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Abstract: Multiple myeloma is a very heterogeneous disease with variable survival. Despite recent 

progress and the widespread use of new agents, patients with relapsed and refractory disease have 

a poor outcome. Immunomodulatory drugs play a key role in both the front-line and the relapsed/

refractory setting. The combination of pomalidomide (POM) and dexamethasone is safe and effec-

tive in relapsed and refractory patients, even in those with high-risk cytogenetic features. Further-

more, it can be used in most patients without the need to adjust according to the degree of renal 

failure. In order to further improve the results, POM-based triplet therapies are currently used. This 

article highlights the most relevant issues of POM and POM-based combinations in the relapsed/

refractory multiple myeloma setting, from a pharmacological and clinical point of view.
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Introduction
Multiple myeloma (MM) is a plasma cell malignancy characterized by the presence 

of 10% or more clonal plasma cells on bone marrow examination or a biopsy-proven 

plasmacytoma, and the evidence of a myeloma-defining event, according with the 

recently established diagnostic criteria.1 These criteria allow early diagnosis and initia-

tion of therapy before end-organ damage. MM should be considered a heterogeneous 

group of related diseases rather than a single entity.2 Median overall survival (OS) is 

variable depending on stage, response to therapy, and host-related and tumor-related 

prognostic factors. Several risk stratification systems have been developed to help 

estimate the outcome, allowing for a risk-adapted approach.3–6 In recent years, OS is 

progressively increasing.7 However, MM is still considered incurable in most patients, 

and 5-year relative survival is only around 40%.8

The treatment of MM has dramatically changed over the past decade due to the 

widespread use of the new agents and new combinations, better supportive care, and 

optimized indication of autologous stem cell transplant (ASCT). Both proteasome 

inhibitors (PIs) like bortezomib as well as immunomodulatory drugs such as 

thalidomide or lenalidomide are commonly used in the front-line setting. The landscape 

of MM therapy is increasingly complex with the availability of second-generation 

PIs (carfilzomib, ixazomib), novel immunomodulatory drugs such as pomalidomide 

(POM), histone deacetylase inhibitors (panobinostat), monoclonal antibodies (elotu-

zumab and daratumumab), and other group of drugs.9,10 Cure is currently achievable 

in a selected group of patients.11,12 In this regard, continuous or early treatment could 

be new strategies to cure MM.13,14

Given the high rates of complete response (CR) seen with new treatment 

approaches, new response categories need to be defined that can identify deeper 
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responses than those conventionally defined as CR. Using 

flow cytometry or gene sequencing as well as sensitive imag-

ing techniques, the International Myeloma Working Group 

has defined new response categories of minimal residual 

disease negativity.15

Therefore, achieving a minimal residual diseases-negative 

response seems to be a prerequisite or mandatory step for 

curing MM. Outside clinical trials, patients should be treated 

with the best available regimen from the beginning, in order 

to reach this response. However, most patients will not reach 

or maintain a CR, and for those patients the aim will be 

turning MM into a chronic disease.

The approach to first-line MM therapy is commonly 

divided into several phases: induction, ASCT, consolida-

tion, and maintenance. Most patients will relapse, and a 

personalized salvage therapy should be assessed for the 

management of the disease at this point. The choice of 

treatment for newly diagnosed MM (NDMM) depends on 

the eligibility for ASCT. For patients who are eligible for 

transplant, an upfront ASCT will be planned, ideally after a 

PI- and immunomodulatory-based induction. On the other 

hand, the optimal treatment for elderly NDMM should 

provide a good balance of efficacy and safety.16 Triplet 

therapy is currently preferred, with doublet therapy reserved 

for frail patients, but controversy still remains.17 Although 

the new combinations can achieve a high overall response 

rate (ORR) with a certain level of CR, most patients will 

relapse. Therefore, the duration of the response (DOR), 

progression-free survival (PFS), and the time to the next 

treatment are key issues.

