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Abstract

Multiple myeloma (MM) is the second most common hematological malignancy of plasma cells which still
remains incurable despite conventional and high-dose chemotherapies. With the introduction of new agents, such
as bortezomib, thalidomide, and lenalidomide, there has been significant improvement in treatment outcomes for
MM during the last decade. Furthermore, several new novel agents those offer further possibilities for MM patients
have become available clinical trials. Nevertheless, it is unclear the appropriate usage of these agents to obtain
optimal survivals, for example, whether sequencing of drugs or multi-agent combinations offer the superiority. In
this review we will describe the various classes of novel agents being used for MM treatment, including proteasome
inhibitors, immunomodulatory drugs, histone deacetylase inhibitors, monoclonal antibodies, and other novel agents,
with particularly focus on their mechanisms and clinical efficacy.
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Introduction

Multiple myeloma (MM) is a malignant plasma-cell disorder that
accounts for approximately 10% of all hematologic malignancies.
The annual incidence of MM is 2 to 5 per 100,000, and occurs twice
as frequently in African-Americans as in Caucasians. The number of
deaths from MM had been increasing and the five-year survival rate of
MM has remained less than 50%. Despite the development of various
combination chemotherapies using cytotoxic agents or high-dose
chemotherapy and stem-cell rescue, the overall survival (OS) period
did not improve during the last 30 years of the 20th century and MM is
still an incurable disease [1]. However, OS of MM has greatly improved
during the last decade, mainly due to the introduction of several new
agents, such as bortezomib, thalidomide, or lenalidomide. Indeed,
patients who were treated with one or more of these novel agents
showed significantly longer survival periods from relapse than patients
who were not (30.9 vs. 14.8 months; p<0.001) [2]. In this article, we
review the current knowledge of novel molecular targeted therapies
for MM, including proteasome inhibitors, immunomodulatory agents
(IMiDs), monoclonal antibodies and other novel agents, with special
focus on their mechanisms and clinical efficacy.

Proteasome Inhibitor

Bortezomib

Bortezomib is a modified dipeptidyl boronic acid analogue that
binds selectively and reversibly to the B-subunit of 26S proteasome.
Inhibition of proteasome blocks protein degradation and leads to
excess accumulation of unwanted intracellular molecules. Accordingly,
this mechanism is thought to interfere with several signaling pathways
which are critical for plasma cell survival and trigger cell suicide
programs. The nuclear factor-kappa B (NF-xB) pathway, which
positively regulates MM cell survival and proliferation, is considered
one of the signaling pathways targeted by bortezomib [3,4], while
endoplasmic reticulum stress, which engages the activation of stress-
activated protein kinase (SAPK) pathways, has been also shown to be
crucial for MM cell death to be brought about by bortezomib [5]. In
addition to its direct effect on MM cells, bortezomib has an indirect
anti-myeloma effect through acting on the bone marrow tumor
microenvironment by inhibiting angiogenesis and the production of
cytokines and chemokines which promote MM cell proliferation and
survival [3]. In addition, bortezomib has an anabolic effect on bones,
thus inhibiting human osteoclast activity and stimulating osteoblast
function [6].

The efficacy and safety of bortezomib for MM was initially
documented in patients who had relapsed or were refractory to
conventional cytotoxic therapies [7-12]. In the phase 3 APEX
(Assessment of Proteasome Inhibition for Extending Remissions)
trial, bortezomib used as a single agent demonstrated superior efficacy
to that of high dose dexamethasone in terms of significantly longer
median time to progression (TTP) (6.2 vs. 3.5 months, p<0.001), higher
response rates (43% vs. 18%, p<0.001), and improved survival (1-year
survival rates: 80% vs. 67%, p=0.001) for relapsed MM patients [7,8].
In the SUMMIT (Study of Uncontrolled Multiple Myeloma Managed
with Proteasome Inhibition Therapy) trial, a response rate of 28% was
achieved and median duration of response (DOR) resulting from the use
of bortezomib alone was 12.7 months. The median TTP was 7 months
and the median OS 17 months [9,10]. The CREST (Clinical Response
and Efficacy Study of bortezomib in the Treatment of relapsing
multiple myeloma) study also demonstrated the substantial clinical
activity of bortezomib alone or in combination with dexamethasone as
the second-line treatment at bortezomib dose levels of both 1.0 and 1.3
mg/m? in patients with relapsed or refractory MM [11]. Furthermore,
clinical studies with bortezomib-based therapy for newly diagnosed
patients indicated promising anti-myeloma effects of this proteasome
inhibitor [13-15]. Besides bortezomib alone (or in combination with
dexamethasone), several combination therapies with more than
three agents including bortezomib have been tried. In a large phase
3 trial, triplet combination therapy using bortezomib, melphalan and
prednisolone (MPB, also frequently designated as VMP) demonstrated
a significantly superior response rate compared to conventional MP
therapy (melphalan and prednisolone), including complete response
(CR) of more than 30% (71% vs. 35%, p<0.001). Median TTP was
also significantly longer for MPB, while the risk of progression was
almost halved (24 months vs. 16.6 months, p<0.001) [13]. Jagannath
et al. [14] also reported bortezomib alone and in combination with
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dexamethasone was effective as the frontline treatment for MM. The
overall response rate (ORR) in this study was 90%, with 23% of the
patients attaining very good partial response (VGPR) and 19% CR/
near CR (nCR). After a median follow-up of 49 months, the median
OS has not been reached, while the estimated 4-year survival was 67%
[14]. The combination therapy using bortezomib, doxorubicin and
dexamethasone (PAD) is also an attractive strategy. As the induction
therapy before stem cell transplantation for newly diagnosed MM,
PAD comprising administration of bortezomib 1.3mg/m? (PAD1)
or 1.0mg/m* (PAD2) on days 1, 4, 8 and 11, of doxorubicin on days
1-4 and dexamethasone 40mg on days 1-4 (plus days 8-11, 15-18,
for cycle 1 only) per 21-day cycle induced CR/VGPR in 62% for
PAD1 and 42% for PAD2 after induction, and 81% and 53% after
transplantation. Progression-free survival (PFS) (29 vs. 24 months),
time to re-treatment (36 vs. 29 months) and OS (2-year: 95% vs. 73%)
did not differ significantly between PAD1 and PAD2 cohorts, but
showed a tendency for PAD1 to be more beneficial than PAD2. Thus,
PAD seems to be highly active effective as an induction therapy for
newly diagnosed transplant eligible MM patients [15,16]. CyBorD
(cyclophosphamide, bortezomib and dexamethasone) is another
attractive therapeutic approach. One study reported that response
was rapid and the ORR 88%, with VGPR of 61% or better and CR/
nCR of 39%. Stem cell harvesting for all patients was successful.
Twenty-three patients underwent stem cell transplantation and were
evaluable through day 100 with CR/nCR documented in 70% and
VGPR in 74%[17]. Furthermore, triplet therapy incorporating both
bortezomib and immunomodulatory drugs, such as VID (bortezomib,
thalidomide and dexamethasone) or VRD (bortezomib, lenalidomide
and dexamethasone) have shown encouraging clinical results for both
treatment-naive and relapsed MM patients, and we will review their
effects in a later section.

One of the most intriguing benefits of bortezomib is its high efficacy
against MM harboring cytogenetic abnormalities such as 13q-, t(4;14),
t(14;16), or 1q21 abnormality [18]. The only chromosomal abnormality
which hampers the clinical effect of bortezomib is 17p-, for which the
loss of TP53 is thought to be responsible [19]. However, other pre-
treatment factors predictive of clinical response to bortezomib have
not been identified yet, while the response to the first and second
courses of bortezomib therapy has been suggested to be predictive
for longer-term treatment outcome, including late responders [20].
Finally, inclusion of bortezomib into induction therapy prior to high-
dose chemotherapy followed by autologous peripheral blood stem cell
transplantation (HDCT/aPBSCT) yields a better ORR prior to HDCT/
aPBSCT, and results in better ORR after HDCT/aPBSCT compared
with the use of conventional VAD therapy for induction [21]. Also,
the incorporation of bortezomib into the conditioning regimen for
HDCT in combination with conventional high-dose melphalan has
been shown to be highly effective compared with HDCT using only
high-dose melphalan [22].

The most common hematological adverse event associated
with bortezomib is thrombocytopenia, accounting for 42% of such
events, with Grade 3-4 thrombocytopenia accounting for about 30%.
Somewhat different from thrombocytopenia due to genotoxic agents,
thrombocytopenia caused by bortezomib is often of short duration
and features easy recovery. This may be partly due to bortezomib-
induced thrombocytopenia resulting from impaired platelet release
from megakaryocytes, but not by a reduction in megakaryocytes
[23]. Anemia, neutropenia and lymphocytopenia reportedly account
for approximately 21%, 19% and 11%, respectively, of hematologic
adverse events following bortezomib (plus dexamethasone) treatment.

These events occur more frequently when bortezomib is combined
with other cytotoxic agents, such as melphalan, doxorubicin or
cyclophosphamide. One of the most intractable non-hematological
toxicities is bortezomib-induced peripheral neuropathy (BIPN). Grade
3 BIPN has been observed in up to 13% of patients treated with this
agent, with Grade 1-2 in more than half of the patients. In some cases,
painful neuropathy may cause significant disability. However, BIPN
was found to be reversible in most cases with dose modification or after
treatment cessation.

Immunomodulatory Drugs (IMiDs)
Thalidomide

Thalidomide is a glutamic acid derivative with unique properties,
such as immunomodulatory effects on cytokine production and
T-cell activation, anti-inflammatory and anti-angiogenic functions,
inhibition of cell adhesion, and direct inhibition of tumor growth and
survival [24]. However, details of the mechanism for the anti-MM
effect of thalidomide remain to be fully identified.

