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The use of thalidomide is limited by adverse effects of sedation, constipation,Abstract
neuropathy and thromboembolism. In order to discover more potent and less toxic
immunomodulators than thalidomide, its chemical structure was modified and
lenalidomide was formed.

Lenalidomide is approved by the US FDA for the treatment of patients with
low-risk myelodysplastic syndrome (MDS) with deletion 5q cytogenetic abnor-
mality. Two studies and a case report have evaluated lenalidomide in these MDS
patients and showed significantly higher cytogenetic responses and durable red
blood cell transfusion independence. Lenalidomide should be the drug of choice
for patients with low and intermediate-1 risk MDS (based on the International
Prognostic Scoring System) with chromosome 5q31 deletion with or without
other karyotype abnormalities.

Lenalidomide, in combination with dexamethasone, has been compared with
dexamethasone alone in patients with relapsed or refractory multiple myeloma
(MM) in two studies (MM-009 in North America and MM-010 in Europe, Israel
and Australia). In these two phase III trials, lenalidomide demonstrated impres-
sive (58–59%) response rates with dexamethasone. Lenalidomide has also been
shown to overcome thalidomide resistance in MM patients. Therefore, the
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lenalidomide plus dexamethasone regimen provides another treatment option, in
addition to first line MM treatment regimens of bortezomib, thalidomide or high-
dose dexamethasone, for the treatment of relapsed or refractory MM.

Lenalidomide does not produce significant sedation, constipation or neuropa-
thy, but does lead to significant myelosuppression, unlike thalidomide. The
prescribing information has a black box warning for risk of myelosuppression,
deep vein thrombosis/pulmonary embolism and teratogenicity. Administration of
lenalidomide is recommended at a starting dose of 10 mg/day orally for deletion
5q in MDS patients. Significant risk of myelosuppression may lead to dose
reduction in the majority of these patients. Clinical trials of relapsed and refracto-
ry MM have shown that lenalidomide is clinically efficacious at a dosage of
25 mg/day when administered in combination with dexamethasone. Lenalidomide
should be continued until disease progression in both MDS and MM patients.

Thalidomide was first marketed in 1954, making May 2006, it received FDA approval for treatment
it the first immunomodulatory agent.[1] Initial ani- of newly diagnosed MM in combination with dex-
mal studies showed that the agent was nontoxic and amethasone.[13] The use of thalidomide is limited by
could be safely used as a sedative. Thalidomide was its adverse effect profile, which includes sedation,
never approved in the US but was used in Germany, constipation, neuropathy and thromboembolism, in
the UK, Canada and Australia.[2] Besides its thera- addition to fetal abnormalities.[14] Another genera-
peutic efficacy as a sedative, additional studies also tion of immunomodulatory agents (lenalidomide
showed that thalidomide could be used as an effec- [CC-5013] and CC-4047) are being evaluated as
tive antiemetic.[3] Therefore, it was marketed for alternative options for thalidomide. The purpose of
insomnia and motion sickness in pregnant women. developing these two agents was to produce an
After the approval of the drug in European markets immunomodulator with increased potency and an
and with its increased use, case reports of deformed improved adverse effect profile.[3]

babies due to fetal toxicities began to surface: birth Lenalidomide was approved by the FDA in De-
defects included stunted limb development (pho- cember 2005 for the treatment of patients with trans-
comelia).[4] These teratogenic events led to the with- fusion-dependent anaemia due to low or intermedi-
drawal of thalidomide from the market in 1962.[5] ate-1 risk MDS (based on the International Prognos-

After being withdrawn from European markets, tic Scoring System [IPSS]) associated with a
further studies showed that thalidomide was effec- deletion 5q cytogenetic abnormality with or without
tive in treating skin lesions associated with erythema additional cytogenetic abnormalities.[15] In June
nodosum leprosum in males. Thalidomide was then 2006, it received FDA approval in combination with
approved by the US FDA for the treatment of ery- dexamethasone for the treatment of patients with
thema nodosum leprosum in August 1998, but with MM who have received at least one prior therapy.[15]

