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Introduction: Patients with phospholipase A2 receptor (PLA2R)–associated membranous nephropathy and

stage 4 or 5 chronic kidney disease are at high risk of end-stage kidney disease. In recent years, rituximab

(RTX) emerged as a safe and efficient treatment for patients with PLA2R-associated membranous ne-

phropathy. Whether its use is also appropriate in patients with an estimated glomerular filtration rate <30

ml/min per 1.73 m2 has not been investigated.

Methods: We retrospectively reviewed characteristics and outcome of 13 patients with PLA2R-associated

membranous nephropathy and stage 4 or 5 chronic kidney disease who received a total of 14 consecutive

RTX treatments from January 2012 to March 2018. The treatment regimen consisted of either 2 weekly

infusions of 375 mg/m2 or 2 RTX infusions of 1 g/d two weeks apart. When needed, the regimen was

repeated to achieve immunological remission.

Results: The mean estimated glomerular filtration rate, serum albumin level, and urinary protein level at

the first RTX infusion were 18 � 7 ml/min per 1.73 m2, 25.2 � 5.4 g/l, and 13.2 � 7.5 g/d, respectively, with

all patients being tested positive for serum PLA2R antibodies. Ten treatment courses led to an increase in

estimated glomerular filtration rate and remission of nephrotic syndrome after a median follow-up of 40.8

months (interquartile range, 14.8–46.8). Conversely, 4 RTX treatments were unsuccessful, with patients

requiring chronic hemodialysis within 1 year. The urinary albumin-to-protein ratio before treatment was

predictive of renal response. Immunological remission occurred after 11 treatment courses and was

associated with clinical response in 10 of 11 patients. Three patients experienced severe adverse events.

Conclusion: RTX seems effective and reasonably safe in PLA2R-associated membranous nephropathy with

stage 4 or 5 chronic kidney disease. Immunological remission is associated with a good clinical outcome.

Kidney Int Rep (2020) 5, 331–338; https://doi.org/10.1016/j.ekir.2019.12.006
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M
embranous nephropathy (MN) is one of the
leading causes of nephrotic syndrome (NS) in

adults. Primary MN is associated with a significant risk
of developing end-stage kidney disease.1 Until
recently, the urinary protein level was the main
biomarker to assess severity and guide therapeutic
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indications to prevent the development of kidney fail-
ure, while it remains to date the primary criterion of
remission definitions.2,3

A giant leap in the understanding of the patho-
physiological mechanisms of primary MN was made in
2009 with the discovery of autoantibodies directed
against a podocyte surface antigen, the M-type phos-
pholipase A2 receptor (PLA2R), found in 70% of adult
patients with primary MN. After binding to a confor-
mational epitope of PLA2R, those antibodies (Abs)
induce characteristic in situ immune complex deposits.4

Accumulating evidence suggests that high titers of
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anti-PLA2R antibodies (PLA2R Abs) are correlated with
clinical evolution, response to treatment, and renal
survival.5–9 Therefore, agents that specifically interfere
with B-cell Ab production are the first step toward
selective therapy for primary MN. Several retrospec-
tive studies and the 2 randomized controlled trials
showed that rituximab (RTX) efficiently and safely
induced PLA2R Ab depletion and that the decrease in
PLA2R Ab titer preceded remission of proteinuria by
several months,10,11 suggesting Ab depletion as the first
therapeutic target.12

The use of immunosuppressive therapies, including
alkylating agent-corticosteroid combination, calci-
neurin inhibitors, or RTX, is widely recognized as
beneficial in selected patients, that is, high-risk patients
with NS and either no improvement over a 6-month
period of antiproteinuric therapy, life-threatening
symptoms, or progressive kidney failure.3 Nonetheless,
latest treatment algorithms, in line with 2012 Kidney
Disease: Improving Global Outcomes guidelines, do not
suggest using such treatments in patients with an esti-
mated glomerular filtration rate (eGFR) <30 ml/min per
1.73 m2, because of a potential reversal of the risk-
benefit balance resulting from both poor efficiency and
higher toxicity.12