A systemic review of the published phase 2 trials of thalidomide
monotherapy for relapsed/refractory MM indicated that the ORR
was 29.4% (95% CI; 27-32%), and median OS was 14 months. Grade
3-4 adverse events included somnolence (11%), constipation (16%),
neuropathy (6%), rash (3%), thromboembolism (3%) and cardiac
toxicity (2%) [25]. Alexanian et al. demonstrated that thalidomide plus
dexamethasone (TD) resulted in a 47% objective response rates for
patients with relapsed/refractory MM, and prolonged OS for patients
who showed response [26]. Several other studies also demonstrated
the efficacy of TD for relapsed/refractory MM [27,28]. The addition
of other chemotherapeutic agents, such as cyclophosphamide or
pegylated liposomal doxorubicin, to TD improved the response rates
to a ranged of 32-76%, but such combination therapies require a more
cautious application because of the higher incidence of adverse events,
such as myelotoxicity or thrombotic events [29-31].

Two phase 3 trials, ECOG E1A00 and MMO003, for newly diagnosed
MM patients demonstrated that the response rates to TD were
significantly higher than those to high-dose dexamethasone (HDD)
(63% vs. 41%, p=0.002 in the ECOG E1A00 trial and 63% vs. 46%,
<0.0005 in the MMO03 trial) in addition to higher CR and VGPR rates
for TD. In addition, PFS of the TD cohort was significantly longer in
the MMO03 trial (14.9 vs. 6.5 months, p<0.001) [32,33]. Cavo et al. [34]
also demonstrated that TD is superior to VAD in terms of ORR (76%
vs. 52%, p<0.001), while granulocytopenia occurred more frequently
with VAD (12%), but nonfatal deep vein thrombosis more frequently
with TD (15%). Peripheral blood stem cell collection was nearly equally
successful following either TD or VAD [34]. In the prospective phase
3 HOVON-50/GMMG-HD3 trial, TAD (thalidomide, doxorubicin,
dexamethasone) was shown to produce significantly higher ORR
compared with VAD (72% vs. 54%, p<0.001) and higher CR and
VGPR rates before HDCT/aPBSCT. Although ORRs after HDCT/
aPBSCT were not significantly different for the two arms, the CR
plus VGPR rate was significantly higher for the TAD cohort (49%
vs. 32%, p<0.001) [35]. Four large trials have shown the superior
effect of thalidomide in combination with conventional melphalan
and prednisolone (MPT) to MP alone in elderly transplant-ineligible
patients [36-39]. In the GIMEMA study, Palumbo et al. demonstrated
that the median PFS was 21.8 months for MPT and 14.5 months for
MP (p=0.004), while the median OS was not significantly different [36].
In the IFM99-06 trial, the median OS was 33.2 months for MP, 51.6
months for MPT, and 38.3 months for MEL100 (melphalan 100mg/
m?). The PES of the MPT cohort was significantly longer than that of the
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MP cohort (p=0.0006) and MEL100 cohort (p=0.027), while there was
no significant difference in OS between the MP and MEL100 cohorts
(p=0.32) [37]. In the IFMO01-01 study, OS was significantly longer for
patients treated with MPT than for those treated with MP (median, 44.0
months vs. 29.1 months, p=0.028), as was PFS (median, 24.1 months
vs. 18.5 months, p=0.001) [38]. The HOVON49 study also established
improvement of ORR by treatment with MPT compared with MP
(ORR; 66% vs. 45%, p<0.001, VGPR; 27% vs. 10%, p<0.001) [39]. Most
clinical trials have thus produced better ORR for MPT than for MP,
although the former’s long-term effects are still controversial. While
some studies have demonstrated longer PFS and OS for MPT than for
MP, other studies did not find any significant improvement in long-
term efficacy for MPT [40,41]. It has been postulated that the survival
period following the re-progression of MM after MPT is significantly
shorter than that after MP. TD was also shown to produce higher ORR
compared with MP (68% vs. 50%, p=0.002). However, again, there were
no significant differences in TTP and PFS between TD and MP, while
OS was significantly shorter for the TD group (41.5 vs. 49.4 months,
p=0.024). Toxicity was higher with TD, particularly in patients over 75
years old with poor performance status [42]. It should be noted that
high-dose dexamethasone and an increased dose of thalidomide were
associated with more severe toxicity in elderly patients. These findings
collectively, therefore, show that thalidomide as front-line therapy is
still not fully supported.

On the other hand, the efficacy of thalidomide as maintenance
(or consolidation) therapy has been widely recognized, in particular
as maintenance therapy after HDCT. In the IFM99-02 randomized
trial, 3-year post-randomization probability of event-free survival
(EFS) (52% vs. 36%) and 4-year post-diagnosis probability of survival
(87% vs. 77%) were significantly higher for patients who received
thalidomide maintenance after high-dose therapy [43]. The survival
benefits of thalidomide maintenance have been also reported in
several other clinical studies, such as the SWOG S0204 trial and Total
Therapy 2 [44-47]. Importantly, the benefit of post-HDCT thalidomide
therapy was observed only in patients who failed to attain VGPR after
HDCT/aPBSCT. It should also be noted that the survival after relapse
of patients with a history of thalidomide treatment was significantly
shorter [45]. These findings indicate the need for more evidence before
the optimal indication, dosage and duration of thalidomide therapy
following HDCT/aPBSCT in MM can be decided.

Lenalidomide

Lenalidomide, a derivative of thalidomide, is a second-generation
IMiD that is chemically similar to thalidomide but is more potent and
has fewer adverse effects. Compared with thalidomide, lenalidomide
inhibits the growth factors for MM cells approximately 50,000
times more effectively, while it activates anti-MM immune reaction
approximately 200-1,000 times more effectively [48]. On the other
hand, the anti-angiogenic effect of lenalidomide is considered to be
less than that of thalidomide. Phase 1 and 2 trials of lenalidomide as
a single agent for treatment-refractory MM showed that ORRs were
24% and 29%, respectively, and that median OS was approximately 27
months. Significant peripheral neuropathy and deep vein thrombosis
each occurred in only 3% of patients, which was markedly less than
those caused by thalidomide, while an important finding was that
even thalidomide- or bortezomib-resistant patients responded to
lenalidomide [49,50]. Two phase 3 randomized multicenter trials, MM-
009 and MM-010, demonstrated the superior effect of lenalidomide plus
dexamethasone (RD) compared to that of placebo plus dexamethasone
on previously treated MM patients [51,52]. In both trials, ORR was
significantly higher for the lenalidomide than the placebo group (61.0%

vs. 19.9%, p<0.001 for MM-009 and 60.2% vs. 24.0%, p<0.001 for MM-
010). The median TTP (11.1 vs. 4.7 months, p<0.001 for MM-009 and
11.3vs. 4.7 months, p<0.001 for MM-010) and OS (29.6 vs. 20.2 months,
<0.001 for MM-009, while “not reached” vs. 20.6 months, p=0.03 for
MM-010) were also significantly longer for the lenalidomoide group.
RD was similarly effective, regardless of prior treatments with HDCT/
aPBSCT or with bortezomib-based treatment, and was also successful
for patients who had previously failed thalidomide.

RD was shown to be also effective for newly diagnosed MM patients,
with an overall objective response rate (better than stable disease [SD])
of 91% [53]. Niesvizky et al. [54] demonstrated that the addition of
clarithromycin (Biaxin) to RD (BiRD) was an effective regimen for
newly diagnosed MM. The ORR for this regimen was 90.3% with a
combined stringent CR and CR rate of 38.9%, while the better than
VGPR rate was 73.6% [54]. An important finding reported by the
MM-016 trial was that lenalidomide may overcome poor prognostic
features of MM resulting from adverse cytogenetic abnormalities such
as deletion of 13q and t(4;14). On the other hand, patients with deletion
of 17p13 showed significantly worse outcomes [55]. In a phase 3 open-
label randomized controlled trial by ECOG, low-dose dexamethasone
(40mg once weekly) in combination with lenalidomide (25mg on days
1-21, 28-day cycle) was compared with high-dose dexamethasone
(40mg on days 1-4, 9-12, 17-20) plus lenalidomide for patients with
untreated MM. Although the CR or PR rates within four cycles for
the low-dose dexamethasone group were lower than those for the
high-dose dexamethasone group (68% vs. 79%, p=0.008), the 1-year
OS was significantly higher for the low-dose dexamethasone group
(96% vs. 87%, p=0.0002) and toxicity was significantly lower [56]. The
combination of MP and lenalidomide (MPR) followed by lenalidomide
maintenance proved to be a promising first-line treatment for elderly
MM patients. With this regimen, 81% of patients attained at least PR
(47.6% for VGPR and 23.8% for CR), while 1-year EFS and OS were
92% and 100%, respectively. When combined with MP, the dose of
lenalidomide should be decreased to 10mg/day (40% when used in
the conventional RD setting), because of myelotoxicity. With this
dose modification, the toxicity of MPR was adequately manageable
and aspirin seemed to be effective as anti-thrombosis prophylaxis.
Although ORR resulting from MPR is much superior to that from
MP, PES did not improve in response to MPR only. It should be noted
that the addition of lenalidomide maintenance has the advantages of
producing a higher ORR by MPR and a longer PFS than with MP only
[57]. Lenalidomide in combination with other cytotoxic agents has also
proven to have a favorable effect on relapsed/refractory MM patients
resulting in high response rates of approximately 70%. However, the
adverse events associated with these combination therapies, especially
hematological toxicities such as neutropenia and thrombocytopenia,
are considerable [58-60].

Two randomized trials by the Cancer and Leukemia Group B
(CALGB) and Investigators in a large French intergroup (IFM) also
demonstrated the high efficacy of lenalidomide as maintenance
treatment [61,62]. However, analysis of adverse events disclosed a
higher incidence of secondary primary cancers (SPCs) for patients
who were treated with lenalidomide rather than placebo. Thus, the
indication of maintenance therapy with lenalidomide should be
carefully determined for individual patients, in accordance with their
disease status and background, such as age.

Combination therapies of proteasome inhibitor and IMiD

The aforementioned novel agents exert their anti-myeloma
activities via different mechanisms and thus their combinations may
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be expected to further enhance each other’s anti-myeloma properties.
Indeed, the synergistic anti-myeloma activities of the novel agents such
as bortezomib and lenalidomide have been demonstrated in several
preclinical studies. At the same time, there is concern about increased
toxicity as result of combining these new agents. We here review
the current knowledge of some of the most promising combination
therapies using novel anti-myeloma agents.

