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Abstract Widespread use of the novel agents bortezomib and
lenalidomide has improved outcomes in multiple myeloma
(MM). Despite remarkable progress, patients will eventually
relapse after exhausting treatment with these drugs. Manage-
ment of myeloma that is refractory to both bortezomib and
lenalidomide (double-refractory MM, DRMM) is complicated
due to disease, patient, and treatment-related factors and new
therapies for these patients are required. A review of the unique
challenges of treating DRMM, recently FDA-approved thera-
peutic agents, and selected novel drugs under active clinical
investigation, is presented below.
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Introduction

Multiple myeloma (MM) comprises 1 % of all cancers and
10 % of newly diagnosed hematologic malignancies in the
United States. It is the second most common hematologic
malignancy with 21,700 new cases diagnosed and 10,900
deaths in 2012 [1]. Treatment of MM has changed dramati-
cally, starting with the discovery of the anti-myeloma activity
of thalidomide in the late 1990s [2, 3]. The subsequent
development of thalidomide analogues as a new class of

antineoplastic agents called the immunomodulatory drugs
(IMiDs®) led to significantly improved survival in myeloma
patients [4]. In June 2006, lenalidomide became the first
IMiD® to be FDA approved [5].

Research in the early 1990s demonstrated the increased
levels of proteosomal mRNA in cancer [6]. Aiming to exploit
this feature, bortezomib was developed as a first-in-class
proteasome inhibitor (PI). It was first approved for relapsed/
refractory disease in 2003 and later approved for treatment-
naïve MM (2008) [7].

Thalidomide, lenalidomide, and bortezomib were called the
“novel agents” and have led to significant improvement in
survival outcomes and have become a mainstay of myeloma
treatment [8–10]. Despite the advances in treatment, MM still
is considered an incurable disease and patients eventually
become refractory to even the novel agents. After relapse,
patients are left with limited options for treatment and face a
grim overall prognosis. Retrospective review has shown per-
sonswithmyeloma that has progressed after prior lenalidomide
and bortezomib treatment have a median overall survival of
9 months and an event-free survival of 5 months [11••].

The success of lenalidomide and bortezomib and the need
for new treatment options in heavily pretreated MM have led
to the development of next-generation IMiDs® and PIs. In
July 2012, Carfilzomib became the latest PI to be FDA ap-
proved for treatment of relapsed/refractory myeloma [12].
Pomalidomide followed shortly thereafter as the next IMiD®
(February 2013) [13]. These two agents have shown efficacy
with a good safety profile in heavily pretreated myeloma
patients. The evidence supporting their use in these patients
is expounded in detail below.

With expanding knowledge of possible molecular tar-
gets in MM, a multitude of investigational targeted
therapies are also being assessed. As none of these
agents are currently approved for use outside of the
clinical trial setting, they are discussed below mainly
to provide the reader with a sense of the current multi-
targeted approach to myeloma treatment.
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This article will review the current and future treatment
options for patients with double-refractory multiple myeloma
(DRMM), defined as MM that is relapsed and/or refractory to
both bortezomib and lenalidomide. The terms “relapsed”,
“refractory”, and “relapsed and refractory” carry the standard
definitions as proposed by the International Multiple Myelo-
ma Working Group (IMWG) [14].

Comorbidities of Relapsed/Refractory Myeloma

In choosing treatment options for the relapsed myeloma pa-
tient, oncologists are faced with several challenges related to
disease and patient factors. Renal insufficiency, peripheral
neuropathy and depleted bone marrow reserve often arise as
comorbidities and commonly affect the choice of next line
therapy in relapsed myeloma.

Renal impairment occurs in 25 – 50 % of myeloma patients
at some point in their disease course and confers poor prognosis
[15]. It can be the result of myeloma itself or other unrelated
medical conditions such as diabetes mellitus or hypertension.
Lenalidomide is excreted mostly unchanged into the urine and
decreased glomerular filtration in these patients can lead to
increased drug exposure and risk of toxicity [16, 17]. In con-
trast, although a large proportion of pomalidomide is excreted
in the urine, it is first metabolized in the liver, via the cyto-
chrome p450 enzymes CYP1A2 and CYP3A4 to inactive
metabolites, with only 10 % of the parent drug excreted
unchanged in the urine [17]. As a result, the risk of excess
toxicity of pomalidomide in patients with renal impairment
theoretically is significantly lessened. This aspect of
pomalidomide treatment remains to be vetted, however, since
the clinical trials for pomalidomide reported thus far excluded
subjects with severe renal impairment.

Peripheral neuropathy (PN) is also frequently encountered
in myeloma patients. It can be related to the disease process
itself in up to 20 % of patients or emerge as a result of
treatment in an additional 75 % [18, 19]. The most common
MM treatments associated with PN are thalidomide and
bortezomib [18, 19]. Unlike bortezomib, the next-generation
proteasome inhibitor carfilzomib does not seem to cause sig-
nificant neuropathy [20–22]. Similarly, in the registration trial
for pomalidomide, MM-002, no grade 3 or higher PN was
seen in a heavily pre-treated population, thereby suggesting
that pomalidomide also does not exacerbate pre-existing
neuropathy [23].

Heavily pretreated MM patients, particularly those treated
with cytotoxic chemotherapy [24], have decreased bone mar-
row reserve [25] which can make them more susceptible to
myelosuppression from future treatment. Cytotoxic chemother-
apy may also promote clonal evolution of myeloma cells and
progression towards more aggressive, treatment resistant dis-
ease [26, 27]. Choice of later-line chemotherapy must thus take

into account the potential for long term immunosuppression
and cytopenias that can result from further myelosuppresion.

Re-treatment with Bortezomib and Lenalidomide

While the majority of recent studies focus on treatment of
DRMM with pomalidomide, carfilzomib, and other novel
agents, re-treatment with bortezomib and/or lenalidomide in
DRMM has been evaluated. Notable regimens include DVD-
R (pegylated liposomal doxorubicin, bortezomib, dexametha-
sone, and lenalidomide), BLD (bendamustine, lenalidomide,
dexamethasone), and BBD (bendamustine, bortezomib, and
dexamethasone).