Moreover, despite the lack of demonstrated impact of
the eGFR level on RTX pharmacokinetics and tolerance,
patients with an eGFR <30 ml/min per 1.73 m2 were
excluded from the 2 RTX-based randomized controlled
trials (eGFR$ 45 ml/min per 1.73 m2 in the GEMRITUX
trial and $ 40 ml/min per 1.73 m2 in the MEmbranous
Nephropathy Trial Of Rituximab [MENTOR]), and
conflicting data exist on whether efficacy could be
preserved in altered kidney function.13–15

In the present study, we analyzed the efficacy and
tolerance of RTX in a cohort of 13 consecutive patients
presenting with PLA2R MN and receiving therapy at
stage 4 or 5 chronic kidney disease (CKD).
METHODS

Patients and Study Design

We retrospectively identified 13 consecutive patients
treated with RTX for PLA2R MN and an eGFR <30 ml/
min per 1.73 m2 from January 2012 to February 2019.
Diagnosis of PLA2R MN was based on histopatholog-
ical criteria, or positive PLA2R Ab testing when kidney
biopsy was contraindicated. Twelve patients were
screened at the Nephrology and Dialysis Department of
Tenon Hospital, Paris, France, and 1 patient at the
Nephrology Department of Saint-Luc Academic Hos-
pital, Brussels, Belgium. Eight patients received RTX
for the initial flare, 4 patients were treated for relapse,
and 1 for both the initial flare and relapse for a total of
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14 treatment courses. Previous treatments, for example,
renin-angiotensin system blockade or immunosup-
pressive therapies, were not regarded as study criteria.
The treatment regimen consisted of either 2 weekly
RTX doses of 375 mg/m2 or 2 RTX infusions of 1 g/
d two weeks apart. Treatment was repeated if needed
to achieve PLA2R Ab complete depletion.

Patients’ clinical and biological data at diagnosis, at
RTX initiation, and at last follow-up (i.e., last evalua-
tion, last day before hemodialysis, or last follow-up
before relapse, as appropriate) were retrospectively
recorded. The glomerular filtration rate was estimated
using the Modification of Diet in Renal Disease equation
as the standardized serum creatinine method was not
available for all patients. Serum PLA2R Abs were
measured by enzyme-linked immunosorbent assay, us-
ing a 14 relative units (RU)/ml positivity threshold, and
by indirect immunofluorescence assay (both tests
developed by EUROIMMUN AG, Lübeck, Germany).
Features suggestive of chronic kidney injury were
reviewed from the patient’s records and included his-
tological data (i.e., glomerular sclerosis and tubu-
lointerstitial fibrosis), kidney size, and urinary protein
composition (i.e., urinary albumin-to-protein ratio, IgG-
to-creatinine ratio, alpha-1 microglobulin-to-creatinine
ratio, retinol binding protein-to-creatinine ratio).

Outcomes after RTX treatment were defined as fol-
lows: responders referred to patients with partial
remission or complete remission according to Kidney
Disease: Improving Global Outcomes guidelines (i.e.,
urinary protein level between 0.3 and 3.5 g/d with a
decrease by at least 50% from the initial value
and <0.3 g/d, respectively) and stabilization or
improvement in eGFR3; nonresponders referred to pa-
tients with no complete remission or partial remission
and a decline in eGFR. Relapse was defined by the
reappearance of proteinuria and circulating PLA2R Abs
after partial remission/complete remission and PLA2R
Abs negativation. Immunological remission was defined
by negative tests for circulating PLA2R Ab detection.

Each patient was fully informed of risks and benefits
of the use of RTX at low eGFR.

Statistical Analysis

Normality was confirmed using the D’Agostino-
Pearson and Shapiro-Wilk normality tests, allowing the
comparison of means using 2-tailed paired t tests and
the comparison of odds ratios using the 2-sided Fisher
exact test. All statistics were performed using Graph-
Pad Prism version 5.00 for Windows (GraphPad Soft-
ware, La Jolla, CA). Normally distributed variables are
expressed as means � SD, and nonnormally distributed
variables are expressed as median (interquartile range
[IQR]).
Kidney International Reports (2020) 5, 331–338
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RESULTS

Patients’ Characteristics at Diagnosis and at RTX

Infusion

Baseline characteristics at diagnosis are reported in
Table 1. The mean age was 60.7 � 9.7 years, and the
male/female ratio was 2.2. The mean serum creatinine
level was 165 � 90 mmol/l, and the mean eGFR was 48
� 24 ml/min per 1.73 m2, with 4 patients having an
eGFR between 15 and 30 ml/min per 1.73 m2. The mean
urinary protein level was 7.9 � 5.1 g/d and serum al-
bumin level 21.9 � 6.7 g/l, and the 10 patients tested at
diagnosis had circulating PLA2R Abs detected by
either enzyme-linked immunosorbent assay, indirect
immunofluorescence assay, or both. Three patients
were not tested for circulating PLA2R Abs at diagnosis
but were serologically positive during follow-up.

