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Introduction

Multiple myeloma (MM) results from the
clonal proliferation of plasma cells arising in
the lymph nodes and “homing” to the bone
marrow where these cells localize and pro-
liferate. It represents the second most com-

Multiple Myeloma (MM) is a malignancy of terminally dif-
ferentiated plasma cells and is the second most common he-
matological neoplasm to Non-Hodgkin’s Lymphoma. Gener-
ally, it is disease of older patients. Our knowledge about the
underlying biological and cytogenetic abnormalities leading
to MM is rapidly increasing. Similarly our ability is improv-
ing to treat this complex disease. A number of new treatments
have been introduced into our armamentarium in the past
10-15 years. Until recently, high rates of complete responses
(CR) and other major responses were seen only in patients
undergoing treatment with high dose chemotherapy with au-
tologous stem cell support (HD+ASCT). However new regi-
mens, incorporating new agents (thalidomide, lenalidomide,
bortezomib) are now offering similar response rates and low-
er toxicity than HD+ASCT. The new agents seem to combine
well with classical chemotherapy agents (melphalan, cyclo-
phosphamide), modern chemotherapy (pegylated liposomal
doxorubicin) and steroids (dexamethasone, prednisone).
In addition, the novel agents show significant activity when
combined with each other in patients with newly diagnosed
as well as relapsed/refractory MM patients. Although this is
still considered an incurable disease, the life expectancy and
quality of life of MM patients is continuously improving. Our
hope is that progress in this area of research will continue
with the advent of new treatment options and will lead to the
ultimate goal: a cure.
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mon hematological malignancy. Multiple
myeloma is a neoplastic disorder of plasma
cells that accounts for 10% of all hematolog-
ic cancers in Caucasians and 20% in African
Americans (1). Annually, this malignant
disease causes over 19,000 deaths in Europe.
Approximately 19,920 new cases of MM
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were diagnosed in the United States in 2008,
with 10,690 deaths, representing almost 2%
of all cancer deaths (2). The median survival
of patients with multiple myeloma is 3 to 5
years (3). Persons affected by MM are often
elderly, with a median age at diagnosis of
65 years; 80% of patients are older than 60
years and less than 3% are younger than 40
years (4, 5). The disease is twice as common
in African Americans as in Caucasians. MM
is one of the leading causes of cancer death
in African Americans. MM is one of three
cancers that show increased mortality rates
for both men and women in the 1990’s (5.6%
and 3.8%, respectively) (6).

The disease is characterized by overpro-
duction of a patient-specific intact mono-
clonal immunoglobulin (Ig) heavy and/or
light chain (paraprotein or M-protein). IgG
is detected in about 53% of MM cases and
IgA in about 25%; 40% of these IgG and IgA
patients also have Bence Jones proteinuria.
Light chain MM is found in 15 to 20% of
patients; their plasma cells secrete only free
monoclonal light chains (k or A) that can be
detected by the Serum Freelite Assay or as
Bence Jones proteins; serum M-components
are usually absent on electrophoresis. IgD
MM accounts for about 1% of cases. IgM and
IgE as well as non-secretory MM are rare (4,
7, 8). Aside from the serum and urine M-
proteins, other features in MM patients in-
clude anemia (80% of patients), bone pain
(70% of patients) due to lytic lesions, renal
dysfunction (25% of patients), hypercalce-
mia, increased susceptibility to infection,
and constitutional symptoms (4). Other less
common complications include spinal cord
compression due to medullary and extra-
medullary plasmacytomas or vertebral col-
lapse, peripheral neuropathy, amyloidosis,
and hyperviscosity syndrome (4, 7, 8).

Durie and Salmon developed a clinical
staging system for MM based on a combina-
tion of factors that correlate with myeloma
cell mass (9). Most patients (40 - 60%) pres-

ent with advanced (Stage III) disease (4).
Other alternative staging systems have been
proposed (10). Recently, an International
Staging System using two simple blood tests
(beta-2-microglobulin and albumin levels)
was developed, based on data from 11,171
patients (11). These staging methods do not
take into account newer diagnostic studies
such as Serum Freelite Assay, cytogenetics
of focal lesions versus bone marrow, or gene
expression profiling (GEP), all of which
could have potential prognostic significance
(12-15). A high plasma cell labeling index
(PCLI) and elevated B2-microglobulin pre-
dict poor prognosis in an untreated patient,
but may not be as important in a previously
treated patient. If both markers are low, the
median survival is about six years in un-
treated patients. The correlation between
response and survival has been evaluated
in multiple studies. Although there is no
absolute agreement among all, it seems that
achieving complete response (CR) or very
good partial response (VGPR) are important
prognostic factors for long-term survival (16-
20). In the South Western Oncology Group
(SWOGQ) large retrospective analysis of 1,555
MM patients treated with standard-dose
chemotherapy, the magnitude of response,
as a single variable, did not predict survival
duration. However, the best indicator of
survival was time to first progression (21).
Important prognostic variables for response
to therapy and survival include the patient’s
age, stage, immunoglobulin type, {3-2-mi-
croglobulin level, PCLI, and the presence of
circulating plasma cells. A poor outcome is
associated with chromosome 13 deletion or
hypodiploidy on conventional karyotyping,
deletion of 17p - or immunoglobulin heavy
chain translocation t (4:14) or t (14:16) on
molecular genetic studies and plasma cell la-
beling index of 3% or higher (15, 22).

