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Pomalidomide: the new immunomodulatory agent for the
treatment of multiple myeloma
AA Chanan-Khan1, A Swaika1,2, A Paulus1, SK Kumar3, JR Mikhael4, SV Rajkumar3, A Dispenzieri3 and MQ Lacy3

In this report, we provide a comprehensive review on the preclinical and clinical investigations conducted in development of the
next-generation immunomodulatory drug (IMiD) pomalidomide for the treatment of relapsed/refractory multiple myeloma (MM).
We consulted PubMed, MEDLINE, ASH, ASCO annual symposium abstracts and http://clinicaltrials.gov/ for the purpose of this
literature review. Twenty-six preclinical and 11 clinical studies were examined. These studies delineate the mechanisms of action of
pomalidomide and attest to the robust clinical activity in relapsed/refractory MM. MM is the second most common hematological
malignancy in the US. Despite availability of several therapeutic agents, MM remains incurable. Thus, the development of new
therapies remains a priority. Pomalidomide is the newest member of the IMiDs class of drugs, and in preclinical and clinical
investigations, it has demonstrated an improved efficacy and toxicity profile in comparison to its sister compounds, lenalidomide
and thalidomide. Importantly, recent clinical studies have demonstrated its activity in relapsed or refractory myeloma, particularly in
lenalidomide and bortezomib-refractory patients. Thus, the addition of pomalidomide to the anti-myeloma armamentarium is
widely anticipated to have a significant impact on the overall clinical outcome of advanced stage relapsed and refractory MM
patients.
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INTRODUCTION
Immunomodulatory drugs (IMiD) are a novel class of orally
available antineoplastic agents that have made an important
impact on the treatment of patients with hematological malig-
nancies, particularly multiple myeloma (MM). The parent com-
pound, thalidomide, was the first to demonstrate antineoplastic
activity among patients with MM,1 with subsequent investigations
conclusively establishing its anticancer effects. This fueled further
research into the development of its more potent and less toxic
analogs. In order to increase the immunomodulatory capabilities,
and thus antitumor activity of the thalidomide analogs, the next
IMiD, lenalidomide, was formulated with a substitution of an
amino group at the fourth position and a single oxo group in the
phthaloyl ring.2 Consistent with the thalidomide experience,
lenalidomide also delivered impressive clinical responses among
patients with malignant disorders. While the major impact of the
IMiDs is noted among patients with MM, notable clinical benefit
has also been established in several other hematologic cancers
including myelodysplastic syndrome, non-Hodgkin lymphoma
and chronic lymphocytic leukemia.3,4

Pomalidomide (previously known as CC-4047, actimid) is the
most recent and potent IMiD molecule, and its steady clinical
development is widely anticipated to redefine the therapeutic
landscape for relapsed and refractory MM patients. Pomalidomide
differs from thalidomide by the addition of two oxo groups in the
phthaloyl ring and an amino group at the fourth position
(Figure 1).5,6 This comprehensive review will focus on the clinical
experience with pomalidomide in MM. We will also summarize the
seminal preclinical investigational efforts made in understanding

the mechanisms by which this exciting new IMiD molecule
imparts its clinical activity.