The presence of baseline high-risk (HR) disease accord-

ing to fluorescent in situ hybridization has shown a deep 

prognostic impact. This analysis is mandatory and includes 

probes to detect the following translocations, deletions, 

or duplications: t(4;14), t(14;16), del(17p), del(1p), and 

gain(1q21).18

The management of relapsed and/or refractory MM 

(RRMM) represents a key point on the overall care for 

patients and is a critical area of ongoing scientific and 

clinical research. The prognosis of patients refractory to 

bortezomib and at least one immunomodulatory drug is 

extremely poor.19 Treatment is indicated when patients 

develop symptomatic relapse, a rapidly rising paraprotein 

level, or extramedullary disease. Specific management 

recommendations have been provided by the International 

Myeloma Working Group.20 Similarly, the Mayo Clinic has 

updated its evidence-based and risk-adapted approach for 

RRMM patients.21

POM is a third-generation immunomodulatory drug 

approved in 2013 by the United States Food and Drug 

Administration (FDA) and the European Medicines Agency 

in combination with low-dose dexamethasone (d) for MM 

patients who have received at least two prior therapies 

(including both lenalidomide and bortezomib) and whose 

disease progressed after the last treatment. Herein, we review 

the clinically relevant pharmacological aspects of POM, its 

clinical development, as well as its evidence-based role in 

the current approach to MM therapy.

Design and characteristics
Immunomodulatory drugs
Thalidomide is a (N-ftalimido) glutarimide molecule that 

was synthesized from glutamic acid in Germany in 1954 and 

has two enantiomers (as a consequence from the asymmetric 

carbon atom in position 3 from piperidinedione ring, which 

further binds with an indole ring). The S-enantiomer of 

thalidomide exhibits teratogenic effects in humans, while the 

R-enantiomer is responsible of sedative–hypnotic pharma-

cological activities. It was used to prevent morning sickness 

during the first trimester in pregnant women. However, it 

was withdrawn from market in 1961 because teratogenicity 

(phocomelia) was associated with its use during pregnancy.22,23 

Recently, this drug has received attention due to the discovery  

of its antiangiogenic and immunomodulatory properties. 

It was implemented in MM based on the referred potential 

antiangiogenic effect.24 In 2006, thalidomide was granted 

approval from FDA for NDMM. Although the cellular phar-

macology of thalidomide (and analogs) has been well studied, 

its mechanism of action was not fully understood until 2010, 

when the protein CRBN was identified as the molecular target 

of thalidomide teratogenic effects, acting as a coreceptor of 

the E3 ubiquitin ligase complex which includes the DDB1 

and the CUL4A protein. The absence of CRBN protein is 

associated with resistance to immunomodulatory drugs.25 

CRBN also mediates the costimulatory anti-MM and T 

activities of lenalidomide and POM.26,27

In order to decrease the side effects of thalidomide and 

to increase its effectiveness, structure-based drug design 

has been applied to find a similar mechanism of action. The 

search of thalidomide analogs with increased immunomodu-

latory activity and better safety profile led to the testing of 

thalidomide to which an amino group was added to carbon 

atom 4 of its phthaloyl moiety, giving rise to 4-amino analogs 

known as immunomodulatory drugs (Figure 1). These drugs 

exhibit a superior performance, 50 to 200-fold more potent 

than thalidomide to stimulate T- and natural killer cells and 
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to reduce plasma cell adhesion to stroma, reducing cytokine 

production and promoting apoptosis.28 Thalidomide, lenali-

dominde, and POM are structurally related molecules, 

sharing a common α-(isoindolinone-2-yl)-glutarimide core. 

Those analogs with an amino group in position 4 of the 

isoindolinone or isoindolindione (ftalimide) exhibit a strong 

inhibition of TNF-α factor.27 Table 1 summarizes some of 

the characteristics of the immunomodulatory drugs.

POM
POM is a structural analog of thalidomide and lenalidomide 

with an even stronger activity than the latter ones. It has an 

additional amino group in the 4th position of the ftaloil ring 

and differs from lenalidomide in that it also has a a carbonyl 

group in the ftaloil ring.29 From a chemical point of view, it is 

a racemic mixture of R- and S-isomers (RS)-4-amino-2-(2,6-

dioxopiperidin-3-yl)isoindole-1,3-dione with a molecular 

weight of 27,324 Da.

