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Abstract

This review summarizes the therapeutic strategies and
the drugs actually in development for the management
of myeloma patients. Multiple myeloma is caused by
the expansion of monoclonal plasma cells and secretion
of M-protein (immunoglobulins, Bence Jones protein
and free light chains). Multiple myeloma still remains
an incurable disease with a high incidence rate in the
elderly, despite the introduction of several new thera-
peutic agents (bortezomib, lenalidomide and thalido-
mide) which have changed its natural history. The high
heterogeneity of this disease leads to large differences
in clinical responses to treatments. Thus, the choice
of the best treatment is a difficult issue. However,
the introduction of new drugs has made it possible to
achieve high response rates and good quality respons-
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es with long-term disease control. Interactions between
tumor cells and their bone marrow microenvironment
play a pivotal role in the development, maintenance, and
progression of myeloma, inducing also drug resistance.
These knowledges have improved treatment options,
leading to the approval of new drugs which not only
target the malignant cell itself, but also its microenviron-
ment. These agents are in preclinical/early clinical evalu-
ation and they appear to further improve disease control,
but their use is still not approved outside of clinical trials.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The aim of this review is to summarize and
point out the current therapeutic strategies and the
drugs actually in development for the management of
multiple myeloma. The rationale of the new treatment
strategies is found in their efficacy in targeting tumor
cells and their microenvironment. Our understanding
of multiple myeloma (MM) pathogenesis including the
intracellular mechanisms as well as the interactions be-
tween MM cells and their microenvironment has helped
the discovery of several targets that have become the
focus of drug development. The goal is to improve pa-
tient’s survival and to control the disease in a long-term
fashion, maintaining the quality of life of our patients.

Ria R, Reale A, Vacca A. Novel agents and new therapeu-
tic approaches for treatment of multiple myeloma. World J
Methodol 2014; 4(2): 73-90 Available from: URL: http://www.
wjgnet.com/2222-0682/full/v4/i2/73.htm DOI: http://dx.doi.
org/10.5662/wjm.v4.i2.73

INTRODUCTION

The treatment of multiple myeloma (MM) is rapidly
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evolving (historical progress in MM treatment options is
shown in Figure 1). Near the old active classes of drugs
including alkylators (e.g., melphalan and cyclophospha-
mide), corticosteroids (e.g., prednisone and dexametha-
sone), and anthracyclines (e.g., doxorubicin), new drug
formulations (e.g., liposomal doxorubicin) and new active
classes of drugs such as proteasome inhibitors (e.g., bort-
ezomib) and immunomodulatory drugs (eg., thalidomide
and lenalidomide) have been introduced in myeloma
therapy'".

Changes in treatment strategies due to the intro-
duction of novel drugs have been able to significantly
improve the quality of responses. In fact, if in the past,
complete remission (CR) in MM was rare to achieve,
while the introduction of new treatments has increased
the rate in younger patients as well as in the non-trans-
plant setting. CR represents a surrogate marker of long
survival. It correlates with the long-term progression-
free survival (PES) and overall survival (OS). Achieving
CR and sustaining CR within a 3-year landmark from the
treatment initiation were associated with highly superior
survival. Actually, we agree that “the more profund the
remission is, the longer the duration of response is”?,

In this paper we review the novel agents that could
shape future directions for MM management. As far
as possible treatment should be individualized. Also, it
should be recognized that it is not necessarily best prac-
tice to refer particular therapies at specified time points.
In the future, it is likely that MM therapy will be “risk-
adapted” and the presence or absence of specific prog-
nostic factors may determine the choice of therapy both
at diagnosis and relapse.

THERAPY OF MM
Improvements in MM biology knowledge have led

changes into the rationale of modern therapym. In fact,
the role of microenvironment in myeloma pathogenesis
and progression has been well established™ and the new
drugs are designed to target myeloma plasma cells and
their microenvironment simultaneously. This different
approach has changed the natural history of MM, which
still remains an incurable disease, but the survival is sig-
nificantly improved.

NEWLY DIAGNOSED MM

Initial therapy for MM depends on the eligibility for
autologous stem cell transplant (ASCT) (younger fit pa-
tients). Patients who are considered potential candidates

for ASCT receive 2-4 cycles of a non-melphalan-con-
taining regimen and then proceed to stem cell harvest™.
After stem cell harvest, most patients move on to ASCT.
However, depending on the response to initial therapy and
patient’s preference, initial therapy can be resumed after
stem cell harvest, delaying ASCT until first relapse. The
role of early »s delayed ASCT is an argument of debate!”.
On the contrary, the second ASCT in patients who do not

achieve almost a very good partial response (VGPR) after
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2005 (=——=p| Lenalidomide |

2007 =——=| Pegylated liposomal doxorubicin |
2012 [——] Carfilzomib

2013 ([ Pomalidomide

Figure 1 Progress in the treatment of multiple myeloma!™,

the first transplant seems to be the best option!”.

In patients who are not candidates for ASCT (elderly
or unfit patients), the duration of initial therapy is ap-
proximately 9-18 mo for most regimens, although in the
case of lenalidomide/low-dose dexamethasone (Rd),
therapy is often continued until progression if the patient

well tolerates the treatment!.

ASCT INDUCTION THERAPY

Bortezomib-based regimens

The addition of novel agents into the induction regimens
significantly improved the outcome of patients with
newly diagnosed MM,

Bortezomib (Figure 2), alone or in combination with
dexamethasone (VD), is active in newly diagnosed myelo-
ma patients”, VD shows superior response rates when
compared with vincristine/doxorubicin/prednisone
(VAD), with a VGPR rate of 38% vs 15% after induction
therapy in younger patients. The higher VGPR rate was
confirmed after transplantation (54% vs 37%), with a PFS
improvement (36 mo zs 30 mo)""!. In spite of these good
results, no OS benefit was noticeable.

The three-drug combination bortezomib/thalido-
mide/dexamethasone (VID) has been compared with
thalidomide/dexamethasone (TD) or VD!"*": VID
resulted in better response rates and PFS, but no OS ben-
efit was observed. Nevertheless, these studies evidenced
the ability of VID plus double ASCT followed by
bortezomib-based consolidation to overcome the poor
prognostic effects of t(4;14) translocation”. VID is par-
ticularly useful in patients with acute renal failure since it
acts rapidly and can be used without dose modification!”.
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Figure 2 Chemical structure of bortezomib and new proteasome inhibitors carfilzomib, delanzomib (CEP18770), marizomib (NPI-0052) and ixazomib

(MLN9708).

