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Abstract

Purpose We aimed to evaluate the prognostic value of serum anti-PLA2R and glomerular PLA2R deposit (gPLA2R) in
predicting remission of proteinuria in Primary Membranous Nephropathy (PMN) patients.

Methods PUBMED, EMBASE, WEB OF SCIENCE, COCHRANE LIBRARY and CNKI were searched from 2008 January
to December 2018. Heterogeneity was assessed by Cochran Q test and /2. Source of heterogeneity was explored by subgroup
analysis and sensitivity analysis.

Results Totally 2345 patients from 29 cohort studies were eligible for inclusion. The results suggested that PMN patients
with negative anti-PLA2R at the time of biopsy had a 1.31 times (95% CI 1.12-1.46, p <0.05) higher possibility in achiev-
ing remission than those with positive anti-PLA2R. The clearance of anti-PLA2R at the end of immunosuppressive therapy
showed an even greater chance of achieving remission (RR=2.86, 95% CI 1.75-4.69, p <0.05). The relative ratios for
complete remission and spontaneous remission with negative anti-PLA2R were 1.65 (95% CI 1.46-1.87, p <0.05) and 1.93,
respectively (95% CI 1.53-2.45, p <0.05), and heterogeneity percentages were I> = 18% and 46%, respectively. The possibility
for remission was significantly greater among PMN patients with negative gPLA2R (RR=1.30, 95% CI 1.13-1.50, p <0.05).
Subgroup analyses revealed that retrospective design of study might be the potential source of heterogeneity.

Conclusions Negative anti-PLA2R or gPLA2R might predict higher possibility of remission, and the presence of anti-PLA2R
or gPLA2R might serve as a useful biomarker for clinical outcome and predicting response to immunosuppressive therapy
in PMN.
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Introduction hospitals in China [2]. The clinical outcome of MN is known

to be highly variable among individuals, varying from spon-

Membranous nephropathy (MN) is a common cause of mas-
sive proteinuria in adults, accounting for about 30% of cases
of nephrotic syndrome in Caucasian [1] and 23.4% of renal
biopsies in China, as reported by a cross-sectional study
with 71,151 native biopsies collected and analyzed from 938
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taneous remission to persistent proteinuria and to end-stage
renal disease (ESRD). The response to immunosuppressive
agents in patients with MN is difficult to predict, which leads
to the controversy and debate about the optimal modality,
timing and duration of treatment in MN because of a lack
of reliable biomarker. An individualized and rationalized
therapy, guided by biomarker and based on new insights
towards the exact pathogenesis, is warranted in MN. Primary
membranous nephropathy (PMN), the most common type of
MN [1], is characterized by diffuse thickening of glomerular
basement membrane (GBM) in the absence of significant
hyper-cellularity and with sub-epithelial or intramembra-
nous deposits of immunoglobulin G (IgG) and complement
3. Therefore, it is also known as a kidney-specific autoim-
mune disease. The autoimmune nature of PMN was deline-
ated in a ground-breaking finding reported by Beck et al. in
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2009 with the identification of the M-type phospholipase
A2 receptor (PLA2R) as a major autogenic target on glo-
merular podocytes [3]. In this pioneering study, anti-PLA2R
autoantibody was identified in 70% of patients with PMN
but not with secondary membranous nephropathy (SMN).
In the past 10 years, substantial advances have been made
in the understanding of the immunopathogenesis of PMN,
which built the foundation for the progress and opportunities
for serological diagnosis and therapeutic interventions in
the future [4]. Recently, a meta-analysis showed that anti-
PLA2R demonstrated a good diagnostic accuracy in differ-
entiating PMN from non-PMN with a pooled sensitivity of
65% and pooled specificity of 97%, which indicated that
anti-PLA2R antibody could be a useful marker in non-inva-
sive serology-based diagnosis [5]. However, the prognostic
value of anti-PLA2R and gPLA2R in predicting nephrotic
outcome has shown conflicting results and has not been fully
explored or illustrated before. We aimed to quantify the
association between status of PLA2R and clinical outcome
of patients with PMN.

Methods
Eligibility criteria

Eligibility criteria included the following: (1) the study was
designed to investigate the prognostic role of anti-PLA2R
or gPLA2R in predicting the proteinuric outcome in PMN
patients; (2) test method for measuring anti-PLA2R or
gPLA2R was reported; (3) the remission/complete remis-
sion or spontaneous remission of proteinuria was chosen
as study outcome and their definitions were clearly eluci-
dated; (4) renal biopsy was used as the gold standard to
diagnose PMN; (5) absolute number of events and totals
were reported or could be derived, or sufficient informa-
tion was provided for the calculation of relative risk (RR).
Exclusion criteria were the following: (1) duplicate stud-
ies (studies originating from the same subjects by the same
investigators but published in different journals); (2) articles
providing insufficient data to calculate RR; (3) poor article
quality, defined by scoring less than 6 in Newcastle—Ottawa
quality assessment scale. Meta-analysis was executed and
reported according to Meta-analysis of Observational Stud-
ies in Epidemiology (MOOSE) statement 2000 [6] (Online
Resource 1).

Search strategy and studies selection
A comprehensive literature search was conducted in PUB-
MED, EMBASE, WEB OF SCIENCE, COCHRANE

LIBRARY, CNKI (China national knowledge infra-
structure) from 2008 January to December 2018. Search
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terms included: “Receptor, Phospholipase A2”, “PLA (2)
Receptor”, “Phospholipase A2 Receptor”, “anti-PLA2R”,
“aPLA2R”,”PLA2R” AND “Glomerulonephritis, Mem-
branous”, “membranous nephropathy”, “Heymann Nephri-
tis”. In addition, manual searches were performed through
the reference lists of published articles and review papers
to identify any additional relevant studies. Gray literature,
including conference abstracts and unpublished studies,
was strictly scrutinized and could be included in this
analysis if they met the eligibility standards. Attempt was
made to contact authors when it was necessary. There was
no language restriction for search and selection. When
multiple articles for a single study had been published, the
latest publication was selected and supplemented with data
from the earlier publication if necessary. Two reviewers
(M. D. and M. D.) reviewed potential studies and deter-
mined eligibility independently. Disagreements were
resolved by discussion and common consensus. Review-
ers initially screened the titles and abstracts to detect the
potential relevant papers, and then the shortlisted studies
were screened again to evaluate their adherence to the eli-
gibility criteria.

