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Abstract: Despite advances in the treatment of multiple myeloma, it remains an incurable
disease, with relapses and resistances frequently observed. Recently, immunotherapies, in
particular, monoclonal antibodies, have become important treatment options in anticancer
therapies. Elotuzumab is a humanized monoclonal antibody to signaling lymphocytic activation
molecule F7, which is highly expressed on myeloma cells and, to a lower extent, on selected
leukocyte subsets such as natural killer cells. By directly activating natural killer cells and
by antibody-dependent cell-mediated cytotoxicity, elotuzumab exhibits a dual mechanism
of action leading to myeloma cell death with minimal effects on normal tissue. In several
nonclinical models of multiple myeloma, elotuzumab was effective as a single agent and in
combination with standard myeloma treatments, supporting the use of elotuzumab in patients. In
combination with lenalidomide and dexamethasone, elotuzumab showed a significant increase
in tumor response rates and progression-free survival in patients with relapsed and/or refractory multiple myeloma. This review summarizes the nonclinical and clinical development of
elotuzumab as a single agent and in combination with established therapies for the treatment
of multiple myeloma.
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Multiple myeloma (MM) is a hematologic malignancy characterized by abnormal
antibody-secreting B cells. In 2016, MM accounts for an estimated 30,330 new cases
and 12,650 deaths in the US.1 In Europe, 40,570 new cases and 25,398 deaths were
expected in 2015.2 During the last decade, patient outcome has significantly improved
with the introduction of new, more effective, and less toxic therapies.3–6 Treatment
regimens now include immunomodulatory drugs (IMiDs) such as thalidomide, lenalidomide, and pomalidomide and proteasome inhibitors (PIs) such as bortezomib, carfilzomib, and ixazomib. However, despite these therapeutic advances, patients with MM
often relapse or develop refractory disease.7,8 MM remains an incurable disease.
Recently, treatment options for patients with relapsed and/or refractory MM
(RRMM) have expanded to agents providing a novel mechanism of action: antibodybased immunotherapy. The potential targets of monoclonal antibodies (mAbs) in MM
are diverse and may include tumor cell surface proteins involved in signaling, tumor
growth, and survival, or cellular and noncellular components of natural killer (NK)
cells, or the bone marrow microenvironment.4,9,10 By targeting the antigens present in
tumor cells, mAbs activate the immune system against MM through direct cytotoxicity, antibody-dependent cell-mediated cytotoxicity (ADCC), complement-dependent
cytotoxicity, or antibody-dependent cellular phagocytosis.11,12

6037

submit your manuscript | www.dovepress.com

OncoTargets and Therapy 2016:9 6037–6048

Dovepress

© 2016 Weisel. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://dx.doi.org/10.2147/OTT.S94531

Dovepress

Weisel

The mAbs elotuzumab (anti-Signaling Lymphocyte
Activation Molecule Family 7 [anti-SLAMF7]) and daratumumab (anti-CD38) successfully completed clinical development. Elotuzumab was approved in combination with
lenalidomide and dexamethasone for the treatment of patients
with RRMM who have received one to three prior therapies
(US Food and Drug Administration [FDA]) or 1 prior
therapy (European Medicines Agency [EMA]). Daratumumab
was approved as monotherapy in patients with RRMM who
have received 3 prior therapies (FDA) or whose previous
treatment included a PI and an immunomodulatory agent
and whose disease worsened after treatment (EMA conditional marketing authorization). This review summarizes
published data on the development and clinical evaluation
of elotuzumab, including the pharmacology and efficacy of
elotuzumab in MM, and assesses the safety and tolerability
of this therapy in patients with advanced disease.

self-ligands, that is, they bind to another molecule of the
same receptor present on another cell, triggering interactions between identical or different types of hematopoietic
cells. The SLAM family receptors play important roles
in normal immune regulation and have been implicated
in immunodeficiency, autoimmunity, and hematological
malignancy.14,15
The cell surface glycoprotein SLAMF7 is universally
and highly expressed on patient MM cells, irrespective of
cytogenetic abnormalities and the degree of disease progression. To a lower extent, SLAMF7 is also expressed on
lymphocytes such as NK cells, activated T cells, and most
B cells. It is absent in other tissues, hematopoietic cells such
as resting B cells, monocytes, CD4+ T cells or granulocytes,
and hematopoietic stem cells.16–18 Self-adhesion of SLAMF7
receptors occurs at the membrane distal V domain.19–22
In the NK cells (Figure 1), SLAMF7 triggered activating or inhibitory effectors, depending on whether the cells
expressed or did not express the intracellular adaptor protein
Ewing’s sarcoma-associated transcript 2 (EAT-2). SLAMF7
bound to EAT-2 through one or two phosphorylated
tyrosines in its cytoplasmic segment, thereby triggering
signals of NK cell activation. In the absence of EAT-2,
SLAMF7 potently inhibited NK cell function. Upon knockdown of SLAMF7 in vitro and in vivo, EAT-2-positive
NK cells were functionally impaired and showed a reduced
capacity to become activated. Myeloma cells lack EAT-2;
therefore, SLAMF7 was unable to mediate activating signals.