A recent phase 2 study assessed the DVD-R regimen in a
heavily pretreated population (median of three prior lines of
treatment). Eighty-two percent of patients were previously
treated with bortezomib and 47.5 % were previously treated
with lenalidomide [28•]. The objective response rate [ORR,
partial response (PR) + very good partial response (VGPR) +
complete response (CR)] was 48.7 %. Clinical benefit re-
sponse [ORR + minimal response (MR)] was seen in 84.6 %.

For patients previously treated with bortezomib (n=33)
and lenalidomide (n=19) the clinical benefit rate was 81.8 %
and 63.1 %, respectively. Even among patients who had failed
prior treatment with both DVD and a lenalidomide-based
regimen (n=10), the clinical benefit rate was 60.0 %. Durable
responses were achieved, with a median duration of response
and progression free survival of 11 and 9months, respectively.

BLD was evaluated on a on a similarly pretreated (median=
3) population of relapsed and/or refractoryMM patients [29•].
History of bortezomib (n=19, 66 %) or lenalidomide (n=13,
45 %) was common but the number of patients with DRMM
was not disclosed. The ORR (≥PR) was 76 % (PR 52 %,
VGPR 24 %, CR 0 %) with an additional 24 % of patients
achievingMR. After 13 months of follow-up, the median PFS
and OS were 6.1 months and not reached, respectively.

Another bendamustine-containing regimen, BBD, has
shown promising results, albeit in a less heavily pretreated
population (most patients received 1 – 2 prior lines of therapy)
[30•]. The ORR was 65.2 % with more near complete re-
sponses (nCR) and CR (16.7 %) than were seen in BLD. The
investigators reported a PFS 12.9 months for the subjects with
1 – 2 prior lines of therapy as compared to 7.8 months in more
heavily pre-treated patients.

Recently Approved Agents

Pomalidomide

Pomalidomide is a next-generation immunomodulatory drug
that has shown safety and efficacy in the treatment of heavily
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pretreatedMM [31–33, 34••, 35••, 36••, 37••, 38].. It has three
primary effects: potent direct anti-myeloma activity, inhibition
of stromal cell-support, and immune modulation [39]. As of
February 2013, it is approved by the United States Food and
Drug Administration (FDA) for treatment of patients with
MM who have received lenalidomide and bortezomib and
were refractory to the last therapy [13].

Numerous phase 1 and 2 studies have investigated the safety
and efficacy of pomalidomide and a phase 3 study comparing
pomalidomide + dexamethavsone versus dexamethasone alone
for the treatment of relapsed myeloma is currently under-
way.(40•) The results of selected recent trials are summarized
in Table 1. Most common grade 3 / 4 adverse events seen in the
phase 1 trials were neutropenia (53 % in all dose cohorts
combined), anemia (21 %), thrombocytopenia (18 %), sepsis
(11 %), and pneumonia (8 %). Back pain, muscle weakness,
renal failure and DVT each occurred in 5 % of patients. The
maximum tolerated dose (MTD) of pomalidomide was
established at 4 mg daily with the dose limiting toxicity of
neutropenia. Peripheral neuropathy and venous thromboembo-
lism (VTE) were uncommon AEs, at≤5 % each [23].

The two largest phase 2 trials for pomalidomide, MM-002
and IFM 2009-02, evaluated the safety and efficacy of
pomalidomide with (POM+LoDex) or without (POM) low-

dose dexamethasone [34••, 36••]. All patients were previously
treated with bortezomib and lenalidomide-based regimens,
and the majority of subjects had DRMM [34••]. Patients were
randomized to one of the two regimens, with pomalidomide
4 mg daily given on days 1 – 21 of 28-day cycles. The IFM
2009-02 trial also included a group taking pomalidomide all
28 days of the cycle [36••].

Overall, 34 – 37 % of patients achieved PR or better in the
two studies (including the 28/28 days of pomalidomide
group). Patients had received a median of 5 – 6 prior treat-
ments although number of treatments did not seem to affect
response to POM+LoDex [36••]. Median PFS was 4.6 months
in both studies and OS was 14.9 – 16.5 months.

A Mayo Clinic-based series of studies examined six differ-
ent dose cohorts of pomalidomide combined with fixed-dose
dexamethasone [37••]. Cohorts 3 and 4 (n=35 for each)
comprised patients with DRMM. These groups were treated
with pomalidomide 2 mg and 4mg, respectively. Patients with
DRMM had inferior response rates (30.6 vs. 34 %). This is
illustrated further by patients in Cohort 1 (n=60), defined as
not refractory to either lenalidomide or bortezomib with a
65 % overall response rate.

Two phase 2 studies have evaluated three drug combina-
tions with pomalidomide + dexamethasone. In the ClaPD

Table 1 Selected phase 1 and 2 studies of pomalidomide and carfilzomib

Phase Study Regimen N Schedule Doses ORR / CBR PFS / DOR / OS,
months

1 Richardson et al. Blood 2013 Pom +/- dex 38 21/28d 2, 3, 4, or 5 mg 21 % / 42 % 4.6 / 4.6 / 18.5

2 Jagannath et al. Blood 2012 Pom +/- dex 113 21/28d 4 mg 34 % / 45 % 4.6 / 8.3 / 16.5

2 Leleu et al. Blood 2013 Pom+dex 66 21/28d or 28/28d 4 mg 41 % / – 4.6 / 7.3 / 14.9

2 Lacy et al. Blood 2012 Pom+dex 70 28/28d 2 mg or 4 mg 26 % / – (2 mg)
29 % / – (4 mg)

6.4 / 15.6 / 16
3.3 / 3.1 / 9.2

2 Mark et al. Blood 2012 ClaPD 97 21/28d 4 mg 54 % / 59 % 8.2 / – / NR

2 Rossi et al. JCO 2012 ClaPD 66 21/28d 4 mg 56 % / 68 % 5 / – / –

2 Ludwig et al. Blood 2012 PCP 11 21/28d 2.5 mg 63 % / 81 % 64 % / – / 69%a

3 San-Miguel et al. JCO 2013 Pom+LoDex 455 21/28d 4 mg 21 % / – 3.6 / – / NR

2 Vij et al. BJH 2012 Carfilzomib 35 d1, 2, 8, 9, 15, 16 / 28d 20 mg/m2 17 % / 31 % 4.6 / >10.6 / 29.9

2 Lendvai et al. Blood 2012 Carfilzomib 34 d1, 2, 8, 9, 15, 16 / 28d 56 mg/m2 58 % / – 4.6 / – / NR

1/2 Shah et al. Blood 2012 Car-Pom-d 27 Car: d1, 2, 8, 9, 15, 16 / 28d
Pom: 21/28