Data extraction

Data from all studies were collected by two reviewers inde-
pendently (M. D. and M. D.) and combined to develop a
definitive data collection sheet. Discrepancies during data
extraction and assessment of study quality were resolved by
discussion. The extracted information included name of the
authors, date of publication, sample size, demographic char-
acteristics of the population, study design, test method for
measuring anti-PLA2R or gPLA2R, cutoff value, mean albu-
min, mean serum creatine, mean 24 h proteinuria, percent-
age of patients received immunosuppressive therapy (IST),
duration of follow-up, relative risks and their 95% corre-
sponding confidence interval. Studies were sorted alphabeti-
cally by names of the first author.

Study quality assessment

The study quality assessment was performed according to
the Newcastle—Ottawa quality assessment scale (NOS). This
assessment scale allowed us to examine the quality of studies
by evaluating the representativeness of cohorts, how well the
studies were adjusted for confounding variable and whether
the outcomes were measured in a standard, valid and reliable
way. The maximum possible score is nine points, and stud-
ies scoring > 6 points were regarded as high-quality studies
(http://www.ohri.ca/programs/clinical _epidemiology/oxfor
d.asp).
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Statistical analysis

The statistical analysis was performed using Review Man-
ager (RevMan, version 5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014). Rela-
tive risks (RR) with 95% confidence intervals for proteinuric
outcome with different status of anti-PLA2R or gPLA2R
at the time of biopsy (baseline) or at the end of immuno-
suppressive therapy were pooled, respectively. The overall
effects were computed using the DerSimonian and Laird’s
method (Random Effects Model) when I? was above 50% or
p<0.1, otherwise Mantel-Haenszel method (Fixed Effects
Model) was chosen to compute the overall effect. Hetero-
geneity was evaluated by Cochran Q test and I statistics.
Source of heterogeneity was explored by subgroup analysis
and sensitivity analysis. Subgroup analysis was conducted to
investigate the potential heterogeneity brought by ethnicity,
study design and method type for measuring anti-PLA2R.
Sensitivity analyses were performed by sequential omission
of each individual study to validate the stability of over-
all effect and explore the potential source of heterogeneity.
Publication bias was explored by funnel plot. Asymmetry of
funnel plot was considered to be significant in publication
bias. p <0.05 was considered to be statistically significant.

)

Fig.1 Flow diagram for the

Results
Search results

Overall, 177 articles were identified through database
searching, 12 additional records were identified from
reference lists of the included articles. Then 147 records
remained after duplicate removal, and were screened by
titles and abstracts. Next, 62 records were retrieved for
full-text assessment. The following thirty-four records
were excluded: 23 were excluded due to lack of sufficient
data, 5 were excluded on account of using kidney function
as study outcome, one was excluded because of inadequate
antibody test, one was excluded due to repeated publica-
tion, and 4 were excluded due to low quality. Finally, 29
articles were eligible for quantitative synthesis. Twenty-
three studies reported the correlation between serum anti-
PLAZ2R and proteinuric outcome in PMN patients and six
studies reported the predictive value of gPLA2R deposit
at baseline in reaching remission. The flow diagram of the
literature search is presented in Fig. 1.
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Study characteristics

Totally 29 records and 2345 subjects were enrolled in this
analysis. Renal biopsy was used as gold standard for diag-
nosing PMN in all included studies. The definition of pro-
teinuric outcome was clearly elucidated in all studies with
a good homogeneity among studies. Included studies cov-
ered a wide spectrum of country including the USA, The
Netherlands, the UK, Germany, Spain, France, Italy, India,
Korea, Egypt and China. In the analysis of demographic
characteristics, the gender ratio of PMN patients in all
included studies featured significant male preponderance.
Median age of onset in the majority of studies was in the
fifth decade except for two reports: one by Mahmoud et al.
from Egypt and another one by Lin et al. from China, with
median age of 32.3 and 39.8 years old, respectively. A pro-
spective study design was used in 44.8% of included stud-
ies. The test methods for measuring anti-PLA2R antibody
vary from enzyme-linked immunosorbent assay (ELISA),
Indirect Immunofluorescence Test (IIFT) and western blot.
ELISA was chosen as the test method in 79.2% of studies.
The test method for measuring gPLA2R was mostly IIFT
and immunohistochemistry (IHC). All the studies reported
cutoff value. The percentage of patients who received
immunosuppressive therapy varies between studies and
the strategies for IST were quite different. The clinical end
points were defined according to Kidney Disease, Improv-
ing Global Outcomes (KIDIGO) guideline in the major-
ity of studies. Specifically, complete remission (CR) was
defined as proteinuria < 0.3 g/day, partial remission (PR) was
defined as proteinuria <3.5 g/day and > 50% reduction from
baseline proteinuria. Remission was a combined end point

@ Springer

of complete remission and partial remission. Spontaneous
remission (SR) was defined as achieving remission without
immunosuppressive therapy. Most of the studies included
in this meta-analysis had adjusted for age, sex, baseline pro-
teinuria, albumin, kidney function and history of immuno-
suppressive therapy before enrollment. The baseline charac-
teristics of included studies are presented in Table 1. Funnel
plot showed the absence of dots on the left lower corner of
the plot, implying the potential of publication bias (Fig. 2).

