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Abstract
Immunosuppressive therapy is mandatory for primary membranous nephropathy with persistent nephrotic proteinuria or 
anti-phospholipase A2 receptor antibodies, reduced kidney function, or another risk factor for progression. Rituximab has 
demonstrated efficacy for proteinuria remission compared with renin-angiotensin system blockade or cyclosporine in two 
well-powered randomized controlled trials. More recently, STARMEN showed that alternating glucocorticoid-cyclophos-
phamide is superior to sequential tacrolimus-rituximab for proteinuria remission, although it was associated with a higher 
risk of non-serious adverse events. However, sequential tacrolimus-rituximab involved delayed lower dose rituximab and was 
the worst-performing rituximab regimen among those tested in randomized clinical trials. The RI-CYCLO pilot study did 
not demonstrate superiority of glucocorticoid-cyclophosphamide over rituximab and found no difference in adverse events. 
Overall, STARMEN and RI-CYCLO confirmed the efficacy of glucocorticoid-cyclophosphamide in patients with high-risk 
membranous nephropathy and the role of rituximab as a valid alternative. However, none of the trials tested an optimized 
rituximab protocol involving a second rituximab cycle before declaring treatment failure. Calcineurin inhibitors should be 
considered third-line drugs and sequential use of calcineurin inhibitor rituximab did not add over rituximab-only regimens. 
We critically review recent randomized controlled trials, propose a research agenda, and call for multinational pragmatic 
trials that enroll patients at referral centers to address unmet research needs.
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1 � Current Therapy for Membranous 
Nephropathy (MN)

Primary membranous nephropathy (MN) is among the main 
cause of nephrotic syndrome in adults. It is an autoimmune 
disorder caused in 70–80% of cases by anti-phospholipase 
A2 receptor (PLA2R) antibodies [1]. Immunosuppressive 
therapy is mandatory in patients with persistent nephrotic 
proteinuria, a reduction in renal function, and high titers 
of anti-PLA2R auto-antibodies [2, 3]. Clinical trials have 
confirmed the efficacy of rituximab (RTX) on proteinuria 
remission compared with renin angiotensin system (RAS) 
blockade or cyclosporine, but until recently, none had 

compared RTX with alternating cyclophosphamide and 
corticoids (GC-CYC) [4, 5]. Two recent international, mul-
ticenter, randomized controlled trials (RCTs) have formally 
compared the efficacy of GC-CYC with therapeutic regi-
mens that include RTX. We critically analyze recent clini-
cal trial evidence on the efficacy of RTX regimens, and the 
potential impact on current clinical practice for MN. The 
design, baseline clinical characteristics, and outcome defini-
tions of the GEMRITUX, MENTOR, STARMEN, and RI-
CYCLO trials are shown in Tables 1 and 2 and Table 1 of 
the Electronic Supplementary Material (ESM), respectively. 
Based on this critical review, we highlight unmet needs and 
unsolved issues and propose future research.

1.1 � Standard of Care in the Treatment of MN: 
Alkylating Agents and Calcineurin Inhibitors 
(CNIs)

Persons with high or very high-risk MN require immunosup-
pression [2]. According to the new 2021 KDIGO guidelines, 
high-risk patients are defined as having an estimated glo-
merular filtration rate (eGFR) < 60 mL/min/1.73 m2 and/
or proteinuria > 8 g/day for more than 6 months, or normal 
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Key Points 

Recent and relevant multicenter clinical trials have 
confirmed the efficacy and safety of rituximab in the 
treatment of membranous nephropathy, and it constitutes 
an excellent therapeutic option.

The combined use of cyclophosphamide and corticos-
teroids has a high efficacy, but with a higher risk of non-
serious adverse events.

Calcineurin inhibitors constitute the third line of treat-
ment because of the risk of relapse and nephrotoxicity.

This critical and in-depth review highlights unmet needs 
and unresolved problems, proposing future lines of 
research.

eGFR with proteinuria > 3.5 g/day and a decrease of < 50% 
after 6 months of conservative therapy and at least one of the 
following: serum albumin < 2.5 g/dL, anti-PLA2R > 50 RU/
mL, or elevated urinary immunoglobulin G. For high-risk 
patients, the 2021 KDIGO guidelines recommend starting 
immunosuppressive treatment with cyclophosphamide asso-
ciated with steroids, RTX, or calcineurin inhibitors (CNIs) 
with RTX [2, 3] (Fig. 1).

Very-high risk patients have life-threatening nephrotic 
syndrome or rapid deterioration of kidney function not 
otherwise explained. In very-high risk patients, the only 
recommendation is treatment with cyclophosphamide plus 
corticosteroids. The basis for recommendations on alkylat-
ing agents comes from pioneering studies conducted three 
decades ago, in which chlorambucil or cyclophosphamide 
improved nephrotic syndrome and the progression of kidney 
disease over non-immunosuppressive supportive treatment 
[6, 7]. However, these trials did not have adequate control 

Table 1   Design and methodological characteristics of primary membranous nephropathy trials

CR complete remission, CsA cyclosporine A, GC-CYC​ glucocorticoid-cyclophosphamide, PLA2R phospholipase A2 receptor, PR partial remis-
sion, RAS renin-angiotensin system, RCT​ randomized controlled trial, RTX rituximab, TAC​ tacrolimus
a Oral methylprednisolone 0.5 mg/kg/day on months 1, 3, and 5 and oral cyclophosphamide 2 mg/kg/day on months 2, 4, and 6

Methods Study

STARMEN RI-CYCLO MENTOR GEMRITUX

Study design RCT, phase III RCT, pilot RCT, phase III RCT, phase III
Blinding (patient or physician) Open Open Open Open
Type of study Superiority Pilot Non-inferiority Superiority
Comparison Two-groups, parallel Two-groups, parallel Two-groups, parallel Two-groups, parallel
Center Multicenter Multicenter Multicenter Multicenter
Site Europe Europe North America Europe
Participant countries Spain, Netherlands Italy, Switzerland USA, Canada France
Randomization ratio 1–1 1–1 1–1 1–1
Observation period 6 months 6 months 3 months 6 months
Experimental treatment TAC-RTX × 1 g RTX × 2 g RTX × 2–4 g RTX × 2 (375 mg/m2)
Control treatment GC + CYC​a GC + CYC​a CsA RAS blockers
Duration of experimental treatment 9 months 0.5 month 6–12 months 6 months
Duration of control treatment 6 months 6 months 6–12 months 6 months
Follow-up for primary endpoint 24 months 12 months 24 months 6 months
Primary endpoint CR or PR CR CR or PR CR or PR
Secondary endpoint CR CR or PR CR Composite
Anti-PLA2R+ (RU/mL) > 14 > 20 > 40 > 14
Immunological response (RU/mL) ≤ 14 ≤ 20 ≤ 40 ≤ 14
Number programmed per group 47 35 65 40
Number reached per group 43 37 65 40
Number randomized per study 86 74 130 75
Statistical power 80% Not considered 80% 80%
Intention-to-treat analysis Yes Yes Yes Yes
Per-protocol analysis Yes Yes Yes Not reported
CONSORT flowchart Yes Yes Yes Yes
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groups under current treatment standards, as they only rec-
ommended a low-sodium diet, RAS blockers were not used 
systematically, and hypertension was defined as blood pres-
sure values > 160/90 mmHg. In addition, patients enrolled in 
these trials were not considered to have very high-risk MN. 
The apparent long-term benefits of the alkylating regimen 
[8, 9] have been questioned because of the small number of 
patients followed long term and with a suboptimal control 
group [10]. Furthermore, the potential risk of serious infec-
tions (higher for chlorambucil), late malignancy, or severe 
adverse events (SAEs) associated with corticosteroids has 
led to the search for safer alternatives.

Calcineurin inhibitors predominantly inhibit T-cell prolif-
eration and improve the podocyte cytoarchitecture [11]. They 

induce remission of nephrotic syndrome in about 70–75% 
of patients with MN when compared with non-immunosup-
pressive therapy [12, 13]. In some studies, tacrolimus (TAC) 
with or without corticosteroids had similar efficacy to cyclo-
phosphamide on overall (complete and partial) proteinuria 
remission, particularly in Asian patients. The principal limi-
tation is the high rate of relapse after withdrawal (up to 50%) 
and the fact that they are nephrotoxic [14–17]. Regarding 
this nephrotoxicity, a study in 250 Chinese patients with MN 
showed that serum concentrations of TAC > 5 ng/mL deter-
mined higher rates of partial remissions, but with more side 
effects, without differences in the rates of complete remis-
sions compared to serum TAC concentrations < 5 ng/mL 
[18]. Furthermore, a recent meta-analysis that included 442 

Fig. 1   Therapeutic regimens according to KDIGO 2021 and regi-
mens tested in recent randomized controlled trials. The 2012 KDIGO 
clinical practice guidelines [2] do not specify the precise or maxi-
mum duration of calcineurin inhibitors (CNI, in MENTOR, cyclo-
sporine; in STARMEN, tacrolimus) treatment but recommend at 
least 6 months. After that, a progressive decrease in dose is recom-
mended (every 4–8 weeks), if remission is maintained and nephro-
toxicity does not appear, maintaining CNI for at least 12 months. This 
is represented by the dotted arrow. The 2021 KDIGO clinical prac-
tice guidelines succinctly emphasize immunological monitoring after 
starting the therapy and for the maintenance of treatment. In MEN-
TOR [5], the second cycle of rituximab (RTX) was only administered 
in patients whose baseline proteinuria was reduced by at least 25% 

at 6 months. Other patients were considered treatment failures. The 
dotted arrow in the CNI arm of MENTOR indicates that cyclosporine 
was continued between month 6 and month 12 in patients whose 
baseline proteinuria was reduced by at least 25% at month 6. Other 
patients in this arm were considered treatment failures. The dotted 
arrow in the CNI arm of STARMEN [32] corresponds to a period 
of 3 months (months 6–9) of tacrolimus tapering before withdrawn. 
Rituximab (1 g × 2) corresponds to two doses of rituximab, admin-
istered 2 weeks apart. Rituximab (375 mg/m2 × 2) corresponds to 
two doses of rituximab, administered 1 week apart. Rituximab (1 g) 
corresponds to one single dose of rituximab. GC-CYC​ glucocorticoid-
cyclophosphamide, GFR glomerular filtration rate, RASi renin-angio-
tensin system inhibitors
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Chinese patients with MN from nine studies (one RCT and 
eight cohort studies) showed that TAC monotherapy was 
superior to GC-CYC therapy for complete remission at 6 
months (odds ratio 2.2, 95% confidence interval 1.4–3.5), 
but comparable after 1 year (odds ratio 1.6, 95% confidence 
interval 0.8–3.2), with fewer drug-related adverse effects. 
The relapse rate was higher with TAC vs GC-CYC, but with-
out significant differences [19]. In observational studies, the 
relapse rate decreased when RTX was added at the time of 
CNI tapering, even in high-risk patients [20]. The combina-
tion of RTX (1 g every 15 days initially and a second cycle 
at least 6 months after the first cycle in patients with a CD19 
+ B-lymphocyte count > 5 cells/µL regardless of the clini-
cal remission status) with cyclosporine (up to 3 mg/kg/day) 
for 6 months with slow tapering of the cyclosporine A dose 
resulted in a high rate of complete and partial remission at 
24 months of follow-up (54% and 85%, respectively) [21]. 
These encouraging data should be confirmed in a formal and 
well-weighted RCT that should also address whether the 
high 24-month remission rate was driven by the simultane-
ous (rather than sequential as in STARMEN) combination 
of CNI-RTX or by the repeat dosing of RTX based on the 
impact on B cells and independent from remission status.