Histological features indicative of chronicity, that
is, glomerular sclerosis and tubulointerstitial fibrosis,
respectively, involved mean rates of 10% � 10%
and 16% � 12% of the kidney biopsy sample at
diagnosis. The median delay between kidney biopsy
and the first RTX infusion was 17.1 months (IQR,
8.45–45.9 months). Renal imaging, performed in a
median time of 2.0 months (IQR, 1.0–5.0 months)
before RTX therapy, showed a mean kidney size of
10.5 � 0.9 cm.

As depicted in Supplementary Figure S1, 6 patients
previously received immunosuppressive treatments. In
those with previous RTX treatment experience, the
time interval since the last dose was at least 16 months.

Patients’ characteristics at RTX initiation are detailed
in Table 1. The estimated GFR was below 30 ml/min per
1.73 m2 in all patients, with a mean eGFR of 18 � 7
ml/min per 1.73 m2. Six RTX courses (43%) were
administered in patients who had reached stage 5 CKD.
The median serum albumin and urinary protein levels
were 25.2 � 5.4 g/l and 13.2 � 7.5 g/d, respectively.
Serum PLA2R Abs were tested positive in all patients.
RTX treatment was administered in a median delay of
12.0 months (IQR, 6.2–18.4 months) after diagnosis and
of 7.0 months (IQR, 3.0–8.5 months) after relapse.

One patient (patient 6) received RTX twice, the first
course at diagnosis and the second course at relapse 4
years later. Both episodes occurred with eGFR < 30
ml/min per 1.73 m2 and were separated by a period of
complete clinical and immunological remission with
eGFR stabilization (up to 22 ml/min per 1.73 m2).
Altogether, 14 treatment courses for a total of 13 pa-
tients were recorded.
Clinical and Immunological Outcomes

Clinical and immunological outcome after RTX infusion
is detailed in Table 1 and Figures 1 and 2.
Kidney International Reports (2020) 5, 331–338
Overall, over a median follow-up period of 17.8
months (IQR, 10.3–43.3 months), the mean eGFR, uri-
nary protein level, and serum albumin level evolved
from 18 � 7 to 23 � 13 ml/min, from 13 � 7 to 0.8 � 8
g/d, and from 25 � 5 to 34 � 11 g/l, respectively.

Ten treatment courses performed in 9 patients
resulted in a renal response (responder group), while 4
(29%) patients had a progression to end-stage kidney
disease (nonresponder group) within 1 year.

In the responder group, the mean eGFR increased
from 19 � 6 to 29 � 11 ml/min per 1.73 m2 (P ¼ 0.01),
the serum albumin level increased from 26.7 � 5.2 to
39.5 � 1.8 g/l (P < 0.001), and the urinary protein level
decreased from 10.8 � 6.6 to 0.7 � 0.4 g/d (P < 0.001)
from RTX initiation to last follow-up (median duration,
40.8 months [IQR, 14.8–46.8 months]). Importantly, all
the 10 successful treatment courses were associated
with complete immunological remission. Two patients
received a second course of RTX (administered at 7 and
10 months after the first dose) to reach complete
immunological remission.

