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Immunomodulating agents (ImiDs) are a novel class of anti-
cancer drugs that have demonstrated impressive antitumor
activity in various malignant disorders. Of this class, most
recent research has been focused on the remarkably active
agent, lenalidomide. Lenalidomide was designed to enhance
immunologic and anticancer properties while potentially
decreasing neurotoxic and teratogenic adverse effects of the
parent compound thalidomide.The introduction of this novel
agent has broadened the therapeutic landscape of hemato-
logic malignant disorders includingmultiple myeloma (MM)
and, more recently, other B-cell neoplasms. In this issue, we
focused on mechanisms of action and results from clinical
investigation that report the relevance of lenalidomide for the
treatment of B-cell disorders including MM, chronic lym-
phocytic leukaemia (CLL), and non-Hodgkin’s lymphomas
by offering new mechanisms for targeting these diseases.
In particular, papers defining the role of lenalidomide as
part of the induction therapy before hematopoietic stem
cells transplantation (HSCT) as well as its use as extended
maintenance therapy post-HSTC in patients with MM will
be of great interest.

In this special issue, we invited papers on potential topics
including, but are not limited to, lenalidomide: mechanism
of action, lenalidomide as part of the induction therapy
before HSCT and its use as consolidation and maintenance
therapy of multiple myeloma, lenalidomide in chronic lym-
phocytic leukaemia, lenalidomide in diffuse large B-cell
lymphoma, and lenalidomide in mantle cell and low-grade

non-Hodgkin’s lymphomas. Ten articles discuss the role of
lenalidomide in the treatment of malignant disorders.

The paper entitled “Lenalidomide in diffuse large B-cell
lymphoma” by C. Thieblemont et al. presents the biological
rational for the use of lenalidomide in DLBCL in light of
recent advances in the pathophysiology of the disease and
the therapeutic results of the most recent trials published
in literature or reported in meetings in relapsed/refractory
situations as well as in first-line treatment.The paper entitled
“Practical approaches to the use of lenalidomide in multiple
myeloma: a Canadian consensus” by D. Reece et al. discuss
the use of lenalidomide in the management of RRMM in
the Canadian environment. The Chair (DR) invited panelists
to research and write individual sections of the paper. The
various sections were collected, compiled, and distributed to
the group, which discussed the paper via web conference.
Panelists subsequently generated a revised draft in which
all sections included specific clinical guidance (i.e., practice
considerations). The revised paper was discussed at a final
web conference, where all practice recommendations were
considered, revised as appropriate, and ultimately adopted by
the full panel; any areas of disagreement are noted. Celgene
Canada provided the impetus for the panel to pursue this
project freely and independently. Celgene Canada supported
the process throughout, including support for the participa-
tion of a medical writer (JA) in preparing this paper. The
opinions represented here are solely those of the physician-
panelists.
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The paper entitled “Biological activity of lenalidomide
and its underlying therapeutic effects in multiple myeloma”
by R. Martiniani et al. is about the direct and indirect
antitumor effects of lenalidomide on malignant plasmacells,
bonemarrowmicroenvironment, bone resorption, and host’s
immune response. The molecular mechanisms and targets of
lenalidomide remain largely unknown, but recent evidence
shows cereblon (CRBN) as a possible mediator of its thera-
peutical effects.

The paper entitled “Molecular action of lenalidomide in
lymphocytes and hematologicmalignancies” by J.M.McDaniel
et al. summarizes the current information about lenalido-
mide in proliferative neoplasms and describes our under-
standing of the molecular mechanism of action in lympho-
cytes. Based on the overwhelming success of lenalidomide for
the treatment of several hematologic malignancies, there is
potential for therapies that augment host immune responses
to be extended from the relapsed and refractory setting, to
primary therapy.

The paper entitled “Secondary primary malignancies in
multiple myeloma: an old nemesis revisited” by J. Yang et
al. reviews the developmental history of myeloma therapy,
with particular emphasis on the risk of secondary cancers,
and examine the available data with regard to the risk
of SPMs seen with lenalidomide. We also speculate about
the mechanism(s) by which lenalidomide could increase
the risk of second cancers. To conclude, we make some
recommendations about how our current understanding
affects our treatment decisions and suggest directions for
future research. As new data emerge about lenalidomide and
the risk of SPMs, it is our hope that this paper will help to put
that information in proper perspective.

The paper entitled “Lenalidomide in the treatment of
young patients with multiple myeloma: from induction to
consolidation/maintenance therapy” by B. Lupo et al. presents
an overview of the results achieved with lenalidomide-
containing combinations in patients eligible for high-dose
therapies, namely, young patients. The advantages obtained
should always be outweighed with the toxicity profile asso-
ciated with the regimen used. Therefore, here, we will also
provide a description of the main adverse events associated
with lenalidomide and its combination.

The paper entitled “Lenalidomide in the treatment of
chronic lymphocytic leukemia” by A. Cortelezzi et al. provides
a comprehensive summary regarding mechanism of action,
efficacy, and safety of lenalidomide in CLL patients. Relevant
clinical trials using lenalidomide alone or in combination
are discussed. Lenalidomide shows good activity also in
relapsed/refractory or treatment-naive CLL patients. Defini-
tive data from ongoing studies are needed to validate overall
and progression-free survival.The toxicity profile might limit
lenalidomide use because it can result in serious side effects,
but largely controlled by gradual dose escalation. Further
understanding of the exact mechanism of action in CLL
will allow more efficacious use of lenalidomide alone or in
combination regimens.

The paper entitled “Lenalidomide in diffuse large B-
cell lymphomas” by A. Chiappella et al. reports the most
relevant clinical trials for the use of lenalidomide in DLBCL.

Monotherapy with lenalidomide showed an activity in terms
of overall response rate, with acceptable hematological and
extrahematological toxicities in relapsed/refractory aggres-
sive NHL. The role of lenalidomide as salvage therapy in
both cell of origin patterns in DLBCL (germinal center
B cell/activated B cell) was reported in preliminary data.
Preliminary data regarding the role of lenalidomide in addi-
tion to chemoimmunotherapy (R-CHOP) in first-line clinical
trials were discussed; data of safety, feasibility, and efficacy
were promising.

The paper entitled “Therapeutic activity of lenalidomide
in mantle cell lymphoma and indolent non-Hodgkin’s lym-
phomas” byM. Gunnellini et al. discusses the role of lenalido-
mide in the therapeutic armamentarium of patients with
indolent NHL or MCL.

The tenth paper entitled “Lenalidomide before and after
autologous hematopoietic stem cell transplantation in multiple
myeloma” by S. A. Tuchman et al. summarizes existing data
that pertains to lenalidomide in the specific context of ASCT,
and we share our thoughts on how our own group applies
these data to approach this complex issue clinically.

Anna Marina Liberati
Umberto Vitolo

Antonio Palumbo
Agostino Cortelezzi
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Diffuse large B-cell lymphoma (DLBCL) is the most common form of non-Hodgkin’s lymphoma (NHL) in adults. Even if the
natural history of DLBCL has been improved with the advent of immunochemotherapy, the survival results obtained with current
treatment options clearly indicate that new agents or novel approaches are needed. Lenalidomide (Revlimid, Celgene Corporation,
Summit, NJ, USA), an analogue of thalidomide, is an immunomodulatory drug with pleiotropic mechanisms of action potentially
adding to immunochemotherapy. We present here the biological rational for the use of lenalidomide in DLBCL in light of recent
advances in the pathophysiology of the disease and the therapeutic results of the most recent trials published in literature or
reported in meetings in relapsed/refractory situations as well as in first-line treatment.

1. Introduction

The incidence of non-Hodgkin’s lymphoma (NHL) has been
increasing worldwide during the last 40 years and accounts
for 4% of all cancer diagnoses. Among the NHL, diffuse
large B-cell lymphoma (DLBCL) is the most common form
in adults, accounting for 25–30% of NHL cases [1] and
is recognized as an entity since the first classification of
NHL [2]. However, complexity and heterogeneity of the
disease have been demonstrated over the past ten years,
first by the most recent WHO classification including not
less than 13 different subentities [3], and second by the
biological analyses, particularly the gene expression profiling
analyses dividing the disease in at least two molecular
subgroups, that is, germinal center B-cell-like (GBC)- and
activated B-cell-like (ABC)-DLBCL [4]. These biological
analyses have been able not only to capture the molecular
heterogeneity of tumor cells [4], but also to demonstrate the
existence of a complex interaction between the tumor and its
microenvironnement involving multiple signaling pathways
and regulatory mechanisms [5].

Standard first-line treatment for DLBCL patients is based
since 2002 on the association of rituximab and CHOP

(cyclophosphamide, vincristine, doxorubicin, and pred-
nisone) [6]. Even if the natural history of DLBCL has been
improved with treatments based on this association, there
is clearly a need of improvement of long-term results. With
R-CHOP, the expected 5-year and 10-year OS rates are,
respectively, 58% and 43.5% [7, 8]. To improve these results,
several changes to conventional R-CHOP have emerged
either in shortening intervals between cycles [9] or giving
alternative regimens with intensified doses of chemother-
apy [10]. R-EPOCH (etoposide doxorubicin, vincristine
associated with bolus cyclophosphamide, prednisone) has
demonstrated to give an OS rate of 73% [11]. In patients
<60 years old, GELA has developed R-ACVBP (doxoru-
bicin, cyclophosphamide, vindesine, bleomycin, prednisone)
given every 14 days [10] and subsequently demonstrated a
superiority of R-ACVBP compared to R-CHOP in several
additional randomized studies [12, 13]. However none of
these intensified regimens are appropriate for patients with
comorbidities or with older age, and the survival results
obtained with these current treatment options for patients
with DLBCL indicate that new treatment modalities are
needed.
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Figure 1: Biological effects of lenalidomide. Colored insets show the main transcriptomic signatures described in DLBCL. Just outside
the circle are the signatures with prognostic impact. Inside the circle are indicated the factors studied in DLBCL, either with bad (red
characters), good (blue), or undetermined (black) prognostic impact. Arrows indicate a negative (green), positive (red), or undetermined
(black) regulation of lenalidomide on those factors in DLBCL. ECM: extracellular matrix components. MVD: microvascular density.

2. Part I: Biological Relevance of Lenalidomide
for the Treatment of DLBCL

The antitumoral properties of lenalidomide in hemato-
logic area (review in [14]) have been first studied in
myeloma, and more recently in myelodysplastic syndromes
and lymphomas, and can be grouped in 3 categories: (i)
anti-angiogenesis, (ii) immune modulation, and (iii) direct
tumor cell toxicities. Some progress on the understanding
of DLBCL physiopathology enables us to speculate on
biological pathways that could be targeted by lenalidomide
(Figure 1).

2.1. Antiangiogenic Effects. Beside the two biologically and
clinically distinct GC and ABC molecular subtypes of DLBCL
defined by a tumoral cell signature [4, 15], different stromal
gene signatures have been linked to prognosis [5, 15]. One
was associated with reduced survival, includes markers of
endothelial cells, regulators of angiogenesis, and was shown
to correlate with a quantitative measure of blood-vessel
density (MVD) in tumor [5]. Unfavorable prognostic of high
MVD has been confirmed on tissue microarray (TMA) in
CHOP [16], and R-CHOP [17] treated DLBCL patients.
Vascular endothelial growth factor (VEGF)-A is the most
prominent proangiogenic factor and value of serum VEGF
has prognosis impact in lymphomas (review in [18]). How-
ever, the pathogenic association of MVDs and VEGF expres-
sion by tumor cell in DLBCL remain controversial [19].

On the basis of these results and on results on in vivo
model [20], it can be hypothesized that patients with DLBCL
characterized by increased tumor MVD may benefit from
antiangiogenic effect of lenalidomide [21].

2.2. Effects on the Immune Microenvironment

2.2.1. Action on Proinflammatory Cytokines and T-cell Acti-
vation. Using whole genome arrays, and multiple clustering
methods, Monti and colleagues have identified 3 discrete
subsets of DLBCL [22], including one characterized by
increased expression of T-natural killer cell receptor and
activation pathway components, complement cascade mem-
bers, macrophage/dendritic cell markers, and inflammatory
mediators which has been referred as “host response” (HR)
signature. Consistent with the signature of an ongoing
inflammatory/immune response, HR tumors had increased
expression of interferon-induced genes, tumor necrosis
family (TNF) ligands and receptors, cytokine receptors,
adhesion molecules, and extracellular matrix components.
The role of microenvironment associated cytokine in DLBCL
physiopathology has been approached in another way. Host
immune gene polymorphisms including TNFα and IL10 pre-
dict late survival in DLBCL patients in the prerituximab era
[23]. In accordance, the combined elevation of both TNFα
and IL-10 in sera of DLBCL patients at diagnosis has been
shown to negatively impact on prognosis [24]. The effect
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of lenalidomide on TNFα production depends on immuno-
logical context. Lenalidomide has been shown to inhibit the
production of proinflammatory cytokines including TNFα
and to elevate the production of anti-inflammatory cytokine
IL-10 from human PBMCs stimulated by LPS. In contrast,
a strongly elevated production of TNFα [25] by CD3
stimulated T-cell during costimulation by lenalidomide [26]
has been reported. In this model, the augmentation of TNFα
is due to production by both CD4+ and CD8+ T cells, and is
dependent on IL2-mediated signalling. Thus, depending on
immune environment, lenalidomide could have differential
impact on DLBCL tumors.

2.2.2. Action on NK Cells. Under normal circumstances of
immune surveillance, human NK cells have inhibitory recep-
tors that recognize MHC class I molecules as their cognate
ligands on virtually every cell in the body [27] and activating
receptors that sense stressed cells, that is, transformed or
infected cells. Thus, NK cells spare healthy cells that express
self-MHC class I molecules and low amounts of stress-
induced self-molecules, whereas they selectively kill stressed
target cells that downregulate MHC class I molecules and/or
upregulate stress-induced self-molecules [28]. Investigating
spontaneous B-cell lymphoma development in aging β2m-
deficient mice, Street et al. [29] have shown that NK
cells are critical in innate immune surveillance of B-cell
lymphomas. In human, alteration of β2m expression leading
to an altered HLA-I staining patterns has been report in
40/53 (75%) of DLBCL [30], a situation prone to activate
NK cells. However, 75% of such HLA-I deficient tumors
have concomitant alterations of CD58 (LFA3) expression
leading to a potential defect in adhesion and activation
of NK cells as it has been shown for LFA1/ICAM1 [31].
The frequency of β2m and CD58 expression defect was
comparable in GCB and ABC DLBCL subgroups, but the
correlation with the HR “Monti classification” has not been
reported. We have previously shown that peripheral blood
NK cell count deficiency was associated with lower response
rate to CHOP like induction regiment [32] in DLBCL
suggesting a cooperative contribution of the immune system
to the chemotherapeutic response, a feature demonstrated in
several mouse model [33]. In vitro addition of lenalidomide
to PBMC of healthy individuals significantly increased their
NK cell natural cytotoxicity (Davies et al., 2001 [34]) in a
CD4+T cell and IL-2 dependent manner [35, 36]. The in vivo
effect of lenalidomide on NK cell of patients with DLBCL
treated with lenalidomide is under study.

The introduction of rituximab in therapeutic arsenal has
greatly changed the clinical course of DLBCL [6, 37, 38].
Beside natural cytotoxicity mentioned above, NK cell may
be involved in Rituximab mediated antidody dependant
cytotoxicity (ADCC) by the engagement of the Fc portion of
the antibody on their FcγRIII (CD16) receptors. It has been
shown that FcγRIII polymorphisms impact on antibody
binding, resulting in more effective antibody-dependent
cellular cytotoxicity in vitro [39]. The association with
FcγRIII polymorphisms and clinical outcome has been used
to argue for an ADCC mechanism of action of rituximab

in vivo, but the association is less significant in DLBCL [40]
than initially report in follicular lymphoma [41].

Lenalidomide has been shown to enhance the NK-cell-
mediated ADCC and NK cell IFN-γ production in a series
of functional in vitro experiments using rituximab coated
NHL cell lines, including one cell line derived from a DLBCL
patient [42].

2.2.3. Action on Regulatory T Cells. Regulatory T cells (TREG),
defined as CD4+CD25+ T cells, play an important role in
the immune system, not only by inhibiting autoimmunity,
but also by hampering the antitumour response [43]. In
human NHL (including 6 DLBCL) it has been shown
in vitro, that intratumoral CD4+CD25+ cells can inhibit
the proliferation of activated anti-tumour CTLs, and can
inhibit the proliferation and the secretion of IFNγ and IL-
4 by infiltrating CD4+CD25-T cells [44]. The expression of
FOXP3 has been evaluated by immunohistochemical study
on paraffin-embedded DLBCL tumor specimens and the
number of FOXP3+ regulatory T cells has been first shown
to be not predictive of clinical outcome [45]. However,
the correlation between FOXP3+ infiltrating T cells and
prognosis has been subsequently evaluated independently in
GC and non-GC DLBCL subgroups [46], as defined by Hans
algorithm [47]. Despite the fact that the absolute FOXP3+
cell numbers were similar in GC and non-GC DLBCL, a
high amount of tumor-infiltrating FOXP3+ cells was of good
prognostic value (DFS) in GC but was associated with an
adverse clinical outcome in non-GC subgroup. In this study,
localization of FOXP3+ cells within tumor, a feature that has
been shown to impact their clinical value in solid tumor [48],
has not been evaluated.

Lenalidomide can inhibit the proliferation of FOXP3+
CTLA4+CD4+CD25high TREG cells in healthy donor PBMCs
cultured for 7 days with IL-2 [49]. Moreover, lenalidomide
inhibit the suppressor function of the TREG cells against
autologous responder cells in vitro. This inhibitory activity
is associated with reduction of FOXP3 and OX40 expression.
However, to our knowledge, nothing has been report on the
effect of lenalidomide on TREG extracted from DLBCL tumor
samples.

2.3. Direct Effect on Tumor Cells. A hallmark of ABC DLBCL
is the constitutive activation of the NFκB pathway, on which
they rely for survival and proliferation [34]. NFκB activation
in mediated through oncogenic driver mutations affecting B-
cell receptor-NFκB signaling (review in [50]). Beside effects
on microenvironment, lenalidomide has been shown to have
a direct effect on DLBCL cell lines, with a decrease in NFκB
activity and an arrest in DNA synthesis [51].

3. Part II: Lenalidomide and
Treatment of DLBCL

3.1. Response to Lenalidomide in Relapsed/Refractory DLBCL.
Data emerging from early clinical trials demonstrated that
lenalidomide has a significant activity against relapsed/
refractory DLBCL either as monotherapy or as an association
with rituximab. Published results are shown in Table 1.
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Table 1: Response to Lenalidomide in relapsed/refractory diffuse large B-cell lymphomas.

Lenalidomide Monotherapy Association

Name of the protocol NHL002 [52] NHL003 [53] Lenalidomide and rituximab [54]

Year of publication 2008 2011 2011

Type of study Multicentric International Multicentric

Phase Phase II Phase II Phase II

Treatment Lenalidomide Lenalidomide Lenalidomide and rituximab

Dose of lenalidomide:
25 mg/d, D1–21 25 mg/d, D1–21 20 mg/d, D1–21

every 28 days every 28 days every 28 days

Duration or treatment or
No. of cycles

52 weeks — 4 cycles + maintenance (n = 10 pts)

No. of patients 49 267 23

No. of DLBCL 26 108 23

Response∗ Induction Complete therapy

ORR n, (%) 5 (19) 30 (28) 8 (35) 8 (35)

CR n, (%) 1 (3) 8 (7) 7 (31) 8 (35)

CRU n, (%) 2 (8) — —

PR n, (%) 2 (8) 22 (20) 1 (4) 0 (0)

Stable disease n, (%) 7 (27) 23 (21) 2 (8) 2 (8)

Progression n, (%) 14 (54) 40 (37) 13 (57)

Followup 9.2 16

Median time to response (month)
PR: 1.9 (1.2–3.7)
CR: 4.3 (1.9–10.5)

1.9 (1.4–11.5) —

Median response duration (month) 6.2 (0–12.8) 1.6 —

PFS, Median (month) 4 2.7 1-year DFS 34.8%

ORR: overall response rate, CR: complete response, CRU: complete response unconfirmed, PR: partial response, PFS: progression free survival.
NHL002: the results of response are specifically reported for DLBCL.
NHL003: the results of response are specifically reported for DLBCL.

The first phase II trial was a single-arm, multicenter
trial (NHL002) that evaluates the safety and efficacy of
lenalidomide oral monotherapy (25 mg/day during 21 days
every 28 days) in 49 patients with relapsed or refractory
aggressive NHL [52]. Among them, 26 patients presented a
relapsed/refractory DLBCL. The median age was 65 years. All
these patients were heavily pretreated with a median of four
prior treatment regimens. Overall response rate (ORR) was
19% (n = 5/26), including 3 complete responses (CRU +
CR) and 2 partial responses (PR).

An international phase II study (NHL003) was then
conducted enrolling 218 patients with refractory/relapsed
B-cell aggressive lymphoma, and confirmed the efficacy of
lenalidomide in this category of patients [53]. One hundred
and eight patients with diffuse large B-cell lymphoma were
included. As the previous study, the treatment consisted
in lenalidomide 25 mg orally once daily on days 1–21 of
every 28 day cycle. Thirty patients (28%) exhibited an
objective response (8 CR, and 22 PR). Interestingly, response
to lenalidomide therapy was independent of the tumor
burden, and of the number and the type of prior treatment.
Compared to other type of lymphomas included (mantle cell
lymphoma, transformed large B-cell lymphoma, follicular
lymphoma, grade III), progression-free survival (PFS) of the
patients with DLBCL was the shortest.

In contrast, patients with large cell NHL of the trans-
formed type (n = 33) had substantially better results

Table 2: Grade III-IV toxicities with lenalidomide as monotherapy
in relapsed/refractory DLBCL.

NHL002 [52] NHL003 [53]

% %

Neutropenia 33 41

Febrile neutropenia 6.1 2.3

Thrombocytopenia 20.4 18.4

Anemia 6.1 9.2

Fatigue 6.1 4.6

Deep vein thrombosis 2 2.3

Neuropathy 0 0

[53]. Median PFS was of 5.1 months and median response
duration of 12.8 months. These results were further explored
in a study analysing 33 patients with transformed follic-
ular lymphoma (tFL), transformed chronic lymphocytic
leukaemia/small lymphocytic lymphoma (tCLL/SLL) [55].
Lenalidomide was administered at the same dosage. Among
patients with tFL, ORR was 57%, with a median response
duration of 12.8 months. None of the patients with tCLL/SLL
responded to lenalidomide monotherapy.

These encouraging results are confirmed in a retrospec-
tive study (REVEAL study) showing an objective response
rate after 3 cycles at 69.2% in heavily pretreated patients with
relapsed LNH [59].
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Table 3: Response to lenalidomide in patients with diffuse large B-cell lymphoma in first-line treatment.

Name of the protocol R2-CHOP [56] LR-CHOP21 [57] R2-CHOP [58]

Year of publication 2011 2010 2011

Type of study Monocentric Multicentric-IIL Multicentric

Phase Phase I Phase I-II Phase I-II

Treatment Lenalidomide and R-CHOP21 Lenalidomide and R-CHOP21 Lenalidomideand R-CHOP21

Dose of lenalidomide:
15 to 25 mg/d, D1–10 5 to 20 mg/d, D1–14 5 to 25 mg/d, D1–14

every 21 days every 21 days every 21 days

No. of cycles 6 6 6

No. of patients
with DLBCL

24 21 27

Recommended dose
in function of DLT

25 mg 15 mg 25 mg

Toxicity

Hematologic Grade III-IV Grade III-IV Grade III-IV

Anemia 21% 4% —

Neutropenia 88% 28% 59%

Thrombocytopenia 29% 10% 30%

Grade III Grade III Grade I-II Grade III

Peripheral neurotoxicity 8% 14% 48% 0%

Vascular thrombosis 8% 7%

Response

ORR n, (%) 22 (87.5) 16 (72) 27 (100)

CR n, (%) 18 (77) 15 (71) 20 (74)

PR n, (%) 1 (5) 7 (26)

Stable disease n, (%) —

Progression n, (%) 5 (21) 5 (16) —

R-CHOP: rituximab 375 mg/m2 D1, cyclophosphamide 750 mg/m2 D1, doxorubicin 50 mg/m2 D1, vincristine 1.4 mg/m2 D1 (capped at 2.0 mg) prednisone
50 mg/m2 D1–5.
DTL: dose limiting toxicity.

When associated to rituximab, results of ORR seems
equivalent to lenalidomide alone, with an ORR of 35%
[54]. However number of CR seems higher as almost all
but one responding patients were in CR. In this trial,
the treatment plan comprised an induction phase with
lenalidomide (20 mg/day, D1-D21 of a 28-day cycle for 4
cycles) and rituximab (375 mg/m2 on day 1 and day 21
of each cycle—total of 4 cycles) and maintenance therapy
proposed to the responders (CR, PR SD) with lenalidomide.
Interestingly one patient in PR after induction converted to
CR during the maintenance.

Interestingly maintenance with lenalidomide is currently
tested in patients with relapsed DLBCL who achieved at
least a partial response to second-line chemotherapy (ICE,
DHAP/DHAOx, or MINE regimen) and rituximab at the
dose of 25 mg once daily for 21 days out of 28 until
progression (NCT00799513).

3.2. Toxicity of Lenalidomide Alone in DLBCL. When lenalid-
omide is used in monotherapy at the “standard” dose of
25 mg/d D1–D21 cycling at 28 days, the most common grade
3 and 4 adverse events are neutropenia occurring in 33%
to 41% of the patients, and thrombocytopenia in 20% of

the patients. The neutropenia was rarely complicated with
a febrile neutropenia, reported in 2–6% of the patients.
No neuropathy was reported. Deep vein thrombosis was
described in 2% of the patients. Other grade III-IV toxicities
were anemia (<10%) and asthenia in 5% of the patients.
These toxicities required a dose reduction in one third of the
patients in both trials [52, 53] (Table 2). The median time to
first dose reduction or interruption of treatment was 33 days
[53]. The most common reasons for dose reduction were
neutropenia (56%) and thrombocytopenia (31%) [53].

3.3. Lenalidomide in First-Line Treatment in DLBCL. Combi-
nation of lenalidomide and standard R-CHOP21 have been
recently published or reported in meetings by several groups
in phase I-II [56]. This strategy of “R2-CHOP” was proposed
to patients in first-line treatment (Table 3). The lenalidomide
dose levels tested were between 5 mg up to 25 mg/day.
Duration of treatment by cycle was between 10 days to 14
days. Dose limiting toxicity principally occurred because
of haematological toxicity described as the most frequent
adverse event. Grade III-IV neutropenia occurred in 28%
to 88% of the patients, and Grade III-IV thrombocytopenia
in 10 to 30% of the patients. Grade I-II neuropathy was
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observed in half of the patients, and grade III-IV in around
10% of the patients.

Beside concomitant association of lenalidomide and R-
chemotherapy, alternative way to administer lenalidomide
in front-line is a strategy of maintenance therapy after an
induction of R-CHOP. Lenalidomide seems attractive to
test in maintenance with several positive arguments. It is
an oral drug, easy to administer. The early antitumoral
efficacy and immunomodulatory effect have been shown,
and finally tolerance is acceptable. This strategy is currently
investigated in an international trial conducted by the LYSA
(EUDRACT Number: 2008-008202-52), where lenalidomide
is proposed in maintenance after R-CHOP21 or R-CHOP14
in responding patients (CR + PR) [60] aged from 60 to 80
years old with at least one adverse IPI prognostic factors.

3.4. Cell of Origin and Response to Lenalidomide. Based on
the biological rational of Lenalidomide and the new catego-
rization of DLBCL [4], Hernandez-Ilizaliturri et al., recently
reported the response to lenalidomide in relapsed/refractory
DLBCL in analyzing them within their subgroups: ger-
minal center B-cell (GCB-)-like- or nongerminal center
B-cell (non-GCB-)like- DLBCL [61]. Forty patients were
retrospectively analyzed using the Hans’s algorithm based
on the expression of CD10, BCL6, and IRF4/MUM1 by
immunohistochemistry [47]. Twenty-three were classified
as GCB-like DLBCL and 17 as non-GCB-like DLBCL.
Differences were observed in responses rates, PFS and OS.
ORR rate was significantly higher in patients with non-GCB-
like DLBCL compared to patients with GCB-like DLBCL
(OOR rates, 53% versus 9%, P = .006). Complete response
rate was 23.5 versus 4.3%. Median progression-free survival
was 6.2 months versus 1.7 months. No difference in OS was
yet observed.

4. Conclusion

Lenalidomide is a promising drug in DLBCL in relapse as
well as in front-line therapy. Several trials have reported
interesting results in monotherapy as well as in associa-
tion with rituximab alone or with immunochemotherapy.
Tolerance seems acceptable and long term results of the
recently published trials should in the future help to define
the place of this drug in the therapeutic strategy of patients
with DLBCL. Numerous new therapeutic molecules are
under development or in phase I/II evaluation and some
additional biological works are necessary to decipher the
precise mechanism of action of lenalidomide in DLBCL
subgroups in order to develop rational combinations [62].
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In Canada, lenalidomide combined with dexamethasone (Len/Dex) is approved for use in relapsed or refractory multiple myeloma
(RRMM). Our expert panel sought to provide an up-to-date practical guide on the use of lenalidomide in the managing
RRMM within the Canadian clinical setting, including management of common adverse events (AEs). The panel concluded
that safe, effective administration of Len/Dex treatment involves the following steps: (1) lenalidomide dose adjustment based
on creatinine clearance and the extent of neutropenia or thrombocytopenia, (2) dexamethasone administered at 20–40 mg/week,
and (3) continuation of treatment until disease progression or until toxicity persists despite dose reduction. Based on available
evidence, the following precautions should reduce the risk of common Len/Dex AEs: (1) all patients treated with Len/Dex should
receive thromboprophylaxis, (2) erythropoiesis-stimulating agents (ESAs) should be used cautiously, and (3) females of child-
bearing potential and males in contact with such females must use multiple contraception methods. Finally, while Len/Dex can
be administered irrespective of prior therapy and in all prognostic subsets, patients with chromosomal deletion 17(p13) have
less favorable outcomes with all treatments, including Len/Dex. New directions for the use of lenalidomide in RRMM are also
considered.

1. Introduction

Multiple myeloma (MM), the second most common hema-
tological malignancy in adults, is associated with vari-
ous clinical manifestations including anemia, lytic bone
lesions, and renal and immune impairments. According to
Canadian Cancer statistics, an estimated 2300 Canadians
will be diagnosed with MM and 1350 will die from this
disease in 2011 [1]. While no cure for MM is available,
five-year survival rates have risen substantially in Canada
and elsewhere over the last decade, partly due to novel
therapies such as thalidomide, bortezomib, and lenalidomide
[2, 3]. Nonetheless, regardless of initial treatment, most
patients will eventually relapse and require salvage therapy,

often consisting of novel agents, alone or in combina-
tion.

