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Abstract Intravenous daratumumab (DARZALEX�) is a

first-in-class human IgG1j monoclonal antibody against

CD38 available for use in patients with relapsed and/or

refractory multiple myeloma. In phase I/II and II trials and

a pooled analysis of these studies, daratumumab

monotherapy induced an overall response (partial response

or better) in approximately one-third of patients; responses

were rapid, deep and durable. An overall survival (OS)

benefit was seen with daratumumab monotherapy, includ-

ing in patients with a minimal response or stable disease. In

phase III trials, daratumumab in combination with either

bortezomib plus dexamethasone or lenalidomide plus

dexamethasone significantly prolonged progression-free

survival and induced deep and durable responses compared

with bortezomib plus dexamethasone or lenalidomide plus

dexamethasone. An OS benefit with daratumumab triple

combination therapy is yet to be demonstrated (as the OS

data were not mature at the time of the last analysis).

Daratumumab was generally well tolerated when used as

monotherapy and had a generally manageable tolerability

profile when used in combination therapy. Infusion-related

reactions (IRRs) were the most common adverse events;

these were predominantly grade 1 or 2 and mostly occurred

during the first infusion. The most common grade 3–4

adverse events associated with daratumumab triple com-

bination therapy were thrombocytopenia, neutropenia and

anaemia. Although final OS data are awaited, current evi-

dence indicates that daratumumab is a valuable addition to

the treatment options currently available for patients with

relapsed or refractory multiple myeloma.

Daratumumab: clinical considerations in relapsed

and/or refractory multiple myeloma

First-in-class CD38 monoclonal antibody

As monotherapy, induces an overall response (partial

response or better) in approximately one-third of

patients; responses are rapid, deep and durable

In combination with bortezomib plus dexamethasone

or lenalidomide plus dexamethasone, significantly

prolongs progression-free survival compared with

bortezomib plus dexamethasone or lenalidomide plus

dexamethasone

Manageable tolerability profile, with IRRs and

haematological adverse events occurring most

commonly

1 Introduction

Multiple myeloma is a neoplastic malignancy characterized

by the proliferation of plasma cells in the bone marrow [1].

Although the overall incidence of multiple myeloma has
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increased over the past decade, mortality rates associated

with the disease have declined due to the availability of

novel and more effective treatment options [1]. The

introduction of proteasome inhibitors (PIs; e.g. bortezomib)

and immunomodulatory drugs (IMiDs; e.g. lenalidomide)

has contributed to extended survival for patients with

multiple myeloma; however, the disease remains incurable

[2]. Patients with disease refractory to both PIs and IMiDs

have a particularly poor prognosis, with a median overall

survival of & 8–9 months [2, 3]. Given the success of

targeted immunotherapy with monoclonal antibodies in

other cancers, recent research has focused on the devel-

opment of this class of drugs for multiple myeloma [4].

Daratumumab (DARZALEX�) is a first-in class human

IgG1j monoclonal antibody against the transmembrane

glycoprotein CD38 that is approved for the treatment of

multiple myeloma in several countries worldwide, includ-

ing the USA [5], Japan [6] and those of the EU [7]. This

article reviews pharmacological, clinical efficacy and tol-

erability data relevant to the use of intravenous daratu-

mumab in this setting.

2 Pharmacodynamic Properties of Daratumumab

CD38 is highly expressed on the surface of multiple

myeloma cells and is involved in receptor-mediated

adhesion, cell signalling and enzymatic activity [8].

Daratumumab binds to CD38, thereby inhibiting the

growth of CD38-expressing tumour cells [5, 7]. As well as

directly inducing apoptosis via Fcc receptor-mediated

cross-linking, daratumumab also induces tumour cell lysis

through complement-dependent cytotoxicity, antibody-

dependent cell-mediated cytotoxicity (ADCC) and antibody-

mediated cellular phagocytosis [8–10]. Daratumumab also

works through immunomodulatory mechanisms, including

modulation of the tumour microenvironment, depletion of

immunosuppressive cells, enhancement of T-cell responses

and increased T-cell clonality [11]. The direct on-tumour

actions of daratumumab may contribute to the rapid

responses observed in some patients following treatment,

while the immunomodulatory actions may explain the

durable or sustained responses seen with daratumumab

[9, 11].

In preclinical studies, the cytotoxicity of daratumumab

in CD38? tumour cells was synergistically increased when

used in combination with other multiple myeloma thera-

pies, particularly lenalidomide [12, 13]. Daratumumab-

dependent ADCC against multiple myeloma cells was

significantly (p\0.001) augmented by pretreating periph-

eral blood mononuclear cells (from healthy subjects) with

lenalidomide [13]. Similarly, the combination of daratu-

mumab and lenalidomide significantly increased multiple

myeloma cell lysis compared with daratumumab (p\0.05)

or lenalidomide (p\0.001) alone. A mixed model analysis

demonstrated that the observed effect (% lysis) of daratu-

mumab plus lenalidomide was significantly (p = 0.01)

higher than the predicted additive effect [13]. Daratu-

mumab also induced lysis in multiple myeloma cell lines

resistant to lenalidomide and/or bortezomib; the combina-

tion of daratumumab plus lenalidomide (but not borte-

zomib) was synergistic, with a significant (p\0.01)

difference between observed and predicted results [12].

CD38 expression on multiple myeloma cells was asso-

ciated with clinical response to daratumumab monotherapy

in patients with multiple myeloma, while an increased

expression of complement-inhibitory proteins accompanied

resistance to daratumumab [14]. In a cohort of patients

receiving daratumumab 16 mg/kg (n = 102), pretreatment

levels of CD38 expression on multiple myeloma cells were

significantly (p = 0.005) higher in patients with partial

response or better than in patients with less than partial

response. Conversely, expression levels of the

complement-inhibitory proteins CD46, CD55 and CD59

were not associated with clinical response to daratumumab.