2 � RTX as a New and Key Player: GEMRITUX 
and MENTOR Trials

Given the key role of anti-PLA2R antibodies in the patho-
genesis of MN and their association with kidney outcomes, 
it is only logical to test therapies directed at decreasing the 
production of autoantibodies [1, 22, 23]. Rituximab is a 
chimeric monoclonal antibody targeted to CD20 + B cells. 
It induces B-cell apoptosis and decreases the number of B 
cells and autoantibody production in autoimmune diseases 
such as rheumatoid arthritis and antineutrophil cytoplasmic 
antibody-associated vasculitis. Beyond its immunosuppres-
sive action, it also has positive effects on podocyte cyto-
architecture. In experimental models of adriamycin-induced 
nephrotic syndrome [24] and in patients with post-transplant 
recurrence focal segmental glomerulosclerosis [25], RTX 
has been shown to reduce proteinuria by preserving normal 
regulation of sphingomyelin phosphodiesterase and avoiding 
a decrease in glomerular expression of nephrin and podocin. 
These findings would contribute to partially preserving the 
actin cytoskeleton and reducing apoptosis of podocytes. Pre-
liminary evidence on its efficacy in primary MN came from 
observational and non-controlled studies and, more recently, 
from RCTs.

2.1 � Observational Studies

In a landmark Italian prospective and observational study 
in eight idiopathic patients with MN with persistently (≥ 
6 months) high urinary protein excretion (≥ 3.5 g/24 h), 
4-weekly infusions of RTX (375 mg/m2) induced a signifi-
cant reduction in proteinuria (8.6 ± 4.2 to 3.0 ± 2.5 g/24 h 
(− 66%, p < 0.005) at 1 year, including two patients with 
final proteinuria < 0.5 g/24 h. Kidney function remained 
stable, and no patient had major drug-related events [26].

In a Mayo Clinic study, 20 patients with MN with pro-
teinuria > 5 g/24 h received four doses of RTX 375 mg/
m2, with re-treatment at 6 months regardless of proteinuria 
response [27]. After 24 months of follow-up, 16 patients 
(80%) achieved complete or partial remission and one 
patient had a relapse. Proteinuria decreased from 11.9 to 2.0 
g/24 h, and creatinine clearance increased from 72.4 to 88.4 
mL/min/1.73 m2 at 24 months. Interestingly, four doses of 
RTX were more effective on B-cell depletion, but proteinuria 
reduction was similar to that obtained by two doses of 1 g of 
RTX separated by 2 weeks [27, 28].

In a subsequent multicenter Italian study, 100 patients 
with primary MN and persistent nephrotic syndrome were 
treated with RTX, four 375-mg/m2 weekly doses up to Octo-
ber 2005, and a B-cell targeted approach thereafter consist-
ing of a first dose of RTX and an additional second dose 
only if the B-cell count was > 5 cells/μL post-first dose 
[29]. Thirty-two (32%) participants had previously received 
different immunosuppressors, including alkylating agents, 
steroids, and CNIs. After a median follow-up of 29 months, 
65 patients (65%) achieved complete or partial remission 
with a median time to remission of 7.1 months. The rates of 
remission were similar for patients with or without previous 
immunosuppressive treatment. Four (4%) patients died and 
four patients (4%) progressed to end-stage kidney disease 
(ESKD). A lower baseline proteinuria and serum creatinine 
level, and female sex were independent predictors of better 
response to therapy. Rituximab was well tolerated and there 
was no SAE related to treatment.

In summary, in observational studies, RTX induced dis-
ease remission and stabilized or improved kidney function 
in high-risk patients with MN. The advantage of RTX over 
supportive therapy was confirmed in two meta-analyses 
of observational studies, with rates of partial or complete 
remissions > 60% at 24 months, low relapse rate, and mild 
adverse events (AEs), mostly infusion-related reactions 
[30, 31]. Despite these positive results, the absence of an 
adequate control group and the observational nature of these 
studies prevented drawing solid conclusions.
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2.2 � GEMRITUX

GEMRITUX was the first formal RCT that compared in 75 
patients with primary MN and proteinuria > 3.5 g/24 h the 
efficacy of RTX (two infusions of 375 mg/m2, separated by 
1 week) on top of non-immunosuppressive antiproteinuric 
treatment (NIAT) with RAS blockade vs NIAT alone with a 
primary endpoint of complete or partial proteinuria remis-
sion at 6 months [4] (Fig. 1) (Tables 1 and 2 and Table 1 
of the ESM). No significant differences were observed in 
the primary endpoint (35% for RTX vs 21% for NIAT), 
but RTX decreased anti-PLA2R titers and increased serum 
albumin earlier (month 3) (Figs. 1a and 2a of the ESM). 
Importantly, after a median post-RCT follow-up period of 
17 months, more complete/partial remissions (65% vs 35%), 
and more complete remission (19% vs 3%) were achieved 
with RTX compared with NIAT (Fig. 2a) (Table 3). The 
time to proteinuria remission was 7 months (median). There 
was a numerical but not statistically significant decrease in 
eGFR in the RTX arm (change of GFR from randomization 
to last follow-up: − 5.6 mL/min/1.73 m2 for RTX, and + 
0.4 mL/min/1.73 m2 for NIAT) (Table 2). A baseline serum 
anti-PLA2R of < 275 RU/mL independent of the treatment 
group was associated with complete or partial remission for 
the whole cohort. Serious adverse events were uncommon 
and similar in both groups (Table 4). In this trial, the admin-
istration of a single RTX cycle may have underestimated the 
full potential of RTX therapy.

2.3 � MENTOR

More recently, MENTOR, a multicenter and non-inferiority 
RCT from the USA and Canada, compared the efficacy of 
RTX (1 g × 2 doses separated by 2 weeks) vs cyclosporine 
(3.5–5.0 mg/kg/day, target blood levels 125–175 ng/mL) 
in 130 nephrotic patients with MN (5) (Fig. 1) (Tables 1 
and 2 and Table 1 of the ESM). Patients with a proteinuria 
reduction ≥ 25% at 6 months without complete remission 
received either a second course of two 1-g doses of RTX to 

complete four doses, or continued cyclosporine for another 6 
months. Those with a proteinuria reduction < 25% were con-
sidered as treatment failures. The primary endpoint was an 
intention-to-treat analysis of complete or partial remission at 
24 months. At 6 months, patients taking cyclosporine had a 
numerically higher percentage of complete or partial remis-
sions than RTX (35% RTX vs 49% cyclosporine) (Fig. 2b). 
However, the immunological remission was almost double 
for RTX than for cyclosporine (52 vs 28%) (Figs. 1b and 2b 
of the ESM) (Table 3). At 12 months, efficacy was similar 
(60% RTX vs 52% cyclosporine) and RTX was not inferior 
to cyclosporine. However, RTX was superior in achieving 
complete/partial remission at 18 months (62% vs 23%) and 
at the primary endpoint of 24 months (60% vs 20%), that 
is 6–12 months after stopping cyclosporine (Fig. 2b). The 
decreasing percentage of clinical remissions over time in 
the cyclosporine arm was associated with a progressive 
decrease in the percentage of patients with an immunologi-
cal response (Fig. 1b of the ESM). In this regard, RTX also 
induced a faster, larger, and more persistent decline in anti-
PLA2R titers (Fig. 2b of the ESM). Rituximab was also 
superior in achieving complete remission at 24 months (35% 
vs none) (Fig. 2f). At 6 months, the risk of treatment fail-
ure was slightly higher in the RTX arm compared with the 
cyclosporine arm (17% vs 12%), at 12 months was similar 
(26% vs 32%), but at 24 months, this risk was clearly lower 
in the RTX arm (40% vs 80%). This last finding was to be 
expected, given the known high probability of relapse when 
patients stop taking CNI.

Kidney function was better preserved on RTX, possibly 
because of the known nephrotoxicity of cyclosporine. Thus, 
at 24 months, the change of creatinine clearance from base-
line was + 10.08 mL/min/1.73 m2/year higher in the RTX 
arm than in the cyclosporine arm (Table 2 of the ESM). The 
only case of ESKD occurred in the cyclosporine arm.

The incidence of any AE was similar in both groups 
(RTX 71% vs cyclosporine 78%) with a non-significant trend 
towards a higher incidence of SAEs with cyclosporine (17% 
vs 31%, p = 0.06) (Table 4). The greater efficacy of RTX 
could be explained, in part, by a more persistent impact on 
the immunological response. A longer treatment with cyclo-
sporine (18–24 months) and a slower tapering regimen may 
have improved the proteinuria result at the potential expense 
of longer exposure to a nephrotoxic drug.

In this trial, classifying cases that did not achieve a pro-
teinuria reduction > 25% at 6 months as treatment failures 
likely reduced the overall efficacy of therapy because clinical 
remissions generally follow the immune response and may 
take longer than 12–18 months. Thus, in the RTX arm, treat-
ment failures may have been overestimated.