Lenalidomide is an immunomodulatory drug with direct
effects on myeloma cells as well as their microenvironment.
Early clinical trials with lenalidomide as a single agent in
relapsed or refractory MM (RRMM) patients demonstrated
its antimyeloma activity [4]. In preclinical studies, the agent
has been shown to kill myeloma cells by upregulating certain
cyclin-dependent kinase inhibitors and other early response
factors [5]. Lenalidomide can also induce apoptosis by the
activation of the intrinsic caspase-8 pathway [6], and it is
thought to be more potent than thalidomide at inhibiting
MM cell line growth and inhibiting TNF-α secretion from
peripheral blood cells following LPS stimulation [7, 8].
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Lenalidomide also has antiangiogenic properties, manifested
in vitro by its ability to inhibit endothelial cell migration
[9]. In addition, lenalidomide has properties not shared by
thalidomide, such as inhibition of T regulatory cells and
enhancement of tumor immunity [10, 11].

As reported in two landmark phase III trials that are the
basis of Canadian approval of lenalidomide in RRMM, the
efficacy of this agent is greatest when used in combination
with dexamethasone [12, 13]. This combination is supported
by data showing that lenalidomide can activate caspases 3, 8,
and 9 with variable efficiency in different MM cell lines and
that the addition of dexamethasone is synergistic and leads
to a greater induction of apoptosis [5].

Additional studies, subgroup analyses of available phase
III trials, and Canadian postmarketing experiences have all
informed current practice regarding the use of lenalidomide
in the RRMM patient population. In this paper we aim to
provide an up-to-date practical guide on the use of this novel
agent in the setting of RRMM, as well as a guide to managing
commonly seen adverse events. To the best of our knowledge,
the current report provides the first Canadian guidance for
using lenalidomide in RRMM.

2. Methods

The expert panel convened in Paris, France, on May 2,
2011, in conjunction with the 13th International Myeloma
Workshop. The group met to discuss the use of lenalidomide
in the management of RRMM in the Canadian environment.
The Chair (DR) invited panelists to research and write
individual sections of the paper.

The various sections were collected, compiled, and
distributed to the group, which discussed the paper via web
conference. Panelists subsequently generated a revised draft
in which all sections included specific clinical guidance (i.e.,
practice considerations). The revised paper was discussed at
a final web conference, where all practice recommendations
were considered, revised as appropriate, and ultimately
adopted by the full panel; any areas of disagreement are
noted.

Celgene Canada provided the impetus for the panel to
pursue this project freely and independently. Celgene Canada
supported the process throughout, including support for
the participation of a medical writer (JA) in preparing this
paper. The opinions represented here are solely those of the
physician-panelists.

3. Indication, Timing, Dose, and
Treatment Duration

In October 2008, the combination of lenalidomide and
dexamethasone (Len/Dex) was approved in Canada for the
treatment of RRMM in patients who had received at least
one prior therapy. This approval was based on evidence
from two phase III trials, namely, MM009 [12] and MM010
[13], which showed significant benefits in response rate
(RR), time to progression (TTP), and overall survival (OS)
following Len/Dex therapy, compared with dexamethasone

monotherapy. The benefits of Len/Dex over dexamethasone
alone were seen in all age groups and were independent
of previous therapy type. Based on the currently approved
indication for this agent in Canada and the results of
available studies, the initiation of lenalidomide therapy is not
limited by the number or type of previous lines of therapy,
although OS and progression-free survival are greater among
patients with only one prior therapy versus those with two or
more prior therapies [35].

In the MM009 and MM010 trials, lenalidomide was
given at a dose of 25 mg per day on days 1 to 21 of
a 28-day cycle, along with 40 mg of dexamethasone per
day on days 1–4, 9–12, and 17–20. After the fourth cycle,
40 mg of dexamethasone was given daily on days 1–4 of
every cycle. Cycles were continued until disease progression
or until toxicity persisted, despite dose reduction. Not-
ing the lack of prospective randomized trials specifically
addressing different approaches to drug administration in
the relapsed/refractory setting, the panel agreed that the
recommended dose and schedule of Len/Dex therapy need
not directly follow those outlined in published clinical trials.

We agreed that the starting dose of lenalidomide should
remain at the current standard (25 mg daily on days 1–21) in
the absence of baseline renal insufficiency and/or significant
cytopenias. Specifically, the dose of lenalidomide must be
adjusted based on the creatinine clearance, using standard
dose adjustments (Table 1). Either the Cockcroft-Gault or
the MDRD (modification of diet in renal disease) formula
may be used to calculate creatinine clearance. Caution is
urged in calculating the renal function based solely on serum
creatinine level in older patients with MM [36].

Lenalidomide treatment should be used with caution
in patients with thrombocytopenia (i.e., platelet counts
<50 × 109/L or <30 × 109/L in those with heavy marrow
infiltration with myeloma) and absolute neutrophil counts
<1.0× 109/L; if lenalidomide is used in this setting, measures
for aggressive growth factor supplementation and/or platelet
transfusion support must be in place.

Although the pivotal phase III trials in RRMM used the
standard high-dose (HD) pulsed dexamethasone (12 doses
of 40 mg per month, on days 1–4, 9–12, and 17–20 of a 28-
day schedule), it has become common practice in Canada
to administer dexamethasone on a weekly schedule (four
doses of 20–40 mg per month, on days 1, 8, 15, and 22 of
a 28-day schedule). Although dexamethasone dose should
be selected on the basis of individual clinical circumstances,
the panel notes that such low-dose (LD) dexamethasone
administration is particularly suitable for elderly patients,
as well as those with uncontrolled diabetes, unmanageable
glucocorticoid side effects, or relatively indolent relapses.

Weekly LD dexamethasone now represents the standard
of care in newly diagnosed individuals. The panel’s prefer-
ence for LD dexamethasone administration is based in part
on the results of a trial on Len/Dex in initial therapy for MM
(see New Directions, below) [30]. Here, despite a somewhat
lower RR compared to the HD dexamethasone group,
patients receiving LD dexamethasone plus lenalidomide
experienced improved OS and fewer grade ≥3 toxicities. A
second line of evidence supporting the use of dexamethasone



Advances in Hematology 3

Table 1: Dose adjustments at the start of therapy according to renal function [14].

Renal function Dose∗

Mild renal impairment ( 60 ≤ CrCl < 90 mL/min) 25 mg (normal dose) every 24 hours

Moderate renal impairment (30 ≤ CrCl < 60 mL/min) 10 mg† every 24 hours

Severe renal impairment (CrCl < 30 mL/min, not requiring dialysis) 15 mg every 48 hours

End-stage renal disease (CrCl < 30 mL/min, requiring dialysis)
5 mg once daily. On dialysis days, the dose should be
administered following dialysis

∗
While maintaining a treatment cycle of 21 out of 28 days.

†Dose may be escalated to 15 mg once daily after two cycles if patient does not respond to and is tolerating treatment.
CrCl: creatinine clearance.

Table 2: Lenalidomide dose reduction levels with adequate renal
function.

Dose level Lenalidomide dose (mg)

Initial dose 25

First reduction level 15

Second reduction level 10

Third reduction level 5

Fourth reduction level Discontinuation

at doses lower than employed in MM009 and MM010 comes
from a post hoc analysis of stepwise dose reduction in
these trials [37]. In this analysis, which did not directly
test a weekly dexamethasone regimen, patients who reduced
the dose of dexamethasone experienced significantly better
RR, TTP, and OS. A final reason for the use of weekly
LD dexamethasone is more hypothetical: one purported
important mechanism of action of lenalidomide is via its
immunomodulatory properties, and laboratory and clinical
studies have demonstrated that dexamethasone can antag-
onize the potentially beneficial immunostimulatory effects
of this drug [5, 38]. Therefore, LD dexamethasone may
allow better immunomodulatory effects, while preserving
the ability of corticosteroids to enhance the antiproliferative
activities of lenalidomide.

Finally, with regard to treatment duration, lenalidomide
therapy should be maintained continuously in most patients.
This is in contrast to regimens in which combination therapy
is given to maximal response and then discontinued to allow
a treatment hiatus. One study has reported that the duration
of lenalidomide therapy is directly related to a longer
survival [39]. However, the optimal dose of lenalidomide
when administered on a long-term basis is less certain. For
example, another post hoc analysis of the MM009/MM010
study examined patients who were still on therapy 12 months
after entering the trial and found that those who had dose
reductions after 12 months had a significantly longer PFS
than those who had reductions less than 12 months earlier,
or no dose reduction [40].

The panel makes no specific recommendation on routine
dose reduction after a specific period of time. However,
we recommend that doses of lenalidomide and/or dexam-
ethasone should be reduced to allow treatment to continue
until disease progression occurs. Dose interruptions should
occur only in situations of significant toxicities, with a plan

to reinstitute therapy as soon as toxicity decreases with
appropriate dose modifications. If required, dose reduction
to ameliorate toxicity should follow the recommendations
outlined in Tables 1, 2, 3, and 4.

Practice considerations are as follows.

(i) Len/Dex is approved for the treatment of RRMM
in patients who have received ≥1 prior therapy and
is appropriate irrespective of the number or type of
therapies previously given.

(ii) Lenalidomide dose must be adjusted based on creati-
nine clearance.

(iii) Dosing should take into account pre-existing and
developing cytopenias.

(iv) Dexamethasone is usually administered at doses
of 20–40 mg once per week. However, this LD
regimen has not been formally studied in the
setting of relapsed myeloma, and the results may
not be the same as those reported in the pivotal
MM009/MM010 trials.

(v) Len/Dex treatment should be maintained as in the
pivotal trials, that is, continued until disease progres-
sion or until significant toxicity persists despite dose
reduction.

4. Treatment of Special Populations

4.1. High-Risk Multiple Myeloma. The definition of high-risk
myeloma has evolved considerably over the past decade from
one that predominantly relied on clinical and biochemical
parameters (Durie-Salmon and ISS (International Staging
System) stage, serum LDH (lactate dehydrogenase), CRP
(C-reactive protein), proliferating index, etc.) to one that
accounts for disease-specific cytogenetic and genomic fac-
tors. Several recurrent chromosomal aberrations—including
chromosomal deletions (del(13q14), del(17p13)), translo-
cations (t(4; 14), t(14; 16), t(14; 20)), and amplifications
(1q21), as well as numerical chromosomal abnormali-
ties (hypodiploid versus hyperdiploid karyotype)—correlate
with poor disease outcomes. Similarly, genomewide gene
expression profiling (GEP) studies have identified myeloma
molecular subgroups with unique gene signatures that
correlate with disease outcomes. In particular, a 70-gene
signature was validated as a predictor of response to therapy
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Table 3: Lenalidomide dose adjustment for neutropenia.

Neutrophil count Recommendations

<1 × 109/L on day 1 of a cycle Delay start of the cycle for a week, until neutrophil count ≥1 × 109/L

<1 × 109/L during a cycle Interruption of lenalidomide until next cycle (dexamethasone should be continued)

Returning to ≥1 × 109/L on next cycle
Continue lenalidomide at same dose ± addition of G-CSF, if no other significant
toxicities needing dose reduction
Reduce lenalidomide to the first reduction level if other significant toxicities observed

For each subsequent drop <1 × 109/L Interrupt lenalidomide treatment

Returning to ≥1 × 109/L on next cycle Resume lenalidomide at next dose reduction level

G-CSF: granulocyte-colony stimulating factor.

Table 4: Lenalidomide dose adjustment for thrombocytopenia.

Platelet count Recommendations

<30 × 109/L on day 1 of a cycle Delay start of the cycle for a week, until platelet count ≥30 × 109/L

<30 × 109/L during a cycle Interruption of lenalidomide until next cycle (dexamethasone should be continued)

Returning to ≥30 × 109/L on next cycle Reduce lenalidomide to the first reduction level

For each subsequent drop <30 × 109/L Interrupt lenalidomide treatment

Returning to ≥30 × 109/L on next cycle Resume lenalidomide at next dose reduction level

and disease survival independently of clinical parameters
and structural or numerical chromosomal abnormalities.
Although most Canadian centers perform FISH cytogenet-
ics for detection of del(13q14), del(17p13), and t(4; 14),
genomic analyses are not routinely obtained.

To date, four retrospective studies have assessed the
impact of cytogenetic abnormalities on outcomes of Len/Dex
treatment among RRMM patients [15–18], as summa-
rized in Table 5. The most consistent finding among these
studies is that patients with del(17p13) experience less
favorable outcomes when treated with Len/Dex [15, 16] or
Len/Dex with bortezomib than those individuals lacking this
adverse prognostic factor [18]. However, the presence of
del(17p13) has repeatedly been shown to predict a shorter
progression-free survival (PFS) and OS among RRMM
patients, regardless of therapy [15, 16, 18]. Although patients
with del(17p13) derive less benefit, the panel agreed that
they may be treated with Len/Dex but should preferentially
be considered for clinical trials designed for high-risk
patients, if such an option is available. Innovative strategies,
not yet defined, are needed for patients with a 17p13
deletion.

Although the trials of Reece et al. [15] and Klein et
al. [16] suggest that Len/Dex treatment can overcome the
poorer prognosis ordinarily associated with del(13q14) and
t(4; 14), these conclusions are in contrast to those of Avet-
Loiseau et al. [17]. In this last study, del(13q14) and t(4;
14) were associated with significantly lower RR, PFS, and
OS in univariate analysis. In particular, patients with t(4;
14), compared to patients without t(4; 14), experienced
significantly lower response and survival rates. However,
multivariate regression analysis identified a prior history
of progression while on thalidomide as the main adverse
prognostic factor, and t(4; 14) per se was not retained in the
model. Moreover, the patients in the Avet-Loiseau trial were
more heavily pretreated. Evidence to date is also equivocal

regarding the impact on Len/Dex treatment efficacy of
chromosome 1q21 amplifications [16, 18].

With regard to high-risk myeloma, as defined by the 70-
gene GEP signature, there are currently no studies assessing
the impact of lenalidomide-based therapy on the survival of
these patients when used in the relapsed setting. However,
results of studies incorporating lenalidomide in the frontline
treatment regimen (e.g., Total Therapy 3, incorporating
multidrug induction therapy, tandem autologous stem cell
transplantation, and maintenance with the combination of
lenalidomide, bortezomib, and dexamethasone) suggest that
the 70-gene GEP signature remains a predictor of poor
survival outcomes [41].

Currently, it remains difficult to provide definite recom-
mendations for the use of lenalidomide in relapsed patients
with high-risk cytogenetics. Prospective studies in this area
are clearly warranted.

Practice considerations are as follows.

(i) Based on the results of a Canadian analysis of
the Expanded Access Program of Len/Dex in
relapsed/refractory myeloma patients, Len/Dex may
be effective in patients with t(4; 14) or del(13q14)
identified by FISH (fluorescence in situ hybridiza-
tion) cytogenetics.

(ii) Patients with del17(p13) have poorer outcomes with
all treatments, including Len/Dex treatment, and
are high-priority candidates for innovative regimens
directed to high-risk patients. However, Len/Dex may
be used in the absence of such alternatives.

4.2. Previous Thalidomide Treatment. Although lenalido-
mide has been shown to be more potent than thalidomide
in preclinical studies, the two agents are structurally similar
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Table 5: Adverse prognostic factors identified by multivariate analysis in patients with relapsed/refractory myeloma treated with
lenalidomide and dexamethasone.

Reference Study population PFS/TTP Overall survival

Reece et al., 2009 [15]
130 RRMM patients treated with
Len/Dex

Del(17p13)
Elevated creatinine
Prior bortezomib
Prior thalidomide

Del(17p13)
Elevated creatinine
Prior bortezomib
Prior thalidomide
Age >65 yrs

Klein et al., 2011 [16]
92 RRMM patients treated with
Len/Dex

Del(13q) if associated with other
abnormalities

Del(17p13)
Amp(1q21)

Avet-Loiseau et al., 2010 [17]
207 “heavily pretreated” RRMM
patients treated with Len/Dex

Progression during thalidomide
Progression during thalidomideHemoglobin <100

Del 13q

Dimopoulos et al., 2010 [18]
99 RRMM patients treated with
Len/Dex (n = 50) or Len/Dex +
bortezomib

t(4;14)
Del(17p13)
Thalidomide resistance
Elevated LDH
Extramedullary disease

Del(13q)

Amp(1q21)

Del(17p13)

Thalidomide resistance
ISS

Bortezomib resistance

Elevated LDH

Extramedullary disease

PFS: progression-free survival; TTP: time to progression; RRMM: relapsed or refractory multiple myeloma; Len/Dex: lenalidomide combined with
dexamethasone; LDH: lactate dehydrogenase; ISS: international staging system.

Table 6: The effect of Len/Dex treatment according to prior response to thalidomide. Adapted from Wang et al. [19].

Thalidomide sensitive1 Thalidomide relapsed2 Thalidomide resistant3

Len/Dex Placebo/Dex P Len/Dex Placebo/Dex P Len/Dex Placebo/Dex P

Overall response rates
(PR or better) %

64.8 17.1 <0.001 41.9 5.9 <0.01 50 20.8 0.042

Response duration,
mo (95% CI)

13.4
(7.0 to NE)

3.2
(2.3 to NE)

0.009
8.8

(5.3 to NE)
NE

(8.6 to NE)
0.77

NE
(6.0 to NE)

NE
(6.0 to NE)

0.22

Median PFS, mo
(95% CI)

9.3
(5.6 to 18.0)

4.6
(3.9 to 4.7)

<0.001
7.8

(5.2 to 11.1)
3.7

(2.8 to 6.5)
0.002

7.0
(4.9 to 16.9)

3.7
(2.1 to 8.4)

0.013

1
Sensitive: patients with stable disease or better who did not progress while on thalidomide.

2Relapsed: patients with stable disease or better who progressed while on thalidomide.
3Resistant: patients who progressed on thalidomide but never responded to thalidomide.
Len/Dex: lenalidomide combined with dexamethasone; PR: partial response; PFS: progression-free survival; NE: not estimable.

and likely exert their antimyeloma effects through similar
mechanisms. Retrospective investigations suggest that prior
thalidomide exposure [15], progression during thalidomide
[17], and thalidomide resistance [18] independently predict
reduced PFS and OS.

The MM-009 and MM-010 phase III studies included
154 (44%) and 120 (34%) patients, respectively, who had
been previously exposed to thalidomide [12, 13]. A post hoc
analysis of these two studies demonstrated that, while the
overall RR of lenalidomide treatment was lower in patients
previously treated with thalidomide (65% versus 54%),
the response duration was not statistically different [19].
Further subgroup analyses of patients with prior thalido-
mide exposure revealed that those who had responded
to thalidomide and did not progress while on therapy
had the best overall RR, median duration of response,
and PFS when subsequently treated with lenalidomide

(Table 6). RR and PFS among patients who failed to
respond to thalidomide were better with Len/Dex than
with dexamethasone alone, although duration of response
to the assigned agent did not differ. Finally, PFS was
superior with Len/Dex over dexamethasone monotherapy,
regardless of prior thalidomide response. Another nonran-
domized, prospective study of 106 previously thalidomide-
treated patients suggested that the overall RR, PFS, and OS
were not significantly different between patients who were
thalidomide-sensitive versus thalidomide-resistant (56%, 10
months, 17 months, resp.) [42]. A third study, retrospec-
tive in nature, looked at retreatment with immunomod-
ulatory agents in patients given this class of drugs as
initial therapy for myeloma. For the subset of patients
who received Len/Dex after initial thalidomide, the over-
all RR was 48% and the median TTP was 9 months
[43].
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Practice considerations are as follows.

(i) Although treatment efficacy may be somewhat
reduced, Len/Dex is an appropriate treatment choice
among patients previously treated with thalidomide,
irrespective of their earlier response.

4.3. Elderly Patients. Up to 37% of newly diagnosed MM
patients are older than 75 years [44]. Elderly patients are
more likely to have significant comorbidities, tend to be frail,
and have lower performance status and poorer tolerance to
medications. Nevertheless, elderly patients have often been
included in clinical studies of novel agents, and available
evidence suggests that, with appropriate management, they
can also benefit from these agents. However, a 40 mg dose of
dexamethasone can be challenging to deliver to some elderly
patients, and this agent may be given at a lower weekly dose
of 20 mg.

Practice considerations are as follows.

(i) Among elderly patients, dexamethasone should be
started at a dose of 40 mg per week, unless there are
significant and/or severe comorbidities.

(ii) Dexamethasone should be started at a dose of 20 mg
per week in less fit patients; an initial dose of 16 mg
may be considered for very frail patients, as guided
by clinical judgment. As noted above, these doses are
lower than those used in the MM009/MM010 studies
and the results may not be the same as when 4-day
pulses are administered.

5. Toxicities and Management of Adverse Events

The safety and toxicity of lenalidomide have been evaluated
in published clinical trials [12, 13], as well as in an expanded-
access program for Canadian and international patients
[45]. Although lenalidomide is well tolerated by most
patients, some adverse effects are common during treatment.
However, some of the more significant side effects associated
with thalidomide are not seen with lenalidomide. Indeed, in
the MM-009 and MM-010 studies, the incidences of grade
3-4 constipation, somnolence, and peripheral neuropathies
were similar for the Len/Dex-treated group compared to the
dexamethasone monotherapy group [12, 13]. Importantly,
side effects associated with Len/Dex are not affected by the
number of prior therapies [35].

5.1. Hematologic Toxicities. The most common grade 3-4
adverse events in the two phase III pivotal trials of lenalido-
mide were hematologic, including neutropenia; thrombocy-
topenia; to a lesser extent, anemia. The risk of grade 3 or 4
febrile neutropenia was slightly increased with the addition
of lenalidomide (3.4% in the Len/Dex group versus 0% in
the dexamethasone group). Dose reductions typically occur
most frequently during the initial cycles. It is not clear
whether the risks of neutropenia and thrombocytopenia
per se decrease with time or whether the pattern observed

is secondary to dose modifications [46, 47]. At any rate,
clinicians should be particularly vigilant during the first
few months after initiation of lenalidomide. Given that a
standard lenalidomide dose of 25 mg among patients with
renal failure is associated with more cytopenias, especially
neutropenia and thrombocytopenia [48], reducing the initial
dose may ameliorate these risks. Specific recommendations
for laboratory monitoring are summarized below.

5.1.1. Neutropenia and Thrombocytopenia. Myelosuppres-
sion associated with lenalidomide is dose-dependent and
is usually predictable and manageable [47]. To decrease
risks of infection and bleeding, lenalidomide should not
be started in patients with an absolute neutrophil count
(ANC) below 1.0 × 109/L or a platelet count below 50 ×
109/L except in exceptional circumstances and with sup-
portive measures in place, as discussed above. Lenalidomide
administration should be interrupted whenever neutrophil
and platelet counts reach these cutoffs. At the next cycle,
if neutropenia is the only dose-limiting toxicity, treatment
may resume at the same dose, with the addition of growth
factor support such as filgrastim 300 or 480 mcg admin-
istered subcutaneously once or twice weekly, in patients
with ANC >1.0× 109/L. In the presence of other dose-
limiting toxicities, dose reduction is recommended (Table 2).
Treatment may also be reintroduced, albeit at a reduced
level, when platelet count is over 30 × 109/L. For each
subsequent grade 3-4 neutropenia and platelet count less
than 30 × 109/L, lenalidomide administration should be
withheld and restarted at a lower dose at the next cycle.
Dose adjustments for neutropenia and thrombocytopenia
associated with lenalidomide are presented in Tables 3 and
4. In some circumstances, especially during the first few
cycles, significant neutropenia or thrombocytopenia can
result from heavy myeloma bone marrow infiltration rather
than pure myelosuppression. In these cases, lenalidomide
should probably be continued with the addition of G-
CSF (granulocyte-colony stimulating factor) in case of
neutropenia and platelet transfusions given to manage
thrombocytopenia.

5.1.2. Anemia. Anemia is rarely a significant problem in
patients undergoing Len/Dex combination therapy. Thus,
clinicians should follow the standard practice established
by their institution for transfusions. Some concerns have
been raised regarding the potential risk of venous throm-
boembolic events associated with concomitant use of ery-
thropoietin. Although the MM-010 study [13] suggested
that these events are unrelated, the MM-009 [12] study
identified a trend toward more venous thromboembolic
events with erythropoietin. Accordingly, we recommend
that erythropoiesis-stimulating agents (ESAs) be used with
caution in patients receiving lenalidomide; if an ESA is given,
the hemoglobin level should be maintained at<120 g/L as per
the Health Canada label.

5.1.3. Others. Recently, lenalidomide exposure has been
associated with failure to mobilize a sufficient number of
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stem cells using growth factors alone [49–51]. This negative
effect on stem cell mobilization can be overcome with the
addition of cyclophosphamide [52] or plerixafor [53]. Since
use of lenalidomide most commonly follows relapse after
autologous stem cell transplant (ASCT) and successful stem
cell mobilization in eligible patients, this consideration is
rarely problematic in Canada.

Practice considerations are as follows.

(i) MM patients experiencing neutropenia or thrombo-
cytopenia should interrupt lenalidomide treatment
until their ANC reaches 1.0 × 109/L and/or their
platelet count reaches 30 × 109/L. Lenalidomide may
then be restarted at a lower dose, as indicated in
Table 2.

(ii) The timing of interrupting and restarting lenalido-
mide in response to neutropenia and thrombocy-
topenia should follow the guidance in Tables 3 and
4, respectively.

(iii) To avoid a potential increase in the risk of venous
thromboembolism, ESAs should be utilized cau-
tiously with Len/Dex, and the hemoglobin level
should be maintained at <120 g/L.

5.2. Nonhematological Toxicities. Many nonhematological
adverse effects reported with the combination of Len/Dex are
associated with dexamethasone alone, including insomnia,
peripheral edema, tremor, muscle weakness, blurred vision,
dyspepsia, psychological changes, and hyperglycemia. These
adverse events should be managed in the usual manner; if sig-
nificant and persistent, they may necessitate dexamethasone
dose reduction. Additionally, lenalidomide is potentially
associated with gastrointestinal symptoms such as diarrhea,
constipation, and nausea, as well as with muscle cramps,
fatigue, and muscle weakness. As a general rule, for grade 3-4
nonhematological treatment-related toxicities, lenalidomide
treatment should be withheld and restarted at the next lower
dose level when toxicity has resolved to grade 2 or lower.

5.2.1. Infections. Despite the immunomodulatory effect of
lenalidomide, the infection rate was increased with the
addition of lenalidomide in both the MM-009 and MM-
010 trials [12, 13]. Most infections were low-grade, with
grade 3-4 infections seen in 10–20% of patients. Per study
protocol, no antibiotic prophylaxis was provided in either
of the two phase III trials. Due to this risk of infection,
antibiotic prophylaxis may be considered for patients treated
with Len/Dex, especially if HD dexamethasone is used.
Unfortunately, there currently exists no recommendation for
a single antibiotic class for this purpose, but our own prefer-
ence is levofloxacin. Given that use of LD dexamethasone is
associated with less frequent infections in newly diagnosed
patients [30], it is not clear whether routine antibiotic
prophylaxis is necessary.

In the MM-009 and MM-010 studies, reports of grade 3-
4 viral or fungal infections were rare [54].

Practice Considerations are as follows.

(i) LD dexamethasone is associated with a lower risk of
infection than HD dexamethasone among new MM
patients.

(ii) Given the modest elevation in the risk of infection
with Len/Dex treatment, antibiotic prophylaxis may
be considered. Acceptable agents include trimetho-
prim/sulfamethoxazole or levaquin.

5.2.2. Thromboembolic Events. Although the risk of throm-
boembolic events is low when lenalidomide is adminis-
tered as a single agent [4], this risk increases when it is
used in combination with dexamethasone. The incidences
of thromboembolic events in the MM-009 and MM-010
studies were 8.8–14.7% with Len/Dex versus 3.4–4.7% with
dexamethasone alone. However, thromboprophylaxis was
not required in either of these studies.

The risk of venous thromboembolism is higher within
the first few months after initiation of therapy with Len/Dex,
decreasing dramatically thereafter [46]. This observation
might be explained in part by the administration of higher
doses of dexamethasone during the first 4 cycles of therapy,
followed by a significant decrease. Indeed, an Eastern
Cooperative Oncology Group (ECOG) trial has shown
that the incidence of thromboembolism is directly related
to dexamethasone dose [30]. The risk of venous throm-
boembolism among MM patients treated with Len/Dex
is comparable to that of other high-risk populations for
whom thromboprophylaxis is commonly recommended. A
number of prophylactic approaches have been suggested
when immunomodulatory agents are administered, includ-
ing those based on the number of potential risk factors
for venous thromboembolism [55, 56]. However, a recently
published phase III trial reported similar rates of throm-
bosis when either enoxaparin or ASA was used as throm-
boprophylaxis in transplant-eligible patients with newly
diagnosed MM treated with lenalidomide-based regimens
[57].

In the absence of randomized phase III trials compar-
ing the thromboprophylaxis agents with a control/placebo
group in an RRMM setting, it is difficult to draw con-
clusions concerning the real efficacy of these regimens.
Nevertheless, the panel endorsed an approach in which
daily ASA was suggested as thromboprophylaxis in patients
not known to be at heightened risk of thrombotic events
or to be allergic or intolerant to ASA. For those in
whom ASA is contraindicated, prophylactic low molecular-
weight heparin (LMWH)—such as enoxaparin 40 mg per
day—should be used. For patients with a recent his-
tory of a thromboembolic event, full anticoagulation with
LMWH is recommended, although warfarin could even-
tually be considered in patients with robust and stable
platelet counts while on lenalidomide. Due to the low
risk of venous thromboembolism associated with lenalido-
mide monotherapy (see New Directions, to be mentioned
later), thromboprophylaxis in this scenario is not indi-
cated.
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Practice considerations are as follows.

(i) For lenalidomide monotherapy, the decision for
thromboprophylaxis should be based on medical
considerations. Some panel members felt strongly
that thromboprophylaxis should be employed rou-
tinely in this setting.

(ii) In the absence of contraindications, all patients on
Len/Dex therapy should receive thromboprophylaxis.
For patients without a history of thromboembolism
or other known thrombotic conditions, ASA 81 or
325 mg per day is recommended. Prophylactic doses
of LMWH (e.g., enoxaparin 40 mg sc daily) represent
an alternative for such low-risk patients.

(iii) Therapeutic anticoagulation with LMWH is recom-
mended as thromboprophylaxis in patients with a
recent history of thromboembolism or other known
thrombotic disorder. Warfarin may be considered in
patients with stable and reliable platelet counts over
100 × 109/L.

(iv) Thromboprophylaxis should be held if the platelet
count drops below 50 × 109/L and restarted when
patients recover over that threshold.

5.2.3. Rashes. Rashes occur in up to 29% of patients
on the Len/Dex regimen [58]. These rashes occur most
frequently during the first few weeks of treatment, are
usually self-limited, and are severe in only a minority
of patients. Nevertheless, Stevens-Johnson syndrome and
toxic epidermal necrolysis have been reported and can
be fatal. For localized rashes, antihistamines and topical
steroids are usually sufficient. For mild but more extensive
rashes, short-duration systemic low-dose steroids are usually
needed. When rashes are more severe, dose interruption,
reduction, or permanent discontinuation may be required,
depending on clinical judgment. Importantly, patients with
a past history of a severe rash associated with thalidomide
should not receive lenalidomide. Of interest, one case of
skin hypersensitivity reaction to lenalidomide with successful
desensitization has been reported [59]. A similar case has
been described for thalidomide [60], further supporting this
intervention for those experiencing type I hypersensitivity
to lenalidomide. Recommended management of rashes is
summarized in Table 7.

