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Background. Focal segmental glomerulosclerosis (FSGS) recurrence after kidney transplantation is a leading cause of 
allograft failure and remains difficult to treat. Standard therapies, including plasma exchange (PEX) and rituximab, are often 
ineffective and poorly tolerated. Growing evidence implicates immune-mediated circulating factors, such as IgG and IgM 
autoantibodies, in disease pathogenesis. Given the central role of memory B cells and plasma cells in antibody production, we 
tested the safety/efficacy profile of a combined B-cell and plasma cell–depleting approach with rituximab and daratumumab 
in patients with posttransplant FSGS recurrence.  Methods. This is a retrospective analysis of a multicenter, international 
cohort of sixteen patients (median age 37 y) with biopsy-proven FSGS recurrence posttransplant who received anti-CD20 
plus anti-CD38 monoclonal antibodies or anti-CD38 alone. The majority of patients were resistant to common therapies, 
including rituximab and PEX.  Results. The treatment achieved complete or partial remission in 5 and 11 patients, respec-
tively. Five experienced proteinuria relapse, and 4 responded to repeated daratumumab alone. At the last follow-up (median 
11 [2–18] mo), 13 patients are still in remission and PEX was discontinued in all but 3 cases. Overall, kidney function improved 
after treatment, and no severe acute or chronic adverse events were reported. Serological analysis revealed a significant 
decline in IgM, but not in IgG, after treatment.  Conclusions. Despite the retrospective, nonrandomized design, the 
temporal association between treatment and remission supports an effect of anti-CD38 monoclonal antibody alone or in 
combination with anti-CD20. Treatment is safe and may confer enhanced efficacy over standard approaches. Prospective, 
mechanistic studies are warranted to validate these findings and delineate the immunopathogenesis of FSGS recurrence. 

(Transplantation Direct 2026;12: e1908; doi: 10.1097/TXD.0000000000001908.) 
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INTRODUCTION

Focal segmental glomerulosclerosis (FSGS) represents one 
of the major causes of kidney failure. The disease often recurs 
after kidney transplantation, affecting approximately 30%–
40% of patients, and is associated with poor graft survival, 
accelerated graft loss, and significant morbidity.1,2 Effective 
management of recurrent FSGS remains a significant clinical 
challenge due to limited therapeutic options and a poor under-
standing of its underlying pathophysiological mechanisms. 
Current therapeutic approaches for recurrent FSGS primarily 
include plasma exchange (PEX) and rituximab, a monoclonal 
antibody targeting the CD20 antigen expressed on B cells.3 
However, the effectiveness of these interventions is inconsist-
ent, and prolonged use of PEX is often poorly tolerated.

The pathophysiology of FSGS recurrence remains largely 
unknown, but current understanding implies the presence of 
immune-derived circulating factors, including anti-nephrin IgG 
and natural IgM antibodies.4,5 Because memory B cells and 
plasma cells represent the major sources of antibodies, we tested 
the safety/efficacy profile of combined anti-CD20 and anti-
CD38 depletion treatments in FSGS recurrence. In our initial 
case series involving 5 patients with recurrent FSGS posttrans-
plant, we demonstrated that a novel therapeutic combination of 
rituximab (anti-CD20) and daratumumab (anti-CD38), target-
ing B cells and plasma cells, respectively, safely and effectively 
induced disease remission.6 Following the promising results of 
this pilot study, numerous transplantation centers internationally 
have adopted this combined therapeutic approach.7,8

In the present study, we extend our initial observations 
through a multicenter, international retrospective cohort analy-
sis encompassing 16 additional patients who experienced FSGS 
recurrence after kidney transplantation and were treated with 
either the combination regimen of anti-CD20 plus anti-CD38 
monoclonal antibodies or anti-CD38 alone. By expanding 
both the sample size and geographic diversity of the cohort, 
we aim to further assess the safety and efficacy of this targeted 
immunotherapy. Additionally, this larger and more diverse data 
set provides an opportunity to identify potential biomarkers 
predictive of therapeutic response, thereby contributing to our 
understanding and management of recurrent FSGS.

