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Chapter 1
The Role of Targeted Therapy in Multiple 
Myeloma

Alice C. Y. Kwok and Silvia CW Ling

Abstract  Targeted therapies are the cornerstone of the treatment of all stages of 
multiple myeloma (MM), from newly diagnosed to relapsed/refractory myeloma 
(RRMM). The advent of targeted therapies has improved the overall survival for 
MM patients compared to conventional cytotoxic therapies alone. Despite increas-
ing response rates, deeper depths of response, and prolonged survival, MM remains 
incurable. Almost all patients with MM eventually relapse, suggesting the presence 
of residual clones that are resistant to therapy. This review series explores the avail-
able evidence and literature on previous, current, and emerging therapies in MM, as 
well as the mechanisms of resistance to these therapies. A deeper understanding of 
these resistance mechanisms will be necessary for the development of improved 
treatments, potentially reaching a cure for MM.

Targeted therapies are widely incorporated into treatment strategies across the 
scope of MM including incorporation into induction regimens for transplant-eligible 
patients. For transplant-ineligible patients, combination therapies including targeted 
agents are used with the aim to prolong disease free progression. In the setting of 
RRMM, targeted therapies have become the backbone of treatment in combination 
with chemotherapy. This chapter will review the history and classes of targeted 
therapies as well as recent therapies still under trial.
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Abbreviations

BCMA	 B-cell maturation antigen
CAR	 Chimeric antigen receptor
ECOG	 Eastern Cooperative Oncology Group
Fc	 Fragment crystallizable
FDA	 US Food and Drug Administration
FISH	 Fluorescence in situ hybridization
HDAC	 Histone deacetylase
HDACi	 Histone deacetylase inhibitor
IgG1	 Immunoglobulin G1
IL-6	 Interleukin-6
IMiD	 Immunomodulatory imide drug
IMWG	 International Myeloma Working Group
MGUS	 Monoclonal gammopathy of undetermined significance
MM	 Multiple myeloma
MoAb	 Monoclonal antibody
NK	 Natural killer
ORR	 Overall response rate
OS	 Overall survival
PFS	 Progression free survival
PI	 Proteasome inhibitor
RANK	 Receptor activator of nuclear factor kappa-B
RANKL	 Receptor activator of nuclear factor kappa-B ligand
RRMM	 Relapsed/refractory multiple myeloma
SLAMF7	 Signaling lymphocytic activation molecule F7
SWOG	 Southwest Oncology Group
VAD	 Vincristine, doxorubicin, and dexamethasone
VEGF	 Vascular endothelial growth factor
XPO1	 Exportin 1

1.1  �Multiple Myeloma Overview

Multiple myeloma is the malignant proliferation of plasma cells derived from a 
single clone. It accounts for approximately 1% of neoplastic disease and 13% of all 
hematologic cancers [1]. Multiple myeloma usually evolves from an asymptomatic 
premalignant stage of clonal plasma cell proliferation—known as monoclonal gam-
mopathy of undetermined significance (MGUS) that progresses to smoldering 
(asymptomatic) MM and finally to symptomatic MM [1]. Commonly, MGUS may 
progress to MM or related malignancy at a rate of 1% per year [2]. The annual inci-
dence of MM in the US is 4–5 per 100,000. With advancements in treatment options, 
the 5-year survival has steadily increased in the last decade and is currently 49%.
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In MM, there are important prognostic factors which stratify patients into high 
and standard risks. These factors include cytogenetic abnormalities deletion 17p or 
immunoglobulin heavy chain translocations t(4;14) or t(14;16) detected by inter-
phase FISH (fluorescence in situ hybridization). The median overall survival (OS) 
of patients with high-risk disease is only 2–3  years even with tandem stem cell 
transplantation compared to >7–10 years in those with standard risk disease [3].

Multiple myeloma displays a complicated karyotype and high levels of genomic 
instability associated with various gene mutations and chromosomal translocations 
[4]. Elevated aberrant homologous recombination in myeloma cells is one of the 
main contributing mechanisms to this instability, resulting in loss of cell cycle con-
trol and apoptosis and thus increased disease aggressiveness and treatment resis-
tance [4]. Many studies over the years have demonstrated that MM has complex 
genetic features. At the chromosome level, MM can be classified into hyperdiploid 
(48–74 chromosomes) and non-hyperdiploid (common in MGUS) although cur-
rently there are no known triggers leading to change in ploidy [5]. There are also 
various chromosomal gains and losses with no known triggers for chromosomal 
changes. Furthermore, translocation rearrangements can occur within the immuno-
globulin heavy chain gene which can be seen in MGUS and acts as a potential trig-
ger for transformation to MM. Genetic mutations can also affect cell signaling 
pathways such as RAS, which is one of the most commonly mutated pathways in 
MM. Due to the capability of various and complex genetic and molecular abnor-
malities, MM is a very genetically heterogeneous disease.

Currently, there is no strong evidence that early treatment of patients with smol-
dering MM prolongs survival. However, there are ongoing clinical trials to deter-
mine whether targeted agents can delay progression and improve survival in 
smoldering MM. In transplant-eligible patients with standard risk disease, the cur-
rent recommendation is induction with triple therapy, with one or two targeted 
agents followed by stem cell transplant. In patients with high-risk disease, the rec-
ommendation is initial treatment with proteasome inhibitor-containing therapy with 
consideration of clinical trials given that high-risk disease does not respond well to 
conventional therapy.

The introduction of novel agents has dramatically improved outcomes for MM 
patients. However, there is no established curative therapy and consequently patients 
will relapse and eventually develop refractory disease with a limited duration of 
response to subsequent lines of treatment. The choice of salvage therapy is affected 
by several considerations including initial therapy, degree, and duration of response 
to primary therapy, age, performance status, and previous toxicities. Novel agents 
including proteasome inhibitors (PI) and immunomodulatory imide drugs (IMiD) 
are currently part of the treatment paradigm.
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1.2  �Historical Treatment of Multiple Myeloma Until Present

There have been substantial changes in drug design and treatment regimens which 
have transformed MM from an acute to a chronic condition. With the advent of 
novel agents introduced as first-line therapy, the 5-year survival rate has been 
reported to be as high as 80% [6]. A review of the historical treatments for MM 
demonstrates both the significant changes over the last century and continuing 
development of new agents.