CD38 expression was significantly (p\0.001) reduced on

both bone marrow-localized and circulating multiple

myeloma cells following the first daratumumab infusion,

and gradually increased & 6 months after daratumumab

treatment. CD55 and CD59 expression levels were signif-

icantly (p\0.05) increased on bone marrow-localized and

circulating multiple myeloma cells only at the time of

progression [14].

The binding of daratumumab to CD38 on red blood cells

(RBCs) interferes with blood compatibility testing, thereby

complicating the safe provision of blood products to

daratumumab-treated patients [15]. This may result in a

positive indirect antiglobulin test (indirect Coombs test) for

up to 6 months after the last daratumumab infusion [5, 7].

Patients may also present with a positive direct Coombs

test [15]. Daratumumab can be detected on serum protein

electrophoresis and immunofixation assays used for the

clinical monitoring of endogenous myeloma protein [5, 7].

False positive results may affect the assessment of com-

plete response and disease progression in some patients

with IgGj myeloma protein. To mitigate daratumumab

interference, alternative methods for evaluating depth of

response should be considered in patients with persistent

very good partial response [5, 7].

3 Pharmacokinetic Properties of Daratumumab

Daratumumab demonstrated non-linear pharmacokinetics

following intravenous administration in patients with

relapsed or refractory multiple myeloma [16].

2014 H. A. Blair



Administration of daratumumab 16 mg/kg weekly for

8 weeks then every 2 weeks for 16 weeks and every

4 weeks thereafter rapidly saturated target-mediated

clearance during weekly administration, with saturation

maintained during the every 2- and 4-week dosing periods

[16].

Across a dose range of 1–24 mg/kg (monotherapy) or

1–16 mg/kg (combination therapy), increases in the area

under the concentration-time curve of daratumumab are

more than dose-proportional [5, 7]. Following weekly

administration of daratumumab 16 mg/kg for 8 weeks as

monotherapy or combination therapy, the mean serum

maximal concentration (Cmax) is & 2.7- to 3-fold higher

than that seen after the first dose. Steady-state concentra-

tions of daratumumab are attained after & 5 months of

4-weekly dosing (by the 21st infusion) and the mean ratio

of Cmax at steady state to Cmax after the first dose is 1.6

[5, 7].

The estimated mean central volume of distribution of

daratumumab is 4.7 L when administered as monotherapy

and 4.4 L when administered as combination therapy [5].

At a dose of 16 mg/kg, the estimated mean linear clearance

of daratumumab as monotherapy is 171.4 mL/day [5]. The

estimated mean terminal half-life based on linear clearance

of daratumumab is & 18 days when administered as

monotherapy and & 23 days when administered as com-

bination therapy [5, 7]. Clearance decreases and the ter-

minal half-life increases with increasing dose and with

repeated dosing. Increasing bodyweight increases the

central volume of distribution and clearance of daratu-

mumab; thus, the drug is administered on a mg/kg basis

(Sect. 6) [5, 7]. Hepatic enzyme-mediated metabolism and

renal excretion are unlikely to be the primary elimination

pathways for intact daratumumab [7].

The pharmacokinetics of daratumumab are not affected

to a clinically relevant extent by age, gender, race, renal

impairment [creatinine clearance (CLCR) 15–89 mL/min],

mild hepatic impairment [total bilirubin 1–1.5 9 upper

limit of normal (ULN)] or moderate hepatic impairment

(total bilirubin 1.5–3 9 ULN) [5, 7]. No dosage adjust-

ments are considered necessary in elderly patients or in

patients with renal or hepatic impairment [7].

Daratumumab is not expected to have metabolic drug–

drug interactions, given that it is unlikely to inhibit/induce

enzymes involved in drug metabolism [7]. While formal

drug interaction studies have not been conducted, no

clinically relevant drug–drug interactions have been

observed between daratumumab and pomalidomide or

thalidomide [7]. The pharmacokinetics of daratumumab are

not affected by the coadministration of lenalidomide or

bortezomib [5]. Concomitant administration of daratu-

mumab plus bortezomib does not alter the pharmacoki-

netics of bortezomib [5].

4 Therapeutic Efficacy of Daratumumab

4.1 Monotherapy

The efficacy of intravenous daratumumab 16 mg/kg

monotherapy in adults with relapsed or refractory multiple

myeloma was demonstrated in two open-label, multicentre,

two-part trials (GEN501 [17] and SIRIUS [18]) and a

pooled analysis of data from both trials [19]. Patients in the

phase I/II GEN501 trial had relapsed after or were refrac-

tory to C 2 prior lines of therapy, including PIs, IMiDs,

chemotherapy and autologous stem cell transplantation

(ASCT) [17]. Patients in the phase II SIRIUS trial had been

previously treated with C 3 lines of therapy, including a PI

and an IMiD, or were double refractory to the most

recently received PI and IMiD [18]. All patients were aged

C 18 years and had an Eastern Cooperative Oncology

Group performance status of B 2 [17, 18]. GEN501 was

primarily designed to evaluate safety [17], while the pri-

mary endpoint in the SIRIUS trial was overall response rate

(ORR) [18]. The data cut-off date was 9 January 2015 for

GEN501 and SIRIUS and 31 December 2015 for the

pooled analysis [19].