Mechanism of action of POM
POM is a 3rd generation immunomodulatory drug with 

antitumor activity and immunomodulatory and antiangiogenic 

properties as well as direct antimyeloma activity (Figure 2). 

Like other drugs in this group, it shows a pleiotropic mechanism 

of action, aligned with the current cancer therapy approach 

focused on a triple action: induction of apoptosis against tumor 

cells, interference of tumor interactions with cellular microen-

vironment, and improvement of the autoimmune response.

POM received approval in combination with d for 

the treatment of patients with RRMM who have received 

Figure 1 Chemical structure of immunomodulatory drugs.
Note: Common structural features are shown in black.

Table 1 POM-based triplet therapies in RRMM

Study Regimen n Phase Prior lines,  
m (range)

ORR % CR % mPFS
months

mOS
months

Baz et al,52 2016 POMCyd 34 2 4 (2–12) 64.7 3 9.5 NR
Chari et al,53 
2016

POMCyd 28 2 3 67 10.7 14.5 NR

Sriskandarajah 
et al,50 2017

POMd (30), 
POMCyd (9)

39 – 4 (1–8) 41 0 5.2 13.1

Bringhen et al,55 
2016

KPOMd 57 1/2 – 58 – 9.5 NR

Hobbs et al,56 
2016

KPOMd 45 – 4 (1–14) 36 9 3.3 16.1

Krishnan et al,57 
2016

IPOMd 32 1/2 3 (1–5) 45 0 – –

Spencer et al,58 
2016

MPOMd 38 1 4 (1–9) 53 – – –

Ocio et al,64 
2016

POMdfil 14 1b/2 3.5 (2–6) 50 0 7 –

Branca et al,59 
2016

DaraPOMd 39 – 4 41 5 – –

Richardson 
et al,60 2016

IsaPOMd 14 1b 4.5 (2–11) 62 7.7 – –

Chen et al,61 
2016

SelPOMd 11 1b/2 5 60 10 – –

Badros et al,62 
2016

PemPOMd 48 2 3 (2–6) 56 8 – –

Wilson et al,63 
2016

PemPOMd 9 – $5 33 0 1.9 56% at 
6 months

Abbreviations: POM, pomalidomide; RRMM, relapsed/refractory multiple myeloma; n, number of patients; m, median; ORR, overall response rate; CR, complete response; 
PFS, progression-free survival; OS, overall survival; Cy, cyclophosphamide; d, low-dose dexamethasone; K, carfilzomib; I, ixazomib; M, marizomib; fil, filanesib; Dara, 
daratumumab; Isa, isatuximab; Sel, selinexor; Pem, pembrolizumab; NR, not reached; –, unknown.
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at least two previous lines of therapy, including lenalido-

mide and bortezomib, and whose disease progressed during 

last therapy.30

The mechanism of action of POM has not yet been fully 

elucidated. CRBN has been demonstrated to be the direct 

target of POM.31 The binding of POM to CRBN promotes the 

recruitment of IL-2 transcriptional repressors, IKZF1 (Ikaros) 

and IKZF3 (Aiolos), causing its ubiquitination and further 

degradation within hours of treatment, and also produces 

the negative regulation of transcriptional factor IRF4 and 

MYC within 48 h of treatment.31,32 These findings suggest 

that POM induces the proteasome degradation mediated by 

both proteins in T-cells.