The mAb elotuzumab
Elotuzumab (EMPLICITI™, Bristol-Myers Squibb Company, New York, NY, USA) is a fully humanized recombinant
monoclonal immunoglobulin G1 (IgG1) antibody that binds
human SLAMF7 (also CS1, CRACC). The unique epitope
of elotuzumab is located within the membrane proximal C2
domain of SLAMF7 (Figure 1).
The SLAM family belongs to the Ig superfamily of
cell surface receptors and is specifically expressed in
hematopoietic cells.13 Most SLAM family receptors are
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Figure 1 Binding and intracellular signaling of SLAMF7 receptors.
Notes: Following receptor engagement by self-adhesion of SLAMF7 or elotuzumab binding, SLAMF7 can mediate both activating and inhibitory signals based on the presence
or absence of intracellular EAT-2. In NK cells, EAT-2 binds to a specific phosphorylated tyrosine-based motif in the cytoplasmic domain of SLAMF7, triggering downstream
activation.
Abbreviations: EAT-2, Ewing’s sarcoma-associated transcript 2; ITSM, immunoreceptor tyrosine-based switch motif; NK, natural killer; SLAMF7, signaling lymphocytic
activation molecule F7; TM, transmembrane domain; C2 and V, Ig superfamily domains.
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Of note, inhibitory signals by SLAMF7 signaling were also
not inducible in these cells.14,16,23 Aside from failure of NK
cells to show enhanced cytotoxicity, SLAMF7-deficient
mice seemed healthy and showed no evidence of altered
NK cell development.16
The exact role of SLAMF7 in myeloma cells is still
unknown. Stable knockdown of SLAMF7 in MM cells resulted
in decreased cell growth and colony formation in vitro,24
as well as reduced tumor burden and increased survival of
animals in a xenograft mouse model.25 Homing of myeloma
cells to the bone marrow, adhesion, and survival within the
bone marrow microenvironment were impacted, indicating an
involvement of SLAMF7 in the pathogenesis of MM.

Elotuzumab nonclinical studies
Nonclinical pharmacology
Elotuzumab induced significant ADCC against various
MM cell lines and patient MM cells in dose-dependent and
SLAMF7-specific manners and regardless of sensitivity
or resistance of these MM cells to conventional therapies
(Figure 2A). Upon binding to SLAMF7 expressed on MM
cells, the Fc region of elotuzumab recruited and engaged NK
cells by their CD16 receptors (also known as FcγRIII). This
crosslink of MM to NK cells resulted in NK cell activation,
ADCC, and finally selective killing of myeloma cells.17,18
No signals of complement-dependent cytotoxicity were
detected. Elotuzumab was unable to directly induce antiproliferation signals or cell death in MM cells. To mediate the
antitumor activity of elotuzumab toward myeloma cells, the
presence of functional NK cells was required.
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Elotuzumab also bound to SLAMF7 expressed on
NK cells (Figure 2B). This was associated with increased
cytokine production and degranulation, implicating direct NK
cell activation and enhanced NK cell cytotoxicity as an additional mechanism of action of elotuzumab.17,18,26 Furthermore,
elotuzumab inhibited SLAMF7-mediated MM cell adhesion
to bone marrow stromal cells. Elotuzumab, but not control
IgG1, specifically inhibited adhesion of SLAMF7-expressing
MM lines and patient MM cells to bone marrow stromal cells
in a dose-dependent manner.18
These in vitro findings were confirmed by in vivo pharmacological analyses. The in vivo antitumor activity of elotuzumab was studied in xenograft mouse models with tumors
grown from SLAMF7-positive human MM cell lines L363,
MM1S, and OPM2 and SLAMF7-negative H460 and PC3
cells.17,18,27 Treatment of animals with elotuzumab exhibited
antitumor activity. In the OPM2 xenograft mouse model,
maximal antitumor activity of elotuzumab was observed at
the 10 mg/kg dose level, the highest dose level tested. The
10 mg/kg dose level correlated with elotuzumab serum concentrations of 70 and 430 μg/mL, respectively. In subsequent
clinical studies, investigators sought an elotuzumab serum
trough concentration of 70 μg/mL, which was achieved in
patients at the proposed 10 mg/kg dose level.28
The antitumor activity of elotuzumab was also studied
in combination with established therapies. In the OPM2
xenograft mouse model, elotuzumab, bortezomib, and lenalidomide each conferred similar antitumor activity; however,
when elotuzumab was combined with either bortezomib29 or
lenalidomide,27 enhanced antitumor activity was observed.
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Figure 2 Dual mechanism of action of elotuzumab to induce myeloma cell death.
Notes: (A) Elotuzumab binds to SLAMF7 on myeloma cells, targeting them for ADCC-mediated destruction. Through the CD16 receptors, NK cells bind to the Fc part
of elotuzumab and become activated, finally leading to ADCC. (B) Elotuzumab binds to SLAMF7 on NK cells, directly activating them and resulting in increased cytokine
production and release of cytotoxic granules.
Abbreviations: ADCC, antibody-dependent cell-mediated cytotoxicity; EAT-2, Ewing’s sarcoma-associated transcript 2; NK, natural killer; SLAMF7, signaling lymphocytic
activation molecule F7.
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Toxicology
Due to the lack of a pharmacologically relevant animal species
to conduct toxicology studies with a humanized antibody, the
toxicological evaluation for elotuzumab was limited to a tissue cross-reactivity study and in vivo studies that assessed the
potential for off-target toxicity and local tolerance. Across 332
normal adult tissue samples representing 86 different organs
as well as 148 leukocyte samples representing 12 different
cell types, SLAMF7 expression was found to be restricted to
leukocytes and was not expressed in any major body organs.17
In human tissues examined, elotuzumab only stained the
membrane and/or cytoplasm of plasma cells and/or immunoblasts present in these tissues, but not the tissues themselves.30
Consequently, the risk of elotuzumab for off-target toxicity or
a significant local adverse reaction was considered low.
The impact of elotuzumab on reproduction and fetal
development is unknown. As an IgG1 mAb, elotuzumab
has the potential to cross the placental barrier, permitting
direct fetal exposure.31 However, SLAMF7-deficient mice
appear healthy, suggesting SLAMF7 does not play a role in
embryo–fetal development.16
A single dose of intravenously infused elotuzumab (0, 30,
or 100 mg/kg) was well tolerated in rhesus monkeys, with
no clinical signs at any dose. There were no local adverse
reactions when 5 mg of elotuzumab was intravenously
injected into the ears of New Zealand white rabbits, and a
solution of 10 mg/mL elotuzumab did not cause hemolysis
of human whole blood. An in vitro cytokine release experiment identified elevated levels of ten cytokines in response
to elotuzumab treatment.30

