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Abstract

Intravenous daratumumab (DARZALEX®), a human monoclonal antibody targeting CD38, is approved in the EU and USA
for use in combination with bortezomib, thalidomide and dexamethasone for the treatment of adults with newly diagnosed
multiple myeloma (MM) who are eligible for autologous stem cell transplantation. A subcutaneous formulation of dara-
tumumab has also been approved in the EU and USA (DARZALEX FASPRO™) for use in MM. In the pivotal phase III
CASSIOPEIA trial in adults with newly diagnosed, transplant-eligible MM, the addition of intravenous daratumumab to
bortezomib, thalidomide and dexamethasone significantly increased the proportion of patients with a stringent complete
response and significantly prolonged progression-free survival; overall survival data are not yet mature. Some facets of
health-related quality of life were improved by the addition of daratumumab. The addition of daratumumab had a minimal
effect on overall toxicity and the most common grade > 3 adverse events with daratumumab combination therapy were hae-
matological (e.g. neutropenia, lymphopenia). The approval of daratumumab as combination therapy in patients with newly
diagnosed, transplant-eligible MM expands the range of MM treatment settings in which daratumumab is an option and the
availability of the subcutaneous formulation will likely be of benefit to patients.

1 Introduction Daratumumab: clinical considerations in

transplant-eligible newly diagnosed MM

Multiple myeloma (MM) is a plasma cell neoplasm that
accounts for & 10% of haematological malignancies [1].
While MM remains incurable, relentless evolution in the

First-in-class CD38 monoclonal antibody

treatment landscape has contributed to progressively Prolongs progression-free survival and induces deeper
improving clinical outcomes and clinicians treating patients responses when added to bortezomib, thalidomide and
dexamethasone

Manageable tolerability profile when used as combina-
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clinical response and increasing the likelihood of successful
engraftment [1].

Monoclonal antibodies, which target specific antigens
expressed on the surface of MM cells, represent a novel class
of agents for the treatment of MM and are being investi-
gated for use in induction therapy regimens. One potential
drug target is CD38, a transmembrane glycoprotein that acts
as both a receptor and an ectoenzyme [5]. CD38 is highly
and uniformly expressed on MM cells, while also being
expressed on normal lymphoid and myeloid cells [including
natural killer (NK) cells, various B cell and T cell subpopu-
lations, and myeloid-derived suppressor cells], on certain
other haematological malignancies, and in some tissues
of non-haematopoietic origin [5, 6]. Antibodies targeting
CD38 are transforming the treatment of MM and constitute
attractive candidates for inclusion in combination regimens,
due to their distinct mechanisms of action, favourable safety
profiles and marked anti-tumour activity [5].

Daratumumab (DARZALEX®), a first-in-class human
IgGlx monoclonal antibody targeting CD38, is now
approved in the EU [7] and USA [8] for use in combination
with bortezomib (a proteasome inhibitor), thalidomide (an
immunomodulatory drug) and dexamethasone (a corticos-
teroid) for the treatment of adults with newly diagnosed MM
who are eligible for autologous SCT. This follows previous
approvals of daratumumab as monotherapy and combination
therapy in patients with relapsed and/or refractory MM [9]
and in combination with bortezomib, melphalan and pred-
nisone or lenalidomide and dexamethasone in patients with
newly diagnosed MM ineligible for autologous SCT [10].
While daratumumab was initially only available for intrave-
nous infusion, a subcutaneous formulation is now approved
in the EU for the same indications as intravenous daratu-
mumab (including use in patients with newly diagnosed,
transplant-eligible MM; Sect. 6) [7]. This approval was
based on data from two clinical trials in patients with newly
diagnosed or relapsed/refractory disease [7]. In the USA,
subcutaneous daratumumab (DARZALEX FASPRO™) has
been approved in the newly diagnosed, transplant-ineligible
and relapsed/refractory MM treatment settings, but not in
newly diagnosed, transplant-eligible MM [11]. This arti-
cle reviews the clinical efficacy, safety and tolerability of
daratumumab in patients with newly diagnosed, transplant-
eligible MM, with a brief overview of its pharmacological
properties.