MATERIALS AND METHODS

Study Design and Population
This was a retrospective, international, multicenter study 

aimed to establish the effects of treatment with rituximab, a 

chimeric monoclonal anti-CD20 antibody; obinutuzumab, 
a humanized glycoengineered type II anti-CD20 monoclo-
nal antibody; and daratumumab, a fully human monoclo-
nal anti-CD38 antibody, in kidney transplant recipients 
with FSGS recurrence. Patients were enrolled in the fol-
lowing Centers: Nephrology Unit, University Hospital 
of Parma, Parma, Italy (n = 3); Division of Nephrology, 
Hypertension and Renal Transplantation, University 
of Florida, Gainesville, FL (n = 3); Giannina Gaslini 
Institute, Genoa, Italy (n = 2); Division of Nephrology and 
Dialysis, Department of Medical and Surgical Specialties, 
Radiological Sciences and Public Health, University of 
Brescia, Brescia, Italy (n = 2); Nephrology, Dialysis and 
Kidney Transplant Unit, IRCCS Azienda Ospedaliero 
Universitaria di Bologna, Bologna, Italy (n = 3); Department 
of Nephrology and Transplantation, University of Caen, 
Caen, France (n = 1), Kidney Transplant Clinics, Kaiser 
Permanente, San Francisco, CA (n = 1); Center for 
Transplantation Sciences, Massachusetts General Hospital, 
Boston, MA (n = 1). In these Centers, all consecutive 
patients with a diagnosis of FSGS recurrence and treated 
with anti-CD20 plus anti-CD38 monoclonal antibodies or 
anti-CD38 alone from January 2024 to April 2025 were 
included in our analyses. All patients with biopsy-proven 
recurrent FSGS who received combined anti-CD20 and 
anti-CD38 monoclonal antibodies at the participating cent-
ers were included, without any selection based on clinical 
stability or disease severity. Recurrence was confirmed by 
transmission electron microscopy, showing predominant 
podocyte effacement.

All patients or their relatives (for patients younger than 
18 y) provided written informed consent before enrollment, 
and all treatments were administered in accordance with 
local regulations and with the requirements of the respective 
local Ethics Committees, where applicable. The protocol was 
approved by the IRCCS Giannina Gaslini Institute (Genoa, 
Italy) ethics committee (CBUF-IGG2023), and all patients or 
relatives (in case of patients younger than 18 y) provided writ-
ten informed consent before enrollment, in compliance with 
local regulations. The clinical and research activities being 
reported are consistent with the Principles of the Declaration 
of Istanbul as outlined in the “Declaration of Istanbul on 
Organ Trafficking and Transplant Tourism.”

Clinical Data Collection
Clinical data were extracted from the electronic medical 

records. Eligible patients were identified using International 
Classification of Diseases codes, procedure codes, and/or 
pharmacy records as appropriate.

Data collected included demographics (age, sex, race/eth-
nicity), relevant comorbidities, baseline laboratory values, 
immunosuppression, and outcome measures. Adverse events 
were identified through clinical documentation, laboratory 
results, and discharge diagnoses.

All data were entered into a secure, de-identified database.

Anti-CD20 and Anti-CD38 Monoclonal Antibodies 
Infusion

Patients received premedication with intravenous methyl-
prednisolone (2 mg/kg diluted in 100 mL of normal saline 
in 30 min), oral cetirizine (0.2 mg/kg), and oral paracetamol 
(15 mg/kg), to reduce the risk of infusion reactions. Rituximab 
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was administered as a single dose of 375 mg/m2 diluted in 
saline. For doses <500 mg, rituximab was diluted in 250 mL 
of normal saline and administered at 6 mL/h for the first 
30 min, 9 mL/h for the next 30 min, 18 mL/h for the subse-
quent 30 min, and then 36 mL/h until the end of the infusion. 
For doses between 500 and 1000 mg, rituximab was diluted 
in 500 mL of normal saline and administered at 9 mL/h for the 
first 30 min; thereafter, the infusion rate was doubled every 
30 min up to a maximum of 72 mL/h.

Obinutuzumab (Roche, Basel, Switzerland) was infused 
intravenously at a dose of 1000 mg. Obinutuzumab was 
diluted in 500 mL of normal saline and administered at 9 mL/h 
for the first 30 min; thereafter, the infusion rate was doubled 
every 30 min up to a maximum of 72 mL/h.

