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Nephropathy with Nephrotic Syndrome: A Systematic
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Objective To investigate the efficacy and safety of rituximab (RTX) in the treatment of idiopathic membranous
nephropathy (IMN) with nephrotic syndrome with a systematic review and meta-analysis.

Methods PubMed, Embase, Cochrane Library and Clinical Trials (December 2016) were searched to identify
rescarches investigating the treatment of RTX in adult patients with biopsy-proven IMN. Complete remission (CR)
or partial remission was regarded as effective therapy, and the cumulated remission rate was calculated.

Results Seven studies involved 120 patients (73% were men) were included in our systematic review and meta-
analysis. All were prospective observation cohort studies or matched-cohort studies, mainly came from two medical
centers, and one study was multi-centric (four nephrology units in northern Italy). The creatinine clearance was more
than 20 ml/(min-1.73 m’) and persistent proteinuria higher than 3.5 g/d for at least 6 months. All patients received
treatment previously [44 (36.7%) had immunosuppressive treatment]. In 12- and 24-month, 56% (95%CI, 0.47-0.65)
and 68% (95%CI, 0.41-0.87) patients could reach remission, while 15% (95%CI, 0.09-0.23) and 20% (95%CI, 0.12-
0.32) patients could reach CR. The reduction in proteinuria was gradual and obvious, paralleled with upward trend
of serum albumin level and decreasing serum cholesterol level. Renal functions were stable. Relapses happened in 24
months were around 8%. RTX related adverse events were mild and were mostly infusion-related reactions.
Conclusions RTX treatment in IMN was efficient, well tolerated and safe. More than 60% patients can reach
partial remission or CR in 24 months, and relapse is rare. Adverse events of RTX are mostly infusion-related

reactions and generally mild.
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DIOPATHIC membranous nephropathy (IMN)
is one of the most common cause of adult ne-
phrotic syndrome (NS), accounting for about
75% of membranous nephropathy (MN) cases.
About 20%-30% IMN patients (often with non-nephrot-
ic proteinuria) entered spontaneous remission,' and
30%-40% of patients progress to end-stage renal
disease (ESRD) within 5 to 15 years.? M-type phos-
pholipase A2 receptor (PLA2R) , which can be detected
on glomerular podocytes and in subepithelial immune
deposits, presented in 70%-80% IMN patients.’

Immunosuppressive treatment including cortico-
steroid, alkylating agents, calcineurin inhibitors (CNIs),
mycophenolate mofetil (MMF) and azathioprine, is ad-
vised to high-risk patients (proteinuria > 8 g/d with or
without renal insufficiency) and medium-risk patients
(normal renal function, proteinuria > 4 to < 8 g/d)
when nephrotic proteinuria persisted more than 6
months.*> However, these immunosuppressive agents
bring along with adverse events such as infection,
myelosuppression and nephrotoxicity. Novel drugs are
needed to improve the situation.

Rituximab (RTX), a monoclonal antibody target-
ing CD20, applied in chronic lymphocytic leukaemia,
non-Hodgkin lymphoma, vasculitis and rheumatoid ar-
thritis, recently emerged to be an option for the treat-
ment of NS.® Animal experiments suggested that B
cells were involved in the pathological process of MN.
B cells mediate typical subepithelial immune deposits
in glomeruli, accelerate injury of the glomerular filtering
barrier and result in proteinuria. Although IMN autoanti-
gens remain elusive and the role of B cells has not been
fully understood in humans, agents that specifically in-
terfere with B cells would ideally represent the first step
toward selective therapy in humans.” Lots of studies
reported successful use of RTX in the treatment of both
IMN and secondary MN, as first-line and second-line ther-
apy. However, these studies were small sample prospec-
tive observation studies or case reports, further investiga-
tion is required. Thus, combing the current evidences of
RTX therapy in IMN from eligible studies, we carried out
this systematic review and meta-analysis, to systemati-
cally evaluate the efficacy and safety of RTX in IMN.