2 Pharmacological Properties
of Daratumumab

The pharmacological properties of daratumumab admin-

istered as monotherapy and in combination therapies have
been reviewed previously [9, 10, 12]. In brief, daratumumab
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binds to CD38 with high affinity, potently inhibiting CD38-
expressing myeloma cells via a well-characterized mecha-
nism of action (Fig. 1). This includes direct on-tumour
activity through several CD38 immune-mediated actions,
apoptosis, and modulation of CD38 enzymatic activity, as
well as immunomodulatory effects [6, 13—16]. While the
direct anti-tumour effects of daratumumab may explain rapid
anti-myeloma responses, the systemic modulation of the
immune system might contribute to the durable responses
and improved patient survival observed with daratumumab
therapy [13, 17]. Daratumumab also reduced total and acti-
vated NK cells in the peripheral blood and bone marrow of
patients with MM, although neither baseline NK cell lev-
els nor count reductions influenced the efficacy or safety of
daratumumab [18].

In patients with MM, clinical responses to daratumumab
display marked heterogeneity [19, 20]. Levels of CD38
expression and complement inhibitory proteins on myeloma
cells contribute to this heterogeneity [19, 20]. Increased
CD38 expression rendered patient-derived myeloma cells
more susceptible to daratumumab-mediated antibody-
dependent cellular cytotoxicity and complement-dependent
cytotoxicity [20], while increased expression of the comple-
ment-inhibitory proteins CD55 and CD59 was associated
with the emergence of resistance to daratumumab [19].

Daratumumab was demonstrated to have additive or syn-
ergistic anti-myeloma activity when combined with various
other anti-myeloma agents in preclinical or clinical studies
[21]. This potentially occurs through daratumumab-induced
reductions in CD38 expression, sensitizing myeloma cells
to the effects of other drugs [21]. Adding daratumumab to
bortezomib and dexamethasone [22] or lenalidomide and
dexamethasone [23] significantly (p <0.001) prolonged
progression-free survival (PFS) and increased the overall
response rate relative to bortezomib and dexamethasone
or lenalidomide and dexamethasone alone in patients with
relapsed and/or refractory MM.

Through binding to CD38 on red blood cells (RBCs),
daratumumab may result in positive indirect antiglobulin
test (indirect Coombs test) in recipients for up to 6 months
after the last infusion and detection of antibodies to minor
antigens may be masked in serum [7, 8]. Prior to initiating
daratumumab therapy, patients should therefore be typed
and screened [7, 8]. There are various strategies that can
be used to mitigate daratumumab interference with com-
patibility testing (e.g. treating reagent RBCs with dithi-
othreitol [24]) [5, 7, 8]. Determination of ABO and Rh
blood types are not affected by daratumumab [7, 8]. For
planned blood transfusions in the EU, blood transfusion
centres should be informed of the interference of daratu-
mumab with indirect antiglobulin tests [7]. In the USA,
blood transfusion centres and blood banks should be noti-
fied that a patient has received daratumumab [8]. If an
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Fig. 1 Mechanisms of action of daratumumab, [12] adapted from McKeage and Lyseng-Williamson

emergency transfusion is necessary, non-cross-matched
ABO/RhD-compatible RBCs can be given according to
local blood bank practices [7, 8].

Daratumumab may interfere with serum protein electro-
phoresis and immunofixation tests used to monitor disease
monoclonal immunoglobulins (M-protein), producing false
positive test results in some patients with IgG kappa mye-
loma protein; this may impact the assessment of complete
response and disease progression [7, 8]. In patients with
persistent very good partial response and suspected dara-
tumumab interference, clinicians should consider using a
validated daratumumab-specific immunofixation assay to
inform their assessment of clinical response [7, 8, 25].

In population pharmacokinetic analyses, the pharmacoki-
netics of daratumumab in combination regimens were simi-
lar to the pharmacokinetics of daratumumab monotherapy
[26]. This apparent lack of impact of background therapies
on daratumumab pharmacokinetics was as expected, given
the clearance mechanisms of daratumumab and the back-
ground small-molecule therapies do not overlap [26].

Daratumumab pharmacokinetics are typical of an IgG1
monoclonal antibody [27]. Following intravenous admin-
istration, daratumumab exhibited time- and concentration-
dependent, non-linear pharmacokinetics consistent with
target-mediated drug disposition [27, 28]. After an initial
infusion of daratumumab 1-24 mg/kg, daratumumab peak
serum concentration (C,,,) increased roughly in proportion
to dose, while increases in area under the concentration—time
curve (AUC) were greater than dose-proportional [7, 27].
After weekly infusions of daratumumab 1-24 mg/kg, both

daratumumab C,,, and AUC increased in a greater than
dose-proportional manner [7, 27].