Daratumumab was infused around 15 d after the anti-
CD20 monoclonal antibody. Patients received a premedica-
tion with methyl-prednisolone (2 mg/kg diluted in 100 mL 
of normal saline, infused intravenously over 30 min), oral 
cetirizine (0.2 mg/kg), and oral paracetamol (15 mg/kg). 
After 2 h from the start of infusion, patients received a sec-
ond medication with methyl-prednisolone (20 mg diluted 
in 50 mL of normal saline) and oral cetirizine (0.2 mg/kg). 
Daratumumab was administered as a single dose of 16 mg/
kg diluted in 1000 mL of saline. Daratumumab was admin-
istered at 9 mL/h for the first 30 min; thereafter, the infu-
sion rate was doubled every 30 min up to a maximum of 
100 mL/h.

No prophylaxis against any type of viral or bacterial infec-
tions was administered before anti-CD20 or anti-CD38 infu-
sions. As per protocol in the various centers, antirejection 
treatment based on steroids, mycophenolate mofetil, and cal-
cineurin inhibitors was not modified after diagnosis of FSGS 
recurrence.

Response to Treatment
Response to treatment was defined according to the Kidney 

Disease: Improving Global Outcomes guidelines.9 Complete 
remission was defined as an albumin/creatinine ratio 
(ACR) < 0.300 g/g and partial remission was defined as ACR 
>0.3 g/g but <3.5 g/g or a decrease in proteinuria by ≥50% 
from the initial value and ACR <3.5 g/g. Relapse was defined 
as ACR >3 g/g after an initial remission.

Immunoprecipitation for Anti-Nephrin IgG
The presence of anti-nephrin autoantibodies was deter-

mined by immunoprecipitation, as previously reported10 and 
as described in Supplemental Material and Figure S1 (SDC, 
https://links.lww.com/TXD/A823).

Statistical Analyses
Continuous variables were expressed as mean ± SD or as 

median and interquartile range, depending on data distribu-
tion. Group comparisons for continuous variables were per-
formed using the paired t-test or Wilcoxon signed-rank test, as 
appropriate. Normality of distribution was assessed using the 
Shapiro-Wilk test. Relapse-free survival was estimated using 
the Kaplan-Meier method, and differences between groups 
were evaluated with the log-rank (Mantel-Cox) test. All P 
values were 2-sided, and a value of P < 0.05 was considered 
statistically significant. Statistical analyses were performed 
using GraphPad Prism version 10 (GraphPad Software, San 
Diego, CA).

RESULTS

Baseline Characteristics
The baseline characteristics of the sixteen patients included 

in this study are summarized in Table 1. The cohort con-
sisted of 5 women and 11 men, with a median age of 37 
y (range, 6–58 y), all of whom received a non–preemptive 
deceased-donor kidney transplant. All patients had biopsy-
proven recurrence of FSGS after kidney transplantation, and 
14 of 16 were undergoing PEX at the time of recurrence. 
No patients required renal replacement treatment due to the 
recurrence. Anti-nephrin IgG antibodies were measured in 2 
patients (patient 3 and patient 8) at the time of recurrence, 
before any plasma exchange or anti-CD20 treatment, with 
both tests returning negative results. Genetic test for mono-
genic cause of FSGS (Supplemental Material, SDC, https://
links.lww.com/TXD/A823), performed in 7 patients, was 
negative (Table 1).

Treatment Efficacy
Overall, treatment significantly reduced proteinuria during 

the first 4 mo after treatment (time of the patient with the 
shortest follow-up period; Figures 1 and 2A). Nine patients 
achieved complete remission and 5 patients partial remission 
(Figure 1). Within 2 to 5 mo posttreatment, 4 patients expe-
rienced a relapse and subsequently received daratumumab 
monotherapy. Of these, 3 achieved remission, whereas 1 did 
not respond to treatment (Figure 1).

At the last follow-up visit at a median of 11 mo (range, 
2–18 mo) after inclusion, 15 patients remained in partial 
(n = 5) or complete (n = 10) remission. PEX sessions were dis-
continued in 11 of 15 patients. Patient 9, who did not respond 
to the second daratumumab treatment, started PEX treatment 
after inclusion in the study. Kidney function remained stable 
throughout the follow-up period (Figure 2B).