MM is almost always preceded by mono-
clonal gammopathy of undetermined sig-
nificance (MGUS), an asymptomatic phase




characterized by a relatively small burden
of clonal cells and low levels of monoclonal
protein (23). The diagnosis of active symp-
tomatic MM requiring therapy should be
based on the end-organ effects of the disease
(elevation of Calcium, Renal insufficiency,
Anemia or Bone disease).

Therapeutic approach

The role of high-dose therapy and periph-
eral stem cell transplant (HD+ASCT) con-
tinues to be controversial, with overall
survival (OS) only minimally improved if
any (24, 25). In a recent review and meta-
analysis of 9 randomized controlled studies
involving 2,411 patients, single HD+ASCT
was compared with conventional chemo-
therapy and was found to benefit progres-
sion free survival (PFS), but not OS (26). The
risk of treatment-related mortality (TRM)
was increased three-fold with HD+ASCT.
It is worth mentioning that in this analysis
HD+ASCT was compared with classical
chemotherapy, not new agents or their com-
binations. Patients with progressive disease
can achieve a 50-75% response rate to sal-
vage regimens such as vincristine, doxoru-
bicin, and dexamethasone (VAD) (27, 28);
however, these responses are often short-
lived. Even in transplant-eligible and will-
ing patients initial therapy has undergone
a sea change in the past decade (29). Before
the advent of drugs such as thalidomide
and lenalidomide (IMiDs) or bortezomib,
single agent dexamethasone (dex) and VAD
were the most commonly used treatments
(28,30,31). From 2005 to 2009 numerous
Phase 2 and 3 trials compared different
combinations of drugs used as induction
therapies prior to HD+ASCT (32). These
clinical trials showed the clear advantage of
newer agents over classical chemotherapy
in improving PES and response rates, but a
mixed picture regarding OS, particularly in
clinical trials incorporating high dose mel-
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phalan as a consolidated approach (33-35).
The first study ever to show the survival
advantage of a chemotherapy combination
over HD+ASCT was a French study (IFM
99-06) using a combination of a new agent
(thalidomide) with classical melphalan and
prednisone (MTD), published in 2007 by
Thierri Facon and collaborators (36). In
this study MM patients treated with MTD
had longer OS when compared with Mel-
100 HD+ASCT. It is worth mentioning that
Mel-100 HD+ASCT is not considered stan-
dard care for MM patients by most trans-
plant physicians and could be inferior to
standard Mel-200. Despite this caveat, [IFM
99-06 opened the door for very intensive in-
vestigation into the role of new agents as a
primary treatment or cytoreductive therapy
prior to HD+ASCT.

Proteosome inhibitors

The ubiquitin-proteasome pathway is the
principal pathway for intracellular protein
degradation (37, 39) (Figure 1).

This pathway selectively degrades an ex-
tensive number of short-lived regulatory pro-
teins involved in the control of normal cellu-
lar processes. In order to be degraded, pro-
teins targeted by the ubiquitin-proteasome
pathway are covalently tagged by polyubiqui-
tination, via a three-step enzymatic process,
which ultimately leads to their recognition
and degradation, by the 26S proteasome in
a highly specific and regulated manner. This
process is accomplished by the sequential ac-
tion of three enzymes: an ATP-dependent
ubiquitin-activating enzyme (E1), an ubiq-
uitin-conjugating enzyme (E2) and an ubiq-
uitin-protein ligase (E3) (39). This cascade
covalently links the C terminus of ubiquitin
to a free amino group on the target protein,
usually the e-amino of a lysine residue.

The 26S proteasome is comprised of a
catalytic proteolytic core (20S) and an acti-
vator (19S) (Figure 2).
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It plays a vital role in degrading regulato-
ry proteins that govern many signaling path-

factor activation, apoptosis, and pathways
that regulate the expression of proteins,
which direct angiogenesis, cell trafficking,

ways, including the cell cycle, transcription
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Figure 1 The Ubiquitin-Proteasome degradation pathway
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Figure 2 The structure of the proteasome. The 20S core (left) is capped by two 19S regulatory units to form the

26 proteasome (right)




and metastasis (38, 40). Polyubiquinated
proteins cannot be degraded directly by
the active catalytic proteolytic core (20S).
Rather, proteolysis requires another protein,
known alternatively as PA700, ball, 19 S cap
or p-particle (39). It is the 700,000 dalton,
20-subunit complex that binds to one or
both of the terminal rings of the protea-
some in a cooperative manner. This integral
role of the 26S proteasome in cellular signal
transduction has provided a new target for
exploring the therapeutic potential of prote-
asome inhibition in neoplastic diseases. It is
known that several key regulatory proteins
relevant to cancer initiation and progression
are known to be temporally degraded during
the cell cycle by the ubiquitin-proteasome
pathway. Ordered ubiquitination and degra-
dation of regulatory proteins is required for
the cell to progress through the cell cycle,
undergo mitosis and proliferate. Similarly,
the proper function of specific ubiquitin li-
gases responsible for the ubiquitination of
these same proteins is required for key cell
cycle transitions. Aberrant degradation of
cell cycle control proteins can result in ac-
celerated and uncontrolled cell division,
thereby promoting cancer growth. Recent
evidence from studies reveals that expres-
sion of the ubiquitin-proteasome pathway
enzymes is elevated in tumor samples. The
cyclin and the cyclin-dependent kinase in-
hibitors p21 cipl and p27 kip1 are an exam-
ple of growth regulatory proteins degraded
by proteasome-dependent proteolysis (41,
42). Both p21 cipl and p27 kip1 can induce
cell cycle arrest through functional inhi-
bition of cyclin D-, E-, and A-dependent
kinases (42). In addition, the p53 tumor
suppressor required for cell cycle control
and initiation of apoptosis induced by cel-
lular damage, including ionizing radiation
and chemotherapy, is also a substrate of the
the ubiquitin-proteasome pathway (42, 43).
Hence, proteasome inhibition has the po-
tential to arrest the cell cycle in cancer cells
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through the disruption of a large number of
growth regulatory pathways.