PRECLINICAL EVALUATION OF POMALIDOMIDE
The exact molecular mechanisms of the antitumor effects of
pomalidomide remain uncertain. As a group, IMiDs broadly affect
various molecular and cellular elements within the tumor
microenvironment, affecting the concentration of various cyto-
kines that support tumor cell growth (Figure 2).7 IMiDs are known
to suppress the production of tumor necrosis factor-alpha (TNF-a),
interleukin-12 (IL-12), IL-16, IL-1b, macrophage inflammatory
protein-1 alpha (MIP-1a and monocyte chemoattractant protein-1
(MCP-1), while increasing the yield of IL-2, IFN-g, IL-10 and
RANTES (regulated upon activation, normal T-cell expressed, and
secreted) by LPS-induced peripheral blood mononuclear cells
(PBMCs).8 The increased production of IFN-g and IL-2 results from
the direct co-stimulation of T-cells.7 It is postulated that the
enhanced activity of protein kinase C-theta (PKC-y) and activated
protein-1 (AP-1) in these stimulated T-cells increases IL-2 levels,
leading to an amplified NK-cell response.9–11 Participation of the
innate immune system, by NK-cell activation, is a key component
in mounting a successful antitumor response, regardless of
whether pomalidomide acts on NK cells directly or indirectly.
As such, pomalidomide enhances NK-cell cytotoxicity and
antibody-dependent cell-mediated cytotoxicity (ADCC) in MM
cells.12 This effect has been observed in other hematological
malignancies, such as Burkitt’s lymphoma, where pomalidomide
was administered with rituximab, and an increased survival rate
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was observed among mice treated with this combination therapy.
However, this benefit was abrogated upon depletion of NK-cells,
thus establishing the role of NK cells in an IMiDs-induced tumor
response.13 Dredge et al,14 using pomalidomide as a priming
agent in a murine tumor cell vaccination model of ectopic
colorectal cancer, further explored the abilities of a
pomalidomide-mediated immune-enhancement. An 80% survival
rate was observed among mice given pomalidomide in
conjunction with the CT26 tumor vaccine.14 This conferred
protection was found to be long lasting and associated with the
propagation of a tumor-specific Th-1 type response with increased
production of IFN-g. Another possible mechanism for this
adjuvant-like tumor-specific response generated by treatment
with pomalidomide might be due to the inhibition of IL-2-
mediated production of FOXP3þ , cytotoxic T-lymphocyte
Antigen 4 (CTLA-4þ ), CD4þ T regulatory cells.15 Most studies
have examined the role of IMiDs in the context of co-stimulatory
molecules; however, Xu et al.16 demonstrated that the primary
mechanisms of pomalidomide modulation remain in its ability to
alter intracellular structures such as the actin cytoskeleton and
microtubules via upregulating the Rho family of GTPases.
In addition to modulation of lymphoid-derived cells in the

tumor milieu, pomalidomide acts on osteoclasts (OCL), which are
responsible for lytic bone disease in MM. OCLs arise from cells of
the monocyte/macrophage lineage and various cytokines such as
granulocyte macrophage colony-stimulating factor (GM-CSF), IL-3
and receptor activator of nuclear factor kappa-B Ligand (RANKL)
control their differentiation. The transcription factors, c-fos and
PU.1 have crucial roles in osteoclastogenesis, with the latter being
downregulated by lenalidomide and pomalidomide, resulting in
the inhibition of bone resorption.17,18

Neo-angiogenesis is a hallmark of tumor growth, and in MM it is
interceded by the stromal cells of the microenvironment in
response to vascular endothelial growth factor (VEGF), which is
secreted by MM cells. Pomalidomide inhibits stromal cell adhesion19

and has been shown to markedly inhibit angiogenesis by decreasing

concentrations of VEGF and hypoxia-inducible factor 1 alpha
(HIF-1a).20,21

MM patients have been shown to express high levels of the
inflammatory molecule cycolooxygenase-2 (COX-2), which is
associated with poor disease outcome.22 In a multicenter Phase
II trial, Prince et al.23 demonstrated improvement in progression-
free and overall survival (PFS and OS, respectively) when a high-
dose COX-2 inhibitor (celecoxib) and thalidomide were given to
patients with advanced MM. Consistent with other IMiDs,
pomalidomide exerts anti-inflammatory effects by inhibition of
transcriptional activity of the COX-2 gene, thereby reducing COX-2
and prostaglandin levels.24

Both in vitro and in vivo investigations attest to the direct
anti-MM activity of pomalidomide. Pomalidomide induces cell
cycle arrest in both lymphoma and MM cells, independent of p53
signaling, via a Lysine-specific demethylase 1 (LSD1)-mediated
epigenetic mechanism, resulting in increased expression of
p21-WAF.25 Pro-apoptotic activity has been noted in MM cells
treated with pomalidomide, resulting in caspase-8 induction,
suppression of nuclear factor kappa-B (NF-kB) transcription,
cellular inhibition of IAP-2 (inhibitor of apoptosis 2) and
increased sensitivity to Fas-mediated cell death.26 MM cells rely
heavily on various transcription factors such as IL-6, interferon
regulatory factor 4 (IRF4) and B-lymphocyte-induced maturation
protein 1 (BLIMP1) to sustain their proliferative capacity. Through
blockade of CAAT-enhancer-binding protein beta (C/EBPb)
translation in MM cell lines, pomalidomide is able to reduce
downstream IRF4 expression, leading to the inhibition of
malignant growth. Interestingly, overexpression of C/EBPb in
these cells leads to an abrogation of pomalidomide induced
anti-proliferative effects.27

The reduction in IRF4 levels has proven to be mediated by a
direct effect of lMiDs on the target cell protein cereblon (CRBN).
CRBN is the primary target and binding partner identified for the
teratogenic effects of thalidomide and interacts with the DNA
damage binding protein-1 (DDB1) to form a functional E3 ligase

Figure 1. Chemical structure of the IMiD drugs.

