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Cerebrospinal Fluid Pene
trance of Daratumumab
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To the editor: Central nervous system (CNS) involve-
ment in multiple myeloma (MM) is a rare manifesta-
tion of extramedullary disease with an incidence of
approximately 1%,1 which is characterized by the

presence of leptomeningeal disease, or less frequently, solitary or
multiple intraparenchymal plasmacytomas.1 CNS disease is more
common in patients with advanced MM.2,3 Patients with high-
risk cytogenetics, high levels of circulating MM cells and
extramedullary disease at initial diagnosis, have an increased
risk of developing CNS MM.2 The outcome is very poor with an
overall survival ranging from 2 to 7 months from the detection of
CNS involvement.1,2,4 To date, there is no standard treatment for
CNS MM. Patients are frequently treated with intrathecal
therapy and irradiation, but evidence supporting their efficacy is
limited and only obtained from case reports and small case
series.3 Importantly, the majority of systemically administered
anti-MMagents do not substantially cross the blood brain barrier
(BBB), which protects the CNS from a multitude of drugs as well
as circulating pathogens. However, several studies have shown
that the immunomodulatory drugs (IMiDs) thalidomide and
pomalidomide, as well as the novel proteasome inhibitor
marizomib, can be detected in cerebrospinal fluid (CSF) after
systemic administration.5–7 To the best of our knowledge, no
data is currently available on the ability of CD38-targeting
monoclonal antibodies, such as daratumumab, to cross the BBB.
To improve our understanding of the BBB penetration properties
of daratumumab, as well as intrathecal M-protein production,
we measured the concentration of daratumumab and M-protein
in serum and CSF in a patient who presented with CNS MM
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during daratumumab maintenance treatment, using a previously
developed mass spectrometry (MS) assay.8

A 54-year old woman, diagnosed with MM in May 2016,
presented with CNS MM in July 2018. At initial diagnosis, she
had an IgG-lambda M-protein of 27g/L, 60% plasma cells (PCs)
in bone marrow (BM) biopsy, anemia (hemoglobin 6.8mmol/L),
fluorodeoxyglucose–positron emission tomography (FDG-PET)-
positive bone lesions, a biopsy-confirmed extramedullary
plasmacytoma in the right submandibular gland, and high-risk
cytogenetic abnormalities (amplification 1q).9 Magnetic reso-
nance imaging (MRI) showed no signs of leptomeningeal
involvement at diagnosis. She was enrolled in the CASSIOPEIA
study (NCT02541383) and randomized to receive induction
treatment with daratumumab, bortezomib, thalidomide and
dexamethasone (D-VTd), followed by high-dose melphalan,
autologous stem cell transplantation and 2 cycles of D-VTd
consolidation, which resulted in a stringent complete remission
(sCR) with minimal residual disease (MRD) negativity, as
assessed by flow cytometry (detection limit 10–5). After
consolidation, she received daratumumabmaintenance treatment
(16mg/kg every 8 weeks), which was initiated in April 2017. In
July 2018, 15 months after the start of daratumumab mainte-
nance, she presented with neurological symptoms, which
included pain and fasciculations in the right leg, loss of muscle
strength in lower legs and paresthesias in both hands. In addition,
she had painful nodular lesions in both upper arms, which
appeared to be biopsy-confirmed extramedullary plasmacytomas
of ulnar nerves and right plexus brachialis. Contrast-enhanced
craniospinal MRI showed multiple enhancing leptomeningeal
nodules. CSF analysis revealed leukocytosis (86 � 106/L) and an
elevated total protein level (6.4g/L). Microscopic analysis of the
CSF showed the presence of PCs and immunophenotypic analysis
confirmed the presence of lambda-positive, CD19-CD56- PCs in
the CSF (85% of all nucleated cells). Serum electrophoresis
combined with immunofixation electrophoresis showed the
recurrence of the IgG-lambda M-protein (2.3g/L; Fig. 1A).
The M-protein concentration in the CSF was 1.1g/L (Fig. 1B).
The electrophoretic methods were not sensitive enough to detect
daratumumab in either serum or CSF.10,11 Additional staging
with FDG-PET scan and BM aspiration showed no signs of
systemic MM progression.
To evaluate the CSF penetrance of daratumumab, we

investigated daratumumab concentrations in serum and CSF
using the recently developed MS method that enables sensitive
monoclonal antibody measurement well beyond electrophoretic
methods.8 At the time of relapse, we obtained 3 paired serum and
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Figure 1. Protein electrophoresis and mass spectrometry of serum and cerebrospinal fluid. (A) Serum protein electrophoresis with an M-protein of 2.3g/
L, shown in green. Immunofixation electrophoresis (insert) confirms an IgG-lambda M-protein. (B) Cerebrospinal fluid (CSF) protein electrophoresis with an M-
protein of 1.1g/L, shown in green. Immunofixation electrophoresis (insert) confirms an IgG-lambda M-protein. The electrophoretic methods were not sensitive
enough to identify the IgG-kappamonoclonal antibody daratumumab in either serum or CSF. (C) M-protein concentration in CSF and serum, measured using mass
spectrometry. (D) Daratumumab concentration in CSF and serum, measured using mass spectrometry. Mass spectrometry (C-D) was performed on 3 paired
serum and CSF samples obtained 12, 15, and 19 days after the last daratumumab infusion.

