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Abstract
Background Recurrent focal segmental glomerulosclerosis (FSGS) after kidney transplantation (KT) is a serious 
complication and a significant risk factor for graft failure. However, there is no clear evidence of the effectiveness of 
pre-transplant treatment using plasmapheresis (PP) or rituximab in preventing post-operative FSGS recurrence after 
KT.

Methods This single-center retrospective study included 99 adult patients with biopsy-proven primary FSGS who 
underwent KT between 2007 and 2018. The patients were divided into the pre-treatment group (N = 53, 53.5%) 
and no pre-treatment group (N = 46, 46.5%). In the pre-transplant group, prophylactic PP was administered before 
KT in patients undergoing living donor transplantation and the day after KT in those undergoing deceased donor 
transplantation.

Results The rate of immediate post-operative recurrence was significantly higher in the no pre-treatment group (16 
[34.8%]) than in the pre-treatment group (5 [9.4%]; P = 0.002). There were three cases of graft failure due to recurrent 
FSGS, all of which were in the no pre-treatment group. After adjusting for possible confounding factors, age (per 
10-year increase; OR = 0.61, CI, 0.42–0.90; P = 0.012) and pre-transplant treatment (vs. no pre-transplant treatment; 
OR = 0.17, CI, 0.05–0.54; P = 0.003) were identified as significant factors associated with FSGS recurrence. The rate of 
death-censored graft survival was significantly superior in the pretransplant treatment group (P = 0.042).

Conclusion Pre-transplant treatment with PP was associated with beneficial effects on preventing FSGS recurrence 
after KT.

Keywords Kidney transplantation, Focal segmental glomerulosclerosis, Plasmapheresis

Post-operative recurrence of focal 
segmental glomerulosclerosis according 
to pre-transplant treatment after kidney 
transplantation
Hye Eun Kwon1, Young Hoon Kim1, Sang Ah Lee1, Jae Jun Lee1, Youngmin Ko1, Sung Shin1, Joo Hee Jung1,  
Frances S. Sung1, Chung Hee Baek2, Hyosang Kim2, Su-Kil Park2 and Hyunwook Kwon1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-023-03098-1&domain=pdf&date_stamp=2023-3-8


Page 2 of 8Kwon et al. BMC Nephrology           (2023) 24:53 

Introduction
Focal segmental glomerulosclerosis (FSGS) is one of 
the leading causes of end-stage renal disease. Recur-
rent FSGS after kidney transplantation (KT) is a serious 
complication and a significant risk factor for graft fail-
ure, resulting in an inferior graft survival rate compared 
with KT with other causes [1, 2]. The recurrence rates 
have a wide range (10–55%) in previous studies [1–7]. 
The known predictors of FSGS recurrence include age, 
race, donor type, disease’s rapid progression, and diffuse 
mesangial proliferation in kidney biopsy [7, 8]. However, 
it is still challenging to predict FSGS recurrence after KT 
because most of the previous studies had a small sam-
ple size to identify risk factors with sufficient statistical 
power and studies using large registries are limited by 
insufficient information [1–3].

Plasmapheresis (PP) is an effective therapeutic proce-
dure for recurred FSGS and can achieve a remission rate 
of 57–90% [2, 6, 9]. The theoretical basis of applying PP 
as a treatment is the targeting of circulating permeability 
factors, [10] whose presence in recipients’ serum is asso-
ciated with the alteration of glomerular permeability to 
albumin, resulting in the injury to the glomerular-filtra-
tion barrier and persistent proteinuria [6, 10]. Although a 
recent study suggested possible candidates of permeabil-
ity factor (e.g., cardiotrophin-like cytokine 1, antiCD40 
antibody, soluble urokinase-type plasminogen activa-
tor receptor), the exact pathophysiologic mechanism of 
FSGS is still unclear [11]. Rituximab (CD20 monoclonal 
antibody) seemed to induce podocyte stabilization, albeit 
with insufficient efficacy and safety [11]. Recent observa-
tional studies have reported conflicting results regarding 
the effects of pre-conditioning with PP or rituximab  [3, 
4, 6, 12]. In addition, the number of patients included 
in those studies was too small to have enough statistical 
power. Therefore, there is no consensus about pre-trans-
plant treatment using PP or rituximab.