Car: 20/27 mg/m2

Pom: 4 mg
33 % / 56 % 70 % / – / –b

a: 1-year PFS and OS reported

b: 6-month PFS reported

MTD: maximum tolerated dose

DLT: most common dose limiting toxicity

ORR: overall response rate

CBR: clinical benefit response

PFS: progression-free survival

DOR: duration of response

OS: overall survival

NR: not reached
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(Clarithromycin 500 mg BID, Pomalidomide 4 mg QD on d1
– 21 of a 28 day cycle, dexamethasone once weekly) phase 2
study, 100 subjects with a median of five prior lines of therapy
underwent treatment [41, 42]. Seventy-four percent had
DRMM. The ORR and PFS were approximately double those
seen with Pom+LoDex alone at 57 %, with a PFS of
8.4 months. Prior history of DRMM or high-risk cytogenetics
made no impact on response. Overall survival after 9.6 months
of follow up was 72 %.

Another three-drug pomalidomide-based regimen, PCP
(pomalidomide 2.5 mg, cyclophosphamide 50 mg QOD and
prednisone 50 mg QOD), also showed some promise in
DRMM [43]. These patients (n=11) achieved an ORR of
63 % and a clinical benefit rate of 81 %. After 1 year of
follow-up, 69 % of patients were still alive, with 64 % being
free from disease progression. These numbers compare favor-
ably with those from the entire study (including non-DRMM
patients) where PFS and OS were 52 % and 78 %, respectively.

Results from MM-003, the first phase 3 trial of POM+
LoDEX (arm A) versus high-dose dexamethasone (HiDEX;
arm B) were recently reported [40••]. Patients who showed
progression on HiDEX were allowed to receive POM in a
companion trial, MM-003C. Patients in treatment arm A
received pomalidomide 4 mg on days 1 – 21 and weekly
dexamethasone 40 mg (20 mg if age>75 years) while arm B
received dexamethasone 40 mg (or 20 mg) on days 1 – 4, 9 –
12, and 17 – 20 in the 28-day cycle. Seventy-two percent of
the 455 patients (median of five prior treatments) had DRMM
at randomization. After a median of only 18 weeks, PFS was
already significantly greater in POM+LoDEX group (15.7 vs.
8.0 weeks). OS was not reached in the POM+LoDEX group
but was 34 weeks in the HiDEX group.

The most common grade 3 to 4 adverse events in the phase
2 and 3 studies were related to bone marrow suppression –
neutropenia 13 – 42 %, anemia 16 – 25 %, thrombocytopenia
12 – 21%, leukopenia 10 %, and fatigue 6 – 14%.(26, 29, 47,
48, 91) An increased rate of respiratory infections was also
seen, with some studies reporting grade 3 / 4 pneumonias
in 8 – 22 % of patients [34••, 37••].

Venous thromboembolism, a known adverse effect of
lenalidomide, was noted in only 1 % of patients in phase 3
study; however, all patients where on thromboprophylaxis
with either aspirin or anticoagulated with warfarin or low
molecular weight heparin. Emergence of peripheral neuropa-
thy was seen in only 1 % of patients [40••].

Carfilzomib

Carfilzomib is a proteasome inhibitor that was approved by
FDA in July 2012 for treatment of patients with myeloma who
have received at least two prior therapies including
bortezomib and an immunmodulatory drug (thalidomide or
lenalidomide) [12]. It is a selective proteasome inhibitor that,

unlike bortezomib, binds irreversibly to its target of the 26S
proteasome, forming two covalent bonds. As a result,
carfilzomib causes a longer duration of proteasome inhibition
than does bortezomib [20, 44••].

Several phase 1 and 2 studies have examined treatment
with single-agent carfilzomib (Table 1). Although earlier data
from the PX-171-001 study used a 14-day cycle with
carfilzomib given on days 1 – 5 (MTD=15mg/m2) [21], more
recent reports (PX-171-002) used a 4-week treatment cycle
with carfilzomib being given on days 1, 2, 8, 9, 15, and 16
(doses up to 27 mg/m2, MTD not reached). Carfilzomib was
dosed at 20 mg/m2 on days 1 and 2 with 27 mg/m2 given
thereafter. The rationale for lower dosing on the first 2 days
was that carfilzomib was noted to cause acute infusion reac-
tions in some patients on the initial dose [20].

A single-agent phase 2 study of carfilzomib in patients with
relapsedmyeloma previously treated with bortezomib patients
with at least one prior bortezomib-based regimen were en-
rolled and received carfilzomib 20 mg/m2 twice weekly on
consecutive days [44••]. The best ORR was 17.1 % (1 CR, 1
VGPR, and 4 PR) and clinical benefit response (ORR +
minimal response) was 31.4 %. Median duration of response
was 10.6 months and median TTP was 4.6 months. Median
OS was calculated to be 29.9 months.

In a phase 2 investigation, Lendvai et al. used high-dose
single-agent carfilzomib, up to 56 mg/m2, given over a longer
infusion time (30 minutes rather than the usual 10 minutes)
[45••]. Preinfusion dexamethasone 8 mg was given to mini-
mize infusion reactions. Dexamethasone 40 mg/week was
added to the regimen of all patients who did not show improve
or had progressive disease (PD) within the first two cycles. In
this study, 78 % of patients were refractory to bortezomib.
Overall response after four cycles in bortezomib-refractory
patients was 57 %, thus suggesting that higher doses of
carfilzomib may be more efficacious. Median PFS was
4.6 months and median OS had not been reached after median
follow-up of 9.6 months.