Patient 4 and patient 14 failed to respond to rituximab 
alone and were treated with daratumumab alone >6 mo after 
their last rituximab infusion, achieving partial and complete 
remission, respectively.

Response to Treatment in Relation to Timing of 
Treatment

Patients received treatment either early (within 12 mo; 
N = 7) or late (after 12 mo; N = 9) following posttrans-
plant FSGS recurrence. To evaluate whether treatment 
timing influenced clinical outcomes, we compared the 
requirement for additional therapy between the 2 groups. 
As shown in Figure 2C, all patients treated within the first 
12 mo achieved and maintained stable remission, suggest-
ing enhanced efficacy with early intervention, confirming 
previous findings.

Changes in Antibodies and Other Serum Parameters
After treatment, total IgM significantly declined, whereas 

IgG did not significantly change (Figure 2D and E). However, 
the level of circulating IgM after the initial infusions did not 
correlate with the risk of proteinuria relapse and the subse-
quent need for additional daratumumab infusions (data not 
shown). All other tested biochemical parameters, including 
serum albumin and lipid profile, changed in accordance with 
the reduction in proteinuria and were not associated with the 
risk of proteinuria relapse (not shown).
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Treatment Safety
No serious adverse events were reported during treatment. 

Mild infusion-related reactions, including subjective dysp-
nea and pruritus, occurred in 4 patients; however, symptoms 
promptly resolved after brief interruption of the infusion, and 
treatment was completed in all cases. One patient developed 
BK virus viremia 1 mo after initiating combined therapy, 
which was successfully managed by discontinuing mycophe-
nolate mofetil.

DISCUSSION

Posttransplant recurrence of FSGS is a significant challenge 
in kidney transplantation, often leading to rapid graft loss due 
to limited effective therapeutic options.1 In this international, 
multicenter retrospective study, we evaluated the safety and 
efficacy of adding daratumumab, an anti-CD38 monoclonal 
antibody targeting plasma cells, to the conventional treat-
ments, including anti-CD20 monoclonal antibody and PEX.3 
Our findings demonstrated that this combined therapy is gen-
erally well tolerated and achieves remission of proteinuria in 
most patients.

Importantly, we observed that early administration of com-
bined therapy, particularly within 12 mo postrecurrence, was 
associated with sustained remission and reduced need for 
additional treatments. This temporal stratification of treat-
ment outcomes underscores the potential importance of early 
therapeutic intervention. Furthermore, the favorable out-
comes observed in this expanded cohort reinforce the promis-
ing results of our initial case series,6 suggesting that combined 
rituximab-daratumumab treatment may offer superior clini-
cal benefits compared with standard approaches.7,8

The exact pathogenesis of recurrent FSGS remains unclear, 
although growing evidence supports the involvement of 

antibody-mediated mechanisms. IgG autoantibodies target-
ing nephrin and other components of the glomerular slit 
diaphragm have been identified in subsets of patients, and 
their pathogenic role has been validated experimentally.4,11-13 
Moreover, IgM deposits are frequently observed in glomerular 
lesions of patients with FSGS.14 Although traditionally consid-
ered passive entrapment, recent data suggest active binding of 
natural IgM to neoantigens exposed by damaged glomerular 
endothelial cells, including cardiolipin.5,15 This leads to the 
activation of the classical complement pathway, which pro-
motes the formation of the complement split product C3a, 
which binds to its receptor (C3aR) on podocytes, leading to 
cytoskeletal rearrangement and podocyte loss.16 Our prior17 
and present data suggest a possible association between IgM 
levels after combined therapy and disease activity (Figure 2b), 
supporting, although not formally proving, this working 
model.7 However, in our cohort, the levels of circulating IgM 
were not monitored serially, and we could not formally test 
an association with proteinuria relapse. Further ad hoc studies 
are needed to establish the role of autoreactive IgG and IgM 
in the pathogenesis of FSGS. Defining the role of autoantibod-
ies may help in refining therapies and biomarkers of disease 
activity.18,19

Prospective controlled trials are urgently needed to con-
firm the efficacy and safety of combined B-cell and plasma 
cell–targeted therapy. If the favorable safety profile observed 
in our cohort were confirmed, this approach could be rea-
sonably extended to all patients with recurrent FSGS, given 
the severity of the disease and its critical impact on graft sur-
vival. Future studies should aim to define clinical, serologi-
cal, or histological markers that may help identify patients 
most likely to benefit from dual or sequential therapy.