Clinical pharmacology
Pharmacodynamics
Saturation of SLAMF7 by elotuzumab on bone marrow target cells increased as the dose of elotuzumab increased. At
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doses of 10–20 mg/kg elotuzumab, SLAMF7 receptors on
bone marrow-derived myeloma cells (CD45dim/CD38+ cells)
were consistently saturated (95% of SLAMF7 receptors)
(Figure 3).28 The addition of bortezomib (Study 1702) or
lenalidomide/dexamethasone (Study 1703) did not affect elotuzumab serum trough levels or SLAMF7 saturation.32,33
In MM patients, soluble SLAMF7 (sSLAMF7) serum
levels may be associated with disease stage and could be used
as a surrogate marker for disease burden. Upon treatment
with elotuzumab alone or in combination with bortezomib/
dexamethasone (E–B/d) or lenalidomide/dexamethasone
(E–L/d), a significant dose- and time-dependent increase in
total sSLAMF7 (both free and elotuzumab-bound sSLAMF7)
was observed, likely reflecting stabilization of the protein
in serum by elotuzumab. Early changes in sSLAMF7 levels
following elotuzumab treatment may indicate the likelihood
of a response.34

Pharmacokinetics (PK)
The PK parameters of elotuzumab were analyzed in
34 patients enrolled in the first-in-man Phase I study28 and
in 375 patients enrolled in four Phase I–III clinical trials.35
Based on noncompartmental analysis, elotuzumab across
the dose range of 0.5–20 mg/kg exhibited a nonlinear PK
behavior. Elotuzumab plasma levels and terminal half-life
increased proportionally with dose, while exposure (area
under the curve [AUC] and AUCinf) increased greater than
proportionally. The clearance of elotuzumab decreased with
increasing doses, indicating a saturation of target-mediated
elimination.28 Clearance of elotuzumab correlated with
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Bortezomib is a reversible PI with significant activity in
myeloma. Pretreatment of SLAMF7-positive myeloma
cell lines and primary myeloma cells with bortezomib
significantly enhanced elotuzumab-mediated ADCC. 29
Lenalidomide is an IMiD known to alter NK cell function.
The combination of elotuzumab and lenalidomide significantly decreased the number of myeloma cells, increased
the activation of NK cells, and upregulated adhesion and
activation markers including interleukin (IL)-2Rα, IL-2,
and tumor necrosis factor-α.27 These nonclinical findings
supported the use of combination regimens of elotuzumab
and bortezomib or lenalidomide in patients.
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Figure 3 SLAMF7 saturation of BM CD38+ cells.
Notes: BM samples were collected from patients with RRMM treated with elotuzumab
during Study 1701. MM cells isolated from these samples were analyzed for SLAMF7
saturation. Symbols indicate observed data from individual patients at elotuzumab
dose levels of 0.5–20 mg/kg. The vertical line indicates the target level of serum
elotuzumab concentration (70 μg/mL) based on preclinical studies. Reprinted with
permission from: Zonder et al29; © 2012 by The American Society of Hematology.
Abbreviations: BM, bone marrow; Emax, maximum effect; MM, multiple myeloma;
RRMM, relapsed and/or refractory MM; SLAMF7, signaling lymphocytic activation
molecule F7.
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body weight, thus justifying a weight-based dosing of elotuzumab.35 Elimination of elotuzumab increased with rising
baseline serum monoclonal (M) protein concentrations, the
abnormal immunoglobulin fragment produced in excess by
myeloma cells. Accordingly, patients with high baseline
serum M protein had a lower exposure to elotuzumab.35
Coadministration of lenalidomide/dexamethasone
(E–L/d) decreased elotuzumab nonspecific clearance by
35%,35 which was shown to be predominantly due to coadministration of dexamethasone.36 Impaired renal function
did not impact elotuzumab serum concentrations. In MM
patients with various levels of renal dysfunction, mean
elotuzumab serum concentrations were comparable across
all treatment groups and support the use of elotuzumab (in
combination with lenalidomide and dexamethasone) without
dose adjustments.37