Although there is currently no phase 3 data published on
carfilzomib, Hajek et al. recently published the study design
and rationale for a randomized, open-label, phase 3 study (PX-
171-011) comparing single-agent carfilzomib to corticosteroid
treatment with optional cyclophosphamide. This trial is cur-
rently ongoing and has finished recruiting [46, 47]. This study
and other ongoing phase 3 trials of other carfilzomib-based
regimens should help to more clearly delineate the efficacy of
carfilzomib [47–49].

Carfilzomib is a well-tolerated drug in most patients with
an adverse event profile distinct from bortezomib. Unlike
bortezomib, emergent peripheral neuropathy was not common
for patients treated with carfilzomib, even in patients with
baseline neuropathy at the start of treatment [20–22]. Mani-
festations of bone marrow suppression (grade ≥3) including
anemia (14 %), thrombocytopenia (20 %), neutropenia
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(11 %), and lymphopenia (6 %) were noted. Dyspnea,
pneumonia, and other infections were also noted and were
sometimes severe. Of note, symptoms of congestive heart
failure were seen in up to 7 % of patients.

Pomalidomide and Carfilzomib in Combination

Thus far, only one phase 1 trial has reported results of com-
bining carfilzomib and pomalidomide for the treatment of
double-refractory MM [50•]. Patients had received a median
of six prior lines of therapy. All were refractory to
lenalidomide and 11 of 12 patients had a history of bortezomib
treatment. MTDs were carfilzomib 20/27 mg/m2 and
pomalidomide 4 mg. Grade≥3 neutropenia and febrile neu-
tropenia occurred in two patients each.

Fifty percent of patients achieved at least PR (2 VGPR, 4
PR). Clinical benefit response was 67 %. While survival was
not the primary outcome of interest, 6-month PFS was calcu-
lated at 70 % (95 % CI: 37 to 90 %). An expansion cohort of
20 patients (total n=32) was added after the dose escalation
phase. Twenty-seven patients were evaluable for response: 2
VGPR, 7 PR, 6 MR, 8 SD, 4 PD. This brought ORR and
clinical benefit response down to 33.3 % and 55.6 %,
respectively.

Selected Investigational Agents

The treatment landscape of multiple myeloma is rapidly
evolving and there are many new agents in current clinical
trials that are selective for molecular targets not previously
exploited by other drugs. A discussion of some of the more
significant emerging therapies is presented here.

Ixazomib

Ixazomib (MLN9708) is the first oral proteasome inhibitor to
enter clinical investigation. Phase 1 studies seem to suggest a
somewhat low rate of response of<10 % in heavily pretreated
myeloma patients (median prior therapies 4 – 6); however,
there is a remarkable 88 % overall response rate when com-
bined with lenalidomide and dexamethasone in previously
untreated MM [51, 52]. Like carfilzomib, ixazomib does not
seem to cause severe peripheral neuropathy. Still, 52 – 63% of
studied patients experienced grade ≥3 adverse events includ-
ing thrombocytopenia, neutropenia, fatigue and rash [51, 52]..

Panobinostat

Histone deacetylases are enzymes that remove acetyl groups
from histones, the structure around which strands of DNA
wind. They have become a significant target for cancer ther-
apies as they play a role in DNA transcription, repair,

recombination and replication [53, 54]. Panobionstat is a
novel pan-deacetylase inhibitor (pan-DACi) [53, 55] and it
has been associated with accumulation of cytotoxic misfolded
protein aggregates which may lead to MM cell death [56, 57].
It has been evaluated as a single agent [55] as well as in
combination with MPT, a well-established regimen for re-
lapsed myeloma [53, 58].

In single-agent use, patients received panobinostat 20 mg
three times a week for a 21-day treatment cycle [55]. Of 38
patients studied, 63 % had received prior bortezomib,
lenalidomide and thalidomide-based treatments (median of
five prior treatment lines). Response rates were modest, with
only one patient achieving PR and one achieving MR [53].

Investigation of escalating doses of panobinostat in com-
bination with fixed-doseMPT (melphalan, prednisone, thalid-
omide) [53] showed better response rates. Seventy-seven and
47 % of patients had received bortezomib and lenalidomide-
based prior therapy, respectively. Overall response rate was
38.7 % (12 of 31 patients) with two patients each achieving
CR and VGPR [55].

Unfortunately severe adverse effects were frequent in these
patients. In both single-agent and combination therapy, pa-
tients treated with panobinostat had frequent grade ≥3 neutro-
penia (71.0 % of patients treated with PAN + MPT) and
thrombocytopenia (35.5 %) [53, 55]. Other panobinostat-
based combination regimens are currently being investigated.

Elotuzumab

Elotuzumab is a humanized monoclonal IgG1 antibody that
targets CS-1, a cell surface glycoprotein that is highly
expressed in myeloma cells but minimally expressed in other
tissues, and may lead to natural killer cell mediated antibody
dependent cellular toxicity [59, 60].

This drug has been examined in several trials in combina-
tion with lenalidomide and weekly dexamethasone [60–63]. It
was generally well tolerated, with no dose-limiting toxicities
observed in phase 1 study [61]. After a median 16.4 months of
follow-up, median TTP was not reached for patients in the
highest dose category (20 mg/kg).

The efficacy of elotuzumab (10 mg/kg or 20 mg/kg) in
combination with lenalidomide and dexamethasone (Elo +
Len/Dex) in a moderately pretreated population [60, 62] has
been examined in recent phase 2 study. Greater than 90 % of
patients (median follow-up 18.1 – 20.8 months) had at least a
partial response and lived without progression of disease
(PFS) for greater than 2 years. The response was still encour-
aging when patients who received only one prior therapy were
excluded (ORR=78 %, PFS 21.3 months). For comparison,
lenalidomide and high dose dexamethasone alone have previ-
ously demonstrated an ORR of 61 % and median PFS of
11.1 months in a similar patient population [62].
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Notable grade 3 or greater adverse effects mostly
included bone marrow suppression (neutropenia, throm-
bocytopenia, etc.) which occurred in less than 20 % of
patients [60, 62]. Infusion reactions were seen in 12 %
of patients in one study [62].