Daratumumab is primarily confined to the vascular sys-
tem (volume of distribution of 4.4 L when administered as
combination therapy [8]); extravascular distribution is lim-
ited [27]. Clearance decreased with increasing dose (sug-
gesting a saturation of target-mediated clearance at higher
doses) and with repeated doses at the same dose level [7,
27]. Tapered administration of daratumumab (Sect. 5) allows
for rapid saturation of target-mediated clearance during the
first 8 weeks of infusions and the maintenance of target satu-
ration thereafter [27]. In combination therapy, daratumumab
had a mean estimated terminal half-life (associated with lin-
ear clearance) of ~ 15-23 days [7].

Various patient and disease characteristics [e.g. renal
impairment, hepatic impairment, age, sex, race, albumin
level, Eastern Cooperative Oncology Group (ECOG) per-
formance status, type of myeloma (IgG vs non-IgG)] had
no clinically important effects on daratumumab exposure,
irrespective of whether daratumumab was administered as
monotherapy or in combination with other drugs; no dose
adjustments based on these characteristics are required [7,
8, 26]. Daratumumab clearance and volume of distribution
increased with patient body weight; weight-based dosing
of intravenous daratumumab is appropriate (Sect. 5) [7, 8].

Subcutaneous daratumumab 1800 mg co-formulated with
30,000 units hyaluronidase was noninferior to intravenous
daratumumab 16 mg/kg with respect to the pharmacokinetic
co-primary endpoint of maximum trough concentration
(geometric means ratio 107.93%; 90% CI 95.74-121.67) in
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the phase III COLUMBA trial in patients with relapsed or
refractory MM [29].

3 Therapeutic Efficacy of Daratumumab

The efficacy of intravenous daratumumab in combina-
tion with bortezomib, thalidomide and dexamethasone in
patients with autologous SCT-eligible newly diagnosed MM
was demonstrated in the randomized, open-label, active-
controlled, phase III CASSIOPEIA trial [30]. The active
comparator in this trial was bortezomib, thalidomide and
dexamethasone [30].

CASSIOPEIA enrolled adults aged 18—65 years with
newly diagnosed, documented MM who were eligible for
HDT and autologous SCT [30]. For enrollment, patients
were also required to have an ECOG performance status of
0-2, an absolute neutrophil count > 1 X 10°/L, a hemoglobin
level >7.5 g/dL, a platelet count > 70 x 10%/L (if < 50% of
bone marrow nucleated cells were plasma cells, otherwise a
platelet count > 50 x 10°/L), a creatinine clearance >40 mL/
min, a corrected serum calcium level < 14 mg/dL and ade-
quate hepatic function. Key exclusion criteria included hav-
ing had prior systemic therapy or autologous SCT for any
plasma cell dyscrasia or having grade > 2 peripheral neu-
ropathy or neuropathic pain [30].

The CASSIOPEIA trial consisted of two parts [30]. In Part
1 (Fig. 2), patients were randomized (for the first time) to

receive daratumumab combination therapy (n=>543) or the
active comparator (n=>542) as pre-transplant induction treat-
ment and post-transplant consolidation treatment. Randomi-
zation was stratified by variables including site affiliation,
International Staging System (ISS) disease stage (I, II or III)
and cytogenetic risk status [standard risk or high risk, with
the latter defined by the presence of dell7p and/or t(4;14)
cytogenetic abnormalities]. In the absence of cytogenetic
results, patients were stratified as standard risk and classified
as such in analyses. Patients received up to four 28-day induc-
tion treatment cycles prior to their transplant and two 28-day
consolidation cycles after their transplant (see Table 1 for
dose regimens). Pre-infusion medications (e.g. paracetamol,
antihistamines) were administered prior to daratumumab.
After the final induction cycle, stem cell mobilization with
cyclophosphamide 3 g/m? and granulocyte colony-stimulat-
ing factor was conducted. Based on mobilization response,
peripheral blood stem cells were harvested and, following
conditioning with intravenous melphalan 200 mg/m?, patients
proceeded to undergo autologous SCT. Consolidation cycles
commenced after hematopoietic reconstitution (and > 30 days
after SCT). Patients who achieved a partial response or better
at day 100 after transplantation entered Part 2 of the study, in
which they were randomized (for the second time) to either
daratumumab maintenance therapy or observation. This arti-
cle focuses on the primary and final analysis of CASSIOPEIA
Part 1; CASSIOPEIA Part 2 is ongoing [30].

