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ABSTRACT

On August 5, 2013, a marketing authorization valid through-
out the European Union (EU) was issued for pomalidomide
in combination with dexamethasone for the treatment of
adult patients with relapsed and refractory multiple mye-
loma (MM) who have received at least two prior treatment
regimens, including both lenalidomide and bortezomib, and
have demonstrated disease progression on the last therapy.
Pomalidomide is an immunomodulating agent. The recom-
mended starting dose of pomalidomide is 4 mg once daily
taken on days 1–21 of repeated 28-day cycles. The main
evidence of efficacy for pomalidomide in MM was based
on a phase III multicenter, randomized, open-label study
(CC-4047-MM-003) in which pomalidomide plus low-dose
dexamethasone therapy (POM1LoDEX) was compared with
high-dose dexamethasone alone (HiDEX) in previously
treated adult patients with relapsed and refractory multiple
myeloma who had received at least two prior treatment
regimens, including both lenalidomide and bortezomib, and
had demonstrated disease progression on the last therapy.
For the intent-to-treat population, median progression-free

survival based on International Myeloma Working Group
criteria was 15.7 weeks (95% confidence interval [CI]:
13.0–20.1) in the POM1LoDEX group versus 8.0 weeks
(95%CI: 7.0–9.0) in theHiDEXgroup (log-rankp value,.001).
Overall survival (secondary endpoint) was also different in
the two treatment groups (hazard ratio 0.53 [95% CI:
0.37–0.74]).Themost commonly reported adverse reactions
to pomalidomide in clinical studies were anemia (45.7%),
neutropenia (45.3%) and thrombocytopenia (27%), fatigue
(28.3%), pyrexia (21%), peripheral edema (13%), and in-
fections including pneumonia (10.7%). Peripheral neuropa-
thy adverse reactionswere reported in 12.3%ofpatients, and
venous embolic or thrombotic (VTE) adverse reactions were
reported in 3.3% of patients. Pomalidomide is expected to be
teratogenic. This paper summarizes the scientific review
of the application leading to approval in the EU. The de-
tailed scientific assessment report and product information,
including the summary of product characteristics, are
available on the EMA website (http://www.ema.europa.eu).
The Oncologist 2015;20:329–334

Implications for Practice: Pomalidomide in combination with low-dose dexamethasone has been approved in the European
Union to treat adult patients with relapsed and refractory multiple myeloma.The approval is based on efficacy data in 455 adults
with relapsed and refractory multiple myeloma who have received at least two prior treatment regimens, including both
lenalidomide and bortezomib, and have demonstrated disease progression on the last therapy (Study CC-4047-MM-003). In this
study, pomalidomide/low-dose dexamethasonewas associatedwith amedian progression-free survival of 16weeks compared to
8 weeks for high-dose dexamethasone alone. The most common side effects associated with pomalidomide/low-dose
dexamethasone were anemia, neutropenia, thrombocytopenia, fatigue and pyrexia. A teratogenic effect of pomalidomide in
humans is expected.

Correspondence: ZahraHanaizi, Pharm.D., EuropeanMedicinesAgency,30Churchill Place, LondonE145EU,UnitedKingdom.Telephone: 44 (0)20
36606000; E-Mail: zahra.hanaizi@ema.europa.eu Received February 20, 2014; accepted for publication January 13, 2015; first published online
in The Oncologist Express on February 11, 2015. ©AlphaMed Press 1083-7159/2015/$20.00/0 http://dx.doi.org/10.1634/theoncologist.2014-
0073

TheOncologist 2015;20:329–334 www.TheOncologist.com ©AlphaMed Press 2015

http://www.ema.europa.eu
mailto:zahra.hanaizi@ema.europa.eu
http://dx.doi.org/10.1634/theoncologist.2014-0073
http://dx.doi.org/10.1634/theoncologist.2014-0073
http://www.TheOncologist.com


INTRODUCTION

Multiple myeloma (MM) is a rare and incurable disease that
is characterized by the accumulation of clonal plasma cells in
the bone marrow and accounts for 10% of all hematological
malignancies [1].

Bortezomib- and lenalidomide-based regimens are the
most commonly used agents in the treatment of relapsed or
refractory MM in combination with corticosteroids and some-
times an alkylating agent or with an anthracycline [2].

Patients whose disease is relapsed or refractory after
treatment with conventional agents have limited treatment
options and short median survival of about 9 months [3].

