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Although multiple myeloma (MM) is incurable with currently available treatments, the

introduction of thalidomide and the development of safer and more active thalidomide

analogues represent a major advance in the therapy of this disease. Thalidomide, initially

introduced for treatment of MM because of its anti-angiogenic properties, has shown

remarkable activity alone and in combination with other drugs in patients across all stages

of the disease. Given the potential for teratogenicity with thalidomide and the non-haema-

tologic toxicities of the drug, several analogues referred to as ‘‘immunomodulatory drugs’’

(IMiDs) were developed with the intent of enhancing the immunomodulatory effect while

minimizing the teratogenic risk. Lenalidomide (CC-5013) and Actimid (CC-4047) are the first

such analogues to undergo clinical testing. Lenalidomide has shown impressive activity in

relapsed refractory myeloma as well as newly diagnosed disease. The precise mechanism

of anti-MM activity of thalidomide and the IMiDs is not clear, but studies suggest that sev-

eral other mechanisms besides anti-angiogenic effects may play a role. In this paper we

review the development, pharmacology, mechanism of action, pre-clinical and clinical effi-

cacy, and the current status of thalidomide and the IMiDs in the treatment of MM.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Multiple myeloma is the second most common haematologi-

cal malignancy after non-Hodgkin’s lymphoma, affecting over

16 000 individuals each year in the United States alone and

contributing to nearly 12 000 cancer related deaths.1 It is char-

acterized pathologically by accumulation of clonal malignant

plasma cells predominantly in the bone marrow and clinically

by destructive bone lesions, anaemia, hypercalcemia and or

renal insufficiency.2 The median survival for patients with

myeloma treated by conventional agents such as alkylating

agents and steroids is 3–4 years with some survival improve-

ment seen with high-dose therapy and stem cell rescue.2–4

However the current therapeutic approaches remain non-

curative and novel, effective therapies are needed for treating

this disease. Thalidomide, a sedative hypnotic that had be-
er Ltd. All rights reserved
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kumar).
come infamous due to its teratogenic side effects, was first

introduced for treating myeloma due to its potential anti-

angiogenic activity and became the first effective drug to

becomeavailable for thisdisease in over two decades.5,6 Thalid-

omide alone or in combination with other drugs rapidly be-

came an important part of the armamentarium for treating

myeloma. However, given the continuing concern for the ter-

atogenic potential, efforts had been underway early on to de-

velop analogues that retained the anti-myeloma activity

without the teratogenicity. Two of the immunomodulatory

analogues (termed immunomodulatory drugs; IMiDs) of tha-

lidomide, CC4047 (IMiD1; ActimidTM, Celgene Corporation)

and lenalidomide (CC5013; IMiD3; CDC-501; RevlimidTM, Cel-

gene Corporation) are currently undergoing clinical trials in

multiple myeloma and the results so far point towards very

promising activity either alone or in combination with other
.
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Fig. 1 – Chemical structure of thalidomide, CC-4047 and

lenalidomide (CC-5013).
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drugs, especially for lenalidomide.7,8. Other IMiDs are in vari-

ous stages of pre-clinical development. In this paper, we pro-

vide a comprehensive review of the preclinical development

and clinical evaluation of thalidomide and its analogues in

the treatment of myeloma.

2. Historical background
Thalidomide was initially introduced in 1956 as a sedative

hypnotic and was widely prescribed to pregnant women for

morning sickness, for which it was found to be particularly

effective. Nearly four years later, multiple birth defects

including absence or hypoplasia of arms (phocomelia), ab-

sence of ears, deafness, defects of the femur and tibia as well

as malformations of the heart and the bowel were observed

and associated with use of thalidomide in early pregnancy

leading to its withdrawal from the market. Soon after, the

powerful growth inhibitory effect of thalidomide on growing

fetal tissues prompted clinical trials of the drug in patients

with cancer.9–11 The Eastern Cooperative Oncology Group

(ECOG) studied 21 patients with fourteen types of advanced

cancer, including two with myeloma at doses ranging be-

tween 600–2000 mg/day.11 Subjective palliation of symptoms

was noted in a third of the patients. However, other than min-

imal slowing of tumour growth in 2 patients with rapidly pro-

gressive disease, no significant anti-tumour effects could be

discerned. In another study, thalidomide was evaluated in

71 patients with a variety of cancers at doses ranging from

300 to 2000 mg/day.10 Except for resolution of pulmonary

metastasis in a patient with renal cell carcinoma, no other re-

sponses were seen. Following these initial unimpressive tri-

als, there was little enthusiasm with thalidomide as an

antineoplastic agent until the late 1990s when the anti-angio-

genic activity of thalidomide was described.12,13 This, to-

gether with better appreciation of the importance of the

role of angiogenesis in cancer biology.14,15 laid the ground

for further evaluation of the drug. Based on the observation

of increased bone marrow angiogenesis in myeloma,

researchers at the University of Arkansas tested the role of

thalidomide in 84 patients with relapsed and refractory mye-

loma.5 They observed a 32% response rate, including two

complete remissions, in this heavily pre-treated population.

