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A B S T R A C T

The recurrence of primary focal segmental glomerulosclerosis (FSGS) after kidney trans-

plantation is associated with a high graft loss rate with standard treatments based on

plasmapheresis with/without rituximab. We present 2 consecutive cases of nongenetic

early severe recurrent FSGS refractory to rituximab and anti–interleukin 1 treatment and

with a partial response to plasmapheresis. Case 1 was a 22-year-old man who was rescue-

treated for recurrence 36 weeks after transplantation with obinutuzumab (1000 mg/1.73 m2,

1 dose) and daratumumab (18 mg/kg each dose, 8 doses), resulting in plasmapheresis

discontinuation and a drop of proteinuria from 29 to 2.3 g/d. Proteinuria increased with

circulating CD38þ plasma cells and responded to an additional daratumumab dose.

Currently, the proteinuria is 1.8 g/d, 14.5 months after discontinuing plasmapheresis and

starting obinutuzumab and daratumumab therapy. Case 2 was a 15-year-old girl who was

plasmapheresis dependent with 2 g/d proteinuria 82 weeks after transplantation, with a

Tesio catheter in the right jugular vein as the only possible vascular access. After treatment
, focal segmental glomerulosclerosis; IFTA, interstitial fibrosis, tubular atrophy; KB, kidney biopsy; KT, kidney transplant; mAb, monoclonal

e; PEX, plasma exchange.
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with obinutuzumab and daratumumab (1 dose each), she achieved stable complete

remission (0.3 g/d proteinuria) with persistent plasmapheresis discontinuation. These cases

suggest the potential of combining obinutuzumab with daratumumab for the treatment of

recurrent FSGS.
1. Introduction

Recurrence of primary focal segmental glomerulosclerosis
(FSGS) after kidney transplant (KT) occurs in approximately one-
third of patients, with FSGS being the underlying cause of native
kidney disease. Only a minority of these patients achieve com-
plete remission with the current standard treatment of plasma-
pheresis, with or without rituximab, a type I anti-CD20
monoclonal antibody (mAb) targeting B cells.1

Recently, the association of obinutuzumab, a humanized type
II anti-CD20 mAb with superior B cell-depletion activity, and
daratumumab, a plasma cell–depleting anti-CD38 humanized
mAb, has shown efficacy in some cases of nonbiopsied steroid-
dependent nephrotic syndrome (NS).2,3

Herein, we present 2 consecutive cases of fully characterized
early severe recurrent FSGS refractory to rituximab, scarcely
(case 1) or partially (case 2) responsive to an interleukin (IL)-1
blocker receptor antagonist (anakinra) and plasma exchange
(PEX) with subsequent dependency, which successfully respon-
ded to combined obinutuzumab and daratumumab treatment.

2. Case 1

A 16-year-old Caucasian boy presented with hypertension
and NS in 2017 (Table). A kidney biopsy (KB) revealed minimal
change disease. The patient was initially treated with steroids
and calcineurin inhibitors, followed by 2 doses of rituximab
without a response. A genetic study found heterozygous nucle-
otide variants without a documented pathogenic role in LAMA 5
gene (Supplementary Table S1). After 2 years, the patient
experienced rapid deterioration of kidney function with massive
proteinuria. The second KB revealed FSGS, collapsing variant.
PEX was unsuccessful, and hemodialysis was initiated. In March
2022, the patient received a KT from a deceased donor (Fig. 1A).
Induction therapy included thymoglobulin, rituximab, and meth-
ylprednisolone, followed by tacrolimus, mycophenolate mofetil
(MMF), and prednisone (Fig. 1). NS recurred 3 days posttrans-
plant. Considering the disease’s aggressiveness on native and
transplant kidneys, we promptly started a combined treatment
with PEX and anakinra, an IL-1 receptor antagonist previously
associated with a positive response in 3 NS cases, including only
1 with FSGS recurrence.4 This was based on favorable results
obtained by uncoupling IL-1β/IL-1R1 in preventing the develop-
ment of FSGS in a mouse model.5 Stable kidney function (esti-
mated glomerular filtration rate [eGFR]: 46 mL/min/1.73 m2) was
achieved; however, proteinuria remained high (10 g/d). KB
revealed extensive podocyte effacement on electron microscopy
involving about 88% to 90% of the capillary surface area
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(Fig. 2A, B), with associated podocyte microvillous trans-
formation (Fig. 2C).

