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ABSTRACT

Introduction: The novel agents bortezomib and lenalidomide have demonstrated improved clinical outcomes in multiple myeloma (MM),
yet most relapsed MM patients will become refractory to therapy. Methods: Pomalidomide is a second generation immunomodulatory
agent that has been recently approved in the USA for the treatment of relapsed and refractory MM after two prior therapies, including
lenalidomide and bortezomib. Results: Pomalidomide has several potential mechanisms of action which include anti-angiogenic
effects, immunomodulation, an effect on the myeloma tumor microenvironment and the protein cereblon. Discussion: Several trials
demonstrate the efficacy and safety of this novel compound in relapsed and refractory MM, including subjects refractory to lenalidomide
and bortezomib. In the following review article, we discuss the role of pomalidomide as a new clinical treatment option for MM.
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INTRODUCTION

Multiple myeloma (MM) is a hematologic malignancy with
clonal proliferation of plasma cells in the bone marrow leading
to organ dysfunction. It accounts for 13% of the hematological
malignancies with highest incidence in developed countries
and African Americans.!®! As per 2012 statistics, MM affected
21,700 adults with a mortality of about 50%."!

For several decades, the treatment for MM has included
various combinations of chemotherapeutic agents with
steroids followed by autologous stem-cell transplantation. The
therapy is still evolving as researchers are developing a better
understanding of the biology and molecular basis of MM.

Prominent bone marrow vascularization and elevated
angiogenic cytokines like interleukin-6 (IL-6) are key
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features of the pathogenesis of this disease entity. These
are also suitable targets for the anti-angiogenic effects
of anti-myeloma agents like thalidomide, in addition
to activation of apoptotic pathways through caspase-8
mediated cell death and activation of T-cells to produce
IL-2 to augment the natural killer (NK) cell-mediated
cytotoxicity.[*?

Thalidomide was first introduced as an antiemetic (1950s)
and later withdrawn in early 1960s due to the increased
risk of teratogenicity. Subsequent clinical research and
trials showed its potent angio-inhibitory, anti-neoplastic
and immunomodulatory effect. In 2006, thalidomide, in
combination with dexamethasone, was approved by the
United Stated Food and Drug Administration (USFDA) for
the treatment of newly diagnosed MM.[®!

During that same year, Celgene Corporation initiated the
research program into immunomodulatory drugs (IMiDs),
i.e,, immunomodulatory derivatives of thalidomide and
their structural analogs, which displayed a higher potency
and better safety profile. This resulted in the emergence
of novel agents such as lenalidomide, which improved
the clinical outcome and median survival by about
50%."1 However, in spite of such advances, MM had only
transient clinical responses and remains incurable. There
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remained an imperative necessity for further research
into the development of newer and more potent agents.
Since then, two more anti-myeloma drugs were approved
by the USFDA; Kyprolis (carfilzomib) (July 2012) and
pomalidomide (February 2013).59

Pomalidomide is a highly potent third-generation IMiD
with very promising activity in MM and myelofibrosis.!""!
This article will review the pharmacological properties and
all available safety and efficacy data from reported clinical
studies of pomalidomide (CC-4047) and its role in relapsed
and refractory MM.

PHARMACOKINETICS

A study by Hoffman et al. extensively studied and
described the absorption, metabolism and excretion of
pomalidomide (November 2012)."1 The chemical name
of pomalidomide is 4-amino-2-(2,6-dioxopiperidin-3-yl)
isoindoline-1,3-dione and its empirical formula is
C,H,N.O, with a molecular weight of 273.24 Da. It is
structurally different from thalidomide and lenalidomide
due to the presence of an additional carbonyl and amino
group in the phthaloyl ring.!"?

A single-dose oral administration of radiolabeled
pomalidomide 2 mg suspension was administered
to healthy male volunteers and the mean maximum
plasma concentration (Cmax) of 13 ng/mL was attained
after a time (tmax) of 3.0 h. The area under the plasma
concentration-time curve from time 0 to e (area under the
curve [AUCe]) was 189 ng h/mL.!"*! There was also good
bioavailability as evidenced by the mean total recovery
of radioactivity was 88%. In patients with MM receiving
pomalidomide 4 mg once daily, the steady-state Cmax
was 75 ng/mL and the AUC at steady-state AUCs was
400 ng h/mL.

The mean apparent volume of distribution in patients was
62-138 L.