The dramatic effect seen in patients with myeloma resulted

in a renewed interest in studying the role of thalidomide as

an anti-cancer agent.

3. Pharmacology
Thalidomide (a-N-[phthalimido] glutarimide, C 13H 10N 2O 4), is

a glutamic acid derivative and contains a glutarimide moiety

with a single chiral center. It is formulated as a racemic mix-

ture of the two optically active S (�) and R (+) enantiomers,

which can rapidly interconvert at physiologic pH. The S enan-

tiomer is primarily responsible for the teratogenic effects, and

the R enantiomer for the sedative properties.16 The poor

water solubility of thalidomide and the lack of an intravenous

formulation have hampered reliable pharmacokinetic studies

of this agent. The time to peak concentration varies from 3 to

6 hours and significant variability is seen in the Cmax indicat-
ing slow, poor absorption from the GI tract.17–20 There is no

significant drug binding by plasma proteins and it has a large

apparent volume of distribution as noted in human and ani-

mal studies.18,19 The majority of the drug appears to undergo

spontaneous non-enzymatic hydrolytic cleavage in the blood

circulation into several active metabolites. Though in vitro

studies in rat suggest a role for the cytochrome P450 system

in its metabolism, human studies have so far failed to demon-

strate any significant hepatic metabolism.21,22 However, in a

SCID-Hu mouse myeloma model, thalidomide demonstrated

efficacy only in the presence of implanted human liver tis-

sue.23 Differences have been noted in terms of the drug

metabolism between mice and humans.24 Elimination of tha-

lidomide is mainly by spontaneous hydrolysis, with an appar-

ent mean clearance of 10 L/h for the (R)- and 21 L/h for the

(S)-enantiomer leading to higher blood concentrations of the

(R)-enantiomer compared to those of the (S)-enantiomer.25

The pharmacokinetics of thalidomide in individuals with he-

patic and renal dysfunction remains poorly understood. No

induction of its own metabolism has been noted with pro-

longed use.26 Thalidomide and its metabolites are rapidly

eliminated in the urine, with none of the parent compound

detected in the urine 48 hours following a single dose.

Lenalidomide and CC4047 are second generation ana-

logues of thalidomide that share a similar chemical structure

(Fig. 1). These drugs were found to be 50 000-fold more potent

in inhibiting TNF-alpha in vitro compared to the parent com-

pound. They have also demonstrated higher inhibitory effect

than thalidomide in HUVEC (human umbilical vein endothe-

lial cells) proliferation and tube formation assays. Lenalido-

mide appears not to be teratogenic in the New Zealand

rabbit preclinical model, which is sensitive to the teratogenic

effect of thalidomide.27

4. Preclinical activity and mechanism of
action

In vitro studies of thalidomide examining its effect on the

myeloma cells as well as the mechanisms of its cytotoxicity

has been hampered by several of it properties. First, mecha-

nistic studies with the drug are complicated by its enantio-

meric inter-conversion and spontaneous cleavage to many

metabolites in solutions at physiologic pH.25 Second, thalido-

mide probably requires some form of metabolic activation

since its activity in most of the in vitro assays is modest

or negligible, compared to highly potent effects in vivo.22,28

Finally, various effects in animal models appear to be highly

dependent on species and route of administration, making

correlations to humans complicated and unreliable.13 In com-

parison, the IMiDs (lenalidomide and CC 4047) have been well
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studied in the in vitro systems and there is a better under-

standing of their mechanisms in myeloma. In addition, cor-

relative studies on tumour samples from patients

undergoing therapy with these agents have enabled more pre-

cise understanding of the potential mechanisms.

Many different mechanisms have been suggested to ex-

plain the effectiveness of thalidomide in the treatment of

cancer and multiple myeloma remains the best studied. Both

thalidomide and its analogues have direct cytotoxic effects on

myeloma cells and induce apoptosis or growth arrest of mye-

loma cell lines in vitro as well as patient derived primary mye-

loma cells.29 The apoptotic signalling by IMiDs appear to be

related to activation of related adhesion focal tyrosine kinase.