MATERIALS AND METHODS

This meta-analysis was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement protocol.®
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Eligibility and exclusion criteria

Prospective cohort studies that reported the use of
RTX in biopsy-proven IMN adult patients with NS were
included for review. Publications on secondary MN,
other pathological types of glomerular diseases, and
recurrence of disease after renal transplantation were
excluded. Studies with follow-up period less than 12
months were excluded. Pediatric patients were exclud-
ed. We also excluded retrospective studies and two on-
going multicenter randomized controlled trials (RCTs).**°

Literature search

A systematic literature search of the PubMed (2002 to
December 2016), Embase (2002 to December 2016),
Cochrane Library (2007 to December 2016) and Clini-
cal Trials (2007 to December 2016) was conducted, us-
ing the key words “Rituximab”, “anti-CD20 monoclonal

”ow ”ow

antibodies”, “membranous nephropathy”, *“membranous
glomerulonephritis”, “primary”, “idiopathic”, “nephrotic
syndrome”, and “adults”. We also manually identified
additional relevant studies. The search was limited to

articles published in English language.

Study selection and data extraction

The eligible references obtained by literature search
were assessed by two independent reviewers (Zou PM
and Chen ZJ) according to a predetermined protocol.
Data extracted by two independent reviewers (Zou PM
and Chen ZJ) included: study characteristics (design,
country, publication year), follow-up period, baseline
data of patients (age, gender, course of disease, histo-
pathologic features, baseline proteinuria, baseline renal
function, previous treatment), RTX administration re-
gime, and treatment response (remission situation and
the definition, renal function, relapse, adverse events).
Differences over inclusion of studies and interpretation
of data were resolved by consensus discussion.

Quality assessment

The Newcastle-Ottawa Scale (http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp), which
graded studies according to the quality of selection,
comparability and outcome of cohort, was performed
to make quality assessments of the eligible referenc-
es. Discrepancies were addressed by consensus dis-
cussion.

Statistical and bias analysis
Complete remission (CR) or partial remission (PR) was
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regarded as effective therapy, and the cumulate rate
(CR + PR) was calculated. We evaluated the 12-month
and the 24-month pooled remission rates. Pooled re-
lapse rate in 24-month was also assessed. Cochrane
Q test and the inconsistency index (I?) statistic were
applied to analyze the heterogeneity of the included
studies. We used a random effects model for the data
analysis when a significant heterogeneity was observed
(P<0.1 or I’>50%), otherwise we used a fixed effect
model. Sensitivity analysis was used by sequential
omission of individual studies. Funnel plots were used
to estimate the publication bias of the meta-analysis.
All analyses were performed using R software and the
meta/metaphor package (www.r-project.org). P value
less than 0.05 was considered statistically significant.

RESULTS

Literature search

Totally, 639 articles were identified via database search.
And 255 duplicate studies were removed by Endnote
Software. After exclusion based on title and abstract,
37 full-text articles were reviewed. Five studies were
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excluded for the following reasons: three studies used
the same series of patients” '**? and two studies did not
reach our inclusion criteria.”*™* Finally, 7 studies were
included.’*?" A flowchart of article screening for the me-
ta-analysis has been illustrated in Fig. 1.

Study characteristics

Basic characteristics of 7 included studies are sum-
marized in Table 1. All patients were renal biopsy-proven
IMN with creatinine clearance > 20 ml/(min-1.73 m?%), and
persistent proteinuria > 3.5 g/d for at least 6 months
with previous treatment [44 (36.7%) had immunosup-
pressive treatment]. Quality assessment by the New-
castle-Ottawa Scale is shown in Table 2. Among the
7 included studies, Ruggenenti et al’' organized their
research in two steps—first came the retrospective
analysis of 14 IMN patients treated with RTX in their
Nephrology Unit (the outcome of 8 of these patients
was reported previously®®) and finally concluded that
tubulointerstitial (TI) scores < 1.7 predicted better
response to RTX. Then they did a prospective study in-
cluding 9 IMN patients of TI scores < 1.7. We only as-

sessed the prospective part. Cravedi et al*® carried out

PubMed Embase
(2002-2016.12) (2002-2016.12)
(n=330) (n=273)

Cochrane Library
(2007-2016.12)

Clinical Trials
(2007-2016.12)
(n=24)

(n=12)

| |

l |

Records identified through database searching(n=639)

!