The ubiquitin-proteasome pathway also
plays an important role in the regulation of
many transcriptional responses. On the oth-
er hand, proteasome function in the cell can
be regulated by altering levels of proteasome,
proteasome regulatory proteins, or proteins
of the ubiquitin conjugation system.

The relationship between proteasome
function, gene transcription and potential
cancer therapy is best understood for the
transcription factor nuclear factor-kappa B
(NF-kB) (Figure 3).

NF-«B activation is regulated by 26S pro-
teasome-mediated degradation of the inhib-
itor protein I-kB (44, 45). NF-«xB activation
is integral to many aspects of tumorigenesis,
such as tissue invasion and metastasis, an-
giogenesis, evasion of apoptosis, cell growth,
and survival (46). Activation of NF-kB can
proceed through multiple mechanisms, in-
cluding autocrine or paracrine extracellu-
lar cytokine signaling, upstream oncogenic
signaling mutations in NF-xB and/or I-«B,
and in response to DNA damage. Cell adhe-
sion molecules such as E-selectin, [CAM-1,
and VCAM-1, as well as IL-8, vascular en-
dothelial growth factor (VEGF), and matrix
metalloproteinases (MMPs) are regulated by
NF-«B and have been implicated in tumor
metastasis and angiogenesis in vivo (45, 47).
Furthermore, NF- kB is required in numer-
ous cell types to maintain and control cell vi-
ability via the production of anti-apoptotic
survival proteins such as cellular inhibitors
of apoptosis (cIAPs), and the B-cell lym-
phoma-2 (Bcl-2) family of proteins. NF-xB
also plays a role in cell proliferation by ac-
tivating target genes of the cell cycle such
as D1-cyclin, and growth factors such as
interleukin-6 (IL-6) (46). It has been dem-
onstrated that blocking NF-«B activation by
stabilizing its inhibitor, I-kB, sensitizes cells
to environmental stressors and cytotoxic
agents, ultimately leading to apoptosis (48,
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Figure 3 Nuclear factor kB (NF-kB) and its role in the cell.

49). Hence, regulation of NF-kB dependent
transcriptional regulation and activation
through proteasome inhibition can impact
several cancer virulence mechanisms.

Anti tumor activity of proteasome inhibitors

A number of investigators have shown that
inhibitors of proteasome, including alde-
hydes and lactacystin, are growth inhibi-
tory and cytotoxic for cells in culture (50).
Boronate proteasome inhibitors have been
shown to kill tumor cells in culture as dem-
onstrated in NCI tumor cell line screen
(37). The NCI utilizes an in vitro screen
comprised of 60 human tumor cell lines de-
rived from 9 different cancer types (leuke-
mia, lung, brain, colon, melanoma, ovarian,
prostate, renal and breast). Data from the
NCI screen showed that proteasome inhibi-
tors have a mechanism of cytotoxicity unlike
any other compound in the NCI database of
60000 compounds. Among the large num-
ber of proteasome inhibitors, bortezomib
was selected for intensive study based on

its selectivity and chemical and biological
characteristics (37). Bortezomib specifically,
selectively and reversibly inhibits the prote-
asome by tightly binding to the chymotryp-
sin-like site of the 20S core of the enzyme.
By inhibiting a single molecular target, the
26S proteasome, bortezomib has the poten-
tial to affect multiple signaling pathways.
The anti-neoplastic effects of bortezomib
likely involve several distinct cell regulatory
mechanisms as discussed above, including
inhibition of cell growth and survival path-
ways, induction of apoptosis, and inhibition
of gene expression integral to cellular adhe-
sion, migration, and angiogenesis. Thus, the
mechanisms by which bortezomib elicits its
anti-tumor activity may vary among tumor
types, and the extent to which each affected
pathway is critical to the inhibition of tumor
growth could also differ.

It has been demonstrated that bortezo-
mib has a novel pattern of cytotoxicity in
NCI in vitro and in vivo assays (37) and dis-
plays cytotoxic activity in a variety of xeno-
graft tumor models, both as a single agent




and in combination with other chemothera-
peutic agents and radiation (37, 51-55).
Numerous published reports show that
cancer cells are more sensitive to the pro-
apoptotic effects of proteasome inhibition
than nontransformed cells (56-62). For ex-
ample, the toxicity of bortezomib for multi-
ple myeloma (MM) cells was more than 100-
fold greater when compared to peripheral
blood leukocytes and normal hematopoi-
etic cells (56). Bortezomib has shown direct
cytotoxic activity against a variety of MM
cell lines and in freshly isolated cells from
patients (56, 57). Significantly, these studies
have included myeloma cells that are highly
resistant to other chemotherapeutic agents.
Time-dependent exposure to bortezomib
programs MM cells to commit to apoptosis
(63).It was shown that this drug directly in-
hibits proliferation and induces apoptosis of
human MM cell lines and freshly isolated
patient MM cells, inhibits mitogen-activated
protein kinase growth signaling in MM cells,
induces apoptosis despite induction of p21
and p27 in both p53 wild-type and p53 mu-
tant MM cells, overcomes drug resistance,
adds to the anti-MM activity of dex and over-
comes the resistance to apoptosis in MM cells
conferred by Interleukine-6 (IL-6) (63). Bort-
ezomib also inhibits the paracrine growth of
human MM cells by decreasing their adher-
ence to bone marrow stromal cells and re-
lated NF-xB-dependent induction of IL-6
secretion in bone marrow stromal cells, as
well as inhibiting proliferation and growth
signaling of residual adherent MM cells.