Pomalidomide (CC-4047; Imnovid; Celgene Europe Ltd.,
Uxbridge, U.K., http://www.celgene.co.uk) is a structural ana-
log of lenalidomide and thalidomide, which belong to the class
of immunomodulating agents (Fig. 1). The precise molecular
mechanism of action and the targets through which pomali-
domide and similar agents exert their antitumor effect are
unclear. The applicant company, Celgene Ltd., submitted
a new drug application for pomalidomide (hard capsules)
for the treatment of MM to the European Medicines Agency
(EMA). The review was conducted by the Committee for
Medicinal Products for Human Use. Following the review,
a marketing authorization was granted in the European
Union (EU) for pomalidomide in combination with dexa-
methasone for the treatment of adult patients with relapsed
and refractory MM who have received at least two prior
treatment regimens, including both lenalidomide and
bortezomib, and have demonstrated disease progression
on the last therapy.

This paper summarizes the scientific review of the
application leading to approval of pomalidomide in the EU.
The detailed scientific assessment report and product in-
formationareavailableontheEMAwebsite (http://www.ema.
europa.eu).

MECHANISM OF ACTION

In vitro, pomalidomide appeared to have a dual mechanism of
action, being directly tumoricidal for MM cells [4] and having
immunomodulatory activity with direct effects on T-cell- and
natural killer-cell-mediated immunity [5, 6]. In vitro, cereblon,
a primary teratogenic target of thalidomide, was an essential
requirement for antimyeloma immunomodulatory activity
of lenalidomide and pomalidomide and was suggested as
a possible biomarker for the clinical assessment of antimye-
loma efficacy [7]. Antiangiogenic and anti-inflammatory
effects have also been reported [5, 8, 9]. Pomalidomide shares
a number of potentially therapeutic pharmacological proper-
ties with thalidomide and lenalidomide and has different
activity and potency profiles (Table 1).

Pathway analysis in lenalidomide-resistant cell lines
revealed a number of biogroups differentially modulated by
pomalidomide.Thebiological significanceof thesepathways is
still being explored. It is expected that the analysis and
experimental verification of any identified gene or proteinwill
be completed postapproval. Celgene will submit a report on
completion.

In vitro, the combination of pomalidomide plus dexameth-
asone was synergistic in both H929 lenalidomide-sensitive

and -resistant cells, inhibiting cell proliferation and inducing
apoptosis.

NONCLINICAL TOXICOLOGY AND CLINICAL PHARMACOLOGY

In the rat, pomalidomidewaswell tolerated up to the top dose
tested in all studies. In the monkey, the main toxic effects
were associated with the hematopoietic and lymphoreticular
systems. In the 9-month repeated-dose toxicity study in
monkeys, acute myelogenous leukemia was reported in one
female. This finding may be a secondary effect of the product
due to immunosuppression.

Pomalidomide had adverse effects on fertility and early
embryonic development andwas teratogenic in rat and rabbit.

Pomalidomide is absorbed with a maximum plasma con-
centration occurring between 2 and 3 hours and is at least
73% absorbed following administration of a single oral dose.
The predominant metabolic pathways are hydroxylation with
subsequent glucuronidation or hydrolysis. In vitro, CYP1A2
and CYP3A4 were identified as the primary enzymes involved
in the CYP-mediated hydroxylation of pomalidomide, with
additional minor contributions from CYP2C19 and CYP2D6.

CLINICAL EFFICACY AND SAFETY
This applicationwas initially supportedby twophase II studies,
CC-4047-MM-002 (phase II segment) and IFM-2009-02.These
studieswere not considered sufficient for approval, but during
evaluation, the final study report from the pivotal phase III
study CC-4047-MM-003 was submitted [10]. This phase III,
multicenter, randomized, open-label study was designed to
compare the efficacy and safety of pomalidomide plus low-
dose dexamethasone (POM1LoDEX) with high-dose dexa-
methasone (HiDEX) in previously treated adult patients with
relapsedandrefractorymultiplemyelomawhohadreceivedat
least two prior treatment regimens, including both lenalido-
mide and bortezomib, and had demonstrated disease pro-
gression on the last therapy.The rationale for the4-mg starting
dosewas based primarily on one phase I dose-escalating study
and study CC-4047-MM-002 [11, 12].

Patients in the POM1LoDEX group received 4 mg
pomalidomide orally on days 1–21ofeach 28-day cycle. LoDEX
(40mg)was administered once per dayon days 1, 8, 15, and 22
of a 28-day cycle. In the HiDEX group, dexamethasone (40mg)
was administered once per day on days 1–4, 9–12, and 17–20
of a 28-day cycle. Patients aged.75 years started treatment
with 20 mg dexamethasone. Treatment continued until dis-
ease progression. One-way cross-over was not permitted.

