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ABSTRACT

Background. Recurrence of focal segmental glomerulosclerosis (FSGS) is common after kidney transplantation and is classically
associated with a significant decrease in graft survival. A major risk factor is a prior history of FSGS recurrence on a previous graft. This
analysis reports the impact of a prophylactic treatment of FSGS recurrence in very high-risk patients who experienced a recurrence
on a previous graft.

Methods. We performed a retrospective multicentre observational study in 25 French transplantation centres. The inclusion criteria
were patients aged more than 18 years who had undergone kidney transplant between 31 December 2004 and 31 December 2020, and
who had a history of FSGS recurrence on a previous graft.

Results. We identified 66 patients: 40 received prophylactic treatment (PT+), including intravenous cyclosporine and/or rituximab
and/or plasmapheresis, and 26 did not receive any prophylactic treatment (PT-). The time to progression to end-stage kidney disease
was similar between groups. The PT+ group was younger at FSGS diagnosis and at the time of kidney retransplantation and lost their
previous graft faster. The overall recurrence rate was 72.7% (76.9% in the PT- group and 70.0% in the PT+ group, P = .54). At least
partial remission was achieved in 87.5% of patients. The 5-year graft survival was 67.7% [95% confidence interval (CI) 53.4%-78.4%]:
65.1% (95% CI 48.7%—77.4%) in patients with FSGS recurrence vs 77.3% (95% CI 43.8%-92.3%) in patients without recurrence (P = .48).

Conclusion. Our study suggests that prophylactic treatment should not be used routinely in patients receiving a second transplanta-
tion after recurrence of FSGS on a previous graft. The recurrence rate is high regardless of the use of prophylactic treatment. However,
the 5-year graft survival remains satisfactory.

Keywords: focal segmental glomerulosclerosis, graft survival, kidney transplantation, prophylactic treatment, recurrent glomerular
disease
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GRAPHICAL ABSTRACT

NEPHROLOGY DIALYSIS.

The aim of the study was to
assess the impact of a prophylactic
treatment of FSGS recurrence in very
high-risk patients who experienced a
recurrence on a previous graft.

Methods

25 transplantation centres

66 adult patients:

FSGS recurrence on a

previous graft

¢ No prophylactic treatment
(n=26)

¢ Prophylactic treatment
(n=40)

Uro-Coste, C. et al.
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Prophylactic treatment of FSGS recurrence in patients

who relapsed on a previous kidney graft

Results

€2

Similar FSGS recurrence rate

70.0%

with prophylaxis without prophylaxis

76.9%

(p=0.54)

t 9

Remission rate

87.5%

5-year graft survival

67.7%

Prophylactic treatment should not be used routinely in this ‘high-risk’

population. The 5-year graft survival remains satisfactory and should
encourage us to consider a new transplant to these patients.

KEY LEARNING POINTS

What was known:

This study adds:

population.

e The 5-year graft survival in this population was 67.7%.

Potential impact:

a previous graft.

e Recurrence of focal segmental glomerulosclerosis (FSGS) is common after kidney transplantation.
e The most well-known recurrence risk factor is a prior history of FSGS recurrence on a previous graft.

e This multicentre retrospective study is the first to describe the impact of prophylactic treatment in this specific, very high-risk

e The overall recurrence rate was 72.7% and did not differ whether or not a prophylactic treatment was used.

e Prophylactic treatment should not be used routinely in patients receiving a second transplantation after recurrence of FSGS on

e The 5-year graft survival remains satisfactory for a cohort of patients with transplant rank >1.

INTRODUCTION

Recurrence of focal segmental glomerulosclerosis (FSGS) is com-
mon after kidney transplantation (KT), estimated to be between
10% and 60% [1-6]. In current practice, it is difficult to distinguish
primary FSGS at risk of recurrence from genetic or secondary FSGS
(viral, maladaptive, drug-induced, etc.), for which recurrence is
much rarer [7]. The risk factors identified for recurrence of FSGS
posttransplant are young age at diagnosis, rapid progression to
end-stage kidney disease (ESKD) and a prior history of FSGS recur-
rence in a kidney allograft. In the latter case, the risk of recurrence
is reported to be >80% [4, 8, 9].

The pathophysiology of primary FSGS remains poorly under-
stood. The existence of a circulating factor that increases the
permeability of glomerular capillaries, leading to disorganization
of the podocyte cytoskeleton responsible for proteinuria, is now
generally accepted [10-13]. Several candidates have been pro-
posed [14, 15]. Treatment of posttransplant recurrence relies on
plasmapheresis (PP) to eliminate this glomerular permeability
factor, combined with corticosteroids and high-dose calcineurin
inhibitors [6, 16-18]. Rituximab (RTX) is sometimes used as a first-
line treatment in combination with the aforementioned therapies
[18-23], as a second-line therapy to space out or interrupt PP [21],
or as a salvage treatment after failure of standard therapy [24, 25].
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350 kidney transplant recipients with
FSGS on native kidney in ORYHATRE
database

98 patients with
trans

previous kidney
plant

66 patients with FSGS recurrence on
previous kidn

ey transplant

No prophylactic treatment (PT-)
n=26 (39.4%)

Prophylactic treatment (PT+)
n=40 (60.6%)

PP + RTX + cyclosporine IV : n=4
PP +RTX: n=4

PP + cyclosporine IV : n=6

RTX + cyclosporine IV : n=3

Exclusive PP : n=5
Exclusive RTX : n=6
Exclusive cyclosporine IV : n=12

Figure 1: Flow chart of the study.

Despite the various therapies available, FSGS recurrence has
a significant negative impact on graft outcome, with 5-year graft
survival ranging from 52% to 62% [2, 4, 6, 26]. Thus, the risk of graft
loss is multiplied by five compared with nonrecurrent patients [6].