Clinical studies with bortezomib

Bortezomib (Velcade®) is the first proteo-
some inhibitor approved by FDA for clini-
cal use. Initially, in 2003 it was approved as
a third line therapy for MM patients. The
present indication is for second line MM as
a single agent, first line MM in combination
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with melphalan-prednisone (MPV) and for
patients with relapsed mantle cell lymphoma.

Inthefallof 1998,the firsthuman trial with
bortezomib was initiated at M.D.Anderson
Cancer Center in Houston, Texas. In May
2003 bortezomib was approved by FDA as
Velcade for Injection for the treatment of
MM patients who had received at least 2 pri-
or therapies and had demonstrated disease
progression on the last therapy. Conditional
approval was based mostly on the results of
the Phase II study of bortezomib in patients
with relapsed, refractory MM (SUMMIT)
(64).In this study 202 patients were enrolled
and 193 could be evaluated. Most (84%)
had IgG or IgA MM and advanced disease
at diagnosis. Eighty percent had symptoms
of peripheral neuropathy at enrollment. Of
the 193 patients, 178 (92%) had previously
been treated with three or more of the ma-
jor classes of agents for myeloma. Patients
received 1.3 mg of bortezomib per square
meter of body-surface area twice weekly
for 2 weeks, followed by 1 week without
treatment, for up to 8 cycles (24 weeks). In
patients with a suboptimal response, oral
dexamethasone (20 mg daily on the day of
and the day after bortezomib administra-
tion) was added to the regimen. Of the 193
patients with measurable disease, 67 (35%)
had CR, PR or minimal response (MR) to
bortezomib alone. Nineteen patients had CR
or near-complete response (NCR). This was
first study showing significant complete re-
sponses to a single, non-chemotherapeutic
antimyeloma agent. The median time to a
first response was 1.3 months. The median
time to progression of disease among all 202
patients while they were receiving bortezo-
mib alone was 7 months, as compared with
3 months during the last treatment before
enrollment. According to a landmark anal-
ysis, achievement of CR or PR to bortezo-
mib alone after 2 cycles was associated with
significantly longer survival than in other
patients (p = 0.007). The most common
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adverse events (AE) were gastrointestinal
symptoms, fatigue, thrombocytopenia and
sensory neuropathy. Drug related AE led to
discontinuation of bortezomib in 36 patients
(18%). The most clinically significant AE was
cumulative, dose-related peripheral sensory
neuropathy. Overall incidence of clinically
relevant neuropathy (Grade 3) was 12 per-
cent. However, complete resolution or im-
provement of peripheral neuropathy was ob-
served in the majority of patients during the
follow-up period. A second study (CREST)
compared two different dosages of bortezo-
mib (1 mg/m? vs. 1.3 mg/m?) in relapsed/
refractory MM patients. Responses were
33% and 50%, respectively. Median time to
progression (TTP) was 10 and 10.9 months
(65). Addition of dexamethasone to bortezo-
mib in patients who failed to respond or who
relapsed after treatment with bortezomib
alone improved responses in 18% of patients
in SUMMIT and 33% in CREST trial.

An international, randomized, multicen-
tar phase 3 trial comparing bortezomib with
high-dose dexamethasone (APEX) enrolled
669 patients with relapsed/refractory MM
(66). Patients treated with bortezomib had sig-
nificantly higher response rates (38% vs. 18%)
and CR (6% vs. < 1%), longer TTP (6.2 vs. 3.5
months) than patients treated with dexameth-
asone. The one-year OS rate was 80% among
bortezomib treated patients and 66% for dexa-
methasone treated ones (p = 0.003) with haz-
ard ratio (HR) of 0.57. A recent update with
extended follow up (22 months) showed again
superior OS and overall response rates (ORR)
as well as CR in the bortezomib treated
group, despite substantial crossover from
dexamethasone to bortezomib (67).

Bortezomib is now very successfully
combined with other effective therapies for
MM. In an international randomized Phase
IIT study Orlowski and collaborators com-
pared a combination of pegylated liposomal
doxorubicin and bortezomib with single agent
bortezomib in 646 MM patients with relapsed/

refractory disease (68). Combination therapy
was associated with longer TTP (9.3 vs. 6.5
months, p = 0.000004) and longer 15-months
OS (76% vs. 65%, p = 0.03) when compared
to bortezomib alone. Grade 3/4 AE were
more frequent in the combination arm (80%
vs. 64%). The most common side effects were
neutropenia, thrombocytopenia asthenia, fa-
tigue, diarrhea and hand-foot syndrome. The
significance of this unique drug combination
is that steroids were not part of the therapy, al-
lowing use by the treating physician in older
patients with intolerance to steroids as well as
in hard to control diabetics.