The primary efficacy endpoint was progression-free sur-
vival (PFS) by International Myeloma Working Group criteria
[13] reviewed by an independent response adjudication
committee in a blinded manner.

A total of 455 patients were enrolled in the study.
Refractoriness to selected prior antimyeloma drugs by
treatment group is summarized in Table 2. Efficacy results on
the intent-to treat population as of September 7, 2012, are
summarized in Table 3 and Figure 2.The studymet its primary
efficacyendpoint (PFS), andastatistically significantdifference
was observed for overall survival (OS; secondary endpoint)
(Fig. 3). In patients aged.75 years (24 with POM1LoDEX and
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12 with HiDEX), the hazard ratios were 0.34 (95% confidence
interval [CI]: 0.13–0.88) for PFS and 0.39 (95% CI: 0.11; 1.38)
for OS.

Themostcommonadverseevent(AE)wasanoncumulative
reversible hematology toxicity with neutropenia (the most
frequent grade 3 or 4 event), anemia, and, to a lesser extent,
thrombocytopenia (Table 4). Infection was the most com-
monly reported nonhematology toxicity and serious AE,
especially pneumonia and upper respiratory tract infections.
The most commonly reported serious adverse reaction was
pneumonia (9.3%). Other serious adverse reactions reported
included febrile neutropenia (4.0%), neutropenia (2.0%),
thrombocytopenia (1.7%), and VTE (1.7%).

Important potential risks that are part of the risk
management program include second primarymalignancies,
thyroid disorders, renal failure, QT prolongation, severe
skin reactions, cardiac failure, cardiac arrhythmia, and off-
label use.

BENEFIT-RISK ASSESSMENT

Pomalidomide used in combination with low-dose dexameth-
asone in the relapsed and refractory MM population at the
proposed posology has been shown to be superior to the
acceptable comparator high-dose dexamethasone in terms of

Figure 1. Structural formulae of thalidomide, lenalidomide, and pomalidomide. Pomalidomide chemical name: (RS)4-amino-2-(2,6-
dioxopiperidin-3-yl)isoindole-1,3-dione; molecular formula: C13H11N3O4.

Table 1. Pharmacological properties of pomalidomide, lenalidomide, and thalidomide and relative potency (EC50)

Parameter Thalidomide, mm Lenalidomide, mm Pomalidomide, mm

Tumoricidal (MM1.S) .100 0.1–1 0.01–0.1

Immunomodulation (T-cell IL-2) .100 0.15 0.01

Antiangiogenesis (human explant) 0.17 1.8 0.33

Anti-inflammatory (TNF-a) 60 0.03 0.01

Dataare shownashalfmaximaleffective concentration. Sources:Hideshimaetal. [4], Corral etal. [5], Luetal. [8]; CelgeneReport PD365 (unpublisheddata).
Abbreviations: IL-2, interleukin 2; TNF-a, tumor necrosis factor a.

Table 2. Refractoriness to selected prior antimyeloma drugs by treatment group (intent-to-treat population)

Refractory to POM1LoDEX (n5 302), n (%) HiDEX (n5 153), n (%) Overall (n5 455), n (%)

Thalidomide 90 (29.8) 49 (32.0) 139 (30.5)

Lenalidomide 281 (93.0) 138 (90.2) 419 (92.1)

Thalidomide and lenalidomide 84 (27.8) 45 (29.4) 129 (28.4)

Bortezomib 236 (78.1) 118 (77.1) 354 (77.8)

Lenalidomide and bortezomib 221 (73.2) 108 (70.6) 329 (72.3)

Thalidomide, lenalidomide, and bortezomib 70 (23.2) 36 (23.5) 106 (23.3)

Data cutoff: September 7, 2012.
Abbreviations: HiDEX, high-dose dexamethasone alone; POM1LoDEX, pomalidomide plus low-dose dexamethasone therapy.

Table 3. Efficacy endpoints by independent response

adjudication committee assessment, International Myeloma

Working Group criteria (intent-to-treat population)

Efficacy endpoint
POM1LoDEX
(n5 302)

HiDEX
(n5 153)

Progression-free survival

Censored, n (%) 138 (45.7) 50 (32.7)

Progressed or died, n (%) 164 (54.3) 103 (67.3)

Median, weeks (2-sided
95% CI)

15.7 (13.0–20.1) 8.0 (7.0–9.0)

HR (2-sided 95% CI) 0.45 (0.35–0.59)

Log-rank, 2-sided p value ,.001

Overall survival

Censored, n (%) 226 (74.8) 95 (62.1)