In the 4 nonresponders patients, the median time
between RTX initiation and the start of hemodialysis
was 6.7 months (IQR, 4.9–11.0 months). Three patients
never reached immunological remission despite
repeated RTX infusions (2 courses in 2 patients and 4 in
1 patient). The fourth patient, treated at an eGFR of 5
ml/min per 1.73 m2, reached immunological remission
after RTX treatment but required chronic hemodialysis.
All the nonresponders were treated with a high-dose
regimen (i.e., 2 RTX infusions of 1 g/d two weeks
apart).16

As shown in Table 2, at RTX initiation, the urinary
protein composition was found to be predictive of renal
response. Indeed, the mean urinary albumin-to-protein
ratio differed significantly between nonresponders and
responders (55.2% � 3.9% and 74.3% � 8.2%,
respectively; P < 0.001) and was predictive of outcome
using a 60% threshold (odds ratio, 189.0; 95% confi-
dence interval, 3.2–11110; P ¼ 0.001). Moreover, the
urinary IgG level and urinary IgG-to-protein ratio were
both significantly higher in nonresponders versus re-
sponders (157.6 � 68.0 mg/mmol vs. 63.3 � 40.4 mg/
mmol; P ¼ 0.01 and 11.3% � 2.9% vs. 6.7% � 2.8%;
P ¼ 0.02, respectively). By contrast, no significant
difference was observed between the 2 groups
regarding age, eGFR, serum albumin level, urinary
protein level, urinary albumin level, urinary alpha-1
microglobulin level, and urinary retinol binding pro-
tein level at RTX initiation.

Immunological remission after RTX treatment was
the second parameter associated with renal response
(odds ratio, 49.0; 95% confidence interval, 1.6–1502;
P ¼ 0.01).
333



Table 1. Patients’ characteristics at diagnosis, RTX initiation, and last follow-up

S. no. Sex
Age
(yr)

Histology Morphology

sCreat level
(mmol/l)

eGFR
(ml/min per 1.73 m2)

uProt level
(g/d) sAlb level (g/l)

PLA2R Abs level Time (mo)

Previous IS
treatmenta

RTX
retreatment

S Glom
(%)

IFTA
(%)

Time (mo) :
Bx to RTX

Kidney size
(left/right; cm)

Time (mo) :
imaging
to RTX ELISA (RU/ml) IIFT

Diagn. to
RTX

RTX to
last FU

1b,c M 63 NA 40 104 11.2/9.4 2 103 996 1112 67 5 4 13 17 6.8 16 24 34 718 85 Neg 1/1000 1/100 Neg 104.4 (1.5d) 5.1 1

2e F 58 – – – NA – 160 340 218 30 13 20 14 11 0.9 25 30 39 NA 84 Neg NA 1/200 Neg 35.4 13.9 1

3c F 66 0 33 18 11.2/11.2 1 128 202 603 47 27 7 7 12 11 20 26 30 NA 602 Neg 1/100 1/1000 1/50 18.4 11.9 RTX 4

4e M 65 – – – x/13.2 26 180 258 205 35 23 28 12 12 0.6 16 29 41 NA 97 Neg 1/1000 1/500 Neg 36.6 20.6 1

5e F 62 – – – 9.0/x 1 370 408 201 11 10 21 6 25 0.7 17 19 40 NA NA Neg 1/200 1/500 Neg 2.0 52.2 0

6 M 73 18 20 4 9.3/9.6 4 290 250 338 19 21 15 19 9 0.9 23 29 39 36 34 Neg 1/100 1/100 Neg 3.6 41.2 0

6b,f 18 20 51 NA – 310 300 18 18 2 1.7 34 39 34 Neg 1/50 Neg 47.0 (3.0d) 15.1 RTX 0

7b,g M 59 0 10 46 NA – 105 460 185 67 11 34 5 16 0.5 26 19 38 NA 130 Neg NA 1/500 Neg 45.9 (12.0d ) 42.8 Cy-Cs 0

8b M 34 0 10 128 10.0/10.0 1 130 321 140 56 18 47 2 7 0.3 14 29 38 270 NA Neg 1/1000 1/100 Neg 128.0 (7.0d ) 40.4 RTX; C 0

9b M 58 9 10 45 10.4/10.8 30 100 230 146 71 27 43 4 14 0.3 15 22 37 NA 81 Neg 1/1000 1/1000 Neg 45.0 (8.45d) 83.1 RTX; C 0

10c M 61 0 0 17 10.9/11.3 3 85 415 459 84 14 11 4 28 31 33 17 12 NA NA NA 1/1000 1/1000 1/500 17.1 4.8 Cy-Cs; C 1