Fig. 2   Frequency of complete or partial remission and of complete 
remission in four trials in primary membranous nephropathy. a–d 
Complete or partial remission. e–h Complete remission. Timepoints 
correspond to endpoint evaluations. Months are counted since rand-
omization. Note that in STARMEN [32] rituximab (RTX) was admin-
istered at month 6 since randomization. In the GEMRITUX [4] trial, 
the median time of extended follow-up was 17 months. Numbers 
above each bar correspond to the percentage of remissions in each 
treatment group as determined by the intention-to-treat analysis. CsA 
cyclosporine A, GC-CYC​ alternating therapy with glucocorticoid-
cyclophosphamide, NA data not available, NIAT non-immunosup-
pressive antiproteinuric therapy, TAC-RTX sequential therapy with 
tacrolimus-rituximab

◂



116	 J. Rojas‑Rivera M.D., M.Sc. et al.

Table 3   Major outcomes and clinical impact of interventions in primary membranous nephropathy trials

Clinical outcomes and impact 
measures

Study

STARMEN
(n = 86)

RI-CYCLO
(n = 74)

MENTOR
(n = 130)

GEMRITUX
(n = 78)

GC-CYC vs TAC-RTX RTX vs GC-CYC​ RTX vs CsA RTX vs NIAT

Outcomes at 6 months
Complete or partial remission
 Response (%) 74% vs 44% 51% vs 61% 35% vs 49% 35% vs 21%
 RR (95% CI) 1.7 (1.2–2.5) 0.8 (0.5–1.2) 0.7 (0.5–1.0) 1.7 (0.8–3.6)
 ARR% (95% CI) 30.2 (10.5–50) − 13.5 (− 8.8 to 35.8) − 13.9 (− 3 to 30.7) 14.1 (− 6 to 34.2)
 NNTB (95% CI) 4 (2–10) − 8 (NI) − 8 (NI) 8 (NI)

Superior treatment GC-CYC over TAC-RTX None None None
Complete remission
 Response (%) 14% vs 0% 8% vs 5% 0% vs 2% NA
 RR (95% CI) NC 1.5 (0.3–8.5) NC NA
 ARR% (95% CI) 14.0 (3.6–24.3) 2.7 (− 8.7 to 14.1) − 1.5 (− 1.5 to 4.5) NA
 NNTB (95% CI) 8 (4–28) 37 (NI) − 66 (NI) NA

Superior treatment GC-CYC over TAC-RTX None None NA
Outcome at 12 months STARMEN RI-CYCLO MENTOR GEMRITUX
Complete or partial remission
 Response (%) 79% vs 51% 62% vs 73% 60% vs 52% NA
 RR (95% CI) 1.6 (1.1–2.2) 0.9 (0.6–1.2) 1.2 (0.9–1.5) NA
 ARR% (95% CI) 27.9 (8.6–47.2) − 10.8 (− 10.4 to 32) 7.7 (− 9.3 to 24.7) NA
 NNTB (95% CI) 4 (2–12) − 10 (NI) 13 (NI) NA

Superior treatment GC-CYC over TAC-RTX None None NA
Complete remission
 Response (%) 33% vs 9% 16% vs 32% 14% vs 5% NA
 RR (95% CI) 3.5 (1.3–9.8) 0.5 (0.2–1.2) 3.0 (0.9–10.6) NA
 ARR % (95% CI) 23.3 (6.8–39.7) − 16.2 (-3.0 to 35.4) 9.2 (−0.6 to 19.1) NA
 NNTB (95% CI) 5 (3–15) − 7 (NI) 11 (NI) NA

Superior treatment GC-CYC over TAC-RTX None None NA
Outcome at 18 months STARMEN RI-CYCLO MENTOR GEMRITUXa

Complete or partial remission
 Response (%) 84% vs 53% 66% vs 79% 62% vs 33% 65% vs 34%
 RR (95% CI) 1.6 (1.2–2.1) 0.8 (0.6–1.1) 2.7 (1.6–4.3) 1.9 (1.2–3.1)
 ARR % (95% CI) 30.2 (11.7–48.8) − 13.8 (−7.6 to 35.1) 38.5 (22.8–54.1) 30.7 (9.1–52.2)
 NNTB (95% CI) 4 (2–9) − 8 (NI) 3 (2–4) 4 (2–11)

Superior treatment GC-CYC over TAC-RTX None RTX over CsA RTX over NIAT
Complete remission
 Response (%) 44% vs 16% 31% vs 21% 28% vs 2% 19% vs 3%
 RR (95% CI) 2.7 (1.3–5.8) 1.5 (0.7–3.5) 18.0 (2.5–130.9) 7.2 (0.9–55.6)
 ARR % (95% CI) 27.9 (9.4–46.4) 10.7 (−10.4 to 31.7) 26.2 (14.9–37.4) 16.3 (2.7–29.9)
 NNTB (95% CI) 4 (2–11) 10 (NI) 4 (3–7) 7 (3–37)

Superior treatment GC-CYC over TAC-RTX None RTX over CsA RTX over NIAT
Outcome at 24 months STARMEN RI-CYCLO MENTOR GEMRITUX
Complete or partial remission
 Response (%) 84% vs 58% 85% vs 81% 60% vs 20% NA
 RR (95% CI) 1.4 (1.1–1.9) 1.1 (0.8–1.3) 3.0 (1.8–5.1) NA
 ARR% (95% CI) 25.6 (7.2–44) 4.0 (− 15.7 to 23.6) 40.0 (24.6–55.4) NA
 NNTB (95% CI) 4 (2–14) 26 (NI) 3 (2–4) NA

Superior treatment GC-CYC over TAC-RTX None RTX over CsA NA
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3 � STARMEN and RI‑CYCLO Trials

STARMEN and RI-CYCLO are the most recent RCTs 
exploring RTX-containing regimens for primary MN. In 
both, the comparator was conventional immune suppression 
with GC-CYC.

3.1 � STARMEN

STARMEN compared the frequency of complete or par-
tial remission at 24 months (primary outcome) achieved 
by sequential TAC (0.05 mg/kg/day for 6–9 months) and 
RTX (single 1-g dose at month 6) [TAC-RTX] vs alternat-
ing GC-CYC in 86 patients with nephrotic MN [32] (Fig. 1) 
(Tables 1 and 2, Table 1 of the ESM). The rationale for 
sequential therapy was to first reduce proteinuria using 
the CNI and then administer RTX, as its half-life would 
be expected to be longer in non-nephrotic patients [33], to 
decrease the risk of relapse post-TAC withdrawal [20]. Thus, 
the RTX regimen differed from other RTX regimens tested 
in RCTs in the lower dose and delayed (6 months after ran-
domization) administration of RTX.

GC-CYC induced more complete/partial remissions (84% 
vs 58%) and more complete remissions (60% vs 26%) at 
24 months than TAC-RTX (Fig. 2c) (Table 3). At 26%, the 
complete remission rate for TAC-RTX was the lowest of the 
RTX arms of the RCTs reporting 24-month data, as in MEN-
TOR it was 35% and in RI-CYCLO it was 42% (Fig. 2e–h). 

Subgroup analyses for different baseline characteristics 
consistently showed a tendency toward more efficacy for 
the GC-CYC group, being statistically significant for the 
subgroups of male patients, serum albumin > 2.6 g/dL, and 
anti-PLA2R serum levels > 80 RU/mL.

The relapse rate with TAC-RTX was lower than previ-
ously reported for TAC alone, likely because of the admin-
istration of RTX at the time TAC was tapered. There were 
no statistically significant differences in relapses post-remis-
sion, although these were less frequent in the GC-CYC arm 
(GC-CYC 2.7% vs TAC-RTX 12%).

The immunological response occurred also significantly 
earlier with GC-CYC (77% vs 45% at 3 months, and 92% 
vs 70%, respectively, at 6 months) (Figs. 1c and 2c of the 
ESM). However, up to 6 months only TAC had been admin-
istered in the TAC-RTX arm, thus these immunological 
responses should be ascribed to TAC, which is remark-
able because they were 2.5-fold more frequent than those 
achieved by cyclosporine in MENTOR and were higher than 
in any other arm of the four trials at 6 months except for GC-
CYC in STARMEN. In this regard, there were no differences 
in immunological remissions at 12 and 24 months, i.e., 6 and 
18 months after RTX administration (88% vs 79%, 88% vs 
83%, respectively). The early immunological response was 
associated with proteinuria remission at 24 months. Patients 
without proteinuria remission had a slower reduction in anti-
PLA2R levels and less frequent immunological responses. 

Table 3   (continued)

Clinical outcomes and impact 
measures

Study

STARMEN
(n = 86)

RI-CYCLO
(n = 74)

MENTOR
(n = 130)

GEMRITUX
(n = 78)

GC-CYC vs TAC-RTX RTX vs GC-CYC​ RTX vs CsA RTX vs NIAT

Complete remission
 Response (%) 60% vs 26% 42% vs 35% 35% vs 0% NA
 RR (95% CI) 2.4 (1.3–4.2) 1.2 (0.6–2.3) NC NA
 ARR% (95% CI) 34.9 (15.3–54.5) 6.8 (− 18.6 to 32.2) 35.4 (23.8–47) NA
 NNTB (95% CI) 3 (2–7) 15 (NI) 3 (2–4) NA

Superior treatment GC-CYC over TAC-RTX None RTX over CsA NA

A negative ARR value indicates an increment of risk with the experimental intervention. A 95% CI that includes negative and positive values 
or zero, indicates no differences of effect between treatment groups. For GEMRITUX, MENTOR, and RI-CYCLO, RR, ARR, and NNTB refer 
to remission of proteinuria comparing RTX-based therapies (test treatment) with an active control. In STARMEN, GC-CYC was considered the 
test therapy and TAC-RTX the control. The NNTB is the estimated number of patients who need to be treated with the test treatment rather than 
the control treatment for one additional patient to benefit. An ideal NNTB is 1 (with one treated patient we get one wanted outcome). A 95% 
CI of the NNTB that includes negative and positive values is clinically difficult to interpret but indicates the absence of differences between the 
treatment groups
ARR​ absolute reduced risk, CI confidence interval, CsA cyclosporine A, GC-CYC​ glucocorticoid-cyclophosphamide, NA data not available, NC 
not computable, NI not interpretable because the 95% CI of ARR includes the zero (not significative difference), NIAT non-immunosuppressive 
antiproteinuric treatment, NNTB number needed to treat (benefit), RR relative risk, RTX rituximab, TAC​ tacrolimus
a In GEMRITUX, the median of follow-up was 17 months
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These findings support that an early immunological response 
predicts long-term clinical response.