Practice considerations are as follows.

(i) If a rash becomes severe, lenalidomide dose may
be reduced, interrupted, or discontinued; otherwise,
antihistamines and steroids are usually sufficient.

5.2.4. Teratogenicity. Since lenalidomide could potentially
be teratogenic in humans, precautions in females with child-
bearing potential and males are important to avoid birth
defects. In order to reduce these risks, the RevAid program
provides a safe access to lenalidomide by stipulating a
number of conditions for potential patients. For females

of child-bearing potential, birth control using complete
abstinence or two contraception methods is mandatory,
beginning four weeks before initiation of lenalidomide
and up to four weeks after. For males, complete abstinence
or use of latex condoms during sexual contact with
females of child-bearing potential is mandatory. While it is
unknown whether lenalidomide is excreted in breast milk,
breastfeeding is generally not recommended.

Practice considerations are as follows.

(i) Females of child-bearing potential and males in
sexual contact with such females who are on Len/Dex
treatment must use multiple contraception methods.

5.2.5. Other. General symptoms such as fatigue and asthenia
are reported at a similar frequency with Len/Dex as with
dexamethasone monotherapy. However, these symptoms can
become a reason for lenalidomide dose modification or dis-
continuation, especially in the elderly. Diarrhea and consti-
pation have both been described, each occurring in approx-
imately 20% of patients [45]. Although these symptoms can
be routinely managed, our experience indicates that diarrhea
may be particularly problematic in certain patients and that
ongoing treatment with loperamide or similar agents may
allow continuation of full doses of lenalidomide. The fact
that lenalidomide capsules contain lactose might contribute
to the gastrointestinal side effects noted in some patients.

For unexplained reasons, Len/Dex combination has been
associated with a higher incidence of grade 3-4 atrial
fibrillation compared to dexamethasone alone (4% versus
1.1%, resp.) [14]. Other side effects, such as loss of appetite
and muscle cramps, may be bothersome to patients receiving
treatment on a long-term basis. We have found that the use
of quinine sulphate 200–300 mg per day is often effective in
reducing the incidence and frequency of muscle cramps in
significantly affected patients [61]. Anecdotally, patients with
severe muscle cramps not completely controlled with quinine
have derived relief from daily low doses of benzodiazepines
such as clonazepam.

Tumor lysis syndrome has been described with lenalido-
mide, but it is more often a concern in chronic lymphocytic
leukemia patients treated with this agent. Its occurrence
in MM has not been well evaluated but appears to be
uncommon. Nevertheless, tumor lysis syndrome can occur
in any patient with a hematologic malignancy and a high
tumor burden or with renal impairment. Thus, proper
hydration and monitoring of electrolytes, creatinine, and
uric acid is advisable in patients with a high tumor load
and/or rapidly proliferating disease.

In contrast to that of thalidomide, the incidence of
peripheral neuropathy with lenalidomide is very low [14].
Some cases of neurologic deterioration have been described
with lenalidomide, but they might be due to the evolution
of prior neuropathy. A recent observational study on the
clinical course of peripheral neuropathy during lenalidomide
treatment concluded that this therapy does not worsen
peripheral neuropathy [62].
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Table 7: Management of rashes due to lenalidomide.

Signs/symptoms Treatment

Localized maculopapular rash Topical steroids; antihistamines

Widespread maculopapular rash
Hold lenalidomide; topical or oral steroids depending on severity; antihistamines; after resolution,
restart lenalidomide at lower dose

Generalize erythroderma or
desquamation

Hold lenalidomide; oral steroids; Dermatology consultation; do not restart lenalidomide

Urticaria
Hold lenalidomide; symptomatic management with antihistamines ± oral steroids; after resolution,
may attempt desensitization if reinitiation of lenalidomide is planned

Practice considerations are as follows.

(i) Patients with significant diarrhea may require agents
such as loperamide on a regular basis.

(ii) Quinine sulphate 200–300 mg per day can reduce
muscle cramps in affected patients.

(iii) Although tumor lysis syndrome is considerably more
common in patients treated with lenalidomide for
chronic lymphocytic leukemia, myeloma patients
with a high tumor load and/or rapidly proliferating
disease may be at risk for this complication, especially
if renal insufficiency is present. Proper hydration and
laboratory monitoring is advisable in such patients
when lenalidomide is initiated [63, 64].

5.3. Second Primary Malignancies. Emerging data from
maintenance therapy studies using lenalidomide (IFM 05-02,
CALGB 100104, and MM-015) suggest that long-term use
of this agent might be associated with the development of
second primary malignancies (SPM). However, in RRMM,
after a median followup of 48 months for surviving patients,
MM-009 and MM-010 have shown a low incidence of SPM.
Furthermore, SPM rates were similar for patients on Len/Dex
versus those on dexamethasone alone [40].

After an exhaustive review of clinical trials and post-
marketing data, the European Medicines Agency issued a
statement on September 23, 2011 to the effect that “the
benefit-risk balance for lenalidomide remains positive
within its approved patient population but advises doctors
of the risk of new cancers as a result of treatment with
the medicine.” This analysis found that there were 3.98
cases of new cancer for every 100 patient-years in patients
receiving lenalidomide compared with 1.38 cases in those
not receiving lenalidomide in the approved population
(Press Release 23 Sept 2011, European Medicines Agency,
http://www.ema.europa.eu/). These included skin cancers
as well as hematologic malignancies and some invasive
solid tumors. Health Canada issued a similar statement in
May 2012, recommending careful evaluation of patients
“before and during treatment in order to screen for the
occurrence of new malignancies” (http://hc-sc.gc.ca/dhp-
mps/medeff/advisories-avis/prof/ 2012/revlimid hpc-cps-
eng.php, accessed July 2012).

The panel therefore reiterates that patients on lenalido-
mide should be watched for signs or symptoms of a new

cancer. Routine cancer screening should be followed, per
Canadian or local guidelines [65, 66].

Practice consideration are as follows.

(i) The efficacy of lenalidomide in RRMM outweighs the
small risk of developing a secondary malignancy.

(ii) Physicians and patients should be aware of this small
risk; routine Canadian cancer screening measures
should be performed, and any signs or symptoms
of a possible second cancer should be evaluated and
reported, if appropriate, to the RevAid program.

5.4. Monitoring of Adverse Events. Proper monitoring is
required to note emerging side effects and to prevent
potential treatment complications. A complete blood count
with differential should be obtained every two weeks during
the first 3 cycles and subsequently every month before
a new cycle. Serum creatinine should be obtained before
each cycle in order to adjust the lenalidomide dose accord-
ing to impaired renal function. Because of possible liver
toxicity [67] or thyroid dysfunction [68] associated with
lenalidomide therapy, liver function tests including aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and bilirubin, as well as thyroid function tests should be
done periodically throughout the treatment. Because atrial
fibrillation remains a relatively rare event, serial electrocar-
diograms (ECGs) are not routinely required. For females of
child-bearing potential, two pregnancy tests must be negative
before starting lenalidomide: at 7–14 days and at 24 hours
before administration of the drug. During the treatment,
pregnancy tests should be conducted weekly for the first four
weeks, then monthly (or every two weeks if menstrual cycles
are irregular) until four weeks after treatment cessation.

5.5. New Directions. Given the established efficacy and
favorable toxicity profile of lenalidomide in RRMM, this
agent has now been evaluated at different time points in
the disease course, as well as in combination with drugs
other than dexamethasone alone (combination therapy)
[20–29, 31–34, 68–75]. Combination of lenalidomide with
alkylators, anthracyclines, and/or bortezomib yields very
high remission rates (Table 8). So far, no randomized
trials have established the superiority of a 3- or 4-drug
combination over Len/Dex in terms of PFS or OS. Results of
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Table 8: Summary of emerging lenalidomide combination therapies in the first- and second-line treatment of multiple myeloma.

Combination
First line ≥Second line

Efficacy Major toxicities Efficacy Major toxicities

MPR
Palumbo et al., 2007 [20]

81% ≥ PR Hematological toxicity

MPR-R
Palumbo et al., 2010 [21]

75% ≥ PR
Hematological toxicity,
infections

RMPT
Palumbo et al., 2010 [22]

RVD
Richardson et al., 2009, 2010 [23, 24]

100% ≥ PR
Hematological toxicity,
sensory neuropathy

61% ≥MR Hematological toxicity

CPR
Reece et al., 2010 [25]

94% ≥MR Hematological toxicity

CRD
Schey et al., 2010 [26]

81% ≥ PR Hematological toxicity

RVDC
Kumar et al., 2010 [27]

96% ≥ PR
Hematological toxicity,
sensory neuropathy

CRd
Kumar et al., 2011 [28]

85% ≥ PR
Hematological
toxicity

RVDD
Jakubowiak et al., 2011 [29]

95% ≥ PR
Fatigue, constipation,
sensory neuropathy,
infection

MPR: melphalan, prednisone, lenalidomide; PR: partial response; MPR-R: MPR + lenalidomide maintenance until progression; RMPT: lenalidomide,
melphalan, prednisone, thalidomide; RVD: lenalidomide, bortezomib, dexamethasone; MR: minimal response; CPR: cyclophosphamide, prednisone,
lenalidomide; CRD: cyclophosphamide, lenalidomide, dexamethasone; RVDC: lenalidomide, bortezomib, dexamethasone, cyclophosphamide; CRd:
cyclophosphamide, lenalidomide, dexamethasone; RVDD: lenalidomide, bortezomib, pegylated liposomal doxorubicin, dexamethasone.

an induction trial, comparing Len/dex with MPT (MM020),
are anticipated later this year.

In addition, even though lenalidomide—given with
dexamethasone—is currently approved only for use after one
prior therapy, there is considerable interest in employing
this drug as part of initial therapy in newly diagnosed
patients. Options in this setting include its administration
in induction regimens in patients both eligible and ineligible
for ASCT, in addition to its use as maintenance therapy after
ASCT.

Phase III trials have now been initiated in these settings,
and the available results are summarized in Table 9. Two
recent randomized trials indicate that posttransplant mainte-
nance therapy with single agent lenalidomide started 60–100
days after ASCT significantly improves PFS, and one of these
trials has noted a survival advantage in the lenalidomide arm
[27] . Adoption of lenalidomide maintenance as a standard of
care will depend on the identification of the subgroups most
likely to benefit, the risk of late complications such as SPM,
and the cost implications of such a strategy. On balance, it is
likely that the results of recent/ongoing randomized studies
will lead to expanded applications of lenalidomide in the
treatment of patients with MM.

6. Conclusions

Based on available evidence, Len/Dex appears to be an
effective and safe treatment strategy for RRMM patients,
regardless of the type and number of prior therapies. In

order to ensure optimal balance between efficacy and toler-
ability, lenalidomide dose and schedule should be adjusted
based on creatinine clearance and presence of neutropenia
and thrombocytopenia; dexamethasone should typically be
administered at weekly doses of 20–40 mg, and treatment
should be continued until disease progression or toxicity,
even in patients requiring dose reduction.

Although certain adverse events can occur with Len/Dex,
the following precautions can significantly reduce their
impact: (1) Lenalidomide interruption and dose modi-
fication should follow established guidelines, with judi-
cious use of G-CSF and transfusions if needed to avoid
potential hematological toxicities; (2) all patients should
receive thromboprophylaxis unless contraindicated. In most
patients without a history of thrombosis, 81 mg of ASA
is sufficient; alternatively, prophylactic doses of LMWH
may be administered. Patients with a recent history of
thromboembolism or known thrombotic disorder require
full anticoagulation while on Len/Dex, usually consist-
ing of LMWH; patients with stable platelet counts over
100 × 109/L can be considered for coumadin; (3) ESAs
should be used cautiously, and if this treatment is used,
the hemoglobin target should be <120 g/L; (4) females
of child-bearing potential and males in sexual contact
with such females must use multiple contraception meth-
ods.

Future studies are needed to elucidate the role of
lenalidomide as part of initial MM therapy, as well as
maintenance therapy after ASCT. Also, while various three-
and four-drug combinations including lenalidomide as the
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Table 9: Summary of phase III trials evaluating new indications for lenalidomide in the treatment of multiple myeloma.

New indications Trials Regimens Response rate PFS OS

ECOG E4A03
Rajkumar et al., 2010 [30]

Len + HD dex
Len + LD dex

79%
68%

19.1 mos
25.3 mos

75% (2-yr)
87% (2-yr)

MM-015 Palumbo et al. 2012 [31]
N = 348 (Age 65–75)

MP 47% 12 mos 65% (3 yrs)

MPR 15 mos ∼70% (3 yrs)

MPR-R 79% 31 mos 73% (3 yrs)

Induction therapy
MM-020

MPT
Len + LD dex until

progression
Len + LD dex for

18 mos

In progress In progress In progress

Palumbo et al., 2011 [32]
N = 402

Len + LD dex × 4
cycles→MPR

20% 54% (2 yrs) 87% (2 yrs)

Len + LD dex × 4
cycles→ASCT × 2

25% 73% (2 yrs) 90% (2 yrs)

Maintenance therapy after
ASCT

IFM2005-02
Attal et al. 2010 [33]

N = 614

Len
Placebo

—
—

42 mos
24 mos

81% (3 yrs)
81% (3 yrs)

CALGB 100104
McCarthy et al. 2010 [34]

N = 568

Len
Placebo

—
—

43.6 mos
21.5 mos

∼80% (3 yrs)
∼80% (3 yrs)

Induction and maintenance
± ASCT in newly
diagnosed patients

IFM/Dana Farber trial

VRD × 8→Len
maintenance × 1 yr

(ASCT at
progression)

VRD × 3
→ASCT→Len

maintenance × 1 yr

In progress In progress In progress

CR: compete response; PFS: progression-free survival; OS: overall survival; Len: lenalidomide; HD dex: high-dose dexamethasone; LD dex: low-dose
dexamethasone; MP: melphalan, prednisone; MPR: melphalan, prednisone, lenalidomide; MPR-R: MPR + lenalidomide maintenance until progression; MPT:
melphalan, prednisone, thalidomide; ASCT: autologous stem cell transplantation; VRD: bortezomib, lenalidomide, dexamethasone.

backbone appear promising, not enough information is
available to recommend combination treatment outside of a
clinical trial.
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Leukemia, vol. 24, no. 3, pp. 623–628, 2010.

[18] M. A. Dimopoulos, E. Kastritis, D. Christoulas et al., “Treat-
ment of patients with relapsed/refractory multiple myeloma
with lenalidomide and dexamethasone with or without borte-
zomib: prospective evaluation of the impact of cytogenetic
abnormalities and of previous therapies,” Leukemia, vol. 24,
no. 10, pp. 1769–1778, 2010.

[19] M. Wang, M. A. Dimopoulos, C. Chen et al., “Lenalidomide
plus dexamethasone is more effective than dexamethasone
alone in patients with relapsed or refractory multiple myeloma
regardless of prior thalidomide exposure,” Blood, vol. 112, no.
12, pp. 4445–4451, 2008.

[20] A. Palumbo, P. Falco, P. Corradini et al., “Melphalan, pred-
nisone, and lenalidomide treatment for newly diagnosed
myeloma: a report from the GIMEMA—Italian Multiple
Myeloma Network,” Journal of Clinical Oncology, vol. 25, no.
28, pp. 4459–4465, 2007.

[21] A. Palumbo, M. Delforge, J. Catalano et al., “A phase 3 study
evaluating the efficacy and safety of lenalidomide combined
with melphalan and prednisone in patients >= 65 years with
newly diagnosed multiple myeloma (ndmm): continuous use
of lenalidomide vs fixed-duration regimens,” Blood, vol. 116,
abstract no. 622, 2010.

[22] A. Palumbo, A. Larocca, P. Falco et al., “Lenalidomide,
melphalan, prednisone and thalidomide (RMPT) for
relapsed/refractory multiple myeloma,” Leukemia, vol. 24, no.
5, pp. 1037–1042, 2010.

[23] P. G. Richardson, E. Weller, S. Jagannath et al., “Multicenter,
phase I, dose-escalation trial of lenalidomide plus bortezomib
for relapsed and relapsed/refractory multiple myeloma,” Jour-
nal of Clinical Oncology, vol. 27, no. 34, pp. 5713–5719, 2009.

[24] P. G. Richardson, E. Weller, S. Lonial et al., “Lenalidomide,
bortezomib, and dexamethasone combination therapy in
patients with newly diagnosed multiple myeloma,” Blood, vol.
116, no. 5, pp. 679–686, 2010.

[25] D. E. Reece, E. Masih-Khan, A. Khan et al., “Phase I-II
trial of oral cyclophosphamide, prednisone and lenalidomide
(Revlimid) for the treatment of patients with relapsed and
refractory multiple myeloma,” Blood, vol. 116, abstract no.
3055, 2010.

[26] S. A. Schey, G. J. Morgan, K. Ramasamy et al., “The addition
of cyclophosphamide to lenalidomide and dexamethasone in
multiply relapsed/refractory myeloma patients; a phase I/II
study,” British Journal of Haematology, vol. 150, no. 3, pp. 326–
333, 2010.

[27] S. K. Kumar, I. Flinn, S. J. Noga et al., “Bortezomib, dexam-
ethasone, cyclophosphamide and lenalidomide combination
for newly diagnosed multiple myeloma: phase 1 results from
the multicenter EVOLUTION study,” Leukemia, vol. 24, no. 7,
pp. 1350–1356, 2010.

[28] S. K. Kumar, M. Q. Lacy, S. R. Hayman et al., “Lenalido-
mide, cyclophosphamide and dexamethasone (CRd) for newly
diagnosed multiple myeloma: results from a phase 2 trial,”
American Journal of Hematology, vol. 86, no. 8, pp. 640–645,
2011.

[29] A. J. Jakubowiak, K. A. Griffith, D. E. Reece et al., “Lenalido-
mide, bortezomib, pegylated liposomal doxorubicin, and
dexamethasone in newly diagnosed multiple myeloma: a
phase 1/2 multiple myeloma research consortium trial,” Blood,
vol. 118, no. 3, pp. 535–543, 2011.

[30] S. V. Rajkumar, S. Jacobus, N. S. Callander et al., “Lenalido-
mide plus high-dose dexamethasone versus lenalidomide
plus low-dose dexamethasone as initial therapy for newly
diagnosed multiple myeloma: an open-label randomised
controlled trial,” The Lancet Oncology, vol. 11, no. 1, pp. 29–
37, 2010.

[31] A. Palumbo, R. Hajek, M. Delforge et al., “Continu-
ous lenalidomide treatment for newly diagnosed multiple
myeloma,” Blood, vol. 366, pp. 1759–1769, 2012.

[32] A. Palumbo, F. Cavallo, i. Hardan et al., “Melphalan/ Pred-
nisone/Lenalidomide (MPR) Versus High-Dose Melphalan



Advances in Hematology 13

and Autologous Transplantation (MEL200) in Newly Diag-
nosed Multiple Myeloma (MM) Patients <65 Years: results of a
randomized phase III study,” Blood, vol. 118, abstract no. 3069,
2011.

[33] M. Attal, V. Cances-Lauwers, G. Marit et al., “Lenalidomide
maintenance treatment after stem-cell transplantation for
multiple myeloma,” The New England Journal of Medicine, vol.
366, pp. 1782–1791, 2010.

[34] P. McCarthy, K. Owzar, and K. Anderson, “Phase III Inter-
group study of lenalidomide versus placebo maintenance
therapy following single autologous hematopoietic stem cell
transplantation (AHSC T) for multiple myeloma: CALGB,
100104,” Blood, vol. 116, abstract no. 37, 2010.

[35] E. A. Stadtmauer, D. M. Weber, R. Niesvizky et al., “Lenalido-
mide in combination with dexamethasone at first relapse
in comparison with its use as later salvage therapy in
relapsed or refractory multiple myeloma,” European Journal of
Haematology, vol. 82, no. 6, pp. 426–432, 2009.

[36] M. Kleber, G. Ihorst, B. Deschler et al., “Detection of renal
impairment as one specific comorbidity factor in multiple
myeloma: multicenter study in 198 consecutive patients,”
European Journal of Haematology, vol. 83, no. 6, pp. 519–527,
2009.

[37] J. F. San Miguel, M. Dimopoulos, D. Weber et al.,
“Dexamethasone dose adjustments seem to result in bet-
ter efficacy and improved tolerability in patients with
relapsed/refractory multiple myeloma who are treated with
lenalidomide/dexamethasone (MM-009/010 sub-analysis),”
Blood, vol. 110, abstract no. 2712, 2007.

[38] A. K. Hsu, H. Quach, T. Tai et al., “The immunostimulatory
effect of lenalidomide on NK-cell function is profoundly
inhibited by concurrent dexamethasone therapy,” Blood, vol.
117, no. 5, pp. 1605–1613, 2011.

[39] J. F. San-Miguel, M. A. Dimopoulos, E. A. Stadtmauer et
al., “Effects of lenalidomide and dexamethasone treatment
duration on survival in patients with relapsed or refractory
multiple myeloma treated with lenalidomide and dexametha-
sone,” Clinical Lymphoma, Myeloma and Leukemia, vol. 11, no.
1, pp. 38–43, 2011.

[40] M. Dimopoulos and N. R. Orlowski, “Lenalidomide and dex-
amethasone (LEN plus DEX) treatment in relapsed/refractory
multiple myeloma (RRMM) patients (pts) and risk of second
primary malignancies (SPM): analysis of MM-009/010.,”
Journal of Clinical Oncology, vol. 29, abstract no. 8009, 2011.

[41] B. Nair, F. Van Rhee, J. D. Shaughnessy et al., “Superior results
of total therapy 3 (2003-33) in gene expression profiling-
defined low-risk multiple myeloma confirmed in subsequent
trial 2006-66 with VRD maintenance,” Blood, vol. 115, no. 21,
pp. 4168–4173, 2010.

[42] T. Guglielmelli, S. Bringhen, S. Rrodhe et al., “Previous
thalidomide therapy may not affect lenalidomide response and
outcome in relapse or refractory multiple myeloma patients,”
European Journal of Cancer, vol. 47, no. 6, pp. 814–818, 2011.

[43] S. Madan, M. Q. Lacy, A. Dispenzieri et al., “Efficacy
of retreatment with immunomodulatory drugs (IMiDs) in
patients receiving IMiDs for initial therapy of newly diagnosed
multiple myeloma,” Blood, vol. 118, pp. 1763–1765, 2011.

[44] K. C. Altekruse SF, M. Krapcho, N. Neyman et al., Eds., SEER
Cancer Statistics Review, 1975–2007, National Cancer Institute,
Bethesda, MD, USA, 2010.

[45] C. Chen, D. E. Reece, D. Siegel et al., “Expanded safety expe-
rience with lenalidomide plus dexamethasone in relapsed or
refractory multiple myeloma,” British Journal of Haematology,
vol. 146, no. 2, pp. 164–170, 2009.

[46] J. D. Ishak, M. A. Weber, D. Knight et al., “Declining rates of
adverse events and dose modifications with lenalidomide in
combination with dexamethasone,” Blood, vol. 112, abstract
no. 3708, 2008.

[47] S. B. Lonial, R. Swern, A. S. . Weber et al., “Neutropenia
is a predictable and early event in affected patients with
relapsed/refractory multiple myeloma treated with lenalido-
mide in combination with dexamethasone,” Blood, vol. 114,
abstract no. 2879, 2009.

[48] R. Niesvizky, T. Naib, P. J. Christos et al., “Lenalidomide-
induced myelosuppression is associated with renal dysfunc-
tion: adverse events evaluation of treatment-naı̈ve patients
undergoing front-line lenalidomide and dexamethasone ther-
apy,” British Journal of Haematology, vol. 138, no. 5, pp. 640–
643, 2007.

[49] S. Kumar, A. Dispenzieri, M. Q. Lacy et al., “Impact of
lenalidomide therapy on stem cell mobilization and engraft-
ment post-peripheral blood stem cell transplantation in
patients with newly diagnosed myeloma,” Leukemia, vol. 21,
no. 9, pp. 2035–2042, 2007.

[50] U. Popat, R. Saliba, R. Thandi et al., “Impairment of
filgrastim-induced stem cell mobilization after prior lenalido-
mide in patients with multiple myeloma,” Biology of Blood and
Marrow Transplantation, vol. 15, no. 6, pp. 718–723, 2009.

[51] A. Nazha, R. Cook, D. T. Vogl et al., “Stem cell collection in
patients with multiple myeloma: impact of induction therapy
and mobilization regimen,” Bone Marrow Transplantation, vol.
46, no. 1, pp. 59–63, 2011.

[52] T. Mark, J. Stern, J. R. Furst et al., “Stem cell mobilization
with cyclophosphamide overcomes the suppressive effect of
lenalidomide therapy on stem cell collection in multiple
myeloma,” Biology of Blood and Marrow Transplantation, vol.
14, no. 7, pp. 795–798, 2008.

[53] I. N. M. Micallef, A. D. Ho, L. M. Klein, S. Marulkar, P.
J. Gandhi, and P. A. McSweeney, “Plerixafor (Mozobil) for
stem cell mobilization in patients with multiple myeloma
previously treated with lenalidomide,” Bone Marrow Trans-
plantation, vol. 46, no. 3, pp. 350–355, 2011.

[54] R. L. Baz, S. Hussein, M. Swern et al., “Lenalidomide
(LEN) therapy in combination with dexamethasone (DEX) is
associated with a low incidence of viral infections,” Blood, vol.
116, abstract no. 1950, 2010.

[55] M. Carrier, G. Le Gal, J. Tay, C. Wu, and A. Y. Lee, “Rates
of venous thromboembolism in multiple myeloma patients
undergoing immunomodulatory therapy with thalidomide or
lenalidomide: a systematic review and meta-analysis,” Journal
of Thrombosis and Haemostasis, vol. 9, no. 4, pp. 653–663,
2011.

[56] A. Palumbo, M. Cavo, S. Bringhen et al., “Aspirin, warfarin,
or enoxaparin thromboprophylaxis in patients with multiple
myeloma treated with thalidomide: a phase III, open-label,
randomized trial,” Journal of Clinical Oncology, vol. 29, no. 8,
pp. 986–993, 2011.

[57] A. Larocca, F. Cavallo, S. Bringhen et al., “Aspirin or enoxa-
parin thromboprophylaxis for newly-diagnosed multiple 11
myeloma patients treated with lenalidomide,” Blood, vol. 119,
no. 4, pp. 933–939, 2012.

[58] H. P. Sviggum, M. D. P. Davis, S. V. Rajkumar, and A.
Dispenzieri, “Dermatologic adverse effects of lenalidomide
therapy for amyloidosis and multiple myeloma,” Archives of
Dermatology, vol. 142, no. 10, pp. 1298–1302, 2006.

[59] J. Phillips, J. Kujawa, M. Davis-Lorton, and A. Hindenburg,
“Successful desensitization in a patient with lenalidomide



14 Advances in Hematology

hypersensitivity,” American Journal of Hematology, vol. 82, no.
11, p. 1030, 2007.

[60] E. Nucera, D. Schiavino, S. Hohaus et al., “Desensitization
to thalidomide in a patient with multiple myeloma,” Clinical
Lymphoma and Myeloma, vol. 8, no. 3, pp. 176–178, 2008.

[61] S. El-Tawil, T. Al Musa, H. Valli, M. P. Lunn, T. El-Tawil, and
M. Weber, “Quinine for muscle cramps,” Cochrane database of
systematic reviews, vol. 12, Article ID CD005044, 2010.

[62] R. Zambello, T. Berno, L. Candiotto et al., “Peripherial
neuropathy clinical course during lenalidomide therapy
for relapsed/refractory multiple myeloma: a single-centre
prospective non interventional study,” Haematologica, vol. 96,
abstract no. P-399, 2011.

[63] C.-M. Wendtner, P. Hillmen, D. Mahadevan et al., “Final
results of a multicenter phase 1 study of lenalidomide in
patients with relapsed or refractory chronic lymphocytic
leukemia,” Leukemia and Lymphoma, vol. 53, no. 3, pp. 417–
423, 2012.

[64] C. S. Chim, “Rapid complete remission in multiple myeloma
with bortezomib/thalidomide/ dexamethasone combination
therapy following development of tumor lysis syndrome,”
Cancer Chemotherapy and Pharmacology, vol. 62, no. 1, pp.
181–182, 2008.

[65] D. J. Leddin, R. Enns, R. Hilsden et al., “Canadian Association
of Gastroenterology position statement on screening individ-
uals at average risk for developing colorectal cancer: 2010,”
Canadian Journal of Gastroenterology, vol. 24, no. 12, pp. 705–
714, 2010.

[66] J. Izawa, K. L. D. Siemens et al., “Prostate cancer screening:
Canadian guidelines 2011,” Canadian Urological Association
Journal, vol. 5, pp. 235–240, 2010.

[67] S. Hussain, R. Browne, J. Chen, and S. Parekh, “Lenalidomide-
induced severe hepatotoxicity,” Blood, vol. 110, no. 10, p. 3814,
2007.

[68] M. K. Figaro, W. Clayton, C. Usoh et al., “Thyroid abnormal-
ities in patients treated with lenalidomide for hematological
malignancies: results of a retrospective case review,” American
Journal of Hematology, vol. 86, no. 6, pp. 467–470, 2011.

[69] F. Gay, S. S. Vincent Rajkumar, P. Falco et al., “Lenalidomide
plus dexamethasone vs. lenalidomide plus melphalan and
prednisone: a retrospective study in newly diagnosed elderly
myeloma,” European Journal of Haematology, vol. 85, no. 3, pp.
200–208, 2010.

[70] A. J. Jakubowiak, D. Dytfeld, S. Jagannath et al., “Carfilzomib,
lenalidomide, and dexamethasone in newly diagnosed multi-
ple myeloma: initial results of phase I/II MMRC trial,” Blood,
vol. 116, abstract no. 862, 2010.

[71] S. Lentzsch, A. O. ’Sullivan, R. Kennedy et al., “Combination of
bendamustine, lenalidomide, and dexamethasone in patients
with refractory or relapsed multiple myeloma is safe and
highly effective: results of a phase i clinical trial,” Blood, vol.
116, abstract no. 989, 2010.

[72] S. Lonial, R. Vij, J. L. Harousseau et al., “Elotuzumab in com-
bination with lenalidomide and low-dose dexamethasone in
patients with relapsed/refractory multiple myeloma: interim
results of a phase 1 study,” Blood, vol. 116, abstract no. 1936,
2010.

[73] A. Palumbo, P. Falco, A. Falcone et al., “Melphalan, pred-
nisone, and lenalidomide for newly diagnosed myeloma:
kinetics of neutropenia and thrombocytopenia and time-to-
event results,” Clinical Lymphoma and Myeloma, vol. 9, no. 2,
pp. 145–150, 2009.