a strict drug distribution programme because of the The purpose of this review article is to discuss the
high risk of teratogenicity.[6,7] Continuing clinical characteristics and role of lenalidomide in MDS and
trials have also shown that thalidomide has activity MM.
in haematological disorders such as myelodysplastic
syndrome (MDS), multiple myeloma (MM), chronic 1. Pharmacology
lymphocytic leukaemia, myelofibrosis with myeloid
metaplasia, Waldenstrom’s macroglobulinaemia Thalidomide and its analogues have similar
and other malignancies.[8-12] As a single agent, mechanisms of action. They not only act to inhibit
thalidomide has shown clinical efficacy in MM.[9] In angiogenesis but can also induce apoptosis and
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growth arrest. Abnormal production of angiogenesis mide may inhibit the secretion of pro-inflammatory
cytokines and increase the secretion of anti-inflam-factors, cytokines and tumour necrosis factor
matory cytokines from peripheral blood mononucle-(TNF)-α have been suggested as potential mediators
ar cells.[15] It may enhance cell-mediated immunityof MDS and MM.[16-18] Pathological features of ear-
by the production of IL-2 and interferon-γ, andly stage MDS include accelerated apoptotic death of
increase the responses of cytolytic T cells and natu-haematopoietic progenitors, including erythroid
ral killer cells.[19] Lenalidomide has also shown va-progenitor. The apoptotic death is due to overpro-
rying effectiveness on the cell lines with or withoutduction of cytokines including TNF, interleukin
chromosome 5q deletions. An in vitro study sug-(IL)-6 and IL-1 in bone marrow.[19] In addition, the
gests that lenalidomide may selectively inhibitbone marrow microenvironment has a direct corre-
cyclooxygenase (COX)-2 expression.[15] Comparedlation between measured microvascular density and
with thalidomide, lenalidomide is more potent atmyeloblast percentage, suggesting a role for angio-
suppressing COX-2 expression, inhibiting trophicgenesis in the pathogenesis and progression of
responses to VEGF and potentiating T-cell immuneMDS.[19] Thalidomide analogues block the in-
response.[19]

creased production of vascular endothelial growth
factor (VEGF), IL-6 and TNFα.[16-18] In MM, they
work to block the adhesion of the myeloma cells to 1.1 Pharmacokinetics
bone marrow stromal cells and protect against
apoptosis. Immunomodulators increase natural kill-

Lenalidomide reaches maximum concentrationer cell and T cell numbers, and improve function of
0.625–1.5 hours after oral administration in healthynatural killer cells and T cells against MM cells.[17]

volunteers. Food does not affect the extent of ab-
The chemical structure of thalidomide was modi- sorption of lenalidomide but can slow absorption

fied to discover more potent and less toxic immu- and thus reduce the maximum plasma concentration
nomodulators. Lenalidomide was formed by the ad- (Cmax) by 36%.[15] Lenalidomide follows linear ki-
dition of an amino group at position 4 of the netics, where an increase in dose results in an in-
phthaloyl and the removal of a carbonyl on the ring crease in Cmax and area under the concentration-
of thalidomide (figure 1).[2,3] This process made time curve (AUC) values. The AUC is 57% higher
lenalidomide up to 50 000 times more potent as an in MM patients than in healthy volunteers.[15] Ap-
inhibitor of TNFα than thalidomide.[16,17] Lenalido- proximately 30% of lenalidomide binds to plasma

protein and steady-state plasma concentration is
reached within 4 days. Multiple dose administration
of lenalidomide does not result in drug accumulation
or affect the pharmacokinetic profile.[3,15]

The metabolism of lenalidomide has not been
studied in humans.[15] In vitro and animal studies
have shown no effect on the cytochrome P-450
system. In healthy volunteers and MDS patients,
≈67% of the drug is excreted unchanged in urine
within 24 hours.[3,20] Renal clearance of lenalido-
mide exceeds the glomerular filtration rate.[15] After
reaching Cmax, the plasma concentration of
lenalidomide declines in a monophasic manner, with
the elimination phase starting 1–8 hours after ad-
ministration.[16] The approximate half-life of
lenalidomide is 3 hours. The pharmacokinetics of
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Fig. 1. Structural formulae of thalidomide and lenalidomide.
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lenalidomide in moderate to severe renal impair-
ment has not been studied.[15]

2. Clinical Use in
Myelodysplastic Syndrome

2.1 Myelodysplastic Syndrome Overview

Myelodysplastic syndrome occurs in five per
100 000 people. However, in individuals older than
70 years, the incidence increases to 22–45 per
100 000.[21] MDS is characterised by the ineffective
haematopoiesis of clonal haematopoietic stem cells.
Allogenic haematopoietic stem cell transplantation
(HSCT) is the only curative treatment for MDS.
Because of the increased morbidity and mortality
associated with HSCT in the elderly, treatment in
this patient group usually consists of best supportive
care, growth factors, azacitidine, decitabine, thalido-
mide, antithymocyte globulin (ATG) or ciclosporin
(cyclosporine).[21] Best supportive care may consist
of red blood cell (RBC) or platelet transfusion,
antibacterials for bacterial infections, or iron chela-
tion to counteract the effects of excessive RBC
transfusion.