Pomalidomide was extensively metabolized, but
unchanged pomalidomide accounted for 70% of the
circulating radioactivity and the exposure AUC to
metabolites ranged from only 1.7% to 6.3% of total
radioactivity. However, unchanged pomalidomide in the
urine accounted for < 3% of the dose, whereas three of the
metabolites in urine together accounted for 52% of the
dose. The elimination half-life (t*) of pomalidomide was
8.9 h and the mean recovery of radioactivity was 73% in
urine and 15% in feces. More than 80% of the radioactivity
was recovered in the first 48 h after administration. The
tmax and t” values for the metabolites were similar to those
for the parent drug.M"!
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PHARMACODYNAMICS

The precise cellular targets and exact molecular mechanism
of pomalidomide remains elusive. Several mechanisms
[Figure 1] have been proposed including anti-angiogenic,
anti-proliferative and immunomodulatory effects. Cereblon
has been identified as a primary target for binding of
IMiDs on myeloma cells. Although, its depletion was
related to lenalidomide resistance, no cross-reactivity
was seen with pomalidomide.' In fact, pomalidomide is
shown to be 100 times more potent than thalidomide and
10 times more potent than lenalidomide. Pomalidomide
enhances both NK cell cytotoxicity and antibody-dependent
cellular cytotoxicity (antibody cell mediated toxicity) by
triggering IL-2 production from T cells."™ Induction of
IL-2 and IF-gamma further down-regulates suppressor
of cytokine signaling. It also inhibits proliferation of
lenalidomide-resistant myeloma cell lines and acts
synergistically with dexamethasone to induce apoptosis.
Pomalidomide inhibits the production of IL-1 and IL-6 from
peripheral blood mononuclear cells (PBMC). Reduction
of the expression of IL-6 and vascular endothelial growth
factor is responsible for its anti-angiogenic activity as seen
in mouse models.'*' Studies show that IMiDs also exert
augmented anti-tumor activity with Rituximab against B
cell malignancies in mouse models.™ IMiDs can interfere
with actin cytoskeleton through activation of Rho GTPase,
enhance actin polymerization and enhance formation of
immune synapse and expression of IL-2 in T cells.!"®!

In addition to anti-neoplastic and immunonodulatory
effect, it exhibits anti-inflammatory effect by inhibiting
cyclooxygenase-2 enzyme and prostaglandin production
in lipopolysaccharide stimulated PBMCs.

Pomalidomide also inhibits MM-induced osteoclast
formation through normalization of the receptor activator
of NF-kappa-B ligand/osteoprotegerin (RANKL/OPG) ratio
targeting the expression of adhesion molecules by MM cells.
This is accomplished by blunting RANKL up-regulation
by reducing CD49d expression. It down-regulates PU.1
resulting in reduced osteoclast formation and differentiation
from CD 14+ progenitor cells.[']

Recent studies are currently exploring the possible
utilization of pomalidomide for other indications. A study
was conducted in knockout transgenic mouse model
of sickle cell anemia. After 8 weeks of pomalidomide
administration, fetal hemoglobin expression was
increased comparable to hydroxyurea without
associated myelosuppression, thus reducing transfusion
requirements.!' Pomalidomide was also shown to improve
erythropoiesis and enhance fetal hemoglobin in human
CD34+ cells.?™ These results suggest that pomalidomide
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Figure 1: Demonstrating mode of action of pomalidomide

may prove useful in the treatment of sickle-cell disease
and b-thalassaemia.

CLINICAL TRIALS

In the Phase III MM-003 trial [Figure 2], pomalidomide in
combination with low-dose dexamethasone significantly
improved progression-free survival (PFS) (primary endpoint)
compared with high-dose dexamethasone (median 15.7 weeks
vs. 8.0 weeks; hazard ratio [HR] 0.45; P > 0.001), in patients
with relapsed or refractory MM."?!! This trial studied the
efficacy and tolerability of pomalidomide in combination with
low-dose dexamethasone versus high-dose dexamethasone
alone in patients with relapsed or refractory MM who
had received at least two prior therapies including both
lenalidomide and bortezomib. A total of 455 patients were
randomized (2:1) to receive oral pomalidomide 4 mg on
days 1-21 of each 28 days cycle plus low-dose (40 mg
weekly) oral dexamethasone (n = 302) or high-dose
dexamethasone (40 mg on days 1-4, 9-12 and 17-20 of each
28 days cycle) alone (n=153) until disease progression. Patients
age >75 years received 20 mg doses of dexamethasone instead
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of 40 mg doses within each arm according to the relevant
schedules. Overall survival (OS) was also significantly better
in the pomalidomide group at interim analysis (median OS
not reached vs. 34 weeks; HR 0.53; P < 0.001). This analysis
included 45 patients who received pomalidomide after
progressing on high-dose dexamethasone.