Our center performs more than 300 cases of KT per 
year, 20% of which are ABO-incompatible (ABOi) KT 
[13]. In this study, we evaluated the effectiveness of pre-
transplant treatment in preventing post-operative FSGS 
recurrence after KT by comparing the results of patients 
with FSGS who were treated before transplant as a pre-
conditioning for ABOi KT and those who received PP 
before KT due to the physician’s preference.

Materials and methods
Patients
This single-center retrospective study included patients 
over 18 years of age with biopsy-proven primary 
FSGS who underwent living or deceased donor KT at 
Asan Medical Center (Seoul, South Korea) between 
2007 and 2018. Patients who fulfilled all of the follow-
ing criteria were selected in this study: (1) presence of 

nephrotic-range proteinuria (> 3.0  g/day); (2) histologi-
cal identification of FSGS; and (3) diffuse effacement of 
podocyte foot processes in a native kidney biopsy [5, 14, 
15]. Patients with a family history, recurrence of FSGS 
after previous KT, and suspected secondary causes, 
such as severe obesity, long-standing diabetes, atrophic 
kidney, and infection, were excluded. However, genetic 
analyses to identify genetic FSGS was not performed in 
this study. Patients with secondary causes, such as server 
obesity, long-standing diabetes, atrophic kidney, and 
infection, were excluded. Patients were divided into the 
pre-treatment group and the no pre-treatment group. 
The pre-treatment group was defined as recipients who 
underwent PP with or without rituximab; the pre-trans-
plant group consisted of 22 patients who underwent two 
sessions of prophylactic PP before living donor KT, 28 
recipients with flow cytometry crossmatch (FCXM)-pos-
itive and ABOi KT who received desensitization using 
rituximab and PP, and 3 patients who underwent pro-
phylactic PP the day after deceased donor KT. This study 
was performed after receiving approval from the insti-
tutional review board of our center (approval number: 
2021 − 1561).

Definition
The recurrence of FSGS was defined as reappearance of 
nephrotic-range proteinuria (> 3.0  g/day) in the absence 
of other causes after KT [14, 15]. Complete remission 
(CR), partial remission (PR), and no remission were 
defined as urine protein excretion < 0.3 g/day, 0.3–1.5 g/
day, and > 1.5  g/day, respectively [16]. Immediate post-
operative recurrence was defined as FSGS recurrence 
occurring within two weeks after transplantation. The 
primary endpoint of this study was the rate of post-
transplant FSGS recurrent according to pre-transplant 
treatment.

Desensitization and immunosuppression
Recipients in ABOi- and FCXM-positive KT received a 
single dose of rituximab (100–500 mg) two weeks prior 
to starting PP. PP was performed using a COBE Spectra 
(Gambro BCT, Lakewood, CO, USA). In ABOi KT, the 
target of PP was IgM Ab titers against blood groups A 
or B that were below 1:8 in accordance with the standard 
tube method in ABOi KT. For positive T-cell FCXM, 
PP was performed until T-cell FCXM became negative. 
In B-cell positive FCXM KT, the timing of transplant 
was determined based on the trend in DSA MFI values 
detected by the Luminex test because rituximab can 
cause a false-positive result in the XM test [17]. Either 
basiliximab or anti-thymocyte globulin (ATG) was 
administered for induction. ATG induction was used 
in immunologically high-risk patients but not in recipi-
ents treated with rituximab to prevent lethal infectious 
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complications [12]. For maintenance, a calcineurin inhib-
itor, mycophenolic acid, and corticosteroid were admin-
istered to patients. Although tacrolimus was the primary 
calcineurin inhibitor, recipients older than 55 years who 
were treated with rituximab received cyclosporin [13]. 
The 22 patients who underwent prophylactic treatment 
due to the physician’s preference received two sessions of 
PP before KT. The three patients who underwent prophy-
lactic PP following deceased donor KT received two ses-
sions of PP within three days after transplantation.

Statistics
All Statistical analyses were performed with SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). Normally dis-
tributed continuous variables were evaluated by t-test 
and described as mean ± standard deviation (SD); non-
normal variables were compared with Mann–Whitney U 
test and described as median (interquartile range [IQR]). 