2.2 Clinical Trials

Lenalidomide was evaluated in a phase II open-
label, single-centre, clinical trial in patients with
MDS who were transfusion-dependent or sympto-
matically anaemic (table I).[22] In all patients, recom-
binant erythropoietin therapy had failed or endoge-
nous erythropoietin levels were high. Three dose
administration regimens were evaluated in this
clinical trial: 25 or 10 mg/day or 10 mg/day for 21

Table I. Published studies of lenalidomide in myelodysplastic syn-
drome (MDS)

Parameter Study 1[22] Study 2
(n = 43) (MDS-003)[23]

(n = 148)

Median age, years (range) 72 (28–85) 71 (37–95)

FAB class (%)

RA 20 (47) 77 (52)

RARS 13 (30) 18 (12)

RAEB 8 (19) 30 (20)

RAEB-t 1 (2)

IPSS risk category (%)

low 22 (51) 55 (37)

intermediate-1 16 (37) 65 (44)

intermediate-2 4 (9) 6 (4)

high 1 (2) 2 (1)

Transfusion dependence (%) 32 (74) 146 (99)

Median duration of disease 29 30
(months)

Cytogenetics (%)

deletion 5q 12 (28) 148 (100)

other 8 (19) 37 (25)

normal 23 (53)

Results (%)

Erythroid response 24 (56) 99 (67)

Cytogenetic response

deletion 5q 10 (83) 62 (73)a

other (non-5q deletion) 1 (12)

normal 13 (57)

Severe adverse effectb (%)

thrombocytopenia 23 (53) 65 (44)

neutropenia 28 (65) 81 (55)

a n = 85 evaluable patients who had at least 20 cells in
metaphase at baseline and at week 24.

b Grade 3 or 4.

FAB = French, American and British; IPPS = International
Prognostic Scoring System; RA = refractory anaemia; RAEB =
refractory anaemia with excess blasts; RAEB-t = refractory
anaemia with excess blasts in transformation; RARS = refractory
anaemia with ring sideroblast.

days of a 28-day cycle, with responses measured at
16 weeks. Sequential dose reduction was allowed all

ment was 29 months. Eighty-eight percent of thethe way down to lenalidomide 5mg every other day.
enrolled patients had low or intermediate-1 MDSOf the 43 patients enrolled, the median age was 72

years (range 28–85 years). On the basis of French, risk stratification, according to the IPSS. Seventy-
American and British (FAB) class, 47% had refrac- four percent of the patients were transfusion depen-
tory anaemia, 30% refractory anaemia with ring dent, with baseline median haemoglobin levels of 8
sideroblast (RARS), 19% refractory anaemia with

g/dL (range 6.7–8.6 g/dL). Of the 20 patients withexcess blasts (RAEB) and 2% refractory anaemia
karyotypic abnormalities, 12 (60%) patients exhibit-with excess blasts in transformation (RAEB-t). Me-

dian duration of disease prior to lenalidomide treat- ed deletion of chromosome 5q31.1. Thirteen of the
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total 43 patients had previously received thalido- (table I).[23] This was a phase II, open-label, single
mide therapy. arm, multicentre study. Transfusion-dependent

anaemia was defined as having received ≥2 units ofTwenty-one patients (49%) had a major erythroid
RBC transfusion within 8 weeks of enrolment in theresponse, defined as freedom from RBC transfusion
study. Patients were excluded from the study if theyor an increase in haemoglobin level of >2 g/dL in
had an absolute neutrophil count (ANC) of <500transfusion-independent patients. Twenty of 32
cells/mm3 and a platelet count of <50 000/mm3.(63%) RBC transfusion-dependent patients
Initially, patients were scheduled to receiveachieved transfusion independence. A minor ery-
lenalidomide 10mg once daily for 21 out of 28 days.throid response was reported in 7% of the patients,
Later, the treatment schedule was amended to 10mgdefined as ≥50% reduction in transfusion or a sus-
given every day. Forty-six patients received the 21-tained elevation of haemoglobin levels of 1–2 g/dL.
day dosage. Dose reduction was allowed to 5 mg/The median time to response was 9 weeks in the
day and 5mg every other day. Granulocyte colony25 mg/day group, compared with 11.5 weeks in the
stimulating factors were allowed if the patient devel-10 mg/day for 21 of 28 days group. The median
oped neutropenia or febrile neutropenia. The studyduration of major response was not reached at 81
evaluated the overall RBC transfusion requirementweeks. Erythroid response was very impressive, at
after 24 weeks of treatment.83% (10 of 12) in patients with deletion of 5q31.1.

Of these ten patients with response, nine had com- Overall, 148 patients were evaluated in the study.
plete cytogenetic responses and one had a minor The median age of the patients was 71 years (range
cytogenetic response. A minor cytogenetic response 37–95 years) and the median time with MDS diag-
was defined as a ≥50% reduction in the number of nosis prior to receiving lenalidomide was 2.5 years.
abnormal cells. Fifty-seven percent of the patients The median number of RBC transfusion units within
with normal karyotype and 12% with other karyo- the 8-week period before study enrolment was 6.
type abnormalities had an erythroid response. The Seventy-one percent of the patients required >2
median time to erythroid response was significantly units of RBC transfusion per month at the time of
earlier, at 8 weeks in patients with deletion of enrolment. Seventy-three percent of patients had
5q31.1, compared with 11.2 weeks in other patients. received prior erythropoietin treatment and 39% had
In addition, 46% (6/13) of patients who had previ- received prior cytotoxic chemotherapy; 25% of the
ously received thalidomide responded to lenalido- patients had other cytogenetic abnormalities, in ad-
mide.[22]

