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Abstract
Introduction: The transplantation of highly sensitized pa-
tients remains a major obstacle. Immunized patients wait
longer for a transplant if not prioritized, and if transplanted,
their transplant outcome is worse. Case Presentation: We
report a successful AB0- and HLA-incompatible living donor
kidney transplantation in a 35-year-old female patient with
systemic lupus erythematosus (SLE) and antiphospholipid
syndrome. The patient had a positive T- and B-cell
complement-dependent cytotoxicity (CDC) crossmatch
and previous graft loss due to renal vein thrombosis. We
treated the patient with intravenous immunoglobulins, rit-

uximab, horse anti-thymocyte globulin, daratumumab, and
imlifidase, besides standard immunosuppression. All IgG
antibodies were sensitive to imlifidase treatment. Besides
donor-specific HLA antibodies, anti-dsDNA antibodies and
antiphospholipid antibodies were cleaved. The patient ini-
tially had delayed graft function. Two kidney biopsies (day 7
and day 14) revealed acute tubular necrosis without signs of
HLA antibody-mediated rejection. On posttransplant day 30,
hemodialysis was stopped, and creatinine levels declined
over the next weeks to a baseline creatinine of about 1.7 mg/
dL after 12 months. Conclusion: In this case, a novel mul-
timodal treatment strategy including daratumumab and
imlifidase enabled successful kidney transplantation for a
highly immunized patient with antiphospholipid antibodies.
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Introduction

Highly sensitized patients wait longer for a trans-
plant and have inferior outcomes after transplantation
[1]. In Europe, imlifidase is approved for desensiti-
zation of highly immunized adult kidney transplant
patients with a positive crossmatch (XM) against
available deceased donors [2]. Imlifidase is a cysteine
protease that generates single-cleaved immunoglobu-
lin G (IgG) in a rapid first reaction and subsequently 2
F(ab’)2 fragments and a fully separated Fc fragment in
a longer second reaction [3]. In order to achieve a
negative XM, a single dose is given within 24 h before
transplantation [4]. Three years after transplantation,
highly sensitized patients with imlifidase graft survival
is 84%, but the rate of antibody-mediated rejection
(ABMR) is 38%, indicating the need for better rejection
prophylaxis [2]. Recently, anti-CD38 monotherapy
with isatuximab was used to deplete plasma cells for
desensitization in highly sensitized patients awaiting
kidney transplants [5]. Here we report a case where we
used combined therapy of imlifidase and anti-CD38
therapy to successfully transplant a patient with high
levels of allo- and autoantibodies.

Detailed Case Presentation

We present a case of a 35-year-old Caucasian female
patient who presented at the age of 11 years with diffuse
membrano-proliferative sclerosing glomerulonephritis
with endomembranous immune complex deposits,
positive for IgG, C3, and C4, while negative for IgA and
C1q. At the age of 23, she started on peritoneal dialysis,
and after 2 years, she received a high-urgency deceased
donor kidney transplant in another center due to failure
of peritoneal dialysis and recurrent fistula thrombosis.
In 2015, the patient had a pregnancy without com-
plications. The patient lost her first transplant in 2017
due to a thrombosis in the allograft vein. At this time,
she did not receive anticoagulants, despite numerous
thrombotic events in the past. During the workup, a
triple positive antiphospholipid syndrome (APS) was
diagnosed with high-positive anti-beta2-glycoprotein
and anti-cardiolipin IgG autoantibodies (IgM negative)
together with positive lupus anticoagulant. Further,
elevated antinuclear antibodies (ANA) and anti-
dsDNA antibodies were detected, and current EU-
LAR/ACR criteria allowed the diagnosis of systemic
lupus erythematosus (SLE) without other signs of SLE.
After graft loss, the patient restarted peritoneal dialysis,
and oral phenprocoumon was initiated for APS. When
she presented at our center for transplant reevaluation,
she was highly immunized (cPRA of 99% for HLA