The in vitro activity of the IMiDs appear to be several fold

higher compared to thalidomide, which may be related to

the need for thalidomide metabolism to active metabolites.

Additionally, IMiDs have been shown to trigger activation of

caspase-8, enhance MM cell sensitivity to Fas-induced apop-

tosis, and down-regulate nuclear factor (NF)-jB activity as

well as expression of cellular inhibitor of apoptosis protein-

2 and FLICE inhibitory protein.30 In addition to its direct effect

on the myeloma cell, these drugs appear to modulate the

marrow microenvironment. The IMiDs are able to potentiate

the effect of TRAIL, dexamethasone and the proteasome

inhibitor PS341 on myeloma cells. These drugs can inhibit

the up regulation of IL-6 and VEGF that is usually seen when

myeloma cells come in contact with marrow stromal cells.31

D’Amato and colleagues showed that thalidomide is a po-

tent anti-angiogenic agent based on studies using rabbit cor-

nea micro pocket assay and a mouse cornea model of

neovascularization, presumably by inhibition of bFGF and

VEGF.12,13 Animal studies support this hypothesis since tha-

lidomide treatment can decrease vascular density in granula-

tion tissue.32 Studies suggest that one or more of the

thalidomide metabolites may be responsible for its anti-

angiogenic effects, and their generation may be species

dependent.28 For example, thalidomide inhibits microvessel

formation in the rat aortic ring assay and slows human aortic

endothelial cell proliferation in the presence of human or rab-

bit liver microsomes, but not in the presence of rat liver

microsomes. In the absence of liver microsomes, thalidomide

had no effect on either microvessel formation or cell prolifer-

ation.28 The extent to which the anti-angiogenic properties of

thalidomide play a role in its anti-myeloma activity is not

clearly understood. The rapidity of response in some tumours

such as myeloma has raised questions regarding this. How-

ever, we have seen dramatic changes in bone marrow micro-

vessel density in patients with myeloma responding to

thalidomide therapy,33 which is different compared to our

observations with conventional or high-dose cytotoxic che-

motherapy regimens.34,35 In a mouse model of myeloma,

IMiDs were shown to have significant anti-angiogenic activity

as demonstrated by decreased microvessel density in the

tumours.36

The anti-inflammatory activity of thalidomide and the

IMiDs may have significant role in its anti-myeloma effects.

Based on the studies done in the context of erythema nodo-

sum leprosum (ENL), thalidomide has been shown to have

an anti-TNF-a action.37 Thalidomide inhibits the production

of TNF-a by enhancing the degradation of TNF-a mRNA.37 It
may also bind to and increase the effect of a1-acid glycopro-

teins, which possess intrinsic anti-TNF-a activity.38,39 This

mechanism is different from that of other drugs that inhibit

TNF-a like pentoxifylline or glucocorticoids. TNF-alpha is be-

lieved to play an important role in the biology of myeloma.