dition to deletion 5q. On the basis of FAB criteria,
64% of the patients had either refractory anaemia orA case report has also been published on a patient
RARS.who was identified with a complex karyotype, in-

cluding deletion of 5q31.1, and was prescribed Overall, 67% (99/148) of the patients became
lenalidomide 10 mg/day orally on a compassionate transfusion-independent with lenalidomide treat-
use basis. After 5 months of treatment, the dose was ment by week 24. Transfusion independence was
reduced to 5 mg/day because of itching, nausea and defined as the absence of RBC transfusion during
vomiting. The patient achieved a complete cytoge- any consecutive 8 weeks. The median time to RBC
netic, haematological and morphological response transfusion independence was 4.6 weeks, and dura-
after 6 months of treatment. At 9 months follow-up, tion of RBC transfusion independence at 104 weeks
the patient still maintained a complete response.[24]

of follow-up was not reached in 53 responders.[15]

Thrombocytopenia (platelet counts of <100 000/µL;The MDS-003 registration trial evaluated the ef-
odds ratio [OR] 4.53; p = 0.003) and high transfu-ficacy of lenalidomide in patients with transfusion-
sion requirement (OR 3.59; p = 0.01) adverselydependent anaemia in low to intermediate-1 risk
affected haematological response on multivariateMDS with isolated 5q31 cytogenetic deletion or
analysis. At week 24, of 85 evaluable patients, 38accompanied additional cytogenetic abnormalities

© 2007 Adis Data Information BV. All rights reserved. Drugs 2007; 67 (13)
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(45%; 95% CI 34, 56) had complete cytogenetic decitabine treatment.[21,26,27] Lenalidomide has pro-
remission and 24 patients (28%; 95% CI 19, 39) had duced significantly higher cytogenetic responses
a partial cytogenetic response. There was no statisti- and durable RBC transfusion independence in dele-
cally significant association between karyotype tion 5q31, especially deletion 5q31.1 patients. It
complexity and the frequency of a cytogenetic re- should be the drug of choice for low and intermedi-
sponse. Thrombocytopenia (OR 4.78; p = 0.02) and ate-1 risk MDS patients with chromosome 5q31
age ≤60 years (OR 2.99; p = 0.07) were associated deletion with or without other karyotype abnormali-
with lower cytogenetic response on multivariate ties. A subgroup of patients with baseline thrombo-
analysis. A significant proportion of patients re- cytopenia may have significantly reduced probabili-
quired dose adjustment in this study. Of all the ty of good haematological and cytogenetic response.
patients enrolled, 84% required lenalidomide dose Lower response rates in this group could be attribut-
reduction or interruption, which was seen most fre- ed to significantly (p = 0.004)[23] low numbers of
quently on day 22.[23] consecutive days of drug treatment due to repeated

treatment interruptions. Therefore, all lenalidomideLenalidomide has shown activity in non-deletion
recipients, particularly patients with baseline5q patients. A combined analysis of MDS-002 (non-
thrombocytopenia (platelet counts of <100 000/µL)deletion 5q patients) and MDS-003 (deletion 5q
should be monitored closely for the need for dosepatients) showed that 26% (56/215) of the non-
reduction and possible prevention of dose interrup-deletion 5q patients achieved RBC transfusion inde-
tion due to myelosuppression. Although lenalido-pendence.[25] Of 215 patients, 77% of the patients
mide has a lower frequency and shorter duration ofhad normal karyotype. No difference in RBC trans-
response compared with deletion 5q patients, overallfusion independence was noted between normal and
it has shown promising activity in non-deletion 5qabnormal karyotype. Duration of response was 52
MDS. Further studies are warranted to investigateweeks in 10% (22/215) of the responders. Lenalido-
pathogenic differences among various karyotypes.mide had lower efficacy and durability of response
At the same time, lenalidomide is yet to be evaluatedin non-deletion 5q patients compared with deletion
in a phase III MDS trial.5q patients. The same combined analysis in deletion

5q patients showed 68% (66/97) of the patients
3. Clinical Use in Multiple Myelomaachieving RBC transfusion independence. The dura-

tion of response was at least 52 weeks in 53% (52/
97) of the patients.[25]

3.1 Overview of Multiple Myeloma

The American Cancer Society estimated 19 9002.3 Summary
new diagnoses of MM and 10 790 deaths due to MM