The number of AEs (239 vs 170) was significantly higher 
with GC-CYC, but they occurred in a similar percentage 
of patients (98% vs 91%) (Table 4). There were no statisti-
cally significant differences in the number of SAEs (17% vs 
12%) or in the number of patients with SAEs (19% vs 14%). 
As expected, there were more cases of Cushing’s syndrome 

and leukopenia in the GC-CYC group and more cases of 
hyperkalemia, increased serum creatinine, distal tremor, and 
diarrhea in the TAC-RTX group. These TAC-RTX AEs were 
thought to be mainly related to TAC. Thus, the addition of 
TAC to the regimen was in part responsible for its AE pro-
file. One (2%) patient in the GC-CYC arm reached ESKD 
vs none in the TAC-RTX group.

Table 4   Risk and clinical impact of adverse events and serious adverse events in primary membranous nephropathy trials

Data are shown as n or n (%). NNTHAE and NNTHSAE were calculated for any AE or any SAE, respectively. A higher value of the NNTH indi-
cates a safer intervention
AEs adverse events, CI confidence interval, CsA cyclosporine A, ESKD end-stage kidney disease, GC-CYC​ glucocorticoids-cyclophosphamide, 
NA not available, NC not computed, NI not interpretable, NIAT non-immunosuppressive antiproteinuric treatment, NNTH number needed to treat 
(harm), RTX rituximab, SAEs serious adverse events, TAC-RTX tacrolimus-rituximab
a p = 0.06 for hyperkalemia in STARMEN, and for the number of patients with SAEs, and for hypertension in MENTOR
b p < 0.05 for an infusion-related reaction in RI-CYCLO and MENTOR, and for serum creatinine in MENTOR
1 These confidence intervals are not shown because they include the value ∞ that is clinically difficult to interpret. This is because the 95% CI of 
the ARR, from which they are derived (see Table 3), include the zero value. In any case, they indicate that there is no significant difference in the 
number of patients who developed AEs in the treatment arms
2 In the RI-CYCLO study, it was not possible to calculate the NNTHAE value because the two treatment arms had the same number of AEs (dif-
ference between the groups = 0)
2 In the GEMRITUX study, it was not possible to calculate the NNTHAE value because this trial only published results of SAEs

Treatment group Study

STARMEN
(n = 86)

RI-CYCLO
(n = 74)

MENTOR
(n = 130)

GEMRITUX
(n = 75)

TAC-RTX
(n = 43)

GC-CYC​
(n = 43)

RTX
(n = 37)

GC-CYC​
(n = 37)

RTX
(n = 65)

CsA
(n = 65)

RTX
(n = 37)

NIAT
(n = 38)

Risk outcome
 Number of AEs 170 239 25 30 179 218 NA NA
 Rate of AEs (event/100 patient-years) 280 411 47 54 275 335 NA NA
 Number of SAEs 6 10 8 6 13 22 8 8
 Rate of SAEs (events/100 patient-years) 14 17 11 7 20 34 NA NA
 Number of patients with any AEsa 39 (91) 42 (98) 16 (43) 16 (43) 46 (71) 51 (78) NA NA
 Number of patients with SAEs 6 (14) 8 (19) 7 (19) 5 (14) 11 (17) 20 (31) 6 (16) 5 (13)
 Number of patients with non-serious AEs 33 (77) 34 (79) 11 (30) 13 (35) 35 (54) 31 (48) NA NA
 NNTHAE (95% CI) 15 (NI)1 NC2 13 (NI)1 NC2

 NNTHSAE (95% CI) 22 (NI)1 19 (NI)1 8 (NI)1 33 (NI)1

 Deaths 0 (0) 0 (0) 1 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Number of patients with specific SAEs
  Cancer of any type 1 (2) 2 (5) 2 (5) 1 (3) 0 (0) 0 (0) 0 (0) 1 (3)
  Major infections 2 (5) 5 (12) 0 (0) 3 (8) 1 (2) 6 (9) 1 (3) 0
  Leukopenia 2 (5) 13 (30) 0 (0) 3 (8) 0 (0) 0 (0) 0 (0) 0 (0)
  Acute coronary syndrome 1 (2) 1 (2) 1 (3) 1 (3) 0 (0) 0 (0) 1 (3) 1 (3)
  Venous/arterial thrombosis 2 (5) 5 (12) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3) 0 (0)
  Stroke 0 (0) 0 (0) 1 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
  Hypertensiona 6 (14) 5 (12) 0 (0) 0 (0) 0 (0) 5 (8) 0 (0) 0 (0)
  Hyperkalemiaa 6 (14) 1 (2) 0 (0) 0 (0) 1 (2) 4 (6) 0 (0) 0 (0)
  Increased creatinine levelb 14 (33) 8 (19) 0 (0) 0 (0) 4 (6) 15 (23) 0 (0) 1 (3)
  ESKD 0 (0) 1 (2) 0 (0) 2 (5) 0 (0) 1 (2) 0 (0) 0 (0)
  Gastrointestinal complaint 11 (26) 16 (37) 0 (0) 0 (0) 1 (2) 9 (14) 1 (3) 0 (0)
  Infusion-related reactionb 4 (9) 1 (2) 9 (24) 1 (3)b 16 (25) 0 (0) 0 (0) 0 (0)



119Treatment of Membranous Nephropathy

The design of STARMEN was criticized as RTX lagged 
6 months with respect to the initiation of cyclophosphamide, 
thus the impact of RTX would be expected to be delayed 6 
months, i.e., from the point of view of RTX efficacy, the 
timepoint of 24 months for GC-CYC would be comparable 
to the timepoint of 30 months of the TAC-RTX protocol. 
Furthermore, only one RTX cycle was administered, and the 
RTX dose was the lowest of all four RCTs. Overall, addi-
tion of TAC did not appear to improve outcomes but was 
responsible for AEs.

3.2 � RI‑CYCLO

The RI-CYCLO pilot trial compared the rates of complete 
remissions at 12 months (primary outcome), and complete 
or partial remissions (secondary outcomes) for RTX (1 g on 
days 1 and 15) vs alternating GC-CYC in 75 patients with 
nephrotic MN [34] (Fig. 1) (Tables 1 and 2, Table 1 of the 
ESM). There were no statistically significant differences in 
complete remissions at 12 (GC-CYC 32% vs RTX 16%) or 
24 months (n = 57, 35% vs 42%) (Table 3). The same pat-
tern was observed for partial or complete remissions: no 
significant differences at any timepoint of 6, 12, 18, and 24 
months (65% vs 51%, 73% vs 62%, 79% vs 66%, and 81% 
vs 85%, respectively, Fig. 2d).

In a subgroup analysis, GC-CYC was more effective in 
achieving complete or partial remissions at 12 months in 
male individuals (odds ratio 0.15, 95% confidence interval 
0.02–1.00) and persons aged older than 55 years, or with 
more severe baseline characteristics (albuminemia ≤ 2.5 g/
dL and proteinuria ≥ 6 g/24 h).

The relapse rate at 24 months with GC-CYC was higher 
than with RTX (22% vs 13%), and similar to previous GC-
CYC studies [7, 9]. Two (5%) patients in the GC-CYC group 
reached ESKD vs none in the RTX group. Overall, in the 
two RCTs comparing RTX regimens with GC-CYC, ESKD 
was only observed in the GC-CYC group.

There were no significant differences in the percentages 
of immunological responses (GC-CYC vs RTX 50% vs 63% 
at 6 months, 56% vs 62% at 12 months, and 75% vs 90% at 
24 months) (Figs. 1a and 2d of the ESM). The percentage 
of patients with AEs and SAEs was similar in both arms 
of the study. There were more patients with drug infusion 
reactions in the RTX group (24% vs 3%) (Table 4). In this 
trial, the administration of a single RTX cycle may have 
underestimated the full potential of RTX therapy.

4 � Comparative Analysis of Recent MN Trials

The four well-designed RCTs had adequate clinical follow-
up, appropriate control groups, and compared modern and 
presumably safer treatments with classical and potentially 

more toxic drugs under current clinical care conditions. In 
general, the methodological quality and the reporting of the 
trials were acceptable, and they followed the recommenda-
tions of the CONSORT guidelines (Table 1 of the ESM). All 
trials were open-label because of the complexity of the treat-
ment regimens. Because MN is a rare disease, the trials were 
multicenter. In all trials, except for RI-CYCLO (complete 
remissions), the frequency of partial or complete remissions 
was the primary endpoint, and all except GEMRITUX (up to 
18 months) showed results at 24 months, although this was 
not always the primary endpoint. In this regard, it should be 
emphasized that in prior studies, with or without immuno-
suppressive therapy, the proteinuria nadir did not occur until 
24–36 months. Only STARMEN included eGFR stability 
(≥ 45 mL/min/1.73 m2) to the primary outcome criterion 
(Table 1 of the ESM). The complete remission proteinuria 
threshold was less strict in GEMRITUX (0.5 g/24 h) than 
in the other trials (0.3 g/24 h) at similar timepoints (Table 1 
of the ESM). The positive cut-off point for anti-PLA2R 
antibodies was different in the RI-CYCLO and MENTOR 
studies.