First, the combinations of bortezomib with thalidomide have
proven to be effective for both relapsed and newly diagnosed MM
patients. The combination of bortezomib, thalidomide and MP
(VMPT) has shown an encouraging effect on relapsed MM with
manageable toxicity [63]. Also, VMPT followed by maintenance
with bortezomib-thalidomide (VT) was found to be superior to
VMP alone for patients with untreated MM who were ineligible for
HDCT/aPBSCT [64]. The combination of bortezomib, melphalan,
dexamethasone and intermittent doses of thalidomide (VMDT) has
also demonstrated a favorable effect on relapsed/refractory MM. The
ORR by VMDT was 66%, including 13% CR, 27% VGPR and 26%
PR, and the median TTP was 9.3 months. Common adverse events
included cytopenia, peripheral neuropathy and infection, but no patient
experienced deep-vein thrombosis [65]. The effect of bortezomib plus
TD (VTD) was compared with TD alone as induction therapy before
and as consolidation therapy after tandem HDCT/aPBSCT in newly
diagnosed MM in a randomized phase 3 study. VID induction therapy
significantly improved the rate of CR plus nCR (31% with VTD vs. 11%
with TD, p<0.0001) before aPBSCT, although Grade 3-4 adverse events
occurred more frequently with VID than with TD (56% vs. 33%,
p<0.0001) [66]. VTD has also been incorporated in Total Therapy 3
(TT3), and this study demonstrated that VTD could be safely combined
with multi-agent chemotherapy. In the case of TT3, the induction
strategy prior to tandem HDCT/aPBSCT consisted of VID-PACE
(bortezomib, thalidomide, dexamethasone and 4-day continuous
infusion of cisplatin, doxorubicin, cyclophosphamide, etoposide) and
3-year maintenance therapy with VID for the first year and TD for the
remaining two years. At 24 months, 83% of patients achieved nCR, and
88% maintained their CR response for 2 years from disease onset. With
a median follow-up of 20 months, 2-year estimates of EFS and OS were
84% and 86%, respectively. Toxicities worse than Grade 2 included
thrombo-embolic events in 27% and peripheral neuropathy in 12% of
the patients [67]. The combination of lenalidomide and bortezomib
showed significant activity for relapsed/refractory MM including
patients who were previously treated with bortezomib or IMiDs. In
one phase 1 study, the combination of bortezomib, lenalidomide and
dexamethasone (VRD) produced minimal response (MR) or better in
61% of relapsed/refractory MM [68]. Another study which compared
the effects of VRD and RD showed that ORR for VRD was 63% which
was similar with that for RD. Also, both the median PES and OS were
similar for RD and VRD. Poor risk cytogenetics were associated with
lower response rates for RD, but not for VRD. However, prognosis
for patients with deletion of 17p remained extremely poor even when
they were treated with VRD combination [69]. Interesting results for a
combination regimen of two IMiDs, thalidomide and lenalidomide, was
recently reported by Palumbo et al. This multi-center, open-label, non-
comparative phase 2 trial evaluated the safety and efficacy of salvage
therapy with lenalidomide, melphalan, prednisone and thalidomide
(RMPT) followed by lenalidomide maintenance for patients with
relapsed/refractory MM. Of the 44 patients, 75% achieved at least PR,
including 32% VGPR and 2% CR. The 1-year PFS and OS were 51%
and 72%, respectively. Major adverse events were neutropenia (18%),
infection (14%), thrombocytopenia (7%), and fatigue (7%). No Grade
3-4 thromboembolic events or peripheral neuropathy was reported
[70].

Potential new Agents undergoing Clinical Trials
Proteasome inhibitor

Carfilzomib: Carfilzomib is an irreversible proteasome inhibitor
from a new chemical class called peptide keto epoxides which require
an N-terminal threonine to bind, so the binding of carfilzomib is highly
restricted to proteasomes. This high binding selectivity prevents it from
exerting off-target activity on other non-proteasome cellular proteases.
Through this mechanism, carfilzomib selectively inhibits proteasome
functions and potently induces apoptosis in cancerous cells, including
MM cells [71].

Two phase 2 clinical trials of carfilzomib have been reported
[72,73]. In one clinical trial for 46 relapsed/refractory MMs, 20 mg/
m? carfilzomib induced response in 26% (10/39) of evaluable patients,
including 5 PR and 5 MR, and SD in 16 patients. Most responses
were observed within the first cycle [72]. In the other study, ORR
with carfilzomib was 54% for 14 evaluable bortezomib-naive patients,
including 1 CR and 2 VGPRs, while ORR of bortezomib-exposed
patients was much inferior to that of bortezomib-naive patients.
The most common non-hematologic adverse events were fatigue
(61%), nausea (58%), vomiting (36%), and insomnia (32%). Grade
3-4 hematological adverse events occurred in 10% or less of patients.
Importantly, peripheral neuropathy was much less frequently
accompanied with carfilzomib compared with bortezomib [73].

IMiDs
Pomalidomide

Pomalidomide, a derivative of thalidomide, is the newest IMiD
agent, which also possesses anti-myeloma activity [74]. Compared
with thalidomide, the activity of pomalidomide against tumor necrosis
factor (TNF)-a is some 1,000-10,000 times stronger, its effect on T-cell
activation and proliferation about 50-2,000 times stronger, and its
production of interleukin (IL)-2 and interferon-y about 50-100 times
greater. It has been reported that pomalidomide (2mg daily) plus low-
dose dexamethasone (40mg weekly) (Pom/Dex) was highly effective
against relapsed MM, even in the case of lenalidomide refractory
patients, with an ORR of 47%. In this study, the median DOR and
the median OS were 9.1 months and 13.9 months, respectively [75].
Furthermore, it was demonstrated that Pom/Dex was also effective for
patients who were refractory to both bortezomib and lenalidomide (so
called “dual refractory myeloma”). In this phase 2 trial, the efficacy of
two doses of pomalidomide, 2mg/day and 4mg/day, was compared
with that of dexamethasone 40mg weekly. The ORR was 49% for the
2mg cohort and 43% for the 4mg cohort, while the corresponding
median PFS was 6.5 months (95%CI: 3.9-8.9) and 3.2 months (95%CI:
1.9-8.6), and the OS at 6 months 78% (95%CI: 65-94) and 67% (95%CI:
52-86). These data thus showed no advantage for 4mg/day over 2mg/
day. The most common toxicity with Pom/Dex was myelosuppression,
including Grade 3-4 neutropenia for 51-66%. The most common non-
hematological adverse event was fatigue with Grade 3-4 fatigue for 9%.
Deep vein thrombosis was infrequent for the majority of the patients
who received aspirin for thromboprophylaxis [76].

Histone Deacetylase (HDAC) Inhibitors
Vorinostat

Vorinostat (suberoylanilide hydroxamic acid, SAHA) is a member
of histone deacetylase (HDAC) inhibitors which possess a broad
spectrum of epigenetic activities. Vorinostat has been already approved
by the Food and Drug Administration (FDA) for the treatment of
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cutaneous T-cell lymphoma. A phase 1 trial of oral vorinostat for
relapsed/refractory MM was conducted to determine maximum
tolerated dose (MTD) and assess its anti-myeloma activity and safety,
but the study could not be completed due to early termination by
the sponsor. In this study, the major adverse events included fatigue,
anorexia, dehydration, diarrhea and nausea [77]. In another phase
1 trial, vorinostat in combination with bortezomib for relapsed/
refractory MM was investigated. ORR was 42%, including three PRs
by nine bortezomib refractory patients. The most common Grade
3-4 toxicities were myelosuppression, fatigue, and diarrhea [78]. The
efficacy of vorinostat in combination with bortezomib is currently
under investigation in other clinical trials.

Panobinostat

Panobinostat is a potent pan-deacetylase inhibitor that targets
HDACS, disrupts aggresome and heat shock protein 90 (HSP90)
activity, and promotes MM cell death. The combination of panobinostat
and bortezomib has been shown to produce synergistic cytotoxicity
in preclinical studies of its use for MM [79]. A phase 1b study of the
combination of panobinostat with bortezomib for MM displayed a
feasible toxicity profile and an ORR of 36%, including 8 (57% of all
responders) bortezomib-refractory patients [80]. This combination is to
be further evaluated in the PANORAMA program (PANobinostat ORAI
in Multiple myelomA) consisting of PANORAMA 1 and PANORAMA
2. PANORAMA 1 is a prospective, multinational, randomized, double-
blind, placebo-controlled phase 3 study to compare the efficacies of a
panobinostat plus bortezomib/dexamethasone regimen and a placebo
plus bortezomib/dexamethasone regimen for previously treated
MM. PANORAMA 2 is a U.S.-based, multicenter, single-arm phase
2 study to evaluate the efficacy of the combination of panobinostat
and bortezomib/dexamethasone for relapsed MM and bortezomib-
refractory MM to assess if the addition of panobinostat can re-sensitize
bortezomib-refractory MM to bortezomib [81].

Monoclonal Antibodies

Elotuzumab and dacetuzumab

Potential targets of monoclonal antibody therapy include growth
factors and their receptors, other signaling molecules, and antigens
expressed exclusively or predominantly on MM cells. Monoclonal
antibody therapy has demonstrated its anti-tumor activity via a range
of mechanisms, including antibody-dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity, interference with
receptor-ligand interactions, and monoclonal antibody conjugation
to radioisotopes or toxins. A number of potential antigen targets are
being investigated in the context of MM treatment, and several of those
are currently the subject of investigation in clinical trials [82]. We focus
here on the most promising two monoclonal antibody therapies for
MM, elotuzumab and dacetuzumab.

Elotuzumab (HuLuc63) is a humanized monoclonal antibody
targeting CS-1, which is a cell surface glycoprotein universally (>95%)
expressed at high levels on MM cells but at limited levels on normal
tissues [83]. Elotuzumab has demonstrated significant anti-tumor
activity in pre-clinical mouse models of MM, and its anti-myeloma
effect was shown to be enhanced by bortezomib or lenalidomide [84,
85]. In a phase 1 study of monotherapy, the anti-myeloma activity of
elotuzumab was modest, as elotuzumab induced SD in 6 of 23 patients
[86]. However, a surprisingly favorable effect of the combination of
elotuzumab and RD was observed in another phase 1 study, since
this combination induced ORR in 82% of relapsed/refractory MM
patients (96% of lenalidomide-naive patients), while the median time

to progression was not reached. The most frequent Grade 3-4 toxicities
were neutropenia (36%) and thrombocytopenia (21%) [87]. A larger
phase 2 study is ongoing to determine the rate and durability of the
responses observed in this phase 1 trial.