Quality assessment

All the studies that scored less than 6 on the Newcas-
tle—Ottawa quality assessment scale were excluded in quan-
titative synthesis. Nevertheless, 34.5% of included studies
scored relatively low in the assessment of the representa-
tiveness of cohort. This group of studies enrolled a specific
high-risk cohort of patients, mostly or all treated with immu-
nosuppressive therapy, which might lead to potential bias in
patient selection. In almost all included studies, determina-
tion of the status of anti-PLA2R antibody and gPLA2R was
conducted by objective measurement method, therefore, the
scoring in ascertainment of exposure was relatively high.
Potential confounding factors such as age, gender, base-
line proteinuria, IST ratio at baseline and baseline kidney
function were compared and analyzed between two cohorts
in 77.4% of studies. In the analysis of quality of outcome,
almost all included studies provide a clear definition about
study end points. The median follow-up period was longer
than 12 months in 79.3% of the studies, but 34.5% of stud-
ies had a relatively high lost-to-follow-up ratio. The study
quality assessment are summarized in Table 2.
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Table 2 Studies quality assessment by Newcastle-Ottawa quality assessment scale

Study Selection Comparabil- Outcome Total score
ity
Representa-  Selection Ascertain-  Demonstra- Compa- Assessment Was follow- Adequacy
tive-ness of  of the non-  ment of tion that rability of  of outcome up long of follow-up
the exposed exposed exposure outcome of  cohorts on enough for  of cohorts
cohort cohort interest was  the basis of outcomes to
not present  the design occur
at start of or analysis
study
Bech/2014 [11] 0 1 1 1 2 1 1 0 7
Beck/2011 [15] O 1 1 1 0 1 1 1 6
Song/2018 [18] 1 1 1 0 1 1 1 0 6
Hofstra/2012 1 1 1 1 2 1 1 1 9
[14]
Hoxha/2014 [19] 1 1 1 1 1 1
Hoxha/2015 [20] 0 0 1 1 2 1 1 0 6
Huazhang/2016 0 1 1 1 1 7
(21]
Jatem/2015 [22] 1 1 1 0 1 1 0 1 6
Kim/2015 [23] 1 1 1 0 2 1 1 1 8
Oh/2013 [24] 1 1 1 0 2 1 1 0 7
Pourcine/2017 1 1 1 0 1 1 1 0 6
[25]
Ruggenenti/2015 0 0 1 1 1 1 1 1 6
[13]
Timmer- 1 1 1 0 1 1 0 1 6
mans/2014
[26]
Wang/2016 [27] 1 1 1 0 0 1 1 1 6
Yang/2016 [28] 1 1 1 0 1 1 1 1
Kan- 1 1 1 0 2 1 1 1 8
igicherla/2013
[16]
Wei/2016 [29] 1 1 0 2 1 0 1
Mahmoud/2017 0 0 1 1 2 1 0 1
[30]
Ramachan- 0 0 1 1 2 1 1 1 7
dra/2016 [31]
Lin/2016 [36] 0 0 1 1 2 1 1 0 6
Wang/2016 [32] 1 1 1 1 0 1 1 1 7
Zhang/2017 [33] 1 1 1 1 1 1 0 1 7
Zhou/2016 [34] 1 1 1 0 1 1 0 1 6
Xu/2017 [35] 1 1 1 0 2 1 0 0 6
Liu/2016 [37] 1 1 1 0 1 1 1 0 6
Wang/2017 [38] 0O 0 1 0 2 1 1 1 6
Xu/2017 [39] 1 1 1 0 2 1 0 0 6
Ding/2015 [40] O 0 1 1 2 1 1 0 6
Ling/2017 [41] 1 1 1 1 1 1 1 1 8
Quantitative synthesis chance of achieving remission than those with positive

anti-PLA2R (Fig. 3). The heterogeneity analysis indicated
Meta-analysis of 23 cohort studies indicated that PMN  that Chi’=83.4, df=22 (p <0.05), and I* was 74%. The
patients with negative baseline anti-PLA2R had a 1.31  prognostic value of negative baseline anti-PLA2R in pre-
times (RR=1.31, 95% CI 1.12-1.46, p <0.05) higher  dicting complete remission and spontaneous remission was
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PLA2R negative  PLAZR positive Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Bech APr2014 7 14 14 34 2.4% 1.21 [0.63, 2.39]
BeckL.H/2011 7 10 18 25 35% 0.97 [0.61, 1.56] T
E.J.Songi2018 21 23 15 25 46% 1.52[1.08, 2.15] -
Hofstraf2012 25 30 54 79 56% 1.22[0.98,1.52] —
Hoxhai2014 16 17 10 16 41% 1.581[1.01,2.24] —
Huazhang. Q2016 12 17 8 36 2.3% 3.18[1.60, 6.29]
Jatemf2015 7 14 27 41 2.9% 0.76[0.43,1.34] _
Kanigicherlaf2013 38 48 12 42 34% 2.77[1.68, 4.57]
Kimi2015 41 52 24 41 5.0% 1.35[1.00, 1.81] —
Lin.Li2016 24 27 54 72 589% 1.19[0.98,1.43] —
Mahmoud/2017 12 18 5 12 21% 1.60 [0.76, 3.37] ]
Oh.Y.i2013 18 21 45 56 57% 1.07 [0.86, 1.33] 1T
Pourcine/2017 10 11 25 41 4.9% 1.49[1.10,2.03] -
Ramachandrani2016 N 38 45 76 6.5% 1.38[1.08,1.74] I
Ruggenentif2015 11 20 41 81 3.7% 1.09 [0.69,1.71] T
Timmermansi2014 14 19 37 54 47% 1.08[0.78,1.49] -
Wang.LJi2016 16 16 25 40 54% 1.56[1.21, 2.01] —_
Wang. Y2016 13 19 24 37 4.2% 1.05[0.72,1.59] R
YWei .S Y2016 18 20 55 93 56% 1.52[1.22,1.90] I
HuY.PI2017 11 13 17 37 39% 1.84[1.21, 2.80]
Yang.Yi2016 73 113 276 325 B.2% 0.76 [0.66, 0.88] -
Zhang.Y.Di2017 B 8 19 28 35% 1.11 [0.69,1.78] -1
Zhou.G Y2016 13 17 33 44 48% 1.02[0.74,1.40] —
Total (95% CI) 585 1335 100.0% 1.28 [1.12, 1.46] ‘
Total events 444 883 . ) . ) ) .
Heterogeneity: Tau®= 0.06; Chi®= 83.40, df=22 (P = 0.00001); F=74% '0_1 Uf2 D!S 5 é 10'