CASSIOPEIA PART; 1

Proportion of patientswith'stringent.completeresponse

Daratumumab + VTd (n = 543)

Induction cycles
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Fig.2 Design of Part 1 of the CASSIOPEIA clinical trial in adults with transplant-eligible newly diagnosed multiple myeloma [30]. Primary
endpoint results are reported in the animated figure (available online). V7d bortezomib, thalidomide and dexamethasone
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Table 1 Efficacy of daratumumab combination therapy in patients with transplant-eligible, newly diagnosed multiple myeloma

Endpoints (tested hierarchically in order displayed)

Response/status as assessed 100 days after autologous SCT (% of pts)
Stringent complete response (OR; 95% CI)°
Minimal residual disease-negative?
Complete response or better

Median progression-free survival from randomization (HR; 95% CI)°

Daratumumab®+ VTd® (n=543) VTd® (n=542)

29 (1.60; 1.21-2.12)* 20
64%* 44
39%* 26
NR (0.47; 0.33-0.67)** NR

Data from CASSIOPEIA Part 1 [30]. Patients received four cycles of pre-transplant induction treatment and two cycles of post-transplant con-

solidation treatment (28-day cycles)

CI confidence interval, HR hazard ratio, /V intravenous, NR not reached, OR odds ratio, SC subcutaneous, SCT stem-cell transplantation, V7d

bortezomib, thalidomide and dexamethasone
“p=0.001, ** p<0.0001 vs VTd

IV daratumumab 16 mg/kg once weekly (induction cycles 1 and 2) or once every 2 weeks (induction cycles 3 and 4 and consolidation cycles)

°SC bortezomib [1.3 mg/m? twice per week in weeks 1 (days 1 and 4) and 2 (days 8 and 11) of each cycle], oral thalidomide (100 mg/day in
each cycle) and oral or IV dexamethasone (40 mg on days 1, 2, 8, 9, 15, 16, 22 and 23 of induction cycles 1 and 2 and on days 1 and 2 of induc-
tion cycles 3 and 4; 20 mg on days 8, 9, 15 and 16 of induction cycles 3 and 4 and days 1, 2, 8, 9, 15 and 16 of consolidation cycles)

‘Primary endpoint (systematically assessed in accordance with International Myeloma Working Group criteria; defined as complete response

plus normal free light-chain ratio and absence of clonal plasma cells)

41073 sensitivity threshold, assessed by EuroFlow-based multiparametric flow cytometry

®Data cut-off June 19, 2018 (median duration of follow-up 18.8 months)

The primary endpoint in CASSIOPEIA Part 1 was
the proportion of patients achieving a stringent com-
plete response follwing consolidation treatment, assessed
100 days after autologous SCT (or immediately following
consolidation treatment if > 100 days after autologous SCT)
and analyzed centrally according to International Myeloma
Working Group criteria [30]. Efficacy analyses were con-
ducted in the intention-to-treat population (i.e. all patients
randomized in Part 1) [30].

At baseline, demographic and clinical characteristics
were generally well-balanced between the treatment groups
[30]. Patients had a median age of 58 years and a median
time since MM diagnosis of 0.9 months; 40%, 45% and 15%
of patients were at ISS disease stages I, II and III, respec-
tively, and the majority of patients (90%) had an ECOG
performance status of 0 or 1. With regard to cytogenetic
profiles, 15.5% of patients were considered high risk [30].

During stem cell mobilization, 22% of patients in the
daratumumab combination therapy group and 8% of patients
in the active comparator group received plerixafor [30].
The median numbers of CD34 + cells collected and trans-
planted were 6.3 x 10%kg and 3.3 x 10%/kg, respectively,
with daratumumab combination therapy versus 8.9 x 10/
kg and 4.3 x 10%/kg, respectively, with the active compara-
tor [30]. Despite this apparent difference in ease of stem cell
collection, there were no marked differences between the
treatment arms in the proportion of patients who underwent
autologous SCT (91.2% and 90.0% with daratumumab com-
bination therapy and the active comparator [31]) or in the
hematopoietic reconstitution rate for patients who received
transplants (99.8% and 99.6% [31]) [30]. Most patients

(85% and 81% of daratumumab combination therapy and
active comparator groups, respectively) had completed four
induction cycles and both consolidation cycles at data cut-off
(June 19, 2018; median follow-up 18.8 months) [30].

