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A B S T R A C T

Autoantibody-producing plasma cells are frequently resistant to conventional immunosuppressive treatments and
B-cell depletion therapy. As a result of this resistance, autoreactive plasma cells survive conventional therapy,
resulting in persistent autoantibody production and inflammation. CD38 is highly and uniformly expressed on
normal and malignant plasma cells. Daratumumab is the first in class CD38-targeting monoclonal antibody
approved for the treatment of multiple myeloma (MM). To evaluate the potential activity of daratumumab in
antibody-mediated autoimmune disorders by targeting autoantibody-producing plasma cells, we evaluated serum
levels of autoantibodies in MM patients during daratumumab treatment. We found that 6 out of 41 (15%) had
detectable autoantibodies before initiation of daratumumab therapy, and that these autoantibodies rapidly dis-
appeared in 5 out of 6 patients during daratumumab treatment. Our data provide support for the evaluation of
daratumumab in patients with autoantibody-dependent autoimmune disorders.
1. Introduction

Autoantibodies, produced by plasma cells (PCs), contribute to the
pathogenesis of antibody-mediated autoimmune diseases such as sys-
temic lupus erythematosus (SLE), rheumatoid arthritis (RA), anti-
neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis, myas-
thenia gravis, and autoimmune cytopenias. These autoantibodies are
either directed against cells expressing the target antigen, or cause tissue
damage via formation of immune complexes. Autoantibody-producing
PCs are found in bone marrow, but are also abundant in inflamed tis-
sues, for instance in synovial biopsies obtained from RA patients or in
nephritic kidneys from SLE patients, leading to local production of auto-
antibodies [1,2]. These autoreactive PCs are typically long-lived and are
frequently resistant to conventional immunosuppressive treatments, as
well as B-cell depletion therapy with CD20 or CD22-targeting agents [3,
4]. As a result of this resistance, autoreactive PCs survive conventional
therapy, which leads to persistent production of autoantibodies that
maintain autoimmunity and auto-inflammatory processes. There is an
unmet need for novel therapeutic interventions in antibody-mediated
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autoimmune diseases, especially for those with disease resistant to con-
ventional therapies or presenting with aggressive features. In this respect,
specific targeting of long-lived PCs represents a novel treatment
approach.

CD38 is highly and homogeneously expressed on normal PCs, as well
as malignant PCs from multiple myeloma (MM) patients [5]. Dar-
atumumab is the first in class CD38-targeting antibody, which has single
agent activity in MM. Based on its high activity and favorable toxicity
profile, daratumumab is currently approved as monotherapy, as well as
in combination with several standards of care in MM [6–8].

Next to the elimination of malignant PCs, we have previously shown
that daratumumab reduces the frequency of normal PCs in MM patients,
which resulted in decreased levels of circulating polyclonal immuno-
globulins [9]. We therefore hypothesized that daratumumab is also
capable of depleting autoantibody-producing, non-malignant PCs. In the
current study, the impact of daratumumab on autoantibody levels in MM
patients was used as a surrogate parameter for its effect on autoreactive
PCs.
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2. Materials and methods

2.1. Patient samples

We evaluated the presence of autoantibodies in residual serum sam-
ples obtained from 41 extensively pretreated MM patients, who received
daratumumab monotherapy in the DARA-ATRA study (NCT02751255;
n¼ 29), or daratumumab combined with the programmed death-1 (PD-
1) inhibitor nivolumab in the NIVO-DARA study (NCT03184194;
n¼ 12). All patients were treated at the Amsterdam University Medical
Center from 2016 to 2019. Daratumumab was administered as an
intravenous infusion at a dose of 16mg/kg (8-times once weekly, 8-times
every 2 weeks, and then every 4 weeks until disease progression).
Nivolumab was administered as an intravenous infusion at a dose of
240mg twice weekly for the first 24 weeks, and 480mg every 4 weeks
hereafter until disease progression. The study site ethics committee
approved the protocols, which were conducted according to the princi-
ples of the Declaration of Helsinki, the International Conference on
Harmonization and the Guidelines for Good Clinical Practice. All patients
gave written informed consent.