The clinical characteristics of participants according to 
the treatment arm were similar in all trials (Table 2). There 
was a non-significant numerically higher proportion of men 
in the RTX arm in all trials except for MENTOR. Kidney 
function was determined by different methods (Table 2). As 
reported in the original manuscripts, it was slightly lower 
in GEMRITUX participants. However, estimation of GFR 
by the CKD-EPI equation from baseline serum creatinine 
values, mean age, and sex distribution in MENTOR (original 
data presented as creatinine clearance) suggests that eGFR 
in MENTOR (~58 mL/min/1.73 m2 for the RTX arm and 
60 mL/min/1.73 m2 for the cyclosporine arm) was around 
20–25 mL/min/1.73 m2 lower than in STARMEN and RI-
CYCLO. Baseline albuminemia and proteinuria were simi-
lar in the four trials, although a severity gradient could be 
observed by combining baseline eGFR and proteinuria that 
ranked participants in MENTOR as those with the more 
severe disease and participants in RI-CYCLO as having the 
less severe disease (Fig. 3 of the ESM). Anti-PLA2R anti-
bodies were positive in 59–78% of participants in whom 
they were assessed in the four trials (Table 2). Serum anti-
PLA2R antibody titers were higher in MENTOR, possibly 
because of a different technique and cut-off points used 
(Table 1 of the ESM). In the other studies, median values 
for each treatment group were around 50 RU/mL, except for 
the TAC-RTX group in STARMEN (median 113 RU/mL), 
although this did not differ significantly from the control 
group (Table 2). All studies were powered at 80% except 
RI-CYCLO, which was a pilot, mainly descriptive trial and 
focused on confidence intervals.
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4.1 � Head to Head: MENTOR vs GEMRITUX

Impact measures for all studies, including relative risk, abso-
lute risk reduction, and number-needed-to-treat (benefit) 
were estimated (Table 3). In MENTOR and GEMRITUX, 
RTX was clearly superior at month 18, when patients who 
received RTX were two-fold more likely to achieve com-
plete or partial remission than with supportive treatment 
(GEMRITUX) and almost three-fold more likely than with 
cyclosporine (MENTOR) (Table 3, Fig. 2). The absolute 
risk reduction was > 30% in both studies and the number 
needed to treat was 3 to achieve partial or complete remis-
sion at 18 months. At month 18, differences were more 
evident for complete remission, which was residual (≤ 3%) 
in non-RTX arms. In MENTOR, the benefit of RTX was 
confirmed at 24 months, when the absolute risk reduction 
was more than 35% and the number needed to treat was 3 for 
complete remission. Cyclosporine was equally effective in 
inducing remission at 12 months as RTX. However, it was 
not effective in maintaining remission once discontinued, a 
fact previously observed with TAC [13], another CNI. Pro-
longed use of cyclosporine could have prevented relapses, 
but that would occur at the expenses of nephrotoxicity. As 
demonstrated in MENTOR, 12 months of cyclosporine use 
was sufficient to induce a significant loss of GFR that did not 
recover even to baseline levels by month 24 (i.e., 10 months 
after complete discontinuation of cyclosporine). As long-
term preservation of kidney function should be the goal of 
treatment, prolonged use of a CNI, even at low dose is not 
advisable. Nevertheless, in MENTOR, 25% of the patients 
were anti-PLA2R negative and had milder proteinuria, and 
in this group, there was no significant benefit from the use 
of RTX over cyclosporine.

In summary, RTX was more effective than supportive 
treatment (GEMRITUX) or than short-term cyclosporine 

(MENTOR) at 18–24 months of follow-up (Fig. 3, pooled 
analysis), with adequate tolerance and few AEs, but still 40% 
of patients did not respond to RTX. The apparent high non-
response rate in MENTOR may have been favored by the 
protocol considering treatment failure those patients who 
failed to reduce proteinuria by at least 25% at 6 months after 
starting treatment. This decision was based on the consensus 
that in patients treated with a CNI, a lack of response at 6 
months equals no response at later timepoints and was thus 
considered unethical to keep patients in the study without 
switching to alternative therapy, a criterion that necessarily 
had to be applied also to the RTX arm. In previous non-
controlled studies, 80% of patients treated with RTX mono-
therapy achieved partial or complete response at 24 months, 
regardless of proteinuria at 6 months [27].

In both studies, the immunological response was clearly 
higher at 6 months in the RTX group (Table 4). Non-immu-
nosuppressive antiproteinuric treatment barely impacted on 
immunological responses while the response to cyclosporine 
was transient. In MENTOR, the difference increased at 
month 12, as cyclosporine-treated patients lost immunologi-
cal responses after stopping cyclosporine (Table 4) (Figs. 1b 
and 2b of the ESM).

4.2 � Head to Head: STARMEN vs RI‑CYCLO Trials

STARMEN and RI-CYCLO had GC-CYC as a reference 
(control) and participants had similar baseline clinical char-
acteristics. Changes in kidney and immunological param-
eters from randomization in these studies are shown in Fig. 4 
and Fig. 1 of the ESM.

STARMEN showed a clear benefit of GC-CYC over 
TAC-RTX, which was observed from month 6 to month 
24, both for complete and partial remissions, as well as for 
complete remissions alone (Table 3, Fig. 2, Fig. 2c of the 

Fig. 3   Pooled analysis of MENTOR and GEMRITUX trials compar-
ing treatments based on rituximab vs cyclosporine or non-immuno-
suppressive therapy at last evaluation. a Complete and partial remis-

sion. b Complete remission only (right) at the last trial assessment 
(MENTOR [5] at 24 months and GEMRITUX [4] at 17 months)
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ESM). At month 24, the relative risk of remission was 1.4 
favoring GC-CYC, the absolute risk reduction was 26, and 
the number needed to treat was 4. While complete remis-
sions increased from 12 to 24 months with GC-CYC, the 
number of complete and partial remissions combined did not 
increase significantly. On the contrary, RI-CYCLO, a pilot 
study, did not show significant differences between GC-CYC 
and RTX at 24 months and in the percentage of complete or 
partial remissions at months 6 and 18, although these were 
numerically higher for GC-CYC (Table 3, Fig. 2). End-stage 
kidney disease was infrequent but only occurred in the GC-
CYC arm of both trials, for an overall incidence of 3/80 (3. 
8%) (Table 2 of the ESM).

In both studies, a subgroup analysis suggested that in men 
and in persons with higher baseline proteinuria, GC-CYC 
achieved more remissions (partial or complete) [STAR-
MEN at 24 months, and RICYCLO at 12 months]. However, 
these results must be interpreted with caution and should 
be validated in new trials, stratifying patients during ran-
domization according to these characteristics. The pooled 
analysis of both trials shows the benefit of GC-CYC over 
RTX-based regimens at 1 year of follow-up on proteinuria 
remission, but this difference was not significant at 2 years of 
follow-up (Fig. 5). Although as already commented, follow-
up times shorter than 24 months may be inappropriate, the 
TAC-RTX arm of STARMEN improved the percentage of 
partial or complete remissions from 44% at month 6 (rep-
resenting solely the impact of TAC, as RTX had not yet 
been administered) to 58% at month 24 (+ 32% increase), 
that is, 18 months after RTX administration. This is the 

smallest change of all RTX regimens, suggesting that the 
TAC-RTX regimen did not perform as others, or that fol-
low-up should have been prolonged to 24 months after RTX 
(Fig. 4 of the ESM). Complete remissions increased after 
RTX administration from 0% at month 6 to 20% at month 24 
from randomization in STARMEN and from 8% to 42% in 
RI-CYCLO, supporting again the underperformance of the 
TAC-RTX regimen (Fig. 2g). TAC-RTX underperformance 
is also supported by the increase in proteinuria observed 
at month 12 in the TAC-RTX arm, the only regimen that 
resulted in median proteinuria values above 3.5 g/day at this 
stage (Fig. 2 of the ESM). RI-CYCLO did not report on RAS 
blocker use (Table 2), which may limit conclusions regard-
ing the percentage decrease in proteinuria in each treatment 
group.

The immunological response was earlier and more 
marked in the GC-CYC arm of STARMEN, but in RI-
CYCLO, the immune responses were numerically higher 
in the RTX arm, without reaching statistical significance 
(Table 4). Possible explanations are the higher dose of RTX 
used in RI-CYCLO compared with STARMEN (2 g vs 1 
g) and the delayed administration of RTX (month 6 of ran-
domization) in STARMEN. Strikingly, the percentage of 
immunological responses after 6 months of TAC (70%) in 
STARMEN was higher than the response obtained by any 
other regimen, with the sole exception of GC-CYC in the 
same STARMEN trial (Fig. 1 of the ESM).

In STARMEN, there was a higher number of AEs in the 
GC-CYC arm, but there were no significant differences in 
SAEs (Table 4). In RI-CYCLO, the occurrence of AEs was 
similar in both arms. The only death occurred in a patient 
with lung cancer in the RTX arm of RI-CYCLO (Table 4). 
The lower cumulative doses of cyclophosphamide used in 
STARMEN (10 g) and RI-CYCLO (180 mg/kg, approxi-
mately 13.6 g) compared with previous studies may have 
contributed to the low frequency of SAEs, including fatal 
events. However, 24 months may be too short to adequately 
assess events such as malignancy or even death. In a large 
historical cohort from Italy and The Netherlands (100 
patients treated with RTX and 103 patients treated with 
cyclophosphamide), the incidence of AEs (serious, non-
serious) at 5 years was three-fold to four-fold lower in par-
ticipants who received RTX, even after adjusting for con-
founders, including prior use of immunosuppressants [35].

4.3 � Short‑Term and Long‑Term Efficacy and Safety

Timing of response is important, as it shortens exposure to 
the risk of infectious, nutrition/metabolic, and prothrombotic 
complications of nephrotic syndrome.

Fig. 4   Changes in renal and immunological parameters from rand-
omization to month 24: STARMEN and RI-CYCLO trials. Note that 
in STARMEN [32] rituximab was administered at month 6 from ran-
domization. RI-CYCLO [34] did not publish exact numerical data 
for estimated glomerular filtration rate values, only graphically in the 
ESM. eGFR estimated glomerular filtration rate, GC-CYC​ alternating 
therapy with glucocorticoid-cyclophosphamide, PLA2R phospholi-
pase A2 receptor, RTX rituximab
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4.3.1 � Short‑Term Efficacy

Only GEMRITUX and STARMEN provided information 
on efficacy at 3 months (Figs. 1a, c and 2a, c of the ESM). 
This is unfortunate as GEMRITUX did not have an active 
immunosuppressive comparator and STARMEN had not 
incorporated RTX at this timepoint. However, these data 
show that most patients treated with RTX, TAC, or GC-
CYC reached an immunological response within 3 months. 
This information may be incorporated into future decision-
making tools. Regarding proteinuria, the delayed low-dose 
RTX in TAC-RTX appeared to provide the worst result, as 
stopping TAC was followed by an increase in proteinuria 
before the therapeutic impact of RTX was noted, and the 
overall progression over time in terms of complete or partial 
plus complete remission was suboptimal as compared with 

other RTX arms (Fig. 4 of the ESM). Thus, only RI-CYCLO 
allows the comparison of RTX with GC-CYC. Both regi-
mens similarly induced immunological responses, reduced 
proteinuria (Figs. 1a and 2d of the ESM), and induced 
complete or complete plus partial remissions at 6 months 
(Figs. 6a and 7a). Thus, results from RCTs do not allow 
prioritization of GC-CYC over RTX based on the speed of 
response. However, it should be noted that the best proteinu-
ria remission and immunological response performance at 
6 months of all trials was observed for the GC-CYC arm in 
STARMEN.