As a result, many patients deemed at high risk of posttrans-
plant FSGS recurrence receive prophylactic treatment, although
the data in the literature concerning its efficacy are discordant.
Most of these studies are based on case reports or retrospec-
tive studies of small numbers of cases [8, 27-37]. The therapeutic
strategies most frequently used in this indication are the same as
those used to treat relapse, i.e. PP, RTX and per os or intravenous
(IV) ciclosporin [9, 28-38].

The aim of our retrospective multicentre study was to describe
French practices in terms of prophylactic treatment in patients at
highest risk of recurrence with a history of FSGS recurrence on a
previous kidney transplant and to assess its efficacy.

MATERIALS AND METHODS
Population and general data

A retrospective multicentre observational study was performed
in 25 French adult transplantation centres. The inclusion criteria
were patients aged more than 18 years who had undergone KT
between 31 December 2004 and 31 December 2020, and who had
a history of FSGS recurrence on a previous transplant.

The following demographic, clinical and biological data were
collected: age, sex, ethnic origin, history of FSGS on the native kid-
ney, history of FSGS recurrence on previous transplant(s) and time
to return to dialysis, date of KT, initial immunosuppressive treat-
ment, FSGS recurrence, treatment of recurrence and response to
treatment, biological follow-up, graft survival and patient sur-
vival.

FSGS recurrence was defined as a proteinuria >2 g/day or a
urine protein-to-creatinine ratio (UCPR) >2 g/g with (i) a kidney
biopsy showing FSGS lesions or (ii) in patients with no residual

urine output before transplant or a proteinuria <0.5 g/g before
recurrence (so that proteinuria could not be explained by native
kidney or previous graft FSGS recurrence) and without abnormal-
ities explaining the proteinuria on kidney graft biopsy when it was
performed.

Histological diagnoses were based on reports from patholo-
gists at each centre, using the histological criteria defined in the
Columbia classification [38].

Partial remission was defined as proteinuria <2 g/day or g/g and
reduced by 50% in comparison with the initial value, and complete
remission was defined as proteinuria <0.3 g/day or g/g [39].

This French retrospective and prospective registry study called
ORHYATRE was approved on 25 June 2018 by our local research
ethics committee (Committee for Protection of Human Subjects
‘SUD-EST VI’; IRB 00008526) and by the consultative committee
on the use of health research information (14.510). No written
consent was required for this study, but a notice of a no oppo-
sition letter was sent to all patients in accordance with national
legislation.

Definition of groups

Our study included 66 patients who were divided into two groups:
a group that received prophylactic treatment (PT+) for posttrans-
plant FSGS recurrence, comprising 40 patients (60.6%), and a
group without prophylactic treatment (PT-), including 26 patients
(39.4%) (Fig. 1). The prophylactic treatment was defined by the ad-
ministration of high-dose IV cyclosporine pre- and posttransplant
and/or RTX in the days preceding KT or on Day 0 and/or PP in the
days preceding KT or in the first days following KT, in all cases be-
fore clinical evidence of FSGS recurrence if recurrence occurred.
For the latter two therapies, the indication could be the prevention
of FSGS recurrence but also, as was the case for 11 patients, the de-
sensitization of patients with preformed donor-specific antibody
(DSA) or receiving an ABO-incompatible kidney allograft [40, 41].
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Table 1: Baseline and clinical characteristics of the study patients.

All patients PT- PT+
(n = 66) (n=26) (n = 40) P-value

Male sex 37 (56.1) 16 (61.5) 21 (52.5) 47
Caucasian 56/61 (91.8) 23 (88.5) 33/35 (94.3) 64
Age at FSGS diagnosis (years) (n = 57) 17.6 £13.0 22.2+157 14.8 +£10.2 .06
FSGS diagnosis at <16 years 31/57 (54.4) 10/22 (45.5) 21/35 (60.0) .28
Time to ESKD (months) (n = 54) 55 (36; 84) 49 (36; 93) 57 (32; 79) .94
FSGS immunosuppressive treatment of native kidney

Steroids 37/54 (68.5) 13/21 (61.9) 24/33 (72.7) 40

Steroid-sensitivity on native kidney 7/34 (20.6) 3/11 (27.3) 4/23 (17.4) .66

Cyclosporine 22/54 (40.7) 4/21 (19.0) 18/33 (54.5) .01

RTX 2/54 (3.7) 0/21 (0.0) 2/33 (6.1) 52
Two previous KT 16 (24.2) 4(15.4) 12 (30.0) .18
Recurrence of FSGS in the first graft® 65 (98.5) 25 (96.2) 40 (100) .39

Graft loss due to FSGS recurrence 46/57 (80.7) 17/22 (77.3) 29/35 (82.9) .68

Graft survival (months) (n = 60) 50 (18; 100) 72 (21; 158) 37 (17;73) .08
Recurrence of FSGS in the second graft® 14/16 (87.5) 4/4 (100) 10/12 (83.3) 1.00

Graft loss due to FSGS recurrence 11/13 (84.6) 2/4 (50.0) 9/9 (100) .08

Graft survival (months) (n = 14) 36 (10; 86) 46 (8; 91) 36 (14; 86) .89
Age at KT (years) 40.2 £12.6 46.5+£13.2 36.2£10.5 .002
Living donor 9/65 (13.8) 0(0.0) 9/39 (23.1) .009

Living related donor 8/9 (88.9) 8/9 (88.9) NA
DSA at KT 26/60 (43.3) 11/24 (45.8) 15/36 (41.7) 75
Induction therapy with anti-thymocyte globulin 52 (78.8) 20 (76.9) 32 (80.0) 77
Immunosuppressive regimen

Cyclosporine 31 (47.0) 8 (30.8) 23 (57.5) .03

Tacrolimus 35 (53.0) 18 (69.2) 17 (42.5)

MMF 66 (100) 26 (100) 40 (100) NA

Steroids 66 (100) 26 (100) 40 (100) NA
RAAS inhibitor during the first year after KT 37/50 (74.0) 17/22 (77.3) 20/28 (71.4) .64

Data are presented as the number of patients (percentages), mean =+ standard deviation or median (25th; 75th percentiles). In the first column, ‘n’ is the number of
available data when the analyses are not performed on the whole sample (n = 66).