Combination of bortezomib with mel-
phalan and prednisone (VMP) was com-
pared in 682 MM patients with newly di-
agnosed disease with classical MP in a ran-
domized Phase III clinical trial VISTA (69).
Patients treated with VMP had significantly
longer TTP (24 vs. 16.6 months; p< 0.001)
and median duration of response (DOR)
(19.9 vs. 13.1 months). After a median fol-
low-up of 16.3 months, 13% of patients in
the VMP and 22% in the MP group had died
(HR = 0.61; p = 0.008). At the time of pub-
lication, median OS had not been reached
in either group. Grade 3 AE occurred in a
higher proportion of patients in the VMP
than in the MP group (53% vs. 44%; p =
0.02), but there were no significant differ-
ences in grade 4 events (285 vs. 27%, respec-
tively) or treatment-related deaths (1% and
2%). At present, VMP could be considered
the standard of care therapy for newly diag-
nosed MM patients who are not candidates
for or are refusing HD+ASCT. However,
some myeloma specialists would consider
other MP combinations, such as one with
thalidomide (MPT) or lenalidomide (MPR)
as a possible standard of care.

Tables 1 and 2 summarize response rates
in selected Phase II and III studies using
bortezomibe as a single agent or in combi-
nation in newly diagnosed and relapsed/re-
fractory MM patients.
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Table 1 Bortezomib combinations in newly diagnosed MM patients

Regimen Phase N PR CR Reference

+ melphalan Il (VISTA) 344 +CR 71 30% San Miguel et al. (69)
+ prednisone

+ thalidomide 1l 128 +CR 79% 27% Mateos et al.(117)
+ prednisone

+ melphalan 1l 254 +CR 86% 34% Palumbo et al. (118)
+ prednisone

+ thalidomide

With maintenance

+ Cytoxan® /10 400 +CR 84% 10% Einsele etal. (119)
+ dex

N = number of patients; PR = partial response; CR = complete response; dex = dexamethasone

Table 2 Bortezomib in relapsed/refractory MM patients

Regimen Phase N PR CR Reference
Single agent Il (APEX) 333 +CR 38% 6% Richardson et al. (66)
+ dex International Il b 208 +CR 51% +VGPR 33% Mikhael et al. (120)
+ Doxil® 1l 324 +CR 44% +nCR 13% Orlowski et al. (68)
Single agent I (SUMMIT) 193 +CR 27% +nCR 10% Richardson et al. (64)
Single agent (1.0 and 1.3 Il (CREST) 54 33-50% not reported Jagannath et al. (65)
mg/m?)

+ temsirolimus 1l 39 +CR 36% +nCRB 10% Ghobrial et al. (121)
+ Cytoxan® 1l 64 +CR 82% 16% Kropff et al. (122)

+ dex - intermediate dose

N = number of patients; PR = partial response; CR = complete response; VGPR = very good partial response; nCR = near com-

plete response; dex = dexamethasone

Recent studies employed bortezomib
as part of cytoreductive regimens prior to
autologous stem cell transplants with great
success (69-72). New generation proteo-
some inhibitors (NPI-0052-Salinisporamide
A; PX-171-carfilzomib, CEP-18770), as well
as IkB inhibitors (PS-1145, MLN120B) are
already going through clinical and pre-clin-
ical studies and seem to be very promising.

Immunomodulators (IMiD’s)

The IMiDs are a group of unique, orally
bio-available agents that have been refined,
using thalidomide as a structural template
(Figure 4).

Modification of the thalidomide struc-
ture through removal of a carbonyl on the
ring formed lenalidomide (CC-5013, Rev-
limid’), and the addition of an amino group
at the 4 position of the phthaloyl ring formed
pomalidomide (CC-4047). These IMiDs’
were specifically designed to enhance the
immunomodulatory and anticancer proper-
ties of thalidomide with fewer side effects.
Preclinical studies have shown that lenalid-
omide and pomalidomide are 50,000 times
more potent, in vitro, than thalidomide
at inhibiting tumor necrosis factor alpha
(TNF-a) (73, 74). Studies have revealed that
IMiDs" not only inhibit angiogenesis, but
also stimulate T-cell proliferation and in-
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Figure 4 Molecular structure of thalidomide, lenalidomide and pomalidomide

duce apoptosis and growth arrest in resistant
myeloma cells (75-77). These compounds
also prevent the adhesion of myeloma cells
to bone marrow stromal cells, and thereby
inhibit the enhanced secretion of migratory
factors, such as interleukin (IL)-6, TNF-a,
and the vascular endothelial growth factor
(VEGF) (78-84). Lenalidomide has more
potent activity than thalidomide in the pre-
clinical setting (73, 83), and has also dem-
onstrated impressive clinical activity in both
newly diagnosed and relapsed or refractory
MM (85-88). Pomalidomide also demon-
strates potent activity against TNF-a in vi-
tro, indicating greater synergy than lenalid-
omide with rituximab in vivo (89). It also
promotes T-cell differentiation and cytokine
production via the transcription factor T-
bet (90), and has demonstrated promising
activity in clinical trials (91, 92).