Lower-risk MDS patients (IPSS low or interme- in 2006.[30] From 2002 to 2003, the median age of
diate-1) with anaemia have limited treatment op- diagnosis was 70 years.[31] MM is a plasma cell
tions. In addition to best supportive care, the choice disorder, characterised by abnormal production of
of an appropriate first-line agent should be based on monoclonal antibodies and/or light chains, and is
a number of factors. Anaemic patients with serum not a curable disease. Advanced MM is commonly
erythropoietin levels <500 mU/mL should be of- treated with conventional dose chemotherapy, fol-
fered recombinant erythropoietin with or without lowed by auto- or allogenic HSCT, based on pa-
granulocyte colony stimulating factor.[21] If the pa- tients’ eligibility to receive HSCT. HSCT after con-
tient has serum erythropoietin >500 mU/mL, ATG ventional-dose therapy provides better survival of
with or without ciclosporin, decitabine and azaci- ≈4.5 years compared with 3.5 years with conven-
tidine are reasonable treatment options.[21,26-29] Pa- tional chemotherapy alone.[32] In contrast, recent
tients with severe thrombocytopenia and/or neutro- studies show conventional-dose therapy provides
penia should be considered for azacitidine or similar to superior overall survival compared with
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HSCT.[33,34] Primary conventional therapy may con-
sist of melphalan plus prednisone (MP), vincristine
plus doxorubicin plus dexamethasone (VAD), pulse
dexamethasone, thalidomide plus dexamethasone or
MP plus thalidomide (MP-T).[35,36] Bortezomib,
thalidomide or high-dose dexamethasone alone are
some of the common agents used as salvage therapy
in patients in whom primary treatment has
failed.[9,37,38] Thalidomide has shown encouraging
results in the treatment of MM. Initially, it demon-
strated efficacy in advanced relapsed and refractory
MM,[9] now it has been established as an effective
agent with dexamethasone in first line MM treat-
ment.[13,14,39,40]

3.2 Clinical Trials

Lenalidomide, in combination with dex-
amethasone or as a single agent, has been evaluated
in patients with relapsed or refractory MM. The first
combination study (MM-010) was completed in Eu-
rope, Israel and Australia, with 351 patients enrolled
(table II).[41] It was a phase III, multicentre, ran-

Table II. Phase III trials of lenalidomide in refractory/relapsed multi-
ple myeloma (MM)

Parameter Study MM-010[41] Study MM-009[42]

(n = 351) (n = 354)

Results

Overall response rate (%)

lenalidomide + 58 59.4
dexamethasone

placebo + 22 21.1
dexamethasone

Time to progression (mo)

lenalidomide + 13.3 11.1
dexamethasone

placebo + 5.1 4.7
dexamethasone

Adverse effect (%)

Neutropeniaa

lenalidomide + 16.5 24
dexamethasone

placebo + 1.2 3.5
dexamethasone

Thromboembolism

lenalidomide + 8.5 15
dexamethasone

placebo + 4.5 3.5
dexamethasone

a Grade 3 or 4.
domised, double-blind trial, where all patients re-
ceived dexamethasone 40mg on days 1–4, 9–12 and

tion was reduced to days 1–4 only, every 28 days.17–20 every 28 days. Patients were randomised to
The median time to progression was significantlyreceive lenalidomide 25mg or placebo daily for 21
better with the combination arm, at 11.1 months,of 28 days. A pre-planned interim analysis was
compared with 4.7 months with dexamethasoneperformed, with a median study duration of
alone, and the overall response rate was significant-18 months. The median time to progression was
ly better, at 59% compared with 21%, respectively.13.3 versus 5.1 months in the combination group
Complete response was achieved in 12.9% of thecompared with single-agent dexamethasone
patients receiving lenalidomide plus dexamethasone(p < 0.000001). There was a significant difference in
compared with 0.6% of placebo plus dexamethasoneoverall response rates between dexamethasone plus
recipients. The median overall survival was notlenalidomide (58%) and dexamethasone alone
reached for the combination regimen at 24 months.(22%). There was a significantly greater incidence
Combination treatment had a significantly greaterof grade 3 or 4 neutropenia (16.5% vs 1.2%) and
incidence of grade 3 or 4 neutropenia (24% vsthromboembolic events were higher (8.5% vs 4.5%)
3.5%), and a higher rate of thromboembolic eventswith combination treatment.
(15% vs 3.5%).The second combination study (MM-009) was