POM achieves its antimyeloma action through the 

negative direct regulation of key functions of tumor cells 

as well as by blocking the myeloma cell interactions with 

their microenvironment by modulation of cellular adhesion 

and reduction of TNF-6, IL-8, and VEGF production. POM 

induces apoptosis via caspase-8 pathway and exhibits an 

antiangiogenic activity by inhibiting the secretion of VEGF 

and bFGF for both myeloma and stroma cells29 and modulat-

ing the secretion of various cytokines, blocking the interac-

tion between stroma and myeloma cells. POM also inhibits 

TNF-α production, which induces IL-6 expression, a growth 

factor for the proliferation of myeloma cells.33

As stated before, CRBN protein has been identified as 

the pharmacological target for thalidomide and its analogs, 

and there is a clear relationship between low CRBN expres-

sion and the resistance to these drugs in myeloma. CRBN 

interacts with interferon regulatory factor 4, which plays a 

crucial role in the survival of myeloma cells. POM increases 

proliferation of T-lymphocytes (both CD4 and CD8) and 

natural killer cells as well as the expression of different 

costimulating molecules like CD28. Also, it inhibits the 

production of different proinflammatory cytokines (TNF-α 

and interleukins IL-1β, IL-6, and IL-12), increasing the 

levels of other interleukins with anti-inflammatory nature 

(IL-10). Moreover, POM increases gamma interferon and 

IL-2 production. POM has been proven to inhibit the growth 

of tumor cells that show resistance to other antineoplastic 

drugs, including lenalidomide, and possesses a synergistic 

effect with d both in lenalidomide-resistant MM cellular 

therapy lines and in those sensitive to lenalidomide to induce 

apoptosis in tumor cells.34

POM has also direct antimyeloma activity, blocking the 

cellular cycle in MM cell lines by increasing the expression 

α

γ
α

Figure 2 Schematic representation of the mechanism of action of POM.
Abbreviations: POM, pomalidomide; NK, natural killer.
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level of p21 (WAF-1) by an LSD1-mediated epigenetic mech-

anism. WAF-1 is a mediator of p53 tumor suppression.35

Finally, MM clinical trials have proved that POM is an 

efficient drug to overcome resistance to lenalidomide and 

thalidominde as well as to bortezomib.36

Pharmacokinetics
After administration of a unique oral dose, oral absorption 

of POM is higher than 70%, and the maximum plasma 

concentration is reached in 2–3 hours. The area under the 

curve (AUC) of POM increases, approximately, lineally 

and proportionally to the dose increments. POM has an 

accumulation ratio from 27% to 31% in AUC after multiple 

dose administration. Coadministration with high-fat and 

high-calorie food reduces its absorption rate, reducing the 

maximum plasma concentration in 25%, and it also has 

an effect on the extent of the global absorption, showing a 

reduction of 8% in AUC. The mean apparent distribution 

volume of POM is between 62 and 138 liters at steady state. 

The in vitro binding of the POM enantiomers to the plasmatic 

proteins in humans is in the range of 12%–14%, and this is 

not concentration dependent.

The half-life of POM is between 6.5 and 8.0 h, and most 

of it is eliminated in 48 h.37 POM is primarily eliminated in 

urine by kidneys (~73%), but is widely metabolized before 

excretion. Majority of the drug is excreted after cytochrome 

P450-mediated hydroxylation (CYP1A2 and CYP3A2), and 

this is followed by that excreted following glucoronidation38 

(43% of the dose) and hydrolysis of the glutarimide ring 

(25%), and finally 10% of the drug is excreted in a nonaltered 

form. 5-hydroxypomalidomide, an oxidative metabolite, is 

formed mainly by CYP1A2 and CYP3A4. The hydroxyl 

metabolites and the hydrolytic by-products are at least 

26 times less active than POM in vitro.29,38 POM can be also 

eliminated by dialysis.38

Clinical development
On February 8, 2013, the FDA approved POM for use in the 

treatment of patients with RRMM 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. The approval was 

based on the results of clinical trial CC-4047-MM-002. Start 

date: June 2008, USA and Canada. Enrollment: 259.

The purpose of the CC-4047-MM-002 study was to deter-

mine the maximum tolerated dose (MTD) and effectiveness 

of POM (CC-4047) alone or in combination with d (POMd) 

as treatment for patients with RRMM. The primary outcome 

measure of Phase I was MTD. The trial design had 4 study 

arms: POM (2, 3, 4 and 5) mg daily on days 1–21 of each 

28-day cycle; participants with progressive disease had the 

option of adding d 40 mg on days 1, 8, 15 and 22 of each 

28-day cycle or discontinuing study treatment. The number 

of participants analyzed were 6, 8, 14 and 10 in each arm  

(2, 3, 4 and 5 mg POM). The patients with dose-limiting 

toxicities in cycle 1 were 1, 1, 2 and 4 respectively.