The first documented case of MM was in 1844 with the first treatment consisting 
of rhubarb and orange peel mixture with the application of leeches as “maintenance 
therapy” [2]. In 1947, Alwall reported that urethane reduced serum globulin and 
decreased bone marrow plasma cells [2]. This was proven to be ineffective as dem-
onstrated in a small trial by Holland [7] in 1966 whereby 83 patients were random-
ized to either urethane or placebo and no differences in objective improvement or 
survival were observed.

From 1958 to 1962, Blokhin reported significant improvement in MM patients 
treated with melphalan [8]. This was followed by Hoogstraten [2] who found that a 
melphalan loading dose followed by maintenance therapy achieved a response in 
approximately 78% of patients with either newly diagnosed or previously 
treated MM [9].

In 1962, Maas was the first to test corticosteroids in MM. At the time, prednisone 
was trialed as a single agent; however, no difference in survival was observed. The 
first regimen of melphalan and prednisone was established after Alexanian et al. 
completed a randomized trial with 183 multiple myeloma patients [10]. This study 
observed that patients receiving combination regimen had a 6 months longer sur-
vival compared to melphalan alone [10]. Pulsed corticosteroids have been an impor-
tant backbone of myeloma therapy until now [11]. The combination of multiple 
alkylating agents is efficacious in MM. For example, the M-2 protocol, consisting 
of carmustine, melphalan, cyclophosphamide, and prednisone resulted in response 
rates of up to 87% were observed in some groups of patients [12]. Triple therapy of 
vincristine, doxorubicin, and dexamethasone (VAD) was the main treatment for 
about 2 decades as induction therapy in newly diagnosed and RRMM [13, 14].

Autologous stem cell transplantation has been a standard first-line therapy for 
patients who can tolerate the intensity of high dose chemotherapy, due to its impact 
on survival advantage [15]. This procedure consists of induction chemotherapy, fol-
lowed by autologous stem cell harvest, high dose melphalan chemotherapy, and 
reinfusion of harvested stem cells. Prior to the advent of target therapy, induction 
therapy/chemotherapies included dexamethasone [16], VAD and VAD with dexa-
methasone, cyclophosphamide, etoposide, and cisplatin [14, 17, 18]. However, the 
incorporation of novel targeted agents into induction regimens was proven to be 
superior to conventional cytotoxic chemotherapy like VAD [19]. Hence, the current 
standard of care involves targeted therapy in the induction phase followed by autol-
ogous stem cell transplant.

A. C. Y. Kwok and S. C. W. Ling



5

Maintenance therapy post autologous stem cell transplantation or other induction 
therapy is important in prolonging the duration of remission and possibly overall 
survival. Maintenance therapy has evolved over the years from corticosteroids and 
interferon to novel targeted therapies such as thalidomide, lenalidomide, and 
bortezomib.

The first targeted agent used in myeloma therapy was thalidomide, an IMiD. An 
Eastern Cooperative Oncology Group (ECOG) randomized trial demonstrated that 
the thalidomide-dexamethasone combination was superior to dexamethasone alone 
as an induction regimen for newly diagnosed MM [20]. This led to the accelerated 
approval for thalidomide-dexamethasone in 2006 by the US Food and Drug 
Administration (FDA) for the treatment of newly diagnosed MM. For transplant-
ineligible patients, melphalan, prednisone, and thalidomide demonstrated higher 
response and progression free survival (PFS) when compared with standard mel-
phalan and prednisone [21].

The next targeted therapy utilized in MM was bortezomib, the first PI with sig-
nificant survival benefit in both transplant-eligible and ineligible MM patients [19, 
22]. The combination of melphalan, prednisone, and bortezomib in patients older 
than 65 years of age has achieved an associated response rate of 89% and increased 
PFS [23]. Thereafter, there has been ongoing development in subsequent genera-
tions of IMiDs and PIs with the aim to further improve overall survival and side 
effect profiles.

Despite the ongoing development of IMiDs and PIs, resistance to these agents 
does occur in RRMM. This has led to the development of other agents including 
monoclonal antibodies (MoAb) such as daratumumab, which have demonstrated 
rapid and deep responses when used as monotherapy [24] and in combination with 
bortezomib, lenalidomide, and pomalidomide [25–29].

Histone deacetylase inhibitors (HDACi) target the deacetylation of histones and 
nonhistone proteins and have synergistic activity with other target therapies. 
Panobinostat is a pan-HDACi which targets the protein degradation pathway, 
aggrephagy, and has synergistic activity with bortezomib in MM.

Immunotherapy including chimeric antigen receptor (CAR) T cell therapies and 
bispecific T cell and natural killer (NK) antibodies are currently being tested in 
clinical trials. In CAR T cell therapy, T cells are engineered to target specific anti-
gens on myeloma cells such as CD38 or B cell maturation antigen (BCMA). 
Bispecific antibodies have two targets, engaging T cells or NK cells and specific 
antigens on the myeloma cells, bringing the myeloma cells in close proximity to 
activated T cells or NK cells which cause the demise of the myeloma cells.

The outcomes of MM have improved substantially over the past 20 years with 
the introduction of PIs and IMiDs. These agents, either in triplets or doublets, form 
the backbone of therapy for MM.
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1.3  �Immunomodulatory Imide Drugs

Immunomodulatory imide drugs were the first targeted therapy in MM. As a class, 
IMiDs have a wide spectrum of mechanisms of action including augmentation of 
NK cells, alterations in cytokine production and T cell activity, and decreasing vas-
cular endothelial growth factor (VEGF) and interleukin-6 (IL-6) expression which 
inhibits angiogenesis. The introduction of IMiDs into induction regimens has been 
observed to increase rates of complete response.

Thalidomide was the first IMiD introduced in 1957. Although initially intro-
duced as a sedative and treatment for morning sickness in pregnancy, severe terato-
genic malformations were associated with thalidomide use and was subsequently 
removed from most markets globally by the end of 1961. In certain conditions, 
thalidomide continued to be used as a therapeutic agent and was approved for the 
treatment of erythema nodosum leprosum in 1998 [30]. In 1994, thalidomide was 
found to have significant antiangiogenic properties [31]. Subsequently, in 1997 
Barlogie et al. initiated a compassionate-use trial of thalidomide as antiangiogenic 
therapy [32]. At the time, 84 patients were enrolled with 32% responding to single 
agent thalidomide [32]. Response rates in newly diagnosed and RRMM were 63% 
and 50%, respectively when combined with dexamethasone [20, 33]. The response 
rate of the three-drug combination of thalidomide, steroids, and cyclophosphamide 
ranged from 60% in RRMM to 80% in newly diagnosed MM [34–36].