Records after duplicates removed(n=384)

}

Records screened(n=384)

}

272 records excluded through
title evaluation

Records screened(n=112)

Full text articles of

75 records excluded through abstract
evaluation:

54 review articles

21 did not meet inclusion criteria

potential interest(n=37)

Studies included(n=7)

Figure 1. Flowchart of studies included in the meta-analysis.
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Table 2. Quality assessment of the included studies by the Newcastle-Ottawa Scale (score)

— Ruggenenti Ruggenenti Cravedi Fervenza Fervenza Cravedi Moroni
et al® et al! etal® etal® et al” etal® etal®
Selection
Representativeness of the exposed cohort 1 1 1 1 1 1 1
Selection of the non-exposed cohort 1 1 1 1 1 1 1
Ascertainment of exposure 1 1 1 1 1 1 1
Demonstration that outcome of interest was not 1 1 1 1 1 1 1
present at Start of study
Comparability 1 2 1 2 2 2 2
Outcome
Assessment of outcome 1 1 1 1 1 1 1
Was follow-up long enough for outcomes to occur? 1 1 1 1 1 1 1
Adequacy of follow-up of cohort 1 1 1 1 1 1 1
Total score 8 9 8 9 9 9 9

a matched cohort study that compared the B cell-driv-
en and the four-dose protocol of RTX, data of the 24
IMN patients of the four-dose protocol group came from
their previous studies. To avoid inclusion of repeated data,
we only evaluated the experimental group-12 patients
accepted the B cell-driven protocol. All included studies
defined CR as proteinuria < 0.3 g/24 h or < 0.5 g/24 h,
and PR as proteinuria < 3.5 g/24 h or < 3.0 g/24 h. One
study did not mention the definitions of CR and PR,** so
we regarded the authors used the generally accepted
definitions (CR as proteinuria < 0.3 g/24 h with normal
serum creatinine, PR as proteinuria < 3.5 g/24 h and a
= 50% reduction from peak values with improvement
of serum albumin??).

Efficiency of RTX therapy in severe IMN patients
The pooled CR rate and cumulate remission (CR + PR)
rate at 12-month were 15% (95%CI, 0.09-0.23) and
56% (95%CI, 0.47-0.65) (Fig. 2). Only 3 studies™ " *®
had a follow-up period of 24 months, the pooled CR
rate and cumulate remission rate at 24-month were
20% (95%CI, 0.12-0.32) and 68% (95%CI, 0.41-
0.87). Heterogeneity was revealed at 24-month remis-
sion rate with I* of 73% (Fig. 3). Sensitivity analysis
suggested that the 24-month pooled remission rate
was stable and omitting a single study did not change
the significance of the pooled survival rates (95%CI,
0.49-0.74) (Fig. 4).

Renal function was stable and did not change
significantly in most studies. But, Fervenza et a/"’
reported creatinine clearance increased from 72.4+

33 ml/(min-1.73 m?) at baseline to 88.4 * 31.5
ml/(min/1.73 m?) at 24 months (P = 0.02) in their
study published in 2010. Quite the opposite, in Mo-
roni et al’s study,' the mean serum creatinine of the
24 patients who were followed for at least 18 months
after RTX therapy was significantly higher than that at
12 months (141.4 £ 70.7 versus 114.9 £+ 44.2 pymol/L;
P = 0.02), however we cannot rule out the confound-
ing factors brought by 6 non-responders. In Fervenza
et al’s study,'® 2 patients who had the lowest creatinine
clearance at entry [40 and 59 ml/(min-1.73 m?)] and
proteinuria remained unchanged in the whole study,
progressed to ESRD at 18-month and 19-month after
RTX treatment.

Four studies reported relapse cases,
mostly happened in the second year. Pooled data of
the relapse rate in 24-month after RTX treatment was
8% (95%CI, 0.03-0.16) (Fig. 5).