Testfor overall effect: Z= 3.74 (P=0.0002)

anti-PLAZR positive  anti-PLAZR negative

Fig.3 Forest plot for relative ratios for remission with no detectable anti-PLA2R at baseline. Random-effects model was used for computing
relative risk. Relative ratio for complete remission was 1.31 (95% CI 1.12-1.46, p <0.0001) with negative test result of anti-PLA2R at baseline

PLA2R negative PLAZ2R positive

Study or Subgroup Events Total Events

Beck.L.H/2011 4 10 5 25 1.3%
E.J.Songf2018 14 23 6 25 27%
Hofstrai2012 12 30 24 79 B1%
Hoxhai2014 10 17 6 16  29%
Huazhang.Q/2016 78 127 138 387 31.7%
Kanigicherla/2013 21 48 2 42 1.0%
Kimf2015 18 52 10 41 5.2%
Lin.Li2016 13 27 25 72 6.3%
Ruggenentif2015 7 20 28 81 5.2%
Timmermansi2014 1 19 8 54 1.9%
Wang.L.Ji2016 8 16 10 40  27%
Wang.Yi2016 9 19 6 37 1.9%
HuY.Pi2017 5 13 5 37 1.2%
Yang.Yi2016 52 113 102 325 245%
Zhang.Y.Di2017 4 8 7 28 1.4%
Zhou.G.Yi2016 6 17 15 44 39%
Total (95% CI) 559 1333 100.0%
Total events 262 397

Heterogeneity: Chi*=18.31, df=15 (P = 0.25); F= 18%
Test for overall effect: Z= 7.86 (P < 0.00001)

Fig.4 Forest plot for relative ratios of achieving complete remission
with no detectable anti-PLA2R at baseline. Mantel-Haenszel method
was used for statistical analysis. Fixed-effects model was used for

also analyzed, and it was observed that there was 1.65 times
(RR=1.65,95% CI 1.46-1.87, p <0.05) increased chance
of achieving complete remission and 1.93 times (95% CI
1.53-2.45, p <0.05) increased chance of achieving spon-
taneous remission (Figs. 4, 5). The heterogeneity analyses
showed that Chi*=18.31, df=15 (p=0.25), and I* was 18%
for complete remission and Chi*=12.89, df=7 (p=0.07),
and I* was 46% for spontaneous remission. Regarding the
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Total Weight M-H, Fixed, 95% CI

Risk Ratio
M_-H, Fixed, 95% CI

2.00 [0.67, 5.96]
254 (1.17,5.48)
1.32[0.76, 2.28)
1.57 [0.74,3.31]
1.72[1.42, 2.09]
9.19(2.29, 36.89)
1.42[0.74,2.73]
1.39[0.84, 2.29]
1.01 (052, 1.98]
0.36 [0.05, 2.66]
2.00 [0.97, 4.14]
2.92(1.22, 6.99]
2.85[0.98, 8.27)

-

1.47[1.13,1.89] —-—
2.00[0.78, 5.14] T

1.04 [0.48, 2.22) —
1.65[1.46, 1.87] L]

0.05

0.2

20

o+

anti-PLA2R positive anti-PLA2R negative

computing relative risk. Relative ratio for complete remission was
1.65 (95% CI 1.46-1.87, p<0.00001) with negative test result of anti-
PLAZ2R at baseline

relative chance for achieving remission with negative result
of anti-PLA2R post-IST, it revealed a 2.86 times (RR =2.86,
95% CI 1.75-4.69, p <0.0001) greater chance comparing
patients with positive anti-PLA2R after receiving immu-
nosuppressive treatment (Fig. 6). No heterogeneity was
detected: Chi>=2.43, df=3 (p=0.49), and I* was 0%. The
status of gPLLA2R at baseline could also predict remission at



International Urology and Nephrology (2019) 51:1581-1596

PLAZ2R negative PLAZR positive Risk Ratio Risk Ratio
Study or Subgroup ___Events __ Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
E.).Songf2018 17 23 3 25 &51% B.A6[2.07,18.30]
Hofstrar2012 a an 139 79 186%  1.25[0.64,2.44] —
Hoxhai2015 10 11 18 28 181%  1.41[1.01,1.97] =
Jatemi2015 12 a0 8 85 101%  275[1.27, 598 e —
Kimi2014 10 52 2 41 40% 3.94[0.91,17.01]
Oh.Y.Ji2013 5 21 12 86 11.7%  1.11[0.45,2.77) S
Pourcinef2017 8 11 16 41 121%  1.86[1.10,3.16] e
Timmermans/2014 123 19 22 54 204%  1.68[1.08 262 —
Total (95% CI) 197 379 100.0%  1.93[1.53, 2.45] <>
Total events 84 100
Heterogeneity, Chi=12.89, df=7 (P = 0.07); F= 46% D e 0:2 5 20=
Testfor overall effect 2= 5.47 (P = 0.00001) " anti-PLA2R positive  anti-PLA2R negative

Fig.5 Forest plot for relative ratios for spontaneous remission with
no detectable anti-PLA2R at baseline. Mantel-Haenszel method was
used for statistical analysis. Fixed-effect model was used for comput-