High pre-treatment TNF-a levels appear to predict progres-

sion-free survival after thalidomide in patients with myelo-

ma.40 In addition, DNA polymorphisms involving the TNF-a

gene has been correlated with response to thalidomide in

myeloma.41

The anti-tumour properties of thalidomide are also be-

lieved to be related to its immunomodulatory effects and ef-

fects on cellular adhesion molecules. Thalidomide has

direct effects on the T-lymphocytes stimulating cytotoxic T

cell proliferation, and induction of secretion of interferon c

and IL-2.42 Thalidomide and IMiDs induce an increased prolif-

eration of CD3+ cells from healthy donors and patients with

MM, when cultured either in the presence of anti-CD3 or den-

dritic cells and is accompanied by increased IFN-c and IL-2

secretion.43 Proliferation of CD4 and CD8 T cells were also ob-

served with all three drugs. In healthy male volunteers given

200 mg/day for 4 days, thalidomide significantly decreased

the circulating T-helper to T-suppressor cell ratio.44 It also in-

duced T helper cell type 2 (Th2) cytokine production in human

peripheral blood mononuclear cell cultures, while concomi-

tantly inhibiting T helper cell type 1 (Th1) cytokine produc-

tion.45 Some of the anti-tumour activity of thalidomide and

IMiDs may be mediated by modulation of natural killer cell

activity.43 When PBMCs from patients with MM are treated

with IL-2 and Thalidomide or IMiDs, there is increased killing

of autologous MMcells, an effect that is decrease significantly

when NK cells are depleted. Patients receiving therapy with

thalidomide can be associated with increase in the absolute

numbers of CD56+ NK cells.43

Thalidomide can modulate the expression of cell surface

adhesion molecules like TNF-a, ICAM-1 (CD54), VCAM-1

(CD106), E-selectin and L-selectin (CD62L) in endothelial cells

and on leucocytes.46 Its interference of leukocyte migration

through modulation of cell adhesion molecules is also be-

lieved to play an important role in ENL.47 Other suggested

mechanisms for anti-tumour effects include inhibition of

NFjB activity through suppression of IjB kinase activity and

inhibition of the cyclooxygenase 1 and 2 enzymes.48,49

5. Clinical activity

Thalidomide and IMiDs have been studied the most in the

setting of MM, where a number of clinical trials have demon-

strated activity for this class of drugs, either alone or in com-

bination with other agents. Unless otherwise specified, all

response rates stated in this manuscript refer to proportion

of patients achieving partial response or better (i.e., partial re-

sponse plus complete response) defined by standard response

criteria and excludes minor responses and stable disease.

5.1. Relapsed/refractory MM

5.1.1. Thalidomide
Singhal and colleagues studied thalidomide as a single agent

in 84 patients with relapsed, refractory MM, many of whom
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had relapsed after stem cell transplantation.5 In this phase II

study, thalidomide at doses of 200 to 800 mg/day resulted in a

response rate of 25%. When minor responses (at least 25%

reduction in paraprotein levels) are included the response

rate was 32%. Responses included two complete remissions,

which was remarkable for this heavily treated group of pa-

tients. Responses were apparent within two months in most

of the responding patients. This study went on to enroll a to-

tal of 169 patients confirming the initial results.50 Overall sur-

vival at 18 months was 55% and event free survival was 30%.

Given these initial results, multiple clinical trials were initi-

ated to study activity of thalidomide in patients earlier in

their course of the disease. In another phase II study of 120

patients (62 male and 58 female, median age 65.3 yrs) with re-

lapsed/refractory MM, including 40 patients who had failed

previous stem cell transplantation, Grosbois reported a 32%

overall response rate with thalidomide as a single agent.51

Dose escalation beyond 400 mg/day did not yield additional

responses in this study. Overall survival was 65.8% at 6

months and 50% at 1 year. In a phase II trial from Mayo Clinic

that enrolled 32 patients with relapsed MM, a response was

seen in 31% of patients. The median duration of response

was 11.9 months (3.7–20.3 months), and the median progres-

sion-free and overall survival was 15.7 and 22 months respec-

tively.52 Several other groups have also demonstrated single

agent activity of thalidomide in relapsed and refractory MM,

with response rates of 25–69%.7,51–64 (Table 1)

5.1.2. Lenalidomide
In a phase I dose-escalation study of lenalidomide, 27 patients

with relapsed, refractory MM were treated at doses of 5–50

mg/d.7 This group consisted of heavily treated patients having

received 2–6 prior therapies, including autologous stem cell
Table 1 – Thalidomide or IMiDs as single agents for therapy o

Trial Number of
Evaluable Patients

Start
(m

Thalidomide

Singhal 19995 84 20

Yakoub-Agha 2000102 27 40

Alexanian 200054 43 10

Juliusson 200055 23 20

Barlogie 200156 169 20

Grosbois 200151 120 20

Hus 200157 53 20

Bladé 200158 17 20

Bertolini 200159 17 10

Tosi 200260 60 10

Schey 200361 69 20

Kumar 200352 32 20

Richardson 200462 30 20

Wu 200563 122 10

Lenalidomide (CC-5013)

Richardson 20027 27

Actimid (CC-4047)

Schey 200464 24

a Response rate represents proportion of patients achieving partial resp
transplantation and thalidomide. Most of the responses were

seen at the 25 mg/day and 50 mg/day doses. The dose limiting

toxicity in this study was myelosuppression and a dose of 25

mg/day was suggested for subsequent clinical trials. Com-

pared to thalidomide, no significant somnolence, constipa-

tion, or neuropathy was observed. A reduction of at least

25% reduction in paraprotein (minor response or better) was

seen in 71% of the patients. Richardson have reported the pre-

liminary results of a multi-center randomized phase II trial

with two different schedules of lenalidomide in relapsed/

refractory myeloma.65 Of 83 evaluable patients, 24% achieved

a response with at least a 50% or greater reduction in mono-

clonal protein levels.

