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Abstract

Intravenous daratumumab (DARZALEX®) is a human CD38 monoclonal antibody approved as combination therapy (with
bortezomib, melphalan and prednisone) for patients with newly diagnosed multiple myeloma (NDMM) who are ineligible
for autologous stem cell transplantation (ASCT). The approval was based on results of the phase 3 ALCYONE trial in which
the addition of daratumumab to bortezomib, melphalan and prednisone significantly prolonged median progression-free
survival (PFS) relative to bortezomib, melphalan and prednisone alone (primary endpoint). Daratumumab addition was
also associated with deeper and durable responses relative to the comparator. The addition of daratumumab did not increase
overall toxicity, with the exception of infusion-related reactions and increased rates of infections. The incidences of the most
common grade 3 or 4 adverse events in the daratumumab group (neutropenia, thrombocytopenia and anaemia) were largely
similar to those in the comparator group. Thus, daratumumab in combination with bortezomib, melphalan and prednisone

represents a promising treatment option for patients with NDMM who are ineligible for ASCT.

Daratumumab: clinical considerations in

transplant-ineligible NDMM

First-in-class CD38 monoclonal antibody

Prolongs PFS, and induces deeper and durable
responses, when combined with bortezomib, melphalan
and prednisone

Acceptable tolerability profile; does not increase overall
toxicity of the combination, apart from infections and
infusion-related reactions
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1 Introduction

Multiple myeloma (MM) is a malignant neoplasm of plasma
cells [1]. Although MM remains incurable, survival rates
are steadily increasing due to the availability of new classes
of drugs, such as proteasome inhibitors (bortezomib, carfil-
zomib, ixazomib), immunomodulatory drugs (thalidomide,
lenalidomide, pomalidomide), histone deacetylase inhibitors
(panobinostat) and monoclonal antibodies (daratumumab,
elotuzumab), which are used with corticosteroids and
chemotherapy in doublet, triplet or quadruplet combina-
tions [1-3].

ASCT is an important component of the treatment plan
for NDMM [1, 3, 4] and is associated with high response
rates and improved PFS and overall survival (OS) [1, 5, 6].
However, ASCT is reserved for fit patients, typically up to 65
(Europe) or 75 (USA) years of age or in good clinical con-
dition; thus, elderly patients and those with comorbidities
or poor performance status are ineligible for ASCT [4, 6].
Ironically, the risk of MM increases with age and the major-
ity of those diagnosed are > 65 years old [7]. The majority
of ASCT-ineligible patients also do not receive subsequent
lines of therapy, with attrition rates ranging from 46 to 51%
per line of therapy [8]. Therefore, an effective first-line treat-
ment is required for these patients [4, 8]. One strategy to
deepen responses and improve efficacy in ASCT-ineligible
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patients with NDMM is to add an immunotherapy (i.e. anti-
myeloma antibodies) to the first-line treatment [4].

CD38 is a transmembrane glycoprotein expressed on the
surface of haematopoietic cells and is overexpressed on MM
cells [9, 10]. Acting as a receptor and as an ectoenzyme,
CD38 has multiple functions, including receptor-mediated
adhesion, signalling and modulation of cyclase and hydro-
lase activity [11]. Thus, monoclonal antibodies targeting
CD38 are being developed for the treatment of MM [11].

Daratumumab (DARZALEX®) is a first-in-class human
IgG1lx monoclonal antibody targeting CD38. Intravenous
daratumumab, as monotherapy and combination therapy, has
been previously approved in patients with relapsed and/or
refractory MM [12]. Recently, daratumumab has also been
approved in the EU [13] and USA [10] for use in combi-
nation with bortezomib, melphalan and prednisone for the
treatment of patients with NDMM who are ineligible for
ASCT. This article reviews the clinical efficacy, safety and
tolerability of daratumumab in this population, with a brief
overview of its pharmacological properties.

