary to monitor disease
activity. Ruggenenti et al. [21] analyzed 132 MN patients treated
with rituximab, monitoring 24-h proteinuria and anti-PLA2R
antibodies. The lower baseline anti-PLA2R titer and a complete
antibody reduction 6 months after the treatment were found to
be the best predictors of disease remission. Moreover, the reduc-
tion of antibody titer preceded the improvement of 24-h protein-
uria, as well as the increase of anti-PLA2R after a complete or
partial remission preceded the worsening of proteinuria [21].
For these reasons, anti-PLA2R can be an excellent indicator of dis-
ease relapse and its usemay optimize and personalize treatment
in patients with MN [22]. In the present study, the scarce
availability of data about anti-PLA2R antibodies limited the abil-
ity to speculate on the role of anti-PLA2R antibodies in our cohort
and to correlate these datawith outcomes (complete or partial re-
mission). Nevertheless, a reduction in antibody titer after the
treatment was evident in the majority of patients. Recently, a
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multicenter, randomized controlled trial evaluated the achieve-
ment of complete or partial remission between patients with
nonimmunosuppressive antiproteinuric treatment (NIAT) and
patients treated with rituximab and NIAT. At month 6 there was
no significant difference between the two groups according to
the remission rate (21.1 versus 35.1%; P = 0.21), while anti-PLA2R
antibody depletion was predominant in the NIAT–rituximab
group (56 versus 4.3%; P < 0.001) [23]. These data suggest that anti-
PLA2R antibodies could be an early marker of rituximab treatment.

In conclusion, B cell depletion with rituximab therapy in-
duces remission or stabilization of disease and renal function
in MN patients with a high risk of progression of renal damage.
The limited adverse events described in our study suggest its
efficacy and safety. In the future, the results of randomized clin-
ical trials should confirm these results and better define the role
of rituximab treatment in MN.
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