PLAZR negative  PLAZR positive

Risk Ratio

ing relative risk. Relative ratio for spontaneous remission was 1.93
(95% CI 1.53-2.45, p<0.00001) with negative test result of anti-
PLAZ2R at baseline

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI

Bech API2014 14 24 0 9 43% 11.60([0.76,176.47]

Beck.L.H/2011 21 27 3 8 281% 2.07[0.83,5.19] "

Hoxhai2014 24 25 2 8 18.4% 3841151279 -
Pourcine/2017 27 31 6 15 49.1% 218 [1.158, 4.11] ——

Total (95% ClI) 107 40 100.0% 2.86 [1.75, 4.69] >

Total events a6 11

Heterogeneity: Chi®= 2,43, df=3 (P=0.49); F=0% ID.IJEIS UH 1 1'0 200-

Test for overall effect Z=4.17 (P < 0.0001)

Fig.6 Forest plot for relative ratio for remission with no detectable
anti-PLA2R at the end of immunosuppressive therapy. Mantel-Haen-
szel method was used for statistical analysis. Fixed-effect model was

the end of follow-up in patients with PMN (RR=1.30, 95%
CI 1.13-1.50, p=0.002) (Fig. 7).

Subgroup analysis
First, studies were stratified according to the ethnicity.

The result indicated that the relative ratios for remission
in Asian and Caucasian were 1.11 (95% CI 1.03-1.20,

PLAZ2R negative  PLAZR positive

anti-PLAZR positive anti-PLAZR negative

used for computing relative risk. Relative ratio for remission was 2.86
(95% CI 1.75-4.69, p<0.00001) with negative test result of anti-
PLA2R post-IST

p<0.05) and 1.37 (95% CI 1.20-1.58, p <0.05) respec-
tively. The predictive value of anti-PLA2R was slightly
higher among Caucasian. Heterogeneity increased after
the stratification of variable with an I of 81% (p =0.005)
and I? of 52% (p <0.05) for each subgroup. Low con-
sistency was detected between two subgroups (I*=75%,
p <0.05) (Fig. 8). In the stratified analysis by study
design, the result showed that in the subgroup with

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M_.H, Fixed, 95% CI

Ding.L.N/2015 5 5 14 22 85% 1.45(0.98, 2.16] 1

Huazhang.Q/2016 6 7 14 45  54% 2.76 [1.62, 4.68]

Ling.Y.Qi2017 24 24 39 59 33.0% 1.49[1.23,1.80] —=—

Liu.H/2016 6 1 47 56 21.9% 0.65[0.37,1.13] B i

Wang.Ji2017 12 13 55 78 223% 1.31 [1.06,1.62] —

XUNX2017 4 6 34 60 8.8% 1.18[0.64, 2.16) S - —

Total (95% CI) 66 320 100.0% 1.30 [1.13, 1.50] >

Total events 57 203

Heterogeneity: Chi*=16.10, df= 5 (P = 0.007); F= 69% =0 5 055 1 2 5=

Test for overall effect: Z= 3.69 (P = 0.0002)

Fig.7 Forest plot for relative ratios for remission with no detectable
gPLA2R at baseline. Mantel-Haenszel method was used for statisti-
cal analysis. Fixed-effect model was used for computing relative risk.

gPLA2R positive gPLA2R negative

Relative risk for remission was 1.30 (95% CI 1.13-1.50, p <0.00001)
with negative gPLA2R
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PLAZR negative  PLAZR positive

Study or Subgroup Events Total Events
3.1.1 Asian
E.J.Songi2018 21 23 15 25 3.0%
Huazhang. Q2016 12 17 8 3B 1.1%
Kimi2015 41 52 24 41 5.6%
Lin.Li2016 24 27 54 72 B2%
Oh.Y. 2013 18 21 45 56 5.2%
Ramachandranf2016 k3l a8 45 76 6.3%
Wang.L.J/I2016 16 16 25 a0 31%
Wang. Y2016 13 19 24 37T 34%
Wei. 512016 18 20 55 93 41%
HuY.P2017 11 13 17 37 1.9%
Yang. Y2016 73 113 276 325 29.9%
Zhang.¥.Di2017 B 8 19 28 1.8%
Zhou.G.YI2016 13 17 33 44 3.9%
Subtotal (95% CI) 384 910 75.4%
Total events 297 640
Heterogeneity: Chi*= 64.63, df=12 (P = 0.00001); F=81%
Test for overall effect: Z=2.82 (P = 0.005)
3.1.2 Caucasian
Bech.AFPi2014 7 14 14 34 1.7%
Beck L.HI2011 7 10 18 25 2.2%
Hofstrai2012 25 30 54 79 B2%
Hoxhar2014 16 17 10 16 2.2%
Kanigicherla/2013 38 43 12 42 27%
Pourcine/2017 10 11 25 41 2.2%
Ruggenentir2015 11 20 41 81 3.4%
Timmermans/2014 14 19 ar 54 4.0%
Subtotal (95% CI) 169 372 24.6%
Total events 128 21
Heterogeneity: Chi*= 1461, df=7 (P=0.04); F=52%
Test for overall effect: £=4.49 (P < 0.00001)
Total (95% CI) 553 1282 100.0%
Total events 425 a51

Heterogeneity: Chi®= 80.40, df= 20 (P = 0.00001); F=75%
Test for averall effect: Z=4.86 (P = 0.00001)
Testfor subaroun differences: Chi*=6.91. df=1 (P =0.009). F=8545%

Total Weight M-H. Fixed. 95% CI

Risk Ratio Risk Ratio

M-H. Fixed. 95% CI

1.62[1.08,2.14]

3.18[1.60, 6.29]

1.35[1.00,1.81]

1.19[0.98,1.43]