GEN501 was a two-part study consisting of a dose-

escalation period (n = 32) and a dose-expansion period

(n = 72) [17]. In part 1, patients in 10 cohorts received

daratumumab at doses of 0.005 to 24 mg/kg. In part 2,

patients received daratumumab 8 or 16 mg/kg for 8 weeks

(with a 3-week washout period after the initial 16 mg/kg

infusion), then every 2 weeks for 14 or 16 weeks and every

4 weeks for up to 24 months. Treatment continued until

disease progression or unacceptable toxicity [17]. SIRIUS

was a two-part study, with part 1 consisting of two stages

[18]. In part 1 stage 1 of SIRIUS, 34 patients were ran-

domized to receive daratumumab 8 mg/kg every 4 weeks,

or 16 mg/kg weekly for 8 weeks, then every 2 weeks for

16 weeks and every 4 weeks thereafter. Treatment with

daratumumab 8 mg/kg was discontinued after the first

interim analysis. In part 1 stage 2 (n = 25) and part 2

(n = 65), all patients received daratumumab 16 mg/kg

according to the schedule used in part 1 stage 1 [18].

Discussion in this section focuses on the approved dara-

tumumab dosage of 16 mg/kg.

At baseline, patients enrolled in the daratumumab

16 mg/kg arms of GEN501 (n = 42) and SIRIUS

(n = 106) had received a median of four [17] and five [18]

lines of previous therapy. The proportion of patients who

were refractory to both PIs and IMiDs was 64% in GEN501

and 95% in SIRIUS. Previous ASCT had been performed

in 76 and 80% of patients. The median time since initial

diagnosis was 5.7 years in GEN501 and 4.8 years in

SIRIUS. The median age of patients was 64 years [17, 18].
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Monotherapy with daratumumab 16 mg/kg was effec-

tive in patients with relapsed or refractory multiple mye-

loma, with approximately one-third of patients achieving

an ORR (partial response or better) (Fig. 1) [17–19]. Most

responses were partial responses or very good partial

responses (Fig. 1). The proportion of patients achieving

clinical benefit (defined as ORR plus minimal response)

was 45% in GEN501, 34% in SIRIUS and 37% in the

pooled analysis [17–19]. The median time to first response

was 0.9 months in GEN501 [17] and 1.0 month in SIRIUS

[18]. In the pooled analysis, the median duration of

response was 7.6 months [19]. Of note, responses were

seen in all prespecified patient subgroups, regardless of

refractory status or the number of prior lines of therapy

[17, 18]. In 14 patients, a deepening response was observed

with continued daratumumab treatment [19]. For example,

among 10 patients who achieved an initial partial response,

seven went on to achieve a very good partial response, one

achieved a complete response and two achieved a stringent

complete response [19]. The proportion of patients

achieving stable disease was 52% in GEN501, 43% in

SIRIUS and 46% in the pooled analysis [17–19].

After a median follow-up of 20.7 months in the pooled

analysis, daratumumab was associated with a median

progression-free survival (PFS) of 4.0 months and a

12-month PFS rate of 22% [19]. According to a prespeci-

fied exploratory analysis, median PFS was 15.0 months in

patients who achieved a partial response or better com-

pared with 3.0 months in patients with minimal response or

stable disease and 0.9 months in patients with progressive

disease or who were not evaluable. Median overall survival

(OS) was 20.1 months and the 24-month OS rate was 45%.

Median OS was 18.5 months in patients who achieved a

minimal response or stable disease compared with

3.7 months in patients with progressive disease or who

were not evaluable [19].

Results from a small observational study in Poland

support the efficacy of daratumumab monotherapy in a

real-world setting (available as an abstract) [20]. Patients

who had received C 2 cycles of daratumumab were inclu-

ded in the preliminary efficacy analysis (n = 22 evalu-

able). At the time of this analysis (median follow-up

5.1 months), the ORR was 32%; median PFS and OS had

not been reached [20].

4.2 Combination Therapy

Key data supporting the therapeutic efficacy of daratu-

mumab combination therapy in patients with relapsed and/

or refractory multiple myeloma are available from open-

label, multicentre phase I/II [21] and III (CASTOR [22]

and POLLUX [23]) trials. In the phase I/II trial, combi-

nation therapy with daratumumab, lenalidomide and dex-

amethasone demonstrated 18-month PFS and OS rates of

72 and 90%, with an ORR of 81% [21]. Because of the

availability of data from the phase III trials, data from the

phase I/II trial are not discussed further.

All patients in CASTOR and POLLUX were required to

have measurable disease and documented disease pro-

gression according to International Myeloma Working

Group (IMWG) criteria during or after completion of their

last regimen [22, 23]. They had received C 1 prior line of

therapy and had achieved a response to C 1 of their pre-

vious treatments. Patients with bortezomib-refractory dis-

ease were excluded from CASTOR, while POLLUX

excluded patients with disease refractory to lenalidomide

[22, 23].

The primary endpoint of both trials was PFS [22, 23]. If

results for the primary endpoint were significant at the

interim analysis, the major secondary endpoints were tested

sequentially in the following order: time to disease pro-

gression, very good partial response rate, rate of results

below the threshold for minimal residual disease (MRD;

POLLUX only), ORR and OS. Response rates were

assessed in patients with measurable disease at baseline or

screening who received C 1 dose of study medication and

had C 1 post-baseline disease assessment; all other efficacy

analyses were performed in the intent-to-treat populations

[22, 23].