[74] D. J. White, N. J. Bahlis, D. C. Marcellus et al., “Phase II testing
of lenalidomide plus melphalan for previously untreated older
patients with multiple myeloma: the NCIC CTG MY. 11 trial,”
Blood, vol. 112, abstract no. 2767, 2008.

[75] W. Bensinger, M. Wang, R. Z. Orlowski et al., “Dose-escalation
study of carfilzomib (CFZ) plus lenalidomide (LEN) plus
low-dose dexamethasone (Dex) (CRd) in relapsed/refractory
multiple myeloma (R/R MM),” Journal of Clinical Oncology,
vol. 28, abstract no. 8029, 2010.

[76] C. Chen, F. Baldassarre, S. Kanjeekal et al., Lenalidomide in
Multiple Myeloma, Program in Evidence-Based Care Evidence-
Based Series no. 6-5, Cancer Care Ontario, Toronto, Canada,
2012.



Hindawi Publishing Corporation
Advances in Hematology
Volume 2012, Article ID 842945, 11 pages
doi:10.1155/2012/842945

Review Article

Biological Activity of Lenalidomide and Its Underlying
Therapeutic Effects in Multiple Myeloma

Roberta Martiniani, Valentina Di Loreto, Chiara Di Sano,
Alessandra Lombardo, and Anna Marina Liberati

Department of Oncohematology, University of Perugia, Santa Maria Hospital, 05100 Terni, Italy

Correspondence should be addressed to Anna Marina Liberati, marinal@unipg.it

Received 16 February 2012; Revised 1 May 2012; Accepted 2 May 2012

Academic Editor: Agostino Cortelezzi

Copyright © 2012 Roberta Martiniani et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Lenalidomide is a synthetic compound derived by modifying the chemical structure of thalidomide. It belongs to the second
generation of immunomodulatory drugs (IMiDs) and possesses pleiotropic properties. Even if lenalidomide has been shown to be
active in the treatment of several hematologic malignancies, this review article is mostly focalized on its mode of action in multiple
myeloma. The present paper is about the direct and indirect antitumor effects of lenalidomide on malignant plasmacells, bone
marrow microenvironment, bone resorption and host’s immune response. The molecular mechanisms and targets of lenalidomide
remain largely unknown, but recent evidence shows cereblon (CRBN) as a possible mediator of its therapeutical effects.

1. Introduction

Lenalidomide and pomalidomide are synthetic compounds
derived by modifying the chemical structure of thalido-
mide [1]. In particular, as shown in Figure 1, lenalido-
mide has been synthesized from the structural bone of
thalidomide molecule. Lenalidomide has been developed
by adding an amino group (NH2–) at 4th position of
phthaloyl ring and by removing the carbonyl group (C=O)
of the 4-amino-substituted phthaloyl ring. This drug is
the result of the pressing need to develop molecules with
enhanced immunomodulatory and antitumor activity in
comparison to thalidomide. Lenalidomide, which possesses
pleiotropic properties, belongs to the second generation of
immunomodulatory drugs (IMiDs).

Lenalidomide and its parental molecule thalidomide have
shown therapeutical activity in various malignancies [2–21].

The US Food and Drug Administration (FDA) first
approved lenalidomide for the treatment of patients suffering
from 5q-myelodysplastic syndrome [22]. However, because
of the proven activity of thalidomide in multiple myeloma
(MM), the clinical activity of lenalidomide has been eval-
uated more extensively in this neoplasia [7–12], in respect

to other B-cell neoplasia. The favourable toxic profile of
lenalidomide and its antitumor activity emerged from phase
I and phase II studies in relapsed or refractory MM patients
[23–25]. These encouraging results led to the design of two
large, phase III, multinational, randomized, double-blind,
placebo-controlled, registration trials (MM-009 in US and
Canada and MM-010 in Europe, Australia, and Israel) in this
setting of patients. In both studies, patients were randomly
assigned to receive 25 mg of lenalidomide or placebo on
days 1 to 21 of 28-day cycles plus dexamethasone (40 mg
on days 1 to 4, 9 to 12 and 17 to 20 for the first four
cycles, then only on days 1 to 4). The results of these trials
have shown the superiority of lenalidomide-dexamethasone
combination compared to placebo-dexamethasone in terms
of time to progression (11,1–11,3 months versus 4,7 months
in the lenalidomide and in the placebo group, resp., P <
0, 001), overall survival (in MM-009: 29,6 months versus
20,2 months in the lenalidomide and in the placebo group,
resp., P < 0, 001, in MM-010: hazard ratio for death 0,66,
P = 0, 03) and overall response rate (60,2–61% versus 19,9–
24% in the lenalidomide and in the placebo group, resp.,
P < 0, 001). At a median followup of 48 months for surviving
patients, a pooled update analysis of these studies has shown



2 Advances in Hematology

N

O

NH

O

O

N

O

NH

O

O

O

NH2

Lenalidomide

Thalidomide

Figure 1: Lenalidomide and thalidomide structure.

a significant benefit in overall survival (38 versus 31,6
months, P < 0, 045) for those patients initially randomized to
be treated with lenalidomide-dexamethasone combination
[8, 26]. It should be emphasized that the improved survival
associated to lenalidomide-dexamethasone treatment was
retained despite 47,6% of patients, who were initially ran-
domized to placebo dexamethasone, received lenalidomide-
based therapies after disease progression or study unblinding
[27]. More recently, several studies have compared the
activity of lenalidomide combined with high or reduced
dose of dexamethasone in newly diagnosed MM patients
[28, 29]. The results of these experiences are in favour of
low dose of dexamethasone. Furthermore, clinical experience
with lenalidomide indicates that early use in MM therapy
is associated with a higher response rate and, possibly,
prolonged survival [30]. To further improve the outcome
of lenalidomide, combination regimens (BiRd, VRD, RAD,
VDCR, and VRDD) [31–35] have been evaluated or are
under investigation in both old and young MM patients, in
transplant and non transplant settings.

MM has been chosen for this article with the purpose
of showing our current knowledge on the mechanisms of
antitumor activity of lenalidomide. Some of these actions are
operative in other diseases too.

2. Biological Features of Multiple Myeloma

To understand the therapeutic activity of lenalidomide in
MM, the knowledge of the pathophysiology of this disease
and the complex crosstalk between malignant plasma cells
(PCs) and their microenvironment in tumor growth and
progression is relevant. In addition, the notion that survival
of neoplastic cells is dependent on the escape from the

host’s antitumor immune response can help to explain the
therapeutic role of lenalidomide.

Two major pathways are involved in the early pathogene-
sis of MM [36, 37]. Nearly half of these tumors are nonhyper-
diploid and mostly are characterized by immunoglobulin H
(IgH) translocations that involve five recurrent chromosomal
loci, including 11p13, 6p21, 4p15, 16p23, and 20p11, which
result in the dysregulated expression of an oncogene [36, 38].
These genetic lesions are responsible, at least in part, for
anen hanced proliferative capacity of malignant PCs. In fact,
the translocations lead directly (11q13 cyclin D1 and 6p21
cyclin D3) or indirectly (4p16, 16p23, 20p11 cyclin D2)
to cyclin D dysregulation. In hyperdiploid tumors, cyclin
D1 or less often cyclin D2 is usually dysregulated too [38].
Cyclin D, together with CDK4 and CDK6, regulates G1-S
cell cycle progression by phosphorylating and inactivating
retinoblastoma protein (RB). This reaction is inhibited by
the CDK inhibitors p161INK4a and p181INK4c. These
molecules can undergo mutations in MM and, in addition
to cyclin D [39–41] dysregulation, can further facilitate the
proliferation of the neoplastic clone.

Malignant PCs reside in the BM microenvironment
which comprises physical and soluble factors. Physical ele-
ments of BM include extracellular matrix (ECM), glycopro-
teins, hemopoietic stem, progenitor, and precursor cells, as
well as B, T, and NK lymphocytes, bone marrow endothelial
cells, osteoclasts, and osteoblasts and bone marrow stromal
cells (BMSCs). Tumor cells adhere to ECM proteins and
BMSCs. These interactions are responsible for tumor cell
localization in the BM milieu and moreover for multiple
biologically relevant sequelae [37, 42]. Adhesion molecules,
including CD44, very late antigen 4 (VLA-4), very late
antigen 5 (VLA-5), leukocyte function-associated antigen-
1 (LFA-1, CD11a), neural cell adhesion molecule (NCAM,
CD56), intercellular adhesion molecule-1 (ICAM-1, CD54),
syndecan (CD138), and monocyte chemoattractant protein-
1 (MPC-1), mediate adhesion of malignant PCs to either
ECM proteins or BMSCs [37, 42] Table 1.

The initial homing of neoplastic cells to the BM milieu
is mediated by the binding of the stromal-derived growth
factor (SDF-1α), present in the BM, to its receptor CXCR4,
expressed by malignant PCs. High serum concentrations of
SDF-1α correlate with a more aggressive disease. This event is
the consequence of the effect of this chemokine on IL-6 and
VEGF production by BMSCs. These cytokines promote PC
growth and survival [43]. Furthermore, SDF-1α modulates
the expression of adhesion molecules on PCs (VLA4 and
LFA-1) and BMSCs (VCAM-1 and ICAM-1) and favours
the adherence between these cells. Syndecan and VLA-4,
expressed on malignant PCs, mediate their adhesion to col-
lagen and fibronectin, respectively [44, 45]. Finally, adhesion
of malignant PCs via syndecan to collagen induces matrix
metalloproteinase-1, thereby promoting bone resorption and
tumor invasion, while binding via VLA-4 to fibronectin
is responsible for cell adhesion-mediated drug resistance
(CAM-DR) [44, 45] (Figure 2).

Moreover, adhesion of PCs to BMSCs triggers, in
these latter cells, the nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) which results in



Advances in Hematology 3

BMSCs

PCs

ICAM-1 
VCAM-1

VLA-4 
LFA-1

Collagen

FN

MMP

CAM-DR

SDF1α

VLA-4

Syndecan

IL-6
VEGF

Survival and 
growth

NF-κB

MEK/ERK

PI-3K
Survival (Bcl-xL)

Anti-apoptosis (IAP)
Cell cycle (cyclin-D)

Proliferation

Migration

Bone resorption

Tumor invasion

ViaPKC

Survival
Anti-apoptosis

Cell cycle 

ViaAkt

Figure 2: SDF-1α actions and its functional sequelae.

Table 1: “Crosstalk” between PC and BMSC.

Adhesion molecules

Very late activation antigens-4 (VLA-4)

Lymphocyte function-associated antigen-1 (LFA-1)

Vascular cell adhesion molecule-1 (VCAM-1)

Intercellular adhesion molocule-1 (ICAM-1)

Syndecan-1

Cytokines

Tumor necrosis factor-α (TNF-α)

Transforming growth factor-β (TGF-β)

Vascular endothelial growth factor (VEGF)

Fibroblast growth factor-2 (FGF-2)

Hepatocyte growth factor (HGF)

Angiopoietin-1 (Ang-1)

Interleukin-6 (IL-6)

Insulin-like growth factor (IGF-1)

Proteasi

Matrix metalloproteinases -2 and -9 (MMP-2 e MMP-9)

Chemokine

Macrophage inflammatory protein-1 (MIP-1)

Stromal derived factor-1 (SDF-1)

both further upregulation of adhesion molecules, tran-
scription and secretion of interleukine-6 (IL-6) [46] and
other cytokines (vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (b-FGF), tumor necrosis
factor-α [TNFα] and insulin-like growth factor-1 [IGF-1])
within the BM milieu [47, 48]. (Figure 3).

In detail, IL-6 is a critical growth factor for normal B-
cell and PC development. IL-6 is primarily produced by
BMSCs and by only a few malignant PCs [49]. TNFα is
secreted by both malignant PCs and BMSCs. It does not
induce growth and survival of the neoplastic clone directly,
but it binds to a TNFα response element of the IL-6 promoter
in BMSCs inducing paracrine production of IL-6 [49, 50].
Furthermore, TNFα secreted by malignant PCs activates
NF-kB pathway, which results in additional upregulation of
adhesion molecules (CD49d, an integrin alpha subunit and
ICAM-1) on both tumor PCs and BMSCs [50]. The final
effects of this loop consist in additional paracrine secretion
of IL-6, as well as that of IGF-1 and VEFG by BMSCs and in
induction of CAM-DR [44, 46] (Figure 4).

Cytokine secretion in BMSCs is also upregulated by PC-
derived transforming growth factor β (TGF-β) and VEGF
[48]. This event, in turn, induces BMSCs to produce further
TNFα, VEGF and b-FGF. Overall, these events lead to the
generation of a vicious circuit responsible for continuously
increased cytokine production and malignant PC clone
expansion.
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Binding of the cytokines to their receptors, expressed
on malignant PCs, leads to activation of mitogenic/
antiapoptotic pathways (mitogen actived protein kinase
[MAPK], janus kinase/signal transducer and activator
of transcription [JAK/STAT], phosphatidylinositol 3-kin-
ases/protein kinase B [PI-3K/Akt] and inhibitor of nuclear
factor kappa-B kinase [IKK/NF-kB]) [37], which promote
cell proliferation, survival, cycle progression and migration.
Survival is also mediated by increased transcription of
antiapoptotic molecules (B cell lymphoma gene-2 [Bcl-2]
family members such as B-cell lymphoma-extra large [Bcl-
xL], myeloid cell factor-1 [Mcl-1] and caspase inhibitor such
as Fas-Associated protein with Death Domain-like [FADD-
like] IL-1β-converting enzyme (FLICE) inhibitor protein
(FLIP) and cellular inhibitor of apoptosis protein 2 (cIAP-
2)) in malignant PCs which act along with disregulated
cyclins whose expression is further upregulated by NF-kB
activation [51–54]. Overall, cytokines present in the BM
milieu, reflecting the PC-BMSC bidirectional interactions,
mediate growth (IL-6, IGF-1, VEGF), survival (IL-6, IGF-1),
drug resistance (IL-6, IGF-1, VEGF), and migration (IGF-
1, VEGF, SDF1α) of neoplastic cells as well as angiogenesis
(VEGF, b-FGF) (Figure 5).

Because of its pleiotropic properties, lenalidomide inter-
feres with several pathogenetic relevant moments associated
to different clinical phases of MM.

First of all, lenalidomide upregulates the cyclin depen-
dent kinase inhibitor 1 (p21/waf1), a key cell cycle regulator
that modulates the activity of cyclin dependent kinase
(CDKs) [55]. Recently it has been demonstrated that
lenalidomide mediates the increased expression of p21 by an
epigenetic mechanism [56]. Lenalidomide reduces histone
methylation and increases histone acetylation of the p21
promoter, thus enhancing transcription factor access to the
DNA. In addition to upregulation of p21, lenalidomide-
mediated growth inhibition has been demonstrated to be
associated with the induction of CDK inhibitors p15, p16
and p27 and the early response transcription factors Egr1,
Egr2 and Egr3 [57]. In MM derived cell lines, U266 and LP-
1, reduction in CDK2 activity has been demonstrated after
exposure to lenalidomide [55].

Lenalidomide inhibits the production of proinflamma-
tory cytokines TNF-α, IL-1, IL-6, and IL-12 and increases
the secretion of anti-inflammatory cytokine IL-10. IMiDs
have an opposite effect on IL-12 production, depending
on the different type of stimulation on peripheral blood
mononuclear cells [58].

Lenalidomide also downregulates adhesion molecules.
This effect is mediated by the inhibition of TNFα production
[50]. Thus, lenalidomide ultimately suppresses a positive
feedback loop which upregulates the expression of cell
surface adhesion molecules on both BMSCs and malignant
PCs. Moreover the downregulation of PC adherence to
BMSCs reduces the production of cytokines by these cells
(IL-6, VEGF, IGF-1) which, as previously indicated, are
responsible for thegrowth and survival of neoplastic clone.
Lenalidomide also reduces the production of IL-6 by a direct
action [59].

Increased micro-vascular density has been reported to
correlate with MM-progression [60]. VEGF is produced by
malignant PCs and BMSCs and accounts, at least in part,
for increased angiogenesis in the BM of MM patients [60].
All IMiDs, including lenalidomide, possess antiangiogenic
activity. This effect appears to occur via the modulation
of TNFα, VEGF and b-FGF, which regulate endothelial cell
migration, rather than cell proliferation. Antiangiogenesis by
lenalidomide correlates with reduced Akt phosphorylation
in response to both VEGF and bFGF [61]. Beyond the anti-
angiogenesis, the lenalidomide induced-inhibition of VEFG
and bFGF production determines other biological effects.
In fact, these growth factors upregulate the production by
BMSCs of pro-inflammatory cytokines including IL-6.

Apoptosis is triggered by the activation of both extrinsic
and intrinsic pathways. Besides, the success of this process is
also related to the down-regulation of inhibitor of apoptosis
protein (IAP) activity. In malignant PCs, caspase 8 is acti-
vated in response to extracellular apoptosis-inducing ligand
(i.e., FADD) [62]. Lenalidomide is able to induce caspase
8 activity which in turn results in increased malignant PC
apoptosis [62]. Bcl-2 homology domains (BH3) interacting
domain death agonist (Bid) can mediate a cross-talk of
apoptotic signaling from caspase 8 to caspase 9 [63]. On
the other hand,dexamethasone induced apoptosis in MM
cells is associated with caspase 9 activation and release of
second mitochondrial-derived activator of caspases (Smac)
[64]. Moreover, long term treatment of malignant PCs with
lenalidomide determines a downregulation of NF-kB activ-
ity, which results in a reduction of antiapoptotic proteins
including cIAP2 [65] and FLIP [66]. Thus, lenalidomide
induced apoptosis is the result of multiple effects consisting
in the direct upregulation of caspase 8 activity, indirect
upregulation of caspase 9 and the downregulation of NF-
kB activity which, in turn, determines the inhibition of FLIP
and cIAP2 and antagonizes prosurvival effects mediated by
several cytokines (IL-6 and IGF-1). NF-kB is activated by IL-
6 and determines the production of antiapoptotic proteins.
Consequently, lenalidomide, by inactivating NF-kB, inihibits
the antiapoptotic activity induced by IL-6.

Defective host immune surveillance has a central role
in the survival of malignant PCs [67]. The mechanism
responsible for myeloma cell tolerance includes the immuno-
suppressive activity of cytokines such as TGF-β derived by
malignant PCs [68], reduced numbers of CD4+ T-cells [69],
impaired cytotoxic CD8+ T-cell responses [70], defective
antigen presentation, disfunction of human natural killer-
T (NK-T) and natural killer (NK) [71, 72] cells as well as
resistance to NK cell lysis [73].

Lenalidomide acts at different levels in the immune sys-
tem by modifying cytokine production, improving T-cell
activity, regulating T-cell co-stimulation and augmenting the
NK-T- and NK-cell cytotoxicity. Lenalidomide enhances the
cytolytic activity of antigen-specific CD8+ T-cells. This effect
has been demonstrated in a dendritic cell/CD8+ T-cell in
vitro co-culture system. It appears to be mediated by IL-
2 induced expansion of antigen-specific memory effector
CD8+ T-cells [74].
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Figure 5: Signaling pathways activated by BM cytokines.

T-cell activation requires the presentation of the peptide
fragments by antigen presenting cell (APC) to the T-cell
receptor (TCR). Moreover to generate an effective response
against the antigen, a secondary interaction is required
[75]. This is mediated by the B7 family molecules on APC
and CD28 molecule on the T-cell surface and provide the
costimulatory signal that augments and potentiates T-cell
proliferation, differentiation and survival followed by IL-
2 and IFNγ production. In MM patients the number of
dendritic cells (DCs) is normal, but CD80 (B7-1) expression
may fail to be upregulated in the presence of trimeric human
CD40-ligand (HU-CD40LT) because of the negative effect
of tumor-derived TGF-β or IL-10 [76]. Impairment of T all
activation by DCs is also mediated by IL-6 [77] and VEGF
[78] of PC or BMSC origin. IMiDs including lenalidomide
are only able to stimulate T-cells that have been partially acti-
vated by either anti-CD3 or DCs [75]. Lenalidomide induces
the proliferation of partially activated CD3+ T cells obtained
from human PBMC. T-cell proliferation is associated with
increased IL-2 and INFγ production. The mechanism of
T-cell co-stimulation by lenalidomide involves increased
transcriptional activity of activated protein-1 (AP-1), a driver
of IL-2 production [79]. In addition, this drug abrogates the
requirement of a secondary co-stimulation signal from APCs
to allow T-cell activation. In fact, it acts on T-cells via the
B7-CD28 costimulatory pathway directly inducing tyrosine
phosphorylation of CD28 on T-cells leading to the activation
of downstream targets such as PI3K-signaling pathway and
the nuclear translocation of the nuclear factor of activated T
cells-2 (NFAT-2) [75, 80].

NK-T- and NK-cells belong to distinct lymphocyte
lineages. However, these cells share striking similarities such
as the expression of the same set of receptors (NKR-P1
and Ly49) and the capacity to rapidly release, without prior

sensitization, INFγ and IL-4 (NK-T) or INFγ alone (NK)
[81, 82]. IL-12 can modulate both NK-T-cells [83, 84] and
NK-cells [85] to release INFγ and exert natural cytotoxicity.
NK-T-cells are distinct lymphocytes, which often use a
restricted T cell receptor (Vα24-Vβ11) that recognizes gli-
colipid ligands in the context of the major histocompatibility
class 1-like CD1d molecule. The anti-tumor properties of
these cells include a direct cytotoxic effect of neoplastic
cells, INFγ production and interaction with DC expressing
glicolipid ligands. Lenalidomide increases the NK-T-cell
expansion mediated by DCs loaded with α GalCer and INFγ
production from NK-T-cells [86]. Because of the cross-
talk between NK-T- and NK-cells, NK-T-cells transact with
NK-cells. This network of activation later involves B and
T cells indicating the sequential recruitment of distinct
and adaptive effector lymphocytes [87]. Lenalidomide might
potentiate the function of these other immune cells, using
the transactivation mediated by NK-T-cells.

Lenalidomide not only increases NK-cell proliferation,
but also potentiates natural and antibody dependent cellular
cytotoxicity (ADCC) of NK-cells [88]. These effects are
mediated by lenalidomide-induced IL-2 production by T
cells. More in detail, lenalidomide triggers PI3K activation
of AP-1 and related increased IL-2 secretion by T cells [88].
IL-2 in turn activates NK-cells.

Bone remodelling is a tightly regulated process. The
binding of receptor activator of NF-kB ligand (RANKL), on
BMSCs and OBLs, to its receptor RANK, on mature OCLs
and their precursors, stimulates OCL late differentiation
and activity. Osteoprotegerin (OPG), a decoy receptor for
RANKL, is produced by OBLs. OPG inhibits RANK-RANKL
interaction, thus suppressing osteoclastogenesis [89]. Sev-
eral cytokines and chemokines [IL-6, IL-1α, IL-1β, IL-
11, macrophage-colony stimulating factor (M-CSF), TNF-α,
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TNF-β, macrophage inflammatory proteins-1α and -β (MIP-
1α, -β) and VEGF], which possess pro-osteoclastogenic
activity, as previously mentioned, are present in the BM
milieu. Other molecules, as SDF-1α, IL-3 and hepatocyte
growth factor (HGF), secreted by both malignant PCs and
BMSCs, stimulate the expression of RANKL by BMSCs and
thus enhance osteoclastogenesis. In MM, OPG production is
downregulated. In addition, malignant PCs internalize and
degradate OPG. This vicious cycle determines an increased
RANK-RANL binding, augments OCL differentiation and
proliferation and favours bone resorption [90]. Moreover,
OBL activity is impaired in MM. In fact, malignant PCs sup-
press OBL differentiation and induce mature OBL apoptosis
through the production of dickkopf-1 (DKK-1) and soluble
frizzle-related protein-2 (sFRP-2). These molecules inhibit
the Wingless-type (Wnt) signaling pathway, which promotes
OBL differentiation. Other molecules, such as IL-7, IL-3 and
TGF-β, overexpressed in MM BM milieu, also downregulate
the OBL maturation [91].

Lenalidomide has been reported to reduce osteoclastoge-
nesis in MM [91]. This effect is achieved in a dose-dependent
manner through the inhibition of the transcription factor
PU.1 and extracellular signal-regulated kinase (ERK). The
first one is an early activator of osteoclastogenesis; the second
one plays a key role in OCL survival and differentiation. In
MM patients, after treatment with lenalidomide, OPG levels
were significantly higher than baseline (P < 0, 05), whereas
RANKL production was inhibited, so lenalidomide has been
confirmed to reduce the serum markers of bone lytic disease.

Although all the above mentioned mechanisms explain
the direct and indirect anti-myeloma effect of lenalidomide,
the precise molecular mechanisms and targets through
which this molecule exerts its effects remain not completely
understood.

A seminal paper has recently identified cereblon (CRBN)
as a primary target of thalidomide teratogenecity [92] and
moreover an essential element for response to lenalidomide
[93]. Human CRBN is a 51 kDa protein that is localized
in cytoplasm, nucleus and peripheral membrane of cells
in testis, spleen, prostate, liver, pancreas, placenta, kidney,
lung, skeletal muscle, ovary, small intestine, peripheral blood
leukocytes, colon, brain and retina [94]. CRBN links to
DNA damage-binding protein 1 (DDB1) [92]. DDB1 is a
nucleotide excision repair protein which binds to DDB2
leading to set up a heterodimer. It is part of the cullin-
4 (Cul4)-based E3 ubiquitin protein ligase complex. This
complex is formed by DDB1, Cul4 (Cul4A and Cul4B),
regulator of cullins-1 (Roc1) and a substrate receptor.
Cul4-based E3 ubiquitin protein ligase complex plays a
relevant role in cell cycle regulation, carcinogenesis and
embryogenesis [95, 96]. CRBN is a part of the Cul4-based
complex and it competes with DDB2 in binding to DDB1.
CRBN-complex has auto-ubiquitination properties, which
are inhibited by thalidomide, as shown in in vitro-studies.

Several in vitro studies have shown that CRBN is also the
target molecule of lenalidomide activity.

Zhu et al. have clearly demonstrated in human MM cell
lines (HMMCLs) the central role of CRBN in sensitivity
and resistance to lenalidomide and have identified interferon

regulatory factor-4 (IRF-4) as one of the downstream targets
of CRBN. IRF-4 has previously reported to also be a target of
and downregulated by lenalidomide [93].

Lopez-Girona et al. have demonstrated that lenalidomide
binds to CRBN-DDB1 complex in a dose-dependent manner
and with a ten-fold higher affinity than thalidomide. More-
over, after reducing CRBN expression by short interfering
RNAs (siRNAs) in activated human T cells, lenalidomide
has increased IL-2 and TNF-α production by these cells,
thus suggesting that some immunomodulatory effects of
lenalidomide are mediated by CRBN complex. This study
has also shown that induction of p21/waf1 cyclin-dependent
kinase inhibitor protein is prevented in absence of CRBN
expression, indicating a role of CRBN in mediating antipro-
liferative effects of lenalidomide [97].

Heintel et al. have found a significant relationship
between CRBN expression and response to lenalidomide in
44 MM patients. In fact, CRBN expression resulted three
times higher in responding patients compared to non-
responders. Moreover, this study has shown a clear corre-
lation between CRBN levels and quality of response. CRBN
expression was lower in patients with stable or progressive
disease and higher in patients with complete remission or
partial responses [98].

The data emerging from in vitro studies as well as the in
vivo findings about the role of CRBN in lenalidomide action
wait to be confirmed.

3. Conclusions

IMiDs including lenalidomide have proven therapeutically
effective molecules in several malignant diseases character-
ized by different hystogenetic origin of neoplastic cells, as
well as by distinct phatogenetic pathways. Notwithstanding
these differences IMiDs activity in the diverse neoplasia
can be traced back to the pleiotropic mechanism of these
molecules.

Lenalidomide exerts a direct antitumor effect, interferes
with the tumor microenvironment and enhances the host’s
antitumor immune responses. In MM, because of the
complex bidirectional cross-talk between malignant PCs and
the BM milieu including the BMSCs, the ECM proteins and
the multitude of cytokines secreted in the BM milieu, the
final effects of lenalidomide are the results of additional or
synergic actions on different relevant pathogenetic events
operating in this disease.

In addition, lenalidomide activates caspase 8 and down-
regulates NF-kB activity induced by cytokines secreted in the
BM milieu. This in turn determines reduced expression of
antiapoptotic proteins. Thus, relevant in the lenalidomide
apoptosis is also the modulation induced by this drug on
adhesion molecules on PCs and BMSCs as well as on
cytokines production. The anti-angiogenetic well known
properties of IMiDs, including lenalidomide, might be
relevant in MM as increased microvascular density has been
reported to be associated with disease progression. Further-
more, lenalidomide acts on different host’s effector immune
cells. However the immune-mediated antitumor activity well
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defined in vitro are not completely correlated with the
clinical outcome because of the complex immunosuppressive
activity of underlying disease as well as of conventional
antitumor drugs.

Finally, lenalidomide downregulates bone resorption.
The molecular mechanisms and targets of lenalidomide

remain largely unknown. However, CRBN has recently been
identified as the possible central mediator of lenalidomide
activity and IRF-4 as a downstream molecule of CRBN
action. Lenalidomide resistance in MM cells which, despite
CRBN depletion, are able to restore their IRF-4 levels, suggest
the existence of alternative pathways.
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The immunomodulatory agent, lenalidomide, is a structural analogue of thalidomide approved by the US Food and Drug
Administration for the treatment of myelodysplastic syndrome (MDS) and multiple myeloma (MM). This agent is also currently
under active investigation for the treatment of chronic lymphocytic leukemia (CLL) and non-Hodgkin’s lymphoma (NHL), as
well as in drug combinations for some solid tumors and mantle cell lymphoma (MCL). Although treatment with lenalidomide
has translated into a significant extension in overall survival in MM and MDS and has superior safety and efficacy relative to
thalidomide, the mechanism of action as it relates to immune modulation remains elusive. Based on preclinical models and
clinical trials, lenalidomide, as well as other structural thalidomide derivatives, enhances the proliferative and functional capacity
of T-lymphocytes and amplifies costimulatory signaling pathways that activate effector responses and suppress inflammation. This
paper summarizes our current understanding of T- and natural killer (NK) cell pathways that are modified by lenalidomide in
hematopoietic neoplasms to inform future decisions about potential combination therapies.

1. Introduction

Lenalidomide (Revlimid, CC-5013) is a second-generation
synthetic derivative of glutamic acid and thalidomide ana-
logue with antiangiogenic, antitumorigenic, and immun-
omodulating activity that was realized due to anecdotal im-
munomodulatory activity in erythema nodosum leprosum
(ENL) [1, 2] and in autoimmune disorders [3–5]. Creation
of synthetic modifications to the thalidomide backbone
led to the discovery of lenalidomide and pomalidomide
with 500-fold greater immunomodulatory potency and
safer side effect profile compared to the parent drug [6, 7].
Use of lenalidomide in proliferative neoplasms has recently
intensified due to the agent’s success in MM and MDS
where it acts to alter immune homeostasis and modulate
inflammation within the bone marrow microenvironment.
Studies in relapsed and refractory B-cell chronic lymphocytic
leukemia (B-CLL) as well as non-Hodgkin’s lymphoma
(NHL) solid malignancies such as central nervous
system, ovarian, and renal cell carcinoma demonstrate

the potential of this drug in diverse neoplastic processes
[8, 9]. While the molecular antitumor mechanism and spec-
ificity have been extensively studied in preclinical and
clinical settings, the future application and design of effective
therapeutic combinations with lenalidomide is dependent
on understanding the immunomodulatory mechanism and
anti-inflammatory properties in the context of the bone
marrow milieu, the microenvironmental interactions, and
bioactivity within adaptive and innate immune cells.