Intensive PEX 3 times in a week was barely able to prevent the
need for dialysis, which was required on 3 occasions (weeks 10,
20, and 38) because of oligoanuria with fluid overload caused by
a severe increase in proteinuria. During week 10, a second KB
revealed acute tubular necrosis and negative C4d with persistent
extensive podocyte effacement. Anakinra was discontinued
around week 18 owing to infectious complications (acute chole-
cystitis and oral infection).

Three months later, the proteinuria increased (29 g/d), with a
stable eGFR. We decided to start rescue therapy with obinutu-
zumab, followed by multiple doses of daratumumab until pro-
teinuria was in partial remission without significant rebound. PEX
was discontinued before obinutuzumab administration. During
daratumumab administration, the patient experienced numerous
adverse events including mild bronchospasm, hypertension,
severe leukopenia, thrombocytopenia, hypogammaglobulin-
emia, and gingival and anal ulcers requiring antibiotics.

Following a new decline in eGFR, a third KB was performed
(week 40), which showed mild interstitial fibrosis and tubular at-
rophy, isometric tubular cell vacuolization, and negative C4d in
addition to FSGS. To minimize the tacrolimus trough level
(approximately 2-3 ng/mL), conversion to belatacept and
discontinuation of MMF was done. At week 78, after a new pro-
teinuria relapse, rare circulating CD38þ plasma cells were found,
and an additional dose of daratumumab was administered, with
subsequent depletion and clinical response (Supplementary
Table S2). At week 94, eGFR was satisfactory with proteinuria at
approximately 1.8 g/d without angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker, 14.5 months after obinu-
tuzumab administration.

3. Case 2

A 10-year-old Caucasian girl developed NS in 2017 with
FSGS (not otherwise specified variant) on KB and negative ge-
netic screening (Table). Subsequent tacrolimus and MMF treat-
ment did not improve the symptoms. In 2020, unsuccessful
attempts to create an arteriovenous fistula led to hemodialysis
using the right jugular vein with Tesio catheter as the only
possible vascular access. Two years later, she underwent living-
donor KT (Fig. 1B). Induction therapy included thymoglobulin and
methylprednisolone, followed by tacrolimus, MMF, and predni-
sone (Fig. 2). After 5 days, kidney function deteriorated, and
proteinuria increased (17 g/d), suggesting FSGS recurrence,
which was later confirmed by KB (Fig. 2D-F). PEX was initiated
with rituximab and anakinra, leading to partial kidney function



Table
Main clinical characteristics of the two patients with FSGS recurrence.

Characteristic Case 1 Case 2

Sex Male Female

Age at the diagnosis (y) 17 10

Native KB I biopsy: MCD

II biopsy: FSGS-

collapsing variant

FSGS-NOS

variant

Cumulative

immunosuppressive

treatment before transplant

ST/CYA/TAC/PEX/

RTX

ST/MMF/TAC

Age at the start of dialysis

treatment (y)

19 12

Type of dialysis Hemodialysis Hemodialysis

Type of vascular access for

dialysis

Arteriovenous fistula Long-Term

catheter (Tesio)a

Age at transplant (y) 21 14

Type of transplant Deceased donor Living donor

Mismatch HLA (HLA-A/B/

DR)

4/6 6/6

Graft biopsy I Biopsy: FSGS,

II Biopsy: ATN,

III Biopsy: FSGS-

NOS variant, CNI

toxicity

FSGS-NOS

variant

C4d on graft biopsy (every

time)

Negative Negative

Anti-HLA donor-specific

antibodies

Negative Negative

ATN, acute tubular necrosis; CNI, calcineurin inhibitor; CYA, cyclosporine A;
FSGS, focal segmental glomerulosclerosis; KB, kidney biopsy; MCD, minimal
change disease; MMF, mycophenolate mofetil; NOS, not otherwise specified;
PEX, plasmapheresis; RTX, rituximab; ST, steroid; TAC, tacrolimus.

a Last available vascular access for dialysis maintenance in a patient with

repeated access failure.