The outcome measures of Phase II were Kaplan–Meier 

estimates of PFS and percentage of participants with PFS 

events. The trial design had two arms: POM 4 mg daily 

on days 1–21 of each 28-day cycle, and the other arm was 

POMd: POM with the same dose as the first arm and d  

(dose determined by age: 40 mg for participants #75 years 

of age and 20 mg for participants .75 years of age) on 

days 1, 8, 15 and 22 of each 28-day cycle. The number 

of participants was 113 in the POMd arm and 108 in the 

POM arm. Kaplan–Meier estimates of PFS were 16.6 

(95% confidence interval [95% CI], 14.1–21.1) weeks for 

POMd versus 10.7 (95% CI, 8.3–16.1) weeks for POM. 

The proportion of participants with PFS events as of the 

April 1, 2011, (cut-off) was not significantly different 

between the arms (76.1% in the POMd compared to 75% 

in the POM arm).

In order to collect more data for POMd, a new phase III 

clinical trial was designed, CC-4047-MM-003. The purpose 

of this study was to compare efficacy and safety of POMd 

versus high-dose d in subjects with RRMM. The short 

name for this study is NIMBUS, and the number of subjects 

enrolled is 455. Although resistance to high-dose d in the last 

line of therapy was considered an exclusion criterion, nearly 

all patients who were enrolled had failed prior steroid-based 

treatment. As of February 2017, the study is ongoing, but not 

recruiting participants. In this study, the experimental arms 

were treated as follows: POMd, POM 4 mg on days 1–21 

of each 28-day treatment cycle and 40 mg d days 1, 8, 15 

and 22 of a 28-day cycle until disease progression. Subjects 

older than 75 years old had a reduction to 20 mg d (on the 

same days; ie, 1, 8, 15 and 22). The active comparator arm 

was treated as follows: 40 mg/d in 1–4, 9–12, 17–20 of 

28 day cycle until disease progression. The primary outcome 

measured was PFS, and other secondary outcome measures 

were analyzed. The PFS for POMd was 15.7 weeks (95% 

CI, 13.0–20.1), versus 8.0 weeks (95% CI, 7.0–9.0) for the 

high-dose d arm.

As of February 2017, there are 2,100 clinical trials 

registered in ClinicalTrials.gov studying the condition MM 

or RRMM, 125 using POM as drug, and 78 clinical trials with 
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POM for MM or RRMM condition, which amounts to only 

3.7% of the overall studies in MM. These trials have been 

designed either to compare the toxicity and/or efficacy of 

other drugs with POM-based combinations, and enrollment 

is planned for 13,613 participants. Now, only 6 of them 

have results. The evolution of POM-based clinical trials is 

shown in Figure 3.

The current role of POM in the MM 
therapy
The evidence-based impact of any drug on the outcome of 

MM must be placed in the context of the relative role of 

several well-established tumor and host-related prognostic 

factors. On the other hand, only a few drugs have shown 

a certain level of anti-MM activity to allow its use as 

monotherapy.39,40 Therefore, the relative influence of each 

drug in a given combination must be taken into account in 

the final outcome.

In the NDMM setting, the current approach is using the best 

available regimen. For instance, a triplet regimen including 

bortezomib, lenalidomide, and d41 is recommended by the 

Mayo Clinic as front-line therapy,42 but this combination is 

still not allowed in many countries. Until now, POM has not 

been approved for the first-line therapy. Therefore, we will now 

focus on the use of POM-based combinations in RRMM.

For RRMM patients, the characteristics of the relapse, 

the critical assessment of the previous treatment, along with 

the best response achieved and its duration are key issues to 

guide the best approach. The armamentarium against MM 

has grown rapidly in recent years. There are several new 

combinations, such as daratumumab, lenalidomide, and d43 

that have been recently approved by the FDA and show 

impressive results.

The choice of the best therapy at any stage of the MM 

evolution is challenging, owing to local availability of drug, 

regulatory health care issues, the impact on quality of life, and 

cost-effectiveness analysis. The evidence supporting clinical 

decisions come from both clinical trials and population-based 

studies. Studies on real-life RRMM patients have demonstrated 

the importance of optimization and personalization of any line 

of therapy in order to maximize the risk–benefit ratio. In this 

regard, it is well known that the sooner a given combination 

is used, the better the response and DOR. Therefore, the best 

option for the second-line therapy is increasingly complex. 