response criteria, 25 patients (73.5%) had progressive
disease and nine patients (26.5%) were classified as having
stable disease, demonstrating minimal single-agent activity
of elotuzumab. These findings substantiate the challenge to
effectively activate and direct cells of the immune system
to kill myeloma cells in patients with compromised immune
function, in particular, with compromised NK cell function.
In Study 1701, patients were heavily pretreated and had
received a median of 4.5 prior therapies including lenalidomide, thalidomide, and/or bortezomib.28 To further evaluate
the association between NK cell status and the efficacy of
elotuzumab monotherapy, a Phase II biomarker study (Study
CA204-011) is currently ongoing in patients with high-risk
smoldering MM.

Immunogenicity

Lenalidomide is an oral IMiD that has been shown to directly
kill MM cells, stimulate T cells to produce IL-2, increase NK
cell proliferation, and lower the threshold required for NK
cell activation.40,41 Based on data of several Phase III trials,
lenalidomide in combination with low-dose dexamethasone
(L/d) was approved for treatment of newly diagnosed MM
patients ineligible for stem cell transplantation42 and of
patients with relapsed MM who have received at least one
prior therapy.43,44 A meta-analysis of randomized controlled
trials confirmed the survival advantage of treatment with
L/d compared with other first-line therapies in patients with
previously untreated MM.45
The triple combination therapy of elotuzumab, lenalidomide, and dexamethasone (E–L/d) was evaluated in a
Phase I/II dose escalation study (Study 1703) and two large
Phase III studies (ELOQUENT-1 and -2) in patients with
newly diagnosed MM and RRMM, respectively. While
ELOQUENT-1 is still ongoing with first results to be
expected in 2017, data of ELOQUENT-2 are already available showing substantial evidence of effectiveness for E–L/d
in the treatment of patients with RRMM who have received
one to three prior therapies (Table 1).
In this study, a total of 646 patients were enrolled (321
in the E–L/d arm and 325 in the L/d arm). Efficacy results of
635 treated patients showed a significant increase in tumor
response of 78.5% versus 65.5% and median progressionfree survival (mPFS) of 19.4 versus 14.9 months of E–L/d
over L/d, respectively (Table 2).39 Based on data of a 3-year
follow-up analysis, the progression-free survival (PFS) benefit of patients on E–L/d was maintained during this period.
Exploratory analysis revealed a median delay of 1 year in

The development of antidrug antibodies (ADA) to elotuzumab
was observed in about 40% of patients on elotuzumab
monotherapy (Study 1701) and in about 15% of patients
on combination therapy (E–L/d; Studies 1703 and ELOQUENT-2).28,38,39 The presence of these ADA varied across
dose groups and was usually transient, resolving by 2–4
months. During this time, an increase in nonspecific elotuzumab clearance was noted.35 Immunogenicity did not
correlate with any efficacy or safety parameter. Immunosuppressants such as dexamethasone may have contributed to
the reduced ADA titers observed on combination therapy
compared with elotuzumab monotherapy.36

Clinical efficacy
Elotuzumab has been evaluated for the treatment of MM in
a series of clinical trials (Table 1). The first-in-human study
(Study 1701) assessed safety and tolerability as well as PK of
elotuzumab as a single agent. However, the antitumor effects
of elotuzumab were largely determined in combination with
established myeloma therapies.

Elotuzumab monotherapy
In Study 1701 (Table 1), safety and tolerability as well as
PK and pharmacodynamics of different doses of elotuzumab
(dose cohorts from 0.5 to 20 mg/kg body weight) were analyzed in 35 patients with RRMM. Saturation of SLAMF7
receptors was observed at elotuzumab doses of 10–20 mg/kg
(Figure 3). Despite plasma cell target saturation, no objective
myeloma responses were observed.28 Based on the European
Society of Blood and Marrow Transplantation myeloma

OncoTargets and Therapy 2016:9

Combination therapy of elotuzumab
and lenalidomide

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

6041

Powered by TCPDF (www.tcpdf.org)

6042

Patient population
and treatment

Dovepress

E/L combination therapy
NCT00742560
102 pts with RRMM
(Study 1703)
Phase I part: E–L/d
Phase I/II
E dose: 5–20 mg/kg
Enrolled: 29
Treated: 28
Phase II part: E–L/d
E dose: 10 versus 20 mg/kg
Enrolled: 73
Treated: 73
NCT01239797
646 pts with RRMM
(CA204-004;
E dose: 10 mg/kg
ELOQUENT-2)
E–L/d: Enrolled: 321
Phase III
Treated: 318
L/d: Enrolled: 325
Treated: 317
NCT01241292
Six Japanese pts with
(CA204-005)
RRMM
Japanese pts
Treatment: E–L/d
E dose: 10 or 20 mg/kg
Enrolled/treated: 6
NCT01393964
26 MM pts with different
(CA204-007)
levels of renal impairment
Phase Ib
Treatment: E–L/d
E dose: 10 mg/kg
Enrolled: 26
Treated: 26