The discovery that thalidomide had anti-
angiogenic (93) and T-cell co-stimulatory
(94) activity led to the clinical investiga-
tion of thalidomide for therapy in MM. In
relapsed and refractory MM, thalidomide
produced response rates of approximately
30% as a single agent (95). In newly diag-
nosed patients, thalidomide achieved re-
sponse rates of 36% alone and 64-72% in
combination with dexamethasone (96,
97). As a result, thalidomide in combina-
tion with dexamethasone received United
States Food and Drug Administration (US
FDA) approval for the treatment of newly

diagnosed MM in 2006. In addition, recent
phase III studies have investigated vari-
ous thalidomide-containing regimens and
reported improvements in quality of re-
sponse with: thalidomide, adriamycine and
dexamethasone compared to VAD (98);
bortezomib, melphalan, prednisone and
thalidomide (VMPT) compared to bort-
ezomib, melphalan and prednisone (VMP)
(99), melphalan, prednisone and thalido-
mide (MPT) compared to melphalan and
prednisone (MP) (100), and bortezomib,
thalidomide and dexamethasone (VTD)
compared to thalidomide and dexametha-
sone (TD) (101). However, the encourag-
ing effects of thalidomide are hampered by
toxicity, which often compromises the dose
or leads to discontinuation of therapy. Com-
mon adverse events include fatigue, somno-
lence, constipation, fluid retention, periph-
eral neuropathy, venous thromboembolism
(VTE), and rash (95, 102, 103). Given the
promising activity of thalidomide, synthetic
analogs were developed and introduced in
an effort to provide equal or greater immu-
nomodulation, but a better tolerability pro-
file. Clinical data indicate that the incidence
of peripheral neuropathy, which is common
with thalidomide, is low with lenalidomide
and pomalidomide, (85, 92, 103-105).

Clinical studies with IMiD’s

Studies among patients with relapsed or
refractory MM have demonstrated that le-




nalidomide can overcome resistance to prior
MM therapy, including thalidomide (106-
108). In addition TTP and progression-free
survival (PFS) are superior when lenalido-
mide is given at first relapse rather than later
as salvage therapy (108). Two phase I trials
of lenalidomide have demonstrated promis-
ing activity as well as decreased toxicity in
heavily pretreated patients with relapsed or
refractory MM (91, 106). These studies estab-
lished 25 mg/day as the maximum tolerated
dose (MTD) for lenalidomide in relapsed or
refractory MM, and provided a firm founda-
tion for continuing trials with lenalidomide,
either alone or in combination with other
active agents in MM.

Two large, randomized, phase III, dou-
ble-blind, placebo-controlled clinical trials
(North American MM-009 and European
MM-010) have compared the efficacy and
safety of lenalidomide plus dexamethasone
(Len+Dex) with placebo plus dexametha-
sone in patients with relapsed or refractory
MM (85, 86). In both trials, lenalidomide
25 mg/day or placebo was administered
on days 1-21 of each 28-day cycle and oral
dexamethasone 40 mg was administered on
days 1-4, 9-12, 17-20 of each 28-day cycle.
The MM-009 trial enrolled 353 patients
(Len+Dex n = 177; placebo+Dex n = 176)
and the MM-010 trial enrolled 351 patients
(Len+Dex n = 176; placebo+Dex n = 175).
The Len+Dex combination achieved a sig-
nificantly ORR (MM-009: 61% vs. 20%;
MM-010: 60% vs. 24%; both p < 0.001) and
CR rate (MM-009: 14.1% vs. 0.6%; MM-010:
15.9% vs. 3.4%; both p < 0.001), (Figure 5).

The median TTP was significantly pro-
longed by the addition of lenalidomide to
dexamethasone (MM-009: 11.1 months vs.
4.7 months; MM-010: 11.3 months vs. 4.7
months; both p < 0.001), (Figure 6) and
the median OS was significantly longer in
the Len+Dex arm (MM-009: 29.6 months
vs. 20.2 months; p < 0.001; MM-010: not
reached vs. 20.6; p = 0.03).
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In the MM-009 and MM-010 studies,
grade 3/4 hematologic AE were more com-
mon with Len+Dex and included neutro-
penia (41.2% and 29.5% vs. 4.5% and 2.3%,
respectively), anemia (13.0% and 8.6% vs.
5.1% and 6.9%), thrombocytopenia (14.7%
and 11.4% vs. 6.9% and 5.7%), and febrile
neutropenia (3.4% vs. 0%). Other common
grade 3/4 AE included infection (21.4% and
11.3% vs. 12.0% and 6.2%, respectively), and
fatigue (6.2% and 6.8% vs. 6.3% and 3.4%).
The incidence of VTE in the MM-009 and
MM-010 studies was higher in the Len+Dex
arm (14.7% and 11.4% vs. 3.4% and 4.6%,
respectively); however, it was comparable to
the incidence of 10% observed for the gen-
eral MM population in retrospective analy-
ses (109). On the basis of these studies, the
US FDA approved lenalidomide in June
2006 and the European Medicines Agency
in June 2007 for use in combination with
dexamethasone in the treatment of MM in
patients who have received at least one prior
therapy.