The proportion of patients achieving a stringent complete
response after consolidation was significantly greater with
daratumumab combination therapy than with the active com-
parator (primary endpoint; Table 1) [30]. In both treatment
groups, the proportion of patients with a stringent com-
plete response increased over the course of the study [30].
Prespecified subgroup analyses for the primary endpoint
favoured daratumumab combination therapy over the active
comparator in most subgroups, with exceptions including
patients with a high-risk cytogenetic profile (odds ratio 0.83;
95% CI1 0.42-1.66) or ISS disease stage III (odds ratio 1.07;
95% C10.54-2.12) [30, 32]. In addition, significantly higher
proportions of daratumumab combination therapy recipi-
ents than active comparator recipients achieved a complete
response or better (Table 1), a very good partial response
or better (83% vs 78%; p=0.024) and a negative status for
minimal residual disease (threshold 1 tumor cell/10° white
cells) after consolidation, as assessed either by multipara-
metric flow cytometry (Table 1) or next-generation sequenc-
ing (57% vs 37%; p<0.0001) [30]. In prespecified subgroup
analyses, the effect of daratumumab combination therapy
versus the active comparator on minimal residual disease
negativity was consistent across subgroups, including in
patients with a high-risk cytogenetic profile or ISS disease
stage III [30, 33]. In post hoc analyses based on flow cytom-
etry, the proportions of patients with both minimal residual
disease negativity and either a complete response or better
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daratumumab in combination with bortezomib, thalidomide and dex-
amethasone, VTd bortezomib, thalidomide and dexamethasone

(34% vs 20%) or a very good partial response or better (62%
vs 43%) were significantly (p <0.0001) greater in the daratu-
mumab combination therapy group than in the active com-
parator group [30] (Fig. 3).

Daratumumab combination therapy significantly
improved PFS from first randomization (based on inverse
probability weighting) relative to the active compara-
tor (Table 1) [30]. Events of disease progression or death
occurred in 45 daratumumab combination therapy recipi-
ents and in 91 active comparator recipients; at data cut-off,
median PFS had not been reached in either group (Table 1).
At 18 months, the probability of PFS was 93% (95% CI
90-95) with daratumumab combination therapy and 85%
(95% CI 81-88) with the active comparator [30]. Prespeci-
fied subgroup analyses of PFS indicated that the benefit of
daratumumab combination therapy over the active compara-
tor was generally consistent across subgroups (all hazard
ratios < 1) [30, 32]. Median overall survival (OS) from first
randomization regardless of second randomization had not
been reached with either treatment at data cut-off (hazard
ratio 0.43; 95% CI 0.23-0.80), with 14 deaths on study with
daratumumab combination therapy and 32 with the active
comparator; OS data are immature and follow-up is ongo-
ing [30].

In an analysis using data from the CASSIOPET com-
panion study to CASSIOPEIA, in which patients treated in
CASSIOPEIA completed positron emission tomography
and computed tomography (PET/CT) scans at baseline and
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post-consolidation (n =184 PET-evaluable post-consolida-
tion, excluding patients who were PET negative at base-
line), the proportion of patients with post-consolidation
PET/CT and minimal residual disease (by multiparametric
flow cytometry) double negativity was significantly greater
with daratumumab combination therapy than with the
active comparator [66.7% vs 47.5%; odds ratio 2.21 (95%
CI 1.20-4.07); p=0.0105] [34].

With respect to patient-reported outcomes assessing
health-related quality of life (HR-QoL) in CASSIOPEIA,
daratumumab combination therapy offered some benefits
over the active comparator [35]. While there were no sig-
nificant differences between the treatment groups in change
from baseline to post-consolidation in HR-QoL as assessed
by the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30-item (EORTC
QLQ-C30) global health status and most functional and
symptom subscales, there were significantly (p <0.0416)
greater improvements in pain and emotional functioning
subscale scores and significantly (p=0.0358) less decline
in cognitive functioning subscale scores with daratumumab
combination therapy than with the active comparator.
Improvements in EuroQol 5-dimensional descriptive sys-
tem utility score and visual analog scale improvements did
not significantly differ between the treatment groups [35].

4 Tolerability of Daratumumab

Intravenous daratumumab added to bortezomib, thalidomide
and dexamethasone had a manageable tolerability profile
in adults with transplant-eligible, newly diagnosed MM in
CASSIOPEIA Part 1 (Sect. 3) [30]. In the safety popula-
tion (n=536 and 538 receiving daratumumab combination
therapy and the active comparator, respectively), the most
common any-grade adverse events (AEs; reported in >20%
of patients in either treatment group) were peripheral sen-
sory neuropathy, constipation, asthenia, nausea, peripheral
edema, neutropenia, pyrexia, paresthesia and thrombocyto-
penia (Fig. 3). The grade 3 or 4 AEs with the highest inci-
dences (> 10% of patients in either treatment group) were
neutropenia, lymphopenia, stomatitis and thrombocytopenia
(Fig. 3) [30]. In patients receiving daratumumab combina-
tion therapy, complete blood cell counts should be moni-
tored periodically according to prescribing information for
the background therapies; patients with neutropenia should
be monitored for signs of infection [7, 8]. A delay in daratu-
mumab dose administration may be necessary to allow blood
cell counts to recover (no dose reduction is recommended);
supportive care with transfusions or growth factors should
be considered [7, 8].