@The one patient who did not have FSGS recurrence on his first graft had a recurrence on the second.
®The two patients who did not have FSGS recurrence on the second graft had a recurrence on the first one.
MMF: mycophenolate mofetil; NA: not applicable; RAAS: renin-angiotensin-aldosterone system.

These three different treatments could be used alone or in combi-
nation (two to three treatments). Each local team decided whether
to use a preventive treatment. When treatment was carried out,
the type of therapy, dosage and frequency were at the discretion
of the team in charge of the patient. Details of the treatments are
shown in Fig. 1.

We also studied five subgroups according to the prophylactic
treatments received: (i) patients receiving RTX with or without
other treatments (n = 17); (i) patients receiving PP with or with-
out other treatments (n = 19); (iii) patients receiving RTX and PP
with or without high-dose IV cyclosporine (n = 8); (iv) patients re-
ceiving IV cyclosporine without other treatments (n = 12); and (v)
patients with prophylactic treatment, excluding 12 who received
only IV cyclosporine (n = 28).

Statistical analysis

Statistical analyses were performed using Stata (version 15; Stat-
aCorp, College Station, TX, USA) and R (version 4.1.3; R Founda-
tion for Statistical Computing, Vienna, Austria) softwares. All tests
were two-sided with an alpha level set at 5%. Categorical variables
are expressed as the number of patients and associated percent-
ages, and continuous variables as the mean + standard deviation
or median (25th; 75th percentiles), according to their statistical
distribution.

Baseline and clinical characteristics of the patients were com-
pared between the two groups (P- and P+) using usual statistical

tests: chi-squared test or Fisher’s exact test for categorical vari-
ables and Student’s t-test or Mann-Whitney test for continuous
variables.

The cumulative incidence of FSGS recurrence was measured
from the date of KT to the date of FSGS recurrence. Return to dial-
ysis and death were considered competing events, and the cumu-
lative incidence curves were compared using Gray’s test.

Graft survival was a composite outcome of return to dialy-
sis and death after KT, presented as survival free of dialysis and
death. This outcome, expressed as censored data, was estimated
with the Kaplan-Meier method, and the groups were compared by
the log-rank statistic. Graft survival at 1 and 5 years is presented
with a 95% confidence interval (95% CI).

Secondary outcomes were compared between the two groups
by mixed models, considering the centre as a random effect: linear
mixed models were used for continuous outcomes, and general-
ized linear mixed models with logit link function were used for
binary outcomes.

A sensitivity analysis was performed on patients whose FSGS
recurrence was confirmed by biopsy.

RESULTS
Patient characteristics

The characteristics of the patients are given in Table 1. The
66 patients included in our study were predominantly male
(56.1%) and aged 17.6 £ 13.0 years at the time of FSGS diagnosis:
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Table 2: Recurrence of FSGS and clinical course of the study patients.
All patients PT- PT+

(n=66) (n = 26) (n = 40) P-value
FSGS recurrence 48 (72.7) 20 (76.9) 28 (70.0) .54
Time to recurrence (days) (n = 48) 11 (2; 150) 33 (4; 150) 4 (1; 120) .06
Proteinuria at recurrence (g/day or UCPR) (n = 48) 3.0 (2.2, 6.0) 3.1(2.2;7.0) 3.0 (2.1; 4.9) .62
Serum albumin at recurrence (g/dL) (n = 27) 32 (27; 39) 32 (28; 38) 34 (27, 39) 34
Partial remission 42/48 (87.5) 19/20 (95.0) 23/28 (82.1) 21
Time to partial remission (days) (n = 36) 20 (6; 61) 21 (11; 29) 15 (3; 132) 46
Complete remission 26/48 (54.2) 10/20 (50.0) 16/28 (57.1) .63
Time to complete remission (days) (n = 22) 36 (14; 137) 33 (12; 53) 43 (14; 183) .58
Return to dialysis 20 (30.3) 8(30.8) 12 (30.0) .86
Time to return to dialysis (months) (n = 20) 36 (21; 50) 40 (35; 54) 32 (14; 50) .25
For FSGS recurrence 13/20 (65.0) 5/8 (62.5) 8/12 (66.7) .85
Death 5(7.6) 3(11.5) 2 (5.0) 36

Data are presented as the number of patients (percentages) or median (25th; 75th percentiles). In the first column, ‘n’ is the number of available data when the

analyses are not performed on the whole sample (n = 66).

22.2 £ 15.7 years in the PT- group and 14.8 £+ 10.2 years in the
PT+ group (P = .06). The time from diagnosis to ESKD was simi-
lar between groups, with a median of 55 months (36; 84). Prior to
the transplantation of interest, 16 patients (24.2%) had already re-
ceived two previous grafts, and the other 50 patients (75.8%) had
received only one graft. The median first-graft survival time was
37 months (17; 73) in the PT+ group and 72 months (21; 158) in
the PT-group (P = .08). Additional data concerning previous trans-
plants are available in Supplementary data, Table S1.