1.07 [0.86,1.33] ]
1.38[1.08,1.75]
1.56[1.21, 2.01]
1.05[0.72,1.55]
1.62[1.22,1.80]
1.84[1.21, 2.80]
0.76 [0.66, 0.88]
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1.02[0.74,1.40]
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Fig.8 Subgroup analysis. Studies were stratified according to the ethnicity. The relative ratios for remission in Asian and Caucasian were 1.11
(95% CI11.03-1.20, p<0.05) and 1.37 (95% CI 1.20-1.58, p <0.05) respectively

prospective design, the pooled relative risk was 1.27 (95%
CI 1.14-1.41, p <0.05). In comparison, a pooled relative
risk in the subgroup with retrospective design was 1.12
(95% CI 1.03-1.22, p=0.007). The overall relative risk
was statistically significant and higher in the subgroup
with prospective design. Moreover, the heterogeneity
analysis showed that studies with prospective design dem-
onstrated a significantly lower heterogeneity than those
with retrospective design (I>=0%, p=0.66 vs I*=74%,
p <0.05), which indicated a higher quality and good
consistency in the subgroup of studies with prospective
design (Fig. 9). In addition, subgroup by method type of
measurement revealed that heterogeneity remained high
in the subgroup with studies using only ELISA as test
method (I>=76%, p <0.05) (Fig. 10). In summary, sub-
group analyses illustrated that study design might be the
potential sources of heterogeneity, but it was less likely
that method type for measurement contributed to the het-
erogeneity (Tables 3, 4, 5).
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Sensitivity analysis

Finally, a leave-one-out sensitivity analysis was performed
by sequentially removing one study at a time, to assess the
effect of each study on the pooled RR and heterogeneity.
After omitting studies one-by-one, it was observed that the
heterogeneity decreased dramatically after excluding the
study by Yang et al. (>=48%, p=0.007) while the results
did not show significant changes when any other records
were omitted (Online Resource 2). Yang et al. reported
higher remission rate in PMN patients with positive anti-
PLAZ2R antibody at baseline, while a lower complete remis-
sion rate with no detectable anti-PLA2R antibody. We
reviewed this study carefully to investigate the possible
explanation for the discrepancy. The study had a retrospec-
tive design and there was significant difference on baseline
characteristics such as gender ratio and strategy of immu-
nosuppressive therapy between two groups with or without
detectable anti-PLA2R. Since immunosuppressive modal-
ity plays a significant role on the outcome of the disease, a
biased conclusion might be drawn without adjustment for
this important variable.
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Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
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Heterogeneity: Chi*=6.75, df= 9 (P = 0.66); F= 0%
Testfor overall effect: Z=4.48 (P = 0.00001)

3.2.2 Retrospective

E.J.Songi2018 21 23 15 25 29%
Huazhang. Q2016 12 17 g 3/ 1.0%
Jatemi2014 7 14 27 41 2.8%
Kanigicherlai2013 38 48 12 42 26%
Kimi2015 41 52 24 41 5.4%
OhY.Jr2013 18 21 45 56 4.9%
Pourcinei2017 10 1" 25 41 21%
Timmermansf2014 14 19 a7 54 3.9%
Wang Y2016 13 19 24 7 33%
Wei S.YI2016 18 20 55 93 3.9%
KUY PI20M7 11 13 17 7 1.8%
Yang. Y2016 73 113 276 325 287%
Zhou.GYI2016 13 17 33 44 37%
Subtotal (95% CI) 387 872  67.0%
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Heterogeneity: Chi®=72.29, df=12 (P < 0.00001); = 83%
Testfor overall effect: Z=2.70(P=0.007)

Total (95% CI) 585 1335 100.0%
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Heterogeneity: Chi*= 83.40, df= 22 (P < 0.00001); I*= 74%

Testfor overall effect: Z=4.72 (P = 0.00001)

Testfor subaroun differences: Chi*=3.34. df=1 (P=0071.F=701%

Fig.9 Subgroup analysis. Studies were stratified according to the
study design. Heterogeneity in subgroup of studies with prospective
design dropped significantly to />=0%, however, subgroup of stud-

Discussion

The discovery of PLA2R antigen, a 185-kD transmembrane
receptor on glomerular podocytes, has inspired robust
research on its role in the pathogenesis of PMN. A substan-
tial body of evidence suggests that anti-PLA2R autoanti-
body might play a causal role in the occurrence of PMN.
Beck et al. found that circulating autoantibody could only be
eluted from the kidney biopsy of patients with PMN but not
with SMN or controls [3]. The titer of anti-PLA2R autoanti-
body was significantly correlated with the clinical status and
immunological activity of the disease [7, 8]. Furthermore,
high level of anti-PLA2R autoantibody before transplanta-
tion was associated with a higher chance of clinically sig-
nificant recurrence of membranous nephropathy post-kidney
transplantation [9, 10]. A plausible speculation is that the
recognition and binding of anti-PLA2R autoantibody and
PLA2R antigen on podocytes triggers autoimmune reac-
tion with subsequent formation of sub-epithelial deposit.
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ies with retrospective design showed a persistent high heterogeneity
(>=74%, p<0.05)

Nevertheless, direct evidence from animal model by trans-
fer experiments has not yet been made available, which was
hampered by an apparent lack of expression of PLA2R in
rodent glomeruli.