Other two combinations can represent excellent
choices when considering a bortezomib-containing
regimen as frontline therapy in newly diagnosed MM
patients: the three-drug combination bortezomib/cyclo-
phosphamide/dexamethasone (CyBotD or VCD) and the
four-drug combination bortezomib/cyclophosphamide/
lenalidomide/dexamethasone (VCRD)". The EVO-
LUTION trial”, a randomized phase 2 trial in newly
diagnosed myeloma patients, showed that VCD is well
tolerated with similar activity compated with the combina-
tion bortezomib/lenalidomide/dexamethasone (VRD), a
combination which produces remarkably high overall and
complete response rates'”. In this trial, CR was achieved
in 22% and 47% of patients treated with two different
schedules of VCD 5 24% of patients treated with VRD.
Although highly active, VCRD had similar CR rates com-
pared with either VCD or VRD (Table 1).

Immunomodulator-based regimens

Thalidomide and its derivate lenalidomide are designed
as “immunomodulatory” drugs (Figure 3). Recent stud-
ies have demonstrated that the mechanism of action of
these drugs may be more complex. These drugs target

. . . 17
both tumor plasma cells and their microenvironment'”,
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Their activity seems to be mediated through cereblon, the
putative primary teratogenic target for thalidomide!”.

In newly diagnosed MM, TD produces response rates
of 65%-75%"""). Two randomized trials found TD to
be superior to dexamethasone alone™. Patients receiving
thalidomide-based regimens require deep vein thrombo-
sis prophylaxis with aspirin, low-molecular weight hepa-
tin or Coumadin®”.

In the transplant setting, there are some trials which aim
to clarify the role of lenalidomide as induction therapymj.
Although its use during induction determines good re-
sponse rates, it seems to impact on the mobilization of stem
cells™?. Therefore, in patients over the age of 65 and those
who have received more than 4 cycles of Rd, stem cells
must be mobilized with either cyclophosphamide + Granu-
locyte Colony-Stimulating Factor or with plerixaforlZGJ.

Other combinations (also with bortezomib and alkila-
tors) have been already discussed in the previous para-

graph (Table 1).

ELDERLY/UNFIT PATIENTS

Bortezomib-based regimens
In the phase 3 VISTA trial, the combination of bortezo-
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Figure 3 Chemical structures of thalidomide and its analogues, lenalido-
mide (CC-5013) and pomalidomide (CC-4047).

mib/melphalan/prednisone (VMP) was associated with
significantly improved OS compated with melphalan/
prednisone (MP). OS persisted with a long-term follow-
up[z7,zs1. In a subsequent randomized trial, there was no
significant advantage of bortezomib/thalidomide/pred-
nisone (VIP) over VMP™, The principal toxicity of
VMP is peripheral neuropathy, which can be reduced us-
ing a once-weekly regimen[29’30]. Moteover, subcutaneous
administration of bortezomib also reduces the incidence
of neurophaty and other toxicities""

The combination bortezomib/melphalan/predni-
sone/thalidomide (VMPT) has been compared with
VMP in a randomized phase 3 trial conduct by the Italian
group GIMEMA"”. The 3-year PES rate was 56% with
VMPT compared to 41% with VMP. However, patients
in the VMPT arm received maintenance therapy with
bortezomib and thalidomide, whereas patients in the
VMP arm did not receive any additional therapy beyond
9 mo. Furthermore, no OS differences were observed:
the 3-year OS was 89% with VMPT and 87% with VMP.
Therefore, it seems that there is no advantage using

VMPT as initial therapy (Table 1).

Immunomodulator-based regimens

It has been demonstrated that TD is inferior in terms
of activity and toxicity when compared to lenalidomide-
based regimens. In a Mayo Clinic study of 411 newly
diagnosed patients lenalidomide plus dexamethasone was
significantly superior to TD in terms of response rates,
PFES, and OS™. Moreover, in another phase 3 study, the
OS with TD was inferior to MP in newly diagnosed el-
detly patientsmj. This combination can be considered an
option for initial therapy only in patients with acute renal
failure, and in combination with bortezomib.
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Table 1 Bortezomib-based induction, immunomodulatory-

based induction, bortezomib-based and immunomodulatory-
based regimens for transplant-elegible patients

Regimen Drugs Ref.
Bortezomib-based induction
VD Bortezomib/dexamethasone [12,13]
VTD Bortezomib/ thalidomide/dexamethasone [12,13]
CyBorD or Bortezomib/ cyclophosphamide/ [14-16]
VCD dexamethasone
VCRD Bortezomib/ cyclophosphamide/ [14-16]
lenalidomide/ dexamethasone
VRD Bortezomib/lenalidomide/dexamethasone [14-16]
Immunomodulatory-based induction
TD Thalidomide/dexamethasone [19,20]
VTD Bortezomib/thalidomide/dexamethasone [12,13]
Rd Lenalidomide/low-dose dexamethasone [23]
VCRD Bortezomib/ cyclophosphamide/ [14-16]
lenalidomide/dexamethasone
VRD Bortezomib/lenalidomide/dexamethasone [14-16]
Bortezomib-based
VMP Bortezomib/melphalan/ prednisone [29-31]
VMPT Bortezomib/melphalan/ prednisone/ [30]
thalidomide
Immunomodulatory-based
TD Thalidomide/dexamethasone [32]
MPT Melphalan/ prednisone/ thalidomide [40,41]
Rd Lenalidomide/low-dose dexamethasone [44]
RD Lenalidomide/high-dose dexamethasone [43]
MPR Melphalan/ prednisone/lenalidomide [45]

MPT has shown better response rates compared with
MP in six randomized studies”"". In four of these trials
a significant prolongation of PFS with MPT has been
observed™™ and an OS advantage has been observed
in three of them™ . The evident superiority of MPT
over MP has been confirmed by two meta-analyses of
these randomized trials™***".