Figure 2. Activity of pomalidomide in MM.
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complex with the Cul4A and Roc1.28 More recently, lenalidomide
and pomalidomide have been demonstrated to target CRBN.29

This complex possesses autoubiquitlating activity that is inhibited
in the presence of IMiDs and is in part responsible for its
teratogenic effects. Furthermore, CRBN has been shown to
interact with IRF4 and SPIB, two transcription factors critical for
myeloma (and ABC non-Hodgkin lymphoma) cell survival and
whose downregulation was directly linked to synthetic CRBN
depletion with a resultant loss of lenalidomide-mediated
antitumor activity.30 Zhu et al.31,32 recently demonstrated that
CRBN is not only essential for the antitumor activity of the IMiDs
but also its depletion is associated with IMiD resistance. Notably,
CRBN expression does not affect the antitumor activity of other
key anti-MM agents. Recent data establishes a positive correlation
between pre-treatment CRBN expression levels and response to
treatment with pomalidomide plus dexamethasone in MM
patients.33 Measurement of CRBN expression in MM patients
carries potential utility as a biomarker that is predictive of
therapeutic response to pomalidomide (or possibly any IMiD). As
such, optimal use of the anti-MM effects of pomalidomide can be
focused towards the appropriate patient population in which
CRBN-associated activity can be fully exploited. It is interesting to

note that pomalidomide demonstrates robust efficacy in patients
who are resistant/refractory to lenalidomide. Perceptibly, there are
multiple distinct reasons for IMiDs resistance and its inter-class
variability.

CLINICAL EVALUATION OF POMALIDOMIDE IN MM
The clinical efficacy of pomalidomide has been investigated in
phase I–III clinical trials and the pertinent details are comprehen-
sively outlined in Table 1. Schey et al.,34 who examined its safety
and tolerability in relapsed refractory MM patients in a phase I
clinical trial, initially carried out a formal study of pomalidomide.
The main objective of the study was to establish the maximum-
tolerated dose (MTD) and safety of pomalidomide with 24 patients
enrolling in the trial. The median age of the enrolled patients was
66 years, and all patients had previously received a median of
three lines of therapy (range, 1–6). The doses of pomalidomide
investigated were 1, 2, 5 or 10mg. The median duration of study
treatment for all patients was 28 weeks (range, 3–132 weeks). All
24 patients were eligible for response assessment and the overall
response rate (ORR) was 54%, with 17% of patients achieving a

Table 1. Clinical efficacy of pomalidomide in patients with multiple myeloma

Trial Phase N Median
age (years)

Median
prior Tx

Regimen Dose schedule/MTD ORR
(%)

PFS; OS (months)

Schey et al.34 I 24 66 3 Pom dose
escalation

MTD¼ 2mg/day 54 9.7; 22.5

Streetly et al.35 I 20 58 4 Pom þ /� Dex MTD¼ 5mg q.o.d 50 10.5; 33
Richardson et al.41 113 5 Pom/Dex MTD¼ 4mga; 40mgb 34 4.6; 14.4

I/II 63
108 5 Pom 4mga 13 2.6; 13.6

Lacy et al.36 II 60 66.5 2 Pom/Dex 2mgc; 40mgb 63 11.6; 76% at 2 years
Lacy et al.37,d II 34 62 4 Pom/Dex 2mgc; 40mgb 47 4.8; 13.9

Leleu et al.43

Arm A II 43 54 4 Pom/Dex 4mga; 40mgb 30 NA
Arm B 40 4 4mgc; 40mgb 47 NA

Lacy et al.39,e

Cohort A II 35 6 Pom/Dex 2mgc; 40mgb 49 6.5; 78% at 6 months
Cohort B 35 6 4mgc; 40mgb 43 3.2; 67% at 6 months

Dimopoulos et al.45

Cohort A III 302 NA 5 Pom/Dex 4mga; 40mgb 21 3.6; NR
Cohort B 153 NA Dex 40mgf 3 1.8; NR