2.2. Autoantibody assessments

Samples obtained prior to the initiation of daratumumab and/or
nivolumab treatment (baseline) were analyzed for the presence of anti-
nuclear antibodies (ANA), anti-neutrophil cytoplasmic antibodies
(ANCA), and rheumatoid factor (RF, an autoantibody directed against the
Fc portion of IgG). If ANA were detected by using the indirect immu-
nofluorescence assay, additional testing for antigen-specificity was per-
formed by measuring anti-double stranded DNA (anti-dsDNA), anti-
Sj€ogren’s syndrome-related antigen A and B (anti–SS–A; anti–SS–B), anti-
Smith antigen (anti-Sm), anti-U1 ribonucleoprotein (anti-U1RNP), anti-
Centromere protein B, anti Sclerostin-70 (anti-Scl70) and anti-Jo-1 an-
tibodies using Enzyme-Linked Immunosorbent Assay (ELISA). If ANCA
were detected by using the indirect immunofluorescence assay, addi-
tional analyses were performed to assess the presence of myeloperox-
idase (MPO) or proteinase-3 (PR-3) ANCA using ELISA. RF was detected
using a fluorescence enzyme immunoassay (upper limit of normal<5 IU/
mL). If an autoantibody was present at baseline, we serially assessed
autoantibody levels at approximately 4–8 week intervals. Anti-tumor
response was determined every 4 weeks by quantification of M-protein
and/or free-light chain levels.

2.3. Statistics

ANA titers were qualified as negative, weakly positive, positive or
strongly positive. ANCA titers were quantified as negative, 1:40, 1:80, or
1:160. RF antibody titers were quantified in IU/mL. Graphs were con-
structed using Graphpad Prism version 7.

3. Results

3.1. Autoantibodies are detected in 15% of heavily pretreated MM patients
prior to initiation of daratumumab treatment

Six out of 41 (15%) patients tested positive for an autoantibody
(Fig. 1). Three patients were treated with daratumumab monotherapy,
and three patients with daratumumab and nivolumab. There were no
patients with positivity for more than one autoantibody. None of these
patients had clinical manifestations of autoimmune disease.

3.2. During daratumumab treatment, ANA levels are reduced in one
patient, but remain detectable in the second patient

The autoantibody screening revealed a positive ANA with nucleolar
staining pattern in 2 patients. Additional testing for antigen-specificity
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(anti-dsDNA, anti–SS–A, anti–SS–B, anti-Sm, anti-U1RNP, anti-
Centromere protein B, anti-Scl70 and anti-Jo-1 antibodies) was nega-
tive in both patients. In patient 1, the ANA test became negative after
initiation of daratumumab monotherapy, which persisted >40 weeks
after daratumumab was discontinued due to disease progression.
Although patient 2 achieved a complete response of the malignant PC
disorder, the ANA test remained positive.

3.3. During daratumumab treatment, ANCA disappear in two patients

The indirect immunofluorescence assay demonstrated the presence of
ANCA in two different patients: one with a cytoplasmic staining pattern
(C-ANCA; patient 3), and one with perinuclear pattern (P-ANCA; patient
4). The MPO- and PR3-ANCA ELISAs were negative. In both patients,
ANCA disappeared after initiation of daratumumab treatment. In patient
3, ANCA became detectable again at the same time of MM disease pro-
gression. In contrast, although follow-up was short, the ANCA test
remained negative in patient 4 after discontinuation of daratumumab
treatment due to MM disease progression.

3.4. During daratumumab treatment, RF titers are reduced in two patients

Finally, RF was detected in 2 other patients using a fluorescence
enzyme immunoassay. Four weeks after the first dose of daratumumab,
RF titers became negative in both patients. The RF titer decreased from
8.2 at baseline to a nadir of 0.9 IU/mL in patient 5. At the time of last
follow-up, there was continued control of MM and the RF titer remained
negative. In patient 6, RF titer decreased from 5.9 to 0.0 IU/mL. This
patient developed progression of MM during daratumumab therapy.
Although the RF titer remained suppressed 9 weeks after the last dar-
atumumab infusion, a follow-up measurement 56 weeks later showed
that the RF titer had returned to baseline levels.