The MM-002 Phase II trial showed that pomalidomide (4 mg
once daily for days 1-21 of each 28 days cycle) plus low-dose
dexamethasone (20-40 mg once daily ondays 1, 8, 15 and 22 of
each 28 days cycle) (1 =113) resulted in a partial response (PR)
rate (or better) of 34%, compared with 13% for pomalidomide
alone (1 =108) in heavily pretreated (including two or more
cycles of lenalidomide and bortezomib separately or in
combination) patients with relapsed or refractory MM.
The primary endpoint was PFS and after a median treatment
duration of 5.0 months, median PFS was 4.6 months and
2.6 months in the two study groups, respectively. The
comparison indicated that pomalidomide in combination
with low-dose dexamethasone was associated with greater
clinical benefit and no increased toxicity compared with
pomalidomide alone,™ and at progression, patients
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PPPHPHASE | TRIAL/INVESTIGATOR | STUDY DESIGN POPULATION RESULT
(ORR)
| Richardson et al. Pomalidomide + Relapsed multiple myeloma/ 73%
Bortezomib + low refractory
dose dex
11 Lacey et al. (2009) 2mg/day+low dose | n=60 63%
dexamethasone prior thalidomide or lenalidomide
11 Lacey et al. (2010) 2mg/day+low dose | n=34 32%
dexamethasone lenalidoide refractory
11 IFM 2009-02 Leleuet | 4mg/day+low dose | n=84 35%
al. dexamethasone Relapsed or refractory to lenalidoide
or bortezomib
11 Richardson et al. 4mg/day+low dose | n=221 34%
dexamethasone Refractory to Lenalidomide and
bortezomib
11 CC-4047-MM-002 Pomalidomidev/s | n=221 7.4%
Pomalidomide +low | Relapsed multiple myeloma/
dose refractory to Lenalidomide to
dexamethasone Bortezomib
11 NCT00558896 2 or 4 mg/day + n=225 47%
low dose Relapsed/refractory to Bortezomib
dexamethasone and lenalidomide multiple myeloma
or amyloidosis
11 MM-003 Pomalidomide +low | n=455 31%
dose dex v/s high Relapsed multiple myeloma/
dose dex alone refractory to Lenalidomide to
Bortezomib
111 CC-4047-MM-007 Pomalidomide, Relapsed/refractory multiple
Bortezomib + low myeloma
dose dex v/s
Bortezomib + low
dose dex
NCT01632826 Expanded access Relapsed/refractory multiple
trial for myeloma
Pomalidomide
4mg/day +low dose
dex

Figure 2: Clinical trials

receiving pomalidomide alone could receive the addition of
dexamethasone at the investigator’s discretion.! In updated
results from the end of March 2012 in patients receiving
pomalidomide plus low-dose dexamethasone (n = 113),
PFS and OS were 4.6 and 16.5 months, respectively,®! and
treatment was associated with improvement in clinically
important end-organ functional parameters with potential
prognostic significance.! The Phase I part of this trial
had earlier discovered that 4 mg/day was the maximum
tolerated dose (MTD) and the recommended dose for the
Phase II trial.l*!