Where appropriate, categorical data were compared by 
χ2 or Fisher’s exact test. Overall graft survival rates were 
analyzed using the Kaplan–Meier method and compared 
with the log-rank test. Univariate and multivariate logis-
tic regression was performed to identify the predictors of 
FSGS following KT with conditional forward method. A 
stepwise multivariate regression test was also performed 
with variables that showed P-values < 0.1 in univariate 
logistic regression analysis to evaluate the effect of pre-
transplant treatment on FSGS recurrence after transplan-
tation. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were estimated and P-values ≤ 0.05 were considered 
significant.

Results
The baseline characteristics of the study patients are 
shown in Table  1. Of the 99 patients included in the 
analysis, 53 (53.5%) were in the pre-treatment group 
and 46 (46.5%) were in the no pre-treatment group. 
The no pre-treatment group had a significantly longer 
dialysis duration (64.5 vs. 18.6 months; P < 0.001) and a 
higher proportion of those who received deceased donor 
transplantation (56.5% vs. 5.7%; P < 0.001) than the pre-
treatment group. More patients in the no pre-treatment 
group used tacrolimus rather than cyclosporin as a main-
tenance drug than the treatment group (87.0% vs. 64.2%; 
P = 0.011). Otherwise, there were no significant differ-
ences between the study groups.

The rate of immediate post-operative recurrence was 
significantly higher in the no pre-treatment group (16 
[34.8%] vs. 5 [9.4%]; P = 0.002). There were 3 cases of graft 
failure due to recurrent FSGS, all of which occurred in 
the no pre-treatment group. Eighteen patients received 
therapeutic PP only and three received PP with ritux-
imab. The median time from KT to FSGS recurrence 
was 6 (4.5–18.0) days. The degree of maximal protein-
uria after KT was significantly higher in patients who 
had recurred FSGS than in those without recurrence (7.2 
vs. 2.7 g/day, P < 0.001). Among 21 cases of FSGS recur-
rence, CR, PR, and no remission were noted in 8 patients 
(39.1%), 10 patients (47.6%), and 3 patients (14.3%), 
respectively (Table 2).

We performed univariate and multivariate logistic 
regression analyses to identify the risk factors for FSGS 
recurrence. In the univariate regression analysis, age (per 
10-year increase; OR = 0.63, CI, 0.43–0.91; P = 0.014), 
deceased donor (vs. living donor; OR = 4.78, CI, 1.73–
13.24; P = 0.003), and pretransplant treatment (vs. no pre-
transplant treatment; OR = 0.20, CI, 0.07–0.59; P = 0.004) 
were significantly associated with the risk of FSGS recur-
rence. After adjusting for possible confounding fac-
tors, age (per 10-year increase; OR = 0.61, CI, 0.42–0.90; 
P = 0.012) and pretransplant treatment (vs. no pretrans-
plant treatment; OR = 0.17, CI, 0.05–0.54; P = 0.003) 

Table 1 Baseline and clinical characteristics of the study patients
Characteristics No pre-treat-

ment
(N = 46, 
46.5%)

Pre-treat-
ment
(N = 53, 
53.5%)

P-
value

Mean age (years) 37.1 ± 16.2 38.0 ± 12.9 0.97

Female sex 22 (47.8) 19 (35.8) 0.23

Dialysis duration (months) 64.5 ± 55.0 18.6 ± 34.3 < 0.001

Time from FSGS to dialysis or 
transplantation (months)

72.3 ± 55.9 62.9 ± 68.1 0.73

Pre-emptive transplantation 5 (10.9) 12 (22.6) 0.12

Body mass index (kg/m2) 21.4 ± 4.0 22.7 ± 5.0 0.15

Pre-transplant treatment 0.001

Plasmapheresis only – 24 (45.3)

Plasmaphereses + rituximab – 29 (54.7)

ABO-incompatible 0 (0.0) 23 (43.4) N/A

FCXM-positive 0 (0.0) 5 (9.4) N/A

HLA-A, B, DR mismatch 3.0 ± 1.6 2.9 ± 1.7 0.88

PRA class I 8.8 ± 22.8 12.9 ± 26.0 0.41

PRA class II 10.5 ± 25.0 10.5 ± 23.6 0.99

Deceased donor 26 (56.5) 3 (5.7) < 0.001

Living donor 20 (43.5) 50 (94.3)