Dacetuzumab is a humanized anti-CD40 monoclonal antibody
with multiple action mechanisms. CD40 is a member of the TNF
receptor superfamily which is highly expressed on MM cells.
Dacetuzumab exhibits its anti-tumor activity via ADCC and induction
of apoptosis. In a phase 1 study, dacetuzumab monotherapy induced
SD as the best clinical response in only 9 of 44 patients (20%). Adverse
events included symptoms associated with cytokine release syndrome
and elevated hepatic enzymes [88]. Two other trials for a combination
therapy including dacetuzumab are ongoing.

Other Categories

Bendamustine

The alkylating agent bendamustine is structurally similar to both
alkylating agents and purine analogs and shows no cross-resistance
with other agents, including alkylators. The efficacy of bendamustine
has been observed not only for non-Hodgkin lymphoma and chronic
lymphocytic leukemia, but also for MM. Knop et al. [89] demonstrated
the efficacy and toxicity of bendamustine (100mg/day in dayl, 2)
for MM patients who had relapsed after HDCT. In this study, ORR
was 55% with the median PFS for 26 weeks. The major adverse event
associated with bendamustine was myelosuppression [89]. In a phase
3 randomized study comparing the efficacy of bendamustine plus
prednisolone (BP) and standard MP for newly diagnosed MM, BP was
found to be superior to MP with respect to CR rate, time to treatment
failure, cycles needed to achieve maximum remission and quality of
life [90]. These results suggest that BP is a candidate for use in the
treatment of treatment-naive MM patients who are not eligible for
HDCT/aPBSCT.

Perifosine

Perifosine is an oral, novel synthetic alkylphospholipid, which
targets multiple signal transduction molecules. It potently inhibits
Akt, while it activates JNK. In vitro studies showed that perifosine
induces cytotoxicity in both MM cell lines and patient-derived MM
cells resistant to conventional therapies, while it augments the anti-
myeloma effects of dexamethasone and bortezomib [91]. In a phase 2
trial, perifosine as a monotherapy showed modest activity, but its effect
onrelapsed/refractory MM became significant when it was combined
with dexamethasone. This combination resulted in PR plus MR of 38%
and SD of 47% of evaluable patients. This combination therapy was
generally well tolerated, although caution was warranted for patients
with renal dysfunction. Other studies of perifosine in combination
with bortezomib and with lenalidomide are currently underway [92].

Tanespimycin

Tanespimycin (KOS-953, 17-AAG) is an inhibitor of HSP90,
which is a molecular chaperone of client proteins, such as IL-6, or
insulin-like growth factor 1 receptor (IGF-1R), which are essential for
growth, survival and drug resistance of MM cells. In a phase 1b trial
for relapsed/refractory MM, tanespimycin combined with bortezomib
induced CR, PR and MR response in 71% of bortezomib-naive MM
patients, in 33% of bortezomib-refractory MM patients, and in 38% of
bortezomib pretreated MM patients [93].

Summary

Novel agents, such as bortezomib, thalidomide and lenalidomide,

Translational Medic

Clinical Studies of Molecular Targeted Therapies

ISSN: 2161-1025 TM, an open access journal


http://en.wikipedia.org/wiki/Cutaneous_T_cell_lymphoma

Citation: Kobayashi T, Kuroda J, Kiyota M, Nakayama R, Taniwaki M (2011) Clinical Studies of Molecular Targeted Therapy for Multiple Myeloma.

Translational Medic S2:002. doi:10.4172/2161-1025.52-002

Page 6 of 8

have altered the landscape of therapeutic strategies for MM and have
improved the survival of MM patients. Furthermore, these novel
agents may overcome poor prognostic cytogenetic abnormalities such
as 13q deletion or t (4;14), and the multi-drug combination therapies
including these novel agents generally produce higher response rates
and would be favorable for patients who require rapid disease control.
Combinations with new drugs can be expected to become the backbone
of MM treatment in the near future. Nevertheless, it remains unclear
whether multi-agent combination therapy as the front-line therapy
actually results in longer OS. It is not clear either which sequence of
novel agents is the best to obtain optimal OS. In conclusion, currently
available new drugs have shown encouraging effects on MM in clinical
trials, while a number of other molecular targeting agents are currently
undergoing testing for clinical use. It is expected that the menu of
therapeutic strategies for MM will further expand and that patient
outcomes will continue to improve a result of further development of
new other molecular targeting drugs and determination of the optimal
use of these agents.

Acknowledgment

This work was partly supported by Grants-in-Aid for Scientific Research from
the Ministry of Education, Culture, Sports, Science, and Technology of Japan, and
by grants from the Kobayashi Foundation of Innovative Cancer Chemotherapy,
and the Award in Aki's Memory from the International Myeloma Foundation (MT

and JK).

References
1. Kyle RA, Rajkumar SV (2008) Multiple myeloma. Blood 111: 2962-2972.

2. Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, Hayman SR, et al. (2007)
Improved survival in multiple myeloma and the impact of novel therapies. Blood
111: 2516-2520.

3. Hideshima T, Richardson P, Chauhan D, Palombella VVJ, Elliott PJ, et al. (2001)
The proteasome inhibitor PS-341 inhibits growth, induces apoptosis, and
overcomes drug resistance in human multiple myeloma cells. Cancer Res 61:
3071-3076.

4. Hideshima T, Chauhan D, Richardson P, Mitsiades C, Mitsiades N, et al. (2002)
NF-kB as a therapeutic target in multiple myeloma. J Biol Chem 277: 16639-
16647.

5. Obeng EA, Carlson LM, Gutman DM, Harrington WJ Jr, Lee KP, et al. (2006)
Proteasome inhibitors induce a terminal unfolded protein response in multiple
myeloma cells. Blood 107: 4907-4916.

6. Terpos E, Sezer O, Croucher P, Dimopoulos MA (2007) Myeloma bone disease
and proteasome inhibition therapies. Blood 110: 1098-1104.

7. Richardson PG, Sonneveld P, Schuster MW, Irwin D, Stadtmauer EA, et
al. (2005) Bortezomib or high-dose dexamethasone for relapsed multiple
myeloma. New Engl J Med 352: 2487-2498.

8. Richardson PG, Sonneveld P, Schuster MW, Irwin D, Stadtmauer EA, et al.
(2007) extended follow-up of a phase 3 trial in relapsed multiple myeloma: final
time-to-event results of the APEX trial. Blood 110: 3557-3560.

9. Richardson PG, Barlogie B, Berenson J, Singhal S, Jagannath S, et al. (2003)
A phase 2 study of bortezomib in relapse, refractory myeloma. N Engl J Med
348: 2609-2617.

10. Richardson PG, Barlogie B, Berenson J, Singhal S, Jagannath S, et al. (2006)
Extended follow-up of phase Il trial in relapsed, refractory multiple myeloma.
Final time-to-event results from the SUMMIT trial. Cancer 106: 1316-1319.

11. Jagannath S, Barlogie B, Berenson J, Siegel D, Irwin D, et al. (2004) A phase
2 study or two doses of bortezomib in relapsed or refractory myeloma. Br J
Haematol 127: 165-172.

12. Orlowski RZ, Nagler A, Sonneveld P, Bladé J, Hajek R, et al. (2007) Randomised
phase Il study of pegylated liposomal doxorubicin plus bortezomib compared
with bortezomib alone in relapsed or refractory multiple myeloma: combination
therapy improves time to progression. J CO 25: 3892-3901.

13. San Miguel JF, Schlag R, Khuageva NK, Dimopoulos MA, Shpilberg O, et
al. (2008) Bortezomib plus melphalan and prednisone for initial treatment of
multiple myeloma. N Engl J Med 359: 906-917.

20.

2

=

22.

23.

24.

25.

26.

27.

28.

2

©

30.

3

=

32.

.Jagannath S, Durie BG, Wolf JL, Camacho ES, Irwin D, et al. (2009) Extended

follow-up of a phase 2 trial of bortezomib alone and in combination with
dexamethasone for the frontline treatment of multiple myeloma. Br J Haematol
146: 619-626.

. Oakervee HE, Popat R, Curry N, Smith P, Morris C, et al. (2005) PAD

combination therapy (PS-341/bortezomib, doxorubicin and dexamethasone)
for previous untreated patients with multiple myeloma. Br J Haematol 129: 755-
762.

. Popat R, Oakervee HE, Hallam S, Curry N, Odeh H, et al. (2008) Bortezomib,

doxorubicin and dexamethasone (PAD) front-line treatment for multiple
myeloma: update results after long-term follow up. Br J Haematol 141: 512-516.

.Reeder CB, Reece DE, Kukreti V, Chen C, Trudel S, et al. (2009)

Cyclophosphamide, boretezomib and dexamethasone induction for newly
diagnosed multiple myeloma: high response rates in a phase Il clinical trial
CyBorD induction. Leukemia 23: 1337-1341.

.Chang H, Trieu Y, Qi X, Xu W, Stewart KA, et al. (2007) Bortezomib therapy

response is independent of cytogenetic abnormalities in relapsed/refractory
multiple myeloma. Leuk Res 31: 779-782.

. Avet-Loiseau H, Leleu X, Rouseal M, Moreau P, Guerin-Charbonnel C, et

al. (2010) Bortezomib plus dexamethasone induction improves outcome of
patients with t(4;14) myeloma but not outcome of patients with del(17p). J Clin
Oncol 28: 4630-4634.

Kobayashi T, Kuroda J, Shimura K, Akaogi T, Kawata E, et al. (2010)
Bortezomib plus dexamethasone for relapsed or treatment refractory multiple
myeloma: the collaborative study at six institutes in Kyoto and Osaka. Int J
Hematol 92: 579-586.

.Harousseau JL, Attal M, Avet-Loiseau H, Marit G, Caillot D, et al. (2010)

Bortezomib plus dexamethasone is superior to vincristine plus doxorubicin
plus dexamethasone as induction treatment prior to autologous stem-cell
transplantation in newly diagnosed multiple myeloma: results of the IFM 2005-
01 phase Il trial. J Clin Oncol 28: 4621-4629.

