RMD
Open

Rheumatic &
Musculoskeletal
Diseases

To cite: Ostendorf L,

Burns M, Wagner DL, et al.
Daratumumab for the treatment
of refractory ANCA-associated
vasculitis. RMD Open
2023;9:002742. doi:10.1136/
rmdopen-2022-002742

Received 19 September 2022
Accepted 23 December 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Lennard Ostendorf;
lennard.ostendorf@charite.de

SHORT REPORT

Daratumumab for the treatment of
refractory ANCA-associated vasculitis

Lennard Ostendorf

"2 Marie Burns,? Dimitrios Laurin Wagner,

3,4,5,6

Philipp Enghard,"? Kerstin Amann,” Henrik Mei,? Kai-Uwe Eckardt,’

Evelyn Seelow,’ Adrian Schreiber © '#

ABSTRACT

Objective Treatment-refractory antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis (AAV) is a life-
threatening condition without evidence-based treatment
options. One emerging treatment option for several
antibody-mediated autoimmune diseases is the anti-CD38
antibody daratumumab, which depletes autoantibody-
secreting plasma cells.

Methods We treated two patients with severe life-
threatening AAV with renal and pulmonary manifestation
despite induction therapy with rituximab and
cyclophosphamide with four to eight doses of 1800 mg
daratumumab. We followed clinical and immunological
responses.

Results The first patient with myeloperoxidase-ANCA-
positive microscopic polyangiitis had resolution of
pneumonitis and pleuritis and stabilisation of kidney
function after daratumumab. The second patient with
proteinase 3-ANCA-positive granulomatosis with
polyangiitis, diffuse alveolar haemorrhage necessitating
extracorporeal membrane oxygenation (ECMO) and

acute kidney failure, requiring kidney replacement
therapy, was weaned off ECMO, mechanical ventilation
and dialysis and discharged home after daratumumab.
Clinical improvement was paralleled by a strong reduction
in serum ANCA levels as well as total IgG, indicating
depletion of plasma cells. Apart from the depletion of
CD38* natural killer cells, blood leucocyte levels were not
notably influenced by daratumumab. Only mild adverse
events, such as hypogammaglobulinaemia and an upper
respiratory tract infection occurred.

Conclusion Daratumumab was safe and effective in
inducing remission in two patients with severe treatment-
refractory AAV, warranting prospective clinical trials to
establish safety and efficacy.

BACKGROUND

Antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV) is a group of auto-
immune diseases mediated by autoantibodies
against either myeloperoxidase (MPO) or
proteinase 3 (PR3)." These autoantibodies
activate myeloid cells (neutrophils and mono-
cytes) and thus induce small vessel vasculitis,
resulting in inflammation and damage of the
kidney, lung, skin and other organs.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Long-lived plasma cells contribute to the patho-
genesis of antineutrophil cytoplasmic antibody-
associated vasculitis, and the anti-CD38 antibody
daratumumab has been used to target long-lived
plasma cells in some autoantibody-mediated
diseases.

WHAT THIS STUDY ADDS
= This study reports two patients with refractory

ANCA-associated vasculitis successfully treated
with daratumumab.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Daratumumab could be useful in the treatment of
ANCA-associated vasculitis, but clinical trials will be
needed to establish safety and efficacy.

The standard of care for the treatment of
AAV includes induction therapy, a combi-
nation of glucocorticoids and either the
anti-CD20 antibody rituximab or cyclophos-
phamide.! While the induction treatment
with rituximab leads to clinical remission in
approximately two-thirds of patients,” some
have ongoing disease activity despite complete
B cell depletion in the peripheral blood. AAV
that shows ongoing active, inflammatory
disease despite both firstline induction treat-
ments is associated with significant mortality
and persistent morbidity, including chronic
kidney failure and pulmonary fibrosis.” In
this situation, no evidence-based treatment
options exist.

The failure of standard induction therapies
can, in part, be explained by long-lived plasma
cells (LLPCs): LLPCs are terminally differen-
tiated, antibody-secreting cells that do not
express CD20 and thus are not targeted by
rituximab. LLPCs contribute to the patho-
genesis of various antibody-mediated auto-
immune diseases’ and are a challenging
treatment target as they do not proliferate and
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reside in various tissues and in dedicated survival niches
within the bone marrow. Different approaches have been
investigated in order to specifically target plasma cells in
autoantibody-mediated diseases such as immunoablation
followed by autologous stem cell transplantation® or the
proteasome inhibitor bortezomib.® ” The monoclonal
anti-CD38 antibody daratumumab, licensed for use in
multiple myeloma, also depletes non-malignant plasma
cells and its successful use has been reported in cases of
refractory autoimmune haemolytic anaemia,” autoim-
mune encephalitis,” immune thrombocytopenia'® and
systemic lupus erythematosus (SLE)."" Here we report
two cases of refractory AAV successfully treated with
daratumumab.