4. Discussion

This proof of concept demonstrates that daratumumab treatment re-
sults in a rapid and sustained reduction of autoantibody titers in the
majority of patients (5 out of 6; 83%), indicating that the drug effectively
depletes autoreactive PCs. Although several studies have demonstrated
that reduction of autoantibody levels is associated with clinical
improvement and reappearance reflects relapse, the effect of dar-
atumumab on clinical parameters in patients with autoimmune diseases
has yet to be investigated in prospective clinical studies. However,
additional support for the role of CD38-targeted therapy in autoimmune
diseases comes from 2 case reports that recently showed the potency of
daratumumab in the treatment of post-transplant autoimmune hemolytic
anemia refractory to established options, and treatment-refractory pure
red blood cell aplasia after ABO-mismatched allogeneic stem cell trans-
plantation [10,11]. This approach is further supported by a recent study
which showed that daratumumab depleted PCs and plasmablasts in
blood samples obtained from SLE and RA patients in an ex vivo experi-
mental setting [1]. Finally, we have previously shown that daratumumab
may also be effective in the treatment of severe allergies by eliminating
IgE-producing PCs which resulted in decreased levels of circulating total-
and antigen specific IgE [12].

Importantly, 3 of our patients received daratumumab combined with
the PD-1 inhibitor nivolumab. It is unlikely that the reduced autoanti-
body levels are the result of nivolumab treatment, since it has T-cell
stimulatory effects, but no direct PC activity.

Daratumumab is well tolerated, with infusion-related reactions as the
most common adverse event [5]. Infectious complications may be a
concern when specifically targeting PCs. However, we have recently
shown that a fraction of normal PCs persists during daratumumab
treatment, and that daratumumab-treated MM patients produce protec-
tive antibody titers following vaccination, which is in contrast to patients
treated with B-cell depleting regimens [9]. Importantly, additional



Fig. 1. Daratumumab reduces autoantibody levels in multiple myeloma patients. Six out of 41 evaluated patients had positive autoantibody titers prior to initiation of
treatment with daratumumab monotherapy (patients 1, 2, and 3), or daratumumab plus nivolumab (patients 4, 5, and 6). Daratumumab was administered as an
intravenous infusion at a dose of 16mg/kg (8-times once weekly, 8-times biweekly, and then every 4 weeks until disease progression). Nivolumab was administered as
an intravenous infusion at a dose of 240mg biweekly for the first 24 weeks, and 480mg every 4 weeks hereafter until disease progression. The black lines show the
effect of daratumumab on antinuclear antibodies (ANA; patients 1 and 2), anti-neutrophil cytoplasmic antibodies (ANCA; patients 3 [C-ANCA] and 4 [P-ANCA]), and
rheumatoid factor (RF; patients 5 and 6). Anti-tumor response, as determined by evaluation of M-protein levels, is also demonstrated for each patient in the graphs (red
lines). If patients developed disease progression during daratumumab treatment and received a subsequent line of anti-MM therapy, autoantibody titers and anti-tumor
responses to subsequent therapies are also shown. Abbreviations: DARA, daratumumab; PCd, pomalidomide-cyclophosphamide-dexamethasone; VCD, bortezomib-
cyclophosphamide-dexamethasone; VCD-T, bortezomib-cyclophosphamide-dexamethasone-thalidomide; NIVO, nivolumab.
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studies are required to investigate whether adverse events and long-term
effects in patients with autoimmune diseases are different from those
observed in MM patients.

Other strategies of targeting PCs in patients with autoimmune dis-
eases include the use of different anti-MM agents such as the proteasome
inhibitor bortezomib. In contrast to daratumumab, bortezomib is not PC-
specific and induces neuropathy in the majority of patients. Antibodies
that block B-cell activating factor (BAFF) or a proliferation inducing
ligand (APRIL), and thereby prevent the differentiation of B cells to PCs,
have also shown efficacy in autoimmune diseases. Since autoantibodies
recurred during follow-up in 2 out of our 6 patients, and autoantibody
titers were not affected by daratumumab in another patient, the combi-
nation of daratumumab with other PC-directed therapies may be neces-
sary to completely eliminate autoreactive PCs.

5. Conclusion

We show that daratumumab is capable of depleting autoantibody-
producing PCs. Our study provides further support for the evaluation
of daratumumab in patients with RA and SLE or other types of
autoantibody-dependent autoimmune disorders.
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