Roussel M, Moreau P, Huynh A, Mary JY, Danho C, et al. (2009) Bortezomib
and high-dose melphalan as conditioning regimen before autologous stem cell
transplantation in patients with de novo multiple myeloma: a phase 2 study of
the Intergroupe Francophone du Myélome (IFM). Blood 115: 32-37.

Lonial S, Waller EK, Richardson PG, Jagannath S, Orlowski RZ, et al. (2005)
Risk factors and kinetics of thrombocytopenia associated with bortezomib for
relapsed, refractory multiple myeloma. Blood 106: 3777-3784.

Kastritis E, Dimopoulos MA (2007) Thalidomide in the treatment of multiple
myeloma. Best Pract Res Clin Haematol 20: 681-699.

Glasmacher A, Hahn C, Hoffmann F, Naumann R, Goldschmidt H, et al. (2006)
A systemic review of phase-I| trials of thalidomide monotherapy in patients with
relapsed or refractory multiple myeloma. Brtish Journal of Haematol 132: 584-
593.

Alexanian R, Weber D, Anagnostopoulos A, Delasalle K, Wang M, et al. (2003)
Thalidomide with or without dexamethasone for refractory or relapsing multiple
myeloma. Semin Hematol 40: 3-7.

Dimopoulos MA, Zervas K, Koubatseas G, Galani E, Grigoraki V, et al. (2001)
Thalidomide and dexamethasone combination for refractory multiple myeloma.
Ann Oncol 12: 991-995.

Palumbo a, Giaccone L, Bertola a, Pregno P, Bringhen S, et al. (2001) Low-
dose thalidomide plus dexamethasone is an effective salvage therapy for
advanced myeloma. Haematologica 86: 399-403.

. Moehler TM, Neben K, Benner A, Egerer G, Krasniqi F, et al. (2001) Salvage

therapy for multiple myeloma with thalidomide and CED chemotherapy. Blood
98: 3846-3848.

Kropff MH, Lang N, Bisping G, Dominé N, Inniq G, et al. (2003) Hyperfractionated
cyclophosphamide in combination with pulsed dexamethasone and thalidomide
(HyperCDT) in primary refractory or relapsed multiple myeloma. Br J Haematol
122: 607-616.

. Offdani M, Corvatta L, Marconi M, Visani G, Alesiani F, et al. (2006) Low-

dose thalidomide with pegylated liposomal doxorubicin and high-dose
dexamethasone for relapsed/refractory multiple myeloma; a prospective,
multicenter, phase Il study. Haematologica 91: 133-136.

Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR; Eastern

Translational Medic

Clinical Studies of Molecular Targeted Therapies

ISSN: 2161-1025 TM, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/18332230
http://bloodjournal.hematologylibrary.org/content/111/5/2516.short
http://bloodjournal.hematologylibrary.org/content/111/5/2516.short
http://bloodjournal.hematologylibrary.org/content/111/5/2516.short
http://www.ncbi.nlm.nih.gov/pubmed/11306489
http://www.ncbi.nlm.nih.gov/pubmed/11306489
http://www.ncbi.nlm.nih.gov/pubmed/11306489
http://www.ncbi.nlm.nih.gov/pubmed/11306489
http://www.ncbi.nlm.nih.gov/pubmed/11872748
http://www.ncbi.nlm.nih.gov/pubmed/11872748
http://www.ncbi.nlm.nih.gov/pubmed/11872748
http://www.ncbi.nlm.nih.gov/pubmed/16507771
http://www.ncbi.nlm.nih.gov/pubmed/16507771
http://www.ncbi.nlm.nih.gov/pubmed/16507771
http://www.ncbi.nlm.nih.gov/pubmed/17494860
http://www.ncbi.nlm.nih.gov/pubmed/17494860
http://www.nejm.org/doi/full/10.1056/NEJMoa043445
http://www.nejm.org/doi/full/10.1056/NEJMoa043445
http://www.nejm.org/doi/full/10.1056/NEJMoa043445
http://www.nejm.org/doi/full/10.1056/NEJMoa030288
http://www.nejm.org/doi/full/10.1056/NEJMoa030288
http://www.nejm.org/doi/full/10.1056/NEJMoa030288
http://www.ncbi.nlm.nih.gov/pubmed/15461622
http://www.ncbi.nlm.nih.gov/pubmed/15461622
http://www.ncbi.nlm.nih.gov/pubmed/15461622
http://jco.ascopubs.org/content/25/25/3892.short
http://jco.ascopubs.org/content/25/25/3892.short
http://jco.ascopubs.org/content/25/25/3892.short
http://jco.ascopubs.org/content/25/25/3892.short
http://www.ncbi.nlm.nih.gov/pubmed/18753647
http://www.ncbi.nlm.nih.gov/pubmed/18753647
http://www.ncbi.nlm.nih.gov/pubmed/18753647
http://www.ncbi.nlm.nih.gov/pubmed/19622094
http://www.ncbi.nlm.nih.gov/pubmed/19622094
http://www.ncbi.nlm.nih.gov/pubmed/19622094
http://www.ncbi.nlm.nih.gov/pubmed/19622094
http://www.ncbi.nlm.nih.gov/pubmed/15953001
http://www.ncbi.nlm.nih.gov/pubmed/15953001
http://www.ncbi.nlm.nih.gov/pubmed/15953001
http://www.ncbi.nlm.nih.gov/pubmed/15953001
http://www.ncbi.nlm.nih.gov/pubmed/18371113
http://www.ncbi.nlm.nih.gov/pubmed/18371113
http://www.ncbi.nlm.nih.gov/pubmed/18371113
http://www.nature.com/leu/journal/v23/n7/abs/leu200926a.html
http://www.nature.com/leu/journal/v23/n7/abs/leu200926a.html
http://www.nature.com/leu/journal/v23/n7/abs/leu200926a.html
http://www.nature.com/leu/journal/v23/n7/abs/leu200926a.html
http://www.ncbi.nlm.nih.gov/pubmed/16996589
http://www.ncbi.nlm.nih.gov/pubmed/16996589
http://www.ncbi.nlm.nih.gov/pubmed/16996589
http://www.ncbi.nlm.nih.gov/pubmed/20644101
http://www.ncbi.nlm.nih.gov/pubmed/20644101
http://www.ncbi.nlm.nih.gov/pubmed/20644101
http://www.ncbi.nlm.nih.gov/pubmed/20644101
http://www.ncbi.nlm.nih.gov/pubmed/20924731
http://www.ncbi.nlm.nih.gov/pubmed/20924731
http://www.ncbi.nlm.nih.gov/pubmed/20924731
http://www.ncbi.nlm.nih.gov/pubmed/20924731
http://www.ncbi.nlm.nih.gov/pubmed/20823406
http://www.ncbi.nlm.nih.gov/pubmed/20823406
http://www.ncbi.nlm.nih.gov/pubmed/20823406
http://www.ncbi.nlm.nih.gov/pubmed/20823406
http://www.ncbi.nlm.nih.gov/pubmed/20823406
http://www.ncbi.nlm.nih.gov/pubmed/19884643
http://www.ncbi.nlm.nih.gov/pubmed/19884643
http://www.ncbi.nlm.nih.gov/pubmed/19884643
http://www.ncbi.nlm.nih.gov/pubmed/19884643
http://www.ncbi.nlm.nih.gov/pubmed/16099887
http://www.ncbi.nlm.nih.gov/pubmed/16099887
http://www.ncbi.nlm.nih.gov/pubmed/16099887
http://www.ncbi.nlm.nih.gov/pubmed/18070713
http://www.ncbi.nlm.nih.gov/pubmed/18070713
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05914.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05914.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05914.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05914.x/full
http://www.ncbi.nlm.nih.gov/pubmed/15015890
http://www.ncbi.nlm.nih.gov/pubmed/15015890
http://www.ncbi.nlm.nih.gov/pubmed/15015890
http://annonc.oxfordjournals.org/content/12/7/991.short
http://annonc.oxfordjournals.org/content/12/7/991.short
http://annonc.oxfordjournals.org/content/12/7/991.short
http://www.ncbi.nlm.nih.gov/pubmed/11325646
http://www.ncbi.nlm.nih.gov/pubmed/11325646
http://www.ncbi.nlm.nih.gov/pubmed/11325646
http://www.ncbi.nlm.nih.gov/pubmed/11739195
http://www.ncbi.nlm.nih.gov/pubmed/11739195
http://www.ncbi.nlm.nih.gov/pubmed/11739195
http://www.ncbi.nlm.nih.gov/pubmed/12899716
http://www.ncbi.nlm.nih.gov/pubmed/12899716
http://www.ncbi.nlm.nih.gov/pubmed/12899716
http://www.ncbi.nlm.nih.gov/pubmed/12899716
http://www.ncbi.nlm.nih.gov/pubmed/16434383
http://www.ncbi.nlm.nih.gov/pubmed/16434383
http://www.ncbi.nlm.nih.gov/pubmed/16434383
http://www.ncbi.nlm.nih.gov/pubmed/16434383
http://www.ncbi.nlm.nih.gov/pubmed/16365178

Citation: Kobayashi T, Kuroda J, Kiyota M, Nakayama R, Taniwaki M (2011) Clinical Studies of Molecular Targeted Therapy for Multiple Myeloma.

Translational Medic S2:002. doi:10.4172/2161-1025.52-002

Page 7 of 8

33.

34.

3

o

36.

37.

38.

39.

40.

4

-

42.

43.

44,

4

(&

46.

4

ha

48.

49.

Cooperative Oncology Group. (2006) Phase IlI clinical trial of thalidomide plus
dexamethasone compared with dexamethasone alone in newly diagnosed
multiple myeloma: a clinical trial coordinated by the Eastern Cooperative
Oncology Group. J Clin Oncol 24: 431-436.

Rajkumar SV, Rosinol L, Hussein M, Catalano J, Jedrzejczak W, et al. (2008)
Multicenter, randomized, double-blind, placebo-controlled study of thalidomide
plus dexamethasone compared with dexamethasone as initial therapy for
newly diagnosed multiple myeloma. J Clin Oncol 26: 2171-2177.