2 Pharmacological Properties
of Daratumumab

2.1 Pharmacodynamics

Daratumumab binds to CD38 with high affinity and inhib-
its the growth of CD38-expressing tumour cells through

Immune-mediated actions

Complement-dependent
cytotoxicity

ci"i

=y

Antibody-dependent cell-
mediated cytotoxicity

Antibody-dependent == &
cellular phagocytosis %‘

Direct on-tumour actions

Apoptosis via Fc crosslinking =y

@
Daratumumab ﬁ.'
R

[/

CD38

multiple mechanisms of actions (Fig. 1) [14, 15]. Daratu-
mumab induces myeloma cell lysis by complement-depend-
ent cytotoxicity (CDC), antibody-dependent cell-mediated
cytotoxicity (ADCC) and antibody-dependent cellular
phagocytosis [16, 17]. It also eliminates CD38-expressing
immunosuppressive cells, such as myeloid-derived sup-
pressor cells and regulatory T cells and B cells, resulting
in clonal expansion of cytotoxic T cells [18]. In addition,
daratumumab directly induces apoptosis via Fcy receptor-
mediated crosslinking [19]. Daratumumab may also modu-
late enzymatic activity, such as inhibiting the production
of immunosuppressive adenosine and boosting intracellu-
lar nicotinamide adenine dinucleotide levels, resulting in
cytotoxicity [14]. While the direct on-tumour actions of
daratumumab may produce rapid anti-myeloma responses,
its immunomodulatory actions may contribute to durable
responses and improved survival seen with this drug [14,
18, 19].

In preclinical studies, daratumumab showed synergistic
and additive anti-myeloma activity in combination with
other drugs [11, 14]. Daratumumab may sensitize mye-
loma cells to other drugs by decreasing CD38 expression
levels and/or by restoring exhausted T cell responses [14].
The addition of daratumumab to bortezomib and dexa-
methasone prolonged PFS and improved rates of response
and minimal residual disease (MRD) negativity versus
bortezomib and dexamethasone alone in previously treated
patients with MM [20].

Immunomodulatory actions

Depletion of CD38+ immunosuppressive cells
Regulatory T cells (Tregs)
Regulatory B cells (Bregs)
Myeloid-derived suppressor cells

Increase in CD8* granzyme B* cytotoxic T cells

and CD4* helper T cells

Myeloma cell death

Fig. 1 Mechanism of action of daratumumab adapted from McKeage and Lyseng-Williamson [15] with permission
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There is a marked heterogeneity of clinical response to
daratumumab in patients with MM, which can be partly
explained by the expression levels of CD38 and complement-
inhibitory proteins on myeloma cells [21, 22]. A higher level
of CD38 expression in patient-derived myeloma cells was
associated with a greater degree of daratumumab-mediated
ADCC and CDC [21]. Consistently, in daratumumab recipi-
ents, baseline CD38 expression levels were higher in those
who achieved at least partial response than in those with less
than partial response [22]. On the other hand, an increased
expression of complement-inhibitory proteins such as CD55
and CD59 was associated with resistance to daratumumab
therapy [22]. CD38 expression and daratumumab-mediated
ADCC and CDC did not differ markedly between newly diag-
nosed and relapsed or refractory patients [21].

CD38 is also expressed in natural killer (NK) cells and
daratumumab therapy is associated with a decrease in total
and activated NK cells in peripheral whole blood and bone
marrow; this reduction, however, did not affect the efficacy
or safety of daratumumab [23]. Furthermore, baseline level
of NK cells was not associated with a clinical response to
daratumumab [13].

Daratumumab binds to CD38 on red blood cells (RBCs),
which may result in a positive indirect antiglobulin test
(indirect Coombs test) for up to 6 months after the last dara-
tumumab infusion [10, 13]. Daratumumab bound to RBCs
may also mask detection of antibodies to minor antigens in
the patient’s serum [10]. Therefore, blood typing and screen-
ing should be performed prior to starting daratumumab
therapy [10]. A number of strategies can be used to negate
the daratumumab interference with blood compatibility
testing [11, 13], including removal of CD38 by incubating
with dithiothreitol [24]. Daratumumab does not interfere
with ABO and Rh typing [10]. For emergency, non-cross-
matched ABO/RhD-compatible RBCs can be transfused,
according to local blood bank practices [25].

Daratumumab may be detected on serum protein elec-
trophoresis and immunofixation assays used for monitoring
endogenous monoclonal protein [10, 13]. This can result in
false positive test results, affecting the assessment of com-
plete response and disease progression in some patients
with the IgG1x myeloma protein [10, 13]. In patients with a
persistent very good partial response, where daratumumab
interference is suspected, a validated daratumumab-specific
immunofixation electrophoresis reflex assay [26] may be
considered for the assessment of a complete response [13].