Shah et al.46,g

I/II 32 61 6 Carf 20/27 and 20/36mg/m2,h 33 NA
Pom 4mga

Dex 40mgb

Rossi et al.47,g

I/II 66 NA 3 Clar 500mg b.i.d 56 5, NA
Pom 4mga

Dex 40mgb

Palumbo et al.48,g

I/II 52 69 3 Pom 1–2.5mgc 73 52% at1 year; 78% at
1 year

Cyclo 50mg q.a.d
Pred 50mg q.a.d

Abbreviations: Carf, carfilzomib; Clar, clarithromycin; Cyclo, cyclophosphamide; Dex, dexamethasone; Median prior Tx, Median number of prior treatments;
MTD, maximum-tolerated dose; NA, not available; NR, not reached; ORR, overall response rate; OS, overall survival; Pom, pomalidomide; PFS, progression-free
survival; Pred, prednisone; q.a.d, every other week; q.o.d, every other day. aDays 1–21 of a 28-day cycle; bDays 1, 8, 15, 22 of a 28-day cycle, cDays 1–28 of a
28-day cycle; dStudy was conducted in lenalidomide-refractory patients eStudy was conducted in lenalidomide and bortezomib-refractory patients; fDays 1–4,
9–12 and 17–20 of a 28-day cycle; gStudy is ongoing; b.i.d. twice a day; hIV infusion over 30min on days 1, 2, 8, 9, 15 and 16 of a 28-day cycle (two dose levels
tested in this study).
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complete remission (CR). The MTD was defined as 2mg and the
main dose-limiting toxicity (DLT) was grade 4 neutropenia.
Streetly et al.35 also conducted a Phase I clinical trial with 20

patients receiving alternate day pomalidomide dosed at 1, 2, 5
and 10mg. Pomalidomide was continued beyond 4 weeks among
patients with no clinical or biochemical evidence of disease
progression, provided they had recovered from any grade three or
four toxicities. The major toxicity reported in this clinical trial was
grade 4 neutropenia, and the 5mg alternate dose was assigned as
the MTD. The ORR and CR were 50% and 10%, respectively. In nine
patients, dexamethasone (20mg alternate day 1–4, 15–18) was
added because of progressive disease, which induced a clinical
response in four out of nine patients. The median PFS was 10.5
months (19.7 months for responding patients) and the median OS
was 33 months. Investigators concluded that the MTD of single-
agent pomalidomide in patients with relapsed/refractory MM was
2mg administered as a daily dose and 5mg for the alternate dose
schedule.
These trials laid the foundation for subsequent clinical

investigation. Lacy et al.36 conducted a Phase II trial of
pomalidomide in combination with dexamethasone among
patients who had received less than three prior therapies. Sixty
patients were given pomalidomide (2mg daily) with
dexamethasone 40mg weekly. The median age of the patients
enrolled on this clinical trial was 65.5 years. Forty percent of the
patients had lenalidomide-refractory disease. The ORR was 63%
with 5% of the patients achieving CR. The most common grade
3 or 4 toxicity was neutropenia.
Based on the highly encouraging clinical responses exhibited

with pomalidomide therapy in patients with lenalidomide-
resistant disease, Lacy et al.37 conducted another Phase II study
specifically focusing on patients with lenalidomide-refractory MM.
The primary goal of this therapy was to assess the ORR and the
duration of response to pomalidomide-based therapy.
Pomalidomide was given as 2mg daily dose, day 1 through 28
on a 4-week cycle. Forty milligrams of dexamethasone was given
concurrently on days 1, 8, 15 and 22. Patients were also given
aspirin for prophylaxis of any venous thrombo-embolic events.
The study design allowed for an increase in the dose of
pomalidomide to 4mg, if patients failed to respond to two
cycles of 2mg pomalidomide. Thirty-four patients were enrolled in
this clinical trial with a median age of 61.5 (range 39–77) years and
had previously received a median of four lines of therapy. The ORR
noted was 47% with the common toxicity being grade 3 or 4
neutropenia (26%). Of the 34 patients enrolled, 19 had previously
received thalidomide, and 20 patients had received prior therapy
with bortezomib. Notably, in this subset of patients, a clinical
response was observed among 42 and 45% of patients with prior
exposure to thalidomide or bortezomib, respectively.
Patients who have relapsed and/or are refractory to both

bortezomib and an IMiD (dual refractory disease) carry a poor
clinical outcome.38 In a dual refractory MM patient population,
Lacy et al.39 evaluated the impact of pomalidomide with the
primary objective of determining ORR and duration of response to
two different doses of pomalidomide. Patients were divided into
two cohorts of 35 each. Patients in cohort 1 received a 2mg dose
of pomalidomide, and those in cohort 2 received a 4mg dose of
pomalidomide daily on days 1–28 with dexamethasone given on
days 1, 8, 15 and 22 of a 28-day cycle. The dose of pomalidomide
could be increased to 4mg/day if patients failed to demonstrate a
clinical response or developed disease progression. The ORR
among patients in the 2mg cohort was 49% as compared with
43% in the 4mg cohort. Both cohorts reported an almost similar
number of patients with stable disease. The results of this study
indicated that pomalidomide was highly effective in patients
with dual refractory MM; however, there was no additional benefit
in clinical efficacy upon administration of a higher dose of
pomalidomide.