Calcineurin inhibitor 0.011

Tacrolimus 40 (87.0) 34 (64.2)

Cyclosporin 6 (13.0) 19 (35.8)

Induction 0.005

No 2 (4.7) 0 (0.0)

Basiliximab 36 (83.7) 45 (100.0)

Anti-thymocyte globulin 5 (11.6) 0 (0.0)

FSGS recurrence* 16 (34.8) 5 (9.4) 0.002

Graft failure due to recurrent 
FSGS

3 (6.5) 0 (0.0) 0.10

Continuous data are presented as means ± standard deviations, and categorical 
data are presented as number (%)

Abbreviation: FSGS, focal segmental glomerulosclerosis; FCXM, flow cytometry 
crossmatch; PRA, panel reactive antibody

* FSGS recurrence: immediate post-operative recurrence
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remained as significant factors associated with FSGS 
recurrence (Table 3). After stepwise introducing age (per 
10-year increase), dialysis duration (per year), deceased 
donor (vs. living donor), and ABO incompatibility to 
multivariate analysis, pretransplant treatment (vs. no 
pretransplant treatment) showed an OR of 0.17(CI, 

0.05–0.54; P = 0.003), 0.18 (CI, 0.05–0.61; P = 0.006), 
0.24 (CI, 0.06–0.91; P = 0.036), and 0.25 (CI, 0.06–1.08; 
P = 0.063), respectively (Table  4). There was no signifi-
cant difference between the pre-treatment group and 
the no pre-treatment group in long-term overall graft. 
However, the death-censored graft survival rate was sig-
nificantly superior in the pre-transplant treatment group 
(P = 0.042). (Fig. 1)

Discussion
In this study, we found that prophylactic PP was asso-
ciated with a lower risk of immediate post-transplant 
FSGS recurrence. Among the traditional risk factors for 
recurrence FSGS, only young age significantly increased 
the recurrence rate in multivariate analysis. Rituximab 

Table 2 Treatment modalities and clinical courses for recurrent 
FSGS*

No recurrence
(N = 78, 78.8%)

Recurrence
(N = 21, 21.2%)

P-value

Pre-transplant 
treatment

0.006

Plasmapheresis only 23 (29.5) 1 (4.8)

Plasmapher-
eses + rituximab

25 (32.1) 4 (19.0)

Plasmapheresis 
number

2.5 ± 0.9 (N = 46) 2.6 ± 0.9 (N = 5) 0.90

Post-transplant 
treatment

N/A

Plasmapheresis only – 18 (85.7)

Plasmapher-
eses + rituximab

– 3 (14.3)

Time from transplanta-
tion to
FSGS recurrence (days)

– 6 (4.5–18.0) N/A

Post-transplant pro-
teinuria (mg/day)

Maximal proteinuria 2785.4 ± 1961.6 7247.7 ± 7133.8 < 0.001

Proteinuria at 
discharge

319.9 ± 228.4 479.6 ± 411.6 0.10

Treatment result N/A

Complete remission 8 (38.1)

Partial remission 10 (47.6)

No remission 3 (14.3)
Continuous data are presented as means ± standard deviations, and categorical 
data are presented as number (%)

Non-parametric data are presented as median (interquartile range)

Abbreviation: FSGS, focal segmental glomerulosclerosis; IQR, interquartile 
range* FSGS recurrence: immediate post-operative recurrence

Table 3 Risk factors associated with post-operative FSGS 
recurrence*
Variables Univariate analysis Multivariate 

analysis$

OR (95% 
CI)

P-value OR 
(95% 
CI)

P-
val-
ue

Age (per 10-year increase) 0.63 
(0.43–0.91)

0.014 0.61 
(0.42–
0.90)

0.012

Female sex 0.76 
(0.24–1.78)

0.40  N/A N/A

Dialysis duration (per year) 1.10 
(0.98–1.22)

0.10  N/A N/A

FSGS to renal failure (per 
year)