Due to the significant neurotoxicity of thalidomide that commonly results in 
therapy cessation, the second- and third-generation IMiDs, lenalidomide, and 
pomalidomide, respectively, were developed. Lenalidomide is a derivative of tha-
lidomide, interfering with multiple signaling and survival pathways within myeloma 
cells and the bone marrow microenvironment. It is more potent than thalidomide but 
has significantly less neurotoxicity. The FIRST trial demonstrated better median 
PFS and trends towards better OS when lenalidomide and dexamethasone were 
used in an upfront setting for transplant-ineligible patients with PFS of 22.5 months, 
compared to 21.2 months in the melphalan, prednisone, and thalidomide group [37]. 
This led to its approval in 2015 by the FDA for use as first-line therapy in transplant-
ineligible patients. Lenalidomide was also studied in RRMM, with the MM-009 
trial demonstrating an improvement in median time of progression (11.1 months in 
the lenalidomide group compared to 4.7 months in the placebo group) with com-
plete, near-complete, or partial response rates of 60.2% in the lenalidomide group 
compared to 24% in the placebo group [38].

Pomalidomide is the third-generation IMiD that is chemically related to both 
thalidomide and lenalidomide but is more active and potent. Currently, pomalido-
mide is approved by the FDA for third-line treatment in patients with relapsed or 
progressive MM who have received at least two prior therapies, including lenalido-
mide and bortezomib. This is based on its significant improvement in PFS and OS 
in this group of MM patients.
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1.4  �Proteasome Inhibitors

Proteasome inhibitors were developed following an increased understanding of the 
role of the ubiquitin-proteasome pathway in MM. This pathway is responsible for 
the degradation of misfolded and unfolded intracellular proteins. Proteasome inhi-
bition leads to the accumulation of these unfolded or misfolded proteins that induce 
stress in the endoplasmic reticulum and ultimately apoptosis [39, 40]. Bortezomib 
is the first in-class PI developed and used for the treatment of MM and acts through 
multiple mechanisms to suppress tumor survival pathways and arrest tumor growth, 
spread, and angiogenesis [40]. Preclinical studies demonstrated that bortezomib had 
potent cytotoxic and growth inhibitory effects on myeloma cells [41]. An open-label 
phase II study of bortezomib in 202 patients with RRMM and who had failed two 
prior lines of therapy observed an overall response rate (ORR) of 28% [42]. This led 
to FDA approval in 2004 for bortezomib to be used as a single agent for the treat-
ment of RRMM. Many randomized studies including the MM5 German study dem-
onstrated the efficacy of bortezomib combined with cyclophosphamide and 
dexamethasone in untreated MM patients, resulting in lower rates of disease pro-
gression and high response rates. Bortezomib has also been used as induction ther-
apy for both transplant-eligible and transplant-ineligible patients [43, 44]. The 
Southwest Oncology Group (SWOG) S0777 trial demonstrated that combining a PI 
with an IMiD (bortezomib combined with lenalidomide and dexamethasone) 
improves OS and PFS compared to the conventional regimen of lenalidomide and 
dexamethasone [45]. Bortezomib has also been investigated as a potential posttrans-
plantation maintenance therapy. There is evidence that bortezomib-based mainte-
nance may increase response rates and prolong PFS [46, 47].

Despite its efficacy, resistance to bortezomib in MM is inevitable. The mecha-
nism of resistance is heterogeneous and is difficult to predict. The potential resis-
tance mechanisms studied so far include mutations in the β5-subunit of the 
proteasome, derangement of stress responses, increased proteasomes and survival, 
and anti-apoptotic pathways [48–52]. In response to developing resistance, the 
second-generation PI carfilzomib was developed and approved for the treatment 
of RRMM.

Carfilzomib is indicated for RRMM after at least one previous therapy. It is an 
epoxyketone-based, irreversible PI that binds the chymotrypsin catalytic site within 
the β5-subunit of the 20S proteasome. Carfilzomib is active against bortezomib-
resistant myeloma cells. It induces extrinsic and intrinsic apoptosis and activates 
stress response pathways in human MM [53]. In the ASPIRE trial, carfilzomib, 
lenalidomide, and dexamethasone were compared with lenalidomide and dexa-
methasone. A longer PFS was observed in the carfilzomib group [54]. Carfilzomib 
is also superior to bortezomib in RRMM with improved response rates and PFS [55].

Ixazomib is an oral, selective, and reversible PI. It preferentially binds and inhib-
its the chymotrypsin-like activity of the β5-subunit of the 20S proteasome [56]. 
Ixazomib demonstrated in vitro cytotoxicity against primary myeloma cells from 
patients who had relapsed after multiple prior therapies including bortezomib, 
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lenalidomide, and dexamethasone. Ixazomib in combination with a regimen of 
lenalidomide and dexamethasone was shown to result in a significantly longer 
median PFS of 20.6 months when compared to 14.7 months with lenalidomide and 
dexamethasone, with a hazard ratio of 0.74 [57].

1.5  �Monoclonal Antibodies

Monoclonal antibodies were developed to target specific antigens and pathways 
driving MM. Current MoAbs available for treatment are daratumumab and elotu-
zumab, both of which are approved for RRMM.

Daratumumab is a human MoAb that targets the highly expressed CD38 glyco-
protein on MM cells [58, 59]. It is generated by immunized transgenic mice. 
Daratumumab is approved for use in combination with lenalidomide and dexameth-
asone, or with bortezomib and dexamethasone, for the treatment of patients with 
MM and who have received at least one prior therapy [60]. Approval for the use of 
daratumumab was based on two randomized clinical trials where the addition of 
daratumumab to lenalidomide and dexamethasone (POLLUX), and to bortezomib 
and dexamethasone (CASTOR) improved the 12-month PFS significantly; 83.2% in 
the daratumumab group versus 60.1% in the control group in the POLLUX trial, 
and 60.7% in the daratumumab group versus 29% in the control group in the 
CASTOR trial [29, 61]. Daratumumab has also been found to improve PFS when 
combined with carfilzomib and dexamethasone in RRMM (CANDOR study).