E single-agent therapy
NCT00425347
35 pts with RRMM
(Study 1701)
E dose: 0.5–20 mg/kg
Phase I
Enrolled: 35
Treated: 34

Study/Phase

submit your manuscript | www.dovepress.com

Phase I:
ORR: 82%
mPFS: 29 months
Phase II:
ORR: 84%
mPFS: 28.6 months

ORR: 78.5% versus 66.5%
mPFS: 19.4 versus 14.9 months (HR: 0.70)
Prelim. mOS: 43.7 versus 39.6 months
(HR: 0.77)

ORR: 83% (5 of 6 pts)

PK: E serum levels comparable across all
treatment groups
ORR: 75% in NRF, 67% in SRI, 56% in
ESRD

m: 2 (range: 1–4)
T: 48%
L: 6%
B: 70%

na

m: 2 (range: 1–7)
T: 42%
L: 35%
B: 81%

ORR: 0%
SD: 26.5%

Key efficacy parameters

m: na (range: 1–3)
T: 62%
L: na
B: 60%

m: 4.5 (range 2–10)
T: 79.4%
L: 82.4%
B: 82.4%

Previous
treatments

Table 1 Clinical studies with E alone or in combination with established MM therapies

Infusion reactions: 12%
AEs comparable across all treatment groups
Most common AEs: fatigue, diarrhea, back pain,
constipation, and anemia
Dose adjustments for renal dysfunction were
not required

Infusion reactions: 10%
Infections: 81% versus 74%
(198 vs 192 events/100 patient-years)
Most frequent grade 3/4 AEs:
lymphopenia (77% vs 49%)
neutropenia (34% vs 44%)
Most frequent AEs: leukopenia, lymphopenia,
neutropenia, dysgeusia, constipation, pyrexia,
nasopharyngitis, and rash

No DLTs, MTD not reached
Phase II:
Infusion reactions: 11%
Most frequent AEs: diarrhea, muscle spasms,
and fatigue
Most frequent grade 3/4 AEs: lymphopenia
(21%), neutropenia (19%)

2 DLTs (increased serum creatinine,
hypersensitivity)
MTD not reached
Infusion reactions: 52% (without premedication)
Infections: 29.4%
Most common related AEs: chills, pyrexia,
flushing

Key safety parameters

37

(not published yet)
For results, see
www.ClinicalTrials.
gov

39,46

33,38

28
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ORR: 66% versus 63%
mPFS: 9.7 versus 6.9 months
(HR: 0.72)
m: na (range: 1–3)
T: na
L: na
B: 51%
152 pts with RRMM
E dose: 10 mg/kg
E–B/d
Enrolled: 77
Treated: 75
B/d:
Enrolled: 75
Treated: 75
NCT01478048
(CA204-009)
Phase II

ORR: 48%, including two (67%) of three
pts refractory to B
mTTP: 9.5 months
m: 2 (range: 1–3)
T: na
L: 46%
B: 39%
E/B combination therapy
NCT00726869
28 pts with RRMM
(Study 1702)
Treatment: E–B
Phase I
E dose: 2.5–20 mg/kg
Enrolled: 28
Treated: 28

OncoTargets and Therapy 2016:9

Abbreviations: AE, adverse event; B, bortezomib; d, dexamethasone; DLT, dose-limiting toxicity; E, elotuzumab; ESRD, end-stage renal disease; HR, hazard ratio; L, lenalidomide; m, median; mPFS, median progression-free survival; MTD,
maximum tolerated dose; mTTP, median time to progression; na, not available; NRF, normal renal function; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PK, pharmacokinetic; pts, patients; RRMM,
relapsed/refractory multiple myeloma; SD, stable disease; SRI, severe renal impairment; T, thalidomide; TTP, time to progression.

53,54

Elotuzumab in multiple myeloma

No DLTs, MTD not reached
Infusion reactions: 71%
Hypersensitivity: 7% (grade 3/4: 4%)
Most frequent AEs: fatigue, anemia, diarrhea,
thrombocytopenia
Most frequent grade 3/4 AEs: lymphopenia
(25%), fatigue (14%)
Infusion reactions: 5%
Most frequent AEs:
infections (67% vs 53%), diarrhea (44% vs 33%)
Most frequent grade 3/4 AEs: infections
(21% vs 13%), thrombocytopenia (9% vs 17%),
peripheral neuropathy (9% vs 12%)

32

Dovepress

the time to next treatment in patients treated with E–L/d
compared with L/d-treated patients (33 months on E–L/d vs
21 months on L/d). Preliminary analysis of overall survival
(OS) also indicated an advantage for patients treated with
E–L/d.46 Of note, the benefit in PFS and OS of patients on
E–L/d was observed for all patient subgroups independent
of age, disease stage, response to most recent line of therapy,
number and nature of prior therapies, as well as high-risk
cytogenetic profile.39,46
Based on the Phase III efficacy data and the observed
adverse events (AEs) (see “Safety of elotuzumab treatment”), both the FDA and the EMA approved elotuzumab
in combination with lenalidomide and dexamethasone for
the treatment of patients with RRMM.
The combination of elotuzumab and lenalidomide is
further being evaluated in various ongoing clinical studies
of Phase I–III (www.ClinicalTrials.gov). Analyses include
the treatment of earlier stages of MM, such as patients with
newly diagnosed, untreated MM (ELOQUENT-1) or highrisk smoldering MM (NCT01668719), treatment of Japanese
patients with MM (NCT02272803), or maintenance therapy
after autologous stem cell transplantation (NCT02420860).