0.98 
(0.57–1.07)

0.57  N/A N/A

Deceased (vs. living 
donor)

4.78 
(1.73–13.24)

0.003  N/A N/A

Pre-transplant treatment 
(vs. no treatment)

0.20 
(0.07–0.59)

0.004 0.17 
(0.05–
0.54)

0.003

No pre-transplant 
treatment

Reference N/A N/A

Plasmapharesis only 0.08 
(0.01–0.66)

0.019

Plasmaphereses + ritux-
imab

0.30 
(0.09–1.01)

0.05

Tacrolimus (vs. 
cyclosporin)

0.69 
(0.22–2.17)

0.53  N/A N/A

HLA-A, B, DR mismatch 1.13 
(0.84–1.52)

0.42  N/A N/A

PRA class I 1.01 
(0.99–1.02)

0.66  N/A N/A

PRA class II 1.00 
(0.98–1.02)

0.92  N/A N/A

ABO incompatibility 0.27 
(0.06–1.25)

0.09  N/A N/A

Abbreviation: FSGS, focal segmental glomerulosclerosis; PRA, panel reactive 
antibody
$Multivariate regression analysis was performed with the backward stepwise 
method

*FSGS recurrence: immediate post-operative recurrence

Table 4 Logistic regression models of risk factors associated 
with FSGS recurrence
Models Pre-transplant treat-

ment vs. no treatment
OR (95% CI) P-value

Univariate model 0.20 
(0.07–0.59)

0.004

Model 2 – univariate model + Age/10 years 0.17 
(0.05–0.54)

0.003

Model 3 – Model 2 + Dialysis duration/year 0.18 
(0.05–0.61)

0.006

Model 4 – Model 3 + cadaveric donor vs. 
living donor

0.24 
(0.06–0.91)

0.036

Model 5 – Model 4 + ABO incompatibility 0.25 
(0.06–1.08)

0.063

Abbreviation: FSGS, focal segmental glomerulosclerosis; CNI, Calcineurin 
inhibitor
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alone did not show a significant preventable effect in our 
study. Among the 21 cases of post-operative recurrence, 
only 3 (14.3%) cases did not respond to treatment and 
ultimately experienced graft failure. Most recurrences in 
our study occurred within a month after transplant, sug-
gesting that the early post-operative period was critical 
for improving graft survival in patients with FSGS. This 
finding was similar to the median time to recurrence of 
1.25–1.5 months in the recent study [2, 12].

The recurrence and remission rates of our study are 
similar or lower than those reported in previous studies 
[2, 3, 5, 12, 18]. These outcomes must be interpreted with 
caution because the recipients in each study had varying 
baseline characteristics and underwent operations using 
different protocols. Most studies included in the recent 
meta-analysis and European registry data showed recur-
rence rates of 21–40%, which are similar to our study 
[18]. Alasfar et al. observed a much higher recurrence 
rate of 59%, [12] and also reported a tendency of efficacy 
but did not observe a significant difference in the post-
operative recurrence rate according to preventative treat-
ment. Such difference between our study and Alasfar et 
al. may be due to the fact that Alasfar et al. only included 
patients with high-risk idiopathic FSGS and the sample 
size was too small to reach enough statistical signifi-
cance. A recent multicenter cohort study reported a 32% 
recurrence rate, [2] but the rate of treatment response 
in recurred patients was relatively lower than that in 
our study, with only 57% of patients achieving partial or 
complete remission [2]. The authors explained that the 
low remission rate likely resulted from nonstandardized 
treatment intensity and duration [2]. The relatively lower 

recurrence and higher remission rate in our study may 
have stemmed from the fact that more than half of the 
recipients had received prophylactic treatment. Further-
more, our center has implemented a protocol for FSGS 
in which recipients are not discharged until two weeks 
after KT while undergoing daily exams for proteinuria 
and serum creatinine. This policy enabled us to apply 
PP immediately after suspected FSGS recurrence and 
seemed to achieve a relatively higher remission rate of 
87.5% than those of 50 to 70% in published studies [2, 5, 
9]. Based on these results, we suggest that FSGS patients 
may benefit from careful monitoring, especially within 
two months after KT—because the median time of recur-
rence was within 1–2 months after transplantation [2, 
12].