2.2 Pharmacokinetics

Pharmacokinetics data for intravenous daratumumab over
a dose range of 1-24 mg/kg (monotherapy) or 1-16 mg/
kg (combination therapy) are available from patients with
relapsed or refractory MM [10, 13, 27-29]. Daratumumab

concentration-time profiles were largely similar following
the monotherapy and combination therapies [13].
Daratumumab exhibited complex, time- and concentra-
tion-dependent nonlinear pharmacokinetics, consistent with
target-mediated drug disposition [27, 28]. Following weekly
administrations, peak daratumumab serum concentrations
increased in approximately dose-proportional manner after
the first dose and in a greater than dose-proportional manner
after multiple doses [13, 27]. The area under the concentra-
tion-time curve of daratumumab increased in a greater than
dose-proportional manner after the first and subsequent doses
[13, 27]. Daratumumab is primarily distributed in the vas-
cular system, with limited extravascular tissue distribution
[27]. Following a 16 mg/kg dose as combination therapy,
the mean central volume of distribution of daratumumab was
4.4 L [10]. Daratumumab clearance decreased and its mean
terminal half-life (t;,) increased with increasing doses and
with multiple doses [13, 27]. With 16 mg/kg monotherapy,
the estimated mean linear clearance of daratumumab was
171.4 mL/day [10]. The estimated mean t,,, based on linear
clearance was 22-23 days for combination therapy [10].
Due to its target-mediated disposition, a tapered adminis-
tration schedule was established for daratumumab: 16 mg/kg
weekly for 8 weeks, every 2 weeks for 16 weeks and every
4 weeks thereafter [27, 28]. This schedule rapidly saturated
target-mediated clearance during weekly administration
and the saturation was maintained during the every 2- and
4-week administration periods [27]. Following monother-
apy, daratumumab steady-state concentrations were attained
after~5 months of 4-weekly administration (by the 21st
infusion) [13]. Daratumumab exposure strongly correlated
with efficacy but not with safety, although the overall inci-
dence of infection increased slightly with increased exposure
[28]. The 16 mg/kg schedule provided an optimal benefit-
risk profile; = 80% of patients treated with this schedule
could achieve the effective target serum trough concentration
(274 pg/mL), with acceptable safety outcomes [28].
Daratumumab exposure (predicted mean maximal
trough concentration) was not significantly affected by age,
sex, race, renal or hepatic function, number of prior lines
of therapy, refractory status or ECOG performance status
at baseline [29]. The linear clearance of daratumumab was
110% (p < 0.0001) higher in patients with IgG MM than in
those with non-IgG MM, resulting in a~ 70% greater dara-
tumumab exposure in the latter. Baseline albumin levels also
had a significant (p < 0.0001) effect on daratumumab linear
clearance, resulting in a 26% lower daratumumab exposure in
patients with an abnormal level (< 35 g/L) than in those with
normal levels (> 35 g/L). The central volume of distribution
and clearance of daratumumab increased with increasing
bodyweight, supporting the bodyweight-based dosage sched-
ule. However, daratumumab exposure-response analyses
indicated that none of the patient or disease characteristics
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had a significant effect on the overall response rate [29].
Daratumumab pharmacokinetics were generally similar when
administered as monotherapy and with various combination
therapies, including bortezomib, melphalan and prednisone
[30]. When coadministered, daratumumab did not affect the
pharmacokinetics of bortezomib [10, 13].

3 Therapeutic Efficacy of Daratumumab

The efficacy of daratumumab in combination with bort-
ezomib, melphalan and prednisone in patients with docu-
mented NDMM [International Myeloma Working Group
(IMWG) updated criteria] who were ineligible for ASCT
because of comorbid conditions or old age (> 65 years)
was demonstrated in the randomized, open-label, multi-
centre phase 3 ALCYONE trial [31]. Combination bort-
ezomib, melphalan and prednisone (a standard-of-care
in this setting [32]) was used as the comparator in ALY-
CONE, although a reduced bortezomib dosage was used
to reduce neuropathy.