Our study demonstrated that PMN patients with nega-
tive baseline anti-PLA2R at the time of biopsy showed a
higher rate of reaching remission, and this association to
more favorable outcomes was even stronger in patients with
negative post-IST anti-PLA2R. It is known that titer of anti-
PLAZ2R autoantibody is changing along with the progression
or recovery of disease. The positive result for anti-PLA2R
at baseline might turn negative after receiving immunosup-
pressive therapy, and vice versa, a negative result for anti-
PLA2R autoantibody at the time of biopsy might found to
be positive as the disease develops and progresses. Some
studies reported that the presence of anti-PLA2R at baseline
was not associated with remission, but status of anti-PLA2R
post-IST predicted long-term outcome [11]. Therefore, it
seems that antibody status at the end of immunosuppressive
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Fig. 10 Subgroup analysis. Studies were stratified according to the method type for measuring anti-PLA2R. In the subgroup with studies using
ELISA as method for measuring anti-PLA2R, heterogeneity remained to be high (=76%, p <0.001)

therapy has a higher prognostic value than the seropositiv-
ity of anti-PLA2R at baseline. But studies on the predictive
value of antibody level post-IST were limited; more studies
evaluating the correlation between anti-PLA2R positivity at
end of immunosuppressive therapy and long-term remission
would provide us with more insights, which might suggest
a favorable response towards therapy. But it is still worth
noting that serial monitoring of anti-PLA2R autoantibody
should be emphasized.

More research tried to answer the question about
the association between antibody titer and proteinuric
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outcome. Ruggenenti et al. [12] reported that outcomes of
patients with or without detectable anti-PLA2R autoanti-
body at baseline were similar, although it might be caused
by a biased selection of PMN patients with more progres-
sive diseases. In contrast, lower anti-PLA2R antibody titer
at baseline and full antibody depletion 6 months post-IST
strongly predicted remission with hazard ratio of 7.9 [13].
Similar results were found in another study, which sug-
gested that highest level of antibody titer at presentation
was less likely to develop spontaneous remission [14],
and a decline of anti-PLA2R was associated with a better



International Urology and Nephrology (2019) 51:1581-1596

1593

Table 3 Relative ratio for
remission with negative serum
anti-PLA2R at baseline

Author/year P:N Remission ratio in  Remission ratio in  Relative risk
negative positive

Bech/2014 [11] 34:14 /14 14/34 1.21 [0.63, 2.35]
Beck/2011 [15] 25:10 7/10 18/25 0.97 [0.61, 1.56]
Song/2018 [18] 25:23 21/23 15/25 1.52[1.08, 2.15]
Hofstra/2012 [14] 79:30 25/30 54/79 1.22[0.98, 1.52]
Hoxha/2014 [19] 16:17 16/17 10/16 1.51[1.01,2.24]
Huazhang/2016 [21] 36:17 12/17 8/36 3.18 [1.60, 6.29]
Jatem/2015 [22] 41:14 /14 27/41 0.76 [0.43, 1.34]
Kanigicherla/2013 [16] 42:48 38/48 12/42 2.77 [1.68, 4.57]
Kim/2015 [23] 41:52 41/52 24/41 1.35[1.00, 1.81]
Lin/2016 [36] 72:27 24/27 54/72 1.19[0.98, 1.43]
Mahmoud/2017 [30] 12:18 12/18 5/12 1.60 [0.76, 3.37]
Oh/2013 [24] 56:21 18/21 45/56 1.07 [0.86, 1.33]
Pourcine/2017 [25] 41:11 10/11 25/41 1.49[1.10, 2.03]
Ramachandran/2016 [31] 76:38 31/38 45/76 1.38 [1.08, 1.75]
Ruggenenti/2015 [13] 81:20 11/20 41/81 1.09 [0.69, 1.71]
Timmermans/2014 [26] 54:19 14/19 37/54 1.08 [0.78, 1.49]
Wang. L.J/2016 [32] 40:16 16/16 25/40 1.56 [1.21,2.01]
Wang. Y/2016 [27] 37:19 13/19 24/37 1.05[0.72, 1.55]
Wei/2016 [29] 93:20 18/20 55/93 1.52[1.22, 1.90]
Xu/2017 [35] 37:13 11/13 17/37 1.84[1.21,2.80]
Yang/2016 [28] 325:113 73/113 276/325 0.76 [0.66, 0.88]
Zhang/2017 [33] 28:8 6/8 19/28 1.11 [0.69, 1.78]
Zhou/2016 [34] 44:17 13/17 33/44 1.02 [0.74, 1.40]

clinical outcome [13, 15]. Hofstra et al. also showed that
spontaneous remissions occurred significantly less fre-
quently among patients with high antibody titers [14].
Accumulating evidence suggests that a higher titer of anti-
PLAZ2R is not only significantly correlated with persistent
proteinuria and even survival of kidney function [16, 17],
but also was associated with clinical response to treat-
ment, which shows a more rapid response to treatment
than traditional clinical parameters such as proteinuria.
Research data suggested that anti-PLA2R titer reduction
preceded equivalent proteinuria reduction by 10 months,
which implies that immunologic response measured by

anti-PLA2R precedes and may modulate the clinical
response. On the other hand, re-emergence of circulat-
ing antibody predicted disease relapse [13]. In summary,
anti-PLA2R antibody exhibits the potential to be a good
biomarker of early response to treatment and clinical out-
come, and measuring anti-PLA2R levels by immunoassay
may be a method to monitor and predict response to treat-
ment in patients with PMN [15]. But the thresholds for
defining high and low titer of anti-PLA2R autoantibody
were very different among studies, therefore, consensus

@ Springer



1594

International Urology and Nephrology (2019) 51:1581-1596

Table 4 Relative ratio for
complete remission and
spontaneous remission with
negative serum anti-PLA2R at
baseline and relative ratio for

Author/year

P:N

CR ratio in CR ratio in Positive relative risk

Negative

Relative ratio for achieving complete remission with negative serum anti-PLA2R at baseline