The sequential Phase II trial (NCT00558896) carried out
by the Mayo Clinic investigated pomalidomide combined
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with low-dose dexamethasone in 225 patients with relapsed
or refractory MM. Patients were grouped according to
disease status: relapsed/refractory myeloma; lenalidomide
refractory myeloma (2 mg dose); lenalidomide- and
bortezomib-refractory myeloma (2 mg dose);
lenalidomide- and bortezomib-refractory myeloma (4 mg
dose); and lenalidomide-refractory myeloma, 1-3 prior
regimens, (4 mg dose).”! Pomalidomide was administered on
days 1-28 of a 28 days cycle and oral dexamethasone 40 mg
daily on days 1, 8, 15 and 22 of each cycle.****| Responses were
assessed using the criteria published by the International
Myeloma Working Group.” Pomalidomide plus low-dose
dexamethasone was highly active in the population with
relapsed myeloma (n = 60) with 38 patients (63%) achieving
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an objective response to therapy, including 3 (5%) patients
with a complete response (CR), 17 patients (28%) with very
good partial response (VGPR) and 18 (30%) with a PR.!
Lack of cross resistance with lenalidomide was established
in the cohort of 34 patients with lenalidomide-refractory
disease receiving pomalidomide 2 mg daily, with an
overall response rate (ORR) of 47%.*! This included three
patients (9%) with VGPR, 8 (23%) with PR and 5 (15%) with
minor response (MR). The median duration of response was
9.1 months, median PFS was 4.8 months and the median
OS 13.9 months.””! Pomalidomide was shown to overcome
resistance in myeloma refractory to both lenalidomide and
bortezomib.® Pomalidomide 2 mg daily or 4 mg daily (both on
days 1-28 of a 28 days cycle) were evaluated in two sequentially
treated cohorts in patients who had failed both these agents.
The ORR (MR or better) was 49% in the pomalidomide
2 mg cohort (n = 35) and 43% in the pomalidomide 4 mg
cohort (1 = 35). Event-free survival at 6 months was 78% and
67% in the 2 mg and 4 mg cohorts, respectively, suggesting
no advantage for the 4 mg dose with the continuous regimen
used in this study.® The confirmed response rate (CPR) was
37% for the cohort with lenalidomide-resistant myeloma (1-3
prior regimens) receiving the higher pomalidomide dose of
4 mg (n = 60), with the PFS 63% and OS 93% at 6 months.*!
A CPR of 21% was reported with pomalidomide 4 mg daily
in an additional 6™ cohort of 120 patients with lenalidomide
resistant myeloma.*” The 6-month PFS and OS were 34% and
74%, respectively.

A 31% response was seen in 13 patients with extramedullary
disease (EMD) in a sub study of 174 patients in the Mayo
Clinic Phase II trial.P"! This included one CR and two
PRs (>50% reduction) in EMD.

The intermittent regimen of pomalidomide 4 mg/day
on days 1-21/28 days cycle and the continuous regimen
of pomalidomide 4 mg daily were similarly effective
in 84 patients with MM refractory to lenalidomide and
bortezomib. The ORR was 34.5% and 47% of patients
had stable disease. Furthermore similar across groups
were duration of response, time to progression and PFS
of 7.3 (95% confidence intervals [CI]: 5-15), 5.4 (4-8) and
4.6 (4-7) months, respectively. OS at 18 months was 14.9 (95%
CI: 11-20) months, with 44% of patients alive at 18 months.
All patients received oral dexamethasone 40 mg/day in this
Phase Il trial conducted by the Intergroup Francophone du
Myélome (IFM 2009-02; NCT01053949).5%

PFS was 10.5 months and median OS was 33 months in
17 patients who continued pomalidomide 1 mg, 2 mg or
5 mg on alternate days after an expanded access extension
of a 4-week Phase I dose-escalation study to determine
the MTD. The MTD of pomalidomide 1 mg, 2 mg, 5 mg
and 10 mg on alternate days was defined as 5 mg in this

dose escalating Phase I trial in 20 patients with relapsed
myeloma.™ An earlier Phase I dose-escalating study of daily
pomalidomide 1 mg, 2 mg, 5 mg and 10 mg for 4 weeks by
these researchers had defined the MTD as 2 mg/day, with
neutropenia the dose-limiting toxicity in 24 patients with
relapsed or refractory myeloma.*!

The ORR (CPR) was 53.6% and median PFS was 8.2 months
in a Phase II trial of clarithromycin 500 mg twice a day with
pomalidomide (4 mg on days 1-21 of a 28 days cycle) and
low-dose dexamethasone in 100 patients with relapsed/
refractory MM. Eligible patients had at least three prior
lines of therapy, including lenalidomide. Median OS had
not been reached after a mean follow-up of 10.1 months.""!

The 1-year PFS and OS rates were 52% and 78%, respectively,
after a median follow-up of 11 months in an early
trial investigating alternate day cyclophosphamide in
combination with pomalidomide and prednisone. Patients
with MM relapsed/refractory to lenalidomide (n = 52)
received pomalidomide 2.5 mg/day, cyclophosphamide
50 mg every other day and prednisone 50 mg every other
day on days 1-28 for six cycles, followed by pomalidomide
plus prednisone.?

Phase I studies to determine the MTD for pomalidomide
in combination with low-dose dexamethasone plus
bortezomib,*! low-dose dexamethasone plus carfilzomib®®!
and prednisone plus oral weekly cyclophosphamide®®'have
been completed, with further trials of these combinations
now underway or planned.