classes I and II and mean fluorescence intensity (MFI) >
25,000 in the Luminex Single Antigen Bead (SAB)
assay). Almost all HLA antibodies showed complement
binding activity (PRA of 99% in complement-
dependent cytotoxicity [CDC]) and a calculated do-
nor frequency of 0.03%. The patient was accepted for
the Eurotransplant acceptable mismatch (AM) pro-
gram but did not receive any organ offers. Three living
donors were evaluated, while the mother was the only
one eligible for donation. One year prior to trans-
plantation, a first attempt at desensitization with rit-
uximab (1 g) and 6 cycles of immunoadsorption were
performed, but donor-specific HLA antibodies (DSA)
against the mother remained almost unchanged (stable
cPRA of 99% with only slightly decreased MFI values in
SAB assay). In May 2021, peritoneal dialysis had to be
switched to hemodialysis with brachial basilic fistula.
The fistula clotted after 2 months, necessitating com-
plex surgery. At this time point, a life-threatening
situation became apparent, and the health insurance
agreed to pay for the off-label use of imlifidase for the
proposed living transplantation. Anti-B isoagglutinin
titers (donor blood group AB, recipient blood group A)
were 1:4 for IgM and 1:8 for IgG. Against four of the six
total mismatches, HLA-B*07:02 (B7), -C*07:02 (Cw7),
-DRB1*11:04 (DR11), and -DRB3*02:02 (DR52) an-
tibodies with MFI values of 26,000, 16,000, 17,000, and
12,000, respectively, were detected by SAB assay. An-
tibodies against HLA-B7, -Cw7, and -DR11 were
proven to be complement-binding in the C1q assay and
CDC. CDC-XM on T and B cells without and with DTT
was highly positive. Immunosuppressive treatment was
started 5 days before transplantation with tacrolimus
(0.17 mg/kg/day, target level: 10 ng/mL), 1,440 mg/d
mycophenolic acid, and 5 mg methylprednisone. An-
ticoagulation was switched to heparin (target doubling
of PTT). Two days before transplantation, the patient
received one dose of 1,800 mg daratumumab (anti-
CD38), targeting plasma cells, activated T and B cells,
NK cells, and able to modulate pDCs. One day before
transplantation, horse anti-thymocyte globulin (not
cleaved by imlifidase) was started and given daily for
5 days (each 15 mg/kg). Sixteen h before transplan-
tation, she received 20 mg of imlifidase and 500 mg of
methylprednisone (500 mg day 1, 250 mg day 2, 125 mg
day 3, 80 mg day 3–7, further tapered until 4 mg on day
42). Transplant-related interventions are summarized
in Figure 1a. XM on T and B cells without and with
DTT before imlifidase was repeatedly strong positive
and was converted to negative within 2 h following
imlifidase administration, together with MFI values of
DSA in the SAB and C1q assays. After uncomplicated
surgery, diuresis started (1.5 L on day 1). After removal
of the inguinal arterial catheter for invasive blood
pressure, monitoring severe bleeding and hypotension
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occurred, and a perfused pseudoaneurysm was treated
with an ultrasound-guided thrombin injection. Di-
uresis stopped after this event, and hemodialysis was
reinitiated on day 3. HLA antibody testing showed
rising donor-specific and non-donor-specific anti-
bodies (Fig. 1b) suspicious for humoral rejection. The
patients received an additional dose of rituximab (1 g),
3 doses of intravenous immunoglobulins (IVIGs)
(35 g each), as well as an additional dose of 1,800 mg
daratumumab. A kidney biopsy 7 days after transplant
revealed severe acute tubular necrosis (Fig. 1c) without
signs of rejection. Moderate acute tubular necrosis was
still present in a repeat biopsy on day 14, which caused
another bleeding episode. C4d was positive after AB0i
transplantation. Diuresis started on day 28, and on day

30, hemodialysis was stopped. Serum creatinine slowly
declined over the next weeks to 1.7 mg/dL (Fig. 1d). The
course of autoantibodies against dsDNA, beta2 gly-
coprotein, cardiolipin, and phosphatidylserine is
shown in Figure 1e. Anti-CD38 treatment affected
mainly peripheral NK cell numbers, while T cells re-
covered fast after anti-thymocyte globulin treatment.
The patient was still able to generate peripheral plas-
mablasts despite anti-CD20 and anti-CD38 treatment
without measurable peripheral B cells (Fig. 2a, b).

Before transplantation, the patient had received 3
COVID vaccinations (1xChAdOx1-S, 2xBNT162b2). On
day 35, she developed symptomatic SARS-CoV-2 in-
fection with nasal congestion and cough. Remdesivir
(200 mg day 1, 100 mg day 2, 3) and tixagevimab 300 mg/

a

c d

e

b

Fig. 1. a Sequence of drugs administered. b Mean fluorescence intensities (MFIs) of donor-specific antibodies.
c Representative histology of the kidney allograft on day 7 and day 14 after transplantation stained with periodic
acid-Schiff reaction in different magnifications. Course of serum creatinine (d) and autoantibodies (e) over time.
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cilgavimab 300 mg were administered, and the infection
resolved without further sequelae. The course of anti-
spike antibodies and nucleocapsid protein is shown in
Figure 2 c and d. Interestingly, the patient was able to
mount a weak immune response against the nucleocapsid
protein despite heavy immunosuppressive treatment.
Anti-spike antibodies were influenced by the application
of tixagevimab/cilgavimab.

The patient was discharged from the hospital on day 47
after transplantation. The out-patient follow-up visits
remained uneventful, and graft function and proteinuria
remained stable 12 months post-transplantation. Ten
months after transplantation, a mild increase in donor-
derived cell-free DNAwas observed (Fig. 2e), and a repeat
biopsy was performed, showing peritubular capillaritis
(ptc2) but absence of glomerulitis (g0). C4d was positive
but cannot be used in the case of AB0i transplantation.
Therefore, the biopsy result was suspicious for ABMR but
formally did not fulfill the criteria according to Banff
2019. Donor-derived cell-free DNA normalized again
after 1800 mg of daratumumab (Fig. 2e).