4.2.1 With Bortezomib Plus Dexamethasone

In CASTOR, the assignment of patients to randomized

treatment arms [daratumumab plus bortezomib and dexam-

ethasone (n = 251) or bortezomib plus dexamethasone
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(n = 247)] was stratified by International Staging System

(ISS) disease stage at screening (I, II or III), the number of

lines of previous therapy (1, 2 or 3, or[3) and previous

treatment with bortezomib (no or yes) [22]. Intravenous

daratumumab 16 mg/kg was administered (via infusion)

weekly during cycles 1–3, then every 3 weeks during

cycles 4–8 and every 4 weeks thereafter until disease pro-

gression, unacceptable toxicity or withdrawal of consent,

with each cycle 21 days in length. During cycles 1–8,

bortezomib 1.3 mg/m2 was administered subcutaneously on

days 1, 4, 8 and 11, and dexamethasone 20 mg was admin-

istered orally or intravenously on days 1, 2, 4, 5, 8, 9, 11 and

12 (i.e. 160 mg per cycle); the dose of dexamethasone could

be reduced to 20 mgonceweekly in patients aged[75 years,

those with a BMI of\18.5 kg/m2 or those with a history of

unacceptable adverse events (AEs) to glucocorticoid ther-

apy. At baseline, the proportion of patients with stage I, II or

III diseasewas 39, 39 and 22%, respectively. Themedian age

of patients was 64 years and the median time since initial

diagnosis was 3.8 years. Patients had received a median of

two previous lines of therapy, and 61% of patients had

undergone ASCT [22].

At the time of the prespecified interim analysis (data

cut-off date of 11 January 2016; median follow-up

7.4 months), the addition of daratumumab to bortezomib

and dexamethasone significantly prolonged median PFS

relative to bortezomib plus dexamethasone, reducing the

risk of disease progression or death by 61% (Table 1) [22].

Because the prespecified statistical boundary for the pri-

mary endpoint was crossed, the trial was unblinded early

and daratumumab monotherapy was offered to patients in

the bortezomib plus dexamethasone group who had disease

progression. In the time-to-event analysis of disease pro-

gression, 65% of patients in the daratumumab plus borte-

zomib and dexamethasone group were free from disease

progression after 12 months compared with 29% of

patients in the bortezomib plus dexamethasone group

[hazard ratio (HR) 0.30; 95% CI 0.21–0.43; p\0.001]

[22]. In subgroup analyses, some of which are available as

abstracts [24–28] plus a poster [27], daratumumab plus

bortezomib and dexamethasone significantly prolonged

PFS relative to bortezomib plus dexamethasone regardless

of age, sex, ISS disease stage, previous ASCT, refractori-

ness to prior therapy with an IMiD or the last line of pre-

vious therapy, type of multiple myeloma, baseline

creatinine clearance, time since last therapy, prior exposure

to bortezomib, number of prior lines of therapy and cyto-

genetic risk status [22, 24–28]. Estimated 12-month PFS

rates are reported in Table 1.

Median OS was not reached in either group over

7.4 months’ follow-up (Table 1) [22]. Daratumumab plus

bortezomib and dexamethasone was significantly

(p\0.001) more effective than bortezomib plus

dexamethasone with regard to rates of overall response

(Table 1), complete response or better (19 vs. 9%) and very

good partial response or better (59 vs. 29%). The median

time to first response was 0.9 months in the daratumumab

plus bortezomib and dexamethasone group and 1.6 months

in the bortezomib plus dexamethasone group. The median

duration of response was not reached in the daratumumab

plus bortezomib and dexamethasone group, compared with

7.9 months in the bortezomib plus dexamethasone group.

Rates of stable disease and progressive disease are pre-

sented in Table 1 [22].

At all evaluated sensitivity thresholds (1 tumour cell per

104, 105 or 106 white cells), rates of MRD negativity were

significantly (p\0.01) higher with daratumumab plus

bortezomib and dexamethasone than with bortezomib plus

dexamethasone (available as an abstract) [29]. For exam-

ple, at a sensitivity threshold of 1/105 cells, 10% of patients

in the daratumumab plus bortezomib and dexamethasone

group were MRD-negative compared with 2% of patients

in the bortezomib plus dexamethasone group. MRD nega-

tivity was reached earlier for patients receiving daratu-

mumab plus bortezomib and dexamethasone versus

bortezomib plus dexamethasone. Across all thresholds,

MRD-negative patients demonstrated prolonged PFS

compared with MRD-positive patients [29].

4.2.1.1 Updated Analysis Longer term, daratumumab

combination therapy continued to provide clinical benefit

(available as an abstract plus poster) [30]. After a median

follow-up of 19.4 months, median PFS was still signifi-

cantly (p\0.0001) prolonged with daratumumab plus

bortezomib and dexamethasone compared with bortezomib

plus dexamethasone (16.7 vs. 7.1 months; HR 0.31; 95%

CI 0.24–0.39). Median OS was not reached in either

treatment group; a prespecified interim analysis for OS is

planned after 160 OS events. A significantly (p\0.0001)

higher ORR was observed with daratumumab plus borte-

zomib and dexamethasone versus bortezomib plus dex-

amethasone (84 vs. 63%); similar results (p\0.0001) were

seen with regard to very good partial response or better (62

vs. 29%) and complete response or better (29 vs. 10%)

[30].

4.2.2 With Lenalidomide Plus Dexamethasone

Patients in POLLUX received daratumumab plus

lenalidomide and dexamethasone (n = 286) or lenalido-

mide plus dexamethasone (n = 283); randomization was

stratified by the number of lines of previous therapy (1, 2 or

3, or [3), ISS disease stage (I, II or III) and previous

treatment with lenalidomide (no or yes) [23]. Intravenous

daratumumab 16 mg/kg was administered (via infusion)

weekly for 8 weeks during cycles 1 and 2, then every

Daratumumab: A Review 2017



2 weeks for 16 weeks during cycles 3–6 and every

4 weeks thereafter, with each cycle 28 days in length.