In ALCYONE, eligible patients had a haemoglobin level
of > 7.5 g/dL, an absolute neutrophil count of > 1.0 x 10°/L,
a platelet count of > 50 x 10°/L (> 70 x 10°/L if < 50% of
bone marrow nucleated cells were plasma cells), AST and
ALT levels of < 2.5 Xupper limit of the normal (ULN),
a total bilirubin level of < 1.5 X ULN, a creatinine clear-
ance of > 40 mL/min, a corrected serum calcium level
of < 3.5 mmol/L and an ECOG performance status of
0-2. Patients with other typical plasma cell disorders were
excluded, as were those with cancer within 3 years before
randomization (with a few exceptions), peripheral neuropathy
or grade > 2 neuropathic pain [31].

Patients were stratified according to the International
Staging System (ISS) disease stage (I, II or III), geographic
region (Europe vs. other) and age (<75 vs.>75 years) [31].
Patients received up to nine 42-day cycles of subcutaneous
bortezomib (1.3 mg/m2 twice weekly on weeks 1, 2,4, and 5
of cycle 1 and once weekly on weeks 1, 2, 4 and 5 of cycles
2 through 9), oral melphalan (9 mg/m? once daily on days
1 through 4 of each cycle) and oral prednisone (60 mg/m?>
once daily on days 1 through 4 of each cycle), with or with-
out intravenous daratumumab (16 mg/kg once weekly in
cycle 1 and every 3 weeks in cycles 2 through 9). After nine
cycles, all patients in the comparator group discontinued
treatment and those in the daratumumab group received
daratumumab monotherapy (16 mg/kg every 4 weeks) until
disease progression or unacceptable toxicity. The median
treatment duration of treatment was 14.7 and 12.0 months
in the daratumumab and comparator groups. Pre-infusion
medications (paracetamol, antihistamines, dexamethasone
and leukotriene inhibitors) were administered in daratu-
mumab recipients to mitigate infusion-related reactions.
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Post-infusion respiratory medications were permitted for
patients with a higher risk of respiratory complications.
The primary endpoint was median PFS in the intent-to-
treat (ITT) population in a planned interim analysis, when
231 PFS events had occurred. If the primary endpoint was
significant, secondary endpoints were tested in a hierarchi-
cal order [31].

ALYCONE enrolled 706 patients and the baseline demo-
graphic and clinical characteristics in the ITT population
were generally well balanced between the treatment groups
[31]. Across the groups, the median patient age was 71 years
(~30% were aged > 75 years) and the median time since
MM diagnosis was 0.8 months. The majority of patients in
the daratumumab and comparator groups had an ECOG per-
formance status of 1 (52.0 vs. 48.6%) or 2 (25.7 vs. 23.6%),
ISS disease stage II (39.7 vs. 44.9%) or III (40.6 vs. 36.2%)
and a standard cytogenetic risk profile (83.1 vs. 85.1%) [31].

At the time of planned interim analysis (median fol-
low-up 16.5 months; data cutoff date 12 June 2017), the
addition of daratumumab to bortezomib, melphalan and
prednisone significantly prolonged median PFS relative to
bortezomib, melphalan and prednisone alone, reducing the
risk of progression or death by 50% (Table 1) [31]. The
PFS benefit with daratumumab was seen across a num-
ber of prespecified subgroups of the ITT population, such
as sex, age, race, geographic region, creatinine clearance,
hepatic function, ISS disease stage, I[gG MM, cytogenetic
profile and ECOG performance status [hazard ratios (HR)
ranged from 0.22 to 0.81]. PFS benefit did not reach statis-
tical significance in subgroups of patients with ISS stage I,
non-IgG MM and those with a high-risk cytogenetic pro-
file, although the sample sizes of these subgroups were
small. Furthermore, a post hoc analysis of PFS by revised
ISS criteria found that HR for the stage III disease sub-
group (also based on a small sample size) did not reach
statistical significance [31].

In addition to prolonged median PFS, 18-month PFS
rate was significantly higher in the daratumumab than in
the comparator group (Table 1) [31]. The median overall
survival was not reached in either treatment group [31].