2. Lenalidomide Augments T-Cell
Proliferation and Activation

Immunosurveillance of cancer cells is now a well-established
principle thought to contribute not only to the quantity,
but also to the quality, or immunogenicity, of a tumor
during development [10, 11]. Mechanisms regulating innate
and adaptive immune responses are carefully orchestrated
to detect and remove infected, transformed, or erratically



2 Advances in Hematology

growing cells within the body. Immune tolerance, induced
by changes in the microenvironment and within the tumor
cells, contributes to neoplastic expansion. Lenalidomide is
able to enhance the proliferative and functional capacity of
T cells, which augments immune activity through a variety
of mechanisms. Thalidomide was first shown to augment
T-cell proliferation and cytokine production in the absence
of costimulatory molecules without direct mitogenic activity
[12]. Early reports of bone marrow lymphoid aggregates in
lenalidomide-responsive MDS patients implicated immune
modulation in hematological responses to this agent [13].
When a T-cell encounters cognate tumor antigens presented
by antigen presenting cell (APCs), there is an increase in a
variety of costimulatory molecules, most importantly CD28,
that enables a fully competent signal response by T cells
[14]. CD28 binds to B7-1 (CD80) and -2 (CD86) molecules
on APCs to generate the appropriate response to antigen
stimulation. Absence of CD28-APC interaction (Signal 2)
in the presence of T-cell receptor ligation (Signal 1) leads
to inactivation or anergy of naı̈ve T cells. Thalidomide,
and to a greater extent lenalidomide, induces interleukin-2
(IL-2), interferon-γ (IFN-γ), and TNF-α secretion [12] in
the absence of CD28 stimulation, suggesting that the drug
somehow activates the costimulatory-dependent signaling
cascade initiated by Signal 2 [15].

Both Signal 1 (TCR) and Signal 2 (co-stimulation) are
necessary for IL-2 production leading to the hypothesis
that lenalidomide and the other IMiDs function some-
where within this costimulatory pathway [16–18]. Signaling
pathways associated with IL-2 transcriptional activation are
shown in Figure 1 and recently reviewed by [19]. The exact
differential downstream intermediates emanating from the
TCR CD28 are difficult to elucidate because the pathways are
integrally connected. LeBlanc et al. showed that lenalidomide
acts to increase tyrosine-phosphorylation in the intracellular
domain of the CD28 receptor in the absence of costimulatory
molecules [20]. Although it is not known if lenalidomide acts
directly to induce phosphorylation, the presence of down-
stream signaling events after treatment such as NF-κB p65
translocation to the nucleus, and cytokine production, sug-
gests that this pathway may be important for lenalidomide’s
immunomodulatory effect [20]. Others have shown that the
activation of PKC-ζ and NFAT-2 are important mediators
of cytokine production after IMiD treatment [21]. However,
a conflicting report showed that PKC-θ activity and AP-1
DNA binding was increased, without an increase in NF-κB,
OCT-1, and NFAT transcription factor binding, which adds
to the controversy about lenalidomide’s T-cell-associated
molecular mechanism of action [22, 23] (see Figure 1).
These controversial results, however, may be attributed
to the methods used for T-cell stimulation, namely, TCR
stimulation versus calcium channel activation, respectively.
Görgün et al. showed that lenalidomide and pomalidomide
reduce Suppressor of Cytokine Signaling-1 (SOCS1) expres-
sion in T cells, which is an important negative regulator of
cytokine signaling [24]. Even when treated with IFN-γ to
induce SOCS1 expression, the drug was capable of blocking
this inhibitory response and potentiating TCR/anti-CD28
costimulation in effector T cells [24]. Although reduction

in a suppressive signal may be important, this would not
be expected to generate unique responses, such as IL-2, that
specifically require a costimulatory signal.

In addition to the activation of effector T cells and NK
cells, there is a valid concern about the potential effect of
IMiDs on regulatory T (Treg) cells that may deter antitumor
immunity by suppressing immunosurveillance [11, 25]. In
this regard, lenalidomide and pomalidomide were shown to
inhibit the expansion and function of Tregs by downregu-
lating the expression of forkhead box protein 3 (FOXP3) [26,
27]. The preferential augmentation of CD8+ cytotoxic T cells
and inhibition of regulatory T cells makes this drug a very
interesting and potentially valuable therapeutic candidate to
augment immunotherapy responses in cancer patients.

In addition to the specific effects of lenalidomide on
T-cell signaling, our lab and others have shown that the
drug alters homeostatic regulation of T cells [28]. In MDS
and MM, lenalidomide preferentially acts on specific T-
cell memory subsets to reverse immune dysfunction. We
found that erythroid responsive MDS patients displayed a
greater increase in naı̈ve and central memory T-cell subsets
compared to nonresponders. This increase was associated
with a concurrent decrease in effector memory subsets,
potentially indicating that the drug restores immune home-
ostasis [28]. A similar increase in central memory T cells was
observed by Noonan et al. [29] in MM patients that received
lenalidomide in combination with the pneumococcal 7-
valent conjugated vaccine (PCV) to establish the principle
of vaccine combination therapy. Interestingly, the increase
in PCV-specific antibody and cellular responses was specific
to the vaccination schedule favoring administration of
lenalidomide prior to PCV vaccine. B-CLL, like MDS, is
associated with dysfunctional T-cell activity [30, 31] with
defects in actin polarization at the immune synapse [32].
Treatment with lenalidomide in CLL restored IL-2 and IFN-γ
secreting CD4+ and CD8+ T cells to normal levels [33]
and reversed the suppressive signals blocking lytic synapse
formation [32].

Antigen-specific effector T-cell activity in vitro and in
vivo after lenalidomide was demonstrated after treatment
for MM, supporting the idea that T-cell reconstitution may
be important for antileukemia effects and eradication of
myeloma cells [34]. Our studies have shown that lenalido-
mide is capable of increasing proliferation and cytokine
secretion in anergic MDS T cells and indicate that lenalido-
mide not only improves healthy T-cell function, but also
reverses intrinsic cancer-related immune defects associated
with deregulated cancer immunosurveillance.

The evidence from in vitro and in vivo experiments
to date, therefore, indicates that lenalidomide has multiple
effects on T-cell signaling, but the exact molecular target
and mechanism remain elusive. Interestingly, the molecu-
lar target mediating thalidomide’s teratogenic effects was
identified in 2010 by Ito et al. [35]. Using thalidomide-
conjugated beads, an E3 ubiquitin ligase, cereblon (CRBN),
was shown to directly bind to thalidomide and mediate
limb malformation in a zebrafish model. Mutations of
two amino acids (Y374A and W376A) in zebrafish CRBN
eliminated the drug’s ability to interact with the protein
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Figure 1: Various T-cell signaling pathways are upregulated after lenalidomide treatment. Lenalidomide is known to have no direct mitogenic
activity, therefore it cannot induce proliferation directly. Upon TCR ligation, lenalidomide (LEN) increases phosphorylation of tyrosines
within the intracytoplasmic tail of CD28, through an unknown mechanism, increasing downstream signaling and activation of PKC-θ,
MAPK, and potentially other signaling pathways. These pathways lead to the activation of classic T-cell transcription factors like AP-1,
NFAT-1, and NF-κB that induce secretion of the T helper type 1 (Th-1) cytokines interleukin-2 (IL-2), tumor necrosis factor-α (TNF-
α), and interferon-γ (IFN-γ). Though it is controversial which transcription factors are ultimately increased upon lenalidomide treatment
(indicated by a question mark). Upregulation of these pathways potentially reverses T-cell defects, aids in breaking tolerance, and leads to
greater CD4+ T-cell help to DCs, NK cells, and CD8+ T cells, augmenting eradication of the tumor cells.

and prevented its effects on limb formation. Decreased
cereblon expression in MM cells was also recently found to be
associated with lenalidomide and pomalidomide resistance
[36]. CRBN functions within an E3 complex containing
several components including DDB1 and Cullin 4 (Cul4A
or Cul4B) that polyubiquitinate (Ub) substrate proteins and
mediate their degradation [35]. CRBN and other members
of this E3 complex play no known role in T-cell signaling.
However, increased Cul4A expression was recently linked to
thalidomide response in prostate cancer [37]. Lenalidomide
was shown recently by our group to stabilize mouse double
minute 2 protein (MDM2) by blocking its autoubiquitina-
tion [38]. Since MDM2, like CRBN, is a RING finger E3
ubiquitin ligase, it is possible that IMiDs mediate a class-
selective suppressive action against Ub-ligating enzymes,
potentially mediating the increase in T-cell signaling.

3. Lenalidomide in B-CLL and MM

Lenalidomide has proven efficacy in several hematologic
malignancies, including MDS, B-CLL, MM, and even some
solid tumors attributed to T-cell and NK cell functional
reconstitution. B-CLL is the most common leukemia in
the United States, and although treatment with nucleo-
side analog-based chemoimmunotherapies has significantly
enhanced outcomes in patients, nearly all of the patients ulti-
mately relapse [39]. Lenalidomide combination treatments

for patients with relapsed, refractory, and primary CLL,
have resulted in durable hematologic improvement [40–
42]. Exposure of primary CLL cells to lenalidomide in vitro
leads to the induction of costimulatory molecules like CD80,
CD86, and FASL on the tumor cells [43], restoring immuno-
logical synapse formation and improving autologous tumor
cell recognition by T cells [44, 45] (Figure 2). The improved
immune synapse formation between T cells and tumor cells
was also evident in vitro when studied in NHL [46].

The ability of lenalidomide to augment IL-2, IFN-γ,
and TNF-α production from T cells in vitro has been
described extensively. Similar increases in TNF-α production
in CLL have been confirmed [47]. Cytokine production and
increased T-cell function in CLL is thought to contribute
to the tumor flare response (TFR), which is an adverse side
effect of lenalidomide treatment that is positively associated
with hematologic improvement when properly managed
[48]. Since TFR occurs in association with an increase in
circulating CD8+ T cells and NK cells, and release of proin-
flammatory cytokines, it suggests that immunomodulation
is important for success of the drug clinically by enhancing
the reactivation of immune effector responses against the
tumor [47, 48]. Continuous treatment of relapsed refractory
CLL patients with lenalidomide was associated with a stable
increase in T-cell number in the peripheral blood, which was
indicative of a sustained immune response [42]. In B-CLL,
both thalidomide and lenalidomide lead to improved tumor
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Figure 2: Lenalidomide augments direct CD8+ T-cell killing of B-CLL cells. B-CLL cells are able to evade immune detection through high
levels of PDL-1, low levels of costimulatory molecules like B7-1, and a variety of immune-suppressive cytokines in the microenvironment.
Lenalidomide treatment (Len) is able to overcome the immune suppression through upregulation of costimulatory molecules like CD40 and
B7-1 (CD80/86) on the CLL cells, upregulation of Fas expression, as well as decreasing PDL-1. Through the alteration of surface molecule
expression, as well as the increase in T-cell signaling as shown previously, lenalidomide induces better immune synapse formation allowing
for increased killing by the CD8+ T cells.

recognition. The drug-induced induction of costimulatory
molecules on the B-cell tumor cells in CLL resulting in
enhanced immune-mediated killing, and decreased tumor
burden.

Impaired differentiation and activation of T and B-
cells, as well as NK and dendritic cells, is an important
mediator of disease progression in MM [49, 50]. MM is,
at present, an incurable B-cell malignancy with abnormal
cells accumulating in bone and the bone marrow, which
suppress normal hematopoiesis and disrupt the bone mar-
row microenvironment [51]. Lenalidomide is known in MM
to disrupt cellular interactions and adherence of MM to
stromal constitutions, decrease growth factors such as IL-
6, and induce apoptosis of the neoplastic cells, therefore
blocking disease progression [52–54]. The dysregulation of
hematopoiesis and increased inflammatory cytokine milieu
within the bone marrow microenvironment also contributes
to impaired immune effector cell function. Lenalidomide
treatment in MM, similar to B-CLL and MDS, reverses T-
cell defects directly, but also reverses dendritic cell (DC)
dysfunction. DCs from patients with MM have reduced
expression, or even absence, of costimulatory molecules [55]
and this, along with high levels of IL-6, IL-10, and TGF-β
within the bone marrow microenvironment, contributes to
impaired T-cell costimulation and activation [55, 56].

Although an increase in immune activation is associated
with drug response and a decrease in tumor burden in
CLL, efficacy of the drug has not been definitively shown
to be mediated by a direct cytotoxic effect of T cells against
the malignant B-cells. Christensen et al. first demonstrated
such activity in MM, as lenalidomide treatment in patients
in vivo increased the killing of HM1.24+ myeloma cells by
MART-1 specific T cells [34, 57]. Lenalidomide’s action on
T-cell cytokine secretion, specific tumor cell recognition,
and ability to enhance costimulation derived from dendritic
cells may all participate in lenalidomide’s efficacy for the
treatment of MM.

4. Immunomodulatory Drugs Increase
Natural Killer Cell Recognition and
Cytotoxicity of Leukemia Cells

In addition to the potentiating effect on T and B cells,
immunomodulatory drugs have a profound effect on the
innate immune response, namely, natural killer (NK) cells.
NK cells are an important component of the innate immune
system where they play major roles in tumor rejection,
viral clearance, and DC regulation [58–60]. Thalidomide
was shown to enhance the cytotoxic effects of NK cells, as
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well as increase their cell numbers in MM patients [61].
This enhanced killing effect requires cytokine support from
accessory lymphocytes, like T cells, as there is no measurable
increase in direct killing of the K562 human leukemia cell
line by purified NK cells in the presence of high doses of
lenalidomide or pomalidomide [62]. PBMCs depleted of NK
cells were not able to kill K562 at all, nor were PBMCs in
a transwell experiment, suggesting that NK cells and their
contact with the tumor cell is a necessary component of
lenalidomide-mediated tumor cell apoptosis [62]. Support
from T cells, in the form of IL-2 secretion, is extremely
important for NK-cell-mediated cytotoxicity of MM after
lenalidomide treatment [21]. Although the combination of
lenalidomide with dexamethasone has been shown to have
significant activity, IL-2 production was abrogated in vivo
when MM patients received this combination simultaneously
[63]. Hsu et al. demonstrated that dexamethasone treatment
suppressed IL-2 production from CD4+ helper T cells,
impaired NK cell-mediated cytotoxicity, and countered the
immunostimulatory effects of lenalidomide in MM patients.
Pharmacodynamic studies may maximize the efficacy of this
combination therapy in MM.

There are multiple mechanisms postulated for increased
NK cell killing in the various disease settings. Both pomalido-
mide and lenalidomide upregulate the expression of CD56,
which normally decreases NK killing capacity, but in this
setting had no detriment to NK cell killing [62]. Carbone et
al. showed that the expression of natural cytotoxic receptors
(NCR) and NK receptor member D of the lectin-like receptor
family (NKG2D) is necessary for myeloma cell recognition
[64] and NKG2D blockade abrogated the effect of lenalido-
mide in solid tumors [65]. It was recently shown by Benson
et al. that the addition of a murine anti-inhibitory killer
immunoglobulin receptor (KIR) antibody with concurrent
lenalidomide therapy mediated rejection of lenalidomide-
resistant tumors in a mouse model [66]. This is similar to
their IPH2101 human anti-inhibitory KIR antibody that also
increases in vitro NK cell cytotoxicity specifically against MM
cell targets, but not normal cells, suggesting that clinical
testing in combination with lenalidomide is warranted [66].

A schematic of the various mechanisms of NK cell-
mediated killing in MM after lenalidomide treatment in
combination with various monoclonal antibodies is shown
in Figure 3. MM cells, like most tumor cells, express
the programmed death receptor-1 ligand (PD-L1) which
downregulates the immune response against malignant cells
through programmed death receptor-1 interactions on T
cells [67, 68]. Recently, it was shown that NK cells from
MM patients express PD-1, and the PD-1/PD-L1 interaction
decreased NK cell-mediated killing [69]. A novel anti-PD-
1 antibody, CT-011, can increase NK cell-mediated killing
of autologous MM cells from patients, without effecting
normal cells [69]. This new monoclonal therapy, along with
lenalidomide’s action of decreasing PD-L1 on MM cells, may
improve response rates to this combination therapy.

Enhanced antibody-dependent cytotoxicity (ADCC) by
NK cells is also an extremely important mechanism in
IMiD function in CLL, MM, and even solid tumors [21,
65, 70]. ADCC is a process where antibodies bind to their

ligand antigens on target cells, which then bind to FcR-γ
receptors on NK cells, and trigger cell lysis through perforin
and granzyme-dependent pathways [71]. Lenalidomide- and
pomalidomide-induced killing correlates with an increase
in Fas ligand (FasL) and granzyme B expression in NK
cells, leading to increased ADCC in multiple tumor settings
[70]. Thalidomide plus rituximab (RTX), an anti-CD20
monoclonal antibody commonly used in CLL, was found to
increase complete response rates in relapsed and refractory
MCL patients [72]. Further study of the mechanism showed
that the drug-antibody combination increased growth arrest
of MCL cell lines, as well as primary cells, compared
to RTX alone [73]. Mechanistically, they discovered that
lenalidomide enhanced CD20-mAb-dependent apoptosis of
the MCL cells by upregulating activation of caspase-3, -8,
-9 and the cleavage of PARP, as well as enhanced ADCC
by CD16 induction on NK cells [73]. An increase in NK-
mediated ADCC is also implicated in the success of RTX
and lenalidomide combination therapy in CLL and NHL,
although unproven in vivo [74, 75]. Ofatumumab, another
anti-CD20 monoclonal antibody, binds to a different epitope
and induces greater complement-dependent cytotoxicity
and has shown evidence of activity in fludarabine and
rituximab-refractory CLL [76, 77]. Another CD20 mAb, the
glycoengineered GA-101 antibody, induces greater ADCC
in vitro than RTX and has shown promising preclinical
activity in animal models of NHL and B-CLL [78–82].
Lenalidomide therapy is currently being tested with ofatu-
mumab [83] and elotuzumab [84] in advanced, relapsed
or refractory patients and has shown therapeutic potential.
Therefore, concurrent lenalidomide therapy with these anti-
bodies may prove beneficial in refractory patients to aug-
ment antitumorigenic activity through NK cell potentiating
effects.

As an immunomodulatory agent in solid tumors,
lenalidomide has been used to reverse tolerance to tumor
antigens [85, 86]. As such, lenalidomide may prove beneficial
as an adjuvant to vaccine therapies. Wu et al. demonstrated
that lenalidomide enhances NK cell killing in a variety of
solid tumor cell lines (breast, colorectal cancer, ovary, head
and neck, lung cancer, bone sarcoma) treated with cetuximab
or trastuzumab [65]. The treatment of hematologic and solid
tumors with specific monoclonal antibody therapy concur-
rently with lenalidomide could potently increase NK cell-
mediated tumor lysis and enhance response rates. Lenalido-
mide induces NK cells to produce granulocyte-macrophage
colony-stimulating factor (GM-CSF), TNF-α, and various
immune recruiting chemokines including RANTES, IL-8,
MCP-1, and MIP-1α/β in response to antibody-coated tumor
cell lines, which contributes to a more effective immune
response [65]. The IMiDs enhance immunosurveillance in
solid and liquid tumor settings through recruiting and
activating T and NK cells to suppress malignant growth.

5. Summary

This paper summarizes the current information about
lenalidomide in proliferative neoplasms and describes our
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Figure 3: Lenalidomide alone, or in combination with a variety of therapeutic monoclonal antibodies, increases NK-cell-mediated killing
of multiple myeloma cells. Lenalidomide (LEN) increases IL-2 secretion from by-standing T helper cells which augments NK cell activity.
Lenalidomide, as described previously, upregulates Fas expression and costimulatory molecules on MM cells leading to greater Fas-mediated
apoptosis. Lenalidomide has also been shown to augment the ADCC effect of various monoclonal antibodies like Rituximab (anti-CD20),
GA-101 (glycoengineered anti-CD20), and CT-011 (anti-PDL-1). CT-011 blocks PD-1 ligand on the MM cells, interfering with binding to
PD-1 and inhibiting NK cell activity. Binding of the anti-CD20 antibodies to their targets on MM cells increases complement-dependent
cytotoxicity (CDC), as well as NK-cell recognition and killing of the MM cells. IPH2101 is an anti-inhibitory KIR that has been shown in
combination with lenalidomide to increase NK-cell killing as well, as blocking the inhibitory signals allows for NK activation and detection
of the tumor cells.

understanding of the molecular mechanism of action in lym-
phocytes. Based on the overwhelming success of lenalido-
mide for the treatment of several hematologic malignancies,
there is potential for therapies that augment host immune
responses to be extended from the relapsed and refractory
setting, to primary therapy. Studies over several decades
have elucidated the importance of immunosurveillance in
malignancy. The seminal discoveries that lenalidomide can

potently augment T-cell cytokine secretion and activation
in the absence of a secondary signal and augment NK-
mediated ADCC in the presence of antibody therapy have
only begun to shed light on the mechanism of lenalidomide
immune modulating activity. The potential in furthering
lenalidomide in combination therapy with therapeutic anti-
bodies, vaccines, and chemotherapy depends on improving
our understanding of the molecular mechanism of the drug.
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The mechanism of action and the important molecular
and cellular determinants that mediate the immunomod-
ulatory function are poorly understood, yet many cancer
patients have benefited from this therapy. T cells and NK cells
are rendered anergic or ignorant by the tumor cells through
multiple mechanisms related to the lack of costimulation
and immunosuppressive signals within the tumor microen-
vironment. Because of the importance of costimulation in
determining the immune response, therapeutic manipula-
tion with lenalidomide has generated particular interest. The
mechanism of action is clearly linked to changes in the bone
marrow microenvironment, cytokine secretion, regulation
of angiogenesis and host antitumor immunity. Since this
agent has significant activity in MM, MDS, CLL, NHL, and
MCL, a better understanding of the leukemia biology and
the molecular targets that mediate the immunomodulatory
activity is needed to harness the full potential of this agent in
combination therapies.
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The treatment of myeloma has undergone extraordinary improvements in the past half century. These advances have been
accompanied by a concern for secondary primary malignancies (SPMs). It has been known for decades that extended therapy with
alkylating chemotherapy agents, such as melphalan, carries an increased risk of therapy-related myelodysplastic syndrome and/or
acute myeloid leukemia (t-MDS/AML), with a cumulative risk as high as 10–15%. High dose chemotherapy with autologous
stem cell support became widely accepted for myeloma in the 1990s. Despite the use of high-doses of melphalan, the risk of
t-MDS/AML with this procedure is estimated to be less than 5%, with much of this risk attributable to pretransplant therapy.
Recently, lenalidomide has come under scrutiny for its possible association with SPMs. It is too soon to declare a causal relationship
at this time, but there appears to be an increased number of SPMs in reports from several studies using lenalidomide maintenance.
Current studies should be amended and future studies planned to better define the risk of SPMs and the risk factors and
mechanisms for its development. Patients should be educated regarding this potential concern but the current use of lenalidomide
should not generally be altered until further data are available.

1. Introduction

The evolution of myeloma therapy has been one of the
success stories in the fight against cancer. Current treatment
options for myeloma include melphalan, other cytotoxic
agents, corticosteroids, high-dose therapy with autologous
stem cell transplant (HDT/SCT), and more recently, novel
agents such as bortezomib, thalidomide, and lenalidomide.
Despite the remarkable improvement in prognosis for
myeloma patients, the disease remains incurable and is char-
acterized by multiple relapses. Therapy-related myelodyspla-
sia and acute myeloid leukemia (t-MDS/AML) have been
recognized as a consequence of treatment with alkylating
agents and/or anthracyclines. Similar concerns have now
been raised about the potential for an increase in secondary
primary malignancies (SPMs) in myeloma patients exposed
to lenalidomide, and, in particular, long-term exposures in a
maintenance setting.

In this paper, we will review the developmental history
of myeloma therapy, with particular emphasis on the risk
of secondary cancers, and examine the available data with

regard to the risk of SPMs seen with lenalidomide. We also
speculate about the mechanism(s) by which lenalidomide
could increase the risk of second cancers. To conclude,
we make some recommendations about how our current
understanding affects our treatment decisions and suggest
directions for future research. As new data emerge about
lenalidomide and the risk of SPMs, it is our hope that
this paper will help to put that information in proper
perspective.

2. Second Cancers in Multiple Myeloma

SPMs are not an uncommon occurrence among cancer
patients. The NCI’s SEER program analyzed its database
from 1973 to 2000 and reported that the cumulative
incidence of SPMs was nearly 14% at 25 years of followup
for cancer patients in general [1]. Myeloma patients had a
6.1% incidence of SPMs at 20 years but the overall rate was
not higher than that seen in the general population. However,
increased relative risks for AML, chronic myelogenous
leukemia, and Kaposi’s sarcoma were noted. Leukemias,
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especially AML, accounted for the largest cancer excesses and
likely reflected treatment with alkylating agents.

The Finnish Leukaemia Group conducted a retrospec-
tive, long-term followup of 432 patients who were treated
with conventional chemotherapy for myeloma [2]. The
number and distribution of secondary solid cancers were
similar to the general population but the actuarial risk of
leukemia was almost 10% at 9 years. A Swedish registry
database that included 8656 myeloma patients found a 5.5%
risk of SPMs [3]. According to their analysis, myeloma
patients had a marked increased risk of AML (standardized
incidence ratio, that is, ratio of observed/expected rates =
8.19; 95% CI, 5.7–11.4), a slight increased risk of non-
Hodgkin lymphoma (NHL) (SIR = 1.74; 95% CI, 1.12–
2.57), and a decreased risk of solid cancers (SIR = 0.81; 95%
CI, 0.73–0.90). In summary, based on older registry data, an
increased risk of AML is observed in myeloma patients.

3. Chemotherapy for Multiple Myeloma

The use of chemotherapy for myeloma began in 1962 when
melphalan was first reported to have activity in this disease
[4]. Many patients were treated with continued courses of
melphalan indefinitely until disease progression or unaccept-
able toxicity [5]. Combinations that added other chemother-
apeutic agents such as vincristine, carmustine, doxorubicin,
or nitrosureas to a melphalan/prednisone backbone showed
somewhat higher response rates but no survival benefit [6–
8]. Regardless of therapy given, all patients relapsed and
so the concept of maintenance therapy became attractive
with the goal of prolonging remissions. Trials that tested
maintenance chemotherapy after responses to melphalan-
based induction showed no clinical or survival benefit over
observation alone [9]. Patients receiving maintenance had
slightly longer remission durations which were offset by
lower rates of second remissions, suggesting that mainte-
nance therapy contributed to drug resistance at the time of
relapse [10].

The practice of indefinite melphalan therapy also came
under scrutiny because of a burgeoning worry about sec-
ondary malignancies. Kyle et al. were among the first to
propose an association between the prolonged use of mel-
phalan and myelodysplasia and/or acute myeloid leukemia
(MDS/AML) [11]. Some questioned whether MDS/AML
could be part of the natural history of myeloma, much like
what is seen in other hematological conditions. Although
this view was buoyed by several reported cases of untreated
myeloma and concurrent AML in the literature [12, 13],
the prevailing conclusion was that such cases represented
a chance association. With time, MDS and AML became
recognized complications after chemotherapy for other neo-
plasms such as Hodgkin lymphoma (HL) and ovarian cancer,
and it became accepted that, regardless of the indication,
chemotherapy was directly responsible for this increased risk
due to mechanisms that included direct DNA damage.

Reported rates of t-MDS/AML for myeloma patients
treated with melphalan ranged from anywhere from 3% at
5 years and 10% at 8 years, with estimates as high as 25%
at 10 years [14]. Higher cumulative doses of melphalan

increased the risk of MDS/AML [15]. Cyclophosphamide
also appeared to carry a risk, but less so than melphalan
[16]. The diagnosis of t-MDS/AML carried a grim prognosis
with reported median survivals of less than 3 months [2, 11].
Nevertheless, the use of melphalan remained the de facto
standard for several decades.

4. HDT/SCT for Multiple Myeloma

The use of autologous bone marrow transplantation with
high-dose melphalan to treat myeloma became widely
accepted as the standard of care for transplantable patients
after the IFM 90 trial showed event-free and overall survivals
in favor of this procedure [17]. The use of HDT/SCT for
both solid tumors and hematologic malignancies, including
myeloma, increased dramatically in the 1990s [18]. Cases of
MDS/AML were seen after HDT and raised serious concerns
about the leukemogenic risks of the procedure.

The risk of t-MDS/AML after HDT/SCT was first more
clearly defined in the lymphoma patient population. Patients
transplanted at the University of Minnesota for lymphoma
experienced a 14.5% cumulative incidence of t-MDS/AML
[19]. The risk increased with patient age and with the
burden of alkylating agents prior to transplant [20]. Forrest
et al. reported a 15-year cumulative incidence of 11% that
indicated not only an increased risk of MDS/AML (relative
risk = 47.2), but also lymphoproliferative disoders (RR =
8.1) and solid tumors (RR = 1.98) [21]. Interestingly, this
analysis included 800 patients who were autotransplanted for
a variety of conditions but there were no reported cases of
MDS/AML in the subset of 123 myeloma patients.

Given the historical experience with melphalan-
associated t-MDS/AML, concern arose over the risk in
myeloma patients treated with high-dose melphalan.
Govindarajan et al. reviewed 188 pts with myeloma who
underwent HDT/SCT at the University of Arkansas
[22]. In 117 patients who received extended courses of
chemotherapy prior to tandem autotransplantation, 7 cases
of MDS were seen, whereas in 71 patients who received
limited chemotherapy prior to transplantation, no cases of
MDS were seen. They concluded that preceding therapy was
likely the cause of MDS in most cases seen after HDT/SCT, a
finding that mirrored conclusions from studies in Hodgkin
lymphoma (HL) [23].

The Arkansas experience was reviewed again over a
decade later, this time including 3077 patients undergoing
HDT/SCT for myeloma, most of whom were treated on
their total therapy or total therapy-like protocols [24].
MDS-associated cytogenetic abnormalities were seen in 6%,
although in roughly 2/3 of these cases, the karyotypic
changes were only transient. The risk of clinically overt
MDS/AML was even less, estimated at only 1% of trans-
planted patients. Survival after the diagnosis of t-MDS/AML
in transplanted patients has been poor in most studies with a
median of about 6 months [20].

In summary, contemporary studies show the rate of t-
MDS/AML after HDT/SCT for myeloma to be less than 5%
with higher rates in cohorts that received more previous
alkyating-containing therapy. This risk is lower than in most
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reported series for lymphoma, which can be explained,
in part, by the earlier use of the transplant in myeloma,
the emphasis on avoiding pretransplant stem cell damaging
agents, and the abrogated use of total body irradiation during
conditioning [25].