Cavo M, Zamagni E, Tosi P, Tacchetti P, Cellini C, et al. (2005) Superiority of
thalidomide plus dexamethasone over vincristine-doxorubicin dexamethasone
(VAD) as primary therapy in preparation for autologous transplantation for
multiple myeloma. Blood 106: 35-39.

. Lokhorst HM, Schmidt-Wolf I, Sonneveld P, van der Holt B, Martin H, et al.

(2008) Thalidomide in induction treatment increases the very good partial
response rate before and after high-dose therapy in previously untreated
multiple myeloma. Haematologica 93: 124-127.

Palumbo A, Bringhen S, Liberati AM, Caravita T, Falcone A, et al. (2008)
Oral melphalan, prednisone, and thalidomide in elderly patients with multiple
myeloma: updated results of randomized controlled trial. Blood 112: 3107-
3114.

Facon T, Mary JY, Hulin C, Benboubker L, Attal M, et al. (2007) Melphalan
and prednisone plus thalidomide versus melphalan and predonisone alone or
reduced-intensity autologous stem cell transplantation in elderly patients with
multiple myeloma (IFM99-06): a randomized trial. Lancet 370: 1209-1218.

Hulin C, Facon T, Rodon P, Peqourie B, Benboubker L, et al. (2009) Efficacy
of melphalan and prednisone plus thalidomide in patients older than 75 years
with newly diagnosed multiple myeloma: IFM01-01 trial. J Clin Oncol 27: 3664-
3670.

Wijermans P, Schaafsma M, Termorshuizen F, Ammerlaan R, Wittebol S, et
al. (2010) Phase Il study of the value of thalidomide added to melphalan plus
prednisone in elderly patients with newly diagnosed multiple myeloma: The
HOVON49 Study. J Clin Oncol 28: 3160-3166.

Waage A, Gimsing P, Fayers P, Abildgaard N, Ahlberg L, et al. (2010)
Melphalan and prednisone plus thalidomide or placebo in elderly patients with
multiple myeloma. Blood 116: 1405-1412.

. Beksac M, Haznedar R, Firatli-Tuglular T, Ozdogu H, Aydogdu |, et al. (2011)

Addition of thalidomide to oral melphalan/prednisone in patients with multiple
myeloma not eligible for transplantation: results of a randomized trial from
Turkish Myeloma Study Group. Eur J Haematol 86: 16-22.

Ludwig H, Hajek R, Téthova E, Drach J, Adam Z, et al. (2009) Thalidomide-
dexamethasone compared with melphalan-predonisolone in elderly patients
with multiple myeloma. Blood 113: 3435-3442.

Attal M, Harousseau JL, Leyvraz S, Doyen C, Hulin C, et al. (2006) Maintenance
therapy with thalidomide improves survival in patients with multiple myeloma.
Blood 108: 3289-3294.

Hussein MA, Bolejack V, Zonder JA, Durie BG, Jakubowiak AJ, et al. (2009)
Phase Il study of thalidomide plus dexamethasone induction followed by
tandem melphalan-based autotransplantation and thalidomide-plus-prednisone
maintenance for untreated multiple myeloma: a southwest oncology group trial
(S0204). J Clin Oncol 27: 3510-3517.

. Barlogie B, Tricot G, Anaissie E, Shaughnessy J, Rasmussen E, et al. (2006)

Thalidomide and hematopoietic-cell transplantation for multiple myeloma. N
Engl J Med 354: 1021-1030.

Spencer A, Prince HM, Roberts AW, Prosser IR, Bradstock KF, et al. (2009)
Consolidation therapy with low-dose thalidomide and prednisolone prolongs
the survival of multiple myeloma patients undergoing a single autologous stem-
cell transplantation procedure. J Clin Oncol 27: 1788-1793.

. Barlogie B, Pineda-Roman M, van Rhee F, Haessler J, Anaissie E, et al. (2008)

Thalidomide arm of Total Therapy 2 improves complete remission duration and
survival in myeloma patients with metaphase cytogenetic abnormalities. Blood
112: 3115-3121.

Palumbo A, Miguel JS, Sonneveld P, Moreau P, Drach J, et al. (2008)
Lenalidomide: a new therapy for multiple myeloma. Cancer Treat Rev 34: 283-
291.

Richardson PG, Schlossman RL, Weller E, Hideshima T, Mitsiades C, et al.
(2002) Immunomodulatory drug CC-5013 overcomes drug resistance and is
well tolerated in patients with relapsed multiple myeloma. Blood 100: 3063-
3067.

50.

5

N

52.

53.

54.

55.

56.

57.

58.

5

©

60.

6

=

62.

63.

64.

65.

66.

6

J

Richardson PG, Blood E, Mitsiades CS, Jagannath S, Zeldenrust SR, et al.
(2006) A randomized phase 2 study of lenalidomide therapy for patients with
relapsed or relapsed and refractory multiple myeloma. Blood 108: 3458-3464.

. Weber DM, Chen C, Niesvizky R, Wang M, Belch A, et al. (2007) Lenalidomide

plus dexamethasone for relapsed multiple myeloma in North America. New
Engl J Med 357: 2133-2142.

Dimopoulos M, Spencer A, Attal M, Prince HM, Harousseau JL, et al. (2007)
Lenalidomide plus dexamethasone for relapsed or refractory multiple myeloma.
N Engl J Med 357: 2123-2132.

Rajkumar SV, Hayman SR, Lacy MQ, Dispenzieri A, Geyer SM, et al. (2005)
Combination therapy with lenalidomide plus dexamethasone (Rev/Dex) for
newly diagnosed myeloma. Blood 106: 4050-4053.

Niesvizky R, Jayabalan DS, Christos PJ, Furst JR, Naib T, et al. (2008) BiRD
(Biaxin [clarithromycin] /Revlimid [lenalidomide] /dexamethasone) combination
therapy results in high complete- and overall-response rates in treatment-naive
symptomatic multiple myeloma. Blood 111: 1101-1109.

Reece D, Song KW, Fu T, Roland B, Chang H, et al. (2009) Influence of
cytogenetics in patients with relapsed or refractory multiple myeloma treated
with lenalidomide plus dexamethasone: adverse effect of deletion 17p13. Blood
114: 522-525.

Rajkumar SV, Jacobus S, Callander NS, Fonseca R, Vesole DH, et al. (2010)
Lenalidomide plus high-dose dexamethasone versus lenalidomide plus low-
dose dexamethasone as initial therapy for newly diagnosed multiple myeloma:
an open-label randomized controlled trial. Lancet Oncol 11: 29-37.

Palumbo A, Falco P, Corradini P, Falcone A, Di Raimondo F, et al. (2007)
Melphalan, predonisone, and lenalidomide treatment for newly diagnosed
myeloma: a report from the GIMEMA--Italian Multiple Myeloma Network. J Clin
Oncol 25: 4459-4465.

Baz R, Walker E, Karam MA, Choueiri TK, Jawde RA, et al. (2006) Lenalidomide
and pegylated liposomal doxorubicin-based chemotherapy for relapsed or
refractory multiple myeloma: safety and efficacy. Ann Oncol 17: 1766-1771.

. Morgan GJ, Schey SA, Wu P, Srikanth M, Phekoo KJ, et al. (2007) Lenalidomide

(Revlimid), in combination with cyclophosphamide and dexamethasone (RCD),
is an effective and tolerated regimen for myeloma patients. Br J Haematol 137:
268-269.

Knop S, Gerecke C, Liebisch P, Topp MS, Platzbecker U, et al. (2009)
Lenalidomide, Adriamycin, and dexamethasone (RAD) in patients with
relapsed and refractory multiple myeloma: a report from the German Myeloma
Study Group DSMM (Deutsche Studiengruppe Multiples Myelom). Blood 113:
4137-4143.

. McCarthy PL, Owzar K, Anderson KC, Hofmeister CC, Hurd DD, et al. (2010)

Phase Il intergroup study of lenalidomide versus placebo maintenance therapy
following single autologous hematopoietic stem cell transplantation (AHSCT)
for multiple myeloma: CALGB 100104. Blood 116: 37.

Attal M, Lauwers VC, Marit G, Caillot D, Facon T, et al. (2010) Maintenance
treatment with lenalidomide after transplantation for MYELOMA.: final analysis
of the IFM2005-02. Blood 116: 310.

Palumbo A, Ambrosini MT, Benevolo G, Pregno P, Pescosta N, et al. (2007)
Bortezomib, melphalan, prednisone, and thalidomide for relapsed multiple
myeloma. Blood 109: 2767-2772.

Palumbo A, Bringhen S, Rossi D, Cavalli M, Larocca A, et al. (2010)
Bortezomib-melphalan-prednisone-thalidomide followed by maintenance with
bortezomib-thalidomide compared with bortezomib-melphalan-prednisone for
initial treatment of multiple myeloma: A randomized controlled trial. J Clin Oncol
28:5101-5109.

Terpos E, Kastritis E, Roussou M, Heath K, Christoulas D, et al. (2008) The
combination of bortezomib, melphalan, dexamethasone and intermittent
thalidomide is an effective regimen for relapsed/refractory myeloma and is
associated with improvement of abnormal bone metabolism and angiogenesis.
Leukemia 22: 2247-2256.

Cavo M, Tacchetti P, Patriarca F, Petrucci MT, Pantani L, et al. (2010)
Bortezomib with thalidomide plus dexamethasone compared with thalidomide
plus dexamethasone as induction therapy before, and consolidation therapy
after, double autologous stem-cell transplantation in newly diagnosed multiple
myeloma: a randomized phase 3 study. Lancet 376: 2075-2085.

.Barlogie B, Anaissie E, van Rhee F, Haessler J, Holimig K, et al. (2007)

Incorporating bortezomib into upfront treatment for multiple myeloma: early
results of total therapy 3. Br J Haematol 138: 176-185.