Died, n (%) 76 (25.2) 58 (37.9)

Median, weeks (2-sided
95% CI)

NE (48.1–NE) 34.0 (23.4–39.9)

HR (2-sided 95% CI) 0.53 (0.37–0.74)

Log-rank, 2-sided p value ,.001

Data cutoff: September 7, 2012.
Abbreviations:CI, confidence interval;HiDEX,high-dosedexamethasone
alone; HR, hazard ratio; NE, not evaluable; POM1LoDEX, pomalidomide
plus low-dose dexamethasone therapy.
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PFS and overall survival. A benefit was also seen in patients
who were refractory to several lines of therapy or who
had received prior stem cell transplant; there was no appar-
ent cross-resistance between pomalidomide and other
immunomodulatory agents (82% of patients had progressed
at or within 60 days of both lenalidomide- and bortezomib-
based treatments). POM1LoDEX has also shown relevant
efficacy in patients aged.75 years despite adjusting the dose
of dexamethasone.

Pomalidomide used in combination with low-dose
dexamethasone in the relapsed and refractory MM

population at the proposed posology has been shown

to be superior to the acceptable comparator high-

dose dexamethasone in terms of PFS and overall

survival.

Figure 2. Progression-free survival based on independent response adjudication committee review of responses by International
Myeloma Working Group criteria (stratified log-rank test; intent-to-treat population). Data cutoff: September 7, 2012.

Abbreviations: CI, confidence interval; HiDEX, high-dose dexamethasone alone; HR, hazard ratio; KM, Kaplan-Meier; POM1LoDEX,
pomalidomide plus low-dose dexamethasone therapy.

Figure 3. Kaplan-Meier curve, overall survival (intent-to-treat population). Data cutoff: September 7, 2012.
Abbreviations:CI, confidence interval;HiDEX,high-dosedexamethasonealone;HR,hazardratio;KM,Kaplan-Meier;NE,notevaluable;

POM1LoDEX, pomalidomide plus low-dose dexamethasone therapy.
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Expected toxicity for this class of drugs such as neuropa-
thy, thromboembolism, or constipation were also seen with
pomalidomide. Pomalidomide showed greatermyelosuppres-
sion compared with thalidomide or lenalidomide but had
a lower risk for neuropathy than thalidomide and a lower
thromboembolic risk than lenalidomide.

The safety profile of pomalidomide was considered accept-
able, especially considering the relevance of the observed
effects of this combinationand the few therapeutic alternatives
for these patients.

Additional safety data will be provided after approval
through a noninterventional registry of patients treated with
pomalidomide for relapsed and refractory multiple myeloma
tomonitor incidenceof adverse reactions and implementation
of and compliance with the Celgene pregnancy prevention
program, off-label use, and the controlled distribution system
in agreement with national competent authorities.

The pregnancy prevention program is part of the risk
management plan of the medicinal product. This plan
describes the set of pharmacovigilance activities and inter-
ventions designed to identify, characterize, prevent, or
minimize risks relating to the medicinal product, including
the assessment of the effectiveness of those interventions.
Further to the risk of teratogenicity of pomalidomide, ad-
ditional risk-minimization activities are being put in place
including a controlled distribution system and physician and
patient information packs. For further information, please
refer to the product information available on the EMAwebsite
(http://www.ema.europa.eu).

Overall, the benefit-risk balance was considered positive, and
amarketingauthorizationvalid throughouttheEUwasgrantedfor
pomalidomide (Imnovid) in combination with low-dose dexa-
methasone for the treatment of adult patients with relapsed and
refractorymultiplemyelomawhohave received at least twoprior

Table 4. Very common treatment-emergent adverse events by anyNational Cancer Institute Common Toxicity Criteria of Adverse

Events grade and treatment group

System organ class/preferred term

Any grade Grade 3 or 4

POM1 LoDEX
(n5 300), n (%)

HiDEX (n5 149),
n (%)

POM1 LoDEX
(n5 300), n (%)

HiDEX (n5 149),
n (%)

Number of subjects with at least 1 TEAE 291 (97.0) 139 (93.3) 234 (78.0) 113 (75.8)

Blood and lymphatic system disorders 209 (69.7) 85 (57.0) 176 (58.7) 68 (45.6)

Anemia 137 (45.7) 63 (42.3) 81 (27.0) 43 (28.9)

Neutropenia 136 (45.3) 29 (19.5) 125 (41.7) 22 (14.8)

Thrombocytopenia 81 (27.0) 40 (26.8) 62 (20.7) 36 (24.2)