PT+ patients were younger at the time of this KT, with a mean
age of 36.2 £ 10.5 years vs 46.5 £ 13.2 years in the PT- group
(P =.002). Immunological risk and induction therapy were similar
between groups; 43.3% of patients had preformed DSA and 78.8%
received anti-thymocyte globulin. All living donor transplant re-
cipients (n = 9) belonged to the PT+ group.

With regard to prophylaxis, the majority of patients receiving
RTX (n = 17) received a dose of 375 mg/m? with a median of 2 (1;
2) injections, and those receiving PP (n = 19) underwent 5.5 (1.5;
10.0) sessions. The median follow-up was 4.0 years (2.2; 7.0).

FSGS recurrence

A total of 48 patients (72.7%) experienced FSGS recurrence, with-
out a significant difference between groups: 70.0% in the PT+
group and 76.9% in the PT- group (P = .54) (Table 2). The me-
dian time to recurrence was 4 days (1; 120) posttransplant in
the PT+ group vs 33 days (4; 150) in the PT- group (P = .06).
The cumulative incidence of FSGS recurrence did not differ be-
tween groups (P = .86), with a recurrence rate of 60.6% at 1 year
posttransplant (Fig. 2). All patients who received a kidney from
a living donor recurred. The recurrence rates and time to recur-
rence in the different patient subgroups, depending on the vari-
ous prophylactic strategies, were similar to those in the PT- group
(Supplementary data, Table S2).

FSGS recurrence was confirmed by kidney biopsy showing FSGS
lesions in 29 of the 48 recurrence cases. The most frequent histo-
logical anomaly was podocyte alteration (55%), followed by tips le-
sions (20%). A sensitivity analysis of these 29 patients revealed no
significant difference between the two groups, with biopsy-proven
recurrence rates of 42.3% in the PT- group and 45% in the PT+
group (P = .8) (Table 3). In the other 19 cases of recurrence, there
was no residual urine output before transplant or a proteinuria
<0.5 g/g before the recurrence. Graft biopsy was performed in 12
of these 19 patients with a median delay of 41 days (2; 85). None

showed any histological abnormality that could explain the pres-
ence of proteinuria >2 g/24 h or g/g in light microscopy. Electron
microscopy was not used.

Remission and kidney transplant survival

Among the 48 patients with FSGS recurrence, remission was ob-
served in 42 (87.5%) patients (26 complete and 16 partial) after a
median of 20 days (6; 61) of treatment (Table 2). The remission rate
trended higher in the PT- group (95.0% vs 82.1% in the PT+ group,
P = .21). Eight out of nine living donor kidney recipients achieved
at least partial remission.

Graft survival (survival free of dialysis and death) was 93.9%
(95% CI 84.6%-97.7%) at 1 year and 67.7% (95% CI 53.4 to 78.4%)
at 5 years, and there was no significant difference in 5-year graft
survival between the two groups (P = .83). The 5-year graft survival
rate for patients with recurrence was 65.1% (95% CI 48.7%—77.4%)
and for patients without recurrence was 77.3% (95% CI 43.8%-
92.3%) (P = .48) (Fig. 3).

Infections and patient survival rates

During the first year posttransplant, 22 patients (33.3%) had an
infectious episode requiring hospitalization, 14 (35.0%) in the PT+
group and 8 (30.8%) in the PT- group (P = .62).

Five patients (7.6%) died during follow-up: three in the PT-
group (haemorrhagic shock, COVID-19 infection and lymphoma)
and two in the PT+ group (breast cancer and undetermined
cause). All five patients had experienced posttransplant FSGS re-
currence.

DISCUSSION

To our knowledge, this is the first cohort used to evaluate the effi-
cacy of prophylactic treatment in high-risk patients defined by a
FSGS recurrence on a previous graft that is the most relevant fac-
tor confirming the primary nature of FSGS. This approach avoids
a bias frequently encountered in this type of study, namely the
selection of patients with genetic or secondary FSGS, which very
rarely recurs [7]. We chose to select these patients from the 350 of
our national registry because of their very high risk of recurrence
(>80% according to the literature) [2, 4, 6, 26].

The use of prophylactic treatment was relatively widespread
in our cohort. Sixty-one percent of patients received at least one
of the three treatments (PP, RTX or IV cyclosporine), even if the
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Figure 2: Cumulative incidence of FSGS recurrence in patients with and without prophylactic treatment. Return to dialysis and death were considered

competing events.

Table 3: Biopsy-proven FSGS recurrence and clinical course of the study patients (sensitivity analysis).

All patients PT- PT+
(n = 66) (n=26) (n = 40) P-value
Biopsy-proven FSGS recurrence 29 (43.9) 11 (42.3) 18 (45.0) .80
Time to recurrence (days) (n = 29) 5 (1; 130) 74 (15; 335) 2(1;8) .02
Proteinuria at recurrence (g/day or UCPR) (n = 29) 3.0(2.2;4.7) 3.2 (2.0;7.0) 3.0 (2.4; 4.4) 91
Serum albumin at recurrence (g/dL) (n = 18) 31 (27; 39) 31 (27;39) 31 (27;38) .38
Partial remission 24/29 (82.8) 10/11 (90.9) 14/18 (77.8) .38
Time to partial remission (days) (n = 22) 15 (3; 35) 20 (11; 62) 11 (1; 28) .29
Complete remission 16/29 (55.2) 6/11 (54.5) 10/18 (55.6) .96
Time to complete remission (days) (n = 15) 37 (18; 137) 44 (18; 54) 35 (18; 137) .81

Data are presented as the number of patients (percentages) or median (25th; 75th percentiles). In the first column, ‘n’ is the number of available data when the

analyses are not performed on the whole sample (n = 66).

indication for treatment was, in 11 cases, human leukocyte anti-
gen desensitization or ABO-incompatible transplantation [40, 41].
This is a relatively large number, given the highly contradictory
data in the literature. Owing to the absence of randomized stud-
ies and the lack of cohorts with homogeneous management, we
observed a wide variety of practices in terms of the type of treat-
ment (PP, RTX, cyclosporine), administration regimen and dosages
used (Fig. 1). This is accentuated by the large number of transplant
centres involved in the study and the small number of patients per
centre.