Translational Medic

Clinical Studies of Molecular Targeted Therapies

ISSN: 2161-1025 TM, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/16365178
http://www.ncbi.nlm.nih.gov/pubmed/16365178
http://www.ncbi.nlm.nih.gov/pubmed/16365178
http://www.ncbi.nlm.nih.gov/pubmed/16365178
http://www.ncbi.nlm.nih.gov/pubmed/18362366
http://www.ncbi.nlm.nih.gov/pubmed/18362366
http://www.ncbi.nlm.nih.gov/pubmed/18362366
http://www.ncbi.nlm.nih.gov/pubmed/18362366
http://www.ncbi.nlm.nih.gov/pubmed/15761019
http://www.ncbi.nlm.nih.gov/pubmed/15761019
http://www.ncbi.nlm.nih.gov/pubmed/15761019
http://www.ncbi.nlm.nih.gov/pubmed/15761019
http://www.ncbi.nlm.nih.gov/pubmed/18166796
http://www.ncbi.nlm.nih.gov/pubmed/18166796
http://www.ncbi.nlm.nih.gov/pubmed/18166796
http://www.ncbi.nlm.nih.gov/pubmed/18166796
http://www.ncbi.nlm.nih.gov/pubmed/18505783
http://www.ncbi.nlm.nih.gov/pubmed/18505783
http://www.ncbi.nlm.nih.gov/pubmed/18505783
http://www.ncbi.nlm.nih.gov/pubmed/18505783
http://www.ncbi.nlm.nih.gov/pubmed/17920916
http://www.ncbi.nlm.nih.gov/pubmed/17920916
http://www.ncbi.nlm.nih.gov/pubmed/17920916
http://www.ncbi.nlm.nih.gov/pubmed/17920916
http://www.ncbi.nlm.nih.gov/pubmed/19451428
http://www.ncbi.nlm.nih.gov/pubmed/19451428
http://www.ncbi.nlm.nih.gov/pubmed/19451428
http://www.ncbi.nlm.nih.gov/pubmed/19451428
http://www.ncbi.nlm.nih.gov/pubmed/20516439
http://www.ncbi.nlm.nih.gov/pubmed/20516439
http://www.ncbi.nlm.nih.gov/pubmed/20516439
http://www.ncbi.nlm.nih.gov/pubmed/20516439
http://www.ncbi.nlm.nih.gov/pubmed/20942865
http://www.ncbi.nlm.nih.gov/pubmed/20942865
http://www.ncbi.nlm.nih.gov/pubmed/20942865
http://www.ncbi.nlm.nih.gov/pubmed/20942865
http://www.ncbi.nlm.nih.gov/pubmed/18955563
http://www.ncbi.nlm.nih.gov/pubmed/18955563
http://www.ncbi.nlm.nih.gov/pubmed/18955563
http://www.ncbi.nlm.nih.gov/pubmed/16873668
http://www.ncbi.nlm.nih.gov/pubmed/16873668
http://www.ncbi.nlm.nih.gov/pubmed/16873668
http://www.ncbi.nlm.nih.gov/pubmed/19546405
http://www.ncbi.nlm.nih.gov/pubmed/19546405
http://www.ncbi.nlm.nih.gov/pubmed/19546405
http://www.ncbi.nlm.nih.gov/pubmed/19546405
http://www.ncbi.nlm.nih.gov/pubmed/19546405
http://www.ncbi.nlm.nih.gov/pubmed/16525139
http://www.ncbi.nlm.nih.gov/pubmed/16525139
http://www.ncbi.nlm.nih.gov/pubmed/16525139
http://www.ncbi.nlm.nih.gov/pubmed/19273705
http://www.ncbi.nlm.nih.gov/pubmed/19273705
http://www.ncbi.nlm.nih.gov/pubmed/19273705
http://www.ncbi.nlm.nih.gov/pubmed/19273705
http://www.ncbi.nlm.nih.gov/pubmed/18492953
http://www.ncbi.nlm.nih.gov/pubmed/18492953
http://www.ncbi.nlm.nih.gov/pubmed/18492953
http://www.ncbi.nlm.nih.gov/pubmed/18492953
http://www.ncbi.nlm.nih.gov/pubmed/18230411
http://www.ncbi.nlm.nih.gov/pubmed/18230411
http://www.ncbi.nlm.nih.gov/pubmed/18230411
http://www.ncbi.nlm.nih.gov/pubmed/12384400
http://www.ncbi.nlm.nih.gov/pubmed/12384400
http://www.ncbi.nlm.nih.gov/pubmed/12384400
http://www.ncbi.nlm.nih.gov/pubmed/12384400
http://www.ncbi.nlm.nih.gov/pubmed/16840727
http://www.ncbi.nlm.nih.gov/pubmed/16840727
http://www.ncbi.nlm.nih.gov/pubmed/16840727
http://www.ncbi.nlm.nih.gov/pubmed/18032763
http://www.ncbi.nlm.nih.gov/pubmed/18032763
http://www.ncbi.nlm.nih.gov/pubmed/18032763
http://www.nejm.org/doi/full/10.1056/nejmoa070594
http://www.nejm.org/doi/full/10.1056/nejmoa070594
http://www.nejm.org/doi/full/10.1056/nejmoa070594
http://www.ncbi.nlm.nih.gov/pubmed/16118317
http://www.ncbi.nlm.nih.gov/pubmed/16118317
http://www.ncbi.nlm.nih.gov/pubmed/16118317
http://www.ncbi.nlm.nih.gov/pubmed/17989313
http://www.ncbi.nlm.nih.gov/pubmed/17989313
http://www.ncbi.nlm.nih.gov/pubmed/17989313
http://www.ncbi.nlm.nih.gov/pubmed/17989313
http://www.ncbi.nlm.nih.gov/pubmed/19332768
http://www.ncbi.nlm.nih.gov/pubmed/19332768
http://www.ncbi.nlm.nih.gov/pubmed/19332768
http://www.ncbi.nlm.nih.gov/pubmed/19332768
http://www.ncbi.nlm.nih.gov/pubmed/19853510
http://www.ncbi.nlm.nih.gov/pubmed/19853510
http://www.ncbi.nlm.nih.gov/pubmed/19853510
http://www.ncbi.nlm.nih.gov/pubmed/19853510
http://www.ncbi.nlm.nih.gov/pubmed/16980599
http://www.ncbi.nlm.nih.gov/pubmed/16980599
http://www.ncbi.nlm.nih.gov/pubmed/16980599
http://www.ncbi.nlm.nih.gov/pubmed/17408469
http://www.ncbi.nlm.nih.gov/pubmed/17408469
http://www.ncbi.nlm.nih.gov/pubmed/17408469
http://www.ncbi.nlm.nih.gov/pubmed/17408469
http://www.ncbi.nlm.nih.gov/pubmed/19182205
http://www.ncbi.nlm.nih.gov/pubmed/19182205
http://www.ncbi.nlm.nih.gov/pubmed/19182205
http://www.ncbi.nlm.nih.gov/pubmed/19182205
http://www.ncbi.nlm.nih.gov/pubmed/19182205
http://www.ncbi.nlm.nih.gov/pubmed/17148584
http://www.ncbi.nlm.nih.gov/pubmed/17148584
http://www.ncbi.nlm.nih.gov/pubmed/17148584
http://www.ncbi.nlm.nih.gov/pubmed/20940200
http://www.ncbi.nlm.nih.gov/pubmed/20940200
http://www.ncbi.nlm.nih.gov/pubmed/20940200
http://www.ncbi.nlm.nih.gov/pubmed/20940200
http://www.ncbi.nlm.nih.gov/pubmed/20940200
http://www.ncbi.nlm.nih.gov/pubmed/21146205
http://www.ncbi.nlm.nih.gov/pubmed/21146205
http://www.ncbi.nlm.nih.gov/pubmed/21146205
http://www.ncbi.nlm.nih.gov/pubmed/21146205
http://www.ncbi.nlm.nih.gov/pubmed/21146205
http://www.ncbi.nlm.nih.gov/pubmed/17593024
http://www.ncbi.nlm.nih.gov/pubmed/17593024
http://www.ncbi.nlm.nih.gov/pubmed/17593024

Citation: Kobayashi T, Kuroda J, Kiyota M, Nakayama R, Taniwaki M (2011) Clinical Studies of Molecular Targeted Therapy for Multiple Myeloma.

Translational Medic S2:002. doi:10.4172/2161-1025.52-002

Page 8 of 8

68.

69.

70.

7

N

72.

73.

74.

75.

76.

77.

78.

79.

80.

8

=

Richardson PG, Weller E, Jagannath S, Avigan DE, Alsina M, et al. (2009)
Multicenter, phase |, dose-escalation trial of lenalidomide plus bortezomib for
relapsed/refractory multiple myeloma. J Clin Oncol 27: 5713-5719.

Dimopoulos MA, Kastritis E, Christoulas D, Migkou M, Gavriatopoulou M, et
al. (2010) Treatment of patients with relapsed/refractory multiple myeloma
with lenalidomide and dexamethasone with or without bortezomib: prospective
evaluation of the impact of cytogenetic abnormalities and of previous therapies.
Leukemia 24: 1769-1778.

Palumbo A, Larocca A, Falco P, Sanpaolo G, Falcone AP, et al. (2010)
Lenalidomide, melphalan, prednisone and thalidomide (RMPT) for relapsed/
refractory multiple myeloma. Leukemia 24: 1037-1042.

.Kuhn DJ, Chen Q, Voorhees PM, Strader JS, Shenk KD, et al. (2007) Potent

activity of carfilzomib, a novel, irreversible inhibitor of the ubiquitin-proteasome
pathway, against preclinical models of multiple myeloma. Blood 110: 3281-
3290.

Jagannath S, Vij R, Stewart AK, Somlo G, Jakubowiak A, et al. (2008) Initial
results of PX-171-003, an open-label, single-arm, phase Il study of carfilzomib
(CFZ) in patients with relapsed and refractory multiple myeloma (MM). Blood
112: 864.

Vij R, Wang M, Orlowski R, Stewart AK, Jagannath S, et al. (2008) Initial results
of PX-171-004, an open-label, single-arm, phase Il study of carfilzomib (CFZ) in
patients with relapsed and refractory multiple myeloma (MM). Blood 112: 865.

Schey SA, Fields P, Bartlett JB, Clarke IA, Ashan G, et al. (2004) Phase |
study of an immunomodulatory thalidomide analog, CC-4047, in relapsed or
refractory multiple myeloma. J Clin Oncol 22: 3269-3276.