5. Lenalidomide Development and
Mechanisms of Action

The immunomodulatory drugs (IMIDs) represent a novel
class of antineoplastic agents that include thalidomide and
its congeners, lenalidomide (CC-5013) and pomalidomide
(CC-4043) [26]. Lenalidomide has significant activity versus
myeloma and is approved as treatment in combination
with dexamethasone. Lenalidomide has also been shown
to have activity in a wide variety of other hematological
malignancies, including MDS, non-Hodgkin lymphoma,
HL, chronic lymphocytic leukemia, and myelofibrosis. It has
an indication for transfusion-dependent anemia due to low
or intermediate-1 risk MDS associated with a deletion 5q
cytogenetic abnormality. Although approved in the United
States for MDS, the European Medicines Agency (EMEA)
has not yet granted approval for this indication due to initial
safety concerns—namely the risk of progression to AML
[27]. Recent evidence, however, including a randomized trial,
has not shown an increased risk of AML in MDS patients
treated with lenalidomide [28, 29].

The story of lenalidomide’s development, broad antitu-
mor activity, and drug approval is remarkable considering
its unclear mechanism of action. Lenalidomide has a wide
variety of effects, including antiangiogenesis and modulation
of the tumor microenvironment, but it appears that its direct
tumoricidal and immunomodulatory properties have the
most relevance in myeloma [30, 31]. Its tumoricidal proper-
ties appear to be mediated in part by inhibiting the myeloma
survival factor, IRF4, resulting in cell cycle arrest [32], as well
as caspase-mediated apoptosis [33]. Its immunomodulatory
properties include stimulation of immune effector cells such
as NK and T cells [34]. The precise molecular target of
lenalidomide in multiple myeloma has been elusive [35], but
recently cereblon has been identified [36, 37]. The potential
molecular targets in MDS have been reviewed elsewhere
[38].

Thus, while lenalidomide itself is a simple compound,
its molecular effects are pleiotropic and rather poorly
understood. Furthermore, the relative contribution of these
different mechanisms to its antimyeloma activity has not
been well characterized [39] and may depend on multiple
factors including the tumor type, dose/duration/schedule of
lenalidomide, concomitant drugs given, and other preexist-
ing patient factors.

6. Lenalidomide Therapy and Concern for SPMs

Due to disappointing results observed with maintenance
chemotherapy, alternatives were eagerly sought. Interferon
[40, 41] and corticosteroids [42, 43] were each tested in
multiple clinical trials but were never convincingly shown
to be beneficial [44]. Novel agents, with their unprecedented

activity, became attractive candidates for use in the mainte-
nance setting.

Thalidomide is the best studied of the novel agents for
post-SCT maintenance, where it has prolonged progression-
free survival (PFS) and/or time to progression (TTP) in
multiple studies [45–49]. Despite this, only 2 studies have
demonstrated a survival benefit, which may be partially
explained by the shorter survivals seen after relapse in some
studies [45, 49, 50]. This has again raised concerns about
the selection of resistant clones at the time of relapse or
progression [51]. The use of thalidomide as maintenance has
never become routine by most prescribing clinicians due to
its side effect profile and lack of consistent mortality benefit.

Both lenalidomide and bortezomib are being evaluated
as maintenance therapy. For upfront and relapsed disease,
both agents offer high levels of activity with unique but
favorable side effect profiles. Lenalidomide is given orally,
generally lacks the cumulative neuropathic potential of either
thalidomide or bortezomib, and thus, may be the most
promising drug in this setting. Combinations of novel agents
are also being studied as maintenance [52, 53].

In the era of novel agents, second malignancies had
been overlooked as a serious concern. Three recently pub-
lished studies, however, provoked substantial interest due
to the reported increased risk of SPMs (Table 1). All three
were phase 3, placebo-controlled, randomized trials testing
lenalidomide as maintenance therapy, either after HDT/SCT
(IFM 2005-002, CALGB 100104) or after induction therapy
(MM-015). These studies are of critical importance since
they represent the first and only reported randomized trials
to date that have prospectively and intentionally measured
SPMs in multiple myeloma patients treated with mainte-
nance lenalidomide versus placebo.

In the IFM 2005-002 study, patients under the age
of 65 years with nonprogressive disease after HDT/SCT
received 2 cycles of consolidation lenalidomide and then were
randomized to either maintenance lenalidomide (10–15 mg
daily) or placebo [54]. Lenalidomide improved median
progression-free survival from 23 months to 41 months
(HR = 0.5, P < 0.001). The 4-year overall survival was
about 75% in both arms. The incidence of SPMs was 3.1
per 100 patient-years and 1.2 per 100 patient-years for
patients receiving lenalidomide and placebo, respectively
(P = 0.002). There were 13 reported hematological cancers
with lenalidomide and 5 with placebo but the numbers of
MDS/AML were similar (5 versus 4). Surprisingly, 7 cases
of acute lymphoblastic leukemia or Hodgkin lymphoma
were recorded in the lenalidomide maintenance arm and
none in the placebo arm. Since all patients had received at
least 2 years of lenalidomide and the optimal duration of
maintenance is not known, the IFM has elected to stop the
trial for safety reasons, discontinuing lenalidomide in the
remaining patients still in remission.

In the CALGB 100104 study, patients under the age
of 70 years with stage I-III myeloma were given induction
therapy followed by HDT/SCT [55]. Those with stable
disease or better were then randomized at day 100–110
posttransplant to lenalidomide (10–15 mg daily) or placebo
until progression. The estimated median TTP was 46 months
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for lenalidomide and 27 months for placebo, results that
are similar to the IFM study. The cumulative incidence of
SPMs was 8% in the lenalidomide maintenance arm versus
3% in the placebo arm, but even more striking, there were 8
cases of hematological cancers (including 6 with MDS/AML)
seen with lenalidomide and only 1 with placebo. This study
has now also reported a survival benefit with maintenance
lenalidomide.

MM-015 randomized older patients to 1 of 3 arms: MPR-
R (melphalan, prednisone, and lenalidomide induction
followed by maintenance lenalidomide), MPR (melphalan,
prednisone, and lenalidomide induction), or MP (melphalan
and prednisone induction) [56]. After 9 cycles of induction
therapy, the MPR-R arm received maintenance lenalidomide
at 10 mg for 21 of every 28 days, while the other two arms
received placebo maintenance. Median PFS was significantly
longer with MPR-R (31 months) compared with MPR
(14 months) and MP (13 months). No significant survival
differences were seen. There were 12 cases of SPM in the
MPR-R arm, 9 cases in the MPR arm, and 4 cases in the
MP arm [57]. Ten cases of MDS/AML were seen in the
lenalidomide containing arms (incidence 2.6%) and 1 case
in the MP arm (0.6%). The number of solid tumors was low
with no major differences seen between groups.

Several other reports have offered long-term, albeit post
hoc, safety data for lenalidomide (Table 2) [58–60]. All
have reported relatively low numbers of SPMs, including
MDS/AML, with incidence rates ranging from 1.5 to 7.4%.
The observed rates of SPMs were generally no higher than
expected based on historical SEER data. An analysis of
pooled data from 11 industry-sponsored trials suggested
that there was no correlation between the development of
SPMs and the cumulative dose or duration of lenalidomide
received [58]. An analysis of the randomized MM 009/010
study noted higher rates of nonmelanoma skin cancers in
patients randomized to lenalidomide compared with placebo
[58]. There were no SPMs reported after the discontinuation
of protocol treatment leading the authors to conclude that
there are considerable obstacles in the ascertainment of
second cancers during long-term followup.

7. Discussion

At the moment, there are more questions than answers, so
we have designed our discussion around some of the most
relevant issues.

7.1. Is There a True Risk of SPMs with Lenalidomide? When
overall risks are relatively small, as they appear to be
with SPMs in myeloma, it becomes more difficult to make
conclusions with certainty. A number of other practical and
statistical limitations exist when analyzing the data. SPMs
may be underestimated if they are not specifically tracked
during followup, particularly if off study. On the other hand,
overreporting or overdiagnosis of SPMs may occur if they
are expected on treatment arms. In retrospective or post hoc
analyses, the methods of data collection may be less than
desired. Finally, several reports have compared observed rates
of SPMs to nonrandomized cohorts, which can sometimes

be misleading. Some of these concerns are minimized when
analyzing results from randomized, placebo-controlled trials
with an a priori intention to measure SPMs. However,
crossover, either on or off study, still has the potential to
confound results. In the CALGB 100104 trial, the majority
(67%) of the patients in the placebo arm crossed over
to lenalidomide after unblinding. In the IFM 2005-002
and MM-015 trials, patients remained on their assigned
treatment after unblinding, but it is likely that many of them
received salvage lenalidomide at the time of progression.

Despite these limitations, there are some potentially
important observations that merit attention and will need
validation. The cumulative rates of invasive SPMs in the
lenalidomide arms across the 3 randomized studies were
quite consistent, ranging from 7 to 7.8%, thereby strength-
ening the observation. All 3 studies reported increased
numbers of hematological malignancies in the lenalidomide
arms and, in particular, 2 of the studies reported increased
numbers of MDS/AML. The reported solid cancers have been
heterogeneous in type. The other reviewed studies report
long-term outcomes for cohorts of patients treated with
lenalidomide. These studies have indicated a low risk of
SPMs with rates that are no more than to be expected based
on SEER data.

In aggregate, the retrospective and registry data does not
support an increased risk of SPMs with chronic lenalidomide
therapy. However, the recently published randomized trials
demonstrate a signal suggesting otherwise. The risk of devel-
oping hematological malignancies, including MDS/AML,
appears to be greater than the risk of solid cancers.

7.2. What Are the Risk Factors for the Development of
SPMs? Treatment-related risk factors have received the most
attention to date. There is certainly the strong possibility
of an interaction between exposure to melphalan, exposure
to lenalidomide, and an increased risk of MDS/AML.
In the aforementioned randomized studies, patients were
given melphalan either as induction therapy or as part of
HDT/SCT prior to maintenance lenalidomide. There are no
data at this time to suggest that an increased duration or dose
of lenalidomide corresponds to an increased risk of SPMs.
Whether the leukemogenicity of other chemotherapeutic
agents is potentiated by lenalidomide remains to be seen. For
example, results of the IFM 2005-002 trial have suggested
an increased number of hematological cancers in those
who received either a tandem transplant or pretransplant
chemotherapy that included cyclophosphamide, etoposide,
and cisplatin.

Non-treatment-related factors are less well understood
but may play significant roles. Potential disease-related
risk factors include baseline complex cytogenetics and the
subtype of myeloma. The MM-015 study noted that 3 of
the patients who ultimately developed MDS/AML in the
lenalidomide arm were part of a small group of 11 patients
who had complex cytogenetics at baseline [57]. IgG and
IgA isotype MGUS patients have been reported to have
an increased risk of MDS/AML [61]. Host factors, such
as genetic polymorphisms [62], environmental factors, and
behavioral factors have also been postulated as risk factors.
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7.3. What Are the Potential Causal Mechanisms of Lenalidom-
ide-Associated SPMs? A truly satisfactory explanation would
require a better understanding of how lenalidomide works in
patients with hematologic malignancies, let alone myeloma.
This is an area of active research, but certainly more needs
to be done. Unlike traditional cytotoxic chemotherapies,
lenalidomide showed no mutagenic potential in extensive
genotoxicity studies performed during its development [27].
And although carcinogenicity testing was not performed,
chronic studies in rat and monkey revealed no poten-
tial for tumorigenicity. However, lenalidomide is clearly
myelosuppressive and tumoricidal, and after a prolonged
exposure may affect the ability to mobilize and collect
stem cells. Perhaps these properties are an indication of a
myelotoxicity which may predispose to MDS or AML. One
could also speculate that lenalidomide’s immunomodulatory
properties and its effects on the tumor microenvironment
may allow for the propagation of abnormal clones which
can result in a malignancy. The complex mechanisms
of action responsible for lenalidomide’s activity, as well
its unclear molecular target, make it difficult to rely on
preclinical data to assess the safety and neoplastic potential of
lenalidomide.

7.4. What Does the Myeloma Research Community Need to
Do Now? There is a great need for additional systematic
data gathering to determine whether lenalidomide is truly
associated with SPMs, and if so, what types. For studies that
are ongoing, amendments should be made to the protocols to
include enhanced monitoring and precise measurements of
second cancers. Careful monitoring for skin cancers may be
important as the MM009/010 study has reported increased
numbers on the lenalidomide arm. Although the large
majority of skin cancers are found at an early and treatable
stage, a finding of increased skin cancers would represent
a proof-of-principle of the cancer promoting potential of
lenalidomide.

Prospective randomized studies of lenalidomide versus
placebo that include SPMs as a well-defined endpoint would
be ideal. However, studies of this nature may be difficult
to plan now that lenalidomide has already been established
as an effective standard therapy for myeloma. However, the
IMIDs, including pomalidomide, are also being evaluated
in a variety of other malignancies as well as nonmalignant
autoimmune mediated disorders. Careful monitoring for
SPMs should be incorporated into these trials. Future
protocols should include bone marrow examinations with
cytogenetic analyses as part of routine monitoring.

Careful statistical analyses of the accumulating data will
be critical. With the risk of SPMs being relatively low,
small numbers of reported SPMs could significantly alter
the results. We recommend that incidence rates of SPMs be
adjusted for person-years at risk (i.e., rate per 100 person-
years). This mitigates the possibility of overestimating the
risk of SPMs in lenalidomide-treated patients due to longer
patient survival.

Clinical and preclinical research is needed to better elu-
cidate lenalidomide’s mechanism of action and its potential

role in secondary cancers. The following is a partial list of
important questions to be resolved.

(i) Is there a relationship between the amount of
lenalidomide exposure (dose, duration, or schedule)
and the risk of SPMs?

(ii) Do baseline cytogenetic abnormalities increase the
risk of developing SPMs?

(iii) Is patient age or previous history of malignancy a risk
factor for the development of SPMs?

(iv) Are there other treatment (e.g., type of chemother-
apy), host (e.g., SNPs), or disease (e.g., genetic
aberrations) related risk factors or biomarkers for the
development of SPMs?

(v) What are the characteristics, prognosis, and natural
history of these SPMs? What is the time to devel-
opment? For t-MDS/AML, what types of cytogenetic
and molecular changes are seen and are they different
than the pattern already established in cases due to
cytotoxic chemotherapy or radiation?

7.5. Does This Change How We Treat Our Myeloma Patients?
In our opinion, there is not enough evidence at this time
to conclude that lenalidomide definitively increases the risks
of second cancers, but there is a cause for concern. Patients
should be informed of the potential increased risk of SPMs
and an informed decision should be made keeping in
mind the risks and benefits. The benefits of lenalidomide
therapy for active disease in the upfront and relapsed
settings are well-documented and include better and deeper
responses, longer progression-free survival, and longer over-
all survival compared with older standard therapies [63,
64]. The information we have now should not drastically
alter the decision-making process for the majority of these
patients.

In the maintenance setting, the risk-benefit analysis
may be more complex. The risks of extended lenalidomide
therapy not only include SPMs but also well-known toxicities
such as myelosuppression, fatigue, and thrombosis. Studies
have consistently demonstrated that lenalidomide mainte-
nance results in sizable improvements in disease control.
The CALGB 100104 study has also recently shown a survival
benefit—an exciting result that has not been confirmed yet
in other studies. The risks of SPMs related to lenalidomide,
if any, are currently poorly defined but may be estimated
to be about 7%, for the purposes of discussion. As such, it
should be kept in mind that for most myeloma patients, the
competing risks of death due to disease progression exceed
the risk of SPMs (Figure 1) [65]. A post hoc analysis of
the CALGB 100104 trial included SPMs as primary events
(along with disease progression and death) and still showed
an impressive improvement in EFS (HR 0.53, 95% CI, 0.41–
0.69) for patients on maintenance lenalidomide compared
with placebo.

One situation which may tilt the physician/patient
discussion against lenalidomide maintenance is when the
patient has a known genetic predisposition to cancer, such
as BRCA, or a strong personal or family history of cancer.
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Figure 1: Competing risks in multiple myeloma patients. Cumula-
tive incidence of second primary cancers, disease progression, and
death for patients randomized to either maintenance lenalidomide
or placebo post HDT/SCT in the CALGB 100104 trial. In placebo
treated patients (in blue), the risk of death and disease progression
far exceeds the risk of SPM. Reprinted with permission [55].

Although there is no firm data in this regard and we do not
feel that this completely precludes the use of lenalidomide as
maintenance, it has been our experience that such patients
are reluctant to pursue this strategy and prefer to reserve the
use of this drug until the time of progression.

We do recommend that all patients starting lenalidomide
maintenance have a baseline bone marrow examination with
cytogenetics to ensure that there is no overt evidence of
dysplasia or concerning cytogenetic abnormalities. There
should be a low threshold for a careful bone marrow analysis
with karyotyping for patients with unexplained cytopenias
that persist despite lenalidomide withdrawal. Patients should
undergo age-appropriate cancer screening measures and
clinicians should have a high index of suspicion when
evaluating patient symptoms or findings that may represent
a second malignancy.

8. Final Thoughts

Lenalidomide is an exciting drug with an impressive range
and depth of activities. With the ever-expanding investi-
gation and application of lenalidomide in myeloma and
other hematological malignancies, there is a substantial need
to define its possible contribution to SPMs. This concern
is warranted but has come about, in large part, due to
the significant improvements in survival seen in myeloma
patients. The myeloma research community has much work
to do to shed light on this important issue. In the meantime,
our general frame-of-mind is quite similar to that of Kyle et
al. who presciently opined some 35 years ago, “Late death

after a long remission of myeloma is much to be preferred to
early death without remission” [66].
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Multiple myeloma is the second most common hematologic malignancy. It accounts for 20,580 new cancer cases in the USA in
2009, including 11,680 cases in men, 8,900 cases in women, and 10,580 deaths overall. Although the disease remains still incurable,
outcomes have improved substantially over recent years thanks to the use of high-dose therapy and the availability of novel agents,
such as the immunomodulatory drugs thalidomide and lenalidomide, and the proteasome inhibitor bortezomib. Various trials
have shown the advantages linked to the use of novel agents in the transplant and not-transplant settings. In particular, this paper
will present an overview of the results achieved with lenalidomide-containing combinations in patients eligible for high-dose
therapies, namely, young patients. The advantages obtained should always be outweighed with the toxicity profile associated with
the regimen used. Therefore, here, we will also provide a description of the main adverse events associated with lenalidomide and
its combination.

1. Introduction

For many years, the combination vincristine-doxorubicin-
dexamethasone (VAD) was the standard induction treatment
for young patients with multiple myeloma (MM) eligible for
autologous stem cell transplantation (ASCT). Ten years ago
patients candidate for transplant used to receive VAD for 4–6
cycles before undergoing transplantation, leading to a partial
response (PR) rate ranging from 52% to 63%, with 3% to
13% of complete response (CR) rate. The availability of new
drugs, such as thalidomide, lenalidomide, and bortezomib,
has dramatically changed the treatment paradigm of this dis-
ease and significantly increased the therapeutic options [1].

Lenalidomide is an immunomodulatory drug with
higher potency than its analogue thalidomide and without
sedative or neurotoxic adverse effects. Differences between
lenalidomide and thalidomide activity have been shown
in preclinical studies. In comparison with thalidomide,
lenalidomide has more antiproliferative activity against
hematopoietic tumors, including myeloma cell lines and

patients’ cells [2, 3], increased inhibition of tumor necrosis
factor secretion from activated monocytes, and increased
activation of T cells and natural killer cells [4]. In contrast,
thalidomide has more antiangiogenic activity than lenalido-
mide in human models. Both lenalidomide and thalidomide
interfere with key events in the angiogenic process, and
activities of these drugs can be differentiated qualitatively
depending on what component is studied [5]. Lenalidomide
is administered orally, and the most common toxicities
related to its therapy are neutropenia, thrombocytopenia,
and thrombosis [6].

On the basis of two phase 3 clinical trials, lenalidomide
has already shown additive and/or synergistic effects when
used in association with dexamethasone [7–9]; therefore,
this combination is at present indicated for patients with
MM, who have received at least one previous therapy.
[10, 11]. New and ongoing trials are assessing the benefit
of lenalidomide-combination therapies in early phase of
treatment. In particular, the present paper will provide
an overview of the main latest combinations including
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lenalidomide, used in young patients either as induction or
maintenance treatment.

2. Induction Regimens Including Lenalidomide

2.1. Standard Approaches. Lenalidomide has been tested in
various clinical trials as induction regimen before ASCT.
In one randomized trial, lenalidomide in combination with
high-dose dexamethasone (RD) showed to be superior to
dexamethasone alone [12]. In that study, patients assigned
to RD received lenalidomide at the dose of 25 mg/day for
28 days and dexamethasone at the dose of 40 mg/day on
days 1–4, 9–12, 17–20, for three 35-day induction cycles.
The same dexamethasone dose was administered in the other
treatment arm. Patients assigned to treatment with RD had
at least PR of 78%, with very good PR (VGPR) of 63%,
while the respective figures for dexamethasone alone were
48% and 16% (P < 0.001). The 1-year progression-free
survival (PFS) was higher with RD (78% versus 52%; P =
0.002), so was the 1-year overall survival (OS) (94% versus
88%, P = 0.25). Toxicities were higher with RD and were
grade 3-4 neutropenia (21% versus 5%; P < 0.001), and
thromboembolism despite aspirin prophylaxis (24% versus
5%; P < 0.001). Considering the good efficacy of the two-
drug regimen, 40 eligible patients crossed over to RD arm.

The efficacy of this combination was further improved
by reducing the dose of dexamethasone. A phase 3 trial
also demonstrated superior survival and lower toxicity with
lenalidomide plus low-dose dexamethasone (Rd) [13]. In
that trial, patients who were randomly assigned to be treated
with RD received lenalidomide at the dose of 25 mg on days
1–21 plus dexamethasone 40 mg on days 1–4, 9–12, and 17–
20 of a 28-day cycle, while subjects in the Rd arm received
the same dose of lenalidomide and dexamethasone at 40 mg
on days 1, 8, 15, and 22 of a 28-day cycle. At least PR rate
was 81% in the RD arm and 70% in the Rd arm (P =
0.009), with a CR of 5% and 4%, respectively. OS was lower
with RD than Rd (2-year OS was 75% versus 87%, resp.).
Toxicities were significantly higher with RD compared to
Rd, in particular deep-vein thrombosis (DVT) or pulmonary
embolism (26% versus 12%; P < 0.001), and infections
(16% versus 9%; P = 0.04). Considering its good toxicity
profile, almost all recent trials have used the lower-dose of
dexamethasone (namely, 40 mg once weekly or equivalent)
and high-dose dexamethasone is no longer recommended in
newly diagnosed MM.

The role of Rd induction was also assessed in an Italian
study [14]. Four-hundred two patients with newly diagnosed
MM were included in the study. Patients received induction
therapy with four 28-day cycles of Rd. Patients were subse-
quently randomized to receive treatment with melphalan-
prednisone-lenalidomide (MPR) or high-dose melphalan
(MEL200) followed by transplantation. On an intention to
treat basis, best responses after Rd induction were 87% PR
rate, 52% VGPR rate, and 13% CR. Induction with Rd was
well tolerated: the most frequent grade 3-4 adverse events
were neutropenia (8%), anemia (7%), infections (4%), and
skin rash (5%). The incidence of thromboembolic events

was similar in patients randomized to aspirin (2%) or low-
molecular-weight heparin (1%) as thromboprophylaxis (P =
0.45). These results further confirm the positive role of Rd as
induction regimen.

2.2. New Approaches. Based on the promising results
obtained with lenalidomide in combination with dexam-
ethasone, new combinations including lenalidomide have
been tested to further improve outcomes and to achieve
maximal tumour reduction.

A case-matched study compared clarithromycin-
lenalidomide plus low-dose dexamethasone (BiRd) with Rd
as initial therapy for newly diagnosed MM patients [15].
Seventy-two patients treated with either BiRd or Rd were
included in this retrospective analysis. On intention-to-treat,
CR rate was significantly higher with BiRd compared with
Rd (46% versus 14%, resp.; P < 0.001) and so was also
VGPR rate or better (74% versus 33%, resp.; P < 0.001).
BiRd also led to longer median PFS, 48 months with BiRd
compared to 28 months with Rd (P = 0.044). The 3-year
OS was also improved in patients receiving BiRd (90%
versus 73%; P = 0.17). Main grade 3-4 toxicities of BiRd
were hematologic, in particular thrombocytopenia (24%
versus 8%; P = 0.012). Higher rates of infections (10%
versus 17%; P = 0.218) and dermatological toxicity (4%
versus 13%; P = 0.129) were reported with Rd. These results
demonstrate the marked benefits of adding clarithromycin
to Rd. Future phase 3 trials are needed to confirm and
validate these findings.

Richardson and colleagues evaluated the role of
bortezomib-lenalidomide-dexamethasone (VRD) in a phase
1-2 study including 66 patients with MM [16]. Bortezomib
was administered at the dose of 1.0 or 1.3 mg/m2 on days
1, 4, 8, 11; lenalidomide at 15 to 25 mg on days 1–14;
dexamethasone at 40 or 20 mg on days 1, 2, 4, 5, 8, 9, 11, 12.
In the phase 2 study, bortezomib was given at 1.3 mg/m2,
lenalidomide 25 mg, and dexamethasone 20 mg. PR rate was
100% in both the phase 2 population and overall, with 74%
and 67% each achieving at least VGPR. Forty-two percent
of patients proceeded to transplantation. With a median
followup of 21 months, estimated 18-month PFS and OS
for the combination treatment with/without transplantation
were 75% and 97%, respectively. Most common toxicities
included sensory neuropathy (80%) and fatigue (64%),
with only 27%/2% and 32%/3% grade 2/3, respectively.
Moreover, 32% reported neuropathic pain (11%/3%, grade
2/3). Grade 3-4 hematologic toxicities included lymphopenia
(14%), neutropenia (9%), and thrombocytopenia (6%).
Thrombosis was rare (6%), and no treatment-related
mortality was reported. In the light of these results, VRD
proved to be effective and well tolerated in newly diagnosed
MM.

The role of VRD was also confirmed in a French phase
2 trial [17]. Thirty-one patients younger than 65 years
with newly diagnosed MM were enrolled and received VRD
induction treatment (bortezomib 1.3 mg/m2 (days 1, 4, 8,
11), lenalidomide 25 mg (days 1–14), and oral dexametha-
sone 40 mg (days 1, 8 and 14)). Patients underwent ASCT
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and subsequently received VRD consolidation and lenalido-
mide maintenance. All patients could be evaluated for
response after induction: at least PR was 97%, with a VGPR
rate of 26%. Overall, the most common adverse events were
sensory peripheral neuropathy (45%), only grade 1-2 events
were detected, and gastrointestinal events (42%). Grade 3-
4 hematologic toxicities included neutropenia (26%) and
thrombocytopenia (6%). No treatment-related deaths were
reported. All patients received aspirin, and no DVT nor
pulmonary embolism was detected.

Lenalidomide associated with adriamycin and dexam-
ethasone (RAD; lenalidomide 25 mg days 1–21; infusional
adriamycin 9 mg/m2 per day on days 1–4; dexamethasone
40 mg days 1–4 and 17–20) was assessed in another phase
2 study [18]. Seventy-five patients with a median age of
57 (range, 35–66) years have been enrolled. In a prelimi-
nary analysis, 17 patients were evaluated for postinduction
response. Ten subjects (59%) achieved VGPR or better: 6
patients had VGPR and 2 patients each CR and stringent CR.
Fifty-one patients were evaluated for toxicity during RAD
induction: 31% experienced a serious adverse event, of which
68% were treatment related. Most frequent events were
venous thrombosis (n = 4), pyrexia (n = 3), and syncope
(n = 2). Neutropenia, extravasation, pleural effusion, and
allergic dermatitis accounted for one serious adverse event
each. These preliminary results suggest that RAD is a well-
tolerated and effective novel induction upfront approach for
MM. Incidence of venous thromboembolism was acceptable,
while no neurotoxicity was reported.

A more intense combination including four drugs
has been recently tested. Promising results were achieved
in a phase 2 multicenter study comparing bortezomib-
dexamethasone-cyclophosphamide plus lenalidomide
(VDCR) with VDR, bortezomib-cyclophosphamide-
dexamethasone (VDC), and VDC modified (VDC-
mod) [19]. In all arms, the doses of bortezomib and
dexamethasone were as follow: bortezomib 1.3 mg/m2 on
days 1, 4, 8, 11; dexamethasone 40 mg on days 1, 8, 15.
In the VDCR, lenalidomide was given at 15 mg on days
1–14 and cyclophosphamide at 500 mg/m2 days 1, 8; in
the VDC-mod, arm cyclophosphamide was also given on
day 15; in the VDR arm, lenalidomide was administered
at 25 mg on days 1–14. The four induction regimens were
followed by four 42-day maintenance cycles of bortezomib
1.3 mg/m2 on days 1, 8, 15, 22. A total of 41 patients were
assigned to VDCR arm, and responses were promising, with
at least PR of 88% and 24% of CR, and were comparable
with the responses detected in the other arms. The toxicity
profile associated with VDCR was slightly higher, with
serious adverse events detected in 42% of patients, resulting
in treatment discontinuation in 19% of the subjects. In
particular, the incidence of grade ≥ 3 peripheral neuropathy
was 13%, grade ≥ 3 neutropenia was 42%, and grade ≥
3 thrombocytopenia was seen in 10% of VDCR patients.
These results show that VDCR is an effective treatment
option, but it is not significantly superior to other less toxic
combinations, such as VRD.

A phase 1-2 study evaluated the combination VRD plus
pegylated liposomal doxorubicin (VRDD) [20]. Patients

received lenalidomide at 15–25 mg on days 1–14, bortezomib
1.3 mg/m2 on days 1, 4, 8, 11, dexamethasone 20/10 mg
(cycles 1–4/5–8; days of and after bortezomib), doxorubicin
20 or 30 mg/m2 (day 4) at 4 dose levels for up to eight
21-day cycles. Response rates in 57 patients who could be
evaluated for response were as follows: 96% at least PR,
58% at least VGPR, and 30% CR/near CR. Patients treated
at the maximum tolerated dose, which was determined as
lenalidomide 25 mg, bortezomib 1.3 mg/m2, dexamethasone
20 mg, and doxorubicin 30 mg/m2, and completed at least 4
cycles, showed 100% of at least PR. Overall, toxicities were
manageable, with grade 3-4 toxicities including neutropenia
(18%), thrombocytopenia (7%), infections (16%), and DVT
(2%). Grade 3 peripheral neuropathy was detected in 4%
of patients, while no grade 4 peripheral neuropathy nor
treatment-related deaths was reported. RVDD showed to be
well tolerated and highly active in newly diagnosed MM.