Several prophylactic treatments have been evaluated in the lit-
erature [8, 27-37]. RTX is the most documented therapy. Fornoni
et al. reported on a cohort of 41 adult kidney transplant recipi-
ents at risk of recurrence (because of their young age and rapid
progression to ESKD), 27 of whom had received RTX [32]. They ob-

served a reduction in the recurrence rate, from 64% in the group
without prophylaxis to 26% for patients who received RTX, P < .05.
Similarly, Audard et al. presented a series of four patients at high
risk of relapse because of FSGS recurrence in the first transplant
who received an infusion of RTX on the day of transplantation and
in whom no recurrence was observed [27]. In contrast, Aufién et al.
concluded that RTX administered on the day of transplantation
and at 14 days posttransplant was ineffective in 12 patients from
a cohort of 34 patients with primary FSGS (recurrence rate 50% in
the group with RTX vs 40.9% in the group without RTX, P = .61)
[28]. To our knowledge, only one prospective study has been car-
ried out. It included 66 patients (including 24 patients with trans-
plant rank higher than one), 37 of whom were selected as having
a higher risk of recurrence [8]. Of these patients, 28 received pro-
phylactic treatment with RTX combined with PP. The recurrence
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Figure 3: Graft survival in the study patients with and without FSGS recurrence. Graft survival was define as survival free of dialysis and death.

rate was 62% in the prophylactic group vs 51% in the group with-
out prophylactic treatment (P = .21). However, the result may have
been influenced by the group composition criterion, as patients
who received prophylactic treatment were those with the most
risk factors for recurrence (young age at diagnosis, albumin level
<3 g/dL, progression to ESKD <5 years, recurrence on a previous
graft).

PP, which is currently the mainstay of curative treatment for
FSGS recurrence [6, 42, 43], is also being widely studied as a pro-
phylactic treatment, as itis thought to eliminate a circulating per-
meability factor [43-45]. Here, again, conclusions on their efficacy
in this indication are equivocal. A case series published by Ohta
et al. reported only five recurrences in the 15 patients (33.3%) who
received PP prophylaxis vs four recurrences out of six cases with-
out prophylaxis (66.7%) (P = .16) [36]. However, this benefit has not
been observed in other series [6, 30, 33]. Thus, Verghese et al. re-
ported a similar recurrence rate in a paediatric population—that
is, between 26 patients treated with PP (1-3 pretransplant then
5 posttransplant) and 31 patients without prophylaxis, with 27%
and 26% recurrence, respectively (P = 1.00) [37]. A recent meta-
analysis of 44 publications investigating the value of RTX and pro-
phylactic PP concluded that there was no benefit from these treat-
ments, whether RTX alone or in combination with PP, or PP alone
[29].

Based on the results of our study, which only included pa-
tients who had relapsed on a previous graft, which constitutes
the most well-recognized risk factor for recurrence, there would
appear to be no benefit from prophylactic treatment. However,
since the use of preventive treatment was at the discretion of each
team, patients considered at even greater risk of recurrence were
treated more frequently. Indeed, the patients in the PT+ group
were younger both at the time of diagnosis of the disease and at
the time of the new kidney transplant. The time to first graft loss
was also significantly shorter in the PT+ group (Table 1). Further-
more, the median time to recurrence of 4 days may not have al-
lowed the prophylactic treatment the time required for optimal ef-
ficacy but may have enabled recurrence to be managed extremely
early, with ultimately similar graft survival between groups. The

failure of prophylactic treatment could be attributed to its pre-
dominant use in the most severe patients, or to the presence of a
higher quantity of a circulating factor explaining the very early re-
currence in these patients. The recent discovery of the potential
implication of anti-nephrin antibody in FSGS and its risk of re-
currence post-transplant offers particularly interesting research
prospects [46-48]. Determination of this antibody could help iden-
tify a population for which preventive treatment would be ap-
propriate. In addition, it could represent an attractive treatment
target, making it possible to determine whether the ‘dose of pro-
phylaxis’ is sufficient by monitoring the evolution of the antibody
titre.

We can also emphasize that in our study, recurrence of FSGS
was not systematically confirmed by biopsy. The short median
time between diagnosis of recurrence and biopsy for light mi-
croscopy could explain the absence of histological lesion in some
patients [21]. Electron microscopy remains the gold standard for
the early diagnosis of FSGS recurrence but was not widely used
in current practice in France. This technique is only available in a
few centres, with a turnaround time of several weeks. Neverthe-
less, our results are confirmed in the subgroup analysis of biopsy-
proven FSGS. The total recurrence rate of 72.7%, although slightly
lower than those reported in the literature [4, 9], remains high,
regardless of prophylactic treatment. However, the 5-year graft
survival in our cohort was 67.7% (95% CI 53.4%-78.4%), which is
therefore quite close to the 5-year survival of retransplant pa-
tients in France over the 2007-21 period [74.7% (73.4-75.8) for
transplantation rank = 2 and 67.5% (64.3-70.6) for transplanta-
tion rank >2] [49]. This may be explained by a high remission rate,
based on the multitarget therapy combining PP, calcineurin in-
hibitors and high-dose corticosteroid therapy, possibly associated
with RTX, as described in the prospective study of Canaud et al.
[21,42] which has been widely adopted by French renal transplant
centres since it was published in 2010 [21].