.. . . Beck/2011 [15] 25:10 4/10 5/25 2.00 [0.67, 5.96]

remission with negative serum

anti-PLA2R tested at end of Song/2018 [18] 25:23 14/23 6/25 2.54[1.17,5.48]

immunosuppressive therapy Hofstra/2012 [14] 79:30 12/30 24/79 1.32[0.76, 2.28]
Hoxha/2014 [19] 16:17 10/17 6/16 1.57[0.74, 3.31]
Huazhang/2016 [21] 387:127 78/127 138/387 1.72 [1.42,2.09]
Kanigicherla/2013 [16] 42:48 21/48 2/42 9.19 [2.29, 36.89]
Kim/2015 [23] 41:52 18/52 10/41 1.4210.74, 2.73]
Lin/2016 [36] 72:27 24/27 54/72 1.39[0.84, 2.29]
Ruggenenti/2015 [13] 81:20 720 28/81 1.01 [0.52, 1.98]
Timmermans/2014 [26] 54:19 1/19 8/54 0.36 [0.05, 2.66]
Wang. L.J/2016 [32] 40:16 8/16 10/40 2.00[0.97, 4.14]
Wang. Y/2016 [27] 37:19 9/19 6/37 2.92[1.22, 6.99]
Xu/2017 [35] 37:13 5/13 5/37 2.85[0.98, 8.27]
Yang/2016 [28] 325:113 52/113 102/325 1.47[1.13, 1.89]
Zhang/2017 [33] 28:8 4/8 7/28 2.00 [0.78, 5.14]
Zhou/2016 [34] 44:17 6/17 15/44 1.04 [0.48,2.22]
Relative ratio for achieving spontaneous remission with negative serum anti-PLA2R at baseline
Song/2018 [18] 25:23 17/23 3/25 6.16 [2.07,18.30]
Hofstra/2012 [14] 79:30 9/30 19/79 1.25 [0.64, 2.44]
Hoxha/2015 [20] 28:11 10/11 18/28 1.41[1.01, 1.97]
Jatem/2015 [22] 55:30 12/30 8/55 2.75[1.27,5.98]
Kim/2015 [23] 41:52 10/52 2/41 3.94[0.91, 17.01]
Oh/2013 [24] 56:21 5/21 12/56 1.11 [0.45,2.77]
Pourcine/2017 [25] 41:11 8/11 16/41 1.86[1.10, 3.16]
Timmermans/2014 [26] 54:19 13/19 22/54 1.68 [1.08, 2.62]

Relative ratio for achieving remission with negative serum anti-PLA2R at the end of therapy

Bech/2014 [11] 9:24
Beck/2011 [15] 17:8
Hoxha/2014 [19] 8:25
Pourcine/2017 [25] 15:31

14724 0/9 11.60 [0.76, 176.47]
21727 3/8 2.07[0.83,5.19]
24/25 2/8 3.84 [1.15, 12.79]
27/31 6/15 2.18 [1.15, 4.11]

M-H model, fixed model, 95% confidential range

and agreement must be reached in demarcating high or low
titer of anti-PLA2R to pave the way to the future clinical
application of monitoring anti-PLAZ2R titer.

Our analysis also suggested that negative glomerular
PLAZ2R deposit at baseline predicts a higher possibility
of reaching remission. In the aspect of diagnostic value of
gPLAZ2R, it was found that gPLA2R has a higher sensitiv-
ity in diagnosing PMN than serum anti-PLA2R autoan-
tibody. The predictive value of gPLA2R in PMN was
explored in some other studies. Debiec et al. observed the
discordant findings of anti-PLA2R by western blot immu-
noassay and gPLA2R by IIFT. Of the eighteen patients
with no detectable PLA2R autoantibody in serum, ten had
PLA2R in glomerular deposits. This disparity might be

@ Springer

explained by the shorter half-life and rapid clearance of
circulating anti-PLA2R or to the late referral of patients
when proteinuria persisted because of irreversible ultras-
tructural changes [9]. In comparison, a good consistency
between ELISA and IIFT was observed in some other
studies [8]. The availability of standardized method
for measuring anti-PLA2R autoantibody and gPLA2R
might contribute to a better understanding towards the
concordance of test result of anti-PLA2R autoantibody
and gPLA2R. In addition, it was suggested that com-
bined assessment of both circulating PLA2R antibody
and PLA2R deposit in biopsy samples may better catego-
rize patients into PLA2R-related and PLA2R non-related
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Tabl.eS' Relgtive ratif) for Author/year P:N Remission ratio in Remission ratio in Relative risk

remission with negative negative positive

gPLA2R at baseline
Ding/2015 [40] 22:5 5/5 14/22 1.4510.98, 2.16]
Huazhang/2016 [21] 457 6/7 14/45 2.76 [1.62, 4.68]
Ling/2017 [41] 59:24 24/24 39/59 1.49 [1.23, 1.80]
Liu/2016 [37] 56:11 6/11 47756 0.65[0.37, 1.13]
Wang/2017 [38] 78:13 12/13 55/78 1.31[1.06, 1.62]
Xu/2017 [39] 60:6 4/6 34/60 1.18 [0.64, 2.16]

groups which might exhibits more accurate prognostic
and therapeutic implications.

The limitation of our study was the observation of
relatively high heterogeneity in the analysis of correla-
tion between the status of anti-PLA2R autoantibody at
baseline and remission, although one specific study was
found to contribute a big part of heterogeneity in sensi-
tivity analysis. Besides that, asymmetry was observed in
the funnel plot with more studies appearing toward the
right (indicating higher odds ratio) in the bottom of the
graph, which indicated the possibility that some studies
might be missing on the left. More efforts in searching
for gray literature might be helpful in filling the missing
spots in the left bottom of the graph. However, a higher
proportion of gray literature might also lower the overall
quality of the synthesis.

Conclusion

The baseline status of anti-PLA2R or gPLA2R might have
a reliable predictive value on remission of proteinuria in
PMN patients, and negative anti-PLA2R tested at the end
of immunosuppressive therapy was highly correlated with
a more favorable outcome. Both anti-PLA2R and gPLA2R
might be promising biomarkers for prognosis in patients
with PMN. Serial monitoring of circulating anti-PLA2R
might be useful in predicting response to therapy and long-
term proteinuric outcome; therefore, its monitoring should
be highlighted.
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