Grade 3/4 adverse events occur in approximately
55% of patients treated with MPT compared with 22%
in patients treated with MP and 43% with TD. There is
a considerable risk (20%) of deep vein thrombosis with
MPT, confirming the necessity of thromboprophylaxis in
these patients.

Rd is active in newly diagnosed myeloma patients
In a randomized trial, Rd demonstrated less toxicity than
lenalidomide plus high-dose dexamethasone (RD) W with
better patient’s compliance and OS.

As a result, high-dose dexamethasone is no longer
recommended also because its toxicity makes it difficult
to incorporate it into combination regimens. Rd is also
an attractive option for the treatment of elderly patients
with newly diagnosed myeloma because of its excellent
tolerability, convenience, and efficacy. The 3-year OS rate
with Rd in patients older than 70 who did not receive
ASCT is 70%", and is comparable to results with MPT
and VMP. All patients receiving Rd require antithrombo-
sis prophylaxis with aspirin; low-molecular-weight hepa-
rin or Coumadin is mandatory in patients with high risk
of DVT™,

The combination melphalan/prednisone/lenalido-
mide (MPR) has been recently compared with MP in a

[42]
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Table 2 Combinations of more new drugs for elderly or transplant-inelegible patients

Regimen Drugs Ref.
VDT-PACE Bortezomib/ dexamethasone/ thalidomide/ cisplatin/ doxorubicin/cyclophosphamide/ etoposide [46]
VCRD Bortezomib/ cyclophosphamide/lenalidomide/dexamethasone [15,16]
VRD Bortezomib/lenalidomide/dexamethasone [15,16]

randomized trial of patients 65 years of age or older with
newly diagnosed MM, The median PFS was similar
between MPR and MP, 14 mo »s 13 mo, respectively. The
disappointing lack of improvement in PFS with MPR
compared with MP may be related to the fact that dose
reductions of both melphalan and lenalidomide are often
required when the 2 agents are combined (Table 1).

Combinations of new drugs
Multiagent combination regimens such as bortezomib/
dexamethasone/thalidomide/ cisplatin/doxorubicin/cy-
clophosphamide/etoposide (VDT-PACE) have been
tested extensively at the Myeloma Institute for Research
and Therapy at Arkansas™. VDT-PACE is particularly
useful in patients with aggressive disease, such as plasma
cell leukemia or multiple extramedullary plasmacytomas.
The EVOLUTION trial, which compared VCD with
VCRD and VRD"™' evidenced similar activity and CR
rates for all the three combinations in newly diagnosed
myeloma patients (Table 2).

CHOICE OF INITIAL THERAPY

MM treatment strategies have largely changed in recent
years with numerous new combinations available for
initial approaches. A plethora of randomized data enable
physicians to choose the best regimen for initial therapy,
but most available randomized trial data are comparisons
of newer regimens with older alkylator- or anthracycline-
based regimens. Only few trials have compared modern
regimens between cach other, and in these studies sur-
rogate end points, such as response rates and PFS, were
used. No randomized data with OS or patient-reported
quality-of-life end points are available. PFS cannot repre-
sent a good surrogate for clinical benefit. In numerous in-
stances, PES has proven to be a poor indicator of clinical
benefit: the arm with PFS advantage showed!"""" inferior
OS™!. The choice of therapy is driven by surrogate end
points such as CR or PFS that were primary end-points
of wotldwide randomized trials. OS or patient-reported
quality-of-life remain the primary end-points that should
drive the rational choice of treatment when a patient with
MM needs initial therapy.

Moreover, an optimal treatment strategy for newly
diagnosed myeloma patients should be also based on
the evaluation of risks and benefits"”. The actual “cure
vs control” debate on whether we should treat myeloma
with an aggressive multidrug strategy targeting CR or a
sequential disease control approach is concentrated on
this aspect™™™, The risk-adapted stratification of patients
can be a good indicator for personalized treatments'™”
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In standard-risk patients VCD seems to be a rea-
sonable option for initial therapy. Higher CR rates, low
toxicity, and the lack of any adverse effect on stem cell
mobilization are the principal advantages compared to
immunomodulator-based regimens. The risk of neuro-
toxicity eatly in the disease course represents the major
unfavorable factor. However, recent studies show that the
neurotoxicity of bortezomib can be greatly diminished by
administering bortezomib on a once-weekly schedule™"!
ot by administering the drug subcutaneously™.

There are no data showing that more expensive regi-
mens (e.g., VRD) are safer or more effective in terms of
OS or quality-of-life compared to Rd or VCD (or VID).
Although in eldetly patients, melphalan-containing triplet
regimens such as VMP and MPT have proven efficacy
over MP, it is not clear whether they are superior to non-
melphalan-containing regimens.

In intermediate or high-risk patients (particularly
t(4;14) translocation), bortezomib-containing regimens
followed by double ASCT and eventually mantainance
therapy are able to overcome the poor prognosis with
good CR rates and sustained CR"™". Therefore, VCD or
a similar bortezomib-containing regimen would be the
preferred choice in this subset of patients.

VRD is a rather expensive regimen that, although
response rates and CR rates are very high, cannot be sug-
gested as standard therapy outside clinical trials because
of the lack of data from randomized trials comparing its
safety and efficacy. However, it may represent a reason-
able treatment option in high-risk myeloma patients since
other current options appear inadequate.

At present, no sufficient data are available to recom-
mend any quadruple regimen as initial therapy outside of
clinical trials. VDT-PACE may be a good choice in very
high-risk patients with extensive extramedullary disease
or plasma cell leukemia at the time of initial diagnosis[%].

In patients with acute renal failure due to suspected
light-chain cast nephropathy, VCD (or VID) is of par-
ticular value and is preferred as initial therapy™.

In patients who ate not candidates for ASCT, melpha-
lan-containing regimens such as MPT, VMP, and MPR
are indicated. Most patients with newly diagnosed MM
are > (65 years old with 30% > 75 years.