The addition of daratumumab to bortezomib, melphalan
and prednisone was also associated with deep and durable
responses [31]. The rates of overall response, complete
response or better, very good partial response or better and
negative status for MRD (key secondary endpoints) were
significantly higher in the daratumumab than in the compar-
ator group (Table 1). Of note, the rate of stringent complete
response (i.e. complete response plus a normal free light-
chain ratio and absence of clonal plasma cells) was 2.6 times
as high in the daratumumab as in the comparator group (18.0
vs. 7.0%). The median time to response and best response
was 0.79 and 4.9 months in the daratumumab group, com-
pared with 0.82 and 4.1 months in the comparator group.
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Table 1 Efficacy of daratumumab as combination therapy in patient

with multiple myeloma® in ALCYONE

Variables D+B+M+P B+M+P HR or OR®
(n=350) (n=356) (95% CI)
Planned interim analysis (median FU 16.5 mo) [31]
PFS events (% pts) 25.1 40.2
Median PES (mo)° NR 18.1 0.50 (0.38-0.65)*
18-mo PFS (% pts) 71.6 50.2
[95% C1] [65.5-76.8] [43.2-56.7]
ORR (% pts) 90.9* 73.9
>CR (% pts) 42.6% 24.4
>VGPR (% pts) 71.1% 49.7
No MRD! (% pts) 22.3% 6.2
Updated analysis (median FU 27.8 mo) (abstract [33])
Median PFS (mo) NR 19.1 0.43 (0.35-0.54)**
24-mo PFS (% pts) 63 36
Median PFS2° NR NR 0.59 (0.43-0.82)*
24-mo PFS2 (% pts) 84.1 78.5
ORR (% pts) 90.9 73.9 3.55 (2.30-5.49)**
> CR (% pts) 45.1 253 2.45 (1.78-3.37)**
> VGPR (% pts) 72.9 49.7 2.71 (1.98-3.71)%*

B bortezomib, CR complete response, D daratumumab, FU follow-
up, HR hazard ratio, M melphalan, mo months, MRD minimal resid-
ual disease, NR not reached, OR odds ratio, ORR overall response
rate, P prednisone, PFS progression-free survival, pts patients, VGPR
very good partial response

#p<0.001, #¥p < 0.0001 vs. B +M+P

“Pts were newly diagnosed and ineligible for autologous stem cell
transplantation

"HR for PFS and PFS2, and OR for response rates

“Primary endpoint

9The threshold was 1 tumour cell per 10° white cells in post-randomi-
zation bone marrow samples

°Defined as the duration from randomization to progression on
the subsequent line of anti-myeloma therapy or death, whichever
occurred first

While the median duration of response was not reached in
the daratumumab group, it was 21.3 months (95% CI 18.4
to not estimable) in the comparator group, with 77.2 and
60.4% of patients in the respective groups continuing to have
a response after 18 months [31].

After an additional 1 year of follow-up (updated analysis),
significant PFS and response benefits were maintained in
the daratumumab group relative to the comparator group
(Table 1) [33]. Of note, the addition of daratumumab was
associated with maintenance of PFS benefit during subse-
quent line of therapy (PFS2 in Table 1) [33].

In ALCYONE, the addition of daratumumab to bort-
ezomib, melphalan and prednisone was associated with
improvements in health-related quality of life, as assessed
by the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-Core 30 Global health
status and the EuroQol Questionnaire 5-dimension 5-level
visual analogue scale [34].

4 Tolerability and Safety of Daratumumab

Daratumumab added to bortezomib, melphalan and pred-
nisone had an acceptable tolerability profile in ASCT-
ineligible patients with NDMM in ALCYONE [31]. With
the exception of infections and infusion-related reactions
(IRRs), the addition of daratumumab did not increase the
overall toxicity [31].

In both daratumumab and comparator groups, haemato-
logical adverse events (AEs), such as neutropenia, thrombo-
cytopenia and anaemia occurred frequently, with the major-
ity of neutropenia and thrombocytopenia (and approximately
half of anaemia) events being grade 3 or 4 severity in both
groups (Fig. 2) [31]. The addition of daratumumab did not
increase the incidence of any grade and grade 3 or 4 haema-
tological AEs (Fig. 2) [31].