Richardson et al.40 also reported results of a Phase I/II
multicenter clinical trial investigating the role of pomalidomide
alone or in combination with low-dose dexamethasone (Lo-Dex)
in patients (n¼ 38) with relapsed/refractory MM who had failed
prior therapies, including lenalidomide or bortezomib. Prior
therapies in enrolled patients included lenalidomide, bortezomib
and dexamethasone (all patients), thalidomide (79%) and
autologous stem cell transplantation (66%). In the Phase I
portion of the study, patients were given escalating doses of
pomalidomide (2, 3, 4 or 5mg). The design of this trial allowed
the addition of weekly dexamethasone (40mg) in patients
who either developed PD while on pomalidomide monotherapy
or did not show response after four cycles. Once the MTD
was defined as 4mg, patients were randomized into the phase II
part of the study comparing pomalidomide and Lo-Dex
versus pomalidomide monotherapy. Two hundred and twenty-
one patients, with a median age of 63 years and relatively
comparable baseline characteristics, were enrolled into two arms.
Patients recruited to the pomalidomide monotherapy arm were
given Lo-Dex (40mg/week) upon disease progression. Delineating
PFS was the primary endpoint. Across both cohorts, a median of
five cycles were received by patients; with 34 and 13% of patients
demonstrating a response of XPR in the pomalidomide plus
Lo-Dex arm and pomalidomide monotherapy arms, respectively.41

The most notable adverse event was a DLT of grade 4
neutropenia. The updated results for this study were reported
by Vij et al.,42 showing the ORR in the pomalidomide alone
arm to be 9%, whereas the pomalidomide plus Lo-Dex arm
achieved an ORR of 30%. The ORR distribution in the
pomalidomide plus Lo-Dex cohort was 25% in lenalidomide-
refractory, 29% in bortezomib-refractory, 28% in dual (lenalidomide
and bortezomib)-refractory and 34% in dual refractory plus
autologous stem cell transplantation patients. The median PFS
was an additional 1.3 months in the combined arm as compared
with the pomalidomide alone arm (3.8 months versus 2.5 months,
respectively; HR 0.73, P¼ 0.037). The median OS in both arms, 13.6
months in pomalidomide-alone arm and 14.4 months in the
combined arm (HR 0.85, P¼ 0.449), was considerably longer than
the median OS for patients with PD as best response (4.6 months).
Leleu et al.43 conducted a study (IFM 2009-02) comparing two

different dosing regimens of pomalidomide and Lo-Dex in dual
refractory MM patients. Eighty-four patients refractory to at least
two cycles of bortezomib and lenalidomide, and who had received
X1 prior therapy, were divided into two arms. Forty-three patients
in arm A were given 4mg of pomalidomde for 21 days in a 28-day
cycle. Forty-one patients in arm B received 4mg of pomalidomide
every day of the 28-day cycle. In both arms, patients received
40mg of dexamethasone on days 1, 8, 15 and 22 of the cycle. The
median age was 60 years and the median number of prior lines of
therapy was five. The ORR was 34.9% in arm A and 34.1% in arm B.
The median PFS was 6.3 months for both arms. The median
duration of response was reported as 11.4 and 7.9 months in arm
A and arm B, respectively. The incidence of adverse effects was
similar in both groups (X grade 3 events of 23.5 versus 26%),
whereas hematological side effects were less prominent in arm A.
No cases of DVT or neuropathy were reported. The goal of the
final analysis of this study was to ascertain prolonged OS, which
has been reported to be 14.9 months; similar in both arms. As
compared with the historical control study, an overall
improvement in OS was demonstrated along with a median
time to progression determined to be at 5 months.44