Finally, elderly patients are more susceptible to side
effects and may be unable to tolerate full drug doses™.
For these patients, lower dose-intensity regimens improve
the safety profile and thus optimize treatment outcomes.
The occurrence of serious hematological and non-
hematological adverse events during treatment should be
carefully taken into account to adjust doses and optimize
the outcome.
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RELAPSED/REFRACTORY MM

In the relapsed/refractory setting, conventional or high-
dose chemotherapy has been a longstanding approach
to salvage treatment. The regimens include high-dose
melphalan; high-dose methylprednisolone; high-dose
dexamethasone; VAD; vincristine/melphalan/cyclophos-
phamide/prednisone alternating with vincristine/carmus-
tine/doxorubicin/prednisone; doxorubicin/vincristine/
dexamethasone/etoposide/ cyclophosphamide; cisplatin/
doxorubicin/cyclophosphamide/etoposide (DT-PACE);
dexamethasone/cyclophosphamide/etoposide/cisplatin
(DCEP)***Y. Overall response rates for salvage combina-
tion chemotherapy ate between 25% and 65%, with moz-
bidity and mortality related to the intensity of therapy.

Allogeneic transplant shows limited clinical benefit
for the treatment of relapsed/refractory MM with long-
term, disease-free survival of 10% to 20% and high tox-
icity. Few patients, even those with poor-risk disease, are
ultimately cured with this approach!™®,

Second autologous transplantation may be beneficial
and safe for some patients with relapsed/refractory dis-
ease. Moreover, the overall response rates in recent stud-
ies with small sample sizes range from 55% to 69%, with
a 100-d mortality rate of 10%**,

Thalidomide was the first novel agent to be evaluated
in patients with relapsed/refractory MM. Several stud-
ies have demonstrated the effectiveness of thalidomide
as a single agent producing partial response or better
(> PR) in 30% of patients with relapsed/refractory
disease, with a 1-year OS rate of 60% and median OS
of 14 mo'™. In the phase I OPTIMUM study, differ-
ent doses of thalidomide (100 mg/d, 200 mg/d, or 400
mg/d) demonstrated no difference in response rate and
OS"". Thalidomide has been successfully combined
with multiple conventional cytotoxic agents for the
treatment of relapsed/refractory MM. When compared
with thalidomide alone, the addition of dexamethasone
resulted in higher response rates of about 50%*. The
addition of cyclophosphamide to thalidomide with or
without dexamethasone led to higher responses (> PR:
57%-84%)">™. Evidence also suggests that the efficacy
of thalidomide in relapsed/refractory MM may be im-
proved when combined with melphalan (> PR: 59%),
MP (> PR: 42%), melphalan/dexamethasone (> PR:
70%), pegylated liposomal doxorubicin/dexamethasone
(> PR in 76%), pegylated liposomal doxorubicin/vin-
cristine/dexamethasone (> PR: 75%), DT-PACE (> PR:
32%), ot cyclophosphamide/etoposide/dexamethasone
(TCED; > PR: 68%)" .

Monotherapy with bortezomib demonstrated re-
sponse rates of 25% to 35% in patients with relapsed/
refractory MM in initial phase I and I studies”™. The
randomized phase Il APEX study demonstrated a sur-
vival benefit with bortezomib compared to high-dose
dexamethasone in patients who had received a median
of two prior therapies™. Bortezomib-based treatment
demonstrated superior response rates (43% o5 18%; P <
0.001), TTP (6.2 mo »s 3.5 mo; P < 0.001), and 1-year
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OS (80% vs 66%; P < 0.003) compared with dexametha-
sone”™. The benefit of 6-mo OS for patients who re-
ceived bortezomib persists despite substantial crossover
(> 62%) from dexamethasone to bortezomib. The
addition of dexamethasone to bortezomib resulted in
response improvement in 18% to 34% of patients'.
Multiple chemotherapeutic agents have been successfully
combined with bortezomib in relapsed/refractory MM,
such as the combination with pegylated liposomal doxo-
rubicin (> PR: 44%), low-dose dexamethasone/pegylated
liposomal doxorubicin (PAD) (> PR: 67%-85%), oral or
intravenous melphalan (> PR: 47%-68%), and low-dose
cyclophosphamide/prednisone/dexamethasone (> PR:
68%- 82%)"*.

Lenalidomide as a single agent at the maximum dose
of 25 mg once daily determined response rates ranging
from 29% to 39% in patients who had received a median
of three prior therapies’”.

MM-009 and MM-010 trials comparing RD »s dexa-
methasone alone demonstrated improved overall re-
sponse (60.6% vs 21.9%; P > 0.001), TTP (13.4 mo »s 4.6
mo; P > 0.001), and OS (38.0 mo #s 31.6 mo; P > 0.045)
for patients treated with RD"™*. Crossover to RD for
patients who previously received dexamethasone alone
(41.9%) did not modify the results. Moreover, the RD
combination also appears to be effective in very elderly
(> 75 years) patients with relapsed MM, demonstrating
overall response rates of 62% and median PFS of 14
mo™’. Currently, all new dexamethasone combination
trials use low-dose dexamethasone instead of high-dose
dexamethasone.

Lenalidomide has also demonstrated efficacy in com-
bination with doxorubicin/dexamethasone (RAD; > PR:
73%), low-dose cyclophosphamide/prednisone (REP;
minimal response or better > MR: 64.3%), cyclophos-
phamide/dexamethasone (> MR: 75%), and pegylated
liposomal doxorubicin/vinctistine/dexamethasone (>
PR: 75%) in patients with relapsed/refractory MM™ ",

Numerous studies have evaluated the combina-
tion of two established novel agents with conventional
and/or cytotoxic drugs in the relapsed/refractory set-
tingmgﬂ. Bortezomib has been successely combined with
thalidomide and other drugs: VID; >PR: 63%, PAD >
PR: 74%, VCTD, > PR: 88%, VMPT; > PR: 67%, and
VMDT; > PR: 66%. Other studies have evaluated the
combination of VRD with good response rates (> MR:
61%-86%) even in patients resistant to thalidomide, le-
nalidomide, or bortezomib!" (Table 3).