Serious AEs occurred in 47% of patients in each treatment
group during CASSIOPEIA Part 1, with the most common
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of these (reported in > 3% of patients in either group) being
neutropenia (4% of patients receiving daratumumab com-
bination therapy vs 1% receiving the active comparator),
pneumonia (4% vs 2%), pyrexia (3% vs 4%) and pulmonary
embolism (1% vs 4%) [30]. The proportion of patients dis-
continuing treatment due to treatment-emergent AEs was
comparable between groups (7% of patients receiving dara-
tumumab combination therapy vs 8% receiving the active
comparator). Treatment-emergent AEs led to death in one
patient receiving daratumumab combination therapy and in
nine patients receiving the active comparator [30].

With respect to AEs of special interest, infections of any
grade occurred in 65% receiving daratumumab combination
therapy and 57% of patients receiving the active comparator;
grade 3 or 4 infections occurred in 22% and 20%, respec-
tively [30]. Treatment-emergent infection AEs resulted in six
patients discontinuing daratumumab (1%). Second primary
malignancies occurred infrequently with either treatment
(2% of patients in each group) [30].

Cases of hepatitis B reactivation (some fatal) have been
reported in patients treated with daratumumab [7]. In the
EU, all patients should be screened for hepatitis B before
treatment with daratumumab is initiated. Those with evi-
dence of positive hepatitis B serology should be monitored
for signs of hepatitis B reactivation during treatment and
for > 6 months after discontinuation. If reactivation devel-
ops, daratumumab should be suspended and appropriate
treatment initiated [7].

Serious infusion-related reactions (including anaphylac-
tic reactions) can occur with daratumumab [7, 8]. In CAS-
SIOPEIA Part 1, daratumumab-related infusion reactions
occurred in 35% of patients treated with daratumumab
combination therapy [30]. These infusion reactions were
most common during the first infusion (occurring in 27% of
patients), with 2% of patients experiencing infusion reac-
tions during their second infusion and 12% during subse-
quent infusions (mainly during the first infusion post-autol-
ogous SCT; 11% of 466 patients). Most infusion reactions
associated with daratumumab combination therapy were
of mild severity; grade 3 and 4 reactions occurred in 3%
and < 1% of patients, respectively [30]. To reduce the risk of
infusion-related reactions, patients should receive premedi-
cation (antihistamines, antipyretics and corticosteroids) prior
to daratumumab infusions [7, 8]. Patients should be moni-
tored throughout the infusion of daratumumab. If a reaction
of any severity occurs, the infusion should be interrupted
and the reaction appropriately managed [7, 8]; patients
should be monitored post-infusion whilst symptoms persist
[7]. Following a grade 1-3 infusion-related reaction, the
infusion should be restarted at a reduced infusion rate [7, 8].
If an anaphylactic reaction or life-threatening infusion reac-
tion occurs, daratumumab should be permanently discon-
tinued and emergency care should be instituted. Following

daratumumab infusions, oral corticosteroids should be
administered to reduce the risk of delayed infusion-related
reactions. Additional post-infusion medications should be
considered in patients with a history of chronic obstructive
pulmonary disease [7, 8].

Subcutaneous daratumumab 1800 mg co-formulated with
30,000 units hyaluronidase had a safety profile consistent
with that of intravenous daratumumab 16 mg/kg when the
formulations were compared as monotherapy in patients
with relapsed or refractory MM (phase III COLUMBA trial)
[29] and in combination with various regimens in patients
with transplant-eligible newly diagnosed MM (use in com-
bination with bortezomib, thalidomide and dexamethasone
not investigated), transplant-ineligible newly diagnosed MM
or relapsed or refractory MM (phase II PLEIADES trial)
[36]. Infusion-related reactions were less common with the
subcutaneous formulation, however [29, 36]; for example,
in COLUMBA, significantly fewer subcutaneous daratu-
mumab recipients than intravenous daratumumab recipients
experienced an infusion-related reaction [13% (33/260) vs
34% (89/258); p<0.0001], with grade 3 infusion-related
reactions occurring in 2% of subcutaneous daratumumab
recipients and 5% of intravenous daratumumab recipients
[29]. While no infusion-related reactions with subcutane-
ous daratumumab resulted in treatment discontinuation or
dose interruption, infusion-related reactions with intrave-
nous daratumumab led to treatment discontinuation in 1% of
patients and dose interruptions for 31% patients [29].