The most common non-haematological AEs in both
treatment groups included peripheral sensory neuropathy,
diarrhoea, pyrexia and nausea, with individual grade 3 or
4 of these events occurring in < 5% of patients in both
groups (Fig. 2) [31]. Of note, grade 3 or 4 peripheral sen-
sory neuropathy occurred in 1.4 and 4% of patients in the
daratumumab and comparator groups [31].
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Fig.2 The most common adverse events of any grade (inci-
dence > 20% in either group) and grade 3 or 4 in ALCYONE [31].
B bortezomib, D daratumumab, M melphalan, P prednisone, PSN
peripheral sensory neuropathy
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The addition of daratumumab was associated with an
increase in infections (Fig. 2), the most common of which
were upper respiratory tract infection [26.3 vs. 13.8% in the
daratumumab and comparator groups (any grade); 2.0 vs. 1.4%
(grade 3 or 4)] and pneumonia [15.3 vs. 4.8% (any grade); 11.3
vs. 4.0% (grade 3 or 4)] [31]. Most infections, including pneu-
monia, resolved in both groups (87.9% vs. 86.5% of patients).
Moreover, the incidences of infections leading to treatment
discontinuation (0.9 vs. 1.4%) or death (1.4 vs. 1.1%) were
generally similar between the daratumumab and compara-
tor groups. Infections that lead to death were pneumonia (2
patients), peritonitis (1), septic shock (1) and upper respiratory
tract infection (1) in the daratumumab group, and septic shock
(1), candida-related sepsis (1), bacterial pneumonia (1) and
sepsis (1) in the comparator group [31].

Any grade IRRs occurred in 27.7% of daratumumab
recipients, the majority of which were of grade 1 or 2
severity and occurred during the first infusion [31]. The
most common IRRs (incidence > 2%, any grade) included
dyspnoea, chills, hypertension, pyrexia, bronchospasm,
cough, hypotension, nausea and decreased oxygen satura-
tion. Grade 3 or 4 IRRs occurred in 4.9% of daratumumab
recipients, with dyspnoea (2.3%) and hypertension (1.7%)
being the most common [31]

The incidence of secondary primary cancer (a prespeci-
fied AE) was 2.3 and 2.5% in the daratumumab and compar-
ator groups, with two patients in each group experiencing
tumour lysis syndrome [31]. Serious AEs occurred in 41.6
and 32.5% of patients the respective groups, most common
of which was pneumonia (10.1 and 3.1%). The incidence of
treatment discontinuation due to AEs was 4.9 and 9.0% in
the daratumumab and comparator groups. The incidence of
death from AEs within 30 days after the last dose of study
medications was 4.0 and 4.5% in the respective groups [31].

Daratumumab has low potential for immunogenicity
[10]. In clinical trials, none of the 111 patients receiving
daratumumab as monotherapy and 2 of the 411 patients
receiving it as combination therapy developed anti-daratu-
mumab antibodies. One daratumumab combination therapy
recipient developed transient neutralizing antibodies against
daratumumab. These incidences might not have been reli-
ably determined because the assay used is known to have
limitations in detecting anti-daratumumab antibodies in the
presence of high concentrations of daratumumab [10].

5 Dosage and Administration
of Daratumumab

In the EU [13] and USA [10], the recommended dosage of
daratumumab (in combination with bortezomib, melphalan
and prednisone) for ASCT-ineligible patients with NDMM
is 16 mg/kg, administered as an intravenous infusion weekly
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from weeks 1 to 6 (six doses), every 3 weeks from weeks
7 to 54 (16 doses) and every 4 weeks from week 55 until
disease progression. To facilitate administration, the first
daratumumab dose may be split into two 8 mg/kg doses
over two consecutive days (i.e. day 1 and 2). The efficacy
and safety of daratumumab has not been established in pae-
diatric patients (aged < 18 years) [10, 13]. Consult local
prescribing information for detailed information regarding
preparation and administration procedures, dosing schedule,
pre- and post-infusion medications, management of infu-
sion reactions, warnings and precautions, and use in special
populations.

6 Place of Daratumumab in the Management
of NDMM in the Non-Transplant Setting

Treatment should be started in all patients with symptomatic
NDMM as defined by the updated IMWG criteria [1, 3].
The ESMO clinical practice guidelines (published prior to
daratumumab approval) recommend bortezomib (subcu-
taneous) plus melphalan plus prednisone or lenalidomide
plus low-dose dexamethasone for the treatment of NDMM
in transplant-ineligible elderly patients (level I evidence,
grade A recommendation) [3]. According to the NCCN, the
preferred regimens for this population are bortezomib plus
lenalidomide plus dexamethasone, lenalidomide plus low-
dose dexamethasone or daratumumab plus bortezomib plus
melphalan plus prednisone (all category 1); bortezomib plus
cyclophosphamide plus dexamethasone is the preferred ini-
tial treatment for patients with acute renal insufficiency [1].
Other NCCN recommended regimens for NDMM in trans-
plant-ineligible patients are carfilzomib or ixazomib with
lenalidomide plus dexamethasone or carfilzomib plus cyclo-
phosphamide plus dexamethasone [1]. In the USA, while
triplet regimens are recommended as the standard therapy, a
doublet regimen containing bortezomib and dexamethasone
can be used in elderly or frail patients [1].