CHOICE OF THERAPY AT RELAPSE

Decisions regarding treatment at relapse should be made
considering the timing of relapse, the efficacy and toxici-
ty of drugs used in prior therapies, age, bone marrow and
renal function, co-morbidities and patient’s preference.
Also, it should be recognized that it is not necessarily
best practice to refer particular therapies at specified time
points. In the future, it is likely that therapy will be ‘risk-
adapted’ and the presence or absence of specific prog-
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Table 3 Combinations for relapsed/refractory patients

Regimen Drugs Ref.
MEL High-dose melphalan [54,55]
PDN High-dose methylprednisolone [56,57]
DEX High-dose dexamethasone [57]
VAD Vincristine/ doxorubicin/prednisone [58]
VMPC Vincristine/ melphalan/cyclophosphamide/ [58]

prednisone
VBAP Vincristine/ carmustine/ doxorubicin/ [58]
prednisone

CEVAD Doxorubicin/ vincristine/ dexamethasone/ [59]

etoposide/cyclophosphamide
DCEP Dexamethasone/cyclophosphamide/ [60]
etoposide/ cisplatin

DT-PACE  Cisplatin/doxorubicin/cyclophosphamide/ [61]

etoposide
AlloSCT Allogeneic transplant [62,63]
ASCT Second autologous transplant [64,65]
THAL Thalidomide monotherapy [66,67]
TD Thalidomide/dexamethasone [68]
TC Thalidomide/ cyclophosphamide [69]
TCD Thalidomide/cyclophosphamide/ [70]
dexamethasone
MPT Melphalan/ prednisone/thalidomide [71]
MTD Melphalan/thalidomide/dexamethasone [72]
TAD Thalidomide/ pegylated liposomal [73]
doxorubicinxorubicin/dexamethasone
TAVD Thalidomide/ pegylated liposomal [74]
doxorubicinoxorubicin/ vincristine/
dexamethasone
TCED Thalidomide/cyclophosphamide/etoposide/ [75]
dexamethasone

BOR Bortezomib monotherapy [76-78]
VD Bortezomib/dexametasone [78]
VA Bortezomib/ pegylated liposomal doxorubicin [79]
PAD Bortezomib/low-dose dexamethasone/ [80]

pegylated liposomal doxorubicin

VM Bortezomib/melphalan [81]
VCD Bortezomib/low-dose cyclophosphamide/ [82]

prednisone/

LEN Lenalidomide monotherapy [83]
RD Lenalidomide/ dexamethasone [84-87]
RAD Lenalidomide/ doxorubicin/ dexamethasone [88,89]
REP Lenalidomide/low-dose cyclophosphamide/ [90]

prednisone

RCD Lenalidomide/cyclophosphamide/ [91]

dexamethasone

RAVD Lenalidomide/pegylated liposomal [1]

doxorubicin/ vincristine/ dexamethasone

PATD Bortezomib/ pegylated liposomal [92]

doxorubicin/thalidomide/dexamethasone

VMDT Bortezomib/melphalan/dexamethasone/ [93]

thalidomide

VMPT Bortezomib/melphalan/prednisone/ [94]

thalidomide

VTD Bortezomib/thalidomide/dexamethasone [95]
PAD Bortezomib/ pegylated liposomal [1]

doxorubicin/ dexamethasone

VCTD Bortezomib/ cyclophosphamide/ [1]

thalidomide/dexamethasone

VCRD Bortezomib/cyclophosphamide/ [1]

lenalidomide/ dexamethasone

VRD Bortezomib/lenalidomide/dexamethasone [1]

nostic factors may determine the choice of therapy both
at diagnosis and relapse. Patients with a long first plateau
phase after their initial therapy may be treated with the
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same first-line regimen because they are likely to respond
again at relapse. The use of a second ASCT is a possible
choice according to patient’s fitness and if the candidate
patient had a good response to the initial transplant pro-
cedure (> 18-mo PFS).

For patients presenting with renal failure, strong con-
sideration of treatments with a bortezomib-containing
regimen should be given: it determines a rapid reduction
in light chain load to the kidneys, and maximizes chances
of regaining renal function.

Entry into clinical trials should be considered at each
relapse.

MAINTENANCE THERAPY FOR MM

Maintenance therapy is actually one of the most con-
troversial debates in the care of patients with MM. His-
torically, this has been attempted with corticosteroids,
interferon, and thalidomide. PFS, but not OS, was often
prolonged and was frequently accompanied by significant
morbidity and high discontinuation rates”™”.

Lenalidomide is a more tolerable immunomodulatory
drugs (IMiD). Maintenance therapy with this drug has
been explored in recent randomized, placebo-controlled
trials. Two studies! ™" evaluated the role of maintenance
lenalidomide therapy in patients after ASCT compared
with placebo, and a third evaluated extended-use lenalid-
omide in older patients initially treated with melphalan-
based regirnensw. Only 1 out of the 3 has shown a sut-
vival benefit.

In a recent trial comparing PAD with VAD, patients
randomized to the PAD arm received maintenance with
bortezomib (every 2 wk) after ASCT, and those in the
VAD arm received thalidomide as maintenance!".

Currently available data are not sufficient to recom-
mend routine maintenance with lenalidomide for all
patients outside clinical trials, but it can be considered
in subgroups of patients in whom the benefits appear
to outweigh the risks (eg., standard-risk patients who
are known to be lenalidomide responsive and ate not in
VGPR or better after completion of initial therapy).

In intermediate- and high-risk myeloma patients, a
bortezomib-based maintenance approach may be pref-
erable but needs further studies. Preliminary results are
encouraging and suggest improved PFS and OS with
bortezomib maintenance, but it is not clear if this can
be attributed to differences in induction or maintenance
therapy.

NEWEST DRUGS

Pomalidomide

The IMiD pomalidomide (Figure 3) exerts its anticancer
effects throught the angiogenesis inhibition, immuno-
modulation, impeding cytokine production, and interac-
tion with the bone marrow and tumor microenviron-
ment dependent on Cereblon expression“o‘ﬂ. Decreased
cereblon mRNA expression has been correlated with

lenalidomide resistance!®'"”. Interestingly, pomalidomide
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appears to remain effective in lenalidomide resistant
cells"”. Pomalidomide is the most potent IMiD, having
100 times strength of thalidomide and 10 times that of
lenalidomide". Moteover, the proliferation and survival
of myeloma cells are largely unaffected by thalidomide,
whereas lenalidomide and pomalidomide cause both cell
cycle arrest and apoptosis[105]. Specifically, they induce
cell cycle arrest by P21 WAF activation independently of
P53. This highlights the possibility of using these agents
to treat P53 mutated malignancies“%].