Combination therapy of elotuzumab
and bortezomib
Bortezomib is a potent, selective, and reversible PI that exhibits direct antitumor effects on myeloma cells by cell cycle
arrest and apoptosis, but is also able to sensitize the tumor
cells to cellular effector pathways including NK cell-mediated
killing.47 Based on Phase II data, bortezomib was approved
for the treatment of patients with RRMM.48,49 Following
generation of Phase III data, approval was extended to MM
patients who have received at least one prior therapy50 and, in
combination with melphalan and prednisone, to patients with
newly diagnosed MM.51 The beneficial effects of bortezomib
in patients with MM were corroborated lately by a Cochrane
systematic review and meta-analysis.52
To evaluate the clinical effectiveness of elotuzumab in
combination with bortezomib, a Phase I dose escalation
study (Study 1702)32 administering elotuzumab and bortezomib (E–B) and a Phase II proof-of-concept study (Study
CA204-009)53 administering elotuzumab, bortezomib, and
dexamethasone (E–B/d) were performed (Table 1). The
Phase II study enrolled a total of 152 patients (77 in the E–B/d
arm and 75 in the B/d arm). Despite ongoing follow-up of
patients, all results of efficacy parameters were in favor of the
triple combination therapy. The objective response rate was
66% in the E–B/d arm versus 63% in the B/d arm. The mPFS
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Table 2 Efficacy results of E–L/d versus L/d in treated patients with RRMM (Study ELOQUENT-2)
Parameter

E–L/d (N=318)

L/d (N=317)

References

ORR, % (95% CI)
mPFS, months (95% CI)
PFS hazard ratio (95% CI), significance
1-year PFS rate, %
2-year PFS rate, %
3-year PFS rate, %
3-year follow-up PFS hazard ratio (95% CI)
mTTNT, months (95% CI)
TTNT hazard ratio (95% CI)
Interim mOS, months (95% CI)
Interim OS hazard ratio (95% CI), significance

78.5 (73.6, 82.9)
19.4 (16.6, 22.2)
0.70 (0.57, 0.85), P=0.0004
68
41
26
0.73 (0.60, 0.89)
33 (26.15, 40.21)
0.62 (0.50, 0.77)
43.7 (40.3, NE)
0.77 (0.61, 0.97), P=0.0257

65.5 (60.1, 70.7)
14.9 (12.1, 17.2)

39 (primary analysis)
39
39
39
39
46 (3-year follow-up)
46
46
46
46
46

39
39
18
21 (18.07, 23.20)
39.6 (33.3, NE)

Abbreviations: CI, confidence interval; d, dexamethasone; E, elotuzumab; L, lenalidomide; mOS, median overall survival; mPFS, median progression-free survival;
mTTNT, median time to next treatment; NE, not estimable; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; TTNT, time to next treatment;
RRMM, relapsed and/or refractory multiple myeloma.

was 9.7 months (95% confidence interval [CI]: 7.4, 12.2)
on E–B/d compared with 6.9 months (95% CI: 5.1, 10.2)
on B/d, accounting for an estimated hazard ratio for PFS of
0.72 for E–B/d over B/d (70% CI: 0.59, 0.88; P=0.09).53 The
PFS benefit for E–B/d was observed in all patient subgroups
analyzed. At the time of data analysis, median OS was not
estimable in patients of the E–B/d arm and 34.7 months in
the B/d arm, corresponding to an OS hazard ratio of 0.75 for
E–B/d over B/d (95% CI: 0.45, 1.24).54
In Study CA204-009, patients were also analyzed
for genetic polymorphisms of their Fc receptor FcγRIIIa
(CD16) expressed on NK cells.53 Binding of the Fc part of
elotuzumab to the FcγRIIIa receptor is mandatory to induce
ADCC. Genetic polymorphisms of this receptor, particularly, the V158F polymorphism, were described to influence
activation of NK cells and effectiveness of ADCC. The
high-affinity “VV” genotype of the FcγRIIIa receptor cells
has been linked with enhanced ADCC.55,56 Indeed, in Study
CA204-009, a strong trend toward longer PFS was reported
for patients homozygous for the high-affinity FcγRIIIa V
allele (Figure 4). In the E–B/d treatment group, patients
with “VV” genotype had an mPFS of 22.3 months versus
9.8 months observed in patients with the low-affinity “FF”
genotype.53
In several Phase I and II studies, different treatment
regimens of elotuzumab and bortezomib/dexamethasone are
currently being evaluated in combination with IMiDs such as
lenalidomide (studies NCT01668719 and NCT02375555) in
patients with newly diagnosed MM or pomalidomide (Study
NCT02718833) in patients with RRMM. A Phase III study
is ongoing evaluating E–BL/d versus BL/d consolidation
therapy followed by E–L/d versus L/d maintenance therapy
after BL/d induction in patients with newly diagnosed
myeloma (Study NCT02495922).
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Assessment of other combination
regimens
To further evaluate the potential clinical benefit of elotuzumab in myeloma, clinical studies are being conducted
administering different combination regimens. In two
Phase II studies, elotuzumab plus pomalidomide and
low-dose dexamethasone are being assessed in patients
with RRMM (Study CA204-125, NCT02654132) and in
patients with MM relapsed or refractory to prior treatment
with lenalidomide (Study CA204-142, NCT02612779).
Furthermore, in an exploratory treatment arm of a
Phase III study (NCT02726581), elotuzumab is administered in combination with nivolumab (humanized IgG4
anti-PD-1 mAb), pomalidomide, and dexamethasone to
patients with RRMM.