The NIMBUS study, a Phase III trial comparing the efficacy and
safety of pomalidomide and Lo-Dex versus high-dose dexametha-
sone (HiDex) in dual refractory MM patients was recently reported
by Dimopoulos et al.45 In this study, a total of 455 patients were
randomized 2:1 to receive Pomalidomideþ Lo-Dex (arm A) or
HiDex alone (arm B), respectively. The patients had received a
median of five prior lines of treatments and had progressed on
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two or more consecutive cycles of lenalidomide or bortezomib
(and in combination), with 72% of patients being refractory to
both agents. Arm A received 4mg pomalidomide on days 1–21
and 40mg of dexamethasone on days 1, 8, 15 and 22 of a 28-day
cycle. HiDex treatment in arm B comprised 40mg of dexametha-
sone on days 1–4, 9–12 and 17–20 of a 28-day cycle. The primary
endpoint was PFS with a median follow-up time of 18 months. PFS
for Pomalidomideþ Lo-Dex was reported as 15.7 weeks, which
had substantially surpassed the PFS of 8 weeks with HiDex
treatment (HR 0.45, Po0.001). Even the OS (interim analysis) with
Pomalidomideþ Lo-Dex was considerably longer than with HiDex
alone (median not reached versus 34 weeks, respectively, 134
events, HR 0.53, Po0.001). Neutropenia (grade 3/4) was higher in
arm A (42%) compared with that in arm B (15%), with other
adverse effects being relatively similar between the two arms.
In addition to its pairing with dexamethasone, pomalidomide

therapy has been examined in combination with other novel
agents as well. Shah et al.46 conducted a Phase I/II trial of
carfilzomib and pomalidomide with dexamethasone (Car-Pom-d)
in relapsed/refractory MM patients. Interim results from this study
indicate an enrollment of 32 heavily pre-treated patients (median
number of prior regimens is six) who are lenalidomide-refractory
with prior bortezomib exposure along with some patients who
had received prior transplant and carry poor-risk cytogenetics [del
(17p)]. Determination of MTD was mandated as the primary
endpoint and was established as 4mg for pomalidomide, 40mg
for dexamethasone, 40mg with carfilzomib being dosed at two
levels; 20/27mg/m2 (dose level 1) and 20/36mg/m2 (dose level 2).
A high response rate of 2 VGPR, 7 PR and MR X56% was
presented for 27/32 enrolled patients. A larger Phase II cohort has
started enrolling patients, and results are eagerly anticipated.
Researchers at Weill Cornell University (Rossi et al.47) reported a

single-institution, Phase II study of clarithromycin, pomalidomide
and dexamethasone (ClaPD) in relapsed/refractory MM. A total of
73 patients with lenalidomide-refractory MM who had received
three or more prior lines of therapy were recruited in this trial.
Patients received 500mg of clarithromycin twice daily, 40mg
dexamethasone weekly and 4mg of pomalidomide daily on days
1–21 of a 28-day cycle. Data for 66 patients was recently

presented with the ORR being 56% and a median PFS of
5 months; this is comparable to other regimens used in advanced
MM patients. The ORR and PFS were similar irrespective of
previous treatment regimens. The adverse effects profile was
favorable with only two patients (one patient with fatigue and
another with muscular weakness) experiencing grade X3
toxicities.
Pomalidomide has also been investigated with more traditional

chemotherapeutics. In a Phase I/II study, it was examined in
combination with cyclophosphamide and prednisone (PCP) in
relapsed/refractory MM patients.48 Palumbo et al. report on the
interim results of 52 patients. When used in combination with
cyclophosphamide and prednisone, the MTD for pomalidomide
was determined to be 2.5mg. The ORR was reported as 79%, and
the 1-year PFS was 52%. The incidence of grade 4 neutropenia was
13% and one patient had a venous thrombo-embolic event while
being on prophylaxis.
The most common (all grades X10%) hematologic and non-

hematologic pomalidomide-related toxicities as observed in most
patients are listed in Table 2.

CONCLUSION
IMiDs are a novel group of anticancer agents that have
revolutionized the treatment landscape for patients with MM
and other hematologic malignancies. Mechanistically, they exert
their effect on elements of the tumor microenvironment by
modulation of tumor-supporting cytokines, immune effector cell
activation and engaging support from non-immune host cells;
however, the exact mechanisms of action of IMiDs remain
unclear.49 It is likely that the combination of these properties
directs the antitumor effects specific to the disease being treated,
with some of these effects being more prominent than others and
differentially expressed based on the cell on which the molecule
is acting. Over the last decade, collective experience has
demonstrated through several phase III studies that
immunotherapy with small molecules such as IMiDs is one of
the most potent and consistent strategies to achieve durable
disease control along with extending PFS and OS in

Table 2. Most commonly observed (X10%) pomalidomide-related adverse events

Study Regimen Adverse event

Hematologic Non-hematologic

Schey et al.34 Pom Neutropenia Skin toxicity, GI toxicity, neuropathy, edema, DVT
Streetly et al.35 Pomþdex Neutropenia, thrombocytopenia Rash, constipation, edema, abdominal bloating,

pyrexia, light-headedness, tremor
Richardson et al.40,41 PomþDex Neutropenia, anemia, thrombocytopenia, DVT Infection, diarrhea, musculoskeletal pain, fatigue
Lacy et al.36 PomþDex Anemialeukopenia, thrombocytopenia Fatigue, nausea, diarrhea/constipation,

pneumonia, hyperglycemia, insomnia/agitation,
peripheral neuropathy

Lacy et al.37,a PomþDex Neutropenia, anemia, ,lymphopenia,
thrombocytopenia, leukopenia