11c F 72 11 5 9 10.3/11.0 1 120 366 453 41 11 8 3 20 6 21 19 9 NA NA NA NA 1/500 1/500 9.0 8.3 1

12 M 64 23 20 6 10.3/11.0 6 273 270 231 20 22 26 8 8 0.2 24 25 41 NA NA Neg 1/200 1/200 Neg 6.2 45.0 0

13b M 54 23 10 348 10.0/10.3 2 97 186 155 74 29 35 6 4 0.5 35 31 43 NA 52 Neg NA NA NA 348.0 (13.0d) 11.0 0

Abs, antibodies; Bx, biopsy; C, cyclosporine; Cy-Cs, cyclophosphamide-corticosteroid combination therapy; Diagn., diagnosis; eGFR, estimated glomerular filtration rate (according to the Modification of Diet in Renal Disease formula); ELISA, enzyme-
linked immunosorbent assay; F, female; FU, follow-up; IFTA, interstitial fibrosis and tubular atrophy; IIFT, indirect immunofluorescence testing; IS, immunosuppressive; M, male; NA, not available; Neg, negative; PLA2R, phospholipase A2 receptor; RTX,
rituximab; sAlb, serum albumin; sCreat, serum creatinine; S Glom, sclerotic glomeruli; uProt, urinary protein; x, absent or severely atrophic kidney.
aA detailed description of previous treatments is provided in Supplementary Figure S1.
bPatients treated for relapse.
cDefinitive hemodialysis.
dDelay from relapse.
eInsufficient or no histological data (small sample size in patient 2 and serology-based diagnosis in patients 4 and 5 owing to solitary kidney).
fPatient treated twice with rituximab (see Supplementary Figure S1).
gTransient hemodialysis (started 5 mo after rituximab treatment and discontinued after 4 mo).
Age is reported at diagnosis; sCreat, eGFR, uProt, sAlb, and PLA2R Ab levels are reported at diagnosis, rituximab, and last follow-up in each parameter column.
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Figure 1. Evolution of estimated glomerular filtration rate (eGFR), urinary protein level, serum albumin level, and phospholipase A2 receptor
(PLA2R) antibodies at diagnosis (Diagn.), at the first rituximab (RTX) infusion, and at last follow-up (FU). Green lines represent responders (R);
and red lines represent nonresponders (NR). þ, patient with positive serology; �, patient with negative serology; NA, patient not tested.
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Of the 6 patients with stage 5 CKD before treatment,
3 (50%) had a progression to end-stage kidney disease,
including 1 with complete immunological response.
The remaining 3 patients reached complete immuno-
logical response, had improved kidney function, and
were dialysis-free at last follow-up (median, 60 months
[IQR, 36–65 months]). One of them required only
transient hemodialysis but recovered 5 months after
immunological remission.

Safety

Four severe adverse events requiring hospitalization
were reported in 3 patients for a total of 52 RTX in-
fusions. Patient 1 underwent infectious chronic
obstructive pulmonary disease exacerbation 1 month
after the first RTX infusion. Patient 6 presented with
prostatitis 1 month after the first course of RTX and
eGFR (ml/min per 1.73 m2) Urinary prot

RTX Last FU

P ≤ 0.03

a

b

Responders

Urinary pr

*

Non-responders

*

Diagn. RTX Last FUDiagn. RTXDiagn.

RTX Last FUDiagn. RTX Last FUDiagn. RTXDiagn.

ns

eGFR (ml/min per 1.73 m2)

Figure 2. Differential evolution of estimated glomerular filtration rate (eGFR
at the first rituximab (RTX) infusion, and at last follow-up (FU) among respo
P > 0.03.

Kidney International Reports (2020) 5, 331–338
underwent severe laryngospasm and bronchospasm
after the first RTX injection of the second course,
warranting treatment withdrawal, but achieved
immunological remission. Patient 10 presented with
Clostridium difficile colitis and giardiasis 1 week after
the first RTX administration. No death related to
treatment was reported; 1 patient died of status epi-
lepticus of unknown origin 1 year after the last RTX
injection.
DISCUSSION

Management of MN has been a source of controversy
for decades. The course of the disease is highly het-
erogeneous and poorly predictable with, on the one
side, spontaneous remission occurring in at least one-
third of the patients and, on the other side,
ein (g/d) Serum albumin (g/l)

P ≤ 0.001 ***

otein (g/d) Serum albumin (g/l)

*** **

*

********************************** * ********************

*

Last FU RTX Last FUDiagn. RTXDiagn.