conducted in North America and evaluated 354 pa- Another study evaluated two dose administration
tients with relapsed or refractory MM (table II).[42] regimens of lenalidomide in patients with relapsed
The doses and frequency of lenalidomide and dex- and refractory MM.[43] In this multicentre, single-
amethasone administrations were the same as the arm, open-label, phase II study, the first cohort of 70
MM-010 study, except that beginning with the fifth patients was randomised to receive either 30mg
cycle, the frequency of dexamethasone administra- once daily or 15mg twice daily for 21 of every 28
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days. Dexamethasone was added to the treatment if and 17–20. The primary endpoint was response rate,
defined as a >50% reduction in serum monoclonalthe patient had progressive or stable disease after
(M) protein and reduction in 24-hour urinary M-two cycles of lenalidomide alone. As a result of an
protein level by at least 90%. Thirty-four patientsincreased incidence of severe myelosuppression
had median age of 64 years (range 32–78 years).with the twice daily regimen, an additional 32 pa-
Objective response was achieved in 91%, with me-tients in cohort 2 were treated with lenalidomide
dian time of 1 month, and 6% achieved a complete30mg once daily. Fifty-six percent of patients had
response. An additional study has evaluatedreceived at least three previous treatments, including
lenalidomide plus dexamethasone with clarithro-thalidomide (76%), HSCT (61%) and bortezomib
mycin (‘BiRD’ regimen) in patients with newly(18%). The overall response rate was 24% with
diagnosed MM.[46] Dexamethasone was given onceonce-daily and 29% with twice-daily lenalidomide.
weekly and clarithromycin 500mg twice daily. Effi-Median progression-free survival was 7.7 months
cacy endpoints were evaluated at a median 9with once-daily and 3.9 months with twice-daily
months’ follow-up in 58 patients. The regimenregimen.
yielded a 95% overall response, with 38% of theIn addition, a dose-finding phase I study in pa-
patients achieving complete or near complete re-

tients with relapsed MM, with a median of three
sponse. There are multiple early phase studies eval-

prior chemotherapy regimens, has shown at least a
uating lenalidomide in various combinations, which

25% reduction in paraprotein in 71% (17/24) of the
will provide additional efficacy and safety in MM.

patients.[16] Eleven of the 17 patients who responded
There is a study of lenalidomide in combination

had received previous thalidomide treatment. Com-
with the MP regimen in newly diagnosed (not HSCT

bined subgroup analyses of the MM-009 and MM-
candidate) MM patients.[47] Lenalidomide is also

010 studies further support lenalidomide efficacy in
being evaluated in combination with bortezomib

patients with thalidomide-refractory MM.[44] Pooled
and doxorubicin plus dexamethasone in relapsed or

data from 692 patients showed a 60% response with
refractory MM.[48,49]

lenalidomide plus dexamethasone, compared with
23% with dexamethasone alone. Median time to

3.3 Summaryprogression was longer with the combination arm, at
48 weeks, compared with 20 weeks with dex- These studies show lenalidomide has significant
amethasone. Prior use of thalidomide may affect activity in MM patients. The efficacy of lenalido-
response to the lenalidomide combination signifi- mide in newly diagnosed MM patients needs to be
cantly, since time to tumour progression was 59 further evaluated in a phase III clinical trial. MP,
weeks in patients who had received no prior VAD, thalidomide plus dexamethasone, and
thalidomide, compared with 37 weeks in patients melphalan plus prednisone plus thalidomide are still
who had previously received thalidomide. The over- regimens of choice for newly diagnosed MM pa-
all response rate was higher, at 63% in patients with tients.[31] An appropriate regimen should be chosen
no thalidomide, compared with 53% in thalidomide based on patient and disease characteristics in this
recipients. population. Lenalidomide with dexamethasone has

Lenalidomide has also been evaluated for the shown impressive response rates (58–59%) in pa-
treatment of newly diagnosed MM. A phase II tients with relapsed or refractory MM. Lenalido-
clinical trial evaluated the efficacy of lenalidomide mide also has been shown to overcome drug resis-
plus dexamethasone in patients with newly diag- tance, including thalidomide resistance. Therefore,
nosed MM who had not received treatment.[45] The lenalidomide plus dexamethasone is another option,
treatment regimen consisted of lenalidomide 25 mg/ in addition to first line MM treatment regimens of
day for 21 days of a 28-day cycle, with dex- bortezomib, thalidomide or high-dose dexametha-
amethasone 40mg administered on days 1–4, 9–12 sone, for the treatment of relapsed or refractory
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Table III. Ongoing phase III clinical trials with lenalidomide[45,50-53]

Study design Patient population Drug regimen

Randomised, double-blind, placebo- Previously untreated MM (S0232) Lenalidomide + dexamethasone vs placebo +
controlled dexamethasone

Randomised, double-blinda,b Previously untreated MM (E4A03) Lenalidomide + high-dose dexamethasone vs
lenalidomide + low-dose dexamethasone

Randomised, double-blind, placebo- Maintenance after autologous HSCT for Lenalidomide vs placebo
controlled MM

Randomised, double-blind, crossover Previously untreated MM Lenalidomide + dexamethasone × 3 cycles then
maintenance dexamethasone vs dexamethasone
alone

Randomised, double-blind, placebo- MDS with deletion 5q abnormality Lenalidomide vs placebo
controlled

a High-dose dexamethasone: 40mg orally daily, days 1–4, 9–13 and 17–20 of each cycle and low-dose dexamethasone: 40mg orally
daily, days 1–4 of each cycle.

b Study is currently suspended.

MDS = myelodysplastic syndrome; MM = multiple myeloma; HSCT = haematopoietic stem cell transplant.