In conclusion, our study suggests that prophylactic treatment
should not be used routinely in the population of patients with a
history of FSGS recurrence on a previous graft. Recent prospects in
our understanding of the aetiological mechanisms of FSGS give us
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hope of successfully targeting a population for which preventive
treatment would be of benefit. In the meantime, despite a high
rate of recurrence on retransplantation, the 5-year graft survival
remains satisfactory and should encourage us to consider a new
transplant to these patients.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article can be
made available by the authors after data transfer agreement with
the institution.

SUPPLEMENTARY DATA

Supplementary data are available at Nephrology Dialysis
Transplantation online.

ACKNOWLEDGEMENTS

The authors warmly thank Marie De Antonio for her contribution
to the statistical analysis.

FUNDING
No funding

AUTHORS’ CONTRIBUTIONS

C.U.-C. and C.G. participated in research design, C.U.-C., C.G. and
C.L. contributed to data collection, C.U.-C., C.G. and C.L. partici-
pated in data analysis and in the writing of the paper, all authors
provided critical feedback and approved the final version of the
manuscript.

CONFLICT OF INTEREST STATEMENT

The authors of this manuscript have no conflicts of interest to
disclose.

REFERENCES

1. D'Agati VD, Kaskel FJ, Falk R]. Focal segmental glomeruloscle-
rosis. N Engl ] Med 2011;365:2398-411. https://doi.org/10.1056/
NEJMra1106556

2. Francis A, Trnka P, McTaggart SJ. Long-term outcome of kid-
ney transplantation in recipients with focal segmental glomeru-
losclerosis. Clin ] Am Soc Nephrol 2016;11:2041-6. https://doi.org/
10.2215/CJN.03060316

3. Moroni G, Gallelli B, Quaglini S et al. Long-term outcome of re-
nal transplantation in adults with focal segmental glomeru-
losclerosis. Transpl Int 2010;23:208-16. https://doi.org/10.1111/j.
1432-2277.2009.00977 .x

4. Pardon A, Audard V, Caillard S et al. Risk factors and out-
come of focal and segmental glomerulosclerosis recurrence in
adult renal transplant recipients. Nephrol Dial Transplant 2006;21:
1053-9.

5. Pinto J, Lacerda G, Cameron JS et al. Recurrence of focal
segmental glomerulosclerosis in renal allografts. Trans-
plantation ~ 1981;32:83-9.  https://doi.org/10.1097/00007890-
198108000-00001

6. Uffing A, Pérez-Sdez MJ, Mazzali M et al. Recurrence of FSGS
after kidney transplantation in adults. Clin ] Am Soc Nephrol
2020;15:247-56. https://doi.org/10.2215/CJN.08970719

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hickson LJ, Gera M, Amer H et al. Kidney transplantation for
primary focal segmental glomerulosclerosis: outcomes and re-
sponse to therapy for recurrence. Transplantation 2009;87:1232-9.
https://doi.org/10.1097/TP.0b013e31819f12be

Alasfar S, Matar D, Montgomery RA et al. Rituximab and
therapeutic plasma exchange in recurrent focal segmental
glomerulosclerosis postkidney transplantation. Transplantation
2018;102:e115-20. https://doi.org/10.1097/TP.0000000000002008
Senggutuvan P, Cameron JS, Hartley RB et al. Recurrence of fo-
cal segmental glomerulosclerosis in transplanted kidneys: anal-
ysis of incidence and risk factors in 59 allografts. Pediatr Nephrol
1990;4:21-8. https://doi.org/10.1007/BF00858431

Davin J-C. The glomerular permeability factors in idiopathic
nephrotic syndrome. Pediatr Nephrol 2016;31:207-15. https://doi.
0rg/10.1007/500467-015-3082-x

Fogo AB. Causes and pathogenesis of focal segmental glomeru-
losclerosis. Nat Rev Nephrol 2015;11:76-87. https://doi.org/10.
1038/nrneph.2014.216

Maas RJ, Deegens JK, Wetzels JF. Permeability factors in idio-
pathic nephrotic syndrome: historical perspectives and lessons
for the future. Nephrol Dial Transplant 2014;29:2207-16. https:
//doi.org/10.1093/ndt/gfu355

Saleem MA. Molecular stratification of idiopathic nephrotic syn-
drome. Nat Rev Nephrol 2019;15:750-65. https://doi.org/10.1038/
$41581-019-0217-5

Cathelin D, Placier S, Ploug M et al. Administration of recombi-
nant soluble urokinase receptor per se is not sufficient to induce
podocyte alterations and proteinuria in mice. ] Am Soc Nephrol
2014;25:1662-8. https://doi.org/10.1681/ASN.2013040425

Wei C, El Hindi S, Li J et al. Circulating urokinase receptor
as a cause of focal segmental glomerulosclerosis. Nat Med
2011;17:952-60. https://doi.org/10.1038/nm.2411

Kashgary A, Sontrop JM, Li L et al. The role of plasma exchange
in treating post-transplant focal segmental glomerulosclerosis:
a systematic review and meta-analysis of 77 case-reports and
case-series. BMC Nephrol 2016;17:104. https://doi.org/10.1186/
§12882-016-0322-7

Kronbichler A, Saleem MA, Meijers B et al. Soluble urokinase
receptors in focal segmental glomerulosclerosis: a review on
the scientific point of view. ] Immunol Res 2016;2016:2068691.
https://doi.org/10.1155/2016/2068691