Last FU RTX Last FUDiagn.

ns ns

P ≤ 0.001

ns ns

), urinary protein level, and serum albumin level at diagnosis (Diagn.),
nders (a) and nonresponders (b). Data presented as mean � SD. ns,
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Table 2. Comparison between responders and nonresponders at
rituximab initiation
Characteristic Responders Nonresponders P

Age (yr) 65.6 � 10.2 68.6 � 4.1 0.58

eGFR (ml/min per 1.73 m2) 19.2 � 6.5 14.2 � 9.3 0.27

Serum albumin level (g/l) 26.7 � 5,2 21.5 � 4.2 0.10

Urinary protein level (g/d) 10.8 � 6.6 19.2 � 6.7 0.05

Urinary albumin level (g/d) 7.1 � 2.4 6.9 � 2.3 0.88

Urinary albumin-to-protein ratio (%) 74.3 � 8.2 55.2 � 3.9 <0.001

Urinary IgG level (mg/mmol) 63.3 � 40.4 157.6 � 68.0 0.01

Urinary IgG-to-protein ratio (%) 6.7 � 2.8 11.3 � 2.9 0.02

Urinary a1M level (mg/mmol) 23.0 � 14.3 30.6 � 20.3 0.46

Urinary a1M-to-protein ratio (%) 3.1 � 1.8 2.3 � 1.3 0.48

Urinary RBP level (mg/mmol) 11.1 � 7.2 14.0 � 5.6 0.50

Urinary RBP-to-protein ratio (%) 1.5 � 1.5 1.0 � 0.1 0.54

a1M, alpha-1 microglobulin; eGFR, estimated glomerular filtration rate (according to the
Modification of Diet in Renal Disease formula); RBP, retinol binding protein.
Data presented as mean � SD.

CLINICAL RESEARCH N Hanset et al.: Rituximab in Membranous Nephropathy and Severe CKD
progression to end-stage kidney disease within 10
years in 35% of the cases.17 Therefore, except when
MN is associated with life-threatening complications or
rapid decline in kidney function, current international
guidelines still recommend the use of conventional
antiproteinuric treatments during the first 6 months of
the disease to avoid potentially toxic immunosuppres-
sive treatments in patients who may reach spontaneous
remission. In the case of persistent NS after this period,
guidelines recommend starting immunosuppressive
therapy such as corticosteroid-cytotoxic agent combi-
nation or calcineurin inhibitors.3,18 For more than a
decade, RTX emerged as an effective alternative option
to those agents, as suggested in several retrospective
studies19–22 and further confirmed by 2 randomized
controlled trials: the French trial GEMRITUX and the
North-American trial MENTOR.10,11

Following Kidney Disease: Improving Global Out-
comes Controversies Conference on glomerular dis-
eases, an international consortium recently proposed
that only small kidneys, and not eGFR level, should
restrain the use of immunosuppressive agents.23

Indeed, as suggested by previous studies, immuno-
suppressive therapy, such as alkylating agent-
corticosteroid regimen or cyclosporine, could still be
efficient in patients with severely deteriorating kidney
function, although encumbered by substantial relapse
rate and serious treatment-related adverse events in
half of cases.24,25

To date, there is no study evaluating the efficacy of
RTX in patients with MN and an eGFR <30 ml/min per
1.73 m2, apart from 2 reported cases with stage 4
CKD.14,15

In our study, 13 consecutive patients with PLA2R
MN and stage 4 or 5 CKD were treated with RTX for a
total of 14 treatment courses. The characteristics of
patients at diagnosis in this cohort were in accordance
336
with the previously described classical PLA2R MN,
that is, predominantly middle-aged men with initial NS
and positive PLA2R serology, except that 4 patients
had stage 4 CKD at diagnosis.

After RTX treatment, renal outcome was favorable in
10 cases. In all these responders, treatment induced
remission of the NS, stabilization or improvement in
eGFR, and disappearance of circulating PLA2R Abs. By
contrast, none of the 4 nonresponders achieved NS
remission, with only 1 patient reaching immunological
remission. The follow-up duration was markedly
shorter in nonresponders (6.7 months) owing to rapid
progression to dialysis as compared with the follow-up
duration of 40.8 months in responders.