Lacy MQ, Hayman SR, Gertz MA, Short KD, Dispenzieri A, et al. (2010)
Pomalidomide (CC4047) plus low dose dexamethasone (Pom/dex) is active
and well tolerated in lenalidomide refractory multiple myeloma (MM). Leukemia
24:1934-1939.

Lacy MQ, Allred JB, Gertz MA, Hayman SR, Short KD, et al. (2011)
Pomalidomide plus low dose dexamethasone in myeloma refractory to both
bortezomib and lenalidomide: comparison of two dosing strategies in dual-
refractory disease. Blood 118: 2970-2975.

Richardson P, Mitsiades C, Colson K, Reilly E, McBride L, et al. (2008) Phase |
trial of oral vorinostat (suberoylanilide hydroxamic acid, SAHA) in patients with
advanced multiple myeloma. Leuk Lymphoma 49: 502-507.

Badros A, Burger AM, Philip S, Niesvizky R, Kolla SS, et al. (2009) Phase |
study of vorinostat in combination with bortezomib for relapsed and refractory
multiple myeloma. Clin Cancer Res 15: 5250-5257.

Catley L, Weisberg E, Kiziltepe T, Tai YT, Hideshima T, et al. (2006)
Aggresome induction by proteasome inhibitor bortezomib and alpha-tubulin
hyperacetylation by tubulin deacetylase (TDAC) inhibitor LBH589 are
synergistic in myeloma cells. Blood 108: 3441-3449.

Siegel D, Sezer O, San Miguel JF, Mateos MV, Prosser |, et al. (2008) A
phase IB, multicenter, open-label, dose-escalation study of oral panobinostat
(LBH589) and i.v. bortezomib in patients with relapsed multiple myeloma.
Blood 112: 2781.

. Alsina M, Lonial S, Weber M, Coutre SE, Kang BP, et al. (2010) PANORAMA

82.

83.

84.

85.

86.

8

hyg

88.

89.

90.

9

=

92.

93.

2: A phase Il study of panobinostat (LBH589) in combination with bortezomib
(BTZ) and dexamethasone (DEX) in patients with relapsed and BTZ-refractory
multiple myeloma (MM). J Clin Oncol 28: 15s.

Richardson PG, Lonial S, Jakubowiak AJ, Harousseau JL, Anderson KC (2011)
Monoclonal antibodies in the treatment of multiple myeloma. Br J Haematol
154: 745-754.

Hsi ED, Steinle R, Balasa B, Szmania S, Draksharapu A, et al. (2008) CS1, a
potential new therapeutic antibody target for the treatment of multiple myeloma.
Clin Cancer Res 14: 2775-2784.

Tai YT, Dillon M, Song W, Leiba M, Li XF, et al. (2008) Anti CS1 humanized
monoclonal antibody HuLuc63 inhibits myeloma cell adhesion and induces
antibody-dependent cellular cytotoxicity in the bone marrow milieu. Blood 112:
1329-1337.

van Rhee F, Szmania SM, Dillon M, van Abbema AM, Li X, et al. (2009)
Combinatorial efficacy of anti-CS1 monoclonal antibody (HuLuc63) and
bortezomib against multiple myeloma. Mol Cancer Ther 8: 2616-2624.

Zonder JA, Singhal S, Bensinger W, Mohrbacher A, Hussein MA, et al.
(2008) Phase | study of elotuzumab (HuLuc63) in relapsed/refractory multiple
myeloma [abstract]. Blood 112: 2773.

. Lonial S, Vij R, Harousseau JL, Facon T, Moreau P, et al. (2010) Elotuzumab

in combination with lenalidomide and low-dose dexamethasone in patients
with relapsed/refractory multiple myeloma: Interim Results of a phase | study
[abstract]. Blood 116: 1936.

Hussein M, Berenson JR, Niesvizky R, Munshi N, Matous J, et al. (2010) A
phase | multidose study of dacetuzumab (SGN-40; humanized anti-CD40
monoclonal antibody) in patients with multiple myeloma. Haematologica 95:
845-848.

Knop S, Straka C, Haen M, Schwedes R, Hebart H, et al. (2005) The efficacy
and toxicity of bendamustine in recurrent multiple myeloma after high-dose
chemotherapy. Haematologica 90: 1287-1288.

Ponisch W, Mitrou PS, Merkle K, Herold M, Assmann M, et al. (2006)
Treatment of bendamustine and prednisone in patients with newly diagnosed
multiple myeloma results in superior complete response rate, prolonged time
to treatment failure and improved quality of life compared to treatment with
melphalan and prednisone--a randomized phase Il study of the East German
Study Group of Hematology and Oncology (OSHO). J Cancer Res Clin Oncol
132: 205-212.

. Hideshima T, Catley L, Yasui H, Ishitsuka K, Raje N, et al. (2006) Perifosine,

an oral bioactive alkylphospholipid, inhibits Akt and induces in vitro and in vivo
cytotoxicity in human multiple myeloma cell. Blood 107: 4053-4062.

Richardson P, Lonial S, Jakubowiak A, Krishnan A, Wolf J, et al. (2007) Multi-
center phase Il study of perifosine (KRX-0401) alone and in combination with
dexamethasone (dex) for patients with relapsed/refractory multiple myeloma
(MM): promising activity as combination therapy with manageable toxicity.
Blood 110: 1164.

Richardson P, Chanan-Khan AA, Lonial S, Krishnan A, Alsina M, et al. (2006) A
multicenter phase | clinical trial of tanespimycin (KOS-953) + bortezomib (BZ):
encouraging activity and manageable toxicity in heavily pre-treated patients
with relapsed refractory multiple myeloma (MM). Blood 108: 406.

Translational Medic

Clinical Studies of Molecular Targeted Therapies

ISSN: 2161-1025 TM, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/19786667
http://www.ncbi.nlm.nih.gov/pubmed/19786667
http://www.ncbi.nlm.nih.gov/pubmed/19786667
http://www.ncbi.nlm.nih.gov/pubmed/20739955
http://www.ncbi.nlm.nih.gov/pubmed/20739955
http://www.ncbi.nlm.nih.gov/pubmed/20739955
http://www.ncbi.nlm.nih.gov/pubmed/20739955
http://www.ncbi.nlm.nih.gov/pubmed/20739955
http://www.ncbi.nlm.nih.gov/pubmed/20376079
http://www.ncbi.nlm.nih.gov/pubmed/20376079
http://www.ncbi.nlm.nih.gov/pubmed/20376079
http://www.ncbi.nlm.nih.gov/pubmed/17591945
http://www.ncbi.nlm.nih.gov/pubmed/17591945
http://www.ncbi.nlm.nih.gov/pubmed/17591945
http://www.ncbi.nlm.nih.gov/pubmed/17591945
http://www.ncbi.nlm.nih.gov/pubmed/15249589
http://www.ncbi.nlm.nih.gov/pubmed/15249589
http://www.ncbi.nlm.nih.gov/pubmed/15249589
http://www.ncbi.nlm.nih.gov/pubmed/20827286
http://www.ncbi.nlm.nih.gov/pubmed/20827286
http://www.ncbi.nlm.nih.gov/pubmed/20827286
http://www.ncbi.nlm.nih.gov/pubmed/20827286
http://www.ncbi.nlm.nih.gov/pubmed/21690557
http://www.ncbi.nlm.nih.gov/pubmed/21690557
http://www.ncbi.nlm.nih.gov/pubmed/21690557
http://www.ncbi.nlm.nih.gov/pubmed/21690557
http://www.ncbi.nlm.nih.gov/pubmed/18297527
http://www.ncbi.nlm.nih.gov/pubmed/18297527
http://www.ncbi.nlm.nih.gov/pubmed/18297527
http://www.ncbi.nlm.nih.gov/pubmed/19671864
http://www.ncbi.nlm.nih.gov/pubmed/19671864
http://www.ncbi.nlm.nih.gov/pubmed/19671864
http://www.ncbi.nlm.nih.gov/pubmed/16728695
http://www.ncbi.nlm.nih.gov/pubmed/16728695
http://www.ncbi.nlm.nih.gov/pubmed/16728695
http://www.ncbi.nlm.nih.gov/pubmed/16728695
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2011.08790.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2011.08790.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2011.08790.x/full
http://www.ncbi.nlm.nih.gov/pubmed/18451245
http://www.ncbi.nlm.nih.gov/pubmed/18451245
http://www.ncbi.nlm.nih.gov/pubmed/18451245
http://www.ncbi.nlm.nih.gov/pubmed/17906076
http://www.ncbi.nlm.nih.gov/pubmed/17906076
http://www.ncbi.nlm.nih.gov/pubmed/17906076
http://www.ncbi.nlm.nih.gov/pubmed/17906076
http://www.ncbi.nlm.nih.gov/pubmed/19723891
http://www.ncbi.nlm.nih.gov/pubmed/19723891
http://www.ncbi.nlm.nih.gov/pubmed/19723891
http://www.ncbi.nlm.nih.gov/pubmed/20133895
http://www.ncbi.nlm.nih.gov/pubmed/20133895
http://www.ncbi.nlm.nih.gov/pubmed/20133895
http://www.ncbi.nlm.nih.gov/pubmed/20133895
http://www.ncbi.nlm.nih.gov/pubmed/16154860
http://www.ncbi.nlm.nih.gov/pubmed/16154860
http://www.ncbi.nlm.nih.gov/pubmed/16154860
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16402269
http://www.ncbi.nlm.nih.gov/pubmed/16418332
http://www.ncbi.nlm.nih.gov/pubmed/16418332
http://www.ncbi.nlm.nih.gov/pubmed/16418332

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Proteasome Inhibitor 
	Bortezomib

	Immunomodulatory Drugs (IMiDs) 
	Thalidomide
	Lenalidomide
	Combination therapies of proteasome inhibitor and IMiD 

	Potential new Agents undergoing Clinical Trials 
	Proteasome inhibitor 

	IMiDs
	Pomalidomide

	Histone Deacetylase (HDAC) Inhibitors 
	Vorinostat
	Panobinostat

	Monoclonal Antibodies 
	Elotuzumab and dacetuzumab 

	Other Categories 
	Bendamustine 
	Perifosine
	Tanespimycin

	Summary
	Acknowledgment
	References 