16-17, 19, 21

Other parameters

The reduction in proteinuria was paralleled to a signif-
icant increase in serum albumin and decrease in total
serum cholesterol.

After the first administration of RTX infusion,
most included studies'>™"” ** recorded that circulating
CD19+, CD20+ B cells depletion were achieved and
remained below normal ranges by study end. Only one
study found that the majority of patients had CD19+
B cells recovered to the normal range (mean 110 £ 97
cells/ml, range: 28-317) at 6-month.'® No significant
changes in total white blood cell, hemoglobin, platelet,
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A Study Events Total ' Proportion 95%-Cl W(fixed) W(random)
Ruggenenti et ak? 2 8 b 025 [0.03;065] 11.2% 11.2%
Ruggenenti et af' 0 9 —i 0.00 [0.00,0.34] 35% 3.5%
Cravedi et al's 2 12 o 0.17 [0.02,0.48] 125% 12.5%

8 2 14 % 0.14 [0.02,043] 12.8% 12.8%

i e e 0 19—+ 000 [000,018] 36%  36%
Coskil st o™ 4 22 —@&— 0.18 [0.05;0.40] 24.5% 24.5%
Sdciord d ol 5 ¥ —a— 0.15 [0.05;0.31] 31.9% 31.9%
Fixed effect model 118 *@jﬁ’ 0.15 [0.09; 0.23] 100% -
Random effects model e 0.15 [0.09; 0.23] - 100%

Heterogeneity: squared=0%, tau-squared=0, p=0.76765
[ [ I [ [ I 1

0 0102 03 04 05 086

B  Study Events Total Proportion 95%-Cl W(fixed) W(random)
Ruggenenti et af® 5 8 - 062 [0.24;091] 6.7% 6.7%
Ruggenenti et af! 6 9 + 0.67 [0.30; 093] 71% 7.1%
Cravedi et al'® 8 12 L 0.67 [0.35;0.90] 9.5% 9.5%

*Fervenza et al'® 8 14 o 0.57 [0.29,082] 12.2% 12.2%
1 Fervenza et al'’ 10 19 *”: 053 [0.29,0.76] 168% 16.8%
Cravedi et al"® 14 22 L 064 [041;083] 18.1% 18.1%
Moroni et ai'? 15 34 —F—1— 044 [027,062) 297% 29.7%
Fixed effect model 118 e 0.56 [0.47; 0.65] 100% -
Random effects model 0.56 [0.47; 0.65] - 100%

Heterogeneity: Fsquared=0%, tau-squared=0, p=0.7293 i
| I | | I | |

03 04 05 06 07 08 09
Figure 2. Pooled CR rate and remission (CR + PR) rate at 12 months. A. pooled 12-month CR rate; B. pooled 12-month
CR+PR rate. CR: complete remission; PR: partial remission; W: weight. “In the 15 enrolled patients, 14 patients completed
12 months of follow-up; In the 20 enrolled patients, 1 patient who was immunosuppression naive before entry was re-

moved from the study at 6 months because of worsening proteinuria and rapidly declining kidney function.

A Study Events Total . Proportion 95%-Cl W(fixed) W(random)
Fervenza et al' 4 18 Er 022 [006;048] 302% 30.2%
Cravedi et al'® 5 22 L 023 [008,045] 375% 37.5%
Moroni et ai'® 4 24 t 017 [005,037] 323% 32.3%

Fixed effect model 64 ‘=:$b- 0.20 [0.12; 0.32] 100% -
Random effects model —m— 0.20 [0.12; 0.32] - 100%

Heterogeneity: Fsquared=0%, tau-squared=0, p=0.8544 E
I

01 02 03 04

B  Study Events Total o Proportion 95%-Cl W(fixed) W(random)
Fervenza et al'’ 16 18 E '———'*— 089 [065,099] 142% 26 1%
Cravedi et al'® 15 22 — 068 [0.45,086] 382% 36.1%
Moroni et al"® 11 24 —--—’— 046 [026;067) 476% 378%
Fixed effect model 64 *==$==' 0.62 [0.49;0.74] 100% -
Random effects model —_— 0.68 [0.41; 0.87] - 100%