Safety of elotuzumab treatment
The safety dataset of elotuzumab is primarily based on the
randomized controlled trials ELOQUENT-2 and CA204-009
evaluating elotuzumab in combination with lenalidomide and
bortezomib, respectively, in patients with RRMM. Supportive data have been generated in a similar patient population
from studies 1701, 1702, and 1703, in Japanese RRMM
patients (Study CA204-005), and in RRMM patients with
different levels of renal function (Study CA204-007). An
overview of these studies is presented in Table 1.
The rates of treatment-emergent AEs and AEs of
grade 3 or 4 were similar between treatment groups, indicating limited added toxicity when combining elotuzumab
with L/d or B/d. The AEs observed on elotuzumab alone or
in combination with L/d or B/d included gastrointestinal,
hematological, and respiratory disorders. Common AEs
were fatigue, diarrhea, pyrexia, constipation, cough, and
muscle spasms.57,58
OncoTargets and Therapy 2016:9
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Figure 4 Association of patient FcγRIIIa receptor genotype and PFS in Study CA204-009 (treatment groups: E–B/d vs B/d).
Notes: Median PFS was analyzed in patient subgroups based on genetic polymorphisms of the FcγRIIIa (CD16) receptor expressed on NK cells. In the E–B/d treatment
group, longer PFS was observed for patients homozygous for the high-affinity FcγRIIIa V allele (VV) compared with the low-affinity (FF) subgroups. The data were based on
all randomized patients with FcγRIIIa genotypes being homozygous VV or FF (data cut-off: Aug 10, 2015). Reprinted with permission from: Jakubowiak et al53; © 2016 by The
American Society of Hematology.
Abbreviations: B, bortezomib; Bd, bortezomib plus dexamethasone; CI, confidence interval; d, dexamethasone; E, elotuzumab; EBd, elotuzumab with bortezomib plus
dexamethasone; NK, natural killer; PFS, progression-free survival.

Study ELOQUENT-2 evaluating E–L/d
In Study ELOQUENT-2, patient baseline characteristics
were well balanced between the treatment groups.39 At data
cut-off for a recent follow-up analysis (May 16, 2015), 29%
of patients treated with E–L/d remained on study therapy
compared with 15% of patients treated with L/d.59 Treatment discontinuation was mainly due to disease progression
(46% on E–L/d vs 51% on L/d).
Safety and tolerability data showed that minimal incremental toxicity was associated with addition of elotuzumab
to L/d. Significant differences in grade 3/4 AEs were
observed for lymphopenia (78% on E–L/d vs 49% on L/d)
and neutropenia (35% on E–L/d vs 44% on L/d). The rates
for other grade 3/4 AEs including anemia, thrombocytopenia,
cardiac or renal disorders were similar between the treatment groups. Infections (any grade) were reported in 83% of
patients in the elotuzumab group versus 75% in the control
group. After adjustment for drug exposure, infection rates
were equal in the two groups (196 and 193 events per 100
patient-years on E–L/d and L/d, respectively).59 The incidence of herpes zoster infections was 4.1 versus 2.2 per 100
patient-years, respectively. Despite the finding of increased
lymphopenia which may reflect alterations in lymphocyte
trafficking, there was no evidence of increased autoimmunity
OncoTargets and Therapy 2016:9

or other sequelae of immune dysregulation.39 This confirmed
previous results in whole blood samples from healthy individuals tested for the effects of elotuzumab on the numbers
of T, NK, and B cells. Elotuzumab treatment did not result
in substantial depletion of major lymphocyte subsets.17
Infusion reactions (mostly grade 1/2) occurred in only
11% of patients treated with E–L/d59 and usually presented
as pyrexia, chills, headache, flushing, and/or hypertension.
Most infusion reactions were observed during the first dose
of elotuzumab. They were usually mild to moderate and
resolved spontaneously within 24 hours or after management
as clinically indicated. No patient experienced grade 4–5
reactions, and all but two patients could continue elotuzumab
treatment.39
Furthermore, second primary malignancies were observed
in 7% of patients on E–L/d compared with 4% on L/d.
However, after adjustment for exposure to study therapy, the
incidence rates were similar at 3.5 and 2.8 second primary
cancers per 100 patient-years, respectively.39
In Study CA204-112 (NCT02159365), treatment of
elotuzumab administered over ~1 hour in combination with
L/d was evaluated in 70 patients with newly diagnosed or
relapsed/refractory MM.60,61 All patients were required to have
a premedication regimen before each dose of elotuzumab.
submit your manuscript | www.dovepress.com
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The infusion rate was accelerated from 0.5 to 5 mL/min at
the start of the third dose in treatment cycle 1. At data cutoff, infusion reactions were observed in only two patients.
The reactions were of grade 1/2 intensity and both patients
continued treatment with elotuzumab. No grade 3/4 infusion
reactions had occurred by the end of treatment cycle 2. The
administration of elotuzumab at a faster rate may provide a
safe option to reduce treatment time for patients.