5.1.3. CC-4047
In a phase I study, CC-4047 was administered to 24 patients

with relapsed MM.64 Responses were observed in 54% of pa-

tients. A greater than 25% reduction in paraprotein (minor re-

sponse or better) was seen in two-thirds of the patients and

four patients achieved complete remissions. Deep vein

thrombosis (DVT) was noted in four patients. The maximum

tolerated dose of CC-4047 was 2 mg/d. CC-4047 treatment

was associated with increase in serum interleukin (IL)-2

receptor and IL-12 levels, consistent with activation of T cells,

monocytes, and macrophages, and confirming the immuno-

modulatory properties in vivo.

5.1.4. Combination therapy
Thalidomide and the IMiDs have been studied in combination

with other chemotherapeutic agents with known activity in

myeloma in several clinical trials. In vitro studies have

suggested synergy between these agents and dexametha-

sone. In a phase II study, Palumbo and co-workers treated
f relapsed/refractory multiple myeloma

ing Dose
g/day)

Maximum
Dose (mg/day)

Response Ratea

0 800 25%

0 400 33%

0–200 800 26%

0 800 43%

0 800 44%

0 800 15%

0 400 35%

0 800 18%

0 400 29%

0 800 47%

0 800 48%

0 800 31%

0 600 43% (includes

minor response)

0 400 38%

5 50 71% (includes

minor response)

2 54%

onse or better unless otherwise specified.
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77 patients with relapsed MM with 100 mg/day thalidomide

continuously and dexamethasone 40 mg, days 1–4, every

month. At 3 months, the response rate with this therapy

was 41%, with paraprotein reductions of 75%–100%, 50–75%,

25–50%, and <25% or disease progression observed in 18%,

23%, 25% and 34% of patients respectively.66 Thalidomide

has also been studied in combination with multiple other

drugs in myeloma; response rates in relapsed disease are

about 50% with the combination of thalidomide and steroids,

and over 65% with combinations of thalidomide, steroids and

alkylators.66–79 (Table 2)

Two phase III trials have evaluated the combination of

lenalidomide plus dexamethasone (Rev-Dex) versus dexa-

methasone plus placebo. Preliminary results show signifi-

cantly better response rates with the Rev-Dex regimen

compared to dexamethasone plus placebo, 51% versus 30%

(North American trial) and 48% versus 18% (Europe/Australian
Table 2 – Combination Regimens of Thalidomide for treatmen

Regimen Evaluable Patients
(Disease Stage)

Thal + Dex70 44 (refractory) T

m

1

fo

Thal + Dex66 77 (relapsed/refractory) T

d

Thal + Dex71 40 (newly diagnosed) T

d

o

Thal + Dex72 50 (newly diagnosed) T

to

o

Thal + Dex73 202 (newly diagnosed) T

1

Thal + cyclophosphamide

+ Dex (CDT)74

53 (relapsed) C

d

1

5

ThaCyDex75 71 (relapsed/ refractory) T

5

e

Thal + Mel76 27 (relapsed) T

d

Thal + Mel + Dex67 43 (newly diagnosed) M

a

Mel + Pred + Thal69 102 (newly diagnosed) M

T

HyperCDT68 60 (relapsed refractory) C

d

2

TVAD-Doxil77 39 (newly diagnosed) V

m

d

tr

Vel + Thal78 79 (relapsed/ refractory) V

m

Vel + Thal + Dex79 25 (newly diagnosed) V

m

• Response rate represents proportion of patients achieving partial respo

• PR, partial response; CR, complete response.
trial), respectively.80 Time to progression was also signifi-

cantly better with Rev-Dex, >14 months versus 5 months

(North American trial) and 11 versus 5 months (Europe/Aus-

tralian trial), respectively. The most common adverse effect

with Rev-Dex was grade 3–4 neutropenia occurring in 17–

24% of the patients treated. The incidence of thrombotic

events appeared to be higher with Rev-Dex, and needs careful

monitoring.