4.3.2 � Long‑Term Efficacy

All four recent trials were consistent on the impact of differ-
ent RTX regimens on outcomes at 18 months, although the 

Fig. 5   Pooled analysis of STARMEN and RI-CYCLO trials compar-
ing treatments based on rituximab (RTX) vs glucocorticoid-cyclo-
phosphamide (GC-CYC) at 12 and 24 months from randomization. 
The RTX arm at STARMEN used a sequential regimen of tacroli-
mus (TAC) for 6 months, followed by a single lower dose of RTX at 
month 6. Thus, the regimens are not fully comparable and the long-

est follow-up from the RTX dose in STARMEN was 18 months (i.e., 
24 months from randomization). a Complete or partial remission at 
month 12 since randomization. b Complete remission at month 24 
since randomization. c Complete or partial remission at month 6 
since randomization. d Complete remission at month 24 since rand-
omization
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TAC-RTX regimen resulted in numerically lower remissions 
(Fig. 6c). The efficacy of RTX on the primary endpoint of 
complete or partial remission at 24 months was similar for 
STARMEN and MENTOR (Fig. 6d). However, the low-dose 
delayed RTX administration may have penalized STARMEN 
results while the definition of treatment failure in MENTOR 
may have penalized the results obtained by the RTX arm. In 
this regard, in MENTOR, roughly 50% of eventual (partial 
plus complete) RTX remissions occurred at month 6, and all 
responders had remitted by month 12 (Fig. 6). By contrast, 
in RI-CYCLO, the percentage of RTX remissions increased 
progressively up to month 24. Data from GEMRITUX are 
insufficient to assess these patterns of remission. The defi-
nition of partial or complete remission differed in STAR-
MEN and MENTOR as STARMEN incorporated a second 
remission criterion for both complete and partial remission, 
which was an eGFR ≥ 45 mL/min/1.73 m2 (Table 1 of the 

ESM). This could have penalized the RTX arm if eGFR had 
been affected by long-term TAC nephrotoxicity (Table 4). 
However, there were no significant differences in the number 
of patients with preserved renal function (eGFR ≥ 45 mL/
min/1.73 m2) at 24 months between the GC-CYC and TAC-
RTX arms (93% vs 86%, p = 0.48).

Regarding complete remissions, all RTX regimens 
resulted in a progressive increase in the percentage of 
patients with complete remission up to the last follow-up 
timepoint, which reached 35–42% at 24 months after RTX 
administration. However, the response to GC-CYC was het-
erogeneous: in STARMEN, GC-CYC resulted in a progres-
sive addition of 15% new complete remissions per semester 
to reach 60%, the best complete remission results of any arm 
of any trial. However, this was not the case in RI-CYCLO, 
the trial with better preserved kidney function and lower pro-
teinuria, in which complete remission peaked at 12 months 

Fig. 6   Clinical response at different timepoints in four trials in pri-
mary membranous nephropathy. Clinical response was calculated 
as the sum of complete remissions (CR) and partial remissions (PR) 
at 6–24 months in the intention-to-treat (ITT) analysis. a Early (6 
months) CR or PR. b and c Secondary outcomes: CR or PR at 12 
and 18 months by the ITT analysis. d CR or PR at 24 months by the 
ITT analysis. This is the primary outcome for STARMEN [32] and 
MENTOR [5]. Numbers above each bar correspond to the percent-
age of remissions in each treatment group as determined by the ITT 

analysis. Note that in STARMEN, rituximab (RTX) was administered 
at month 6. Thus, at 6 months from randomization (shown in the fig-
ure), no impact of RTX can be observed, and this timepoint reflects 
the impact of tacrolimus alone. Note that in RI-CYCLO, the number 
of patients in months 18 and 24 was lower than at months 6 and 12. 
CsA cyclosporine A, GC-CYC​ alternating therapy with glucocorti-
coid-cyclophosphamide, NIAT non-immunosuppressive antiproteinu-
ric therapy, TAC-RTX sequential therapy with tacrolimus-rituximab
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and later stabilized at 35%. We encourage the authors of both 
trials to perform a combined analysis to try to understand 
this discrepancy, which would be key to define the relative 
role of GC-CYC vs RTX in the therapy of MN.

Preservation of kidney function is a key aim of therapy 
for MN. The information provided on this regard by the 
RCTs is not conclusive, likely because of low patient num-
bers and insufficient follow-up (Table 2 of the ESM). A 
cause of concern is that in RTX vs GC-CYC trials, ESKD 
was only observed in the GC-CYC arm. Large decreases in 
eGFR appear to have occurred in the cyclosporine arm of 
MENTOR and the CG-CYC arm of RI-CYCLO, while the 
results obtained by the RTX arms appeared to inconsistent 
between RCTs. For trials providing data at 24 months, eGFR 
improved in the RTX arm of MENTOR and RI-CYCLO, 
while STARMEN results are difficult to interpret as they 
appear to have been marred by TAC nephrotoxicity. Initia-
tion of TAC was associated with a sharp drop in eGFR that 
only partially recovered after its suspension. Overall, results 
from RCTs could raise concerns over the negative impact of 
CNI nephrotoxicity on kidney function in MN. Clinical trial 
evidence on long-term hard outcomes of therapy for MN 
under current state-of-the art kidney protection strategies 
is limited [36]. So far, no RCT has formally evaluated the 
impact of RTX, TAC, or alkylating agents on the incidence 
of ESRD in the long term as the primary endpoint compared 
with other immunosuppressive regimens or with current 
non-specific kidney protective strategies. A post-hoc 10-year 

follow-up of an RCT performed in the 1970s or 1980s that 
compared symptomatic therapy vs 6 months of methylpred-
nisolone and chlorambucil assessed the risk of ESRD but 
does not mention RAS blockade [8]. An RCT performed 
in the 1990s compared a 6-month course of GC-CYC with 
symptomatic therapy that explicitly avoided antiproteinuric 
therapy with RAS blockade for at least 1 year [9]. Three end-
points are listed (doubling of serum creatinine, development 
of ESRD, or patient death) but none is explicitly labeled 
primary, and despite the statement that data were analyzed 
on an intention-to-treat basis, 13% of patients randomized 
to immunosuppression were excluded from the analysis. 
The observational follow-up of a more recent trial in the 
RAS blockade era by the same group that had as the primary 
endpoint the 1-year remission did not observe differences 
in the 6-year incidence of 40% decline in eGFR, death, or 
end-stage kidney disease between patients randomized to 
cyclophosphamide plus glucocorticoids or TAC plus glu-
cocorticoids [37]. Notably, the best predictor of long-term 
outcome is remission of proteinuria [38]. If a patient with 
MN remains in remission, the long-term outcome is excel-
lent. Considering that RTX induces remission and main-
tains patients in remission long term (although may require 
repeated doses), there would be no reason to suppose that 
patients treated with RTX and in remission would progress 
to ESKD. Thus, proteinuria remission is a relevant short-
term and medium-term outcome that also must be analyzed 
in any new long-term studies. Regarding long-term complete 

Fig. 7   Complete remission (CR) at 24 months by intention-to-treat 
(ITT) analysis and medications cost for the different therapeutic regi-
mens. a CRs. Numbers above each bar correspond to the percentage 
of CRs at 24 months in each treatment arm as determined by the ITT 
analysis. b Estimated medication costs (in euros) for the different reg-
imens. Costs were estimated for a standard 1.8 m2 of body surface 
area in a patient weighing 70 kg. The second cycle of treatment with 
rituximab (RTX) or with cyclosporine proposed in MENTOR for 
patients who reduce baseline proteinuria by at least 25% at 6 months 
was not considered. If the treatment cycle were repeated, costs would 

double for both arms. These estimates are based on current costs in 
Spain and may differ for different countries. In the sequential therapy 
with tacrolimus-rituximab (TAC-RTX) regimen of STARMEN [32], 
we also considered the costs of tacrolimus tapering between months 
6 and 9. In GEMRITUX [4], the costs of antiproteinuric therapy 
(NIAT) were not considered. Infusion sets, day hospital facilities 
and personnel, travel costs, and costs for renin angiotensin system 
blockade and other concomitant medication not included. CsA cyclo-
sporine A, GC-CYC​ alternating therapy with glucocorticoid-cyclo-
phosphamide, NA data not available
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remission, results are consistent for both RTX alone and 
GC-CYC. By contrast, a CNI alone or in combination was 
the less effective approach (Fig. 7a). In any case, in STAR-
MEN, CNI did not appear to add to the efficacy of RTX at 18 
months of RTX administration, as compared to other trials 
or to an increase in remissions after RTX administration.

Results from STARMEN and RI-CYCLO call for a 
multinational randomized trial, preferably incorporating 
patients from different continents, that compares RTX with 
alternating GC-CYC in a population enriched for a higher 
risk of ESRD (e.g., lower baseline kidney function, < 60 
mL/min/1.73 m2) with a longer follow-up (> 3 years) and 
a combined kidney function endpoint (e.g., doubling of 
serum creatinine or 40–50% decreased in eGFR, kidney 
failure, or renal death). Of note, a 10-year observational 
follow-up should be incorporated with emphasis on long-
term safety and efficacy, and non-specific kidney protective 
agents should be clearly defined and incorporate all recent 
advances (e.g., they should consist at least of RAS blockade 
and sodium-glucose transport protein-2 inhibitors).

4.4 � Immunological Response

The four trials discussed in this review showed a previous 
or parallel decrease of anti-PLA2Rs with respect to the pro-
teinuria reduction (Fig. 2 of the ESM), which is consistent 
with previous results of observational studies. Results from 
STARMEN suggest that CNIs are at least as effective as GC-
CYC and RTX in inducing early (3–6 months) immunologi-
cal responses (Fig. 1c of the ESM). However, this was not 
confirmed in MENTOR, in which additionally, the immu-
nological response was transient (Fig. 1b of the ESM). It is 

unclear whether the difference relates to the drug used or to 
patient characteristics. However, on top of immune suppres-
sion, TAC decreased podocyte PLA2R expression, which 
may also contribute to the early immunological response 
[39].