Despite these promising findings, several caveats should be 
considered when interpreting our results. The retrospective, 

TABLE 1.

Baseline characteristics of patients

Patient 
No.

Age, 
sex Genetic

sAlb,
g/dL

eGFR,
mL/min/1.73 m2a

IgG,
mg/dL

IgM,
mg/dL

Previous
RTX

Time since  
last RTX,

mo

PEX
Regimen,b

N/wk
Previous

KT Induction
IS

regimenb RAASi

Pt 1 57, M 2.7 36 NA NA 0 2 0 Anti-IL2R CNI, MMF, Ste Y
Pt 2 21, M NEG 2.9 74 382 48 2 22 1 0 Anti-IL2R CNI, MMF, Ste Y
Pt 3 46, F NEG 2.3 46 656 199 4 38 2 0 Anti-IL2R CNI, MMF, Ste N
Pt 4 29, M NEG 3.4 59 NA NA 1 10 1 1 Thymo CNI, MMF, Ste Y
Pt 5 58, M 2.9 62 154 98 0 3 1 Thymo CNI, MMF, Ste Y
Pt 6 43, M NEG 3.3 36 NA NA 0 0 3 Thymo CNI, MMF, Ste N
Pt 7 37, M 4 43 144 10 4 9 3 0 Anti-IL2R CNI, MMF, Ste Y
Pt 8 6, M NEG 3.2 102 614 84 0 3 0 Anti-IL2R CNI, MMF, Ste Y
Pt 9 23, M NEG 4 11 NA NA 0 2 2 Thymo CNI, MMF, Ste Y
Pt 10 51, F 2.2 62 257 19 1 8 3 2 Thymo CNI, MMF, Ste Y
Pt 11 54, F 3.4 23 397 20 2 11 2 0 Thymo CNI, MMF, Ste N
Pt 12 75, F NA 51 NA NA 1 10 0 0 Anti-IL2R CNI, MMF, Ste Y
Pt 13 59,M 4.2 90 960 87 0 0 0 Thymo CNI, MMF, Ste Y
Pt 14 44, F 3.2 41 325 22 3 21 1 0 Thymo CNI, MMF, Ste N
Pt 15 35,F NEG 3.1 87 NA NA 0 3 1 Thymo CNI, MMF, Ste Y
Pt 16 43, M 2.9 47 NA NA 0 3 0 Anti-IL2R CNI, MMF, Ste Y

aeGFR was calculated using the CKD-EPI or Schwartz formula, according to age.
bCNI consisted of tacrolimus (FK) or cyclosporine. Target trough levels for tacrolimus were 5–7 ng/mL, whereas cyclosporine target levels were 100–150 ng/mL (C0) or 600–800 ng/mL (C2), depending 
on the posttransplant period and in accordance with each center’s protocol. PEX sessions involved an exchanged plasma volume of approximately 1.5 times the patient’s estimated plasma volume and 
were discontinued for at least 1 wk after monoclonal antibody infusions to minimize the risk of drug removal.
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CNI, calcineurin inhibitor; IL2R, interleukine-2 receptor; IS, immunosuppressive; KT, kidney transplant; MMF, mycophenolate mofetil; NEG, 
negative; PEX, plasma exchange; RAASi, renin–angiotensin–aldosterone system inhibitors; RTX, rituximab; sAlb, serum albumin; Ste, steroid.
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FIGURE 1.  Detailed response to treatment with combined rituximab and daratumumab in FSGS recurrence after KT. ACR levels after combined 
rituximab + daratumumab for each patient. ACR, albumin/creatinine ratio; FSGS, focal segmental glomerulosclerosis; KT, kidney transplant.