Approval of daratumumab as combination therapy in
ASCT-ineligible patients with NDMM was based on ALCY-
ONE trial data (Sect. 3). In this trial, the addition of dara-
tumumab to bortezomib, melphalan and prednisone signifi-
cantly prolonged median PFS in ASCT-ineligible patients
with NDMM, reducing the risk of progression or death by
50% (Sect. 3). Results of an updated analysis were gener-
ally consistent with that of the primary analysis (Table 1).
In ALCYONE, patients in the comparator arm received only
nine cycles of treatment whereas those in the daratumumab
arm continued to receive daratumumab monotherapy beyond
nine cycles (Sect. 3), with no re-randomization performed at
the start of daratumumab monotherapy. Thus, beyond nine
cycles, the effect of daratumumab monotherapy was evalu-
ated compared with no treatment (i.e. observation only).
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The goal of upfront treatment in the non-transplant
setting is to achieve the deepest response possible, as the
depth of response correlates with long-term outcomes [4].
Stringent complete response is generally considered as the
deepest response measured by conventional criteria, with
MRD negativity regarded as an even deeper response [35].
Stringent complete response and MRD negativity (using a
threshold of 1 tumour cell per 10° white cells) rates were 2.6
and 3.6 times higher in patients receiving the daratumumab-
containing regimen versus the comparator group (Sect. 3).

A Bayesian network meta-analysis of 20 randomized
clinical trials has predicted favourable efficacy outcomes
for daratumumab added to bortezomib, melphalan and
prednisone in ASCT-ineligible patients with NDMM
[36]. This quadruplet regimen ranked first among 19 and
20 treatment regimens with respect to PFS and overall
response rate, respectively. It was significantly (based on
95% CI) more effective than 10 of 19 regimens for PFS and
12 of 20 regimens for overall response rate [36].

Combining daratumumab with bortezomib, melphalan
and prednisone did not increase haematological or non-
haematological toxicities, although infections and IRRs
were common with daratumumab addition (Sect. 4). Most
infections resolved and did not lead to treatment discon-
tinuation or death. The majority of IRRs were of mild or
moderate severity and occurred during the first infusion
of daratumumab. The incidence of grade 3 or 4 peripheral
sensory neuropathy (an AE associated with bortezomib)
was 1.4 and 4.0% in the daratumumab and comparator
groups.

Some additional data for daratumumab as combination
therapy in transplant-ineligible patients with NDMM are
awaited with interest. Although the clinical use of dara-
tumumab in combination with bortezomib, melphalan
and prednisone was demonstrated in ALYCYONE, final
OS results are yet to be determined. Also of interest are
clinical trials to evaluate the addition of daratumumab to
other standard-of-care combinations in this indication,
with promising preliminary findings recently reported
(abstract [37]). Furthermore, adding a targeted therapy
such as daratumumab to a doublet or triplet therapy can
substantially increase the treatment cost [38]. Thus, robust
cost effectiveness analyses are required.

In conclusion, the addition of daratumumab to borte-
zomib, melphalan and prednisone (a standard-of-care) was
more effective than bortezomib, melphalan and prednisone
alone in ASCT-ineligible patients with NDMM. The quad-
ruplet regimen had an acceptable tolerability profile in
this population. Although additional data are warranted
to definitively establish the place of daratumumab in the
management of NDMM in transplant ineligible patients,
given the need for balancing the efficacy, tolerability and

treatment burden in this frail population, daratumumab in
combination with bortezomib, melphalan and prednisone
represents a promising treatment option for these patients.

Data Selection Daratumumab: 227 records

identified

Duplicates removed 24

Excluded during initial screening (e.g. press releases; 139
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 26
small patient number; nonrandomized/phase I/II trials)

Cited efficacy/tolerability articles 3
Cited articles not efficacy/tolerability 35

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; HuMax-CD38; humanised anti-CD38 monoclonal
antibody; monoclonal antibody humax-CD38; JNJ-54767414.
Records were limited to those in English language. Searches last
updated 18 February 2019.
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