5 � Risks and Safety

The combined four trials did not show significant differ-
ences in the incidence of AEs or SAEs between RTX-based 
treatments vs GC-CYC or supportive therapy. However, 
significant differences were observed in individual trials 
in the incidence of infections (more likely with GC-CYC 
or cyclosporine) or of deterioration of kidney function 
(cyclosporine) (Table 4). In MENTOR, cyclosporine had 
a numerically higher, although not statistically significant, 
occurrence of SAEs compared with RTX (Table  4 and 
pooled analysis, Fig. 8). Interestingly, of four patients who 
progressed to ESKD, three were taking GC-CYC (STAR-
MEN 1, RI-CYCLO 2) and one was receiving cyclosporine 
(MENTOR). The only death was in a participant taking RTX 
in RI-CYCLO. Thus, a post-hoc endpoint of death or ESKD 
occurred in 3/80 (3.8%) participants taking GC-CYC, 1/65 
(1.5%) participants taking cyclosporine, and 1/182 (0.5%) 
participants taking RTX, with or without TAC. These find-
ings are not aligned with previous studies, where progression 
to ESKD was less and malignancy more frequent in patients 
who received alkylating agents [6, 9, 12, 35]. As mentioned 
above, the relatively short follow-up time (24 months or less) 
and the lower doses of cyclophosphamide used could explain 
the lower frequency of SAEs such as cancer or fatal events. 

Fig. 8   Risk of serious adverse 
events (SAEs) in the STAR-
MEN, RI-CYCLO, GEM-
RITUX, and MENTOR 
randomized controlled trials in 
primary membranous nephropa-
thy. No overall difference in risk 
was noted. The experimental 
and control treatment arms 
were as follows: STARMEN, 
experimental: tacrolimus-ritux-
imab, control: glucocorticoid-
cyclophosphamide; RI-CYCLO, 
experimental: rituximab, 
control: glucocorticoid-cyclo-
phosphamide; GEMRITUX, 
experimental: rituximab, con-
trol: non-immunosuppressive 
antiproteinuric therapy; MEN-
TOR: experimental: rituximab, 
control: cyclosporine A
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We encourage the authors to report longer term (5–10 years) 
ESKD and survival outcomes of these trials. Using an evi-
dence-based medicine approach and considering estimates 
of efficacy (number-needed-to-treat [benefit]) and safety 
(number needed to treat [harm]) of clinical interventions 
applied in these trials [40], treatment with RTX appears to 
be clearly more effective and safer than cyclosporine or anti-
proteinuric therapy alone. Despite the risk of AEs attributed 
a priori to the GC-CYC, this regimen had a better benefit-to-
risk balance than TAC-RTX, but without conclusive differ-
ences with respect to RTX monotherapy (Table 5).

5.1 � Cost

Cost is a critical variable in resource-limited settings 
(Fig. 7b). Considering only the cost of medication, alter-
nating GC-CYC was clearly the less costly regimen. How-
ever, these basic estimates need to be evaluated in a cost-
effectiveness or cost-utility economic analysis that considers 
direct (immunosuppressive drugs) and indirect costs (pre-
medication, concomitant medication, infusion reactions, 

cost of monitoring white cell counts, AEs, and others) and 
indicators such as quality of life. Thus, a UK study showed 
that RTX was cost effective in the short, medium, and 
long term compared with the alternate GC-CYC treatment 
[41]. However, this analysis was based on an Italian cohort 
that used mainly the RTX single dose of 375 mg/m2 [29], 
which is lower than in the four trials analyzed. STARMEN 
showed that a lower cost RTX regimen may be effective 
in a significant proportion of patients. Despite these previ-
ous approaches, it is clearly necessary to carry out updated 
cost-effectiveness or cost-utility studies, where long-term 
(> 5 years) and clinically relevant outcomes are evaluated. 
These outcomes should include progression to ESKD, need 
for renal replacement therapy (including associated costs), 
hospitalizations, treatments, laboratory tests to monitor side 
effects, and rehabilitation related to SAEs, life expectancy, 
and associated death. Moreover, these studies should con-
sider optimal and safe doses of RTX, CNIs, and/or cyclo-
phosphamide. A key issue in long-term trials is cost. A prag-
matic trial design may be a cost-effective means of having 

Table 5   Risks and benefits of interventions in four trials on membranous nephropathy

The number needed to treat benefit (NNTB) is the estimated number of patients who need to be treated during a specific period with the test 
treatment rather than the control treatment for one additional patient to benefit. An ideal NNTB is 1 (with one treated patient we get one wanted 
outcome). Note that the test treatment was RTX in GEMRITUX, MENTOR, and RI-CYCLO, and GC-CYC in STARMEN. The NNTH: number 
needed to treat harm (NNTH) is the estimate number of patients who need to receive a drug for a specific time to experience an unwanted side 
effect or adverse reaction. A higher value of the NNTH indicates a safer intervention. NNTHAE and NNTHSAE were calculated for any AE or any 
SAE, respectively, from the data shown in Table 4. A relationship NNTB < NNTH indicates that benefits outweigh the risks of a specific thera-
peutic intervention
AE adverse event, CI confidence interval, CR complete remission, CsA cyclosporine A, GC-CYC​ glucocorticoid-cyclophosphamide, NC not 
computed, NI not interpretable, NIAT non-immunosuppressive antiproteinuric treatment, PR partial remission, RTX rituximab, SAE serious 
adverse event, TAC-RTX tacrolimus-rituximab
a In GEMRITUX, it was not possible to calculate NNTHAE because only SAEs were reported. In RI-CYCLO, it was not possible to calculate 
NNTHAE because both treatment arms had the same number of AEs (difference between the groups = 0)
b These confidence intervals are not shown because they include the value ∞ that is difficult to interpret. This is because the 95% CIs of the ARR, 
from which they are derived, include the zero value. In any case, they indicate that there is no significant difference in the number of patients 
who developed proteinuria remission, AEs, or SAEs in the treatment arms
c At 24 months, the NNTB for CR is higher than the rest of trials and the RR for CR in the primary analysis of the RI-CYCLO trial was 1.33 
(95% CI 0.49–3.89)

Study Comparison Follow-
up 
(months)

Outcome Benefit Harm Interpretation

NNTB
(95% CI)

NNTHAE
(95% CI)

NNTHSAE 
(95% CI)

Test treatment: RTX
 GEMRITUX  RTX vs NIAT 17 CR + PR

CR
4 (2–11)
7 (3–37)

NCa 33 (NI)b In favor of rituximab at 17 months (NNTB 
< NNTH)

 MENTOR  RTX vs CsA 24 CR + PR
CR

3 (2–4)
3 (2–4)

13 (NI)b 8 (NI)b In favor of rituximab at 24 months (NNTB 
< NNTH)

 RI-CYCLO  RTX vs GC-CYC​ 24 CR + PR
CR

26 (NI)b

15 (NI)b
NCa 19 (NI)b In favor of rituximab at 24 months (only 

for CRc)
Test treatment: GC-CYC​
 STARMEN GC-CYC vs TAC-RTX 24 CR + PR

CR
4 (2–14)
3 (2–7)

15 (NI)b 22 (NI)b In favor of GC-CYC at 24 months (NNTB 
< NNTH)
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a long-term follow-up of these trial patients to look at hard 
outcomes [42].

6 � Unmet Needs and Potential Novel 
Approaches

The four trials analyzed in the present article have shown 
that RTX is effective and safe for the treatment of patients 
with nephrotic syndrome due to MN and argue against 
CNIs as first-line therapy based on efficacy and safety cri-
teria. However, they also identified unmet clinical needs in 
overall MN management regarding the speed of onset of 
kidney improvement, effectiveness, safety, the treatment of 
specific populations (e.g., advanced CKD), and the role of 
anti-PLA2R monitoring in therapeutic decision making. Up 
to 20–30% of patients did not respond to GC-CYC, RTX, 
or CNI, and 65–75% of persons on RTX regimens did not 
achieve a complete remission (Table 3). Tools for early iden-
tification or prediction of non-responders and alternative 
regimens in these patients are needed. Overall, the follow-
ing strategies may address current shortcomings (Table 6).

6.1 � Optimization of Current Therapeutic 
Options and Incorporation of Risk‑Based 
and Response‑Based Decision Tools

Some of these issues may be addressed through optimiza-
tion of dosing schedules for current agents and integration 
of these optimized dosing schemes with risk-based and 
response-based decision tools. Optimization of RTX timing 
and dosing (e.g., retreatment at 6 months) could be the key 
to improving long-term efficacy. Different RTX regimens 
(dose range from 1 to 4 g of RTX and from one to four 
infusions distributed over 6 months) were tested and none 
of the trials administered a second dose of RTX based on 
B-cell counts or immunological response. Indeed, only one 
trial (MENTOR) incorporated a second cycle of RTX at 6 
months, but penalized patients with an insufficient proteinu-
ric response as treatment failures without offering a second 
RTX cycle. Thus, available RCTs have failed to fully explore 
the possibilities of RTX therapy. It is thus open to ques-
tion what the optimal regimen would be in clinical practice: 
should an initial lower dose be followed by repeat dosing 
based on any of the following criteria? a. B-cell counts, b. 
immunological response, c. proteinuria response, d. other 
or a combination of the prior criteria. A recent report of 
two MN cohorts in The Netherlands and in France showed 
that RTX (cumulative dose up to 2 g) was less effective 
than cyclophosphamide (dose 1.5 mg/kg/day) in inducing 

Table 6   Current research questions in the management of primary membranous nephropathy

CKD chronic kidney disease, CNIs calcineurin inhibitors, CYC​ cyclophosphamide, GFR glomerular filtration rate, MN membranous nephropa-
thy, PLA2R phospholipase A2 receptor, RCT​ randomized controlled trial

Optimization of current therapeutic options and incorporation of risk-based and response-based decision tools
 Optimal CYC regimen: consider low-dose short IV regimen
 Optimal RTX regimen, consider retreatment according with immunological and clinical criteria. Only MENTOR considered a second rituxi-

mab cycle, but this was limited to patients with a proteinuria response
 Combination therapy with less nephrotoxic CNIs (e.g., voclosporine) and a slower tapering regimen
 Combination therapy with agents that may decrease podocyte PLA2R expression (e.g., tacrolimus, anti-TWEAK antibodies)