Our study is the first single-center study to report the 
preventable effects of prophylactic treatment against 
FSGS recurrence with statistical significance, which 
was possible due to the relatively large number of study 
patients, all of whom had histologically proven primary 
FSGS and had relatively homogeneously distributed 
study groups. Several studies have shown a tendency of 
a protective effect of pre-transplant treatment [4–6]. 
Ohta et al. reported that the prophylaxis group treated 
with 1 to 2 sessions of PP before KT appeared to have a 
lower recurrence rate (5 out of 15, 33.3%) than the non-
prophylactic group (4 out of 6, 66.7%), although the small 
number of study patients limited the achievement of sta-
tistical significance [6]. Gohh et al. reported a recurrence 
rate of 30% with a course of 8 PP in the peri-operative 
period in high-risk patients with an expected recurrence 
rate of 60% [4]. Hickson et al. tried to find the evidence 

Fig. 1 Long-term (A) overall survival rate and (B) graft survival rate
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of prophylactic effects of preemptive PP followed by 
additional PP after KT; [5] although the study did not 
reach its goal, the authors observed that severe aspects 
of recurrent FSGS that do not respond to treatment such 
as primary non-function did not occur in patients who 
received preemptive treatment [5].

A major obstacle to studying FSGS is its low preva-
lence. Several studies using registry and meta-analysis 
have been performed to overcome the low sample size [2, 
3, 18]. However, registry data had issues regarding data 
quality, missing data, and heterogeneity of transplant 
protocols among centers. During the study period (2007–
2018), our center performed 4263 cases of KT, including 
728 ABOi and 217 FXCM-positive KT, which allowed us 
to gather a sufficient number of FSGS cases and 28 pre-
treatment recipients to have statistical strength. In addi-
tion, one physician at our center routinely performed 
prophylactic PP in FSGS, which allowed our cohort to 
have 23 patients in the pre-treatment group. The study 
groups in this study were divided homogeneously with 
the same clinical protocol, even though they were not 
randomly selected.

There were concerns that ABO incompatibility and 
FXCM-positivity could affect the clinical outcomes, and 
proteinuria with azotemia in the rejection episode was 
similar to the clinical aspect of recurred FSGS. However, 
we previously reported that ABOi KT had comparable 
graft survival and rejection rates after modifying the 
desensitization method, and recipients with pre-trans-
plant DSA values less than 5000 MFI showed similar 
rejection rates with DSA-negative KT [13, 17]. Our mul-
tivariate analysis also revealed that ABO incompatibility 
was not a significant factor related to FSGS recurrence. 
Nevertheless, there is a possibility that rejection was 
confused with recurred FSGS because we did not per-
form graft biopsy in all cases due to the risk of bleeding 
complications, especially within 2 weeks after transplant. 
In addition, renal biopsies performed soon after FSGS 
recurrence mostly showed mild foot process effacement 
without definite segmental glomerular sclerosis [19]. 
We consider that this limitation would not have signifi-
cantly affected the main conclusion of our study because 
a previous study in this cohort reported that the one-
year rejection rate was less than 4% [17]. We performed 
a biopsy in cases that were challenging to distinguish 
between rejection and FSGS recurrence. As a result, one 
patient who had increased serum creatinine and protein-
uria that did not fulfill the definition of recurred FSGS 
underwent graft biopsy at post-operative 13 days, which 
showed acute cellular and antibody-mediated rejection; 
the kidney function was restored after steroid pulse treat-
ment and PP.

Patient selection is a critical factor in performing the 
study to determine the effect of pre-transplant treatment. 

The hypothesis is that a prophylactic treatment that 
removes a permeability factor decreases the risk of FSGS 
recurrence after KT and is utilized only when the study 
includes recipients with primary FSGS. We initially 
reviewed the records of every patient with FSGS and a 
native kidney biopsy report and discussed them with 
pathologists and nephrologists at our center. Patients 
with no definite foot process effacement in renal biopsy 
and absent nephrotic range proteinuria were excluded 
from our study. FSGS cases with possible secondary 
causes such as infection, hypertension, diabetes mellitus, 
and chronic renal failure due to other medical conditions 
were also excluded. Rituximab may have different mecha-
nisms from PP in affecting the course of FSGS by modu-
lating podocyte function [20]. Although one case report 
suggested protective effects of rituximab in preventing 
FSGS recurrence, there is still no conclusive study that 
demonstrated the efficacy of rituximab [21]. Our study 
also showed that rituximab had no significant effect as a 
prophylactic treatment.