Lenalidomide 25 mg (CLCR [60 mL/min) or 10 mg

(CLCR 30–60 mL/min) was administered orally on

days 1–21 of each cycle, with weekly dexamethasone

40 mg (20 mg in patients aged[75 years or with a BMI of

\18.5 kg/m2). Treatment was continued until disease

progression, unacceptable toxicity, withdrawal of consent

or death. The median age at baseline was 65 years and the

median time since initial diagnosis was 3.6 years. Patients

had received a median of one line of prior therapy, and

63% of patients had undergone ASCT [23].

In the preplanned interim analysis of this study (data

cut-off date of 7 March 2016; median follow-up

13.5 months), daratumumab plus lenalidomide and dex-

amethasone recipients had significantly longer median PFS

than lenalidomide plus dexamethasone recipients, with a

63% lower risk of disease progression or death (Table 1)

[23]. In the time-to-event analysis of disease progression,

the proportion of patients who were free from disease

progression after 12 months was 86% in the daratumumab

plus lenalidomide and dexamethasone group versus 63% in

the lenalidomide plus dexamethasone group (HR 0.34;

95% CI 0.23–0.48; p\0.001) [23]. In subgroup analyses,

some of which are available as abstracts [27, 28, 31–33]

plus a poster [27], daratumumab plus lenalidomide and

dexamethasone significantly prolonged median PFS rela-

tive to lenalidomide plus dexamethasone regardless of age,

ISS disease stage, time since last therapy, the number of

previous lines of therapy, prior exposure to lenalidomide or

PI, refractoriness to PI or the last line of previous therapy,

type of multiple myeloma and cytogenetic risk status

[23, 27, 28, 31–33]. Estimated 12-month PFS rates are

reported in Table 1.

Median OS was not reached in the daratumumab plus

lenalidomide and dexamethasone group (Table 1) [23].

Estimated 12-month OS rates are reported in Table 1. The

ORR was significantly higher with daratumumab plus

lenalidomide and dexamethasone than with lenalidomide

plus dexamethasone (Table 1). Similar results were seen

with regard to rates of complete response or better (43 vs.

19%; p\0.001) and very good partial response or better

(76 vs. 42%; p\0.001). The median duration of response

was not reached in the daratumumab plus lenalidomide and

dexamethasone group compared with 17.4 months in the

lenalidomide plus dexamethasone group. Rates of

stable disease and progressive disease are presented in

Table 1 [23].

Rates of MRD negativity were significantly (p\0.001)

higher with daratumumab plus lenalidomide and dexam-

ethasone than with lenalidomide plus dexamethasone at all

thresholds [23]. For example, at the IMWG-recommended

threshold of 1/105 cells, 22% of patients in the daratu-

mumab plus lenalidomide and dexamethasone group had

results below the threshold for MRD compared with 5% of

patients in the lenalidomide plus dexamethasone group

(odds ratio 5.99; 95% CI 3.21–11.15) [23]. Patients

receiving daratumumab plus lenalidomide and dexam-

ethasone reached MRD negativity earlier than those

receiving lenalidomide plus dexamethasone (available as

Table 1 Efficacy of daratumumab (16 mg/kg) as combination therapy in patients with relapsed and/or refractory multiple myeloma in phase III

trials

Treatment (no. of pts) Median PFSa

(months)

12-month PFS

(% pts)

Median OS

(months)

12-month OS

(% pts)

Responseb (% pts)

ORR SD PD

CASTOR [22]

DAR?BOR?DEX (n = 251) NR 60.7 NR 82.9* 10.0 2.1

BOR?DEX (n = 247) 7.2 26.9 NR 63.2 20.1 6.8

HR (95% CI) 0.39 (0.28–0.53)* 0.77 (0.47–1.26)

POLLUX [23]

DAR? LEN?DEX (n = 286) NR 83.2 NR 92.1 92.9* 4.6 0

LEN ? DEX (n = 283) 18.4 60.1 20.3 86.8 76.4 12.0 1.4

HR (95% CI) 0.37 (0.27–0.52)* 0.64 (0.40–1.01)

BOR bortezomib, DAR daratumumab, DEX dexamethasone, HR hazard ratio, LEN lenalidomide, NR not reached, ORR objective response rate,

OS overall survival, PD progressive disease, PFS progression-free survival, pts patients, SD stable disease

*p\0.001
aPrimary endpoint
bSome DAR?BOR?DEX (4.4%), BOR?DEX (5.3%), DAR? LEN?DEX (1.7%) and LEN?DEX (2.5%) recipients were not evaluable/

assessed for response
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an abstract) [34]. MRD-negative patients had longer PFS

than MRD-positive patients across all sensitivity thresholds

[34].

4.2.2.1 Updated Analysis Daratumumab combination

therapy continued to demonstrate a clinical benefit over the

longer term (available as an abstract plus poster) [35].

After a median follow-up of 24.5 months, daratumumab

plus lenalidomide and dexamethasone was still associated

with significantly (p\0.0001) prolonged median PFS rel-

ative to lenalidomide plus dexamethasone (not reached vs.

17.5 months; HR 0.41; 95% CI 0.31–0.53). Median OS

was not reached in either treatment group; a prespecified

interim analysis for OS is planned after 165 OS events.

Significantly (p\0.0001) more daratumumab plus

lenalidomide and dexamethasone recipients than lenalido-

mide plus dexamethasone recipients achieved an ORR (93

vs. 76%), with 79 and 48% having achieved a very good

partial response or better, and 51 and 21% having achieved

a complete response or better (p\0.0001) [35].

