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Abstract
The treatment of Multiple Myeloma has changed dramatically over the past 5-10 years. Advances in therapy have resulted in a significant
improvement of overall survival. New drugs introduced in the last few years include Ixazomib, carfilzomib, pomalidomide, and panobinostat.
In addition, monoclonal antibodies such as elotuzumab and daratumumab have been approved for the treatment of melanoma in combination
with other drugs. In this review, we outline the recently approved drugs and monoclonal antibodies for the treatment of Multiple Myeloma.

Introduction
Multiple myeloma is a malignant disease of the plasma cells
that accounts for approximately 1% of all cancers and 10% of
hematologic malignancies [1-4]. It is the second most common
hematological cancer with annual incidence rates in United States
of 4.3 per 100,000 and affecting around 20,000 new patients
each year [5]. The suffering from myeloma usually experience
certain symptoms including Hypercalcemia, renal failure,
Anemia/thrombocytopenia and lytic bone lesions. The patients
also usually experience common symptoms such as constipation,
nausea or poor appetite, increased thirst, fatigue, pallor and
Table 1: Currently approved drugs for the treatment of MM.

lower back pain. In multiple myeloma the haematopoietic cells
shifts production mainly to produce more B-cells and increased
plasma cells. This increased production results in elevated
plasma cells in the bone marrow (>10%). These plasma cells
then produce abnormal amounts of antibodies and light chain
only which are called the paraproteins (Figure 1). It is typically
characterized by the secretion of high amounts of monoclonal
antibodies IgG and IgA detectable in the serum or urine of the
patient [6]. This review article focuses on the recently approved
drugs and monoclonal antibodies for the treatment of MM (Table
1) (Figure 1).

Approved treatment

Brand name

Indication

Approval date

Sponsor

Study

Daratumumab

Darzalex

MM with three prior
treatments

11-16-16

Janssen Biotech

-

MM with atleast 1
prior therapy

11-21-16

Janssen Biotech

POLLUX

MM with atleast 1
prior therapy

11-21-16

Janssen Biotech

CASTOR

06-16-17

Genmab

EQUULEUS

Daratumumab
+ lenalidomide
(Revlimid) and
dexamethasone

Daratumumab+

bortezomib (Velcade)
and dexamethasone
Daratumumab+

pomalidomide and
dexamethasone
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Ixazomib +
lenalidomide and
dexamethasone
Elotuzumab +
lenalidomide and
dexamethasone

Ninlaro

11-20-15

Millenium

-

Empliciti

11-30-15

Facet

-

Carfilzomib +
lenalidomide and
dexamethasone

Kyprolis

Panobinostat

Pomalidomide +
dexamethasone

Farydak

Pomalyst

MM with atleast 1-3
prior therapy

02-23-15

Novartis
Amgen

ASPIRE

02-08-13

Celgene

-

07-24-15

-

Figure 1: The multiple myeloma (MM) cells adhesion and binding to the bone marrow stromal cells (BMSCs) triggers and up regulates
cytokine levels and cytokine mediated tumor cell growth, survival resistance and migration [7].

Currently Approved Treatments for Multiple Myeloma
Daratumumab (Darzalex)

Figure 2: Mechanism of action of Daratumumab. Adapted with
permission [8]. The binding of daratumumab to CD38 on the
surface of MM cells have been shown to induce ADCC, ADCP
tumor cell apoptosis and modulation of the enzymatic activity
CD38 [10].
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Daratumumab was originally approved by the FDA in
November 2015 as a stand-alone treatment for patients who
have previously received at least three prior treatments for
multiple myeloma [7]. It is a novel high-affinity antibody with a
favorable safety profile and a broad spectrum killing activity [2].
Daratumumab is a monoclonal antibody that recognizes a CD38
epitope on the surface of plasma cells or myeloma cells [2]. It
allows the cells of the immune system to recognize the cancer
cells and destroy the cancer cells in the process (Figure 2).

ADCC - antibody dependent cell cytotoxicity and ADCP –
antibody dependent cellular phagocytosis. The results from the
12 month randomized trial showed that 83% of patients in the
daratumumab group were alive without disease progression
compared to the 60% in the control group. In addition more
patients in the daratumumab group had reductions in the size
of their tumors compared to the control group [7]. The FDA has
also approved daratumumab (Darzalex) in combination with
lenalidomide (Revlimid) and dexamethasone or bortezomib
(Velcade) with relapsed myeloma based on the findings of two
separate Phase III studies (POLLUX and CASTOR) [8-10]. The
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addition of daratumumab to lenalidomide and dexamethasone
reduced the risk of progression or death by 63% versus the
control group (lenalidomide and dexamethasone) in the POLLUX
trial. Similarly the addition of daratumumab to bortezomib and
dexamethasone reduced the risk of progression or death by
61% compared to the two drugs alone in the CASTOR trial [11].
The FDA has also recently approved the use of daratumumab in
combination with pomalidomide and dexamethasone [12]. The
overall response rate in this EQUUELEUS study was 59%, with
very good partial response (VGPR) achieved in 28% of patients.