5.2. Newly diagnosed MM/smoldering MM

5.2.1. Thalidomide
In a phase II trial, Rajkumar and colleagues reported a minor

response or better in two thirds of patients with smoldering/

indolent MM treated with single agent thalidomide (200 to

800 mg/day).81 Similar results have also been reported by

Weber and colleagues form the MD Anderson Cancer Center.82
t of MM

Dosing Response
Rate*

hal 200–400 mg/day, Dexamethasone dose of 20

g/m2 p.o. daily for four days on day 1–4, 9–12,

7–20, followed by monthly dexamethasone for

ur days

55%

halidomide 100 mg/day continuously and

examethasone 40 mg, days 1–4, every month

41%

halidomide maximum dose 400 mg;

examethasone 20 mg/m(2) for 4 days beginning

n days 1, 9, and 17

72%

hal 200 mg/d orally. Dex 40 mg/d orally on days 1

4, 9 to 12, and 17 to 20 (odd cycles) and 40 mg/d

n days 1 to 4 (even cycles)

64%

hal 200 mg/day with Dex 40 mg PO days 1–4, 9–

2, and 17–20

58%

yclophosphamide 150 mg/m(2) p.o. every 12 h

ays 1–5, thalidomide 400 mg p.o. days 1–5 and

4–18 and dexamethasone 20 mg/m(2) on days 1–

and 14–18

60%

halidomide 200–800 mg/day, cyclophosphamide

0 mg/day and dexamethasone 40 mg/day, 4 days

very 3 wkss

2% CR

55%PR

halidomide 100 mg/day escalated up to 600 mg/

ay, 0.20 mg/kg/day melphalan day 1–4

59%

el 8 mg/m2 days 1–4, dex 12 mg/m2p.o. days 1–4

nd 14–18 and thal 300 mg p.o. days 1–4, 14–18.

72% PR

10% CR

el 4 mg/m2 PO and Pred 40 mg/m2 for 7 days

hal 100 mg/day continuous

48% PR

26% CR

6% nCR

yclophosphamide (300 mg/m2 i.v. q 12 h, d 1–3);

examethasone (20 mg/m2/d p.o., d 1–4, 9–12, 17–

0) and daily 100–400 mg/d

4% CR

68%PR

incristine 2 mg i.v., liposomal doxorubicin 40

g/m(2) i.v. day 1, and dexamethasone 40 mg

aily on days 1–4, and 15–18 of the first cycle of

eatment. Thalidomide 200 mg daily

10%CR

64%PR

el 1.0 mg/m2 on days 1, 4, 8 and 11; Thal 50–200

g/d

40% PR

n-CR 20%

el 1.0 to 1.9 mg/m2 days 1, 4, 9, 11, Thal 100–200

g, Dex 20 mg/m2 days 1–4, 9–12, 17–20

84% PR

nse or better unless otherwise specified.
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However, more data on the durability of response is needed be-

fore recommending this strategy as standard clinical practice.
5.2.2. Thalidomide-dexamethasone
In a phase II study of thalidomide and dexamethasone (Thal-

Dex) from Mayo Clinic, 50 patients with early MM were trea-

ted with thalidomide (200 mg/day) and dexamethasone (40

mg/day) on days 1–4, 9–12, 17–20 (odd cycles) and 40 mg/day

days 1–4 (even cycles) repeated monthly. The response rate

was 64% with frequent toxicities being venous thrombosis

(10%), constipation (8%), and rash (6%).83 Two other phase II

studies showed similar efficacy with Thal-Dex in newly diag-

nosed myeloma.82,84 Cavo in a case-control showed study

showed that response rates were significantly higher with

Thal-Dex compared to vincristine-doxorubicin-dexametha-

sone (VAD), 76% versus 52%, respectively.85 The Thal-Dex

combination has been compared to dexamethasone alone in

a phase III randomized trial of induction therapy for newly

diagnosed MM.73 Results show that the response rate was sig-

nificantly higher with Thal-Dex compared to dexamethasone

alone, 63% versus 41%, respectively. Grade 3 or greater non-

haematologic toxicities occurred within the first 4 cycles in

67% of pts on the Thal-Dex arm versus 43% with dexametha-

sone alone, highlighting the need to balance toxicity with

response rates.73 Importantly as in prior trials, there was a

higher risk of deep vein thrombosis with Thal-Dex, 17%

versus 3%, respectively. As a result, routine prophylactic

anti-coagulation with either low molecular weight heparin

(equivalent of enoxaparin 40 mg subcutaneously once daily)

or warfarin (at therapeutic doses) is recommended for

patients receiving Thal-Dex.
5.2.3. Melphalan-prednisone-thalidomide
Palumbo compared melphalan, prednisone, thalidomide

(MPT) to the conventional melphalan and prednisone combi-

nation in a phase III randomized trial.86 The MPT regimen in-

cluded 6 monthly courses of oral melphalan 4 mg/m2 and

prednisone 40 mg/m2 for 7 days every month plus thalido-

mide 100 mg/day continuously until any sign of progressive

disease or relapse and the MP regimen was the same without

thalidomide. At the interim analysis (102 pts), the proportion

of patients in each response category in the MPT group com-

pared to MP group were: 25.9% vs. 4.2% for immunofixation

negative complete response (CR); 5.5% vs. 0% for immunofix-

ation positive near CR (nCR); 48.2% vs. 43.6% for partial re-

sponse (M-protein reduction 50–99%); 9.3% vs. 23% for stable

disease (SD) (M-protein reduction 0–49%); and 11.1% vs.