Pomalidomide has shown good results in phase I
studies with 50% of patients achieving at least a PR and
10% achieving a CR at a maximum tolerated dose of 4
mg for 21 or 28 A" In the MM-002 (a randomized
phase I /1l open-label dose escalation study) heav-
ily treated patients refractory to both lenalidomide and
bortezomib were included. Efficacy results in 21% of
patients achieving at least a PR and in patients refractory
to both lenalidomide and dexamethasone, 25% had a re-
sponse“og].

Phase II studies demonstrated improvement of the
response rate and quality of responses when dexametha-
sone was assoclated to pomalidomide in heavily pretreat-
ed patientsmo]. Responses were observed in > 60% of
patients (5% CR, 30% VGPR, and 30% MR) and in 40%
of lenalidomide-refractory patients, 40% of thalidomide-
refractory patients, and 60% of bortezomib-refractory
patients. In high-risk patients (plasma cell labeling index
= 3%, deletion 17p, t(4;14) or t(14;16) by fluorescent in
sitn hybridization, or deletion 13 on conventional cytoge-
netics) responses were observed in 74% of cases. Also in
extramedullary disease in the phase II study conducted at
the Mayo Clinic"""! the response rate was 31%, with two
patients achieving CR and two patients achieving PR.

Two sequential phase 1l studies of patients refractory
to both bortezomib and lenalidomide conducted at the
Mayo Clinic"'?, in which two dosing strategies were com-
pared, suggest that 4 mg daily dosing does not yield su-
perior responses than 2 mg daily dosing: the 2 mg cohort
had an MR or better (49%) while the 4 mg group had an
overall response rate of 43; 26% of patients achieved at
least 2 PR in both cohorts. In contrast, a trend towards
a dose-dependent response was observed in the phase 1
MM-002 study“”]. Toxicities are similar at the 2 and 4 mg
dose levels. Neutropenia is the major toxicity described
(26%-66% grade 3/4), thrombocytopenia and anemia are
also common (13% and 17% grade 3/4, respectively)mz].

Nonhematologic toxicities are seen in 5% of patients:
fatigue in 62% of cases (8% grade 3/4), thromboembolic
events in 3%, and peripheral neuropathy in 13% (up to
33% in patients with pre-existing neuropathy that wors-
ens). Acute noninfectious pulmonary toxicity has been
described in two patients“m].

Carfilzomib

Carfilzomib (also known as PR-171; Figure 2) is a new
stable and irreversible proteasome inhibitor that is poten-
tially more efficacious and less toxic. It inhibits the chy-
motrypsin-like site of the proteasome, and, at high doses,
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it shows additional inhibitory effects on the trypsin-like
and caspase-like sites!"'?

Phase [ trials demonstrated sustained proteasome
inhibition with two different schedules: escalating doses
on 5 consecutive days, followed by a 9-d rest period in a
14-d cyclems], and on days 1,2, 8,9, 15 in a 4-wk cycle[m].
The first schedule evidenced a minimal effective dose at
11 mg/ m” and a maximal tolerated dose at 15 mg/ m”. In
the second schedule a maximal tolerated dose was not
reached and the highest dose administered was 27 mg/
m’. The most common side effects were thrombocytope-
nia and febrile neutropenia (carfilzomib-associated dose-
limiting toxicities), low-grade fatigue and nausea, but no
significant peripheral neuropathy was observed and no
aggravation in patients with preexisting peripheral neu-
ropathy was reported.

In bortezomib-naive patients, carfilzomib showed an
impressive single-agent ORR of 52%!""". Carfilzomib
has shown single-agent activity in heavily pretreated MM
patients (80% were double refractory) in the twice-weekly
regimen with dose-teduction (20 mg/ m’) in the first cycle
to abrogate potential tumor-lysis syndrome''®. The dose
was escalated to 27 mg/m” in cycle 2. The response rate
was 23.7%, with a median duration of response of 7.8
mo, a PFS of 3.7 mo, and an OS of 15.6 mo. Clinical
benefit was observed in one-third of the patients. Out-
come was not influenced by adverse cytogenetics, renal
impairment, disease stage, or Eastern Cooperative On-
cology Group performance score. Drug-related adverse
events (AEs) of all grades were most frequently fatigue
(37%), nausea (34%), and thrombocythemia. Grade 3/4
hematologic AEs included anemia (24%), thrombocyto-
penia (29%), lymphopenia (20%), and neutropenia (11%).
Grade 3/4 nonhematologic AEs included pneumonia
(9%), hyponatremia (8.3%), fatigue (7.5%), and hypo-
phosphatemia (6.0%). Treatment-emergent peripheral
neuropathy was uncommon (12.4%) and considered to
be carfilzomib related in only 8.3% of patients. Dose ad-
justment for renal insufficiency was not necessary' .

The extension of the infusion time to 30 min allowed
tolerance of higher doses of carfilzomib with good
()RR[IZO].

Improvement of the response has been obtained
with the association of lenalidomide and low-dose dexa-
methasone to carfilzomib*"'*!, The overall response was
78%-98% with an impressive stringent complete remis-
sion rate of 42% after a median of 12 cycles of therapy.

In newly diagnosed elderly patients the combination
with melphalan and prednisone (CMP) administered on
the usual schedule twice weekly with a 12-d rest in a 42-d
cycle was safe and effective with a response rate of 92%
at the interim analysis' .

The cyclophosphamide/carfilzomib/thalidomide/
dexamethasone demonstrated a response rate of 100% in
newly diagnosed MM patients' >,

FUTURE DIRECTIONS

Our understanding of the transformation of normal
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plasma cells into malignant myeloma cells is improv-
ing*". The interaction between MM cells and their mi-
croenvironment is the focus of intense research” and
several targets have emerged from these studies**'*". In
addition, drugs that target the cell cycle, membrane re-
ceptors, immunomodulators and antiangiogenics are also

being investigated in MM.