Isatuximab is a chimeric immunoglobulin G1 (IgG1) kappa anti-CD38 MoAb 
which is generated by immunized wild type mice [59]. ICARIA-MM43, a multi-
center, multinational, randomized, open-label phase III study comparing isatux-
imab, pomalidomide, and low-dose dexamethasone against pomalidomide and 
low-dose dexamethasone showed a 40% reduction in risk of disease progression or 
death with the addition of isatuximab [62]. This led to the FDA approval of isatux-
imab for use in RRMM.

Elotuzumab is a humanized IgG1 immunostimulatory MoAb targeted against the 
signaling lymphocytic activation molecule F7 (SLAMF7), a glycoprotein expressed 
on myeloma cells and NK cells [63]. Expression of SLAMF7 is nearly universal in 
MM irrespective of cytogenetic abnormalities and disease progression. Elotuzumab 
exerts a dual effect by directly activating NK cells and mediating antibody-
dependent, cell-mediated cytotoxicity through the CD16 pathway [64]. As a single 
agent, elotuzumab has little clinical activity; however, when combined with lenalid-
omide and dexamethasone, it reduced the risk of progression or death by 30% with 
a median PFS of 19.4 months [63, 65]. Elotuzumab attained FDA approval in 2015 
for use in the treatment of RRMM.
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1.6  �Histone Deacetylase Inhibitors

Histone deacetylase inhibitors (HDACi) acetylate histones and nonhistone proteins. 
The hyperacetylation of histones can reverse the silencing of specific genes. 
Moreover, hyperacetylation of nonhistone proteins affects their cellular function. 
Currently, panobinostat is the only HDACi approved for the treatment of relapsed 
myeloma. Panobinostat, bortezomib, and dexamethasone have been reevaluated as 
a third-line therapy in MM patients with improvement in PFS when compared to 
bortezomib and dexamethasone (11.99  months versus 8.08  months), leading to 
accelerated FDA approval in 2015 [66].

Despite these survival benefits, panobinostat has significant toxicity including 
diarrhea and cardiac events such as arrhythmias [66]. As such, selective HDACIs 
are being developed. Ricolinostat is a selective HDAC6 inhibitor which inhibits 
autophagic protein degradation. In a phase I/II trial, promising results were shown 
in RRMM when ricolinostat was combined with bortezomib and dexamethasone, 
with ongoing phase I/II trials further investigating other combinations including 
ricolinostat with lenalidomide and pomalidomide [67].

1.7  �Bone Targeted Therapy

Bone targeted therapy is important in MM as it reduces skeletal lesions and has 
antitumor effects. Multiple myeloma is characterized by osteolytic lesions, osteope-
nia, tumor-induced hypercalcemia, and skeletal complications such as pathologic 
fractures in the long bones or vertebral collapses. Skeletal complications are a major 
cause of morbidity and mortality.

Targeted agents such as IMiDs and PIs have some direct effects on bone remod-
eling. Immunomodulatory imide drugs inhibit osteoclasts in vitro and in vivo and 
also reduces bone resorption in some MM patients. Bortezomib inhibits osteoclasts 
and activates osteoblast differentiation, reducing bone resorption in MM patients 
and increasing the receptor activator of nuclear factor kappa-B ligand (RANKL) to 
osteoprotegerin ratio [68].

Bisphosphonates are the main agent for bone directed therapy in MM. Zoledronic 
acid, the nitrogen-containing bisphosphonate is likely to have anticancer activity as 
it improves the PFS and OS of newly diagnosed MM when compared with clodro-
nate [69]. The International Myeloma Working Group recommends that intravenous 
bisphosphonates be initiated in all patients with active MM and administered in 3–4 
weekly intervals to reduce skeletal complications [70].

Denosumab is a fully humanized MoAb that binds to RANKL, inhibiting the 
interaction with the receptor activator of nuclear factor kappa-B (RANK) receptor 
and leading to the inhibition of osteoclasts [71]. A phase III study demonstrated the 
non-inferiority of denosumab to zoledronic acid at delaying time to the first 
skeletal-related events in MM patients and prolonged PFS [72]. In 2018, the FDA 
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approved denosumab for use in the prevention of skeletal-related events in MM 
patients.

1.8  �New Agents on the Horizon

Despite the advent of a wide variety of novel agents, MM remains an incurable 
hematological malignancy with drug resistance an ongoing issue. Research is 
focused on developing new generations of targeted therapies, finding new targets, 
and discovering novel targeted therapies with unique mechanisms of action. New 
drugs currently in phase I and II trials include bispecific T cell or NK cell engager 
antibodies, CAR T cell therapy, Ulocuplumab (an anti-CXCR4 MoAb), 
Pembrolizumab (an anti-PD1 MoAb) in combination with radiation therapy, 
Nivolumab, and various other targeted therapies.

Bispecific antibodies are immunoglobulins that lack fragment crystallizable (Fc) 
regions and can simultaneously bind to two different epitopes—CD3 molecules on 
T cells and a specific antigen on myeloma cells—resulting in the destruction of 
myeloma cells. Currently, there are ongoing early phase clinical trials in RRMM.

Chimeric antigen receptor T cell therapy refers to the adoptive transfer of effec-
tor immune cells, either T cells or NK cells, which are engineered to recognize 
tumor-specific antigens such as the BCMA on myeloma cells and consists of a co-
stimulatory molecule [73]. A number of early phase clinical trials of anti-BCMA 
CAR T cell therapy have reported the safety and toxicity profile in RRMM [74–76].

Ulocuplumab is a CXCR4 chemokine receptor MoAb that induces apoptosis in 
myeloma cells. In a phase Ib trial, Ulocuplumab, lenalidomide, and dexamethasone 
showed a high response rate of over 50% in patients with RRMM and who had been 
previously treated with two lines of therapy including lenalidomide and bortezo-
mib [77].

Several targets have been investigated following the development of pathway 
receptor inhibitors. These drugs include Vemurafenib (BRAF inhibitor), Dovitinib 
(FGFR3 inhibitor), Alvocidib and Dinaciclib (targeted kinase inhibitors), 
Selumetinib (MEK inhibitors), Selinexor (Exportin-inhibitor), and Venetoclax 
(BCL-2 inhibitor).