FIGURE 2.  Overall response and time relevance of the combined treatment. A, Overall ACR (g/g) at t0 was 4.8 on average (range, 1.8–7), at 1 
mo (t1m) was 1.1 on average (range, 0.2–3), and at 4 mo (t4m) was 1.3 on average (range, 0.2–5.2). B, Overall eGFR at baseline and at t1m after 
treatment. C, Comparison between kidney transplant recipients treated within (n = 7) and after (n = 9) the first 12 mo post-FSGS recurrence. D 
and E, Overall circulating IgM (mg/dL) and IgG (mg/dL) at baseline and at 1 mo after combined rituximab + daratumumab (serum level of IgM 
and IgG were available in 9 patients). *Two patients received only daratumumab. ACR, urinary albumin/creatinine ratio (g/g); eGFR, estimated 
glomerular filtration rate was calculated on the basis of the Chronic Kidney Disease Epidemiology Collaboration formula or the Schwartz formula, 
according to age; FSGS, focal segmental glomerulosclerosis; PEX, plasma exchange.
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uncontrolled nature of this study inherently limits the ability to 
draw definitive conclusions regarding causality. Nevertheless, 
spontaneous remission in recurrent FSGS is exceedingly 
uncommon,1 thereby making the observed temporal relation-
ship between treatment initiation and disease remission highly 
suggestive of a true therapeutic effect. Furthermore, given the 
study design, it is challenging to distinctly evaluate the rela-
tive contributions of anti-CD20 and anti-CD38 monoclonal 
antibodies to clinical improvement.

The observation that some patients previously unre-
sponsive to anti-CD20 therapy achieved remission with 
anti-CD38 monotherapy suggests that plasma cell–driven 
mechanisms may play a dominant role in certain cases of 
recurrent FSGS. Our recent data in patients with steroid-
resistant nephrotic syndrome20,21 document that depletion of 
CD38+ B cells represents a predictor of response to therapy, 
suggesting that daratumumab alone may suffice, at least in 
some patients.

Because most patients received rituximab and only 2 were 
treated with obinutuzumab, the study is underpowered to 
compare different anti-CD20 agents or to infer the superiority 
of any specific regimen. Two patients in our cohort received 
obinutuzumab instead of rituximab as the anti-CD20 agent. 
Obinutuzumab is a humanized glycoengineered type II anti-
CD20 monoclonal antibody that, unlike rituximab, which 
primarily relies on complement-dependent cytotoxicity, pro-
duces more profound B-cell depletion through enhanced 
direct cell apoptosis and antibody-dependent cellular cytotox-
icity.22,23 Preliminary data from native kidney disease suggest 
that obinutuzumab may provide more sustained B-cell deple-
tion in multirelapsing forms of FSGS;24 however, its safety and 
efficacy in kidney transplant recipients with FSGS recurrence 
remain to be established in future studies.

Notably, CD38 is broadly expressed on various immune 
cell types, including activated conventional and unconven-
tional T cells, natural killer (NK) cells, monocytes, and mac-
rophages.25 Therefore, although plasma cell depletion is the 
most straightforward and biologically plausible explanation 
for the therapeutic effect, we cannot formally exclude the pos-
sibility that remission may also result from the depletion or 
functional modulation of these other immune subsets. As NK 
cells express CD38, their modulation during treatment would 
be of interest; however, NK cell counts were not systemati-
cally collected in our cohort, which represents a limitation of 
the study.

Anti-nephrin antibodies were assessed in 2 patients at 
the time of recurrence, before any plasma exchange or anti-
CD20 therapy, and both tested negative. The very limited 
number of tested cases does not allow any conclusions to be 
drawn regarding their potential role in disease recurrence. 
Therefore, additional mechanistic studies are warranted to 
precisely define the cellular targets of daratumumab and their 
potential contributions to the pathogenesis and treatment 
response in recurrent FSGS. Due to the retrospective and mul-
ticentric design, detailed immunological data, including deep 
immunephenotype or biopsy staining for IgG antibodies, were 
not consistently available and represent a limitation of this 
study.

The treatment was well tolerated. However, adverse events 
were retrospectively collected from medical records; therefore, 
milder or subclinical events may have been underreported, 
representing a limitation of this study.

In conclusion, this multicentre retrospective study suggests 
that combined B-cell and plasma cell–targeted therapy may 
represent a safe and effective option for recurrent FSGS after 
kidney transplantation. Nonetheless, treatment heterogene-
ity, including prior rituximab exposure and the use of obi-
nutuzumab in 2 cases, and the retrospective design, warrant 
cautious interpretation. Prospective, randomized studies are 
needed to confirm these findings and clarify the underlying 
mechanisms.
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