Ixazomib (Ninlaro)

The FDA has approved Ixazomib in combination with
Revlimid (lenalidomide) and dexamethasone (a type of
corticosteroid) for the treatment of MM who have received at
least one prior therapy [13]. Ixazomib is the first oral proteasome
inhibitor approved for the treatment of MM [14]. It works
by blocking the enzymes from multiple myeloma cells, thus
hindering their growth and survival. The addition of Ixazomib to
lenalidomide and dexamethasone had longer progression-free
survival (PFS) compared to the two drugs alone (20.6 months
versus 14.7 months) [14].

Elotuzumab (Empliciti)

colleagues [15]. It acts by several distinct mechanism including
mediating antibody dependent cell-mediated cytotoxicity [15,
16], disrupting MM cell adhesion to the bone marrow stromal
cell (BMSC) [16] and enhancing NL cell cytotoxicity [17,18]
(Figure 3). Elotuzumab itself doesn’t have a single-agent activity.
In the randomized clinical trial of 646, addition of elotuzumab
to lenalidomide and dexamethasone resulted in longer PFS
compared to the two drugs alone (19.4 months versus 14.9
months) [7].

Panobinostat

NK cell natural killer cell; MM cell multiple myeloma cell;
BMSC bone marrow stromal cell; ADCC antibody-dependent
cellular cytotoxicity. Panobinostat (Farydak)-Panobinostat is
approved by FDA to be used in combination with bortezomib, and
dexamethasone, an anti-inflammatory medication to treat MM
in patients who received at least two prior standard therapies
[19]. It is the first novel histone deacetylase (HDAC) inhibitor
approved for the treatment of MM. Panobinostat exhibited
potent inhibitory activity against all class I, II and IV purified
HDAC enzymes at low nanomolar concentrations, suggesting
their true pan-DAC activity [20,21]. The clinical study results
showed participants receiving panobinostat in combination
with bortezomib and dexamethasone had a disease PFS of about
10.6 months compared to the 5.8 months in participants treated
with the two drugs(bortezomib and dexamethasone) alone [19].

Carfilzomib

Carfilzomib inhibits the chymotrypsin-like site of the
proteasome. It is a is a cell-permeable tetra peptide epoxyketone
analog of epoxomicin. It primarily inhibits the chymotrypsin-like
site of the proteasome [22]. The US FDA approved the drug to be
used in combination with lenalidomide and dexamethasone for
the treatment of MM in patients who have received 1-3 prior lines
of therapy [23]. The patients receiving the 3-drug arm achieved
statistically significant prolongation of PFS with median PFS of
26.3 months compared to 17.6 months in 2-drug arm [23].

Pomalidomide (Pomalyst)
Figure 3: The mechanism of action of elotuzumab.
A.
The antibody drug elotuzumab binds to the SLAMF7
receptor on MM cells and its fragment is then bound to other
CD16 of the NK cells mediating ADCC.
B.
Elotozumab also acts by binding directly to the NK
cell, enhancing its cytotoxicity against the MM cells. Further
elotuzumab binds SLAMF7 on MM cells, inhibiting its interaction
with BMSCs [19].
NK cell natural killer cell; MM cell multiple myeloma cell; BMSC
bone marrowstromal cell; ADCC antibody-dependent cellular
cytotoxicity

Elotuzumab received the FDA approval in combination with
Revlimid (lenalidomide) and dexamethasone to treat patients
with myeloma who did not respond to or had relapsed after
previous treatment [7]. It is a fully humanized version of MuLuc63
(IgG2a), a mouse monoclonal antibody developed by Hsi and
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Pomalidomide belongs to the category of immunomodulatory
drugs (IMiDs), exerts its anti-cancer effects through
several ways, including impeding cytokine production,
immunomodulation, and interaction with the bone marrow and
tumor microenvironment. The FDA approved pomalidomide in
combination with dexamethasone for the treatment of patients
with multiple myeloma who have received at least two prior
therapies, The patients receiving pomalidomide plus low-dose
dexamethasone, demonstrated an overall response rate of 29
percent in comparison to 7 percent in patients treated with
pomalidomide alone [24].
Future Directions – Denosumab – Denosumab (AMG162)
(Xgeva) is a fully human monoclonal antibody to receptor
activator of nuclear factor-nB ligand (RANKL) developed by
Amgen to treat patients with skeletal diseases. RANKL plays an
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important role in the differentiation and survival of osteoclasts.
This results in the establishment and propagation of skeletal
disease in patients with MM or bone metastases. Denosumab is
developed to treat patients with skeletal diseases is currently in
clinical trials and have shown positive clinical results.
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