Early clinical trials suggest that MM carrying t(11;14) translocations is sensitive 
to Venetoclax [78]. Currently, Venetoclax, Bortezomib, and dexamethasone are 
being tested in t [11, 14] RRMM in an ongoing clinical trial.

Selinexor is a selective inhibitor of exportin 1 (XPO1) which blocks export 
nuclear proteins such as tumor suppressor proteins. It inhibits nuclear factor kappa-
B and reduces oncoprotein messenger RNA translation. In an early-phase clinical 
trial, Selinexor showed a tolerable safety profile and an ORR of 26% [79].

Dinaciclib (cyclin-dependent kinase inhibitor) and Filanesib (kinesin spindle 
protein inhibitor) have been tested in early phase clinical trials [80–83]. Filanesib 
was tested in RRMM as monotherapy and in combination with bortezomib and 
carfilzomib [81–83].
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1.9  �Conclusion

Although MM remains incurable, the advent of new and novel agents in recent 
times has transformed it from an acute disease into a chronic condition. However, 
the increasing availability of therapeutic options is leading to a developing era of 
drug resistance in MM. To overcome drug resistance and improve patient outcomes, 
the research and development of improved targeted agents continue. These novel 
agents and current therapies outlined in this chapter will be further explored in 
this series.

Acknowledgment  Many thanks to the reviewers of this manuscript and my coeditor Steven 
Trieu. This work was supported by NSW Pathology and the SWSLHD mid-career grant.

References

	 1.	Palumbo A, Anderson K. Multiple myeloma. N Engl J Med. 2011;364(11):1046–60.
	 2.	Kyle RA, Rajkumar SV. Multiple myeloma. Blood. 2008;111(6):2962–72.
	 3.	Rajkumar SV. Multiple myeloma: 2018 update on diagnosis, risk-stratification, and manage-

ment. Am J Hematol. 2018;93(8):981–1114.
	 4.	Abdi J, Chen G, Chang H. Drug resistance in multiple myeloma: latest findings and new con-

cepts on molecular mechanisms. Oncotarget. 2013;4(12):2186–207.
	 5.	de Mel S, Lim SH, Tung ML, Chng WJ. Implications of heterogeneity in multiple myeloma. 

Biomed Res Int. 2014;2014:232,546.
	 6.	Naymagon L, Abdul-Hay M. Novel agents in the treatment of multiple myeloma: a review 

about the future. J Hematol Oncol. 2016;9(1):52.
	 7.	Holland JR, Hosley H, Scharlau C, Carbone PP, Frei E 3rd, Brindley CO, et al. A controlled 

trial of urethane treatment in multiple myeloma. Blood. 1966;27(3):328–42.
	 8.	Blokhin N, Larionov L, Perevodchikova N, Chebotareva L, Merkulova N. Clinical experiences 

with sarcolysin in neoplastic diseases. Ann N Y Acad Sci. 1958;68(3):1128–32.
	 9.	Hoogstraten B, Sheehe PR, Cuttner J, Cooper T, Kyle RA, Oberfield RA, et al. Melphalan in 

multiple myeloma. Blood. 1967;30(1):74–83.
	10.	Alexanian R, Haut A, Khan AU, Lane M, McKelvey EM, Migliore PJ, et al. Treatment for 

multiple myeloma. Combination chemotherapy with different melphalan dose regimens. 
JAMA. 1969;208(9):1680–5.

	11.	Alexanian R, Yap BS, Bodey GP. Prednisone pulse therapy for refractory myeloma. Blood. 
1983;62(3):572–7.

	12.	Tirelli U, Crivellari D, Carbone A, Veronesi A, Galligioni E, Trovò MG, et al. Combination 
chemotherapy for multiple myeloma with melphalan, prednisone, cyclophosphamide, vincris-
tine, and carmustine (BCNU) (M-2 protocol). Cancer Treat Rep. 1982;66(11):1971–3.

	13.	Barlogie B, Smith L, Alexanian R. Effective treatment of advanced multiple myeloma refrac-
tory to alkylating agents. N Engl J Med. 1984;310(21):1353–6.

	14.	Anderson H, Scarffe JH, Ranson M, Young R, Wieringa GS, Morgenstern GR, et  al. VAD 
chemotherapy as remission induction for multiple myeloma. Br J Cancer. 1995;71(2):326–30.

	15.	Attal M, Harousseau JL, Stoppa AM, Sotto JJ, Fuzibet JG, Rossi JF, et  al. A prospective, 
randomized trial of autologous bone marrow transplantation and chemotherapy in multiple 
myeloma. Intergroupe Français du Myélome. N Engl J Med. 1996;335(2):91–7.

1  The Role of Targeted Therapy in Multiple Myeloma



12

	16.	Kumar S, Lacy MQ, Dispenzieri A, Rajkumar SV, Fonseca R, Geyer S, et al. Single agent 
dexamethasone for pre-stem cell transplant induction therapy for multiple myeloma. Bone 
Marrow Transplant. 2004;34(6):485–90.

	17.	Corso A, Barbarano L, Zappasodi P, Cairoli R, Alessandrino EP, Mangiacavalli S, et al. The 
VAD-DCEP sequence is an effective pre-transplant therapy in untreated multiple myeloma. 
Haematologica. 2004;89(9):1124–7.

	18.	Barlogie B, Jagannath S, Desikan KR, Mattox S, Vesole D, Siegel D, et al. Total therapy with 
tandem transplants for newly diagnosed multiple myeloma. Blood. 1999;93(1):55–65.

	19.	Harousseau JL, Attal M, Leleu X, Troncy J, Pegourie B, Stoppa AM, et al. Bortezomib plus 
dexamethasone as induction treatment prior to autologous stem cell transplantation in patients 
with newly diagnosed multiple myeloma: results of an IFM phase II study. Haematologica. 
2006;91(11):1498–505.

	20.	Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR. Phase III clinical trial of thalido-
mide plus dexamethasone compared with dexamethasone alone in newly diagnosed multiple 
myeloma: a clinical trial coordinated by the eastern cooperative oncology group. J Clin Oncol. 
2006;24(3):431–6.

	21.	Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR, Eastern Cooperative Oncology 
Group. Phase III clinical trial of thalidomide plus dexamethasone compared with dexametha-
sone alone in newly diagnosed multiple myeloma: a clinical trial coordinated by the Eastern 
Cooperative Oncology Group. J Clin Oncol. 2006;24(3):431–6.