The incidence of both venous and arterial thrombosis
in newly diagnosed patients increases when lenalidomide
is combined with dexamethasone or chemotherapy: thus,
thromboprophylaxis is recommended for the first 6 months
of therapy. For patients with standard thromboembolic
risk, low-dose aspirin is indicated; for patients with high
thromboembolic risk, low-molecular-weight heparin is rec-
ommended [21].

3. Impact of Lenalidomide on
Stem Cell Collection

Recent reports have focused on hypothetical negative impact
of new drugs on stem cell mobilization. Particularly, hema-
tologic toxicity related to treatment with lenalidomide has
raised concerns about lenalidomide use in early phase of
treatment and on its possible negative effect on peripheral
blood stem cell (PBSC) collection in young patients under-
going ASCT.

In fact, patients mobilized with granulocyte colony-
stimulating factor (G-CSF) alone after RD induction have
collected a median yield of stem cell ranging from 3.1 to
7.9× 106 CD34+/Kg [22–26].

By contrast, the use of cyclophosphamide in addition
to G-CSF may overcome this problem and significantly
increases the yield of stem cells collected. Different retrospec-
tive published trials on lenalidomide induction have in fact
shown a median yield of PBSC ranging from 6.3 to 14.2×106

CD34+/Kg. These data support the idea that RD is probably
not a significant burden for an adequate stem cell collection,
especially if the duration of induction with RD is short [22–
26].

4. Consolidation and Maintenance Approaches
Including Lenalidomide

Consolidation and maintenance therapies have the potential
to improve the results achieved after induction treatment
and transplantation [27]. Although preliminary data showed
that lenalidomide as consolidation/maintenance therapy
after ASCT improved responses, the role of lenalidomide
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treatment as alternative to ASCT still remains uncertain, and
further studies are needed.

Consolidation treatment with MPR has been tested in
the Italian study, comparing MPR (six 28-day cycles of
melphalan (0.18 mg/Kg days 1–4), prednisone (2 mg/Kg days
1–4), and lenalidomide (10 mg days 1–21)) versus tandem
MEL200 (melphalan 200 mg/m2) with stem cell support
[14]. Response rates were similar: at least VGPR rate was
60% with MPR versus 58% with Mel200, including a CR rate
of 20% versus 25%, respectively. After a median followup
of 26 months, 2-year PFS was 54% in MPR and 73% in
MEL200 (HR = 0.51, P < 0.001) and this benefit was
maintained in the subgroup of patients with standard- or
high-risk cytogenetic features, with a 2-year PFS of 46% in
the MPR group versus 78% in the MEL200 group in patients
with standard risk (HR = 0.57, P = 0.007), and 27% for
MPR versus 71% for MEL200 in high-risk patients with
t(4; 14) or t(14; 16) or del17p abnormalities (HR = 0.32, P =
0.004). The achievement of CR prolonged PFS, and this was
more evident in the Mel200 arm. Two-year PFS in patients
who achieved CR was 66% in MPR versus 87% in Mel200
group; 2-year PFS in patients who achieved PR was 56%
versus 77%, respectively. PFS was significantly prolonged in
patients who received a double ASCT. During consolidation
therapy, the incidence of grade 3-4 neutropenia (89% versus
55%), infections (17% versus 0%) and gastrointestinal
complications (21% versus 0%), was higher in MEL200
patients (P < 0.001). This is the first report showing a
PFS advantage for ASCT in comparison with conventional
therapies including novel agents; however, longer followup is
needed to draw definitive conclusion. To date, more informa-
tion is available on the use of lenalidomide as maintenance
therapy. While maintenance including alkylating agents and
interferon showed no significant impact on OS [28, 29],
thalidomide maintenance seems to be an effective strategy
to improve survival [30–33]. However, prolonged exposure
to thalidomide may cause cumulative toxicity. Because of
its better safety profile, lenalidomide could be an optimal
alternative option to thalidomide as maintenance therapy.

In a phase 3 randomized double-blind, placebo-
controlled study (CALGB 100104), patients with non-
progressive disease after a first line ASCT were randomized
to receive placebo or lenalidomide at starting dose of 10 mg
daily, escalated to 15 mg daily after 3 months [34]. Final anal-
ysis showed that lenalidomide monotherapy maintenance
initiated at 100–110 days after ASCT and continued until
disease progression, considerably delays time to progression
compared with placebo (median time to progression 42.3
months in the lenalidomide maintenance arm versus 21.8
months in the placebo arm), with a good safety profile
and low discontinuation rate due to adverse events (12% in
the lenalidomide group versus 2% in the placebo group).
Furthermore, significant improvements in time to progres-
sion were observed in the group receiving lenalidomide
maintenance regardless of β2 microglobulin levels or choice
of induction therapy (thalidomide or lenalidomide).

In the IFM2005-02 study, MM patients younger than 65
years of age, with at least standard disease after a first line
ASCT, were randomly assigned to receive consolidation with

lenalidomide (25 mg daily, 21 days/month, for 2 months)
followed by maintenance with placebo or lenalidomide
(10 to 15 mg daily) until relapse [35]. Results showed
that lenalidomide maintenance significantly improved PFS,
with a median PFS of 42 months from randomization in
the lenalidomide group versus 24 months in the placebo
group (P < 0.01). This benefit was observed regardless of
risk factors, such as cytogenetic profile (del 13, + or −),
β2 microglobulin levels, or response after transplantation.
Preliminary data published indicated that this regimen is
well tolerated, with a discontinuation rate for serious adverse
events similar to placebo.

Of note, both the CALGB and IFM2005-02 studies
detected an improvement in PFS with lenalidomide mainte-
nance, but only the CALGB study reported also an OS benefit
with this approach [34, 35].

Recently, the higher incidence of second cancer in
patients treated with lenalidomide for long time led to
reconsidering the benefit and the duration of lenalidomide
maintenance. In both the CALGB 100104 and IFM2005-
02, the rate of second primary malignancy was 8%. An
analysis of pooled data from 2459 patients enrolled in
different studies including maintenance with lenalidomide
was performed. Not all the studies showed an increased
second cancer risk, whereas different studies confirmed
that the benefits achieved with lenalidomide maintenance
outweigh the risk to develop a second primary malignancy
[36]. Despite the results presented above, a longer period
of followup is required to draw definitive conclusion on the
role of lenalidomide as consolidation/maintenance therapy,
to better define the impact of lenalidomide maintenance on
OS and its cumulative toxicity and to establish the optimal
duration of lenalidomide maintenance therapy.

5. Conclusions

Considering its dual mechanism of action of lenalidomide,
comprising tumoricidal effects which rapidly reduce the
MM tumor burden, and its immunomodulatory effects
which enhance the immune function and maintain disease
suppression, this novel agent showed to be effective and safe
in patients with newly diagnosed MM. In particular, the
combination Rd proved to be a good induction treatment in
this setting of patients.

Based on the promising results achieved with Rd, ongo-
ing trials are now testing this regimen in combination with
other agents upfront with the aim to increase the tumoricidal
effect. Preliminary results showed the positive role of Rd in
association with clarithromycin, bortezomib, adriamycin or
cyclophosphamide.

In addition, studies are under way to assess the role
of long-term treatment with lenalidomide as consolida-
tion/maintenance treatment after ASCT, but longer followup
is necessary to draw any definitive conclusion.
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The application of nucleoside analogue-based chemotherapy and immunotherapy with rituximab or alemtuzumab has increased
both response rate and survival in patients with Chronic Lymphocytic Leukemia (CLL). However, because none of these therapies
is curative, sequential therapeutic regimens are required. The majority of patients with relapsed or refractory CLL carry poor
prognostic factors and show shorter overall survival and resistance to standard treatment. Numerous drugs have recently been
approved for CLL therapy and many novel agents are under clinical investigation. The role of the tumor microenvironment and
of immune dysfunction in CLL have allowed to enlarge the therapeutic armamentarium for CLL patients. This article will provide
a comprehensive summary regarding mechanism of action, efficacy and safety of lenalidomide in CLL patients. Relevant clinical
trials using lenalidomide alone or in combinations are discussed. Lenalidomide shows good activity also in relapsed/refractory or
treatment-naive CLL patients. Definitive data from ongoing studies are needed to validate overall and progression-free survival.
The toxicity profile might limit lenalidomide use because it can result in serious side effects, but largely controlled by gradual dose
escalation. Further understanding of the exact mechanism of action in CLL will allow more efficacious use of lenalidomide alone
or in combination regimens.

1. Introduction

Chronic lymphocytic leukemia (CLL) shows a remarkable
heterogeneity in its clinical course, from long-term survival
to fast progression and early death. Previously treated pa-
tients are known to have poor overall prognosis. In such
cases, the disease almost invariably becomes resistant to var-
ious subsequent chemotherapies, leading to more toxicities
and deterioration of quality of life.

Fludarabine given with cyclophosphamide and ritux-
imab is considered the cornerstone of CLL treatment, but
this effective chemoimmunotherapy cannot be given with the
same success to all patients. The majority of patients with
relapsed or refractory CLL carry poor prognostic features,
like, deletion (17p) or TP53 mutation, which are strong pre-
dictors of shorter overall survival and resistance to first-line
treatment, particularly fludarabine-based regimens [1, 2].

The management of chronic lymphocytic leukemia is
currently undergoing profound changes through the intro-
duction of new therapeutic and diagnostic tools.

A common feature of CLL patients is impairment of
the immune system with hypogammaglobulinemia, defective
function of B, T, NK cells and defective antigen presenta-
tion [3]. Immunomodulatory drugs, such as, lenalidomide,
represent a promising approach for relapsed/refractory or
treatment-naı̈ve patients, because they show antitumor acti-
vity and promote immunostimulation.

2. Mechanisms of Action of
Lenalidomide in CLL

The precise anti-CLL mechanism of action of lenalidomide
is not yet completely defined. Potential mechanisms of
action include antiangiogenic effect, blockade of protumor
cytokines, inhibition of prosurvival interaction between
bone-marrow stromal cells and CLL cells, and enhancement
of T helper and cytotoxic T cells function [4].

Immunomodulatory effects of lenalidomide include a
costimulatory effect on T-cell responses by increasing IL-2
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and INF-gamma secretion and subsequently proliferation of
IL-2-activated T cells. Effects of lenalidomide in the produc-
tion of cytokines is shown by increased circulating cytokines
levels, particularly, IL-6, IL-10, IL-2, and TNF-receptor-
1 levels; while it is a potent inhibitor of tumor necrosis
factor alpha (TNF-alfa), this inhibition may results from
increased degradation of TNF-alfa mRNA [5, 6]. Data from
LeBlanc suggest that lenalidomide activates T lymphocytes
directly by increased phosphorylation of CD28 and increased
transcriptional activity of AP-1 and indirectly by enhancing
immune synapses between antigen-presenting cells and
effector T cells [7–9].

Lenalidomide exposure is able to lead to immune synap-
ses between CLL cells and T cells and promotes costimulatory
activation of B cells. During treatment with lenalidomide
in CLL patients an increase in circulating Ig levels has been
observed. This increased production of Igs may be explained
by enhanced B-cell costimulatory activity via activation of
lymphocytes through phosphoinositide-3-kinase dependent
upregulation of CD154 (CD40L) on CLL cells, as described
by Lapalombella et al. [10].

The immune activation of CLL cells with subsequent
upregulation of costimulatory molecules, such as, CD40,
CD80 and CD86, might be responsible for Tumor Flare
observed in CLL patients treated with lenalidomide [6].
Lenalidomide has also been shown to activate NK T cells; one
of its postulated mechanisms of action is increased antibody-
dependent cellular cytotoxicity (ADCC). IL-2-activated T
cells are able to activate NK cells enhancing tumor cell death
[5, 7, 11].

Many tumors, including CLL, are characterized by
increased number of T regulatory cells and expression of
CD152 (CTLA4) in T cells with a correlation with advanced
disease and adverse prognostic factors. Lenalidomide reduces
T regulatory cell proliferation and suppression function [12].

Lenalidomide also shows antiangiogenic properties in
vitro. However, Andritsos et al. [13] reported that VEGF se-
rum concentrations remained unchanged in patients treated
with lenalidomide. Furthermore, Ferrajoli et al. [6] did not
observe changes in neovascularization in the bone marrow
biopsies in patients treated with lenalidomide.

3. Clinical Results Utilizing
Lenalidomide in CLL

3.1. Clinical Studies with Lenalidomide as Single Agent in CLL.
The second-generation immunomodulatory agent lenalido-
mide has shown considerable activity in CLL, either alone or
in combinations and both as first-line and salvage treatment.

Activity in CLL was first demonstrated by Chanan-Khan
et al. [14] in a nonrandomized phase II study that included
patients with relapsed or refractory B CLL. In this trial
25 mg of lenalidomide was administered every 21 days of a
28-day cycle in 45 CLL patients. Patients were to continue
treatment until disease progression, unacceptable toxicity, or
complete remission. The major overall response rate (ORR)
in this study was 47%, with a complete response (CR) rate
of 9%. Tumor lysis syndrome (TLS) and tumor flare reaction

(TFR) occurred in 5% and 58% patients, respectively. TLS
is characterized by electrolyte imbalance, uremia, and renal
failure, while TFR is associated with painful swelling of
lymph nodes and/or splenomegaly with sometimes fever and
skin rash.

Because of toxicity, including tumor lysis syndrome in
two of the first 29 patients, the dosing schedule was modified
and the new treatment schema stipulated a dose escalation
beginning at 5 mg/day and a target dose of 25 mg/day. None
of the patients (with or without the prophylaxis) required
interruption, discontinuation, or dose reduction of therapy
because of flare reaction.

Together with TFR, fatigue (83%) was the most common
nonhematologic adverse event reported. Grades 3 or 4 neu-
tropenia, thrombocytopenia, and anemia occurred in 70%,
45%, 18% patients during therapy, respectively. There were
six episodes of febrile neutropenia. Although neutropenia
was observed in a subset of patients, neither opportunistic
nor bacterial infections were problematic in this heavily
pretreated group of patients. Pulmonary embolism occurred
in two patients.

In another clinical trial of lenalidomide in pretreated CLL
patients [6], 44 patients received lenalidomide continuously
at 10 mg/day with a dose escalation up to 25 mg/day. Treat-
ment was discontinued if disease progression or excessive
toxicity was observed. In this pretreated group of patients,
ORR was 32%, with 7% achieving a CR. The most common
toxicity was myelosuppression, and the median daily dose
of lenalidomide tolerated was 10 mg. Severe neutropenia,
thrombocytopenia, and anemia were reported in 41%, 15%,
and 3% of patients. None of the 44 patients had grade
3 or 4 episodes of tumor lysis; however, the incidence of
TFR at any grade was higher in patients with lymph nodes
larger than 5 cm (53%); grade 3 tumor flare reaction was
reported in 2% of the courses and grade 1 or 2 tumor flare
was reported in 10% of the courses. The most common
infection was pneumonia, complicating 3% of the courses.
FUO was observed in 2% of the courses. The median daily
dose of lenalidomide tolerated by the patients in this study
was 10 mg, and only 3 patients (7%) were able to tolerate the
dose of 25 mg daily for at least 1 month. Myelosuppression
was the most frequent reason for treatment interruption and
dose reduction. Nonhematologic toxicity consisted of grade
1 to 2 fatigue, observed in 22% of the courses and grade
3 to 4 in only 1%. Only one case of deep vein thrombosis
was reported, suggesting that this complication may be more
common when lenalidomide is used in association with
steroids and in patients with plasma cell dyscrasias.

Treatment with lenalidomide was associated with an
ORR rate of 31% in patients with 11q or 17p deletion, of
24% in patients with unmutated VH, and of 25% in patients
with fludarabine-refractory disease.

Sher et al. [15] reviewed the cases of relapsed/refractory
CLL patients with high-risk cytogenetics who were included
in the trial of Chanan-Khan et al. [14]; clinical response was
reported in 38% of these patients, with 19% CR.

The question of whether continuous exposure is superior
to the 3 weeks on/1 week off schedule reported by Chanan-
Khan et al. [14] will require further investigation.
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While data from Ferrajoli et al. [6] and Chanan-Khan et
al. [14] proposed an escalation dose up to 25 mg, a report
from Andritsos et al. [13] described serious adverse events
four patients with relapsed CLL treated with lenalidomide
(25 mg/d for 21 days of a 28-day cycle). Tumor flare was
observed in three patients and was characterized by dramatic
and painful lymph node enlargement resulting in hospital-
ization of two patients, with one fatal outcome. Another
patient developed sepsis and renal failure.

Chen et al. [16] reported results of lenalidomide therapy
in 25 previously untreated patients. Lenalidomide dosing
involved an escalation starting from a dose of 10 mg up to
25 mg/day. Serious toxic complications (tumor lysis and fatal
sepsis) occurred in the first two patients, the protocol was
modified with a 2,5 mg starting dose and an escalation up to
10 mg as target dose. Twenty-two patients were treated with
this schema. The ORR was 56%, no CR. TFR was evident in
88% of patients, mostly low grade.

In a phase II study Aue et al. [17] reported a change in
administration schedule of lenalidomide, which was given
in pulse dosages for 3 weeks followed by 3 weeks off. This
study involved high-risk pretreated patients with a poor
prognosis: 52% was Rai stage III-IV, 43% had del(17p), and
64% expressed unmutated IgVH genes. Lenalidomide was
administered at 10 mg daily for 21 days of a 42-day cycle, for
a total of 4 cycles. Grade 3-4 neutropenia, thrombocytopenia,
and anemia occurred in 56%, 30%, and 15% of cycles,
respectively. No TLS cases were seen. However, the hypothe-
sis of achieving a safer and more tolerable toxicity profile was
not obtained, since TFR was observed in 78%, 48%, 38%,
and 30% in 1st, 2nd, 3rd, and 4th cycle, respectively. ORR
was only 16% but patients with del(17p) and bulky disease
appeared to have a remarkable PR rate of 80%

Badoux et al. [18] investigated lenalidomide for elderly
untreated CLL patients. Lenalidomide was administered to
sixty patients 65 years of age and older at 5 mg daily with a
possible dose escalation of 5 mg every 28 days up to 25 mg
daily. At a median followup of 29 months, 53 patients (88%)
were alive and 32 patients (53%) remained on therapy. Esti-
mated 2-year progression-free survival was 60%. The overall
response rate to lenalidomide therapy was 65%, including
10% CR, 5% CR with residual cytopenia. Neutropenia was
the most common grade 3 or 4 treatment-related toxicity
observed in 34% of treatment cycles. Major infections or
neutropenic fever occurred in 13% of patients. There were
no grade 3 or 4 episodes of tumor flare or any tumor lysis
syndrome in this study. Also compared with baseline levels,
the authors noted an increase in serum immunoglobulin
levels across all classes.

According to these several studies, TFR is a common
toxicity described with lenalidomide. Because of its high
incidence, its considerable morbidity and its clinical pre-
sentation resembling disease progression, an early diagnosis,
and an accurate management are critical for effective use of
lenalidomide in patients with CLL.

Often TFR included a sudden onset of painful and tender
enlargement of disease-involved lymph nodes, the spleen,
and/or liver, which was frequently accompanied by low-
grade fever, localized erythema, or generalized rash (often

diffuse, erythematous, nonpruritic, and maculopapular) and
occasionally associated with bone pain. Patients who develop
a TFR tend to have a higher stage of disease, but mostly there
is no significant difference noted with regard to the incidence
of TFR among patients with bulky versus nonbulky disease.

The severity of TFR can be graded according to the Na-
tional Cancer Institute Common Toxicity Criteria [i.e. grade
1, mild pain not interfering with function grade 2, moderate
pain (pain or analgesics interfering with function, but not
interfering with activities of daily living); grade 3, severe pain
(pain or analgesics interfering with function and activities of
daily living); grade 4, disabling pain].

The identification and careful characterization of a TFR
are important in the treatment of CLL patients with lenalido-
mide to avoid unnecessary morbidity or the premature
discontinuation of effective therapy. It’s recommended close
monitoring of patients with CLL for signs of TFR, especially
during the first days of lenalidomide therapy and treatment
with an NSAID,such as, ibuprofen (at a dose of 400–600 mg
every 6 hours), with steroid use considered only in cases of
more intense TFRs.

A slow-dose escalation strategy may reduce the intensity
of TFR and should be considered, such as, reported by
Chanan-Khan et al. [19] Eventually, dose adjustment of lena-
lidomide can be use in case of severe TFR, the dose can be
increased again once the TFR subsides.

Chanan-Khan et al. [19] observed that prophylaxis with
prednisone decreased the severity but not the incidence of
TFR. Low-dose oral prednisone (20 mg daily for 5 days
followed by 10 mg for 5 days) was used as TFR prophylaxis
from treatment on days 1 to 10 of cycle 1, TFR prophylaxis
was not given in subsequent cycles. Although exact clinical
impact of TFR remains uncertain, the authors noted that the
intensity of the TFR appeared to be correlated with a higher
probability of achieving a CR; despite a higher CR rate their
analysis did not demonstrate any benefit in the PFS in the
TFR group. Table 1 summarizes the results from clinical trials
using lenalidomide alone in CLL patients.

3.2. Lenalidomide in Combination in CLL. Lenalidomide has
been shown to activate NK cells and one of its postulated
mechanisms of action is increased antibody-dependent cellu-
lar cytotoxicity (ADCC). Thus, lenalidomide would seem an
appealing therapeutic agent to add to rituximab treatment,
which is known to induce ADCC of CD-20-expressing CLL
cells [20]. However a recent laboratory study suggested
a potential antagonism between these two agents if used
simultaneously with CLL cells, since lenalidomide down-
regulated CD20, with a reduction in NK mediated ADCC of
rituximab-treated CLL cells [21].

Clinical trials report that combined treatment with lena-
lidomide and rituximab improves activity and decreases the
toxicity of lenalidomide. Ferrajoli et al. [22] investigated
the combination lenalidomide plus rituximab in 60 patients
with relapsed or refractory CLL. They treated patients with
rituximab weekly for 1 cycle and then once every 4 weeks
during subsequent cycles. Lenalidomide was administered
at dose of 10 mg daily starting on day 9 of cycle 1 and
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Table 1: Selected clinical trials using lenalidomide alone for treatment of CLL. NR: not reported.

Study Regimen
No. of

patients
TLS all
grades

TFR all
grades

Hematologic side
effects grade 3/4

OR
(%)

CR
(%)

OS (%) PFS (%)

Chanan-Khanet al. [14]
Phase II
relapsed/refractory CLL

5 mg/d escalated
to 25 mg/d

45 5% 58%
Neutropenia 70%
thrombocytopenia
45% anemia 18%

47 9 NR NR

Ferrajoli et al. [6]
Phase II
relapsed/refractory CLL

10 mg/d escalated
to 25 mg/d

44 0 12%
Neutropenia 41%
thrombocytopenia

15% anemia 3%
32 7

73 (with a median
follow-up time of 14

months)
NR

Chen et al. [16]
Phase II untreated CLL

2.5 mg/descalated
to 10 mg/d

25 0 88%
Neutropenia 72%
thrombocytopenia
28% anemia 20%

56 0
92 (estimated 2

years OS)
89 (estimated
2 years PFS)

Aue et al. [17] Phase II
relapsed/refractory CLL

20 mg/d lowered
to 10 mg/d

33 0 53%
Neutropenia 56%
thrombocytopenia
30% anemia 15%

NR NR NR NR

Badoux et al. [18]
phase II (elderly)
untreated CLL

5 mg/d escalated
to 25 mg/d

60 0 52%
Neutropenia 34%
thrombocytopenia
12% anemia <1%

65 10
88 (estimated 2

years OS)
60 (estimated
2 years PFS)

continuing daily for 12 cycles. The ORR was 64%, with
8% CR. Data suggest that this combination is superior to
the single-agent lenalidomide. The most frequently observed
toxicity was neutropenia, occurring in 68% of patients.
Twenty-two patients experienced low-grade tumor flare.

Frontline lenalidomide plus rituximab in patients with
CLL was reported by James et al. [23] in 37 patients.
Lenalidomide was started at a dose of 2,5 mg daily with an
escalation up to 5 mg and 10 mg on day 8, if tolerated, every
21 days of a 28-day cycle for a total of 7 cycles. Patients
received lenalidomide for 21 days in 35-day cycle for the first
cycle, then for 21 days in 28-day cycles for other 6 cycles.
During the first cycle rituximab was given 50 mg/m2 on day
29, and 325 mg/m2 on day 31, 375 mg/m2on day 33. During
the second cycle rituximab was administered 375 mg/m2

weekly and on day 1 during remaining cycles. Early results of
the ongoing study suggest that lenalidomide-plus-rituximab
immunotherapy is tolerable. The most common grade 3/4
adverse events (AE) were neutropenia (18 pts), anemia
(5 pts), and thrombocytopenia (4 pts). There were no cases
of neutropenic fever, sepsis, or bleeding. Nonhematologic
grade 3/4 AEs included infection (3 pts), rash (2 pts), and
pulmonary embolus (2 pts). The protocol was amended to
include aspirin prophylaxis. Most frequent AEs (all grades)
were the TFR (21 pts), fatigue (19 pts).

As a consequence of biological and clinical synergism
of lenalidomide and anti-CD 20 monoclonal antibody, a
combination with the humanized anti-CD20 monoclonal
antibody ofatumumab was evaluated in a phase II trial [24].
Ofatumumab was given weekly, starting at 300 mg in the first
week, then at 1000 mg weekly, then monthly for 6 months
and lastly every 2 months up to 24 months. Lenalidomide
was given at a dose of 10 mg daily continuously from day 9 of
cycle 1 with treatment duration of 24 months. The ORR was
63% with 2 patients achieving a CR. Toxicity was tolerable,
with 50% of patients developing grade 3 or 4 neutropenia.
TFR was limited to grade 1 in 2 patients.

In the GIMEMA LLC606 phase I clinical trial patients
were treated with lenalidomide, cyclophosphamide, and flu-
darabine [25]. The maximal tolerated dose of lenalidomide
was 5 mg. The response rate observed in nine patients was
67%, with 33% CR.

Brown et al. [26] initiated a small phase I study that inves-
tigated the combination of lenalidomide with fludarabine
and rituximab for untreated patients with CLL. A low dose of
lenalidomide (2,5 mg) was given daily for 21 days in 28 days
cycles, with fludarabine 25 mg/m2 on days 3–5 and rituximab
375 mg/m2 on day 1. The trial had to be closed due to signif-
icant myelotoxicity and idiosyncratic tumor flare reactions.

Another trial by Egle et al. [27] combined 6 cycles of
fludarabine, lenalidomide, and rituximab. Lenalidomide was
administered at a starting dose of 2,5 mg daily (days 7–21
in cycle 1) and escalated up to 25 mg/day from days 1–21 of
the following cycles. After induction treatment, maintenance
with lenalidomide and rituximab for 6 months was planned.
Preliminary data show that all ten treated patients achieved
at least a PR, except for one patient with Richter transfor-
mation; but 50% of patients received a reduced lenalidomide
dose due to toxicity.

A phase I study from the German CLL study group [28]
used the bendamustine-rituximab (BR) backbone and added
lenalidomide to it. This might be an option for patients
with relapse or even refractory CLL. Lenalidomide was given
orally for 7 days followed by rituximab 375 mg/m2 on day
1 in addition to bendamustine 90 mg/m2 intravenously on
days 1 and 2 and lenalidomide orally daily every 28 days
for a total of 6 cycles. After 6 cycles of bendamustine, lena-
lidomide, and rituximab, lenalidomide monotherapy was
administered as continued therapy for an additional 6 cycles
as tolerated or until disease progression.

Blum et al. [29] conducted a phase I study in which
flavopiridol was given in combination with lenalidomide
in 21 patients with relapsed or refractory B-cell CLL/SLL.
Flavopiridol was administered at 60 mg/m2 on days 1,



Advances in Hematology 5

Table 2: Selected clinical trials using lenalidomide in combination for treatment CLL. NR: not reported.

Study Regimen
No. of

patients
TLS all
grades

TFR all
grades

Hematologic side effects
grade 3/4

OR
(%)

CR
(%)

OS
(%)

PFS

Ferrajoli et al. [22] phase II
relapsed/refractory CLL

10 mg/d Lenalidomide +
rituximab weekly

59 1,7% 37%
Neutropenia 68%

thrombocytopenia 22%
anemia 10%

64 8 NR NR

Badoux et al. [24] phase II
relapsed/refractory CLL

10 mg/d lenalidomide +
ofatumumab weekly

16 NR 13%
Neutropenia 50%

anemia 13%
63 13 NR NR

Blum et al. [29] phase I
relapsed/refractory CLL

2.5 mg/d escalated to
25 mg/d lenalidomide +

flavopiridol
15 14% 7%

Neutropenia 86%
thrombocytopenia 38%

anemia 38%
46 0 NR NR

GIMEMA LLC 606 [25]
phase I
relapsed/refractory CLL

2.5 mg/d escalated to
15 mg/d lenalidomide +

cyclophosphamide +
fludarabine

9 0 11%
Transient grade 3-4

neutropenia in the majority
of pts

67 33 NR NR

Egle et al. [27] phase
untreated CLL

2.5 mg/d escalated to 25
mg/d lenalidomide +

fludarabine + rituximab
10 0 0 Neutropenia 70% 90 0 NR NR

8, and 15 during first cycle and from second cycle at
60 mg/m2 on days 3, 10, and 17 plus, starting at cycle 2,
lenalidomide with an initial dose of 2,5 mg escalated to 25 mg
for 21 days of these 28-day cycles. Thirteen patients had
del(17p) and 8 patients had del (11q). Seventeen patients
completed two or morecycles of therapy (median 3, range 2–
8), receiving 2,5 mg (6 pts), 5,0 mg (7 pts), and 7,5 mg (4 pts)
of lenalidomide. Grade 3-4 toxicitiesconsisted of neutro-
penia (86%), diarrhea (62%), reversible transaminitis in
≤7 days (57%), anemia (38%), thrombocytopenia(38%),
hyperglycemia (38%), infection without neutropenia (24
%), febrile neutropenia (14%), TLS not requiring dialysis
(14%), and fatigue (14%). Grade 1 tumor flare occurred
in 1 pt and did not require additional steroids or cessation
of lenalidomide. The ORR was 46% with no CRs. Partial
responses were observedin 7 patients, including 4 patients
with del (17p). In conclusion, combined flavopiridol and
lenalidomide was well tolerated, with activity in patients with
previously treated, cytogenetically high-risk CLL.

A prospective, nonrandomized, phase II study by Shana-
felt et al. [30] presented data about lenalidomide consol-
idation following a PCR (pentostatin, cyclophosphamide,
rituximab) induction. Data from this trial were compared
with results of an historic trial of PCR without lenalidomide
showing an improvement in quality of response and time to
retreatment.

Patients with previously untreated CLL (n = 44) received
induction therapy with the frontline regimen most com-
monly used at the Mayo Clinic, pentostatin 2 mg/m2, cyclo-
phosphamide 600 mg/m2, and rituximab 375 mg/m2 every
3 weeks for 6 cycles. Responding patients were eligible for
consolidation therapy with lenalidomide at a starting dose
of 5 mg/day with escalation to 10 mg/day as tolerated for
6 months. Thirty-four patients (77%) started lenalidomide
and completed a median of 7 cycles of consolidation therapy.