MM. There are multiple other ongoing studies eval- cent of MDS patients receiving 25 mg/day and 62%
uating the role of lenalidomide in newly diagnosed receiving 10 mg/day required treatment interrup-
MM as well as maintenance of MM patients (table tion. In the phase I MM study, all 13 patients receiv-
III).[40,50-53] These studies may further support ex- ing 50 mg/day had to have the dosage reduced to
isting information or open the door for new indica- 25 mg/day because of grade 3 myelosuppression
tions of lenalidomide in MM. after 28 days of treatment.[16] In addition to higher

doses, frequent daily therapy can also significantly
increase the risk of severe myelosuppression com-4. Adverse Effects
pared with once daily. A study by Richardson and
colleagues[43] showed that lenalidomide 15mg twiceThalidomide analogues, such as lenalidomide,
daily had a significantly higher incidence of grade 3have an altered structure with a different toxicity
or 4 myelosuppression than 30mg once daily (41%profile. Lenalidomide does not cause significant se-
versus 13%; p = 0.03). The time to clinically signifi-dation, constipation or neuropathy, but does lead to
cant myelosuppression was shorter with 15mg twicesignificant myelosuppression, unlike thalido-
daily (1.8 vs 5.5 months; p = 0.05). Phase III MMmide.[15,23] The lenalidomide prescribing informa-
studies have reported a marked incidence of my-tion has a black box warning for risk of myelosup-
elosuppression at ≈17–24%.[41,42]

pression, deep vein thrombosis/pulmonary embo-
lism (DVT/PE) and teratogenicity. In addition, data Thromboembolic events are another troubling
from the MDS and MM studies indicate that MM adverse event of thalidomide and its analogues, with
patients are able to tolerate higher dosages of an incidence of 1–4% in MM patients receiving
lenalidomide without reaching significant toxici- thalidomide as a single agent.[9,14,39] The incidence
ty.[23,41,42] of DVT/PE increases significantly when thalido-

Lenalidomide alone or in combination with dex- mide is combined with dexamethasone to as high as
amethasone has a 28–59% incidence of neutropenia 20–25%.[14,39] Because of this risk, therapeutic war-
and a 17–62% incidence of thrombocytopenia.[15] farin anticoagulation or prophylactic low molecular
Grade 3 or 4 neutropenia was reported in 17–55% weight heparin is routinely recommended for pa-
and thrombocytopenia in 10–50% of patients. tients receiving combination thalidomide ther-
Myelosuppression as a severe dose-limiting toxicity apy.[14,39] As a single agent in MDS, lenalidomide
is significantly more common in patients with MDS has shown a 3% incidence of pulmonary embo-
compared with MM.[15,23,41,42] Seventy-seven per- lism.[23] When lenalidomide is used in combination
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with dexamethasone in MM patients, the reported constipation and neuropathy occur in approximately
incidence of thromboembolism is anywhere from 10%, 8% and 4% of patients, respectively.[13,14] At
8.5% to 15%.[41,42] It appears that high-dose dex- times, these are the dose-limiting toxicities. Le-
amethasone (40 mg/day on days 1–4, 9–12 and nalidomide-induced sedation, constipation and neu-
17–20) with lenalidomide may result in an increased ropathy are reported at 21%, 24% and 21% of pa-
incidence (18.4%) compared with low-dose dex- tients, respectively. No lenalidomide-induced severe
amethasone (40 mg/day on days 1, 8, 15 and 22; (grade 3 or 4) sedation, constipation or neuropathy
5.4%).[54] The addition of erythropoietic agents to was reported in the MDS trials.[22,23]

lenalidomide and dexamethasone combination ther-
Lenalidomide 50 mg/kg has shown embryocidalapy has increased incidence reports up to 23%.[55]

activity in rabbits but 500 mg/kg has shown noMultivariate analysis suggests that concomitant ery-
teratogenic activity in rats. These doses arethropoietin use can increase the risk of thrombosis
equivalent to 120 and 600 times the human dose ofby 3-fold in MM patients.[56] Early clinical trial data
10mg based on body surface area, respectively.[15]suggest that aspirin, already shown to be effective in
There are no case reports or well controlled studiesarterial thrombosis prevention, may be an effective
of lenalidomide in pregnant women. Since lenalido-venous thromboprophylaxis in patients receiving

lenalidomide as combination therapy.[51,55,57] mide is structurally similar to thalidomide, its pre-
scribing information has a black box warning re-Skin rash is common with both thalidomide and
garding the risk of teratogenicity. Lenalidomide islenalidomide, at 31–36%. Severe skin rash is report-
contraindicated in pregnant women and is assigneded in 4–7% of the patients.[14,15] Sedation, constipa-
category X.[15] Like the S.T.E.P.S® (System fortion and neuropathy are common toxicities of
Thalidomide Education and Prescribing Safety) dis-thalidomide, reported to occur in approximately
pensing system of thalidomide, lenalidomide dis-48%, 55% and 54% of recipients, respectively.
pensing is regulated by the RevAssist® pro-These toxicities may worsen with increases in dose

or prolonged treatment. Grade 3 and 4 sedation, gramme.[14,15]