Discussion

Here, we report the complicated second-living donor
AB0i transplantation against a positive CDC XM in a
highly sensitized patient with APS. Together with im-
lifidase for cleavage of HLA and AB0i alloantibodies
together with APS autoantibodies, we administered the
anti-CD38 antibody daratumumab in order to deplete
plasma cells in the bone marrow as well as NK cells [6],
which are involved as potent effector cells in the path-
ogenesis of ABMR.

Daratumumab is cleaved by imflidase, why a false-
positive XM under daratumumab was not problematic
in our case [7]. The half-live of daratumumab is ap-
proximately 9 days, why an earlier administration
should have been considered in our case, and the full
effect might have been diminished by the short time
between daratumumab and imlifidase administration
[8]. An immediate cell depletion can be assumed to be
mediated by antibody-dependent cellular cytotoxicity or

a b

c d

e

Fig. 2. a Course of B, T, and NK cells. b B cells subsets. c SARS-CoV-2 spike protein. d SARS-CoV-2 nu-
cleocapside protein. e Course of donor-derived cell-free DNA.
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complement-dependent cellular cytotoxicity. Whether
imlifidase is also able to cleave cell-bound antibodies is
unknown. Imlifidase converted the XM to negative
within 2 h after administration, but despite heavy pre-
treatment, HLA antibodies and DSA increased again
after transplantation. For prophylaxis of ABMR ritux-
imab, IVIGs and a second dose of daratumumab were
administered. Unfortunately, severe bleeding under
anticoagulation complicated the case, but a biopsy did
not show signs of ABMR 7 and 14 days after transplant,
eventually due to the depletion of NK cells, which are
thought to be potent effector cells in ABMR [9]. A strong
NK cell depletion has previously been described in the
peripheral blood as well as in the kidney allograft of a
patient treated with daratumumab for ABMR [10]. After
redosing rituximab, daratumumab, and IVIG, DSA
declined and remained low. Interestingly the rapid and
transient increase was only observed in anti-HLA an-
tibodies but not in autoantibodies such as anti-dsDNA
or antiphospholipid autoantibodies. HLA antibodies in
HLA-A, -B, and -C increased gradually to almost the
initial level, while antibodies in HLA-DR only increased
gradually.

Several case reports highlighted the potential benefit of
daratumumab treatment in ABMR by reducing levels of
DSA and inducing histopathological as well as molecular
remission [10–14]. While these results are promising, it is
important to consider the potential risk of T cell-medi-
ated rejection (TCMR) following daratumumab use.
Scalzo et al. recently reported a case where a patient who
had received daratumumab as maintenance therapy for
multiple myeloma prior to kidney transplantation ex-
perienced grade IIB TCMR 4 days after the transplant
[15]. Additionally, Doberer et al. [10] reported a case of
concurrent multiple myeloma and ABMR in which
daratumumab therapy resulted in regression of both
myeloma and AMR; however, a protocol biopsy con-
ducted 3 months after daratumumab initiation revealed
subclinical tubulointerstitial infiltrates, which decreased
following steroid pulse therapy. In our patient, no TCMR
episode was observed.

Imlifidase has been used in ANCA-associated vasculitis
in single cases [16]. Catastrophic APS is a rare and live-
threatening antibody-mediated disease [17] which is so far
mainly treated with plasma exchange, especially in this
indication, imlifidase could be a new promising approach.
The concept of targeting plasma cells with daratumumab
has already been described in several other indications such
as SLE [18], ANCA-associated vasculitis [19], and
autoantibody-driven neurological autoimmune diseases
[20], while larger studies and studies on long-term effects
are still missing. Here we report the combination of im-
lifidase and daratumumab in a multimodal treatment
regimen for a patient with APS, demonstrating the pro-
found effect of this combination on APS and SLE auto-

antibodies. Despite the promising approach, the described
treatment protocol is extremely costly, particularly re-
garding imlifidase, which holds orphan drug status and
costs several hundred thousand euros in Europe. Fur-
thermore, it is only approved in the setting of deceased
donor transplantation. Besides the off-label use of im-
lifidase in the context of living donation, Eurotransplant
has offered desensitization with imlifidase within the AM
program since 2023. However, this program was not
available for our patients in 2022.

In summary, we report as the case of a successful
second AB0- and HLA-incompatible living kidney
transplantation in a highly sensitized patient with SLE
and APS with multiple thrombosis and limited vascular
access treated with imlifidase, rituximab, and dar-
atumumab, providing a new treatment strategy for highly
immunized patients.
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