29.2% for progressive disease (PD). At a median follow-up of

15 months, 38 patients relapsed: 11 (29%) after MPT and 27

(71%) after MP. The major toxicity with MPT compared to that

with MP were deep-vein thrombosis (19.3% vs 1.9%), grade III–

IV infections (12.9% vs 1.9%), and grade I–II neurotoxicity

(35.5% vs 5.5%). The IFM 99–06 trial compared standard MP

(12 courses at 6 weeks intervals) to MP-THAL (same MP, THAL

at doses up to 400 mg/day) and a MEL100-based treatment

(intermediate-dose MEL) in patients aged 65–75 years.87 The

first interim analysis suggested an advantage for the MP-Thal

arm. The results from these studies point towards the MPT

combination being an active regimen in elderly patients with
myeloma and will likely become the standard of care in this

population replacing the MP regimen.
5.2.4. Lenalidomide-dexamethasone
Lenalidomide appears to have a more favourable safety profile

compared to thalidomide, based on initial studies, and this

together with its promising single agent activity and the

in vitro data pointing towards synergy with dexamethasone,29

provided the basis for a phase II trial combining lenalidomide

with dexamethasone in newly diagnosed patients.88 Lenalid-

omide was given orally 25 mg daily on days 1–21 of a 28-day

cycle. Dexamethasone was given orally 40 mg daily on days

1–4, 9–12, 17–20 of each cycle. Thirty-one of 34 (91%) of the en-

rolled patients achieved an objective response including 2

(6%) complete responses (CR), and 11 (32%) with near com-

plete responses. Forty-seven percent of patients experienced

grade 3 or higher non-haematologic toxicity, most commonly

fatigue (15%), muscle weakness (6%), anxiety (6%), pneumoni-

tis (6%) and rash (6%). Two phase III trials in the Untied States

are currently evaluating Rev-Dex in newly diagnosed MM.
5.3. Maintenance/consolidation therapy

Stewart and colleagues recently presented the results of a

randomized multicenter phase II dose-seeking trial of thalid-

omide and prednisone maintenance therapy for patients

undergoing high-dose therapy.89 Following transplant, pa-

tients were randomized to receive thalidomide 200 mg or

400 mg daily along with 50 mg prednisone on alternate days.

The dose level of 200 mg was better tolerated, with an

improvement in initial response seen in 53% of evaluable pa-

tients; 38% patients achieved a complete or near complete

remission at one year. Progression-free survival from initia-

tion of therapy was 42.2 months, with one year overall sur-

vival of 91%. In a French trial, patients were randomized to

receive maintenance treatment with thalidomide plus

pamidronate, pamidronate alone, or no maintenance follow-

ing tandem transplant.90 Progression-free survival (PFS) was

superior in the thalidomide arm; PFS at 40-months post-diag-

nosis was 70% (thalidomide plus pamidronate) versus 53% (no

maintenance) 52% (pamidronate alone). Overall survival

improvements have not been noted yet.

Alexanian and colleagues evaluated thalidomide as con-

solidation therapy in 23 patients following autologous stem

cell transplant, in an attempt to convert partial to complete

remission.91 Thalidomide (100 to 300 mg/day) given with

dexamethasone (20 mg/m2 days 1–4, 9–12, 17–21) led to fur-

ther reduction of paraprotein more than 75% from control le-

vel in 18 patients (78%), including 3 complete remissions.

Clearly more data are needed for the use of thalidomide

and lenalidomide in the above settings. Three phase III stud-

ies are currently ongoing in the Untied States evaluating tha-

lidomide, Thal-Dex, and lenalidomide, respectively as

maintenance therapy.

6. Adverse effects

Teratogenicity is the most feared adverse event, and occurs

when taken between days 27 and 40 of gestation.92,93 Fetal
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abnormalities include malformed and markedly shortened

extremities (phocomelia) and deformities of the ears, eyes,

and the gastrointestinal tract. In the United States, thalido-

mide is marketed under the STEPS program to prevent terato-

genic complications. Under this program, women in the

childbearing age group must undergo pregnancy testing be-

fore starting therapy, and every 2–4 weeks during treatment.