The traditional risk factors for FSGS recurrence include 
native kidney failure within three years of onset, mesan-
gial proliferation on biopsy, younger age, nephrectomy 
status, non-white ethnicity, and living donor transplan-
tation [2, 4, 7]. Among them, only younger age was a 
significant factor in univariate analysis. Deceased donor 
transplantation was a significant factor in univariate anal-
ysis but not in multivariate analysis, which could be due 
to the fact that the living donor transplantation group 
included more pre-transplant treatment cases. Along 
with younger age, pre-transplant treatment remained sta-
tistically significant in multivariate analysis.

Younger age of FSGS onset is reported as a risk factor 
of recurrence in several studies [7, 8]. Likewise, younger 
age was a significant risk factor in our study. Given 
these findings, pediatric patients are more likely to be at 
higher risk of FSGS recurrence after transplantation as 
compared to adults. FSGS recurrence rate in pediatric 
patients was reported to be 14–60% in first transplants 
[19, 22]. It is difficult to directly compare these recur-
rence rates with the results of adult patients because each 
study had different inclusion criteria, races, immunosup-
pressive protocols, and definitions of disease recurrence. 
However, because there was no difference in the patho-
genesis of FSGS between children and adults, our study 
may provide helpful information for pediatric patients. 
Pretransplant treatment has also been proposed in pedi-
atric transplants [6, 23]. Ohta et al. suggested that pro-
phylactic PP seemed to be effective in preventing FSGS 
recurrence, although the data did not achieve statistical 
significance due to a small number of case [6]. Verghese 
et al. introduced the center protocol that has applied 
pretransplant PP in pediatric FSGS patients since 2006 
[23]. However, Verghese et al. did not find a significant 
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reduction of disease recurrence following KT in the 
prophylactic PP group and hypothesized that PP was 
inadequate to reduce the circulation factor or related 
permeability factors related to FSGS recurrence [23].

Our study has several limitations. It has a retrospec-
tive design, and the treatment group was not selected in a 
randomized manner, thereby resulting in potential selec-
tion bias. Also, although we tried to exclusively include 
primary FSGS cases, there is a possibility that secondary 
FSGS cases were included in the analysis. Conversely, it 
is also possible that primary FSGS cases were excluded 
due to a lack of evidence. Second, we did not perform a 
protocol or indicational biopsy to evaluate the possible 
causes of azotemia and proteinuria in all cases with sus-
pected FSGS recurrence. However, recent studies have 
enabled the diagnosis of recurrence and remission of 
FSGS without pathological confirmation when clinical 
aspects fulfill the criteria [15, 16]. Third, because desen-
sitization in ABOi KT and FXCM-positive KT was not 
intended for prophylaxis for FSGS recurrence, the pre-
transplant treatment included different protocols, includ-
ing the number of PP and the use of rituximab and its 
dose. Fourth, we did not perform genetic analyses to find 
variants in susceptibility genes for development of FSGS, 
possibly resulting in different clinical manifestations and 
prognoses from primary FSGS. However, the clinical effi-
ciency and cost-effectiveness of routine implementation 
of genetic studies in FSGS remain unclear [24].

Conclusion
We found that pre-transplant treatment with PP had 
beneficial effects on preventing FSGS recurrence after 
KT. There is still a lack of guidelines on the prophylaxis 
for KT in FSGS. Although our study showed the ben-
eficial effects of prophylactic treatment, a multinational 
randomized controlled study with a homogenous treat-
ment protocol is warranted. We suggest that pre-trans-
plant PP may be considered in FSGS cases undergoing 
KT, especially in those with a high risk for recurrence. 
In addition, KT recipients should be monitored carefully 
for 1–2 months after KT and immediately treated if they 
show any sign of FSGS recurrence.
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