Leukopenia 37 (12.3) 8 (5.4) 26 (8.7) 5 (3.4)

General disorders and administration site
conditions

192 (64.0) 82 (55.0) 52 (17.3) 28 (18.8)

Fatigue 85 (28.3) 36 (24.2) 14 (4.7) 7 (4.7)

Pyrexia 63 (21.0) 29 (19.5) 9 (3.0) 4 (2.7)

Edema, peripheral 39 (13.0) 16 (10.7) 4 (1.3) 3 (2.0)

Infections and infestations 165 (55.0) 72 (48.3) 72 (24.0) 34 (22.8)

Pneumonia 32 (10.7) 14 (9.4) 27 (9.0) 11 (7.4)

Gastrointestinal disorders 157 (52.3) 55 (36.9) 19 (6.3) 10 (6.7)

Constipation 58 (19.3) 18 (12.1) 5 (1.7) 0 (0.0)

Diarrhea 55 (18.3) 24 (16.1) 3 (1.0) 2 (1.3)

Nausea 35 (11.7) 13 (8.7) 2 (0.7) 2 (1.3)

Musculoskeletal and connective tissue disorders 130 (43.3) 72 (48.3) 39 (13.0) 25 (16.8)

Bone pain 44 (14.7) 15 (10.1) 19 (6.3) 4 (2.7)

Muscle spasms 30 (10.0) 9 (6.0) 1 (0.3) 1 (0.7)

Respiratory, thoracic and mediastinal disorders 125 (41.7) 38 (25.5) 29 (9.7) 11 (7.4)

Dyspnea 50 (16.7) 17 (11.4) 14 (4.7) 7 (4.7)

Cough 45 (15.0) 12 (8.1) 1 (0.3) 0 (0.0)

Nervous system disorders 99 (33.0) 45 (30.2) 22 (7.3) 15 (10.1)

Metabolism and nutrition disorders 95 (31.7) 60 (40.3) 48 (16.0) 29 (19.5)

Decreased appetite 30 (10.0) 11 (7.4) 0 (0.0) 0 (0.0)

Skin and subcutaneous tissue disorders 73 (24.3) 22 (14.8) 8 (2.7) 1 (0.7)

Psychiatric disorders 67 (22.3) 50 (33.6) 12 (4.0) 10 (6.7)

Renal and urinary disorders 25 (15.8) 12 (15.6) 19 (6.3) 6 (4.0)

Bold type indicates system organ class. Cutoff date: September 7, 2012.
Abbreviations: HiDEX, high-dose dexamethasone alone; POM1LoDEX, pomalidomide plus low-dose dexamethasone therapy; TEAE,
treatment-emergent adverse event.
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treatmentregimens, includingbothlenalidomideandbortezomib,
and have demonstrated disease progression on the last therapy.

DISCUSSION

Multiple myeloma remains an incurable cancer of the bone
marrow plasma cells. The overall survival of patients with
multiple myeloma has increased dramatically within the past
decade [14]. This is due, in part, to newer agents such as
immunomodulatory drugs and proteasome inhibitors. How-
ever,oncepatientspresentwith relapsedor refractorydisease,
treatment options have historically been very limited [15].

Pomalidomide has shown a positive benefit-risk balance in
patients who have been shown to be refractory to lenalido-
mide and bortezomib. It is worth mentioning that carfilzomib,
a second-generation proteasome inhibitor, has shown high
response rates as a single agent in the relapsed and refractory
setting, leading to an accelerated approval by the U.S. Food
and Drug Administration for the treatment of patients with
multiple myeloma who have received at least two prior
therapies, including bortezomib and an immunomodulatory
agent,andhavedemonstrateddiseaseprogressionatorwithin
60 days of the completion of the last therapy. Carfilzomib is
claimed tobeassociatedwith reversiblehematological toxicity
and minimal neurotoxicity [16].This product is not authorized
in the EU for the treatment of patients previously exposed to
bortezomib and lenalidomide.

A discussion of pomalidomide’s place among the different
treatments of multiple myeloma goes beyond the scope of
the regulatory review; however, hematologists expect that
pomalidomide might be a good candidate for combination
therapy and for development in earlier lines of treatment [15].
Inclusion of patients in clinical trials and the use of new drug
combinations have been advocated including pomalidomide;

new proteasome inhibitors, such as carfilzomib, ixazomib, or
oprozomib; antibodies, such as elotuzumab, daratumumab or
SAR650984, siltuximab, tabalumab, denosumab, or romoso-
zumab; Bruton tyrosine kinase and heat shock protein inhib-
itors; and other innovative phase I/II agents [17].
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