Heterogeneity: Fsquared=13%, tau-squared=0.7126, p=0.0246 ' :
I | I I I I 1

03 040506070809
Figure 3. Pooled CR rate and remission (CR + PR) rate at 24 months. A. pooled 24-month CR rate; B. pooled 24-month
CR+PR rate.
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Study Proportion 96%-ClI
Omitting Fervenza et al'” e 056 [0.41;0.70]
Omitting Cravedi et al'® —=— 059 [0.41,0.74]
Omitting Moroni et a/'® e 0.75 [0.59;0.87]
Fixed effect model <:$ 0.62 [0.49; 0.74)
T 1 :
05 05
Figure 4. Sensitivity analysis of pooled 24-month CR+PR rate.
Study Events Total . Proportion 95%-Cl W(fixed) W(random)
Ruggenenti et a?' 0 9 ' 0.00 [0.00,0.34] 9.4% 94%
Fervenza et al'’ 1 18 : 006 [0.00,027] 186% 18.6%
Cravedi et af'® 2 22 - 009 [001,029] 359% 359%
2 24 008 [001,027) 362% 36.2%

Moroni et a/'? i

Fixed effect model 73 e

Random effects model _——

Heterogeneity: Fsquared=0%, tau-squared=0, p=0.9622!
I T

0.08 [0.03;0.16] 100% -
0.08 [0.03; 0.16] - 100%

T T

T 1

0 0050101502025 03

Figure 5. Pooled relapse rate at 24 months.

and lymphocyte counts and in lymphocyte subpopula-
tions including CD3+, CD4+, CD8+, natural killer cells,
and CD4+/CD8+ ratios.

Two studies reported that serum concentrations of
IgG, IgA, and IgM did not change significantly through-
out its whole study period;**?' but Fervenza et al in their
two studies recorded significantly increase of baseline
IgG level and decrease of IgM level, while serum IgA
remained relatively stable at 12 months and later. Sub-
sequent quantification of IgG subclasses proved total IgG
increase was due to an increase in IgG1, IgG2, and IgG3

isotypes, whereas IgG4 levels remained unchanged.'”'®

Safety

Adverse events observed in RTX treatment were main-
ly infusion-related reactions, including itchy throat,
skin rash, chills, flu-like symptoms, et al. Symptoms
were varied but generally not serious. Infections were
uncommon, three studies'’*° reported infectious com-
plications: 3 patients experienced community-acquired
pneumonia and 2 patients experienced herpes zoster,
relieved with oral-medications. Myocardial infarction,
happened in 2 patients from two studies,'” *° respec-
tively occurred 3 months and 5 months after RTX infu-
sion. Another patient was diagnosed with adenocarci-
noma in the lung 3 months after the first infusion.®

Publication bias
As shown in Fig. 6, the shape of funnel plots did not
reveal any obvious asymmetry. Begger’s and Egger’s

test confirmed that there was no publication bias
(P>0.05).

DISCUSSION

Seven studies involving 120 patients (73% were
men) were included in our systematic review and
meta-analysis. RTX was used as first-line therapy or
second-line therapy. Our results demonstrated that
RTX was efficient in the treatment of IMN. The reduc-
tion in proteinuria was gradual and obvious, paralleled
with serum albumin increasing and serum cholesterol
decreasing. Renal functions were stable. Relapse was
rare. Adverse events about RTX therapy were mostly
infusion-related reactions and generally were not seri-
ous.