METHODS

Written informed consent for off-label treatment and
publication was obtained from the patients or their
legal guardian. Daratumumab was administered as a
1800 mg fixed-dose subcutaneous injection once weekly,
according to the standard protocol for multiple myeloma
treatment and was administered with the recommended
co-medication of methylprednisolone, paracetamol
and dimentidene. Infection prophylaxis with trimeth-
oprim sulfamethoxazole and acyclovir was initiated or
continued, and the previous glucocorticoid treatment
was continued. Clinical disease activity was evaluated by
the Birmingham Vasculitis Activity Score (BVAS) V.3.

Paraffin sections of a kidney biopsy from patient 1,
obtained shortly before the initiation of daratumumab
treatment, were stained for the presence of B and plasma
cells using a commercially available antibody against
CD20 (Dako, Glostrup, Denmark) and CD138 (Zytomed,
Berlin, Germany, clone B-A38) or antibody cocktails
for detection of kappa (Dako, Glostrup, Denmark and
Epitomics, Hannover, Germany, Cat. No. AC-0149) and
lambda (Dako, Glostrup, Denmark and Monosan, Am
Uden, The Netherlands, Cat. No. MONX10620) and
routine staining protocols on Ventana BenchMark Ultra
stainers (Roche, Switzerland) as described before.'?

In order to investigate the immunological changes
under daratumumab treatment, we cryopreserved whole
blood of patient 1, using the Proteomic Stabilizer (Smart
Tube, Las Vegas, USA) and performed mass cytometric
immunosurveillance as previously reported.'”” We used
a multi-epitope CD38 antibody (Cytognos, Salamanca,
Spain) to detect CD38 even in the presence of daratu-
mumab. We measured MPO-ANCA and PR3-ANCA by
ELISA (EUROIMMUN, Lubeck, Germany). We provide
clinical and immunological follow-up data up to 7months
after the initiation of treatment.

RESULTS

Patient 1 was a 57-year-old male patient with a treatment-
refractory MPO-ANCA-positive microscopic polyangiitis.
The patient had been diagnosed lyear prior, when he
presented with crescentic glomerulonephritis. Despite
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Figure 1 Improvement of antineutrophil cytoplasmic

antibody-associated vasculitis (AAV) disease activity after
daratumumab treatment. (A) Serum creatinine levels before
and after daratumumab treatment. Previous induction
therapies with cyclophosphamide (CYC), rituximab

(RTX) and plasma exchange (PEX) did not lead to clinical
remission or stabilisation of kidney function. Arrows indicate
daratumumab doses, the dotted line indicates the upper
normal limit for serum creatinine. Patient 2 underwent

renal replacement therapy with continuous veno-venous
haemodialysis (CVVHD) and intermittent haemodialysis (iHD).
(B) CT of lung sections showing pleural effusion and alveolitis
(patient 1) and AAV-induced acute respiratory distress
syndrome and ventilator-associated soft tissue emphysema
(patient 2). Only some fibrotic changes remain after
daratumumab treatment. (C) Birmingham Vasculitis Activity
Score (BVAS) shows clinical remission after daratumumab
treatment. (D) C reactive protein (CRP) levels in both patients
decline to normal levels after daratumumab treatment, the
dotted line indicates the upper normal limit.

treatment with cyclophosphamide and rituximab, he
never reached remission. At the time of evaluation for
daratumumab treatment, he presented with worsening
dyspnoea due to refractory pleural effusions, alveolitis
and worsening kidney function with a nephritic urinary
microscopy (figure 1A,B). The BVAS initially was 13
(figure 1C). A repeat kidney biopsy revealed ongoing
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Figure 2 CD20-negative antibody-secreting cells are
present in the kidney after rituximab treatment. Tissue
sections of a kidney biopsy from patient 1 24 days before
the initiation of daratumumab show ongoing crescentic
glomerulonephritis (PAS, periodic acid-Schiff staining (x10)).
No CD20-positive cells were detected in the kidney (10x,
20x), consistent with previous rituximab treatment. However,
antibody-secreting cells, indicated by their expression of the
kappa or lambda immunoglobulin light chains and CD138
(x20), are still found in the kidney.

crescentic pauci-immune glomerulonephritis. Immuno-
histochemistry showed a plasma cell-dominant intersti-
tial infiltrate positive for kappa and lambda light chains
but without evidence of CD20" B cells, with complete
absence of B cells in the peripheral blood, indicating
that rituximab treatment had depleted B cells but not
CD20" antibody-secreting cells in the kidney (figure 2).
The patient initially received 1800 mg daratumumab in
fourweekly doses.

Already at completion of the initial four daratumumab
doses, the patient showed an improvement of kidney
function and resolution of alveolitis and pleural effusion
(figure 1B). Four months after the last dose, as ANCA
levels were still elevated and ongoing haematuria present,
the patient received a second cycle of four doses of dara-
tumumab. After dose 5, treatment was halted for 4weeks
due to an upper respiratory tract infection that did not
require specific treatment. At the most recent follow-up
8 months after the initiation of daratumumab treatment,
the patient remained in complete remission with stable
kidney function and no sign of active pulmonary disease.
During the course of the treatment, no serious adverse
events occurred.