Zajec et al Daratumumab Detection in CSF in Leptomeningeal MM
CSF samples: 12, 15, and 19 days after the last daratumumab
infusion. All serum and CSF samples were analyzed by MS to
quantify daratumumab, as well as M-protein levels in one
multiplexed assay (see SupplementaryMethods for more details).
To verify MS-specificity of daratumumab and the M-protein
measurements, additional matched control serum and CSF
samples were obtained from 5 patients suspected of multiple
sclerosis and 4 patients suspected of CNS infection. None of
these control patients were diagnosed with MM nor did they
receive treatment.
Both M-protein and daratumumab were detected in patient’s

serum and CSF samples, while all 9 control samples were negative.
The M-protein concentration, calculated as an average of heavy
(IgG) and light (lambda) chainM-protein concentrations, was 2.3,
2.0 and 1.7g/L in serum samples obtained at day 12, 15 and 19,
respectively; and1.1, 0.6, and0.6g/L inCSF samples (Fig. 1C). The
daratumumab concentration was 277, 221, and 213mg/L in these
serum samples at day 12, 15, and 19, respectively; and 4, 3, and
3mg/L in the CSF samples (Fig. 1D). Taken into account
daratumumab pharmacokinetics, higher daratumumab-concen-
trations would have been measured if samples were obtained
during more intense weekly daratumumab-infusions.12 The M-
protein indexwas calculated using the formula: (CSFM-protein�
serum albumin) / (CSF albumin � serum M-protein). Based on
these MS data, the M-protein index was 11.9, which indicates
2

intrathecal M-protein production (reference IgG-index <0.85).13

UsingMS it was also possible to calculate the daratumumab index
(CSF daratumumab � serum albumin) / (CSF albumin � serum
daratumumab), which was calculated at three independent
sampling time-points and ranged from 0.33 to 0.37. It can
therefore be concluded that daratumumab is able to penetrate the
BBB, althoughwith a low efficiency, that resembles normal human
polyclonal IgG (normal IgG index <0.85).13

We concluded that the patient’s neurological symptoms were
due to progressive MM with extramedullary disease in CSF and
peripheral nerves. In normal brain parenchyma, the BBB limits
passive entry of antibodies. We here show that the CNS
concentration of daratumumab was 71 times lower compared
to the serum concentration. Optimal therapeutic serum levels of
daratumumab exceed 100mg/L,12 indicating that the insufficient
penetration of the BBB, resulting in subtherapeutic CSF levels,
may have contributed to the development of leptomeningeal
disease in this patient. However, in case of underlying
inflammatory or neoplastic disease, the BBB may become more
permeable for antibodies or other serum proteins.14 Therefore,
we cannot exclude that deterioration of the BBB may result in
more efficient penetration of the BBB and higher daratumumab
levels in other patients with CNSMM. Intrathecal administration
may lead to higher CSF levels, but safety and efficacy of
intrathecal therapy with daratumumab is currently unknown.
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Treatment of patients with CNS MM should consist of a
systemic agent that crosses the BBB, in combination with local
therapy.3 In this respect, an IMiD-based regimen with concomi-
tant multi-dosing intrathecal therapy seems to be most active.1,2,4

In addition, high-dose therapy followed by autologous stem
cell transplantation may also contribute to improved disease
control.3 To date, there is one case report describing systemic
treatment with pomalidomide followed by daratumumab,
combined with craniospinal radiotherapy and intrathecal
chemotherapy, resulting in a durable response in a patient with
CNS MM. However, the relative contribution of daratumumab
in achieving disease control is unknown, and the authors did not
assess CSF concentrations of daratumumab.15

Our patient was treated with systemic pomalidomide, which
has been shown to cross the BBB,7 combined with dexametha-
sone, and with concomitant twice-weekly intrathecal methotrex-
ate and prednisone, which resulted in a decrease, but not
complete elimination of clonal PCs in CSF. Therefore, after 14
doses, methotrexate was replaced by cytarabine, and after 5
administrations, immunophenotyping revealed complete CSF
clearance. In addition, radiation therapy (8Gy) was administered
on the extramedullary MM lesions in both upper arms. After
achieving good tumor control, 6months after diagnosis of disease
progression (December 2018), she received a second autologous
stem cell transplantation as consolidation therapy, with
busulphan and high-dose cyclophosphamide conditioning,
followed by maintenance treatment with monthly intrathecal
cytarabine-prednisone administrations. Although serum immu-
nofixation remained positive, there was complete CSF clearance
of PCs and complete resolution of the extramedullary lesions.
Her neurological symptoms improved. However, nine months
after the second transplant (August 2019), she developed
recurrence of leptomeningeal disease.
Despite the markedly improved outcome of MM patients over

the last few years, outcome of CNS MM remains poor.1,2,4

Although thalidomide and pomalidomide have been shown to
cross the BBB, most other approved anti-MM agents do not
substantially penetrate the CSF. Our analysis of paired serum and
CSF samples and the low daratumumab index indicate that the
penetrance of systemic daratumumab into the CNS is limited,
which may affect the therapeutic value for the treatment of MM
CNS involvement. The novel proteasome inhibitor marizomib
can be effective in CNS MM, but has not been approved for the
treatment of MM.5 Altogether, this indicates that clinical trials
evaluating new drugs in CNS MM are urgently needed. These
trials should incorporate assessments of drug levels in serum and
CSF to gain insights in the ability of the investigational drug to
cross the BBB, which is a prerequisite for clinical activity in CNS
MM. In this respect, MS may be useful to measure levels of
protein-based biotherapeutics, such as monoclonal antibodies,
in both CSF and serum, combined with MS measurements of the
M-protein to further monitor minimal residual disease in both
CSF and serum.
3
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