High levels of low- and/or high-molecular-weight
urinary proteins other than albumin were demon-
strated to be predictive of interstitial fibrosis in CKD and
renal prognosis in MN.26,27 In our study, the urinary
albumin-to-protein ratio and urinary IgG level before
RTX initiation were identified as predictive factors of
renal response. Although low-molecular-weight protein
excretion was found to be markedly increased in both
groups, indicating chronic tubulointerstitial damage,
higher levels of urinary IgG suggest more severe alter-
ations in the glomerular filtration barrier in non-
responders, presumably indicative of irreversible
glomerular scarring in those patients.

PLA2R Abs disappearance after RTX treatment was
associated with clinical remission, suggesting that
immunological remission (i.e., complete depletion of
PLA2R Abs by both enzyme-linked immunosorbent
assay and indirect immunofluorescence assay) may be a
surrogate for renal survival after RTX treatment in
stage 4 or 5 CKD and PLA2R MN.

The therapeutic protocol consisted of courses of RTX
(either two weekly 375 mg/m2 infusion or 2 RTX in-
fusions of 1 g/d 2 weeks apart), repeated as needed to
achieve complete immunological remission. In 6 pa-
tients, RTX treatment was repeated after 3 to 24
months. We previously showed that RTX was less
efficacious at 2 weekly doses of 375 mg/m2 than was
cyclophosphamide/steroid combination therapy in
inducing immunological remission in patients with
high levels of PLA2R Abs.28 In addition, we previously
reported that a second course of RTX had a dramatic
effect on PLA2R Abs titers, with all but 1 patient
reaching complete immunological remission and all
retreated patients showing clinical remission.29 The
retreatment regimen was stimulated by the GEMRITUX
trial where PLA2R Abs levels were markedly decreased
as early as 3 months after RTX but not followed by
further decrease at 6 months, suggesting an early loss
of efficacy of the monoclonal Ab. A previous study
showed that RTX blood levels were lower and the
Kidney International Reports (2020) 5, 331–338
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B-cell depletion significantly shorter in patients with
MN than in patients with rheumatoid arthritis or
antineutrophil cytoplasmic antibody vasculitis.21 Uri-
nary loss of the monoclonal Ab in the context of NS
likely accounts for those changes in RTX pharmacoki-
netics and potentially underpowers RTX regimen
commonly used in MN.

After a total of 52 RTX infusions, severe adverse
events (grade 3þ) included 3 infections requiring hos-
pitalization (6% of all treatments) and 1 life-threatening
infusion reaction (2%), but no death. RTX toxicity does
not seem dramatically enhanced by the severity of renal
dysfunction as compared to patients with preserved
kidney function.10,11 In the GEMRITUX trial, which
included younger patients (53 years old vs. 66 years
old), 1 severe infection was reported for a total of 74
infusions (1.3%) without an infusion reaction. In the
MENTOR trial, a trend toward the lower incidence of
severe and serious all-cause adverse events was
observed with RTX compared with cyclosporine.11

Even if the rate of severe adverse events appears
higher in the population of patients with advanced
CKD, RTX remains safer than cyclophosphamide-
corticosteroid combination therapy with a 3- to 4-fold
lower hazard rate of any kind of adverse events.30

We acknowledge some limitations due to the retro-
spective uncontrolled design of our study, the small
number of patients, and the heterogeneity of previous
therapeutic lines. Clinicopathological correlations could
not be analyzed because of the large time intervals
between kidney biopsy performed at diagnosis and at
RTX therapy.

In conclusion, RTX therapy in PLA2R MN seems to
achieve effective clinical and immunological remission
in patients with severely altered kidney function, with
acceptable safety. The urinary albumin-to-protein ratio
appears to be predictive of renal response to treatment
and may represent a valuable and readily available tool
to guide therapeutic decision. Given the association of
complete immunological remission and clinical remis-
sion in our study and the already known association
between PLA2R serology, disease progression,5–8 and
posttransplant recurrence,9 we suggest that PLA2R
Abs complete depletion should be a therapeutic target
in MN. To allow the translation of these findings into
routine clinical practice, our observations will need to
be confirmed in larger prospective cohorts of patients.
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