Due to encouraging results in the re-
lapsed or refractory setting, a phase II trial
was undertaken to assess the efficacy and
safety of the Len+Dex combination therapy
in the front-line setting (104). In this phase
II trial, lenalidomide (25 mg/day orally on
days 1-21 of each 28-day cycle) was com-
bined with dexamethasone (40 mg/day oral-
ly on days 1-4, 9-12, and 17-20 of each 28-
day cycle) in 34 newly diagnosed, previously
untreated MM patients. The ORR was 91%,
with CR in 6% and very good partial re-
sponse (VGPR) and near CR in 32%. Grade
3 or greater non-hematologic AE were re-
ported in 47% of patients and included fa-
tigue (15%), muscle weakness (6%), anxiety
(6%), pneumonitis (6%), and rash (6%). My-
elosuppression was minimal, most likely re-
flecting the preserved bone marrow reserve
in this group of previously untreated pa-
tients. All patients were placed on low dose
aspirin prophylaxis, based on the efficacy of
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Higher response rates with lenalidomide/
dexamethasone
EBMT response data
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low dose aspirin in preventing VTE among
patients treated on the thalidomide plus
dexamethasone regimen (110), and only
one patient developed a VTE. In addition,
Len+Dex combination therapy appeared to
be a useful pre-transplant conditioning regi-
men, as there was no adverse effect on stem
cell mobilization among these patients.
With successful responses and better tol-
erability obtained from early trials, lenalid-
omide is rapidly being incorporated into
front-line regimens. The Southwest Oncolo-
gy Group (SWOG) and Eastern Cooperative
Oncology Group (ECOG) performed ran-
domized, phase III trials assessing Len+Dex
as primary therapy in the front-line setting.
The SWOG trial compared Len+Dex to dex
alone in patients with newly diagnosed MM
(87). In this study, 198 patients were ran-
domized, 100 received lenalidomide 25 mg/
day (28 of 35 days for 3 induction cycles,
then 21 of 28 days as maintenance thereaf-
ter) plus dex 40 mg/day (days 1-4, 9-12, and
17-20 as induction, then days 1-4, and 15-
18 as maintenance) and 98 received dex plus
placebo. In 133 patients who were assess-
able for response, the ORR was significantly
higher (85.3% vs. 51.3%; p = 0.001) and
1-year PFS was significantly longer (77% vs.
55%, p = 0.002) with Len+Dex. The 1-year
OS was high and there was no difference be-
tween arms (93% vs. 91%). VTE was report-
ed in 25% of patients treated with Len+Dex
vs. 7% of patients treated with dex alone.
Most patients (81%) who experienced VTE
received aspirin as thromboprophylaxis,
however it is to be noted that those patients
received the full dose of aspirin at 325 mg
daily which is known to be thrombogenic as
it inhibits prostacyclin activity thus negat-
ing its anti-platelet role (111, 112). Patients
in the dex arm who progressed were allowed
to cross over to the Len+Dex arm. Of 40 pa-
tients who crossed over, the ORR in 23 who
were assessable for response was 70.4%.
These data confirm the superior efficacy
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with Len+Dex in newly diagnosed patients.
Unfortunately, this study was prematurely
closed when the results of the ECOG study
E4A03 were announced and use of high-
dose dex in combination with lenalidomide
was no longer considered appropriate.

The ECOG trial compared lenalidomide
plus standard-dose dex (RD) to lenalido-
mide plus low-dose dex (Rd), in an attempt
to further diminish adverse events while
maintaining the response rate. In this study,
patients in the RD arm were treated with le-
nalidomide 25 mg/day on days 1-21 of each
28-day cycle and dex 40 mg/day on days
1-4, 9-12, and 17-20 of each 28-day cycle,
and patients in the Rd arm received dex 40
mg on days 1, 8, 15, and 22 of each 28-day
cycle (113). A total of 445 patients were ran-
domized, 223 to RD and 222 to Rd. Grade
3 or higher AE were more common in the
RD arm (49% vs. 32%; p < 0.001), including
neutropenia (10% vs. 19%; p=0.01), VTE
(25% vs. 9%; p < 0.001), and infections (16%
vs. 6%; p < 0.001). Although response rates
during the first 4 cycles were higher with RD
(ORR: 82% vs. 70%; p = 0.007; CR + VGPR:
52% vs. 42%; p = 0.06), OS was significant-
ly higher in the Rd arm, p = 0.006, (1-year
OS: 96% vs. 88%; 2-year OS: 87% vs. 75%).
The 2-year OS rate for the 102 patients who
underwent stem cell transplant (94%) was
comparable to the 2-year OS for patients in
the Rd arm who continued primary therapy
beyond 4 cycles (91%). These data demon-
strated superior outcome with lenalidomide
plus low-dose dex in patients with newly
diagnosed MM compared to lenalidomide
plus high-dose dex. The dose and schedule
of dex will need to be evaluated further in
light of the differences between the results
of the SWOG and ECOG studies. There
are probably groups of patients that would
benefit from high dose dex administered ac-
cording to the SWOG schedule and others
that a lower dose will achieve similar disease
outcome with less toxicity and mortality.
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Baz et al. combined pegylated liposomal
doxorubicin, vincristine, and dex (DVd)
regimen with lenalidomide (DVd-R) in a
phase I/IT study among patients with re-
lapsed or refractory MM (114). The study
objectives were to determine the MTD and
evaluate the safety and efficacy of DVd-R.
Lenalidomide was administered orally at
doses of 5,10, and 15 mg/day for 21 days of
each 28-day cycle in cohorts of 3-6 patients.
Patients were treated for at least 4 cycles, and
a maximum of 2 cycles after best response.
Maintenance therapy included continuation
of lenalidomide with the addition of pred-
nisone 50 mg every other day until disease
progression. Low-dose aspirin (81 mg) was
administered as VTE prophylaxis. Sixty-
two patients were enrolled in the study (40
refractory to prior therapy). The MTD of
lenalidomide with DVd chemotherapy was
10 mg. The ORR was 75% with CR or near
CR in 29%. After a median follow-up of 7.5
months, the median PFS was 12 months and
the median OS had not been reached. Grade
3/4 adverse events included neutropenia
(32%), febrile neutropenia (7%), peripheral
neuropathy (5%), and VTE (9%). This novel
combination appears to be well tolerated,
and resulted in a high response rate in the
group of patients with MM, most of whom
were refractory to prior therapy.