DOSAGE AND INDICATIONS

The recommended initial dosage is 4 mg orally once daily
without food for days 1-21 of each 28 days cycle with 40 mg
dexamethasone weekly until disease progression activity
in patients with MM, pretreated with lenalidomide or
bortezomib.!”! There is synergistic activity reported with
dexamethasone to improve overall response and survival.
As per a study by Lacy et al., no advantage was observed for
dosage of pomalidomide of 4 mg over 2 mg daily with an
ORR being 49% in the group with 2 mg daily dosage versus
43% with 4 mg daily dosage.™ The French Intergroup,
IFM 2009-02 Phase II demonstrated similar responses with
pomalidomide given for 1-21 days of a 28 days cycle versus
every day for 28 days.[

Pomalidomide as aforementioned has been USFDA
approved only for MM in patients who have received at least
2 prior therapies (including lenalidomide and bortezomib)
and progressed within 60 days after completion of last
therapy.!”
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Due to the wide spectrum of clinical activity and effects
on the human body, pomalidomide is under investigation
in various Phases I and II clinical trials for utilization in
other hematological and non-hematological indications
such as myelofibrosis, waldenstrom’s macroglobulinemia,
immunoglobulin light chain amyloidosis, steroid resistant
graft versus host disease, systemic sclerosis with interstitial
lung disease, reduction of transfusion in sickle cell anemia,
Kaposi sarcoma with or without human immunodeficiency,
various solid tumors; hormone refractory prostate cancer,
small cell lung cancer in combination with cisplatin and
etoposide, metastatic pancreatic cancer in combination with
gemcitabine, to name a few.04!

DRUG SAFETY PROFILE

Pomalidomide is generally well-tolerated and its adverse
effects include fatigue, neutropenia, thrombocytopenia,
neuropathy and thromboembolic disease.

The most significant adverse effect seen in all clinical trials
in patients with refractory or relapsed MM treated with
pomalidomide was neutropenia of grades 3 or 4. It was
shown to increase with dose escalation and depended upon
the intensity of previous treatment with other agents.

In the landmark MM-002 study (1 = 221), neutropenia was
seen in 41%, with anemia in 22%, thrombocytopenia in
19% and leukopenia in 10% patients who were treated with
pomalidomide plus low dose dexamethasone. Neutropenia
was responsible for dose reduction in 4% individuals.
Non-hematological side effects included pneumonia (22%),
fatigue (14%), dyspnea (13%), peripheral neuropathy (13%),
back pain (10%) and urinary tract infection (9%).1?

MM-003 is a Phase III study that compared pomalidomide
plus low dose dexamethasone versus high dose
dexamethasone alone.?! It illustrated an increase in
adverse events with higher dose of steroids. Toxicities like
neutropenia (42% vs. 15%), thrombocytopenia (21 vs. 24%),
infections (24 vs. 23%), hemorrhage (2 vs. 3%) and glucose
intolerance (3 vs. 7%) were seen in pomalidomide with
dexamethasone versus high dose dexamethasone alone.
Thromboembolism was only seen with pomalidomide
group and peripheral neuropathy was seen equally (1%)
in both groups.!

In Mayo Clinic Phase II trial, the most common side effect
was myelosuppression, 31% neutropenia, 16% anemia,
12% thrombocytopenia, 8% pneumonia, 8% fatigue and
3% venous thromboembolism (VTE) where n = 345.5 In
this study, reversible grade-3 pneumonitis was seen in
1% patients, which responded to steroids. 33% exhibited
peripheral neuropathy of grades 1-2, but many of them had
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existing neuropathy. Low dose aspirin was successfully
used in the Mayo Clinic and MM-002 trials in order to
prevent VTE.

CONCLUSION

Pomalidomide is a third generation immunomodulatory
agent which represents a novel drug for the treatment
of refractory/relapsed MM. It received its first global
approval on the 8" of February 2013 in the USA for the
treatment of patients with MM who have received at
least two prior therapies, including lenalidomide and
bortezomib and have demonstrated disease progression
on or within 60 days of completion of the last therapy. It
directly affects myeloma cells, as well as modulates the bone
marrow microenvironment and these results in optimal
clinical outcomes even in heavily pretreated patients.
The encouraging results of Phase III trials provide the
rationale for its use in combination with dexamethasone
in patients who fail multiple lines of treatment, including
bortezomib- and lenalidomide-based regimens. The adverse
events are manageable. There is also the added advantage
that the drug can be administered orally. Further clinical
research and trials are needed to explore combinations
with alkylating agents, proteasome inhibitors, or other
novel compounds, which will probably further improve
response rates.