5 Tolerability of Daratumumab

5.1 Monotherapy

Intravenous daratumumab was generally well tolerated

when used as monotherapy in patients with relapsed or

refractory multiple myeloma in the GEN501 [17] and

SIRIUS [18] trials discussed in Sect. 4.1. In a pooled

analysis of these studies (n = 148), the treatment-emergent

adverse events of any grade that occurred most frequently

(C 20% incidence) with daratumumab 16 mg/kg were

fatigue (42%), nausea (30%), anaemia (28%), back pain

(27%), cough (26%), thrombocytopenia (22%), upper res-

piratory tract infection (URTI; 22%) and neutropenia

(21%) [19]. Across both trials, 4% of patients discontinued

treatment because of AEs [19].

Infusion-related reactions (IRRs) have been reported

with daratumumab [5, 7]. In the pooled analysis, IRRs

occurred in 48% of patients, with 3% of patients experi-

encing gradeC 3 IRRs (bronchospasm, dyspnoea, hypoxia

and hypertension) [19]. IRRs were predominantly grade 1

or 2 [17, 18], and most (96%) were observed with the first

infusion [19]. To reduce the risk of IRRs, patients should

be pre-medicated prior to treatment with daratumumab

[5, 7]. Post-infusion medications are recommended to

reduce the risk of delayed IRRs. Daratumumab therapy

should be interrupted in patients who experience IRRs of

any grade/severity and permanently discontinued in

patients who experience life-threatening (grade 4) IRRs

[5, 7]. Patients who experienced IRRs in GEN501 and

SIRIUS were safely managed with pre- and post-infusion

medications [19].

5.2 Combination Therapy

Daratumumab, when combined with bortezomib plus

dexamethasone [22] or lenalidomide plus dexamethasone

[23], had a generally manageable tolerability profile in

patients with relapsed and/or refractory multiple myeloma

in the phase III CASTOR and POLLUX trials discussed in

Sect. 4.2.

In CASTOR, the most frequently reported AEs of any

grade (occurring in C 20% of patients and with a numeri-

cally higher incidence in the daratumumab plus bortezomib

and dexamethasone group than the bortezomib plus dex-

amethasone group) were thrombocytopenia (59 vs. 44%),

peripheral sensory neuropathy (47 vs. 38%), diarrhoea (32

vs. 22%), URTI (25 vs. 18%), cough (24 vs. 13%) and

fatigue (21 vs. 25%) [22]. Overall, 7% of daratumumab

plus bortezomib and dexamethasone recipients and 9% of

bortezomib plus dexamethasone recipients discontinued

treatment because of AEs [22]. In POLLUX, the most

common AEs of any grade (occurring in C 20% of patients

and with a numerically higher incidence in the daratu-

mumab plus lenalidomide and dexamethasone group than

the lenalidomide plus dexamethasone group) were neu-

tropenia (59 vs. 43%), diarrhoea (43 vs. 25%), fatigue (35

vs. 28%), URTI (32 vs. 21%), constipation (29 vs. 25%),

cough (29 vs. 13%), muscle spasms (26 vs. 19%),

nasopharyngitis (24 vs. 15%), nausea (24 vs. 14%) and

pyrexia (20 vs. 11%) [23]. AEs resulted in discontinuation

in 7% of patients in the daratumumab plus lenalidomide

and dexamethasone group and 8% of patients in the

lenalidomide plus dexamethasone group [23].

Daratumumab has been reported to increase neutropenia

and thrombocytopenia induced by background therapy

[5, 7]. In both CASTOR and POLLUX, the most frequent

(C 12% incidence) grade 3 or 4 AEs reported with dara-

tumumab-based therapy were thrombocytopenia, neu-

tropenia and anaemia [22, 23]. In CASTOR, daratumumab

plus bortezomib and dexamethasone was associated with

numerically higher rates of grade 3 or 4 thrombocytopenia

(45 vs. 33%) and neutropenia (13 vs. 4%) than bortezomib

plus dexamethasone [22]. In POLLUX, daratumumab plus

lenalidomide and dexamethasone was associated with a

numerically higher rate of grade 3 or 4 neutropenia than

lenalidomide plus dexamethasone (52 vs. 37%) [23]. Blood

counts should be monitored regularly during treatment, and

patients with neutropenia should be observed for signs of

infection [5, 7]. Daratumumab dose delays may be required

to allow recovery of neutrophils and platelets; no dose

reductions are recommended [5, 7].
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In CASTOR, grade 3 or 4 infections and infestations

occurred in 21% of patients in the daratumumab plus

bortezomib and dexamethasone group and 19% of those in

the bortezomib plus dexamethasone group; the most com-

mon grade 3 or 4 infection was pneumonia [22]. In

POLLUX, the incidence of grade 3 or 4 infection was 28%

with daratumumab plus lenalidomide and dexamethasone

and 23% with lenalidomide plus dexamethasone [23].

Daratumumab-associated IRRs of any grade (most

commonly cough and dyspnoea) occurred in 45% of

patients in CASTOR and 48% of patients in POLLUX

[22, 23]. The majority of IRRs were grade 1 or 2 in

severity and occurred during the first infusion. Corre-

sponding rates of daratumumab-associated grade 3 IRRs

were 9 and 5%, respectively. Two patients in CASTOR and

one patient in POLLUX discontinued daratumumab-based

therapy because of IRRs [22, 23].