Tables 3 and 4 summarize response rates
in selected Phase II and III studies using
lenalidomide as a single agent or in com-
bination in newly diagnosed and relapsed/
refractory MM patients.

In addition to the ability of lenalidomide
to exert effective anti-tumor activity thor-
ough direct anti-malignant plasma cell ef-
fects, it also exerts immune modulatory ef-
fects. Lenalidomide stimulates the immune
cellular system leading to a beneficial impact
on infectious complications, especially those
that rely on the cellular immune system.
One of the major viral infections in patients
with multiple myeloma is herpes zoster that
occurs in 15% of multiple myeloma patients
over the course of the disease. Herpes zos-
ter has high morbidity, especially in this age
group, where post herpetic neuralgia could
be crippling to the patients. With lenalido-
mide based therapy the incidence of herpes
zoster is less than 5% as compared to other
regimens that include proteasome inhibi-
tors, where the incidence ranges from 15-
60% (115, 116).

The clinical activity of pomalidomide
was first demonstrated in a phase I study in
which 24 patients with relapsed or refracto-
ry MM were treated with pomalidomide as a
single agent (91). The MTD was established
at 2 mg/day. The ORR was 54%, including

Table 3 Lenalidomide (Len) in newly diagnosed MM patients

Regimen Phase N PR CR Reference

+ standard dose dex 1} 223 +CR 82% +VGPR 52% Rajkumar et al. (113)
+ low dose dex 11l 222 +CR 70% +VGPR 42% Rajkumar etal.113
+ dex 11} 133 +CR 85% +nCR 15% Zonder et al. (87)
+ clarithromycin I 72 +CR 90% +nCR 39% Niesvizki et al. (123)
+ dex

+ melphalan 1} 153 +CR 67% +VGPR 46% Palumbo et al. (124)
+ prednisone

+ melphalan 1} 152 +CR 77% +VGPR 50% Palumbo et al. (124)

+ prednisone
+ len maintenance

N = number of patients; PR = partial response; CR = complete response; VGPR = very good partial response; nCR = near com-

plete response; dex = dexamethasone




Table 4 Lenalidomide (Len) in relapsed/refractory MM patients
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Regimen Phase N PR CR Reference

+ dex 1l 177 +CR 61% 14% Weber et al. (85)

+ dex 1l 176 +CR 60% 16% Dimopoulos et al. (86)
Single agent 1l 102 +CR 17% +nCR 4% Richardson et al. (105)
+ Doxil® ] 62 +CR 75% +nCR 29% Bazetal.(114)

+ vincristine

+ dex

+ melphalan 1l 43 +CR 91% +VGPR 45% Palumbo et al. (125)

+ prednisone
+ thalidomide
+ maintenance Len

N = number of patients; PR = partial response; CR = complete response; VGPR = very good partial response; nCR = near com-

plete response; dex = dexamethasone

CRin 17%. Four patients (17%) experienced
VTE. Pomalidomide therapy was associated
with significantly elevated serum IL-2 re-
ceptor and IL-12 levels, which is consistent
with activation of T cells, monocytes and
macrophages. Based on these results, a re-
cent phase II study has evaluated the safety
and efficacy of pomalidomide (2 mg/day)
combined with low-dose dexamethasone
(40 mg/day on days 1, 8, 15, and 22 of each
28-day cycle) in 37 patients with relapsed or
refractory MM (92). Most patients had re-
ceived prior ASCT (76%) and prior IMiD
therapy (62%). The ORR was 62%, includ-
ing VGPR in 24%. Objective responses were
also reported 4 of 13 patients (29%) who
were refractory to lenalidomide. Grade 3 he-
matologic AE included neutropenia (31%),
thrombocytopenia (3%), and anemia (3%).
There was no grade 3 neuropathy, but grade
1/2 neuropathy was reported in 16% of pa-
tients. Due to the incidence of VTE in the
phase I study, all patients received aspirin as
thromboprophylaxis and there were no cas-
es of VTE. Pomalidomide appears to be an-
other promising agent with a role for further
studies as an immunostimulatory modality
of treatment among patients with relapsed
or refractory MM.

New directions

Multiple new therapeutic targets in the treat-
ment of MM have been recently identified.
Agents targeting cell surface molecules, spe-
cific molecules mediating growth, survival,
drug resistance and migration of MM cells,
as well as signaling pathways participating
in these vital functions of MM cells are al-
ready going through pre- and clinical stud-
ies. They include agents such as IkB kinase
inhibitors, VEGF receptor tyrosine kinase
inhibitors, FGFR3 inhibitors, farnesyltrans-
ferase inhibitors, histone deacytilase inhibi-
tors, heath shock protein inhibitors, telom-
erase inhibitors, Smac mimetics, MAPK
inhibitors, TGFa inhibitors, TRAIL ligands,
IGF-1 receptor inhibitors, HMG-CoA re-
ductase inhibitors, Anti CD40 and Anti
CD56 agents. We hope that these new agents
in combination with existing ones will lead
to the ultimate result for patients and their
families: the cure of multiple myeloma.

Conclusions

Treatment options for patients with multiple
myeloma have increased significantly in the
past 10-15 years. The length and quality of
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life have improved due to the greater effi-
cacy and lower toxicity of new treatments. A
tuture challenge for physicians treating pa-
tients with this complicated disease is how
to use available treatments in a way that best
fits a particular patient looking for help, and
achieve the goal of individualized therapy.
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