A phase 3 trial of Elo + Len/Dex is currently underway and
should be completed in 2017 [63]. Interestingly, the 10 mg/kg
dosing level has shown the greatest efficacy and this was the
dose chosen for this study [60, 62, 63].

Elotuzumab has also been examined in combination with
bortezomib [59]. Jakubowiak et al. combined fixed doses of
bortezomib (1.3 mg/m2) with escalating doses of elotuzumab
(2.5, 5.0, 10.0, and 20 mg/kg). The maximum tolerated dose
was not achieved and the most common grade≥3 toxicities
were lymphopenia (25 %), fatigue (14 %), thrombocytopenia,
neutropenia, hyperglycemia, pneumonia, and peripheral neu-
ropathy (11 % each). Partial response or better was observed
in 48 % of patients.

Other studies with this regimen are currently underway [64].

Daratumumab

Daratumumab is a humanized monoclonal antibody against
CD38, which is a cell surface glycoprotein that is highly
expressed in multiple myeloma [65, 66]. Daratumumab recent-
ly received breakthrough therapy designation from the FDA
for highly encouraging early results. In a phase 1 study
daratumumab, at doses ranging from 0.005 mg/kg up to
24 mg/kg, was found to induce PR in 42 % of patients
with relapsed/refractory multiple myeloma who had
been exposed to six prior lines of therapy [67]. Further
study of daratumumab, alone and in combination with
other agents, will further elucidate the clinical potential
of this immunologic approach to myeloma treatment.

Conclusion

The average survival for persons with myeloma has nearly
tripled since the use of high-dose chemotherapy with autolo-
gous stem cell rescue and the novel agents thalidomide,
bortezomib, and lenalidomide became widespread [8]. Yet,
even with these advances, the disease remains incurable and
patients are left with significant morbidity related to their dis-
ease and the adverse effects of treatment. After relapse patients
typically have more resistant disease which complicates further
treatment. Patients with DRMM are at the greatest risk, with a
median survival of less than one year [11••].

The next generation of proteasome inhibitors, carfilzomib
and ixazomib, as well as the newest IMiD® pomalidomide,
have shown efficacy and tolerability in the treatment of pa-
tients with DRMM. These drugs represent an opportunity to
improve overall survival in DRMM although the optimal

combinations and sequencing of these drugs remain to be
determined.

Immunologic therapy with elotuzumab and daratumumab
is a novel therapeutic approach that may herald a new revo-
lution in myeloma treatment. These drugs may have a role in
augmenting the activity of the novel agents, as effective
single-agent therapy (in the case of daratumumab), and as
maintenance therapy for persons in the future.

All of the treatment options reviewed above represent new
avenues of hope that we may convert myeloma from a uni-
formly fatal malignancy to a curable disease.

Compliance with Ethics Guidelines

Conflict of Interest J. Meadows: none; T. Mark: Speakers Bureau:
Celgene, Millennium, Onyx; Research Funding: Celgene, Onyx; Advi-
sory Board Member: Celgene, Millennium.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. SEER Cancer Statistics Review, 1975-2009 (Vintage 2009 Popula-
tions), National Cancer Institute. Available at http://seer.cancer.gov/
csr/1975_2009_pops09/. Accessed May 2013.

2. Singhal S, Mehta J, Desikan R, et al. Antitumor activity of thalidomide
in refractorymultiplemyeloma. NEngl JMed. 1999;341(21):1565–71.

3. Rajkumar SV, Blood E, Vesole D, et al. Phase III clinical trial of
thalidomide plus dexamethasone compared with dexamethasone
alone in newly diagnosed multiple myeloma: a clinical trial coordi-
nated by the Eastern Cooperative Oncology Group. J Clin Oncol.
2006;24(3):431–6.

4. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer
J Clin. 2010;60:277–300.

5. FDA Approval for Lenalidomide. Available at http://www.cancer.
gov/cancertopics/druginfo/fda-lenalidomide. Accessed May 2013.

6. KaneRC.Velcade(R): U.S. FDA approval for the treatment of multiple
myeloma progressing on prior therapy. Oncologist. 2003;8(6):508–13.

7. FDA Approval for Bortezomib. Available at http://www.cancer.gov/
cancertopics/druginfo/fda-bortezomib. Accessed May 2013.

8. Kumar SK, Rajkumar SV, Dispenzieri A, et al. Improved survival in
multiple myeloma and the impact of novel therapies. Blood.
2008;111(5):2516–20.

9. Rajkumar SV, Hayman SR, Lacy MQ, et al. Combination therapy
with lenalidomide plus dexamethasone (Rev/Dex) for newly diag-
nosed myeloma. Blood. 2005;106(13):4050–3.

10. Richardson PG, Sonneveld P, Schuster MW, et al. Bortezomib or
high-dose dexamethasone for relapsed multiple myeloma. N Engl J
Med. 2005;352(24):2487–98.

11. •• Kumar SK, Lee JH, Lahuerta JJ, et al. Risk of progression and
survival in multiple myeloma relapsing after therapy with IMiDs and
bortezomib: a multicenter international myeloma working group

258 Curr Hematol Malig Rep (2013) 8:253–260

http://seer.cancer.gov/csr/1975_2009_pops09/
http://seer.cancer.gov/csr/1975_2009_pops09/
http://www.cancer.gov/cancertopics/druginfo/fda-lenalidomide
http://www.cancer.gov/cancertopics/druginfo/fda-lenalidomide
http://www.cancer.gov/cancertopics/druginfo/fda-bortezomib
http://www.cancer.gov/cancertopics/druginfo/fda-bortezomib


study. Leukemia. 2012;26(1):149–57. Retrospective review showing
the greatly increased mortality of patients with DRMM .

12. U.S. Food and Drug Administration: Carfilzomib. Available at http://
www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/
ucm312945.htm. Accessed May 2013.

13. U.S. Food and Drug Administration: Pomalidomide. Available at
http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/
ucm339286.htm. Accessed May 2013.

14. Rajkumar SV, Harousseau J-L, Durie B, et al. Consensus recommen-
dations for the uniform reporting of clinical trials: report of the
International Myeloma Workshop Consensus Panel 1. Blood.
2011;117(18):4691–5.