Table IV. Recommended dose adjustment for myelodysplastic syndrome (MDS) patients on lenalidomide treatment[15]

Thrombocytopenia

Within 4 weeks of starting lenalidomide

If baseline platelet count Treatment interruption at platelet count Resume treatment at platelet count
(per µL) (per µL) (per µL)a

≥100 000 <50 000 ≥50 000

<100 000 to ≥60 000 fall to 50% of the baseline ≥50 000

<60 000 fall to 50% of the baseline ≥30 000

After 4 weeks of starting lenalidomide

NA <30 000 ≥30 000b

Neutropenia

Within 4 weeks of starting lenalidomide

If baseline ANC (per µL) Treatment interruption at ANC (per µL) Resume treatment at ANC (per µL)a

≥1000 <750 ≥1000

<1000 <500 ≥500

After 4 weeks of starting lenalidomide

NA <500 for ≥7 days ≥500b

<500 with fever ≥38.5°C ≥500b

a Resume lenalidomide dose: 5 mg/day if starting dose 10 mg/day.

b Resume lenalidomide dose: 5mg every other day if starting dose 5 mg/day.

ANC = absolute neutrophil count; NA = not applicable.
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Table V. Recommended dose adjustment for multiple myeloma (MM) patients on lenalidomide treatment[15]

Thrombocytopenia

Treatment interruption at platelet count Resume treatment at platelet count Resume at lenalidomide dosagea

(per µL) (per µL)a

<30 000 ≥30 000 15 mg/day

each subsequent <30 000 ≥30 000 5mg <previous dose

Neutropenia

Treatment interruption at ANC (per µL) Resume treatment at ANC (per µL)a Resume at lenalidomide dosagea

<1000 and no other toxicity ≥1000 25 mg/day

<1000 and other toxicity ≥1000 15 mg/day

each subsequent <1000 ≥1000 5mg <previous dose

a Do not give lenalidomide below 5 mg/day in MM patients.

ANC = absolute neutrophil count.

Other common adverse effects associated with refractory or relapsed MM patients with a CLCR
lenalidomide include diarrhoea, pruritus and fatigue. <30 mL/min as a result of dose interruptions. Anoth-
Rarely, patients may develop pneumonia, hypothy- er study of the BiRD regimen in newly diagnosed
roidism or hypogonadal dysfunction.[15,23,40] MM patients confirmed the increased risk of my-

elosuppression in renal impairment. It identified that
5. Dosage and Administration baseline serum creatinine >1.4 mg/dL or CLCR ≤40

mL/min was significantly associated with increased
Lenalidomide is available orally in capsule for- risk of myelosuppression.[46]

mulations of 5, 10 and 25mg.[15] It is recommended
at a dosage of 10 mg/day orally with water for the

6. ConclusionFDA-approved indication of MDS with deletion
5q.[22,23] Clinical trials in patients with MM show
that lenalidomide is clinically efficacious at a dos- Lenalidomide is a thalidomide analogue with a
age of 25 mg/day from days 1–21 of a 28-day cycle, potent anti-tumour activity. It lacks common ad-
in combination with dexamethasone.[15,41,42] It is rec- verse effects associated with thalidomide. It is also
ommended that patients receiving lenalidomide active in patients with thalidomide-resistant disease.
have a complete blood count weekly during the first It should be the drug of choice in low and intermedi-
8 weeks of initial treatment and then monthly. Dose ate-1 risk MDS patients with deletion 5q31 with or
adjustments for haematological toxicities during without other karyotype abnormalities. Lenalido-
lenalidomide treatment are provided in table IV and mide has shown very promising results in the treat-
table V.[15] No specific dose adjustments are recom- ment of newly diagnosed or relapsed and refractory
mended for renal or hepatic impairment. No fully MM. Lenalidomide in combination with dex-
published trials of lenalidomide have included pa- amethasone is an option in the treatment of relapsed
tients with serum creatinine >2.5 mg/dL.[43,45] or refractory MM, and its efficacy in newly diag-

A combined subgroup analysis of the MM-009 nosed MM needs to be further evaluated in a phase
and MM-010 studies of patients with renal impair- III trial. Significant myelosuppression is a concern,
ment has been performed.[58] The analysis identified especially in MDS patients, which may lead to a
a significantly higher incidence of moderate to se- lowering of starting dose or dose interruption in the
vere thrombocytopenia in patients with a creatinine majority of patients. There is increased incidence of
clearance (CLCR) <50 mL/min (13.8%) and thromboembolic events when lenalidomide is com-
<30 mL/min (18.8%). No statistically significant bined with high-dose dexamethasone, which could
difference was identified in the incidence of neutro- be reduced with effective thromboprophylaxis.
penia. The efficacy of lenalidomide was lowered in More phase III trials are underway, which should
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