They must abstain from sexual intercourse, or use two highly

effective contraceptive methods, during treatment. Males

must abstain from sexual intercourse or use a condom while

on treatment even if they have had a successful vasectomy.

All patients must continue the above measures for at least

one month following the last dose of the drug. Breast-feeding

is contraindicated while on the drug.

In addition to its teratogenic potential, thalidomide ther-

apy is associated with many other potential side effects (Table

3). The frequency, management, and prevention of these ad-

verse events has been recently reviewed.94 In general, thalido-

mide is well tolerated at doses below 400 mg/day. Majority of

the side effects are mild or moderate in severity, and can be

controlled by appropriate dose modification. Sedation, fatigue,

skin rash and constipation are among the most commonly
Table 3 – Adverse effects of thalidomide and IMiDs

Common side effects

Thalidomide

Birth Defects

Drowsiness and Somnolence

Dry mouth

Constipation

Peripheral neuropathy

Skin rash

Deep vein thrombosis and pulmonary embolism

(when used in combination with corticosteroids or chemotherapy)

Orthostatic hypotension and dizziness

Neutropenia

Lenalidomide (CC5013)

Neutropenia

Thrombocytopenia

Deep vein thrombosis and pulmonary embolism

(when used in combination with corticosteroids or chemotherapy)

CC4047

Neutropenia

Deep vein thrombosis

Thrombocytopenia
encountered side effects. Minor to moderate skin eruptions

were noted in nearly half of patients taking thalidomide alone

or with dexamethasone in one review.95 Severe constipation is

a common problem and use of prophylactic laxatives is rec-

ommended. These included morbilliform, seborrheic, macu-

lopapular, or nonspecific dermatitis. Thalidomide should be

discontinued if symptomatic skin rash appears and restarted

at a lower dose after it clears. Rarely, severe dermatologic reac-

tions like Stevens Johnson syndrome, erythema multiforme,

or toxic epidermal necrolysis occur and preclude any further

use of the drug.96 Longer-term use of thalidomide (usually

over 6 months) can cause peripheral neuropathy. Less com-

mon side effects include bradycardia, impotence neutropenia,

menstrual irregularities, edema, increased liver enzymes,

deep vein thrombosis (DVT), hyper or hypoglycemia, and

hypothyroidism. Thromboembolic events appear to be higher

when used along with other chemotherapy agents or dexa-

methasone.97–100 Hyperkalemia has been reported in patients

with myeloma and renal failure.101

Lenalidomide has a more favourable safety profile with the

most common side effects being neutropenia and thrombocy-

topenia; constipation, neuropathy and sedation unlike thalid-
Less common side effects

Myocardial infarction, stroke, sudden death

Cardiac arrhythmias

Headache

Confusion

Tremor

Malaise

Hearing loss

Hyper or hypoglycemia

Pruritus

Peripheral edema

Elevated serum transaminases

Hypothyroidism

Steven-Johnson syndrome

Impotence

Nausea

Diverticulits, bowel perforation

Myocardial infarction, stroke, sudden death

Cardiac arrhythmias

Warm auto-antibody hemolytic anaemia

Pulmonary hypertension

Diverticulitis, bowel perforation

Skin Rash

Fatigue

Light headedness

Leg cramps

Constipation

Skin rash

Pedal edema

Neuropathy

Nausea

Hypertension
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omide are uncommon (Table 3). Other side effects include

skin rash, neuropathy and thrombotic events. More data are

needed to assess the nature and frequency of adverse events

associated with CC-4047.

7. Future directions

Thalidomide and lenalidomide are being explored in combi-

nation with other drugs across different stages of MM. Rev-

Dex in particular appears to be an attractive oral regimen

for initial therapy. Studies are also evaluating the potential

benefit combining thalidomide or lenalidomide with bortezo-

mib to develop more active combination regimens. The role of

new agents in comparison to stem cell transplantation and

their impact on the timing of transplantation (upfront versus

at relapse) needs further study. A better understanding of the

mechanism of action of these drugs will likely provide addi-

tional targets and insights into other potentially useful new

agents. We also need to determine predictors of response to

these agents based on pharmacogenomics and such studies

are ongoing. Finally, therapy with thalidomide and lenalido-

mide although effective is not curative, and clearly more ac-

tive agents are needed.
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