Weber LT, Tonshoff B, Grenda R et al. Clinical practice
recommendations for recurrence of focal and segmental
glomerulosclerosis/steroid-resistant nephrotic syndrome. Pe-
diatr Transplant 2021;25:€13955. https://doi.org/10.1111/petr.
13955

Araya CE, Dharnidharka VR. The factors that may pre-
dict response to rituximab therapy in recurrent focal seg-
mental glomerulosclerosis: a systematic review. J Transplant
2011;2011:374213. https://doi.org/10.1155/2011/374213
Koutroutsos K, Charif R, Moran L et al. Successful management
of post-transplant focal segmental glomerulosclerosis with
therapeutic plasma exchange and rituximab. Clin Exp Nephrol
2019;23:700-9. https://doi.org/10.1007/s10157-019-01690-0
Lanaret C, Anglicheau D, Audard V et al. Rituximab for re-
currence of primary focal segmental glomerulosclerosis af-
ter kidney transplantation: results of a nationwide study.
Am ] Transplant 2021;21:3021-33. https://doi.org/10.1111/ajt.
16504

Pescovitz MD, Book BK, Sidner RA. Resolution of recurrent focal
segmental glomerulosclerosis proteinuria after rituximab treat-
ment. N Engl ] Med 2006;354:1961-3. https://doi.org/10.1056/
NEJMc055495


https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae108#supplementary-data
https://doi.org/10.1056/NEJMra1106556
https://doi.org/10.2215/CJN.03060316
https://doi.org/10.1111/j.1432-2277.2009.00977.x
https://doi.org/10.1097/00007890-198108000-00001
https://doi.org/10.2215/CJN.08970719
https://doi.org/10.1097/TP.0b013e31819f12be
https://doi.org/10.1097/TP.0000000000002008
https://doi.org/10.1007/BF00858431
https://doi.org/10.1007/s00467-015-3082-x
https://doi.org/10.1038/nrneph.2014.216
https://doi.org/10.1093/ndt/gfu355
https://doi.org/10.1038/s41581-019-0217-5
https://doi.org/10.1681/ASN.2013040425
https://doi.org/10.1038/nm.2411
https://doi.org/10.1186/s12882-016-0322-7
https://doi.org/10.1155/2016/2068691
https://doi.org/10.1111/petr.13955
https://doi.org/10.1155/2011/374213
https://doi.org/10.1007/s10157-019-01690-0
https://doi.org/10.1111/ajt.16504
https://doi.org/10.1056/NEJMc055495

C.Uro-Costeetal. | 483

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Prytuta A, Iijima K, Kamei K et al. Rituximab in refractory
nephrotic syndrome. Pediatr Nephrol 2010;25:461-8. https://doi.
0rg/10.1007/s00467-009-1376-6

Garrouste C, Canaud G, Bichler M et al. Rituximab for re-
currence of primary focal segmental glomerulosclerosis af-
ter kidney transplantation: clinical outcomes. Transplantation
2017;101:649-56. https://doi.org/10.1097/TP.0000000000001160
Kumar ], Shatat IF, Skversky AL et al. Rituximab in post-
transplant pediatric recurrent focal segmental glomeruloscle-
rosis. Pediatr Nephrol 2013;28:333-8. https://doi.org/10.1007/
500467-012-2314-6

Fuentes GMC, Meseguer CG, Carrion AP et al. Long-term out-
come of focal segmental glomerulosclerosis after pediatric re-
nal transplantation. Pediatr Nephrol 2010;25:529-34. https://doi.
0rg/10.1007/s00467-009-1361-0

Audard V, Kamar N, Sahali D et al. Rituximab therapy prevents
focal and segmental glomerulosclerosis recurrence after a sec-
ond renal transplantation. Transpl Int 2012;25:e62-6. https://doi.
0rg/10.1111/j.1432-2277.2012.01462.x

Aunon P, Polanco N, Pérez-Saez MJ et al. Pre-emptive rituximab
in focal and segmental glomerulosclerosis patients at risk of
recurrence after kidney transplantation. Clin Kidney J 2021;14:
139-48. https://doi.org/10.1093/ckj/sfz120

Boonpheng B, Hansrivijit P, Thongprayoon C et al. Rituximab
or plasmapheresis for prevention of recurrent focal segmen-
tal glomerulosclerosis after kidney transplantation: a system-
atic review and meta-analysis. World J Transplant 2021;11:303-19.
https://doi.org/10.5500/wjt.v11.i7.303

Campise M, Favi E, Messa P. Clinical outcomes of prophylac-
tic and therapeutic plasmapheresis in adult deceased-donor
kidney transplant recipients with primary focal segmental
glomerulosclerosis. Exp Clin Transplant 2019;17:461-9. https://
doi.org/10.6002/ect.2018.0106

Couloures K, Pepkowitz SH, Goldfinger D et al. Preventing re-
currence of focal segmental glomerulosclerosis following renal
transplantation: a case report. Pediatr Transplant 2006;10:962-5.
https://doi.org/10.1111/j.1399-3046.2006.00571.x

Fornoni A, Sageshima J, Wei C et al. Rituximab targets podocytes
in recurrent focal segmental glomerulosclerosis. Sci Transl Med
2011;3:85ra46. https://doi.org/10.1126/scitranslmed.3002231
Gonzalez E, Ettenger R, Rianthavorn P et al. Preemptive
plasmapheresis and recurrence of focal segmental glomeru-
losclerosis in pediatric renal transplantation. Pediatr Trans-
plant 2011;15:495-501. https://doi.org/10.1111/j.1399-3046.2011.
01478.x

Kwon HE, Kim YH, Lee SA et al. Post-operative recurrence of fo-
cal segmental glomerulosclerosis according to pre-transplant
treatment after kidney transplantation. BMC Nephrol 2023;24:53.
https://doi.org/10.1186/512882-023-03098- 1