Hyperglycemia, peripheral neuropathy, fatigue
anorexia, diarrea, nausea

Leleu et al.43 PomþDex Myelosuppression NR
Lacy et al.39,b PomþDex Cohort A

(Pom 2mg)
Neutropenia, anemia, leukopenia,
lymphopenia, thrombocytopenia

Pneumonia, peripheral neuropathy, renal failure,
atrial fibrillation (9%), hyperglycemia (9%),
fatigue, anorexia diarrhea, nausea/vomiting

Cohort B
(Pom 4mg)

Anemia, leukopenia, lymphopenia,
neutropenia, thrombocytopenia

Febrile neutropenia, peripheral neuropathy,
fatigue anorexia, diarrhea, nausea

Dimopoulos et al.45 Arm A (Pomþdex) Neutropenia, thrombocytopenia Infections
Arm B (HiDex) Neutropenia, thrombocytopenia Infections

Shah et al.46,c CarfþPomþDex Anemia, thrombocytopenia Fatigue, pneumonia, dyspnea, rash
Rossi et al.47,c Clarþ PomþDex None Toxicities, o2%
Palumbo et al.48,c CycloþPomþ Pred Neutropenia Toxicities, o9%

Abbreviations: Carf, carfilzomib; Clar, clarithromycin; Cyclo, cyclophosphamide; Dex, dexamethasone; Pom, pomalidomide; Pred, prednisone. aStudy was
conducted in lenalidomide-refractory patients; bStudy was conducted in lenalidomide- and bortezomib-refractory patients; cStudy is ongoing.
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myeloma patients. Currently the IMiDs class of drugs includes
three agents: thalidomide, lenalidomide and the forthcoming
pomalidomide. Interestingly, their clinical effectiveness displays
unique variability allocating disease responsiveness to each one of
the agents. It is known that patients responding to thalidomide
upon progression can be salvaged with lenalidomide,50 and those
who failed lenalidomide have now been shown to secure clinical
remission with pomalidomide. Intriguingly, in a subset analysis of
patient who have failed pomalidomide therapy36,37 and
subsequently received a lenalidomide-based salvage treatment
regimen, an ORR of 29% was achieved.51 Taken together, these
observations are important as they expose the critical and
continuous role of immune therapy during the course of disease
along with substantiating that a failed response to one of the
IMiDs molecules does not obviate utility of the other agents in this
class of therapeutics.
Pomalidomide is the newest of the IMiD molecules and

preclinical data support its more powerful inhibitory effect on
target cytokines compared with its sister drugs, suggesting
improved potency. This observation has proved useful in the
clinical setting as noted in the results from ongoing clinical trials in
heavily pre-treated MM patients, including those resistant to
lenalidomide or bortezomib (or both). Similar to prior experience
with other IMiDs, the response to pomalidomide appears higher
when combined with dexamethasone. The addition of a third
agent (carfilzomib, clarithromycin or cyclophosphamide) to this
combination has demonstrated improved efficacy in the ORR with
an acceptable toxicity profile. It is important to note that while
responses to pomalidomide therapy are encouraging in the

relapsed or relapse/refractory patient population, the incidence of
clinical responses become lower as the number of prior therapies
increased and/or as patients who were enrolled on the
aforementioned trials had previously acquired resistance to
lenalidomide or bortezomib. Furthermore, there was a lack of
any clinical trial demonstrating CR among patients treated. This
may be an important limitation of pomalidomide therapy,
considering that the depth of anti-myeloma response is clinically
important and several of the current treatment regimens are able
to deliver higher incidence of CR rates, even in the relapsed or
refractory patient population.52 As all the pomalidomide trials to
date have been conducted in advanced-stage myeloma patients,
future studies to examine this agent’s role in the up-front setting
of treatment-naive patients are warranted. In the absence of such
data, development of an appropriate strategy to sequence the
IMiD molecules for therapeutic efficacy and biologic response
indeed presents a challenge. With the use of novel therapies,
the OS of MM patients has improved significantly.53,54 This,
however, has been associated with an increased incidence of
extramedullary myelomatous disease (EMD) development in these
patients, and the role of IMiDs and their efficacy has been called
into question.55,56 As the survival of MM patients increases due to
the high anti-MM activity of novel agents, an increased probability
of selection for fitter MM clones that are less reliant on the bone
marrow milieu for their survival also emerges. In a subset analysis
of 174 patients, the incidence of treatment-emergent EMD was
7.5%. Importantly, pomalidomide plus Lo-Dex therapy was
capable of eliciting a B30% response and X50% reduction of
the EMD component.57