15. DimopoulosMA, Terpos E, Chanan-Khan A, et al. Renal impairment
in patients with multiple myeloma: a consensus statement on behalf
of the International Myeloma Working Group. J Clin Oncol.
2010;28(33):4976–84.

16. Dreisbach AW, Lertora JJ. The effect of chronic renal failure on drug
metabolism and transport. Expert Opin Drug Metab Toxicol.
2008;4:1065–74.

17. HoffmannM, Kasserra C, Reyes J, et al. Absorption, metabolism and
excretion of [14C]pomalidomide in humans following oral adminis-
tration. Cancer Chemother Pharmacol. 2013;71(2):489–501.

18. Richardson PG, Xie W, Mitsiades C, et al. Single-agent bortezomib
in previously untreated multiple myeloma: efficacy, characterization
of peripheral neuropathy, and molecular correlations with response
and neuropathy. J Clin Oncol. 2009;27:3518–25.

19. Tosi P, Zamagni E, Cellini C, et al. Neurological toxicity of long-term
(> 1 yr) thalidomide therapy in patients with multiple myeloma. Eur J
Haematol. 2005;74:212–6.

20. AlsinaM, Trudel S, Furman RR, et al. A phase I single-agent study of
twice-weekly consecutive-day dosing of the proteasome inhibitor
carfilzomib in patients with relapsed or refractory multiple myeloma
or lymphoma. Clin Cancer Res. 2012;18(17):4830–40.

21. O'Connor OA, Stewart AK, Vallone M, et al. A phase 1 dose
escalation study of the safety and pharmacokinetics of the novel
proteasome inhibitor carfilzomib (PR-171) in patients with hemato-
logic malignancies. Clin Cancer Res. 2009;15(22):7085–91.

22. Jakubowiak AJ, Dytfeld D, Griffith KA, et al. A phase 1/2 study of
carfilzomib in combination with lenalidomide and low-dose dexa-
methasone as a frontline treatment for multiple myeloma. Blood.
2012;120(9):1801–9.

23. Richardson PG, Siegel D, Baz R, et al. Phase 1 study of
pomalidomide MTD, safety, and efficacy in patients with refractory
multiple myeloma who have received lenalidomide and bortezomib.
Blood. 2013;121(11):1961–7.

24. Harousseau J-L, Attal M, Avet-Loiseau H, et al. Bortezomib plus
dexamethasone is superior to vincristine plus doxorubicin plus
dexamethasone as induction treatment prior to autologous
stem-cell transplantation in newly diagnosed multiple myelo-
ma: results of the IFM 2005-01 phase III trial. J Clin Oncol.
2010;28(30):4621–9.

25. Barlogie B, Jagannath S, Dixon DO, et al. High-dose melphalan and
granulocyte-macrophage colony-stimulating factor for refractory
multiple myeloma. Blood. 1990;67(4):677–80.

26. Egan JB, Shi C-X, Tembe W, et al. Whole-genome sequencing of
multiple myeloma from diagnosis to plasma cell leukemia reveals
genomic initiating events, evolution, and clonal tides. Blood.
2012;120(5):1060–6.

27. Stewart AK, Chang H, Trudel S, et al. Diagnostic evaluation of
t(4;14) in multiple myeloma and evidence for clonal evolution.
Leukemia. 2007;21(11):2358–9.

28. • Berenson JR, Yellin O, Kazamel T, et al. A phase 2 study of
pegylated liposomal doxorubicin, bortezomib, dexamethasone and
lenalidomide for patients with relapsed/refractory multiple myeloma.
Leukemia. 2012;26(7):1675–80. Study demonstrating that
retreatment of patients with bortezomib can be effective .

29. • Lentzsch S, O'Sullivan A, Kennedy RC, et al. Combination of
bendamustine, lenalidomide, and dexamethasone (BLD) in patients
with relapsed or refractory multiple myeloma is feasible and highly
effective: results of phase 1/2 open-label, dose escalation study.
Blood. 2012;119(20):4608–13. Study demonstrating that retreatment
of patients with lenalidomide can be effective .

30. • Ludwig H, Kasparu H, Greil R, et al.: Treatment with
Bendamustine-Bortezomib-Dexamethasone (BBD) in Relapsed/
Refractory Multiple Myeloma Shows Significant Activity and Is
Well Tolerated. Blood (ASH Annual Meeting Abstracts)
2012;120:Abstract 943. Study demonstrating that retreatment of
patients with bortezomib can be effective .

31. Schey SA, Fields P, Bartlett JB, et al. Phase I study of an immuno-
modulatory thalidomide analog, CC-4047, in relapsed or refractory
multiple myeloma. J Clin Oncol. 2004;22:3269–76.

32. StreetlyMJ, Gyertson K, Daniel Y, et al. Alternate day pomalidomide
retains anti-myeloma effect with reduced adverse events and evi-
dence of in vivo immunomodulation. Br J Haematol. 2008;141:41–
51.

33. Vij R, Richardson PG, Jagannath S, et al: Pomalidomide (POM) with
or without low-dose dexamethasone (LoDEX) in patients (pts) with
relapsed/refractory multiple myeloma (RRMM): Outcomes in pts
refractory to lenalidomide (LEN) and/or bortezomib (BORT). J Clin
Oncol. 2012;30(suppl; abstr 8016).

34. •• Jagannath S, Hofmeister CC, Siegel DS, et al.: Pomalidomide
(POM) with Low-Dose Dexamethasone (LoDex) in Patients (Pts)
with Relapsed and Refractory Multiple Myeloma Who Have Re-
ceived Prior Therapy with Lenalidomide (LEN) and Bortezomib
(BORT): Updated Phase 2 Results and Age Subgroup Analysis.
Blood (ASH Annual Meeting Abstracts) 2012;120:Abstract 450.
Recent study demonstrating efficacy of pomalidomide .

35. •• Lacy MQ, Hayman SR, Gertz MA, et al. Pomalidomide (CC4047)
plus low dose dexamethasone (Pom/dex) is active and well
tolerated in lenalidomide refractory multiple myeloma (MM).
Leukemia. 2010;24:1934–9. Recent study demonstrating efficacy of
pomalidomide.