	22.	Mateos MV, Richardson PG, Schlag R, Khuageva NK, Dimopoulos MA, Shpilberg O, et al. 
Bortezomib plus melphalan and prednisone compared with melphalan and prednisone in pre-
viously untreated multiple myeloma: updated follow-up and impact of subsequent therapy in 
the phase III VISTA trial. J Clin Oncol. 2010;28(13):2259–66.

	23.	Mateos MV, Hernandez JM, Hernandez MT, Gutierrez NC, Palomera L, Fuertes M, et  al. 
Bortezomib plus melphalan and prednisone in elderly untreated patients with multiple 
myeloma: results of a multicenter phase 1/2 study. Blood. 2006;108(7):2165–72.

	24.	Usmani SZ, Weiss BM, Plesner T, Bahlis NJ, Belch A, Lonial S, et al. Clinical efficacy of 
daratumumab monotherapy in patients with heavily pretreated relapsed or refractory multiple 
myeloma. Blood. 2016;128(1):37–44.

	25.	Dimopoulos MA, San-Miguel J, Belch A, White D, Benboubker L, Cook G, et  al. 
Daratumumab plus lenalidomide and dexamethasone versus lenalidomide and dexamethasone 
in relapsed or refractory multiple myeloma: updated analysis of POLLUX. Haematologica. 
2018;103(12):2088–96.

	26.	Mateos MV, Cavo M, Blade J, Dimopoulos MA, Suzuki K, Jakubowiak A, et al. Overall sur-
vival with daratumumab, bortezomib, melphalan, and prednisone in newly diagnosed multiple 
myeloma (ALCYONE): a randomised, open-label, phase 3 trial. Lancet (London, England). 
2020;395(10,218):132–41.

	27.	Mateos MV, Dimopoulos MA, Cavo M, Suzuki K, Jakubowiak A, Knop S, et al. Daratumumab 
plus Bortezomib, Melphalan, and prednisone for untreated myeloma. N Engl J Med. 
2018;378(6):518–28.

	28.	Nooka AK, Joseph NS, Kaufman JL, Heffner LT, Gupta VA, Gleason C, et al. Clinical effi-
cacy of daratumumab, pomalidomide, and dexamethasone in patients with relapsed or refrac-
tory myeloma: utility of re-treatment with daratumumab among refractory patients. Cancer. 
2019;125(17):2991–3000.

	29.	Palumbo A, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, Beksac M, et al. Daratumumab, 
bortezomib, and dexamethasone for multiple myeloma. N Engl J Med. 2016;375(8):754–66.

	30.	Rehman W, Arfons LM, Lazarus HM. The rise, fall and subsequent triumph of thalidomide: 
lessons learned in drug development. Ther Adv Hematol. 2011;2(5):291–308.

	31.	D’Amato RJ, Loughnan MS, Flynn E, Folkman J. Thalidomide is an inhibitor of angiogenesis. 
Proc Natl Acad Sci U S A. 1994;91(9):4082–5.

A. C. Y. Kwok and S. C. W. Ling



13

	32.	Barlogie B, Desikan R, Eddlemon P, Spencer T, Zeldis J, Munshi N, et al. Extended survival 
in advanced and refractory multiple myeloma after single-agent thalidomide: identification of 
prognostic factors in a phase 2 study of 169 patients. Blood. 2001;98(2):492–4.

	33.	Dimopoulos MA, Zervas K, Kouvatseas G, Galani E, Grigoraki V, Kiamouris C, et  al. 
Thalidomide and dexamethasone combination for refractory multiple myeloma. Ann Oncol. 
2001;12(7):991–5.

	34.	Sidra G, Williams CD, Russell NH, Zaman S, Myers B, Byrne JL. Combination chemotherapy 
with cyclophosphamide, thalidomide and dexamethasone for patients with refractory, newly 
diagnosed or relapsed myeloma. Haematologica. 2006;91(6):862–3.

	35.	Dimopoulos MA, Hamilos G, Zomas A, Gika D, Efstathiou E, Grigoraki V, et al. Pulsed cyclo-
phosphamide, thalidomide and dexamethasone: an oral regimen for previously treated patients 
with multiple myeloma. Hematol J. 2004;5(2):112–7.

	36.	Morgan GJ, Davies FE, Gregory WM, Bell SE, Szubert AJ, Navarro Coy N, et  al. 
Cyclophosphamide, thalidomide, and dexamethasone as induction therapy for newly diag-
nosed multiple myeloma patients destined for autologous stem-cell transplantation: MRC 
myeloma IX randomized trial results. Haematologica. 2012;97(3):442–50.

	37.	Benboubker L, Dimopoulos MA, Dispenzieri A, Catalano J, Belch AR, Cavo M, et  al. 
Lenalidomide and dexamethasone in transplant-ineligible patients with myeloma. N Engl J 
Med. 2014;371(10):906–17.

	38.	Weber DM, Chen C, Niesvizky R, Wang M, Belch A, Stadtmauer EA, et al. Lenalidomide 
plus dexamethasone for relapsed multiple myeloma in North America. N Engl J Med. 
2007;357(21):2133–42.

	39.	Lee AH, Iwakoshi NN, Anderson KC, Glimcher LH. Proteasome inhibitors disrupt the unfolded 
protein response in myeloma cells. Proc Natl Acad Sci U S A. 2003;100(17):9946–51.

	40.	Adams J. Development of the proteasome inhibitor PS-341. Oncologist. 2002;7(1):9–16.
	41.	Boccadoro M, Morgan G, Cavenagh J. Preclinical evaluation of the proteasome inhibitor bort-

ezomib in cancer therapy. Cancer Cell Int. 2005;5(1):18.
	42.	Bross PF, Kane R, Farrell AT, Abraham S, Benson K, Brower ME, et al. Approval summary for 

bortezomib for injection in the treatment of multiple myeloma. Clin Cancer Res. 2004;10(12 
Pt 1):3954–64.

	43.	Mai EK, Bertsch U, Durig J, Kunz C, Haenel M, Blau IW, et al. Phase III trial of bortezomib, 
cyclophosphamide and dexamethasone (VCD) versus bortezomib, doxorubicin and dexameth-
asone (PAd) in newly diagnosed myeloma. Leukemia. 2015;29(8):1721–9.