Naciri Bennani H, Elimby L, Terrec F et al. Kidney transplanta-
tion for focal segmental glomerulosclerosis: can we prevent its
recurrence? Personal experience and literature review. J Clin Med
2021;11:93. https://doi.org/10.3390/jcm11010093

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ohta T, Kawaguchi H, Hattori M et al. Effect of pre- and post-
operative plasmapheresis on posttransplant recurrence of
focal segmental glomerulosclerosis in children. Transplantation
2001;71:628-33.  https://doi.org/10.1097/00007890-200103150-
00008

Verghese PS, Rheault MN, Jackson S et al. The effect of peri-
transplant plasmapheresis in the prevention of recurrent FSGS.
Pediatr Transplant 2018;22:e13154. https://doi.org/10.1111/petr.
13154

D’Agati VD, Fogo AB, Bruijn JA et al. Pathologic classification
of focal segmental glomerulosclerosis: a working proposal. Am
J Kidney Dis 2004;43:368-82. https://doi.org/10.1053/j.ajkd.2003.
10.024

Chapter 6: Idiopathic focal segmental glomerulosclerosis in
adults. Kidney Int Suppl 2012;2:181-5. https://doi.org/10.1038/
kisup.2012.19

Malvezzi P, Jouve T, Noble ] et al. Desensitization in the set-
ting of HLA-incompatible kidney transplant. Exp Clin Transplant
2018;16:367-75.

Mohamed M, Sweeney T, Alkhader D et al. ABO incompatibility
inrenal transplantation. WorldJ Transplant 2021;11:388-99. https:
//doi.org/10.5500/wjt.v11.19.388

Canaud G, Martinez F, Noé€l L-H et al. Therapeutic approach
to focal and segmental glomerulosclerosis recurrence in kid-
ney transplant recipients. Transplant Rev (Orlando) 2010;24:121-8.
https://doi.org/10.1016/j.trre.2010.04.001

Dantal J, Bigot E, Bogers W et al. Effect of plasma protein ad-
sorption on protein excretion in kidney-transplant recipients
with recurrent nephrotic syndrome. N Engl ] Med 1994;330:7-14.
https://doi.org/10.1056/NEJM199401063300102

Allard L, Kwon T, Krid S et al. Treatment by immunoadsorp-
tion for recurrent focal segmental glomerulosclerosis after pae-
diatric kidney transplantation: a multicentre French cohort.
Nephrol Dial Transplant 2018;33:954-63.

Wada T, Nangaku M. A circulating permeability factor in focal
segmental glomerulosclerosis: the hunt continues. Clin Kidney J
2015;8:708-15. https://doi.org/10.1093/ckj/sfv090

Shirai Y, Miura K, Ishizuka K et al. A multi-institutional study
found a possible role of anti-nephrin antibodies in post-
transplant focal segmental glomerulosclerosis recurrence. Kid-
ney Int 2024;105:608-17. https://doi.org/10.1016/j kint.2023.11.
022

Chebotareva N, Vinogradov A, Birukova Y et al. A pilot study
of anti-nephrin antibodies in podocytopaties among adults.
Nephrology (Carlton) 2024;29:86-92. https://doi.org/10.1111/nep.
14249

Watts AJB, Keller KH, Lerner G et al. Discovery of autoantibodies
targeting nephrin in minimal change disease supports a novel
autoimmune etiology. ] Am Soc Nephrol 2022;33:238-52. https://
doi.org/10.1681/ASN.2021060794

Agence de la biomédecine [Internet]. [cited 2024 Mar 18]. Avail-
able from: https://rams.agence-biomedecine.fr/greffe-renale-0.

Received: September 7, 2023; Editorial decision: April 8, 2024
© The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any

medium, provided the original work is properly cited.


https://doi.org/10.1007/s00467-009-1376-6
https://doi.org/10.1097/TP.0000000000001160
https://doi.org/10.1007/s00467-012-2314-6
https://doi.org/10.1007/s00467-009-1361-0
https://doi.org/10.1111/j.1432-2277.2012.01462.x
https://doi.org/10.1093/ckj/sfz120
https://doi.org/10.5500/wjt.v11.i7.303
https://doi.org/10.6002/ect.2018.0106
https://doi.org/10.1111/j.1399-3046.2006.00571.x
https://doi.org/10.1126/scitranslmed.3002231
https://doi.org/10.1111/j.1399-3046.2011.01478.x
https://doi.org/10.1186/s12882-023-03098-1
https://doi.org/10.3390/jcm11010093
https://doi.org/10.1097/00007890-200103150-00008
https://doi.org/10.1111/petr.13154
https://doi.org/10.1053/j.ajkd.2003.10.024
https://doi.org/10.1038/kisup.2012.19
https://doi.org/10.5500/wjt.v11.i9.388
https://doi.org/10.1016/j.trre.2010.04.001
https://doi.org/10.1056/NEJM199401063300102
https://doi.org/10.1093/ckj/sfv090
https://doi.org/10.1016/j.kint.2023.11.022
https://doi.org/10.1111/nep.14249
https://doi.org/10.1681/ASN.2021060794
https://rams.agence-biomedecine.fr/greffe-renale-0
https://creativecommons.org/licenses/by/4.0/

	INTRODUCTION
	MATERIALS AND METHODS
	Population and general data
	Definition of groups
	Statistical analysis

	RESULTS
	Patient characteristics
	FSGS recurrence
	Remission and kidney transplant survival
	Infections and patient survival rates

	DISCUSSION
	DATA AVAILABILITY STATEMENT
	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