Although rare, second primary cancers are an important

clinical consideration in the treatment of multiple myeloma

[22]. In CASTOR, the incidence of a second primary

cancer was 2.5% in the daratumumab plus bortezomib and

dexamethasone group and 0.4% in the bortezomib plus

dexamethasone group. Most of these cancers developed

B 6 months after the initiation of study medication and

occurred in patients with prior exposure to IMiDs and

alkylating agents. No haematological secondary cancers

were reported [22]. In POLLUX, 2.8% of patients in the

daratumumab plus lenalidomide and dexamethasone group

and 3.6% of patients in the lenalidomide plus dexametha-

sone group developed a second primary cancer; five

patients in each group had non-invasive, cutaneous second

primary cancer (e.g. basal or squamous cell carcinoma)

[23].

Like all therapeutic proteins, daratumumab has the

potential for immunogenicity [5]. In clinical trials of

daratumumab as combination therapy, one patient

receiving daratumumab developed neutralizing anti-drug

antibodies [5, 7]. However, the assay used is known to

have limitations in detecting anti-daratumumab antibod-

ies in the presence of high concentrations of daratu-

mumab [5, 7].

6 Dosage and Administration of Daratumumab

In the USA, daratumumab is indicated as monotherapy for

the treatment of patients with multiple myeloma who have

received C 3 prior lines of therapy, including a PI and an

IMiD, or who are double-refractory to a PI and an IMiD

[5]. In the EU, daratumumab is indicated as monotherapy

for the treatment of patients with relapsed and refractory

multiple myeloma whose prior therapy included a PI and

an IMiD and who have demonstrated disease progression

on the last therapy [7]. Daratumumab is also approved in

the EU, the USA and Japan for use in combination with

lenalidomide and dexamethasone, or bortezomib and dex-

amethasone, in patients with multiple myeloma who have

received C 1 prior therapy [5–7]. The efficacy and safety of

daratumumab has not been established in paediatric

patients (aged\18 years) [5, 7].

The recommended dosage of daratumumab is 16 mg/kg

administered as an intravenous infusion [5, 7]. In patients

receiving monotherapy or combination therapy with

lenalidomide, daratumumab should be administered

weekly from weeks 1 to 8, every 2 weeks from weeks 9 to

24 and every 4 weeks from week 25 until disease pro-

gression. In patients receiving combination therapy with

bortezomib, daratumumab should be administered weekly

from weeks 1 to 9, every 3 weeks from weeks 10 to 24 and

every 4 weeks from week 25 until disease progression

[5, 7].

Blood typing and screening should be performed prior

to starting daratumumab [5, 7]. Local prescribing infor-

mation should be consulted for detailed information

regarding regimen recommendations, the dosing sched-

ule, preparation and administration procedures, pre- and

post-infusion recommendations, serological testing, use

in special patient populations, and warnings and

precautions.

7 Place of Daratumumab in the Management
of Relapsed or Refractory Multiple Myeloma

Clinical practice guidelines for the treatment of relapsed/

refractory [36] or previously treated [37] multiple myeloma

generally recommend regimens containing a PI and/or an

IMiD. The US National Comprehensive Cancer Network

guidelines now include daratumumab, in combination with

bortezomib plus dexamethasone or lenalidomide plus

dexamethasone, among the category 1 treatment options

for patients with previously treated multiple myeloma [37].

These guidelines also recommend daratumumab

monotherapy as a category 2A option for patients who

have received C 3 lines of prior therapy, including a PI and

an IMiD, or who are double-refractory to a PI and an IMiD

[37]. The most recent treatment recommendations from the

European Society for Medical Oncology suggest that

daratumumab triple combination therapy may become a

new standard of care for patients with relapsed/refractory

multiple myeloma [36].

Approval of daratumumab as monotherapy was based

on data from the phase I/II GEN501 trial and the phase II

SIRIUS trial (Sect. 4.1). A pooled analysis of data from

both trials demonstrated that almost one-third of patients

achieved an ORR with daratumumab, most of which were
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partial or very good partial responses. Patients who

responded to daratumumab had a rapid, deep and durable

(median 7.6 months) response, with some patients contin-

uing to improve with continued treatment. Daratumumab

also conferred an OS benefit, even in patients who achieved

a minimal response or stable disease (Sect. 4.1). The sur-

vival benefit observed in these patients may be partly

explained by the mechanisms of action of daratumumab

(i.e. immune-mediated as well as immunomodulatory

effects; Sect. 2) [19].

Approval of daratumumab for use in combination with

bortezomib and dexamethasone, or lenalidomide and

dexamethasone, was based on data from the phase III

CASTOR and POLLUX trials (Sect. 4.2). In both trials,

daratumumab triple combination therapy significantly

prolonged median PFS and induced deep and durable

responses compared with bortezomib plus dexamethasone

(Sect. 4.2.1) or lenalidomide plus dexamethasone

(Sect. 4.2.2). Of note, the significantly favourable effect

of daratumumab-based therapy on PFS was observed

regardless of age, time since last therapy, the number of

previous lines of therapy, refractory status or cytogenetic

risk status (Sects. 4.2.1 and 4.2.2). The clinical benefit of

daratumumab was maintained over the longer term

(Sects. 4.2.1.1 and 4.2.2.1); final OS data are awaited.

It should be noted that CASTOR and POLLUX dif-

fered in terms of trial design, and included patients with

slightly different disease characteristics (Sect. 4.2). In

CASTOR, bortezomib and dexamethasone were admin-

istered for a fixed duration (8 cycles), after which the

trial essentially compared continuous daratumumab with

no therapy. In POLLUX, all treatments were adminis-

tered until disease progression, unacceptable toxicity,

withdrawal of consent or death. CASTOR excluded

patients with disease refractory to bortezomib, while

POLLUX excluded patients with lenalidomide-refractory

disease [22, 23]. In addition, more refractory patients

were treated in CASTOR than in POLLUX (median of

two vs. one prior lines of therapy) [22, 23]. In the

absence of head-to-head comparisons, a number of fac-

tors may be considered when deciding which daratu-

mumab-containing regimen to use in clinical practice.