New proteasome inhibitors

Delanzomib (CEP18770), Marizomib (NPI-0052) and
Ixazomib (MLN9708), (Figure 2) are currently be-
ing evaluated in phase I and II studies'*. Matizomib
(NPI-0052) is an orally active proteasome inhibitor and a
more potent inhibitor of the NF-kB and other cytokines
than bortezomib!"™. Tt is able to overcome bortezomib
resistance both 7n vitro and in vive. 1t interferes with the
chymotryptic-like, tryptic-like and caspase-like proteolytic
activity of the proteasome. Studies are currently evaluat-
ing Marizomib as a single agent as well as in combination
with bortezomib since a synergistic effect has been ob-
served™.

Histone deacetylase inhibitors

The expression of genes is controlled by the DNA /his-
tone interaction. Excessive deacetylated level of histones
has been linked to cancer pathologies by promoting the
repression of tumor suppressor genes. Overexpression
of histone deacetylase (HDAC) by MM cells results in
decreased DNA transcription, including transcription of
tumor suppressor genes, and inhibition of HDAC revers-
es these effects’™. HDAC inhibitors mediate tumor cell
death via caspase-dependent and independent apoptosis
and autophagym”, induce cell cycle arrest via p21 up-
regulation, block the aggresome complex and induce cell
death via the accumulation of ubiquitinated proteinslmj.

Currently several HDAC inhibitors have being stud-
ied as single agents or in combination with other agents
mainly bortezomib and lenalidomide. Vorinostat (SAHA)
is an oral HDAC inhibitor that down-regulates 1GF-1
and 1L-6 signaling pathways as well as DNA synthesis
and repair enzymes' .

In phase I trials in patients with relapsed/refrac-
tory MM disease oral vorinostat was well tolerated. Side
effects included fatigue, anorexia, diarrhea and nausea.
The combination with bortezomib has shown promising
activity*". On 23 patients with a median of 7 prior regi-
mens the response rate was 42%, including 3 cases of PR
among 9 bortezomib-refractory patients.

A second HDAC inhibitor tested in combination with
other therapies for relapsed/refractory MM is Panobino-
stat (LBH589), a potent pan deacetylase inhibitor that
disrupts aggresome and HSP90 function #a inhibition
of HDACG and promotes cytotoxic misfolded/unfolded
protein aggregates and MM cell death™?. In a phase
I study response rate was 68% (26/38 pts) in patients
across all cohorts and, particulatly, 62% (8/13 pts) in
bortezomib-refractory patients. Major adverse events in-
cluded grade 3/4 thrombocytopenia (# = 30), neutrope-
nia (# = 23), diarrhea (# = 23), nausea (# = 18), pyrexia (»
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= 17) and fatigue (# = 16). No grade 3/4 peripheral neu-
ropathy was observed. Vatious phase 1, II and I stud-
ies are ongoing to establish the role of panobinostat and
its combinations (z.e., plus bortezomib/dexametasone,
lenalidomide/dexamethasone, melphalan/prednisone/
thalidomide, everolimus, carfilzomib) in MM treatments.

Other HDAC inhibitors are currently being evalu-
ated in the treatment of MM. Romidepsin, Belinostat,
ITF2357 and AR 42 are still under investigation.

AKT inhibitors
The PI3K/AKT pathway is a central signaling pathway in
several cellular functions including proliferation, growth,
survival and migration. AKT activation induces growth
and survival advantage to MM cells through GSK-3f3 and
mTOR phosphorylation and has been shown to be as-
sociated with advanced stage and poor prognosis in MM
patients and resistance to dexamethasone in MM cells™,
Perifosine (KRX-0401) is a novel synthetic oral AKT
inhibitor'™, On the basis of a phase I /I study the
combination of perifosine and bortezomib with or with-
out dexamethasone showed a 41% response rate (65%
in the bortezomib-group #s 32% in the bortezomib-
refractory group) W7 With manageable toxicity. A phase
Il randomized trial evaluating the same combinations in
patients with relapsed/refractory MM previously exposed
to bortezomib is ongoing;

Mammalian target of rapamycin inhibitors

The Mammalian target of rapamycin (mTOR) is an intra-
cellular serine-threonine kinase that controls cell growth,
proliferation, motility, survival and metabolism. mTOR
exerts its downstream effects through the formation of
protein complexes called mTORC1 and mTORC2 with
different functions and target molecules™. mTOR acts
as a neoplastic switch that is frequently turned on by
many mutations found in cancer and, hence, inhibition
of mTOR and its complex offers a promising target.

In a phase II study, temsirolimus showed a 38% re-
sponse rate in 16 patients with relapsed/refractory MM
with a TTP of 138 d and a good toxicity proﬁle[m]. The
combination of temsirolimus with bortezomib obtains a
PR or better in 33% of patients*’. Everolimus (RAD001)
has also been studied in MM as a single agent and in
combination with lenalidomide, with no encouraging
preliminary results. Other mTOR inhibitors such as rida-
forolimus are currently being evaluated for their anti-MM
activity in preclinical phase [ studies.

Emerging data have shown that rapamycin analogs
as well as mTOR inhibitors that have activity against
mTORC2 do not appear to be effective as monotherapy
(only SD or MR obtained in clinical trials with rare PR).
They may represent agents that could be evaluated in
combination with other anti-myeloma agents in the future.

Heat shock protein 90 inhibitors

Heat shock protein 90 (HSP90) is a molecular chaper-
one that facilitates the folding and stability of numerous
signaling molecules that control the growth and survival
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of cancer cells""". The client proteins for HSP90 include
transcription factors, oncogenic kinases and receptors
that are associated functionally with cell cycle control and
signaling, and it has been shown to be a key molecular
chaperone for signal transduction proteins critical to MM
cell growth, survival and drug resistance.

Preclinical studies with tanespimycin (KOS-953) (a
small molecule inhibitor of HSP90) have shown a ratio-
nale for combining HSP90 inhibitors with bortezomib
because of the HSP90 induction by bortezomib along
with up-regulation of stress response gene transcripts.
HSP90 inhibition increases bortezomib-induced apopto-
sis in MM cells by blocking the HSP90 stress response.
Moreover, tanespimycin may also be protective against
peripheral neuropathy associated with bortezomib. The
combination tanespimycin/bortezomib in relapsed/re-
fractory MM patients obtained a response rate of 41%
in bortezomib-naive, 20% in bortezomib-pretreated and
14% in bortezomib-refractory patients. Adverse events
included diarrhea (60%), fatigue (49%), nausea (49%),
thrombocytopenia (40%), and aspartate transaminase el-
evation (29%). Grade 1-2 peripheral neuropathy was seen
in 21% patients, but no grade 3/4 peripheral neuropathy
was observed, which is consistent with tanespimycin’
s neuroprotective effect*”. Other HSP90 inhibitors are
currently in early phase trials in MM.