Spontaneous remission is a special characteristic
of MN, occurred in about 30% patients, and generally
happens in the first 2 years. Although spontaneous
remission was more often seen in patients with lower
baseline proteinuria levels, it also frequently occurred
in patients with massive proteinuria: 26% among
those with baseline proteinuria 8-12 g/24 h and 22%
among those with proteinuria > 12 g/24 h.”* Import-
ant independent predictors for spontaneous remission
include: baseline serum creatinine and proteinuria,
treatment with angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers (ACEi/ARBs), and
a > 50% decline of proteinuria from baseline during
the first year of follow-up.” Patients in all included
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Figure 6. Funnel plots of the meta-analysis. A: 12-month CR rate; B: 12-month CR+PR rate; C: 24-month CR rate; D:

24-month CR+PR rate; E: relapse rate at 24 months.

studies had massive proteinuria, supportive treatment
consisted of ACEi, and/or ARB at maximal tolerated
dose was conducted with RTX administration. However,
most patients selected had a prolonged disease course,
proteinuria maintained unchanged despite conserva-
tive treatment and even immunosuppressive therapy
added for enough time previously. Hence spontaneous
remission was unlikely to occur.

Traditional RTX protocol is 375 mg/m? RTX once
weekly for 4 weeks, or 1 g RTX on day 1 and day 15.
Some nephrologists give a second course routinely or
according to the B cell counts (when B cells > 5/mm?)
after 6 months. It's confusing whether clinical effi-
cacy is different in different protocols. Limited to the
very few study and detail data unavailable, we failed
to make a relative meta-analysis. Remuzzi et a/’ first-
ly demonstrated RTX was efficient in the treatment
of IMN, used the four-dose protocol. Segarra et al/*?
successfully used the four-dose protocol in 13 IMN
patients with long-term calcineurin inhibitors (CNIs)
dependence to overcome dependence of CNIs. Stud-
ies of Fervenza et al*’'® suggested that four doses of
RTX resulted in more effective B cell depletion, but
proteinuria reduction was similar to RTX at 1 g ev-
ery 2 weeks. In addition, there was no difference in
proteinuria response between patients who were im-
munosuppression naive versus those who had been
previously treated.”'® In 2007, Cravedi et al*> con-

ducted a matched-cohort study, concluded that B cell
titrated RTX protocol was as effective as standard four-
dose RTX treatment in achieving B cell depletion and
IMN remission, but cost only a quarter of the standard
regimen. Based on their previous finding, these inves-
tigators further demonstrated that second-line RTX
therapy was equally efficient to first-line RTX therapy
in IMN as well.’® Contrary to Cravedi’s opinion, recently
in 2016, results from a multi-centric study involving 34
IMN patients (15 patients had been treated with gluco-
corticoids and immunosuppressive agents) suggested
that low-dose RTX was poorly effective, obtained re-
mission in <50% of IMN patients.*’

There was no significant difference between RTX
applied as the first-line therapy and the second-line
therapy. No conclusion was drawn on which RTX pro-
tocol is preferred. Lack of rigorous RCTs, we cannot
assert RTX is superior to other treatments common-
ly applied in clinic. Whether to use RTX combined or
continued with other medications include supportive
regimes and immunosuppressive agents can induce
more remission remain uncertain and needs further
study. Luckily there are 2 ongoing multicenter RCTs:
the MENTOR study (rituximab versus cyclosporine) and
the STARMEN study (sequential treatment with tac-
rolimus-tituximab versus steroids plus cyclophospha-
mide), and we are looking forward to the publication of
their results.
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The mechanism of RTX to MN is unknown. It was
supposed that RTX develops its role of reducing uri-
nary proteins and protects renal function by specifi-
cally interferes with B lymphocytes and disturbs B cell
differentiation. The treatment response may be related
to the remaining B cells counts. Unfortunately, differ-
ent outcomes in patients could not be explained, since
all studies recorded circulating B lymphocytes in all
patients depleted and maintained below normal range
during whole studies after RTX first administration,
CD19+ B cells followed an identical trend as well. Most
studies reported serum hemoglobin levels, total white
blood cells, platelet counts and levels of IgG, IgA, and
IgM had no significant difference. However, data from
studies of Fervenza et al'’*® showed the not very con-
sistent results of CD19+ B cells recovery and the IgG
level, making these conclusions controversial.