	44.	Reeder CB, Reece DE, Kukreti V, Chen C, Trudel S, Hentz J, et al. Cyclophosphamide, bort-
ezomib and dexamethasone induction for newly diagnosed multiple myeloma: high response 
rates in a phase II clinical trial. Leukemia. 2009;23(7):1337–41.

	45.	Durie BGM, Hoering A, Abidi MH, Rajkumar SV, Epstein J, Kahanic SP, et al. Bortezomib 
with lenalidomide and dexamethasone versus lenalidomide and dexamethasone alone in 
patients with newly diagnosed myeloma without intent for immediate autologous stem-cell 
transplant (SWOG S0777): a randomised, open-label, phase 3 trial. Lancet (London, England). 
2017;389(10,068):519–27.

	46.	Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, Bertsch U, Salwender H, et al. 
Bortezomib induction and maintenance treatment in patients with newly diagnosed multiple 
myeloma: results of the randomized phase III HOVON-65/ GMMG-HD4 trial. J Clin Oncol. 
2012;30(24):2946–55.

	47.	Mateos MV, Oriol A, Martinez-Lopez J, Gutierrez N, Teruel AI, de la Guia AL, et al. Maintenance 
therapy with bortezomib plus thalidomide or bortezomib plus prednisone in elderly multiple 
myeloma patients included in the GEM2005MAS65 trial. Blood. 2012;120(13):2581–8.

	48.	Oerlemans R, Franke NE, Assaraf YG, Cloos J, van Zantwijk I, Berkers CR, et al. Molecular 
basis of bortezomib resistance: proteasome subunit beta5 (PSMB5) gene mutation and overex-
pression of PSMB5 protein. Blood. 2008;112(6):2489–99.

1  The Role of Targeted Therapy in Multiple Myeloma



14

	49.	Franke NE, Niewerth D, Assaraf YG, van Meerloo J, Vojtekova K, van Zantwijk CH, et al. 
Impaired bortezomib binding to mutant beta5 subunit of the proteasome is the underlying basis 
for bortezomib resistance in leukemia cells. Leukemia. 2012;26(4):757–68.

	50.	Wu YX, Yang JH, Saitsu H. Bortezomib-resistance is associated with increased levels of pro-
teasome subunits and apoptosis-avoidance. Oncotarget. 2016;7(47):77,622–34.

	51.	Hamouda MA, Belhacene N, Puissant A, Colosetti P, Robert G, Jacquel A, et al. The small heat 
shock protein B8 (HSPB8) confers resistance to bortezomib by promoting autophagic removal 
of misfolded proteins in multiple myeloma cells. Oncotarget. 2014;5(15):6252–66.

	52.	Markovina S, Callander NS, O’Connor SL, Kim J, Werndli JE, Raschko M, et al. Bortezomib-
resistant nuclear factor-kappaB activity in multiple myeloma cells. Mol Cancer Res. 
2008;6(8):1356–64.

	53.	Kuhn DJ, Chen Q, Voorhees PM, Strader JS, Shenk KD, Sun CM, et al. Potent activity of 
carfilzomib, a novel, irreversible inhibitor of the ubiquitin-proteasome pathway, against pre-
clinical models of multiple myeloma. Blood. 2007;110(9):3281–90.

	54.	Stewart AK, Rajkumar SV, Dimopoulos MA, Masszi T, Spicka I, Oriol A, et al. Carfilzomib, 
lenalidomide, and dexamethasone for relapsed multiple myeloma. N Engl J Med. 
2015;372(2):142–52.

	55.	Dimopoulos MA, Moreau P, Palumbo A, Joshua D, Pour L, Hajek R, et al. Carfilzomib and 
dexamethasone versus bortezomib and dexamethasone for patients with relapsed or refrac-
tory multiple myeloma (ENDEAVOR): a randomised, phase 3, open-label, multicentre study. 
Lancet Oncol. 2016;17(1):27–38.

	56.	Shirley M. Ixazomib: first global approval. Drugs. 2016;76(3):405–11.
	57.	Moreau P, Masszi T, Grzasko N, Bahlis NJ, Hansson M, Pour L, et al. Oral ixazomib, lenalido-

mide, and dexamethasone for multiple myeloma. N Engl J Med. 2016;374(17):1621–34.
	58.	de Weers M, Tai YT, van der Veer MS, Bakker JM, Vink T, Jacobs DC, et al. Daratumumab, a 

novel therapeutic human CD38 monoclonal antibody, induces killing of multiple myeloma and 
other hematological tumors. J Immunol (Baltimore, MD:1950). 2011;186(3):1840–8.

	59.	Bannas P, Koch-Nolte F. Perspectives for the development of CD38-specific heavy chain anti-
bodies as therapeutics for multiple myeloma. Front Immunol. 2018;9:2559.

	60.	Bhatnagar V, Gormley NJ, Luo L, Shen YL, Sridhara R, Subramaniam S, et al. FDA approval 
summary: daratumumab for treatment of multiple myeloma after one prior therapy. Oncologist. 
2017;22(11):1347–53.

	61.	Dimopoulos MA, Oriol A, Nahi H, San-Miguel J, Bahlis NJ, Usmani SZ, et al. Daratumumab, 
lenalidomide, and dexamethasone for multiple myeloma. N Engl J Med. 2016;375(14):1319–31.

	62.	Attal M, Richardson PG, Rajkumar SV, San-Miguel J, Beksac M, Spicka I, et al. Isatuximab 
plus pomalidomide and low-dose dexamethasone versus pomalidomide and low-dose dexa-
methasone in patients with relapsed and refractory multiple myeloma (ICARIA-MM): 
a randomised, multicentre, open-label, phase 3 study. Lancet (London, England). 
2019;394(10,214):2096–107.

	63.	Lonial S, Dimopoulos M, Palumbo A, White D, Grosicki S, Spicka I, et al. Elotuzumab ther-
apy for relapsed or refractory multiple myeloma. N Engl J Med. 2015;373(7):621–31.

	64.	Collins SM, Bakan CE, Swartzel GD, Hofmeister CC, Efebera YA, Kwon H, et  al. 
Elotuzumab directly enhances NK cell cytotoxicity against myeloma via CS1 ligation: evi-
dence for augmented NK cell function complementing ADCC. Cancer Immunol Immunother. 
2013;62(12):1841–9.