REFERENCES

1. Kyle RA, Rajkumar SV. Multiple myeloma. N Engl ] Med
2004;351:1860-73.

2. Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, Hayman SR,
Buadi FK, ef al. Improved survival in multiple myeloma and the
impact of novel therapies. Blood 2008;111:2516-20.

3. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA
Cancer J Clin 2012;62:10-29.

4.  Curran MP, McKeage K. Bortezomib: A review of its use in patients
with multiple myeloma. Drugs 2009;69:859-88.

5. Kristinsson SY, Landgren O, Dickman PW, Derolf AR, Bjérkholm M.
Patterns of survival in multiple myeloma: A population-based
study of patients diagnosed in Sweden from 1973 to 2003. ] Clin
Oncol 2007;25:1993-9.

6. Kyle RA, Rajkumar SV. Treatment of multiple myeloma:
A comprehensive review. Clin Lymphoma Myeloma 2009;9:278-88.

7. Dimopoulos M, Spencer A, Attal M, Prince HM, Harousseau JL,
Dmoszynska A, et al. Lenalidomide plus dexamethasone
for relapsed or refractory multiple myeloma. N Engl ] Med
2007,357:2123-32.

8. Kortuem KM, Stewart AK. Carfilzomib. Blood 2013;121:893-7.

9. Lacy MQ, Hayman SR, Gertz MA, Dispenzieri A, Buadi F, Kumar S,
et al. Pomalidomide (CC4047) plus low-dose dexamethasone
as therapy for relapsed multiple myeloma. J Clin Oncol
2009;27:5008-14.

10. US FDA. FDA approves pomalyst for advanced multiple
myeloma [media release], 2013. Available from: http://www.fda.
gov/NewsEvents/Newsroom/PressAnnouncements/ucm338895.
htm. [Last accessed on 2013 Feb 08].

205




Bajaj, et al.: Pomalidomide in multiple myeloma

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

206

Hoffmann M, Kasserra C, Reyes ], Schafer P, Kosek ], Capone L,
et al. Absorption, metabolism and excretion of [14C] pomalidomide
in humans following oral administration. Cancer Chemother
Pharmacol 2013;71:489-501.

Anderson G, Gries M, Kurihara N, Honjo T, Anderson J,
Donnenberg V, et al. Thalidomide derivative CC-4047 inhibits
osteoclast formation by down-regulation of PU.1. Blood
2006;107:3098-105.

US FDA. Pomalyst (pomalidomide) capsules, for oral use:
prescribing information, 2013. Available from: http://www.
accessdata.fda.gov/drugsatfda_docs/label/2013/2040261bl.
pdf. [Last accessed 2013 Feb 26].

Zhu YX, Braggio E, Shi CX, Bruins LA, Schmidt JE, Van Wier S,
et al. Cereblon expression is required for the antimyeloma activity
of lenalidomide and pomalidomide. Blood 2011;118:4771-9.
Andhavarapu S, Roy V. Immunomodulatory drugs in multiple
myeloma. Expert Rev Hematol 2013;6:69-82.

Ferguson GD, Jensen-Pergakes K, Wilkey C, Jhaveri U, Richard N,
Verhelle D, et al. Immunomodulatory drug CC-4047 is a cell-type
and stimulus-selective transcriptional inhibitor of cyclooxygenase
2. ] Clin Immunol 2007;27:210-20.

Gorgiin G, Calabrese E, Soydan E, Hideshima T, Perrone G,
Bandi M, et al. Inmunomodulatory effects of lenalidomide and
pomalidomide on interaction of tumor and bone marrow accessory
cells in multiple myeloma. Blood 2010;116:3227-37.

Giuliani N, Bolzoni M, Abeltino M, P Storti, V Sgobba, S Bonomini,
et al. CC-4047 (pomalidomide) inhibits multiple myeloma-induced
osteoclast formation [abstract]. Haematologica 2010;95:383.
Meiler SE, Wade M, Kutlar F, Yerigenahally SD, Xue Y, Moutouh-de
Parseval LA, et al. Pomalidomide augments fetal hemoglobin
production without the myelosuppressive effects of hydroxyurea
in transgenic sickle cell mice. Blood 2011;118:1109-12.
Moutouh-de Parseval LA, Verhelle D, Glezer E, Jensen-Pergakes K,
Ferguson GD, Corral LG, et al. Pomalidomide and lenalidomide
regulate erythropoiesis and fetal hemoglobin production in human
CD34+ cells. J Clin Invest 2008;118:248-58.