5 Dosage and Administration
of Daratumumab

In the EU [7] and USA [8], daratumumab (in combination
with bortezomib, thalidomide and dexamethasone; 4-week
cycle dosing regimens) is indicated for the treatment of
adult patients with newly diagnosed MM who are eligible
for autologous SCT. As an intravenous infusion, the recom-
mended dosage is 16 mg/kg body weight administered as
induction therapy weekly from weeks 1 to 8 (a total of eight
doses) and every 2 weeks from weeks 9 to 16 (a total of four
doses), and, after high dose chemotherapy and autologous
SCT, as consolidation therapy every 2 weeks from weeks 1
to 8 (a total of four doses) [7, 8]. As a subcutaneous injec-
tion, the recommended dosage is 1800 mg daratumumab and
30,000 units hyaluronidase (one 15 mL vial) administered
into the abdomen over ~ 3-5 min; the administration sched-
ule is as described for the intravenous formulation [11]. Con-
sult local prescribing information for detailed information
regarding preparation and administration procedures, dosing
schedule, management of infusion reactions, warnings and
precautions, and use in special populations.
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6 Place of Daratumumab
in the Management of Newly Diagnosed
MM in the Transplant-Eligible Setting

Clinical practice guidelines from the European Society for
Medical Oncology (ESMO) recommend four to six courses
of induction therapy with a triplet regimen such as bort-
ezomib, thalidomide and dexamethasone in patients with
transplant-eligible symptomatic MM [4]. Following autolo-
gous SCT, ESMO suggests there is currently insufficient evi-
dence to support the systematic application of consolidation
therapy. Instead, maintenance therapy with lenalidomide is
recommended [4]. It should be noted that these guidelines
were published prior to the approval of daratumumab as
combination therapy in this setting. The most recent NCCN
guidelines similarly recommend triplet regimens as the pre-
ferred regimens for primary therapy in transplant candidates,
but state that other regimens such as daratumumab in com-
bination with bortezomib, thalidomide and dexamethasone
may be useful in certain circumstances [37]. Lenalidomide
is the preferred regimen for maintenance therapy [37].

Approval of daratumumab as combination therapy in
patients with newly-diagnosed, transplant-eligible MM
was based on data from CASSIOPEIA Part 1 (Sect. 3).
In CASSIOPEIA Part 1, the addition of daratumumab to
bortezomib, thalidomide and dexamethasone significantly
improved the proportion of patients achieving a stringent
complete response after consolidation therapy and signifi-
cantly prolonged PFS (with median PFS not reached after
a median follow-up of 18.8 months) (Sect. 3). Of note, the
addition of daratumumab also increased the proportion of
patients with minimal residual disease-negativity (Table 1;
Sect. 3), an increasingly sensitive measure of deep response
that is emerging as a strong prognostic factor for both PFS
and OS [38]. The relative benefits of daratumumab combi-
nation therapy versus the active comparator were generally
consistent across prespecified subgroups (Sect. 3); while
patients with poor prognosis (i.e. ISS disease stage III or
a high-risk cytogenetic profile) were an exception with
respect to stringent complete response, an improved rate of
minimal residual disease-negativity nevertheless applied in
these patients. HR-QoL was not negatively impacted by the
additional drug and in fact, some benefits (less deteriora-
tion in cognitive functioning, improved pain and emotional
functioning) were observed with daratumumab combina-
tion therapy (Sect. 3). Mature OS data from CASSIOPEIA
are not yet available (Sect. 3). These data are awaited with
interest and will help to further elucidate the role of dara-
tumumab in transplant-eligible patients.

The addition of daratumumab to bortezomib, thalidomide
and dexamethasone had a minimal effect on overall toxicity
in patients with newly diagnosed, transplant-eligible MM
(Sect. 4). Peripheral sensory neuropathy was the most common
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AE in each CASSIOPEIA treatment group, consistent with the
pre-existing body of research on bortezomib- and thalidomide-
induced peripheral neuropathy [39]. Daratumumab was asso-
ciated with increased incidences of grade 3—4 haematologi-
cal AEs (e.g. neutropenia, lymphopenia, thrombocytopenia;
Sect. 4) [30]; dose delays and supportive care with transfu-
sions or growth factors may be required to manage haemato-
logical AEs in daratumumab recipients (Sect. 4). Despite this,
the proportion of patients who discontinued treatment due to
treatment-emergent AEs was similar between treatment arms
and the addition of daratumumab did not notably increase rates
of grade 3—4 infections. While daratumumab-related infusion
reactions occurred in more than one-third of daratumumab
recipients during CASSIOPEIA Part 1, these were mostly of
mild or moderate severity and typically occurred during the
first infusion (Sect. 4) [30]. Successful transplantation was not
affected by the addition of daratumumab, despite differences
in plerixafor use and stem cell yield (Sect. 3) [30].