Figure 1. Timelines of events from the kidney transplant in cases 1 (A)
and 2 (B). (A) Proteinuria was higher than 10 g/day until the start of
rescue therapy with obinutuzumab and daratumumab. (B) Multiple
immunosuppressive therapies were started after the recurrence of focal
segmental glomerulosclerosis; however, only partial remission was
achieved by weekly plasmapheresis. After the rescue therapy with obi-
nutuzumab and daratumumab, complete remission was achieved, and
the patient became plasmapheresis independent. ANA, anakinra; ATG,
thymoglobulin; BELA, belatacept; b.i.w., bis in a week; DARA, dar-
atumumab; HD, hemodialysis; MMF, mycophenolate mofetil; OBI, obi-
nutuzumab; PEX, plasmapheresis; RTX, rituximab; ST, steroids; TAC,
tacrolimus; t.i.w., 3 times a week.
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improvement but with high proteinuria (16 g/d). Owing to non-
adherence to daily injections, anakinra was discontinued after 7
months. PEX frequency was reduced with kidney function sta-
bilization but with PEX-dependent persistent proteinuria (2 g/d)
without antiproteinuric agents.

Twenty-one months posttransplant, a partial response to PEX,
the risk of Tesio infections, and her desire for Tesio removal led us
to opt for a rescue-treatment with 1 dose each of obinutuzumab
and daratumumab. Prompt treatment led to complete remission;
therefore, PEX was discontinued. Five months after dar-
atumumab treatment, the patient experienced mild leukopenia
that responded to granulocyte colony–stimulating factor
1898
administration and transient suspension of MMF. Currently, pro-
teinuria is 0.3 g/d, with therapy based on tacrolimus, MMF, and
prednisone without circulating CD38þ plasma cells (Supple-
mentary Table S2).

4. Discussion

To the best of our knowledge, these are the first 2 cases of
well-characterized posttransplant FSGS recurrence rescued with
obinutuzumab and daratumumab. Conventional therapy was
insufficient to achieve remission in both patients. Limited evi-
dence exists supporting the use of anakinra for the treatment of
FSGS recurrence after transplantation, given that this is an
experimental treatment. Angeletti et al4,5 recently identified a role
of IL-1β/IL-1R1 in promoting the disease, showing the benefit of



Figure 2. Representative images of kidney biopsies
in cases 1 and 2. Electron microscopy (A-F): In case
1, first graft biopsy shows extensive podocyte foot
process effacement, involving about 88% to 90% of
capillary surface area (A, original magnification:
�5000; B, original magnification: �4000), assessed in
the nonsclerosed glomerulus, with associated podo-
cyte microvillous transformation (C, original magnifi-
cation: �2000). In case 2, widespread foot process
effacement is observed in approximately 93% of the
capillary surface area of the nonsclerosed glomerulus
(D-F, original magnification: �3000).
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anakinra addition to PEX and rituximab in a patient with FSGS
recurrence. Conceivably, the IL-1 blockade might have partially
influenced the disease behavior in our patients; however, a clear
improvement in the outcome was obtained only after combined
therapy with obinutuzumab and daratumumab in both patients.

Recently, Angeletti et al6 combined rituximab and dar-
atumumab to treat recurrent FSGS after KT in 5 patients. Only 2
patients (cases 3 and 4 of that article) who were resistant to PEX
and rituximab experienced nephrotic proteinuria recurrences
every 4 to 6 weeks after daratumumab doses. Furthermore, all
patients received a lower immunosuppressive induction with
basiliximab. Therefore, second-generation anti-CD20 mAb ther-
apy with stronger activity than that of rituximab could be a better
solution.2,7

Regarding the daratumumab protocol in our cases, multiple
doses of daratumumab in case 1 were used until proteinuria was
in partial remission without significant rebounds, whereas a sin-
gle dose was given in case 2 because proteinuria quickly
decreased and maintained the response without subsequent
rebounds.

Refractory cases may hypothetically depend on the limited
depletion of memory B cells8 and/or plasma cells,6 which was
confirmed by our experience where prolonged depletion and
response was observed in case 2, whereas there was a relapse
with CD38þ circulating plasma cells and a prompt response to an
additional daratumumab dose in case 1.

Leukopenia and infectious complications were mainly
observed during the daratumumab cycles. Conceivably, the
susceptibility to infections in refractory patients may be propor-
tional to the stratification of lines of previous unsuccessful
immunosuppressive treatments.

In conclusion, these data warrant further investigation of B cell
and plasma cell depletion in managing posttransplant FSGS
recurrence that fails to respond to conventional therapy with PEX
with or without rituximab.
1899
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