Dimopoulos MA, Lacy MQ, Moreau P, Weisel K, Song K,
Delforge M, et al. Pomalidomide in combination with low-dose
dexamethasone: Demonstrates a significant progression free
survival and overall survival advantage, in relapsed/refractory
MM: A phase 3, multicenter, randomized, open-label study
[abstract no. LBA-6]. Blood 2012;120:29.

Richardson PG, Siegel DS, Vij R, Hofmeister CC,
Jagannath S, Chen C, et al. Randomized, open label phase 1/2 study
of pomalidomide (POM) alone or in combination with low-dose
dexamethasone (LoDex) in patients (Pts) with relapsed and
refractory multiple myeloma who have received prior treatment
that includes lenalidomide (LEN) and bortezomib (BORT): phase
2 results [abstract no. 634]. Blood 2011;118:290-291.

Jagannath S, Hofmeister CC, Siegel DS, Vij R, Lonial S, Anderson KC,
etal. Pomalidomide (POM) with low-dose dexamethasone (LoDex)
in patients (PTS) with relapsed and refractory multiple myeloma
who have received prior therapy with lenalidomide (LEN) and
bortezomib (BORT): updated phase 2 results and age subgroup
analysis. Blood Conference: 54" Annual Meeting of the American
Society of Hematology, ASH. Vol. 120. 2012.

LonialS,BazR, BahlisNJ, Lonial S, BazR, Bahlis NJ, et al. Improvement
in clinical benefit parameters with pomalidomide (POM) in
combination with low dose dexamethasone (LODEX) in patients
with relapsed and refractory multiple myeloma (RRMM): Results
from a phase 2 study. Blood Conference: 54" Annual Meeting of
the American Society of Hematology, ASH. 120. 2012.
Richardson PG, Siegel D, Baz R, Kelley SL, Munshi NC,
Sullivan D, et al. A phase 1/2 multi-center, randomized, open label

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

dose escalation study to determine the maximum tolerated dose,
safety, and efficacy of pomalidomide alone or in combination
with low-dose dexamethasone in patients with relapsed and
refractory multiple myeloma who have received prior treatment
that includes lenalidomide and bortezomib [abstract no. 864].
Blood 2010;116:377-78.

Lacy MQ, LaPlant BR, Laumann K, Gertz MA, Hayman SR,
Buadi FK, et al. Pomalidomide and dexamethasone in relapsed
myeloma: Results of 225 patients treated in five cohorts over three
years. Blood Conference: 53 Annual Meeting of the American
Society of Hematology, ASH. Vol. 118. 2011.

Lacy MQ, Hayman SR, GertzMA, Short KD, Dispenzieri A, Kumar,
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.

Lacy MQ, Allred JB, Gertz MA, Hayman SR, Short KD, Buadi F,
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.
Kyle RA, Rajkumar SV. Criteria for diagnosis, staging, risk
stratification and response assessment of multiple myeloma.
Leukemia 2009;23:3-9.

Lacy MQ, KumarSK, LaPlant BR, Laumann K, GertzMA, Hayman SR,
et al. Pomalidomide plus lowdose dexamethasone (pom/dex) in
relapsed myeloma: Long term follow up and factors predicting
outcome in 345 patients. Blood Conference: 54" Annual Meeting
of the American Society of Hematology, ASH. Vol. 120. 2012.
Short KD, Rajkumar SV, Larson D, Buadi F, Hayman S,
Dispenzieri A, et al. Incidence of extramedullary disease in patients
with multiple myeloma in the era of novel therapy, and the
activity of pomalidomide on extramedullary myeloma. Leukemia
2011;25:906-8.

Leleu X, Attal M, Arnulf B, Moreau P, Traulle C, Marit G, 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;121:1968-75.

Streetly M]J, Gyertson K, Daniel Y, Zeldis JB, Kazmi M,
Schey SA. Alternate day pomalidomide retains anti-myeloma
effect with reduced adverse events and evidence of in vivo
immunomodulation. Br ] Haematol 2008;141:41-51.