36. •• Leleu X, Attal M, Arnulf B, et al. Pomalidomide plus low-dose
dexamethasone is active and well tolerated in bortezomib and
lenalidomide-refractory multiple myeloma: Intergroupe Francophone
du Myélome 2009-02. Blood. 2013;121(11):1968–75. Recent study
demonstrating efficacy of pomalidomide.

37. •• Lacy MQ, Kumar SK, LaPlant BR et al. Pomalidomide Plus Low-
Dose Dexamethasone (Pom/Dex) in Relapsed Myeloma: Long Term
Follow up and Factors Predicting Outcome in 345 Patients. Blood
(ASH Annual Meeting Abstracts) 2012;120:Abstract 201. Recent
study demonstrating efficacy of pomalidomide.

38. Lacy MQ, Allred JB, Gertz MA, et al. Pomalidomide plus low-dose
dexamethasone in myeloma refractory to both bortezomib and
lenalidomide: Comparison of 2 dosing strategies in dual-refractory
disease. Blood. 2011;118:2970–5.

39. Quach H, Ritchie D, Stewart AK, et al. Mechanism of action of
immunomodulatory drugs (IMiDs) in multiple myeloma. Leukemia.
2009;24(1):22–32.

40. •• San-Miguel JF, Weisel KC, Moreau P, et al.: MM-003: A
phase III, multicenter, randomized, open-label study of
pomalidomide (POM) plus low-dose dexamethasone (LoDEX)
versus high-dose dexamethasone (HiDEX) in relapsed/refractory
multiple myeloma (RRMM). J Clin Oncol. 2013;31(suppl;
abstr 8510). First phase 3 study demonstrating efficacy of
pomalidomide .

41. Mark TM, Boyer A, Rossi AC, et al. ClaPD (Clarithromycin,
Pomalidomide, Dexamethasone) therapy in relapsed or refractory
multiple myeloma. Blood. 2012;120:77.

42. Rossi, A., Mark, T., Rodriguez, M, et al.: Clarithromycin,
pomalidomide, and dexamethasone (ClaPD) in relapsed or refractory
multiple myeloma. J Clin Oncol. 2012;30(suppl; abstr 8036).

Curr Hematol Malig Rep (2013) 8:253–260 259

http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm312945.htm
http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm312945.htm
http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm312945.htm
http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm339286.htm
http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm339286.htm


43. Palumbo A, Larocca A, Montefusco V, et al.: Pomalidomide Cyclo-
phosphamide and Prednisone (PCP) Treatment for Relapsed/
Refractory Multiple Myeloma. Blood (ASH Annual Meeting Ab-
stracts) 2012;120:Abstract 446.

44. •• Vij R, Siegel DS, Jagannath S, et al. An open-label, single-arm,
phase 2 study of single-agent carfilzomib in patients with relapsed
and/or refractory multiple myeloma who have been previously treat-
ed with bortezomib. Br J Haematol. 2012;158:739–48. FDA regis-
tration study for carfilzomib .

45. •• Lendvai N, Landau H, Lesokhin A, et al.: Phase II Study of
Infusional Carfilzomib in Patients with Relapsed or RefractoryMultiple
Myeloma. Blood (ASH Annual Meeting Abstracts) 2012;120:Abstract
947. Recent study demonstrating efficacy of high-dose carfilzomib.

46. U.S. National Institutes of Health: Phase 3 Study Comparing
Carfilzomib, Lenalidomide, and Dexamethasone (CRd) vs
Lenalidomide and Dexamethasone (Rd) in Subjects With Relapsed
Multiple Myeloma. Available at http://clinicaltrials.gov/ct2/show/
NCT01080391?term=carfilzomib+AND+myeloma&phase=
2&rank=4. Accessed May 2013.

47. Hájek R, Bryce R, Ro S, et al. Design and rationale of FOCUS (PX-
171-011): a randomized, open-label, phase 3 study of carfilzomib
versus best supportive care regimen in patients with relapsed and
refractory multiple myeloma (R/RMM). BMC Cancer. 2012;12:415.

48. U.S. National Institutes of Health: A Study of Carfilzomib vs Best
Supportive Care in Subjects With Relapsed and Refractory Multiple
Myeloma (FOCUS). Available at http://clinicaltrials.gov/ct2/show/
NCT01302392?term=carfilzomib+AND+myeloma&phase=
2&rank=5. Accessed May 2013.

49. U.S. National Institutes of Health: Phase 3 StudyWith Carfilzomib and
Dexamethasone Versus Velcade and Dexamethasone for Relapsed
Multiple Myeloma Patients (ENDEAVOR). Available at http://
clinicaltrials.gov/ct2/show/NCT01568866?term=carfilzomib+
AND+myeloma&phase=2&rank=1. Accessed May 2013.

50. • Shah JJ, Stadtmauer EA, Abonour R, et al.: A Multi-Center
Phase I/II Trial of Carfilzomib and Pomalidomide with Dexa-
methasone (Car-Pom-d) in Patients with Relapsed/Refractory
Multiple Myeloma. Blood (ASH Annual Meeting Abstracts)
2012;120:Abstract 74. First trial using combination pomalidomide
and carfilzomib regimen.

51. Kumar S, Bensinger W, Zimmerman TM, et al.: Weekly
MLN9708, an investigational oral proteasome inhibitor (PI),
in relapsed/refractory multiple myeloma (MM): Results from a
phase I study after full enrollment. J Clin Oncol. 2013;31(suppl; abstr
8514).

52. Kumar SK, Berdeja JG, Niesvizky R et al.: A Phase 1/2 Study of
Weekly MLN9708, an Investigational Oral Proteasome Inhibitor, in
Combination with Lenalidomide and Dexamethasone in Patients
with Previously Untreated Multiple Myeloma (MM). ASH Annual
Meeting Abstracts. 2012;120:332.

53. Offidani M, Polloni C, Cavallo F, et al. Phase II study of melphalan,
thalidomide and prednisone combined with oral panobinostat in
patients with relapsed/refractory multiple myeloma. Leuk Lympho-
ma. 2012;53(9):1722–7.