Taking into consideration the overall outcome, the correct 

sequencing of treatment is a major issue.

The most remarkable aspects about the use of POM-based 

combinations in RRMM will be highlighted next.

Several phase I clinical trials evaluated the efficacy and 

safety of POM monotherapy in heavily pretreated patients 

(median prior lines of therapy, 3–6), with encouraging ORR 

rates ranging from 25% to 54%.44

The use of POMd in phase II studies showed an improve-

ment in the ORR. Lacy et al45 reported the first phase II study 

in 60 patients with no more than 3 prior lines of therapy. The 

patients in this study were treated with 2 mg/d of POM daily and 

40 mg/wk of d. After a median follow-up of 27.2 months, the 

ORR was 65% and median DOR was 21.3 months. Importantly, 

PFS did not differ between HR and standard-risk patients.

The MM-002 study showed that the MTD of POM was 

4 mg/d.46 ORR was 33%, and there was a significant improve-

ment compared to PFS seen with POM alone.47

0

1

2

3

4

5

6

7

8

9

1-
TR

I 2
00

8
CC

-4
04

7-
M

M
-0

02

3-
TR

I 2
00

8
1-

TR
I 2

00
9

3-
TR

I 2
00

9
1-

TR
I 2

01
0

3-
TR

I 2
01

0
1-

TR
I 2

01
1

3-
TR

I 2
01

1
1-

TR
I 2

01
2

3-
TR

I 2
01

2
1-

TR
I 2

01
3

3-
TR

I 2
01

3
1-

TR
I 2

01
4

3-
TR

I 2
01

4
1-

TR
I 2

01
5

3-
TR

I 2
01

5
1-

TR
I 2

01
6

1-
TR

I 2
01

7*

3-
TR

I 2
01

6

N
um

be
r o

f c
lin

ic
al

 tr
ia

ls

Figure 3 Number of POM-based clinical trials by trimesters.
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San Miguel et al48 in the MM-003 study compared POMd 

with high-dose d in patients in whom treatment with bort-

ezomib and lenalidomide had been exhausted, showing that 

POMd significantly prolonged median PFS and OS compared 

with therapy with high-dose d.

There are some real-world studies on the use of POM 

containing regimens in RRMM.

Maciocia et al49 have shown similar results to MM-003 

with the use of POMd in 85 real-world patients in UK, with 

5 and 13 months of PFS and OS respectively, but a remark-

able 52.9% ORR. Sriskandarajah et al50 showed an ORR 

of 41% in 39 patients, of whom 30 received POMd and 

9 received POM, cyclophosphamide (Cy), and d (POMCyd), 

with a median of 4 prior lines of therapy. The median PFS 

was 5.2 (95% CI, 2.6–7.8) months, and OS was 13.1 months 

(95% CI, 9.1–17.1). Interestingly, the presence of HR cytoge-

netics had no impact on outcome, and neither did the number 

of lines of prior therapies. In contrast, the number of cycles 

delivered did have an impact on OS, with patients receiving 

5 or more cycles demonstrating a significant benefit compared 

to patients who received less than 5 cycles.

The outcome of patients treated with POMd is still poor. 

Therefore, POMd has been combined with other drugs in 

triplet therapy. The most promising combinations are sum-

marized in Table 1.

Clarithromycin has been used in association with lenali-

domide and d. Likewise, Mark et al51 showed an ORR of 60% 

in 46 patients with POMd and clarithromycin.

POMCyd is an effective, all-oral regimen for RRMM, as 

has been demonstrated in two recent phase II studies using 

4 mg/d of POM. Baz et al52 showed a 64.7% ORR and PFS of 

9.5 months (95% CI, 4.6–14) in 34 evaluable patients, whereas 

Chari et al53 reported 67% ORR and PFS of 14.5 months in 

28 patients. Previously, Larocca et al54 performed a phase 1/2 

study, but the dose level of 2.5 mg/d of POM was defined as 

the MTD, and so the ORR was only 51%.