Study CA204-009 evaluating E–B/d
At data cut-off (August 10, 2015) for a recent analysis
of Study CA204-009, 8% of patients treated with E–B/d
remained on therapy compared with 1% treated with B/d.53
The median number of treatment cycles was 12 on E–B/d and
seven on B/d. Treatment discontinuation was mainly due to
disease progression (57% across treatment groups). Grade 3/4
AEs were reported in 53 (71%) and 45 (60%) patients in the
E–B/d and B/d arms, respectively. Differences in grade 3/4
AEs were observed for infections (21% on E–B/d vs 13% on
B/d) and thrombocytopenia (9% on E–B/d vs 17% on B/d).
Furthermore, the incidence of grade 3/4 peripheral neuropathy was higher on B/d alone, whereas grade 3/4 diarrhea
was more often observed on E–B/d. Infusion reactions (all
grade 1/2) occurred in 4/75 patients (5%) in the elotuzumab
treatment arm and included pyrexia in two patients and bone
pain, chills, flushing, nausea, and ear pruritus in one patient
each. In this study, 27 patients received elotuzumab as an
infusion over a 1-hour period, leading to a reaction in only
one patient. Overall, the safety profile was consistent over
time, with minimal incremental toxicity of E–B/d compared
with B/d alone.53

Conclusion
According to the International Myeloma Working Group,
managem ent of relapsed MM requires a systematic
approach based on several characteristic features of the
patients, including prior treatment, degree and depth of
response, treatment-related toxicities, and genetic risk
stratification.7 Furthermore, the selection of MM therapies
demands careful consideration of the balance between
maximizing efficacy and ensuring acceptable tolerability.62
Today, first-line treatment for MM usually includes PIs
and/or IMiDs, which have improved the patients’ survival.
However, there is still an unmet need for drugs achieving
deep and sustained myeloma responses, even during relapse
of the disease. In particular, drugs with novel modes of action
are required exhibiting effects that are additive or synergistic
to the established backbone regimens.
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Recently, promising clinical results have been observed
for mAb therapies targeting plasma cell antigens such as
SLAMF7, CD38, and CD138.8 Elotuzumab showed minimal
added toxicity when combined with established double-agent
therapies such as L/d or B/d, while increased antitumor activity
in terms of tumor response and PFS has been observed. The
overall clinical benefit of elotuzumab remains to be determined
based on final OS data of the patients. However, elotuzumab
demonstrated, for the first time, the antitumor efficiency of
antibody-based immunotherapy targeting myeloma cells in a
large, randomized controlled Phase III study. Based on these
data, E–L/d has now been approved by FDA and EMA for
treatment of patients with RRMM. For these patients, the
treatment spectrum has been further expanded by the recently
approved double or triple combinations of carfilzomib/d and
carfilzomib–L/d. In the US, treatment options also include the
combination of ixazomib–L/d. Patients with more advanced
disease may be treated with pomalidomide/d, panobinostat–
B/d, or daratumumab. The possibility to select the most
suitable treatment(s) from an increasing variety of available
therapies may give rise to cautious optimism to be able to
transform MM into a chronic disease in the future.
Clinical data on elotuzumab acknowledge the high
threshold of immune-mediated killing of myeloma cells that
needs to be overcome: elotuzumab as a single agent is
unable to reduce this threshold and requires additional
stimuli for effective immune activation to kill myeloma
cells. Possibly, patients at earlier disease stages and bearing
less-compromised immune systems may be more susceptible
to elotuzumab-containing treatment regimens. Therefore,
data on first-line treatment regimens including elotuzumab
will be of high interest. In advanced stages, the combination
of elotuzumab with other agents or combinations such as
E–LB/d may compensate for these impairments and lower
the threshold needed for elotuzumab-mediated killing of
myeloma cells. Clinical trials are currently ongoing to
evaluate all these treatment options.
In conclusion, elotuzumab is the first mAb introduced to
the treatment of MM that acts by a dual, immuno-oncologic
mechanism. Addition of elotuzumab to lenalidomide and
dexamethasone did not only lead to a significant improvement
in PFS, but also resulted in a promising course of the PFS
curve, suggesting a potential for long-term immunological
control of MM in a subset of patients. The generation of
additional clinical data on biomarkers, treatment of earlier
disease stages, and studies on selected combination regimens
are ongoing to further optimize the use of elotuzumab in
patients with MM.
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