54. Bottomley MJ, Surdo Lo P, Di Giovine P, et al. Structural and
functional analysis of the human HDAC4 catalytic domain

reveals a regulatory structural zinc-binding domain. J Biol
Chem. 2008;283(39):26694–704.

55. Wolf JL, Siegel D, Goldschmidt H, et al. Phase II trial of the pan-
deacetylase inhibitor panobinostat as a single agent in advanced
relapsed/refractory multiple myeloma. Leuk Lymphoma.
2012;53(9):1820–3.

56. Catley L, Weisberg E, Kiziltepe T, et al. Aggresome induction by
proteasome inhibitor bortezomib and alpha-tubulin hyperacetylation
by tubulin deacetylase (TDAC) inhibitor LBH589 are synergistic in
myeloma cells. Blood. 2006;108:3441–9.

57. Hideshima T, Bradner JE, Wong J, et al. Small-molecule inhibition of
proteasome and aggresome function induces synergistic antitumor
activity in multiple myeloma. Proc Natl Acad Sci U S A.
2005;102:8567–72.

58. Palumbo A, Avonto I, Bruno B, et al. Intravenous melphalan, thalid-
omide and prednisone in refractory and relapsed multiple myeloma.
Eur J Haematol. 2006;76:273–7.

59. Jakubowiak AJ, Benson DM, Bensinger W, et al. Phase I trial of anti-
CS1 monoclonal antibody elotuzumab in combination with
bortezomib in the treatment of relapsed/refractory multiple myeloma.
J Clin Oncol. 2012;30(16):1960–5.

60. Lonial S, Jagannath S, Moreau P, et al.: Phase (Ph) I/II study of
elotuzumab (Elo) plus lenalidomide/dexamethasone (Len/dex) in
relapsed/refractory multiple myeloma (RR MM): Updated Ph II
results and Ph I/II long-term safety. J Clin Oncol. 2013;31:(suppl;
abstr 8542).

61. Lonial S, Vij R, Harousseau J-L, et al. Elotuzumab in combination
with lenalidomide and low-dose dexamethasone in relapsed or re-
fractory multiple myeloma. J Clin Oncol. 2012;30(16):1953–9.

62. Richardson PG, Jagannath S, Moreau P, et al.: A Phase 2 Study of
Elotuzumab (Elo) in Combination with Lenalidomide and Low-Dose
Dexamethasone (Ld) in Patients (pts) with Relapsed/Refractory Mul-
tiple Myeloma (R/R MM): Updated Results. Blood (ASH Annual
Meeting Abstracts) 2012;120:Abstract 202.

63. U.S. National Institutes of Health: Phase 3, randomized, open label
trial of lenalidomide/dexamethasone with or without elotuzumab in
relapsed or refractory multiple myeloma (mm). Available at http://
clinicaltrials.gov/ct2/show/NCT01239797?term=elotuzumab&
phase=2&rank=1. Accessed May 2013.

64. ClinicalTrials.gov: Study of bortezomib and dexamethasone with or
without elotuzumab to treat relapsed or refractory multiple myeloma.
Available at http://clinicaltrials.gov/ct2/show/NCT01478048?term=
elotuzumab bortezomib&rank=2. Accessed May 2013.

65. Noort WA, Groen RWJ, Raymakers R, et al.: Daratumumab, a Novel
Therapeutic Human CD38Monoclonal Antibody, Induces Killing of
Refractory Patient-Derived Multiple Myeloma Cells, Growing in a
Novel Humanized MouseMMModel. Blood (ASHAnnual Meeting
Abstracts) 2012; 120:Abstract 940.

66. de Weers M, Tai Y-T, van der Veer MS, et al. Daratumumab, a novel
therapeutic human CD38 monoclonal antibody, induces killing of
multiple myeloma and other hematological tumors. J Immunol.
2011;186(3):1840–8.

67. Lokhorst HM, Plesner T, Gimsing P, et al.: Phase I/II dose-escalation
study of daratumumab in patients with relapsed or refractory multiple
myeloma. J Clin Oncol. 2013; 31(suppl; abstr 8512).

260 Curr Hematol Malig Rep (2013) 8:253–260

http://clinicaltrials.gov/ct2/show/NCT01080391?term=carfilzomib+AND+myeloma&phase=2&rank=4
http://clinicaltrials.gov/ct2/show/NCT01080391?term=carfilzomib+AND+myeloma&phase=2&rank=4
http://clinicaltrials.gov/ct2/show/NCT01080391?term=carfilzomib+AND+myeloma&phase=2&rank=4
http://clinicaltrials.gov/ct2/show/NCT01302392?term=carfilzomib+AND+myeloma&phase=2&rank=5
http://clinicaltrials.gov/ct2/show/NCT01302392?term=carfilzomib+AND+myeloma&phase=2&rank=5
http://clinicaltrials.gov/ct2/show/NCT01302392?term=carfilzomib+AND+myeloma&phase=2&rank=5
http://clinicaltrials.gov/ct2/show/NCT01568866?term=carfilzomib+AND+myeloma&phase=2&rank=1
http://clinicaltrials.gov/ct2/show/NCT01568866?term=carfilzomib+AND+myeloma&phase=2&rank=1
http://clinicaltrials.gov/ct2/show/NCT01568866?term=carfilzomib+AND+myeloma&phase=2&rank=1
http://clinicaltrials.gov/ct2/show/NCT01239797?term=elotuzumab&phase=2&rank=1
http://clinicaltrials.gov/ct2/show/NCT01239797?term=elotuzumab&phase=2&rank=1
http://clinicaltrials.gov/ct2/show/NCT01239797?term=elotuzumab&phase=2&rank=1
http://clinicaltrials.gov/ct2/show/NCT01478048?term=elotuzumab
http://clinicaltrials.gov/ct2/show/NCT01478048?term=elotuzumab

	Management of Double-Refractory Multiple Myeloma
	Abstract
	Introduction
	Comorbidities of Relapsed/Refractory Myeloma
	Re-treatment with Bortezomib and Lenalidomide
	Recently Approved Agents
	Pomalidomide
	Carfilzomib
	Pomalidomide and Carfilzomib in Combination

	Selected Investigational Agents
	Ixazomib
	Panobinostat
	Elotuzumab
	Daratumumab

	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