Head-to-head comparisons of daratumumab combined
with bortezomib, thalidomide and dexamethasone ver-
sus other regimens used in the transplant-eligible setting
(aside from bortezomib, thalidomide and dexamethasone)
are currently lacking. In the absence of direct comparisons,
matching-adjusted indirect comparisons suggest that dara-
tumumab in combination with bortezomib, thalidomide
and dexamethasone may have improved efficacy relative to
other regimens (doublet and triplet) in patients with newly
diagnosed, transplant-eligible MM [40—42], although these
results must be interpreted with due caution. The addition
of daratumumab to a similar triplet regimen (a proteasome
inhibitor, an immunomodulatory agent and dexametha-
sone) recently improved depth of response relative to the
triplet regimen alone in patients with newly diagnosed,
transplant-eligible MM in a phase II trial [43]; a phase III
trial of this daratumumab combination is underway.

Pharmacoeconomic concerns are particularly pertinent
in MM, as regimens combining expensive new drugs are
necessary and the disease course is often prolonged [44].
Adding a targeted therapy such as daratumumab to a triplet
regimen can increase treatment costs considerably [44].
Consequently, robust cost-effectiveness analyses compar-
ing regimens are required and will be important in deter-
mining the uptake of daratumumab.

Previously only available for intravenous administration,
daratumumab is now available as a subcutaneous formula-
tion in the EU and USA (Sect. 1) [11]. While subcutaneous
daratumumab is not approved for use in patients with newly
diagnosed, transplant-eligible MM in the USA [11], the EU
approval covers use in all indications for which intravenous
daratumumab is approved (including in patients with newly
diagnosed, transplant-eligible MM; Sect. 1) [7]. Subcutane-
ous daratumumab was non-inferior to intravenous daratu-
mumab with respect to pharmacokinetic (Sect. 2) and efficacy



1463

parameters in patients with relapsed and/or refractory MM
[29]. Subcutaneous administration does, however, appear to
confer improved safety; although the safety profile of subcu-
taneous daratumumab was generally similar to that of intrave-
nous daratumumab in various patient populations (including
patients with newly diagnosed, transplant-eligible MM, albeit
not investigated as a component of the approved combina-
tion therapy), the subcutaneous formulation was associated
with considerably lower rates of infusion-related reactions
(Sect. 4) [29, 36]. Additionally, subcutaneous daratumumab
can be administered over = 3-5 min (compared with a rec-
ommended time of ~ 7 h for the initial intravenous infusion
and 3—4 h for subsequent infusions [7, 8, 29]), which may
also reduce the burden on patients and healthcare resources.
Indeed, real-world evidence suggests that the subcutaneous
administration of biologics in oncology reduces drug prepa-
ration and administration time, thus saving provider and
facility time and lowering costs relative to the intravenous
administration of the same drug [45]. Furthermore, patients
tend to report a preference for subcutaneous administration
over intravenous administration, as well as improvements in
quality of life with the former relative to the latter [45].

Evidence thus far indicates that daratumumab is an effec-
tive addition to bortezomib, thalidomide and dexametha-
sone in patients with newly diagnosed, transplant-eligible
MM, with a generally manageable tolerability profile. The
approval of daratumumab as combination therapy in patients
with newly diagnosed, transplant-eligible MM expands the
range of MM treatment settings in which daratumumab is an
option and the availability of the subcutaneous formulation
will likely be of benefit to patients.

Data Selection Daratumumab: 179 records

identified

Duplicates removed 19

Excluded during initial screening (e.g. press releases; 19
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 96
small patient number; nonrandomized/phase I/II trials)

Cited efficacy/tolerability articles 8
Cited articles not efficacy/tolerability 37

Search Strategy: EMBASE, MEDLINE and PubMed from 1946
to present. Clinical trial registries/databases and websites were
also searched for relevant data. Key words were daratumumab,
Darzalex, Daratumumab-Vtd, multiple myeloma, transplant-eligi-
ble. Records were limited to those in English language. Searches
last updated 3 August 2020
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