Pharmacokinetics and pharmacodynamics anal-
yses showed serum RTX levels in IMN patients were
lower than patients with rheumatoid arthritis, and
half-life of RTX was also shorter. However, there were
no differences in serum RTX levels at any point be-
tween responders and non-responders.*®

Human antichimeric antibodies (HACAs) can be
induced by repeated or prolonged exposure to RTX.*
The production of HACAs may limit the effect of treat-
ment and increase the risk for hypersensitivity reac-
tions of the immediate type upon drug re-exposure.
Six and two patients in two studies of Fervenza'’'®
were detected to have HACAs, but the titers were low
and the presence of HACAs was not associated with
treatment respond.*

Nephrologists never stop looking for factors that
can efficiently predict response to RTX in IMN patients.
In 2006, a pilot study of Ruggenenti suggested that
TI score was the only significant predictor, patients
with a TI score of < 1.7 showed better response to
RTX.?! However, it was not consolidated demonstrated
by Cravedi,” since average proteinuria reduction on
follow-up versus baseline tended to correlate with TI
score, but the correlation did not reach statistical sig-
nificance (P=0.10). It was reported the CD4+/CD8+
T cell ratio predict response to RTX therapy by Zuc-
chelli et al,”® but Fervenza’s study'® failed to certify it.
In addition they found there was no relation between
the total number of CD20+ or CD3+ cells, the ratio of
CD20+/CD3+ cells, or the number of CD20+ cells/mm?
present in the diagnostic renal biopsies and the re-
sponse to rituximab treatment.'’*® Irazabal et a/*?
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suggested low- and high-molecular-weight urinary
proteins predict response to RTX in IMN patients. An-
ti-PLA2R lever measuring were commonly developed in
clinical works nowadays, levels of anti-PLA2R correlate
with the immunological activity of MN and can well
predict response to treatment with RTX.* One study
reported that patients with lower serum creatinine,
higher estimated glomerular filtration rate, lower pro-
teinuria, lower titer of anti-PLA2R antibodies at base-
line showed better outcome to RTX therapy.'® However,
relationship between response and initial proteinuria
remains controversial.

RTX is well tolerated and safe in IMN patients.
Adverse events were mainly infusion-related reaction
and mostly were not serious. Infections were uncom-
mon since RTX targeted on B cells, and caused no sig-
nificant changes in total white blood cell, lymphocyte
counts and in lymphocyte subpopulations, even some
studies recorded serum IgG levels increased. Two
researches reported one patient happen myocardial
infarction 5 and 3 months after RTX administration re-
spectively;'” '° one study reported a patient diagnosed
with adenocarcinoma of the lung 3 months after the
first RTX infusion.'® Previous research verified that
patients with NS and IMN were at high risk of cardio-
vascular events.”””*® Approximately 10% MN patients
had a malignancy (predominantly solid organ cancers,
mainly in the lung, colon, or breast) at the time of
renal biopsy or within a year thereafter, and the in-
cidence increased up to 20%-25% after age 60.%7°
Thus, we should be cautious to conclude that these se-
vere events were due to the RTX administration. Com-
pared to immunosuppressive agents, side effects of
RTX are fewer and milder. Most obvious disadvantage
of RTX may be its experience cost. Perhaps it's better
accepted by wealthy patients who care more about ad-
verse events of glucocorticoid and immunosuppressive
drugs. However, the safety of RTX still needs more ob-
servation.

There are several limitations in our study. All
included researches were small sample prospective
observation cohort studies or matched-cohort studies,
mainly came from two common centers, one study
was multi-centric (4 nephrology units in northern It-
aly). Only three studies followed up for 24 months,
which may weaken the role of meta-analysis of pooled
24-month remission rate. Limited to the very few study
and detail data unavailable, we failed to make a rela-
tive meta-analysis of clinical efficacy in different RTX
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protocols. Prognostic factors specifically to RTX treat-
ment are controversial since each publication came to
different conclusions, making a meta-analysis on the
prognostic factors unrealistic. More investigations are
needed in the future.

In conclusion, RTX provides a new approach for
the treatment of IMN, and it can be seemed as a nar-
row, disease-specific treatment to IMN. Rigorous and
large multicenter RCTs still need to be well performed.
It is also necessary to further evaluate the long-term
outcome, safety, and factors predict treatment effica-

cy.
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