Monoclonal antibodies

Monoclonal antibodies (MoAb) represent a new antican-
cer strategy“43] for patients refractory to new drugs. These
patients were found to have a median OS of 9 mo!"*Y,
Ideally, targets for therapeutic MoAbs should be specifi-
cally expressed on cancer cells but not on normal cells as
demonstrated in other hematologic diseases" .

A large variety of antigen targets have been studied in
MM, which can be expressed either on myeloma cells or
on components of the bone marrow microenvironment
(bone marrow stromal cells and signaling molecules), but
the majority of them are in preclinical phase/eatly clinical
trials! ',

When employed as monotherapy, MoAbs have gen-
erally not produced impressive levels of response in
patients with MM. However, preclinical and preliminary
clinical results in patients with relapsed/refractory MM
suggest that MAbs are likely to act synergistically with
dexamethasone, immunomodulators, and bortezomib,
showing the ability to overcome resistance to these
drugs“m. Moreover, substantial efforts are underway to
develop antibodies conjugated to cytotoxic agents, such
as calicheamicin, doxorubicin, taxanes, maytansinoids,
dolastatins, and CC-1065 analogsmg].

The near future will see a novel interest in develop-
ing novel targets for antibody-based therapies for MM.
BM angiogenesis has an important role in the initia-
tion and progression of MM. Berardi ef al™" looked at
novel mechanisms of vessel formation in patients with
MM through a comparative proteomic analysis between
BM endothelial cells (ECs) of patients with active MM
(MMECs) and ECs of patients with monoclonal gammop-
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athy of undetermined significance (MGECs) and of sub-
jects with benign anemia (normal ECs). Four proteins were
found to be overexpressed in MMECs: filamin A, vimentin,
a-crystallin B, and 14-3-3f/d protein. Berardi e ™" inves-
tigated the differences in MMEC »s MGEC proteome
to identify new targets for MM anti-angiogenic manage-
ment. They found that FLNA (filamin A), VIM (vimen-
tin), CRYAB (a-crystallin B), and YWHAZ (14-3-3f/d
protein) are constantly overexpressed in MMECs and
enhanced by vascular endothelial growth factor, fibro-
blast growth factor 2, hepatocyte growth factor, and MM
plasma cell CM. These proteins are critically involved in
MMEC overangiogenic phenotype, and indeed, their si-
lencing is anti-angiogenic.

To date we cannot establish when and in which pa-
tients the newest drugs are useful. Their use should be
limited to patients enrolled in clinical trials until their con-
clusion and until the role of these newest drugs in my-
eloma therapy is clarified. Finally, the regulatory agencies
(FDA for United States and EMA for Europe) should
approve the regular use of these drugs before their clini-
cal use outside of clinical trials (Table 4).

CONCLUSION

The therapy and treatment strategies for MM have largely
changed in the past decade. The goal is to improve pa-
tient’s survival. The evaluation of treatments must in-

clude patient’s stratification and personalized therapies.
At the same time, it is becoming more important to
control the disease in a long-term fashion, maintaining
the quality of life of the patient since it is still difficult to
cure this disease.

Our understanding of MM pathogenesis including
the intracellular mechanisms as well as the interactions
between MM cells and the microenvironment has helped
the discovery of several targets that have become the
focus of drug development. Studies on the biology of
MM have highlighted the need for agents which not only
target the tumor cells themselves but also disrupt their
supportive microenvironment in the bone marrow.

Future studies will focus on the use of these targeted
agents in multidrug-combinations: this will maximize
their synergism while minimizing toxicities. Several agents
and combinations are currently in different phases of
clinical studies and likely they will change the natural his-
tory of MM in the near future.

The ability to modify the biology of MM using such
new therapies raises the question whether a change in the
treatment paradigm towards continuous therapy, provid-
ing both tumor reduction and tumor suppression, is war-
ranted.

ACKNOWLEDGMENTS

The authors would like to thank Professor Perillo C for
editing the English version of this manuscript. The spon-
sors of this study are public or non-profit organizations
that support science in general. They had no role in gath-

June 26, 2014 | Volume 4 | Issue 2 |



Table 4 Monoclonal antibodies evaluated in multiple myeloma therapy''*”!

Monoclonal antibodies targeting tumor cells specific antigens

Antigen MoAb
CD20 Rituximab, Tositumomab, 20-C2-2b
Veltuzumab
CS1 Elotuzumab
CD138 B-B4, BC/B-B4, DL-101, 1D4, 1.BB.210,
MI15, 2QQ1484, 5F7, 104-9, 281-2, nBT062-
SMCL-DM1, BT062-SPDM4, nBT062-
SPP-DM1

CD38 Doratumumab, MOR202

CD40 Lucatuzumab, Lorvotuzumab

IGF-1 AVE1642, AMG479 IMCA12, R15507,

Figitumumab, Dalotuzumab

CD317 AHM, Defucosylated AHM, XmAb 5592

CD48 Anti-CD48 MoAb

b2m IgG anti-b2m, IgM anti-b2m

CD70 SGN-70

CD74 Milatuzumab

HLADR 1D09C3, 2D7-DB

CD229 Anti-CD229

GM2 ganglioside BIW-8962

ICAM-1 BI-505

Ku 5E2

Monoclonal antibodies targeting components of bone marrow
microenvironment and plasma cellr-bone marrow stromalcell interaction

IL-6 Siltuximab, Tocilizumab, NRI,
Elsilimomab, Azintrel, SANT-7

VEGF Bevacizumab

EGFR Cetuximab

FGFR-3 MFGR1877A

RANKL Denosumab

Dickkopf Anti-DKK1, BrlQ880

Activin RAP-011, ACE-011

BAFF Atacicept, SG1

Other potential targets

TRAIL-R1 Mapatuzumab

TRAIL-R2 Lexatuzumab

PD-L1 CD-011

VLA-4 Natalizumab
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