	65.	Dimopoulos MA, Lonial S, White D, Moreau P, Palumbo A, San-Miguel J, et al. Elotuzumab 
plus lenalidomide/dexamethasone for relapsed or refractory multiple myeloma: ELOQUENT-2 
follow-up and post-hoc analyses on progression-free survival and tumour growth. Br J 
Haematol. 2017;178(6):896–905.

	66.	San-Miguel JF, Hungria VT, Yoon SS, Beksac M, Dimopoulos MA, Elghandour A, et  al. 
Panobinostat plus bortezomib and dexamethasone versus placebo plus bortezomib and dexa-
methasone in patients with relapsed or relapsed and refractory multiple myeloma: a multicen-
tre, randomised, double-blind phase 3 trial. Lancet Oncol. 2014;15(11):1195–206.

A. C. Y. Kwok and S. C. W. Ling



15

	67.	Vogl DT, Raje N, Jagannath S, Richardson P, Hari P, Orlowski R, et al. Ricolinostat, the first 
selective histone deacetylase 6 inhibitor, in combination with bortezomib and dexamethasone 
for relapsed or refractory multiple myeloma. Clin Cancer Res. 2017;23(13):3307–15.

	68.	Terpos E, Dimopoulos MA, Sezer O. The effect of novel anti-myeloma agents on bone metab-
olism of patients with multiple myeloma. Leukemia. 2007;21(9):1875–84.

	69.	Morgan GJ, Davies FE, Gregory WM, Cocks K, Bell SE, Szubert AJ, et al. First-line treatment 
with zoledronic acid as compared with clodronic acid in multiple myeloma (MRC Myeloma 
IX): a randomised controlled trial. Lancet (London, England). 2010;376(9757):1989–99.

	70.	Terpos E, Morgan G, Dimopoulos MA, Drake MT, Lentzsch S, Raje N, et al. International 
myeloma working group recommendations for the treatment of multiple myeloma-related 
bone disease. J Clin Oncol. 2013;31(18):2347–57.

	71.	Rizzoli R, Yasothan U, Kirkpatrick P. Denosumab. Nat Rev Drug Discov. 2010;9(8):591–2.
	72.	Raje N, Terpos E, Willenbacher W, Shimizu K, García-Sanz R, Durie B, et al. Denosumab 

versus zoledronic acid in bone disease treatment of newly diagnosed multiple myeloma: an 
international, double-blind, double-dummy, randomised, controlled, phase 3 study. Lancet 
Oncol. 2018;19(3):370–81.

	73.	Feinberg D, Paul B, Kang Y. The promise of chimeric antigen receptor (CAR) T cell therapy 
in multiple myeloma. Cell Immunol. 2019;345:103964.

	74.	Cohen AD, Garfall AL, Stadtmauer EA, Melenhorst JJ, Lacey SF, Lancaster E, et al. B cell 
maturation antigen-specific CAR T cells are clinically active in multiple myeloma. J Clin 
Investig. 2019;129(6):2210–21.

	75.	Raje N, Berdeja J, Lin Y, Siegel D, Jagannath S, Madduri D, et al. Anti-BCMA CAR T-cell ther-
apy bb2121 in relapsed or refractory multiple myeloma. N Engl J Med. 2019;380(18):1726–37.

	76.	Xu J, Chen LJ, Yang SS, Sun Y, Wu W, Liu YF, et al. Exploratory trial of a biepitopic CAR 
T-targeting B cell maturation antigen in relapsed/refractory multiple myeloma. Proc Natl Acad 
Sci U S A. 2019;116(19):9543–51.

	77.	Ghobrial IM, Liu CJ, Redd RA, Perez RP, Baz R, Zavidij O, et al. A phase Ib/II trial of the first-
in-class anti-CXCR4 antibody ulocuplumab in combination with lenalidomide or bortezomib 
plus dexamethasone in relapsed multiple myeloma. Clin Cancer Res. 2020;26(2):344–53.

	78.	Kumar S, Kaufman JL, Gasparetto C, Mikhael J, Vij R, Pegourie B, et  al. Efficacy of 
venetoclax as targeted therapy for relapsed/refractory t(11;14) multiple myeloma. Blood. 
2017;130(22):2401–9.

	79.	Chari A, Vogl DT, Gavriatopoulou M, Nooka AK, Yee AJ, Huff CA, et  al. Oral 
selinexor-dexamethasone for triple-class refractory multiple myeloma. N Engl J Med. 
2019;381(8):727–38.

	80.	Kumar SK, LaPlant B, Chng WJ, Zonder J, Callander N, Fonseca R, et al. Dinaciclib, a novel 
CDK inhibitor, demonstrates encouraging single-agent activity in patients with relapsed mul-
tiple myeloma. Blood. 2015;125(3):443–8.

	81.	Chari A, Htut M, Zonder JA, Fay JW, Jakubowiak AJ, Levy JB, et al. A phase 1 dose-escalation 
study of filanesib plus bortezomib and dexamethasone in patients with recurrent/refractory 
multiple myeloma. Cancer. 2016;122(21):3327–35.

	82.	Lee HC, Shah JJ, Feng L, Manasanch EE, Lu R, Morphey A, et al. A phase 1 study of filanesib, 
carfilzomib, and dexamethasone in patients with relapsed and/or refractory multiple myeloma. 
Blood Cancer J. 2019;9(10):80.

	83.	Shah JJ, Kaufman JL, Zonder JA, Cohen AD, Bensinger WI, Hilder BW, et al. A phase 1 and 2 
study of Filanesib alone and in combination with low-dose dexamethasone in relapsed/refrac-
tory multiple myeloma. Cancer. 2017;123(23):4617–30.

1  The Role of Targeted Therapy in Multiple Myeloma


	Chapter 1: The Role of Targeted Therapy in Multiple Myeloma
	1.1 Multiple Myeloma Overview
	1.2 Historical Treatment of Multiple Myeloma Until Present
	1.3 Immunomodulatory Imide Drugs
	1.4 Proteasome Inhibitors
	1.5 Monoclonal Antibodies
	1.6 Histone Deacetylase Inhibitors
	1.7 Bone Targeted Therapy
	1.8 New Agents on the Horizon
	1.9 Conclusion
	References