These include disease-related parameters associated with

poor prognosis (e.g. ISS disease stage, cytogenetics),

patient-related parameters (e.g. age, comorbidities, per-

formance status) and treatment-related parameters (e.g.

previous high-dose therapy plus ASCT, prior exposure

and refractoriness to bortezomib and/or lenalidomide,

number of lines of prior therapy) [38].

In CASTOR and POLLUX, daratumumab triple

combination therapy was associated with significantly

higher rates of MRD negativity than bortezomib plus

dexamethasone (Sect. 4.2.1) or lenalidomide plus

dexamethasone (Sect. 4.2.2), with MRD-negative patients

having longer PFS than MRD-positive patients. The

IMWG has issued revised response criteria in multiple

myeloma, including new categories of MRD negativity

[39]. These changes highlight the importance of MRD as

a potential prognostic marker for PFS [40]. There has

been some discussion in the literature regarding the use

of MRD negativity as an endpoint for multiple myeloma

trials, with some investigators advocating its widespread

incorporation into clinical trials [41] and others high-

lighting the potential limitations of MRD analysis (e.g.

assay sensitivity, patient acceptance, cost) [42]. While

questions remain, incorporating MRD testing into clinical

trials should help to define its possible role in guiding

treatment decisions in clinical practice.

When daratumumab monotherapy was indirectly com-

pared with physician’s choice [43, 44] or standard of care

[45] in the real-world setting, OS [43–45] and PFS [44]

outcomes favoured daratumumab, although the difference

did not reach statistical significance for PFS (Czech pop-

ulation) [44].

In network meta-analyses comparing currently available

regimens for relapsed/refractory multiple myeloma, combi-

nation therapy with daratumumab, lenalidomide and dexam-

ethasone had the highest probability of being the best regimen

in termsofPFS [46, 47],OS [46] andORR[46], and a very low

probability of being the worst regimen in terms of grade 3–4

toxicities [46]. Another network meta-analysis demonstrated

that combination therapy with daratumumab, bortezomib and

dexamethasone (in CASTOR) had a high (80–100%) proba-

bility of improving PFS andOS comparedwith panobinostat-,

carfilzomib- and cyclophosphamide-based regimens con-

taining dexamethasone± bortezomib [48]. Similarly, com-

bination therapy with daratumumab, lenalidomide and

dexamethasone (in POLLUX) had a high (80–100%) proba-

bility of improving PFS and OS compared with carfilzomib-,

elotuzumab- and ixazomib-based regimens containing

lenalidomide and dexamethasone [48]. However, given the

indirect nature of these comparisons, data should be inter-

preted with caution. Well-designed head-to-head trials

assessing similar comparisons would be of interest.

Daratumumab was generally well tolerated when used

as a single agent (Sect. 5.1), and had a generally man-

ageable tolerability profile when used in combination with

bortezomib plus dexamethasone or lenalidomide plus

dexamethasone (Sect. 5.2). IRRs were the most common

AEs. The majority of IRRs occurred during the first infu-

sion and were grade 1 or 2 in severity, highlighting the

safety of repeated daratumumab administration. The most

common grade 3–4 AEs associated with daratumumab

triple combination therapy were thrombocytopenia, neu-

tropenia and anaemia (Sect. 5.2), which is consistent with

the observation that daratumumab may increase
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neutropenia and thrombocytopenia induced by background

therapy [5, 7].

The costs associated with chemotherapy constitute a

substantial economic burden [49]. Combination therapy

regimens used in multiple myeloma, particularly those

containing newly approved agents such as daratumumab,

can cost more than $US200,000 per year [49]. The National

Institute for Health Care and Excellence (NICE) does not

recommend daratumumab monotherapy as a cost-effective

use of National Health Service resources, as a plausible

incremental cost-effectiveness ratio for daratumumab could

not be identified; however, the NICE guidance for daratu-

mumab monotherapy in multiple myeloma is not yet final-

ized [50]. In a cost-effectiveness analysis, daratumumab-,

carfilzomib-, elotuzumab- and ixazomib-based regimens

containing lenalidomide and dexamethasone were associated

with additional PFS life-years and quality-adjusted life-years

(QALYs) gained over lenalidomide plus dexamethasone, but

at an additional cost [51]. Of the four triple combination

regimens, daratumumab plus lenalidomide and dexametha-

sone was associated with the greatest number of PFS life-

years and QALYs gained at the lowest relative cost. The

incremental cost-effectiveness ratio estimates for daratu-

mumab plus lenalidomide and dexamethasone versus

carfilzomib-, elotuzumab- and ixazomib-based triple com-

bination regimens were $US23,035, $US166,655 and

$US173,227 per PFS life-year, respectively [51]. Further

robust pharmacoeconomic data are needed.

In conclusion, current evidence indicates that daratu-

mumab is a valuable addition to the treatment options

currently available for the management of relapsed or

refractory multiple myeloma.

Data Selection Daratumumab: 203 records identi-
fied

Duplicates removed 58

Excluded at initial screening (e.g. press releases; news

reports; not relevant drug/indication)

23

Excluded during initial selection (e.g. preclinical study;

reviews; case reports; not randomized trial)

27

Excluded during writing (e.g. reviews; duplicate data;

small patient number; nonrandomized/phase I/II trials)

44

Cited efficacy/tolerability articles 21

Cited articles not efficacy/tolerability 30

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, JNJ-54767414, myeloma, myelomatosis,

myelomatoses. Records were limited to those in English

language. Searches last updated 25 October 2017
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