Table 3. Ongoing clinical trials of pomalidomide in multiple myeloma

Trial Identifier Study stage

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

NCT01497093 Phase I

Study of pomalidomide to evaluate the pharmacokinetics and safety for patients with multiple myeloma and
impaired renal function (POM renal)

NCT01575925 Phase I

MTD, safety, and efficacy of CC-4047 alone with dexamethasone in patients with relapsed and refractory multiple
myeloma

NCT00833833 Phase I

Japanese Phase 1 study to evaluate tolerated dose, safety, and efficacy of pomalidomide in patients with refractory
or relapsed and refractory multiple myeloma

NCT01568294 Phase I

Pomalidomide, cyclophosphamide and prednisone (PCP) in patients with multiple myeloma (MM) relapsed and/or
refractory to lenalidomide

NCT01166113 Phase I/II

Pomalidomide, bortezomib, and dexamethasone in treating patients with relapsed or refractory multiple myeloma NCT01212952 Phase I/II
Pomalidomide in combination with high dose dexamethasone and oral cyclophosphamide NCT01432600 Phase I/II
A Safety and efficacy study of carfilzomib and pomalidomide with dexamethasone in patients with relapsed or
refractory multiple myeloma

NCT01464034 Phase I/II

A Phase 1/2 study of pomalidomide, dexamethasone and pegylated liposomal doxorubicin for patients with
relapsed/refractory multiple myeloma

NCT01541332 Phase I/II

Bendamustineþpomalidomideþdex in R/R multiple myeloma NCT01754402 Phase I/II
Carfilzomib, pomalidomide, and dexamethasone in treating patients with relapsed or refractory multiple myeloma NCT01665794 Phase I/II
CC-4047 and dexamethasone in treating patients with relapsed or refractory multiple myeloma or amyloidosis NCT00558896 Phase Ib/II
IFM2009-02-pomalidomide and dexamethasone in myeloma NCT01053949 Phase II
Study of decadron, biaxin, and pomalidomide in relapsed/refractory myeloma NCT01159574 Phase II
Pomalidomide in gene expression profiling (gep)-defined high-risk multiple myeloma NCT01177735 Phase II
Continuous versus intermittent dosing regimens for pomalidomide in relapsed/refractory multiple myeloma NCT01319422 Phase II
Pomalidomide (POM) in combination with low dose dexamethasone (LD-Dex) in patients with relapsed or
refractory multiple myeloma (PEXIUS)

NCT01632826 Phase II

Autologous stem cell transplant with pomalidomide (CC-4047) maintenance versus continuous pomalidomide/
dexamethasone salvage therapy in relapsed or refractory multiple myeloma

NCT01745588 Phase II

Pomalidomide and dexamethasone effects in multiple myeloma patients with Del 17p or t (4;14) (IFM2010-02) NCT01745640 Phase II
Study to compare efficacy and safety of pomalidomide in combination with low-dose dexamethasone versus high-
dose dexamethasone in subjects with refractory or relapsed and refractory multiple myeloma (NIMBUS)

NCT01311687 Phase III

Study to evaluate the safety and efficacy of pomalidomide monotherapy in subjects with refractory or relapsed
refractory multiple myeloma

NCT01324947 Phase III

Evaluation of safety of pomalidomide in combination with dexamethasone (low dose) in patients with refractory
or relapsed and refractory multiple myeloma (STRATUS)

NCT01712789 Phase III

Safety and efficacy of pomalidomide, bortezomib and low-dose dexamethasone in subjects with relapsed or
refractory multiple myeloma (OPTIMISMM)

NCT01734928 Phase III
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In summary, pomalidomide is a promising anti-myeloma agent
that has the ability to induce remission in patients with heavily
pre-treated MM. The toxicity profile is predictable and manageable.
Development of pomalidomide marks an important era for
patients with MM, as it brings an important active therapeutic
option for the management of this disease. It has been a distinct
addition to the consortium of anti-myeloma drugs in relapsed and
refractory MM. Table 3 summarizes some of the ongoing clinical
trials testing pomalidomide in patients with MM. Their results
are eagerly anticipated and will further define the role of
pomalidomide in MM.
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