Patient 2 was a 41-year-old male patient with refractory
PR3-ANCA-positive granulomatosis with polyangiitis,
who had been diagnosed 4 months prior with renal,
pulmonary and upper respiratory tract manifestations.
Despite induction therapy with cyclophosphamide and
prednisolone, he presented with diffuse alveolar haem-
orrhage requiring mechanical ventilation and acute
kidney injury. Even with additional therapy with meth-
ylprednisolone pulses, rituximab and plasma exchange,
his illness further progressed and he developed severe
acute respiratory distress syndrome requiring extracor-
poreal membrane oxygenation (ECMO) and progressive
kidney failure with need for continuous kidney replace-
ment therapy, despite complete depletion of B cells in
the peripheral blood (figure 1A,B). Furthermore, he
developed a severe aortic stenosis. He received four doses
of daratumumab. Within 2 weeks following initiation of
daratumumab treatment, the patient was weaned from
ECMO and lung and kidney function improved substan-
tially. Eight weeks after the start of daratumumab treat-
ment, he was discharged home without the need for
oxygen supplementation or kidney replacement therapy.
He remained in complete remission 4 months later and
is currently being evaluated for an aortic valve replace-
ment. Apart from hypogammaglobulinaemia without
signs of infection requiring prophylactic intravenous
supplementation twice, no adverse events occurred.

Both patients showed a significant reduction in
ANCA levels after initiation of daratumumab (patient
1: 69%, patient 2: 74%), consistent with the depletion
of autoantibody-secreting plasma cells (figure 3A).
Total immunoglobulin levels similarly initially declined,
but remained stable after the initial treatment phase
(figure 3B).

In our analysis of peripheral blood leucocytes of patient
1, we observed mostly stable counts of leucocyte subsets
with the exception of natural killer cells, which were
depleted after daratumumab administration due to their
high CD38 expression.'* CD19" B cells were absent in the
peripheral blood, consistent with the previous rituximab
treatment (figure 3C).

Measurement of leucocyte CD38 expression after dara-
tumumab showed a sustained suppression of CD38 levels
on long-lived lymphoid cells (figure 3D).

DISCUSSION

We report two cases of severe treatmentrefractory AAV
successfully treated with the anti-CD38 antibody dara-
tumumab. Both patients had persistently high ANCA
levels despite induction treatment with both rituximab
and cyclophosphamide. As ANCAs are usually depleted
after B cell-targeted therapies, most of ANCA produc-
tion in most cases is likely attributable to CD20" B cells.
Refractory cases might represent those, where long-
lived plasma cells (LLPCs) are contributing more to the
ANCA production. LLPCs are refractory to both CD20-
targeted treatments and antiproliferative drugs, and
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Figure 3 Immunological effects of daratumumab treatment.
(A) Antibody levels of myeloperoxidase (MPO)-antineutrophil
cytoplasmic antibody (ANCA) and proteinase-3 (PR3)-
ANCA after daratumumab treatment. Arrows indicate
daratumumab doses, the dotted line indicates the upper
normal limit for ANCA. (B) Total serum IgG levels decline
under daratumumab treatment. The dotted line indicates the
lower limit of normal IgG levels, red x indicates intravenous
IgG (IVIG) supplementation. (C) Relative levels of major
leucocyte subsets in the peripheral blood remain stable
under daratumumab treatment of patient 1. (D) Mean signal
intensity of surface CD38 expression of major leucocyte
subsets in the peripheral blood of patient 1 as measured
with a polyclonal antibody that binds independent of
daratumumab presence. NK, natural killer.

thus represent a promising new treatment target.7 B I
will thus be important to investigate the relative contri-
butions of plasma cells and B cell to AAV, in order to
identify patients who would benefit from a plasma cell-
targeted therapy. In patient 1, a kidney biopsy after
rituximab showed an abundance of infiltrating antibody-
secreting cells negative for CD20, which may suggest the
need for plasma cell-targeted therapies. However, future
investigation should be conducted to investigate the role
of kidney-infiltrating plasma cells and if their detection
should necessitate plasma cell-targeted therapies.

Our findings complement previous reports of the
successful use of the anti-CD38 antibody daratumumab

3

for plasma cell depletion in other autoantibody-mediated
diseases, such as SLE'" and autoimmune haemolytic
anaemia.”

In the two patients reported here, daratumumab treat-
ment was associated with fast clinical and immunological
response with only mild adverse effects (uncomplicated
upper respiratory tract infection, hypogammaglobuli-
naemia). However, we cannot exclude a confounding
delayed treatment effect of previous therapies. Rituximab
is known to induce a delayed response, and time between
rituximab and daratumumab was short in patient 2 due
to the dynamic worsening of his disease. While we did not
observe significant adverse events, daratumumab treat-
ment was associated with an increased risk of infection
in systematic studies for multiple myeloma'® and in case
reports in autoimmune diseases.” !

Prospective clinical trials will be needed to investigate
the safety and efficacy of daratumumab in AAV and to
identify patients who could benefit from a plasma cell-
targeting drug.
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