Novel anti-B-cell therapies
 Obinutuzumab
 Belimumab
 Sequential rituximab-belimumab

Targeting plasma cells
 Bortezomib
 Anti-CD38 antibodies, e.g., daratumumab and felzartamab (MOR202)

Defining and testing special populations
 Advanced CKD (GFR <30 mL/min/1.73 m2)
 Pragmatic RCTs stratified by sex and baseline serum levels of anti-PLA2R antibodies
 Refractory patients with MN to at least two different immunosuppressive regimens

Optimization of remission definitions
 Incorporation of time-dependent immunological response

Long-term safety and impact on kidney function
 Long-term (5–10 years) prospective follow-up of participants should be built-in into RCT design to generate information into long-term risks 

(malignancy, infection) and impact on kidney function and need for kidney replacement therapy
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immunological response in patients with high baseline titers 
of anti-PLA2R [43]. However, in ten patients who did not 
achieve clinical remission at 6 months, a second course of 
RTX achieved immunological remission in eight patients 
(80%), and clinical remission in all ten patients after up of 
19.5 months (17.4–30.3 months) [44]. This finding sug-
gests that a single course of RTX might be insufficient in 
patients with high baseline anti-PLA2R titers, presumably 
because of a potentially more rapid repopulation of CD19+ 
B cells, highlighting the importance of the type of lympho-
cyte populations and baseline serum levels of anti-PLA2R 
autoantibodies in the response to RTX [45]. Risk stratifica-
tion protocols should be tested in pragmatic clinical trials.

Potential new strategies include the use of an induction 
phase with monthly intravenous cyclophosphamide such as 
the EUROLUPUS study regimen [46], replacement of oral 
by intravenous cyclophosphamide in the Ponticelli regimen 
[47, 48], or a combination of low-dose cyclophosphamide 
and RTX [49]. These have shown encouraging clinical 
(proteinuria) and immunological remission results, with an 
excellent safety profile. However, an old and small old RCT 
in 26 patients with progressive MN did not show differences 
between 6 months of treatment with intravenous cyclophos-
phamide plus corticoids vs corticoids alone when a major 
improvement in kidney function was the primary outcome 
[50]. A combination of cyclosporine and RTX has also 
been tested with positive results [21], although the TAC-
RTX (single-dose) experience may argue against sequential 
CNI-RTX to improve over current standards.

6.2 � Novel Anti‑B‑Cell Therapies

New generation anti-CD20 antibodies are available. Obi-
nutuzumab is a fully humanized anti-CD20 monoclonal 
antibody with reduced fucose content that binds to a CD20 
epitope partially overlapping with that recognized by RTX. 
Obinutuzumab produces a much more intense and long-
lasting decline in CD20+ B cells. In refractory MN, two 
small series showed that obinutuzumab induced early and 
sustained remission of proteinuria in two of three patients 
(67%) and nine of ten patients (90%), respectively, as well as 
a marked decrease in anti-PLA2R antibodies with few AEs 
[51, 52]. Belimumab is a monoclonal antibody that inhib-
its BAFF/BLYSS and induces B-cell apoptosis. Its clinical 
efficacy has been demonstrated in lupus nephritis, includ-
ing membranous lupus nephritis [53]. A recent open-label 
prospective study showed that in 14 patients with persistent 
nephrotic proteinuria due to primary MN (three with prior 
immunosuppression), belimumab (10 mg/kg/month for 2 
years) induced partial or complete remission in nine patients 
(64%) with significant decreases in anti-PLA2R from week 
12 and in proteinuria from week 36 [54], with few AEs and 
no patient deaths. Another potential alternative is sequential 

RTX-belimumab therapy, aimed at depleting CD20 + B cells 
and preventing their BLYSS-driven recovery. An ongoing 
phase II and double-blind RCT is exploring this novel thera-
peutic approach in 124 patients with MN with positive anti-
PLA2R (NCT03949855).

6.3 � Targeting Plasma Cells

Plasma memory cells are responsible for the persistence of 
autoantibodies, which may condition relapses and refracto-
riness to conventional immunosuppression, including RTX 
[55]. Bortezomib is a proteasome inhibitor used in multiple 
myeloma and non-Hodgkin lymphoma that induces apop-
tosis of high-turnover plasma cells and has shown efficacy 
in immunosuppression-refractory lupus nephritis [56]. Four 
doses of bortezomib (1.6 mg at days 1, 4, 8, and 11) induced 
complete remission at 12 months in one patient with primary 
MN with severe nephrotic syndrome that did not respond to 
RAS blockade or high-dose corticosteroids, and decreased 
anti-PLA2R titers, with few AEs [57]. Similar results with 
bortezomib plus dexamethasone have been reported in severe 
and refractory cases to RTX and/or cyclophosphamide [58, 
59]. However, this therapeutic approach has not been for-
mally tested, and RCTs are required to give more robust rec-
ommendations. Daratumumab and felzartamab (MOR202) 
are anti-CD38 antibodies that decrease plasma cell numbers 
but have not yet been formally studied for refractory MN 
[60]. However, two ongoing open-label phase II trials are 
assessing the efficacy, safety, and pharmacokinetics/pharma-
codynamics of felzartamab in anti-PLA2R positive patients 
with MN and are expected to be completed in 2022 and 
2023, respectively (NCT04733040, NCT04145440).

6.4 � Appropriate Control Groups for New Clinical 
Trials

For newer agents, GC-CYC should still be considered as the 
control group for high-risk patients, but for milder cases and 
considering the risk/benefit of each drug (as recommended 
in KDIGO 2021), RTX could be considered as the new con-
trol group (reference group). However, the issue of ideal vs 
what can be achieved is a key issue. It is extremely unlikely 
that industry will ever fund a trial using a combination of 
cyclophosphamide and corticosteroids as the control arm. 
That same can be expected from government agencies, for 
example, the National Institutes of Health refused to fund 
even a small part of MENTOR. As such, the search for the 
“ideal” vs the “reality” comes into play. This can be illus-
trated by current ongoing RCTs, e.g., NCT04629248, A 
Study Evaluating the Efficacy and Safety of Obinutuzumab 
in Participants with Primary Membranous Nephropathy, 
where the comparator arm is TAC.
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6.5 � Advanced CKD

There are scarce reports of treatment outcomes for patients 
with advanced CKD (GFR < 30 mL/min/1.73 m2). In this 
context, alkylating drugs showed better efficacy than CNIs 
[61]. A small series of 13 patients with CKD stages 4–5 
showed that RTX may be a viable alternative [62]. However, 
these data should be confirmed in RCTs.

6.6 � Optimizing Remission Definitions

Anti-PLA2R antibodies play an important role in monitoring 
the immunological response to treatment in primary MN. 
In observational studies, baseline anti-PLA2R titers and 
immunological response (negative anti-PLA2R) predicted 
the clinical response in the medium term and long term 
[23, 63–65], a finding that was confirmed by STARMEN, 
RI-CYCLO, and MENTOR. Randomized controlled trials 
should evaluate the role of anti-PLA2R and other emerging 
autoantibodies and antigens in therapeutic decision mak-
ing in primary MN [66]. Furthermore, the definition of dis-
ease remission must be modified to include immunological 
remission (i.e., antibody negative) in addition to proteinuria 
remission, and should consider the time lag between immune 
response and clinical remission [67].

6.7 � Long‑Term Impact on Kidney Function

A key consequence of proteinuric kidney disease is the 
long-term loss of kidney function. Treatment for MN should 
preserve kidney function and prevent ESKD. However, the 
short-term impact of therapy on kidney function may be dif-
ficult to interpret, given the hemodynamic impact of some 
therapies (e.g., CNIs, RAS blockade), the potential for both 
reversible and chronic nephrotoxicity (CNIs), loss of mus-
cle mass (steroids), and the impact of the presence of large 
amounts of protein in the urinary space on GFR that may 
penalize successful therapies. Thus, a long-term follow-up 
of kidney function should be built into any RCT for MN. 
This recommendation is consistent with the conclusions of 
a recent systematic review, where it is observed that immu-
nosuppressive therapy could help prevent progression to 
ESKD, mainly with alkylating agents, but at the expense 
of clinically relevant adverse effects associated with these 
drugs. Importantly, it was emphasized in this review that 
these conclusions are based on a few high-quality studies 
and without an adequate long-term follow-up of patients, 
including with the use of CNIs and new biological agents 
[68].

7 � Conclusions

Recent RCTs have improved our understanding of the role 
of different therapeutic regimens for primary MN. Overall, 
RTX was superior to NIAT or cyclosporine (Fig. 2 of the 
ESM). Information regarding the relative performance of 
GC-CYC vs RTX is less clear cut, as the TAC-RTX regimen 
(lower dose, delayed RTX) tested in STARMEN appears to 
be a suboptimal regimen from the point of view of efficacy 
and safety and RI-CYCLO was a pilot trial. In any case, 
these recent RCTs confirmed the efficacy of GC-CYC to 
induce remission of proteinuria and immunological response 
in primary MN under current standards of clinical practice 
in association with a reasonable safety profile (Table 5). 
However, the occurrence of ESKD only in the GC-CYC 
arms of both RCTs testing this regimen raises concerns that 
should be addressed in a long-term follow-up. The available 
trials do not offer information that allows recommendation 
of a different regimen for patients at high or very high risk. 
Interestingly, MENTOR enrolled the most severely affected 
patients and confirmed the efficacy of RTX. However, none 
of the RTX regimens tested in RCTs appeared optimal as 
they did not incorporate retreatment at 6 months or did so 
only for certain patients, diagnosing treatment failure before 
a second cycle of RTX. Thus, the therapeutic potential of 
RTX may have been underestimated in available RCTs. Cal-
cineurin inhibitors, despite their antiproteinuric effect, have 
a suboptimal AE profile, including persistent nephrotoxicity 
and a high relapse rate, and cannot be used in patients with 
advanced CKD. As such, CNIs have been relegated to the 
third treatment option. In resource-limited settings, GC-CYC 
provides the lowest cost of therapy, although formal cost-
effectiveness analyses would be required. Given the mul-
titude of unanswered questions (Table 6), we suggest that 
pragmatic RCTs are set up and offered to at least patients 
cared for at referral centers.
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