POMd has been combined with several new PIs. Prelimi-

nary results of the combination of weekly carfilzomib with 

POMd in an Italian phase I/II trial55 showed a double median 

PFS in comparison with the MM-003. However, the same 

regimen in the real-world setting as reported by Hobbs et al56 

showed a short PFS of only 3.3 months. Krishnan et al57 

reported an ORR of 58% in patients with HR cytogenetics 

by using the all-oral ixazomib-POMd regimen. Spencer 

et al58 also showed promising activity in heavily pretreated 

HR RRMM patients by using the combination of marizomib 

and POMd.

Branca et al59 used daratumumab in combination with 

POMd in 39 real-life patients with four prior lines of therapy, 

showing an ORR of 41% and 5% CR. In the same way, 

Richardson et al60 reported preliminary promising results in 

a phase 1b trial with isatuximab, another anti-CD38 mono-

clonal antibody, and POMd.

The all-oral combination of selinexor, a first-in-class 

selective inhibitor of nuclear export, with POMd has dem-

onstrated in a phase 1/2 trial61 a 60% ORR. Responses were 

rapid in onset, and 10% CR was achieved.

Pembrolizumab, a programmed death 1 blocking anti-

body, has been used in combination with POMd in a phase II 

trial62 showing an ORR of 56% with 8% CR. Median DOR 

for responding patients was 8.8 months. The addition of 

pembrolizumab to POMd in a population heavily treated with 

POMd previously63 still achieved a 33% ORR.

In Spain, a four-drug all-oral combination including  

POMCyd and clarithromycin is currently being used as 

a clinical protocol, with promising preliminary results. 

Moreover, a phase I clinical trial combining POM with 

nivolumab and d, with or without elotuzumab, is ongoing. On 

the other hand, Ocio et al64 showed in a phase Ib/II trial that 

filanesib, a kinesin spindle protein inhibitor, is a good partner 

for combination with POMd, achieving 50% ORR and 100% 

disease control rate in refractory MM patients.

Finally, a high level of synergy has been shown between 

POM and citarinostat (ACY-241),65 a selective histone 

deacetylase 6 inhibitor, in both in vitro and in vivo preclini-

cal models.

The STRATUS (MM-010)66 study assessed POMd in the 

largest cohort of patients with RRMM to date. This phase 3b 

study supports POMd as a standard of care for patients with 

RRMM, showing an ORR of 32.6% and 4.6 months of 

median PFS. This doublet is generally well tolerated.

The safety profile of POMd was highlighted in the 

pivotal MM-003 trial. Only 4% of patients in the POMd 

group discontinued treatment because of treatment-related 

adverse events. The most common grade 3–4 adverse 

events were cytopenias (neutropenia 48%, anemia 33%, and 

thrombocytopenia 22%), infections (30%), and pneumonia 

(13%). Only 1% of patients developed grade 3 or greater 

neuropathy. With thromboprophylaxis, the incidence of 

deep-vein thrombosis and pulmonary embolism was 2% 

(1% grade 3–4). The most common cause of death was 

progression. Infection was the second most common cause 

of death, but accounted for more deaths in the control arm 

of the trial. A similar safety profile was observed in the 

MM-010 trial.

Treatment-related toxicities are usually easily managed 

using treatment interruption, dose modification, prophylactic 

therapies, and transfusions.67 POMd is safe and effective for 
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patients with moderate renal impairment (creatinine clear-

ance $30 to ,60 mL/min).68

POMd is also active and well tolerated in patients with 

HR disease, particularly in those with del(17p).69,70 POMd 

leads to significant improvement in health-related quality 

of life.71

The optimal sequence of therapy, the best clinical target, 

the identification of biomarkers of response, and the best 

POM-based combination remain to be defined.

Conclusion
Despite significant advances, almost all patients with MM 

will eventually relapse. The evolving approach to RRMM 

therapy is increasingly complex, even with the growing 

number of regimens available. Some POM-based all-oral 

triplet therapies, particularly POMCyd, have become a 

standard of care in RRMM, focusing on the third line of treat-

ment. New POM-based combinations are expected to play an 

important role in the coming years in the RRMM setting.
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