Schey SA, Fields P, Bartlett JB, Clarke IA, Ashan G, Knight RD,
et al. Phase I study of an immunomodulatory thalidomide analog,
CC-4047, in relapsed or refractory multiple myeloma. J Clin Oncol
2004;22:3269-76.

Mark TM, Boyer A, Rossi AC, Shah M, Pearse RN, Zafar F, et al.
ClaPD (clarithromycin, pomalidomide, dexamethasone) therapy
in relapsed or refractory multiple myeloma. Blood Conference:
54" Annual Meeting of the American Society of Hematology, ASH.
Vol. 120. 2012.

Palumbo A, Larocca A, Montefusco V, Rossi D, Carella AM, MinaR,
et al. Pomalidomide cyclophosphamide and prednisone (PCP)
treatment for relapsed/refractory multiple myeloma. Blood
Conference: 54" Annual Meeting of the American Society of
Hematology, ASH. Vol. 120. 2012.

Richardson PG, Hofmeister CC, Siegel D, Richardson PG,
Hofmeister CC, Siegel D, et al. MM-005: A phase 1, multicenter,
open-label, dose-escalation study to determine the maximum
tolerated dose for the combination of pomalidomide, bortezomib,
and low-dose dexamethasone in subjects with relapsed or refractory
multiple myeloma. Blood Conference: 54" Annual Meeting of the
American Society of Hematology, ASH. Vol. 120. 2012.

Shah JJ, Stadtmauer EA, Abonour R, Cohen AD, Bensinger WI,
Gasparetto C, et al. A multi-center phase I/II trial of carfilzomib

Clinical Cancer Investigation Journal | May-June-2014 | Vol 3 | Issue 3



Bajaj, et al.: Pomalidomide in multiple myeloma

39.

40.

41.

42.

43.

and pomalidomide with dexamethasone (car-pom-D) in patients
with relapsed/refractory multiple myeloma. Blood Conference:
54" Annual Meeting of the American Society of Hematology, ASH.
Vol. 120. 2012.

Baz R, Shain KH, Alsina M, Nardelli LA, Nishihori T, Ochoa L,
et al. Oral weekly cyclophosphamide in combination with
pomalidomide and dexamethasone for relapsed and refractory
myeloma: Report of the dose escalation cohort. Blood Conference:
54" Annual Meeting of the American Society of Hematology, ASH.
Vol. 120. 2012.

Tefferi A, Verstovsek S, Barosi G, Passamonti F, Roboz GJ,
Gisslinger H, et al. Pomalidomide is active in the treatment of
anemia associated with myelofibrosis. ] Clin Oncol 2009;27:4563-9.
Begna KH, Mesa RA, Pardanani A, Hogan W], Litzow MR,
McClure REF, et al. A phase-2 trial of low-dose pomalidomide in
myelofibrosis. Leukemia 2011;25:301-4.

Amato R], Glode LM, Podolnick J, Knight R, Crawford D. Phase II
study of pomalidomide in patients with castration-resistant
prostate cancer. Cancers (Basel) 2011;3:3449-60.

Dispenzieri A, Buadi F, Laumann K, LaPlant B, Hayman SR,

Clinical Cancer Investigation Journal | May-June-2014 | Vol 3 | Issue 3

44.

45.

46.

Kumar SK, et al. Activity of pomalidomide in patients with
immunoglobulin light-chain amyloidosis. Blood 2012;119:5397-404.
Pusic I, DiPersio JF, Goran SL, Romvari EM, Bauer SL, Comer HS,
et al. Pomalidomide (POM) in advanced corticosteroid-resistant
chronic graft-versus-host disease (CGVHD). Biol Blood Marrow
Transplant 2010;16 Suppl 2:5311.

Infante R, Jones SF, Bendell JC, Spigel DR, Yardley DA, Weekes CD,
et al. A phase I, dose-escalation study of pomalidomide (CC-4047)
in combination with gemcitabine in metastatic pancreas cancer.
Eur J Cancer 2011;47:199-205.

Cooney MM, Nock C, Bokar J, Krishnamurthi S, Gibbons ], Rodal MB,
et al. Phase I trial of pomalidomide given for patients with advanced
solid tumors. Cancer Chemother Pharmacol 2012;70:755-61.

Cite this article as: Bajaj N, Shaaban H, Maroules M, Guron G.
Pomalidomide: A novel imunomodulatory drug for the treatment of relapsed
and refractory multiple myeloma. Clin Cancer Investig J 2014;3:200-7.

Source of Support: Nil, Conflict of Interest: None declared.

207