Among patients who started lenalidomide consolidation
following PCR, the freedom from retreatment at 12 months
was 95% (95% confidence interval: 88% to 100%). The study

investigators compared these findings to historic data from a
trial of PCR induction therapy without lenalidomide consol-
idation [31]. In that study of 64 patients with CLL, the free-
dom from retreatment at 12 months was 86%. Cytopenias
were the most frequent grade ≥3 adverse events considered
possibly associated with lenalidomide consolidation: grade 3
neutropenia and thrombocytopenia occurred in 41% and 9%
of patients, respectively; while grade 4 neutropenia interested
21% of patients. Therefore, the study authors concluded that
lenalidomide consolidation appeared to improve the quality
of response to induction therapy with PCR.

Another ongoing study which evaluates lenalidomide as
maintenance therapy in CLL patients was the CONTINUUM
study [32]: a phase 3, multicenter, randomized, double-
blind, placebo-controlled, parallel-group study of the effi-
cacy and safety of lenalidomide as maintenance therapy for
patients with B-cell chronic lymphocytic leukemia following
second-line therapy. In the experimental arm lenalidomide is
given on days 1–28 of a 28 day cycle until disease progression
or unacceptable toxicity. Table 2 summarizes the results from
clinical trials using lenalidomide in combination regimens in
CLL patients.

4. Conclusions

Lenalidomide proved to be effective in CLL as single agents
or in combination with various chemo immunotherapeutic
regimens. There were several concerns regarding toxicity,
but modified protocols with low starting dose and gradual
dose escalation suggest good tolerability. Myelosuppression
was the predominant toxicity associated with lenalidomide.
Tumor flare was also a problem with lenalidomide therapy,
but it can be controlled by gradual dose-escalation and
prophylactic corticosteroids in the patients who experienced
tumor flare in previous cycles. However, further studies are
needed to establish the most effective dose and schedule of
this agent.
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Lenalidomide might have a place in the first-line setting
in older patients or as second-third line agent for patients
treated with frontline chemoimmunotherapy. Currently,
chemoimmunotherapy represents the standard first-line
therapy for young and fit CLL patients, but patients who
became refractory to fludarabine or carry deletion/mutation
of TP53 and older or unfit patients could profit from alter-
native treatments, including, lenalidomide-based regimens.
Therapeutic strategies including consolidation treatment
are becoming more important in the treatment of CLL,
particularly in the frontline setting. There is a greater number
of complete remissions (CRs) with the new chemoim-
munotherapy combinations, and therefore prolonging the
duration of PFS becomes a more interesting goal. In this con-
text, ongoing promising studies [29, 30] are evaluating the
role of lenalidomide as consolidation/maintenance therapy.
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Diffuse Large B-cell Lymphomas (DLBCL) are the most frequent Non-Hodgkin Lymphomas (NHL). The addition of Rituximab
to the standard chemotherapy CHOP improved the outcome in this patients, but so far 40% of patients experienced relapse or
progressive disease. Lenalidomide, an immunomodulatory agent, had direct tumoricidal and antiangiogenetic actions on tumor
cells and was able to modulate tumor-cell microenvironment, with the restoration of impaired T-cell activity and the formation
of immuno-synapsis. Based on these actions, lenalidomide represented an active drug on aggressive relapsed NHL. In this review,
the most relevant clinical trials for the use of lenalidomide in DLBCL were reported. Monotherapy with lenalidomide showed an
activity in term of overall response rate, with acceptable hematological and extrahematological toxicities in relapsed/refractory
aggressive NHL. The role of lenalidomide as salvage therapy in both cell of origin patterns in DLBCL (germinal center B-
cell/activated B-cell) was reported in preliminary data. Preliminary data regarding the role of lenalidomide in addition to
chemoimmunotherapy (R-CHOP) in first line clinical trials were discussed; data of safety, feasibility and efficacy were promising.

1. Introduction

Diffuse large B-cell lymphoma (DLBCL) represents roughly
40% of all non-Hodgkin lymphoma (NHL) (Figure 1), with
a rate of incidence in continuous increase and median age at
diagnosis of 55–60 years [1, 2].

The addition of monoclonal antibody anti-CD20 ritux-
imab to standard chemotherapy CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone) has improved the
outcome compared to CHOP alone in untreated DLBCL
elderly patients with a complete remission (CR) rate of 75%
versus 63% [3]; the advantage of R-CHOP versus CHOP
was maintained at a median followup of ten years; Overall
Survival (OS) of 43.5% versus 27.6%; Progression Free
Survival (PFS) of 36.5% versus 20.1%, respectively [4]. Also
in combination with dose-dense chemotherapy CHOP14
the rituximab showed promising results in elderly untreated
DLBCL [5]. In order to ameliorate prognosis, with the
support of granulocyte colony-stimulating factor (G-CSF),
dose-dense chemotherapy CHOP14, administered every 14
days, with or without rituximab, was tested in elderly DLBCL
at diagnosis; RICOVER-60 trial showed the superiority of 6

courses of R-CHOP14 compared to CHOP14, with 3-year
event-free survival 66.5% versus 47.2% and 3-year overall
survival 78.1% versus 67.7%, respectively [5]. In young
patients affected by poor prognosis DLBCL at diagnosis,
rituximab plus dose-dense chemotherapy plus high-dose
chemotherapy and autologous stem cell transplant were
tested, with promising results (4-year PFS 73% and 4-year
OS 80%) [6].

Despite the improvement of outcome with chemoim-
munotherapy, rituximab plus dose-dense chemotherapy or
high-dose chemotherapy plus autologous stem cell trans-
plant, 30–40% of patients relapsed after first line treatment,
and the rate of second CR in patients pretreated with
rituximab chemotherapy is lower than 30% [7].

It will be mandatory to obtain a better CR in first
line DLBCL and, in relapsed or refractory patients, to
overcome chemorefractoriness; the introduction of novel
drugs represents a chance to obtain these goals.

In the landscape of novel drugs, immunomodulating
drugs (IMiDs) represent now a real opportunity to amelio-
rate prognosis in DLBCL.
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Figure 1: Incidence of Non-Hodgkin Lymphoma.

2. Lenalidomide: Mechanism of
Action and Rationale

Lenalidomide, CC-5013, is an immunomodulatory agent
with multiple mechanisms of action and it is an active agent
on aggressive NHL, blocking tumor growth and survival with
direct tumoricidal and immunomodulatory actions. This
drug has both antiproliferative and antiangiogenic activities.
Lenalidomide’s activity is based on modulation of tumor-
cell microenvironment and on stimulating the activity of
effector cells, such as cytotoxic T and natural killer cells.
Lenalidomide enhanced T-cell and NK-cell effector function
to eliminate tumor B cells and it had a role in the restoration
of impaired T-cell activity and formation of immunologic
synapses [8] (see Figure 2).

Lenalidomide was initially introduced in the treatment
of multiple myeloma and only in a second time was tested
in lymphoma cell lines. In animal models of lymphoma,
IMiDs and especially lenalidomide demonstrated a synergic
action with rituximab; the addition of lenalidomide to
rituximab increased median survival in mice from 45 days
to 58 days compared to rituximab alone [9]. Another study
demonstrated that IMiDs increased the recruitment of
natural killer cells to subcutaneous lymphoma sites in mice
with the stimulation of dendritic cells and modification
of the cytokine microenvironment; lenalidomide, in
association with rituximab, increased antibody-dependent
cellular cytotoxicity [10].

3. Lenalidomide: Clinical Experience in
Relapsed/Refractory DLBCL

On the basis of the in vivo activity of IMiDs, Wiernik et al.
conducted a phase II multicenter trial to evaluate safety and
efficacy of lenalidomide monotherapy in relapsed/refractory
aggressive lymphomas patients. Forty-nine patients were
enrolled to receive oral lenalidomide 25 mg once daily on

days 1 to 21, every 28 days, for 52 weeks, until disease
progression or intolerance. Median age was 65 years, 53% of
patients had DLBCL, and all of them received at least four
prior therapeutic regimens; 92% of patients had received
prior rituximab and 29% of them had been previously
transplanted. The overall response rate (ORR) was 35% for
all histology and 19% for DLBCL. The estimated median
duration of response was 6.2 months (range: 0 to 12.8
months) and median PFS was 4 months (range: 0 to
14.5 months). Regarding safety, the most common grade
4 adverse events were neutropenia (8.2%) and thrombocy-
topenia (8.2%); the most common grade 3 adverse events
were neutropenia (24.5%), leukopenia (14.3%), thrombocy-
topenia (12.2%), and thrombocytopenia in 8.2%, resolved
with dose reduction. The results showed that lenalidomide
monotherapy is active in relapsed or refractory aggressive
NHL, with manageable side effects [11]. The same sched-
ule of lenalidomide was tested by Witzig in the NHL-
003 international phase II trial for relapsed or refractory
aggressive B-cell non-Hodgkin’s lymphoma. Two hundred
and seventeen patients were enrolled and 108 had DLBCL.
In all histologic subgroups, ORR was 35% with CR 13%,
partial remission (PR) 22%, and stable disease 21%; ORR
for DLBCL was 28%. Moreover, ORR was 37% for patients
who underwent prior stem cell transplantation and 33% for
rituximab refractory ones. Median PFS for all 217 patients
was 3.7 months; for 77 responders, the median response
duration lasted 10.6 months. Despite the fact that patients
were heavily pretreated, lenalidomide was well tolerated. The
administered median daily dose of lenalidomide was 25 mg
(range 7.1–25 mg) and 117 patients (53.9%) required at least
one dose reduction or interruption due to neutropenia in
56% and thrombocytopenia in 31%. Grade 3 or 4 adverse
events included neutropenia in 41%, with only 2% of febrile
neutropenia, thrombocytopenia in 19%, and anemia in
9.2%. Discontinuation from study treatment occurred in
49 patients (23%). Extrahematological toxicities included
tumor flares in 7 patients, 4 (1.8%) with grade 1 or 2 and
3 with grade 3, gastrointestinal events in 61.3%, rash in 18%
and fatigue in 28%. Granulocyte colony stimulating factors
(GCSF) were administered to 54 patients (25%) during the
study [12].

In the last decades, an important role to predict the
outcome in DLBCL was represented by gene expression
profiling and by pattern of origin, germinal center B-
cell and nongerminal, or activated B-cell-like. The out-
come of the two subgroups seems to be different, with a
worst outcome in activated B-cell lymphoma. In a recent
study, Hernandez-Ilizaliturri retrospectively analyzed clinical
outcomes of 40 patients with relapsed/refractory DLBCL, 23
germinal center, and 17 nongerminal center, treated with
salvage lenalidomide as single agent. Median age was 66
years and median number of prior treatments, including
rituximab plus chemotherapy, was four. Germinal center and
nongerminal center B-cell subgroups were similar in terms
of stage, international prognostic index score, prior number
of treatments, and rituximab resistance. Results demonstrate
a different antitumor responsiveness in the two biological
subgroups: ORR for nongerminal (activated B cell) versus
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Figure 2: Action of lenalidomide.

germinal B cell was 52.9% versus 8.7% (P = 0.006), CR
was 23.5% versus 4.3%, and median PFS was 6.2 versus 1.7
months (P = 0.004), respectively; no difference was observed
regarding overall survival. The advantage in treatment with
lenalidomide seems to be increased in nongerminal subtype
compared to germinal subgroup; this hypothesis should be
based on the different expression of NF-κB, targeted by
IMiDs, in the two subgroups [13]. A large international trial
(NCT01197560) to compare lenalidomide to investigator’s
choice is still ongoing; in this clinical study patients will
be risk-stratified according to germinal center/nongerminal
center B-cell-like in order to identify the subgroup that
benefit from lenalidomide treatment.

The efficacy of lenalidomide in monotherapy and the
well-tolerated profile, supported the rationale for investigat-
ing in a phase II trial the efficacy and safety of the combi-
nation of lenalidomide and rituximab in pretreated elderly
patients with DLBCL. Lenalidomide was administered at the
dose of 20 mg/daily from day 1 to 21 every 28 days, for
four courses, in combination with 375 mg/sqm rituximab on
day 1 and day 21 every 28 days for four cycles. Responsive
patients (CR, PR, or stable disease) were given lenalidomide
maintenance therapy at the same schedule for an additional
eight months. Twenty-three elderly DLCL patients at median
age 74.2 years, heavily pretreated with a median of three
prior therapies (range, 2 to 8), were enrolled and treated with
rituximab plus lenalidomide. After the induction phase, the
ORR was 35%, with 7 patients achieving a CR, one patient a
PR, 2 stable disease, and 13 progressive disease. Ten patients
were eligible for lenalidomide maintenance. At the end of the
entire treatment regimen, CR was 35%. At a median follow-
up of 16 months, the estimated 1-year-disease-free-survival
was 34.8% and the 18-month OS rate for the whole study

population was 55.1%. Therapy was feasible with low rate of
grade 3 or 4 toxicities [14].

Ivanov described a case report of a 65-year-old DLBCL
patient relapsed after four lines of chemotherapy that
included high-dose chemotherapy plus autologous stem cell
transplantation. Lenalidomide was administered at the dose
of 15 mg per day for 21 days every 28 days in association
with 375 mg/sqm rituximab on day one and 40 mg oral
dexamethasone on day, one and four. Seven courses were
administered, obtaining CR; patient was in remission at 20
months after the end of treatment [15].

Lenalidomide as single agent was also tested on trans-
formed lymphoma, such as transformed follicular lymph-
oma and transformed chronic lymphocytic leukemia/small
lymphocytic lymphoma. Thirty-three patients were treated
with 25 mg lenalidomide for 21 days every 28 days; ORR
was 46%, with a median response duration of 12.8 months.
Median PFS was 5.4 months. Among 23 patents with
transformed follicular lymphoma, ORR was 57%, with
26% of CR; among 7 patients with transformed chronic
lymphocytic leukemia/small lymphocytic lymphoma, ORR
was 0 and none reached CR. Neutropenia grade 3 and 4
were observed in 33% and 15%, respectively, grades 3-4
thrombocytopenia in 5% and grade 3 pneumonia in 3% [16].

4. Lenalidomide: Clinical Experience and
New Options in Untreated DLBCL

The promising results of lenalidomide in relapsed/refractory
DLBCL setting, encouraged the development of trial with
this drug in first line treatment.

Considering that safety and efficacy of lenalidomide
in combination with standard immunochemotherapy was
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Doxorubicin 50 mg/m2 D1
Vincristine 1.4 mg/m2 D1 

Prednisone 40 mg/m2 D1–D5
PEG-filgrastim or G-CSF

Rituximab 375 mg/m2

Figure 3: Phase I/II trial of Italian Lymphoma Foundation for elderly untreated DLBCL.

unknown, some phase I trials were drawn with the aim to
define the Maximum Tolerated Dose (MTD) and the Dose-
Limiting Toxicities (DLT) of lenalidomide in addition to
standard therapy rituximab-CHOP. Nowakowski conducted
a phase I/II study to define MTD and efficacy of lenalido-
mide administered on days 1–10 with standard R-CHOP
chemotherapy (R2CHOP) in 24 newly diagnosed DLBCL
and grade 3 follicular lymphomas; median age was 65 years
(range 35–82) and 54% of patients were at low-intermediate
IPI score. Lenalidomide dose escalation levels were 15 mg,
20 mg, and 25 mg. All patients received 6 mg pegfilgrastim on
day 2 and aspirin prophylaxis. Dose-limiting toxicity (DLT)
was defined as any grade 3 or higher nonhematological
toxicity or a hematological toxicity resulting in a delay of
the next cycle of chemotherapy. In the phase I, three patients
received 15 mg, 3 patients 20 mg, and 18 patients 25 mg of
lenalidomide; no DLT was found and 25 mg days 1–10 was
the recommended dose for phase II. The incidence of grade
4 neutropenia or thrombocytopenia was 67% and 21%,
respectively; no toxic deaths were recorded. ORR was 100%
with CR in 77% of patients [17].

A similar schedule was tested by the GELA group; 27
patients affected by follicular lymphoma in 18, DLBCL in
4, mantle-cell lymphoma in 3, and indolent lymphoma in
2 were treated with oral lenalidomide on days 1–14 in
association with R-CHOP given every 3 weeks for 6 cycles.
Lenalidomide dose was increased from 5 mg to 25 mg (5 mg
per dose level), using a 3 + 3 escalation design. Pegfilgrastim
was administered on day 4 and oral aspirin prophylaxis
(100 mg) was given daily during the treatment. Maximum-
tolerated dose was determined by the number of DLT during
the first 2 cycles. DLT was defined as grade 3 or more
nonhematological toxicity, grade 3 hematological toxicity
lasting more than 7 days, or grade 4 hematological toxicity

lasting more than 3 days. Results showed that 25 mg was
considered as the recommended dose. Most frequent adverse
event was grade 3-4 neutropenia in 59%, including 7%
of febrile neutropenia, and grade 3-4 thrombocytopenia in
30%. No grade 3-4 neurological toxicities were observed.
One patient had pulmonary embolism of moderate severity
and one patient has a deep vein thrombosis. Lenalidomide
was stopped in five patients due to toxicity according to
protocol defined criteria [18].

The Italian Lymphoma Foundation conducted a phase I-
II trial to test the combination of lenalidomide plus R-CHOP
(REAL07) in newly diagnosed DLBCL elderly patients not
eligible to high-dose chemotherapy plus stem cell transplant.
The treatment scheme is described in Figure 3. At the
end of phase I part of the trial, MTD for lenalidomide
in association with R-CHOP21 resulted as 15 mg days 1–
15. The association was well tolerated, with grade 3-4
thrombocytopenia and neutropenia as expected and low rate
of neurological toxicities [19].

Several studies with lenalidomide in association with
standard treatment are ongoing in first line DLBCL patients.
One of these, the REMARC study, is designed to demonstrate
if a maintenance with lenalidomide after first line conven-
tional chemoimmunotherapy may improve PFS compared to
observation only.

5. Conclusions

The introduction of IMiDs in the treatment of DLBCL
represented an improvement in the outcome of this patients.
Lenalidomide represents a manageable drug, with good
results in relapsed or refractory DLBCL patients heavily pre-
treated. The role of lenalidomide in association to standard
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chemoimmunotherapy RCHOP in first line is under investi-
gation, with promising results in term of feasibility, toxicity
and with promising results in term of response. The activity
of lenalidomide in histological subtypes at poor outcome,
like in activated B-cell DLBCL, may be demonstrated in
prospective trials.

Lenalidomide should be considered as conventional
treatment in relapsed/refractory setting of patients in
monotherapy or in association with rituximab and/or
steroid. Ongoing trials should clarify the feasibility of
lenalidomide in association with other drugs, such as with
platinum containing regimens (oxaliplatinum-cytarabine
or carboplatinum-idarubicine-etoposide) or with mTOR
inhibitors (everolimus and temsirolimus) or with bendamus-
tine or with monoclonal antibodies (GA-101). The role
of maintenance of lenalidomide after first line chemoim-
munotherapy should be established by ongoing trials.
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Mantle cell lymphoma (MCL) comprises 3–10% of NHL, with survival times ranging from 3 and 5 years. Indolent lymphomas
represent approximately 30% of all NHLs with patient survival largely dependent on validated prognostic scores. High response
rates are typically achieved in these patients with current first-line chemoimmunotherapy. However, most patients will eventually
relapse and become chemorefractory with poor outcome. Alternative chemoimmunotherapy regimens are often used as salvage
strategy and stem cell transplant remains an option for selected patients. However, novel approaches are urgently needed for
patients no longer responding to conventional chemotherapy. Lenalidomide is an immunomodulatory drug with activity in
multiple myeloma, myelodisplastic syndrome and chronic lymphoproliferative disorders. In phase II studies of indolent NHL
and MCL lenalidomide has shown activity with encouraging response rates, both as a single agent and in combination with other
drugs. Some of these responses may be durable. Optimal dose of lenalidomide has not been defined yet. The role of lenalidomide
in the therapeutic armamentarium of patients with indolent NHL or MCL will be discussed in the present paper.

1. Introduction

Non-Hodgkin’s lymphomas (NHLs) are a heterogeneous
group of lymphoid malignancies. The annual incidence of
NHL in the United States is estimated to be 4.5% of all
cancers, and they account for 3% of annual cancer-related
deaths [1]. From a clinical and therapeutic standpoint, these
neoplasias are subdivided into aggressive and indolent forms.
Indolent lymphomas represent approximately 30% of all
NHLs. Prognosis is correlated with the stage of the disease
at the time of diagnosis, as well as to the international prog-
nostic index (IPI) or other IPI-derived scores [2–5]. The
current therapeutic approach for indolent NHL is based
on the use of chemoimmunotherapy. Intensive treatments
such as high-dose chemotherapy with autologous stem cell
transplantation (ASCT) are typically reserved for relapsing
patients whose disease is still chemosensitive [1].

Mantle cell lymphoma (MCL) comprises approximately
3 to 10% of NHL. It is a heterogeneous clinical entity with
four recognized morphologic variants (i.e., classical, blastoid,

pleomorphic and small cell, marginal zone-like). The small
cell variant tends to be an indolent lymphoma, whereas both
the blastoid and pleomorphic variants are associated with a
clinical aggressive course.

However, the majority (80%) of MCLs show intermedi-
ate characteristics. Thus, the median survival of the majority
of patients is in the range of 3 to 5 years, and very few patients
are cured [2].

MCL patients typically respond well to initial treatment
with an overall response rate of approximately 90%. The
addition of rituximab to conventional chemotherapy has
even improved both quality and durability of responses
either in newly diagnosed or relapsed disease [6, 7].

However, most patients will eventually relapse, with
shorter and shorter disease-free intervals, and will require
multiple different therapeutic interventions during the
course of their disease [8, 9]. For this reason, there is a need
for new effective agents with novel mechanisms of action to
be tested in these patients.
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Table 2: Ongoing lenalidomide (L) monotherapy trials.

Name Phase Age Histology Drugs Status

NCT00875667 II >18 ys Relapsed or refractory MCL L Ongoing and recruiting

NCT00737529 II >18 ys Relapsed or refractory MCL L Ongoing and recruiting

NCT00179673 II >18 ys Relapsed or refractory indolent NHL L Terminated

L: lenalidomide.

2. Rationale for and Development of
Lenalidomide in Lymphoproliferative
Disorders

Lenalidomide is an immunomodulatory drug (IMiD),
derived from thalidomide, with increased potency and fewer
side effects compared to its parent molecule. This agent has
shown impressive clinical activity in patients with multiple
myeloma (MM) [15] and has proven effective in chronic
lymphocytic leukemia (CLL) [16] and T-cell lymphoma [17].
Preclinical models and preliminary clinical data also indicate
significant antitumor activity of lenalidomide in B-cell
malignancies [18, 19].

The mechanism of action of lenalidomide includes both
immunomodulatory and nonimmunomodulatory effects
[20–24]. It inhibits the production of proinflammatory cyto-
kines (TNF-α, IL-1, IL-6, and IL-12) and enhances that of
anti-inflammatory cytokine (IL-10) resulting in an increase
of the tumor-cell apoptosis [20–22]. Lenalidomide also
induces tyrosine phosphorylation of CD28, providing a cos-
timulatory signal to T-cell activation by antigen-presenting
cells via the B7 pathway [20–22]. IMiDs can decrease the
expression of the angiogenic factors VEGF and IL-6 leading
to a reduction of growth and survival of tumor cells [20–25].
Lenalidomide increases the number and Fc-γ receptor-med-
iated cytotoxicity of NK cells with an as-yet unclear mecha-
nism of action [20]. Importantly, lenalidomide has also
shown direct antiproliferative activity, in the absence of
immune effectors, by decreasing erk1/2 and Akt2 and by
inducing G0-G1 cell cycle arrest through inhibition of CDK2
activity [20–23]. Finally, in MM, lenalidomide has been
shown in vitro to alter the microenvironment by downreg-
ulating cell surface adhesion molecules such as ICAM-1,
VCAM-1, and E -selectin and inhibiting the adhesion of MM
cell lines to the bone marrow stromal cells [20, 21].

3. Lenalidomide Monotherapy in
Relapsed/Refractory Indolent and
Mantle Cell Lymphoma

Oral lenalidomide monotherapy produces durable responses
in patients with NHL with a manageable toxicity profile
(Table 1). In a pilot study of relapsed/refractory aggressive
NHL, also including 15 and 5 stage III follicular lymphoma
(FL) patients, lenalidomide induced an objective response
rate of 35% with 12% complete responses/unconfirmed
complete responses [10]. Patients enrolled in the study had
received a median of 4 prior therapies. Fifty eight percent

of patients were rituximab refractory. The most frequent G3
toxicity was neutropenia. A dose reduction was necessary in
18 (37%) patients (9 patients to 20 mg, 5 patients to 15 mg,
3 patients to 10 mg, and 1 patient to a 5 mg daily dose). Eight
patients (16%) discontinued treatment because of adverse
events. In a second trial [11] of heavily pretreated indolent
NHL patients (median number of prior lines 3 (1–17)),
single-agent lenalidomide resulted in an ORR of 23% (27%
in follicular and 22% in small lymphocytic lymphoma).
Median duration of response was not reached with a
followup of 15 to 28 months. Median PFS for the whole
group was 4.4 months (95% CI, 2.5–10.4). The most fre-
quent G3 toxicities were hematological (neutropenia, throm-
bocytopenia, and anemia). Seventeen patients (40%) had a
dose reduction (6 patients to 20 mg, 3 patients to 15 mg, 6
patients to 10 mg, and 2 patients to a 5 mg daily dose). Eight
patients (19%) discontinued treatment because of adverse
events, and 1 died on treatment due to sepsis. In another
study of relapsed/refractory MCL, lenalidomide showed an
overall response rate (ORR) of 43%. Twenty six percent of
the patients had received stem cell transplantation and 32%
had been exposed to bortezomib. ORR in these two groups
was 53% and 57%, respectively. The most common grade 3
or 4 adverse event was neutropenia (43%) [12]. In a smaller
study including 15 patients, 58% of whom being rituximab
refractory, objective responses were achieved in 53% of cases
with a 20% complete remission (CR) rate [13, 26]. Eight
patients (53%) had a dose reduction, but only 1 patient
discontinued treatment. Finally, Witzig et al. [14] treated
217 aggressive relapsed/refractory NHLs, including 26% of
patients with MCL. Median number of prior chemotherapy
lines was 3 (1–13). MCL patients showed an ORR of 42%
with a median progression-free survival (PFS) not reached.
Fifty three (53%) of patients required dose reduction (37
patients to 20 mg, 11 patients to 15 mg, 9 patients to 10 mg,
and 10 patients to a 5 mg daily dose), and 23% discontinued
lenalidomide. Most G3-G4 toxicities recorded were hema-
tological (41% neutropenia, 19% thrombocytopenia, and
9.2% anemia). Ongoing trials of single-agent lenalidomide
in refractory indolent NHL and MCL are summarized in
Table 2. While in untreated patients a lenalidomide daily
dose of 25 mg may be appropriate (see Table 1), in patients
with relapsed or refractory disease, particularly if they are
elderly and/or suffering from other comorbidities, a lower
dose (15 to 20 mg) appears to be a wiser choice. Of note,
because of the proliferation of phase II studies with different
starting doses, and the dose-escalating design of several
ongoing lenalidomide trials, a dose that is considered “rea-
sonable” may not necessarily be the optimal one.
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Table 3: Lenalidomide containing regimens in relapsed/refractory indolent and mantle cell lymphoma.

Author Year Phase Histology n Age (range) Previous CT Combination ORR (%) CR (%)

Wang et al. [27] 2007 I/II MCL 15 73 (62–84) 2 (1–7) RL 83∗ 17∗

Dutia et al. [28] 2009 II Indolent NHL 15 60 (50–91) 4 (1–11) RL 83.3 41

Zaja et al. [29] 2011 II MCL 33 68 (51–80) 3 (2–7) LD 52 24
∗

: data from patients enrolled in lenalidomide 20 mg/daily arm. No response was obtained for lower dosage.
CT: chemotherapy; ORR: overall response rate; CR: complete response; RL: rituximab and lenalidomide; LD: lenalidomide and dexamethasone.

Table 4: Ongoing lenalidomide-based regime trials.

Name Phase Age Histology Drugs Status

NCT01419795 II >18 ys Relapsed or refractory NHL after allo-SCT RL Ongoing and recruiting

NCT00238238 II >18 ys Relapsed follicular NHL RL Ongoing and recruiting

NCT00633594 I/II >18 ys Relapsed or refractory MCL RVL Ongoing and recruiting

NCT00553644 (27) II >18 ys Relapsed or refractory MCL LV Ongoing and recruiting

RL: rituximab, lenalidomide; RVL: rituximab, bortezomib, lenalidomide; LV: lenalidomide, bortezomib.

4. Lenalidomide in Combination for
Relapsed/Refractory Indolent and MCL

The Fc portion of rituximab mediates ADCC. Lenalidomide
increases Fc-γ receptors on NK cell surface enhancing
rituximab-mediated ADCC. Many trials have therefore eval-
uated the two drugs in combination (Tables 3 and 4). In a
phase I/II study [27] of rituximab (375 mg/m2 weekly for
4 doses) and escalating doses of lenalidomide (from 10 to
25 mg daily on days 1–21 of 28-day cycles for a total of 6
cycles) in relapsed or refractory MCL, no responses were
observed in the 10 mg and 15 mg groups, while patients
receiving 20 mg daily achieved an ORR of 83%, including
17% of complete responses. At the dose of 25 mg, a G3 hyper-
calcemia and a lethal neutropenic fever were observed. The
recommended lenalidomide daily dose to be used in com-
bination with rituximab in phase II trials was therefore
established to be 20 mg. Dutia et al. [28] tested rituximab
(375 mg/m2 weekly for 4 doses plus 4 doses if no CR was
reached) and lenalidomide (20 mg daily on days 1–21 of 28-
day cycles) in heavily pretreated patients with indolent NHL.
Treatment proved active and well tolerated (no dose reduc-
tions nor discontinuations were reported), particularly in
patients with rituximab-refractory FL (response rate of
55%). In a recent phase II study that enrolled patients with
MCL and either relapsed/refractory disease or ineligibility to
intensive treatment, lenalidomide 25 mg daily for days 1–21
plus dexamethasone (40 mg on days 1, 8, 15, and 22) were
given as postinduction consolidation therapy for 3 (patients
in CR) or up to 12 (patients in partial remission/stable dis-
ease—PR/SD) cycles. Treatment was discontinued at CR or
unacceptable toxicity. The study enrolled 33 patients. Median
number of prior treatments was 3 (2–7). After a median
followup of 16 months, median PFS and OS were 12 and
20 months, respectively, with median response duration of
18 months. Treatment was well tolerated, the most frequent
toxicity being neutropenia (grade 3 in 25%, grade 4 in 28% of
patients), leading to treatment interruption in two patients.
Overall 9 serious adverse events were recorded, including
one therapy-related fatal acute respiratory insufficiency [29].

Phase II trials are underway to test different combinations,
notably including bortezomib plus lenalidomide [30].

5. Lenalidomide in Combination for Untreated
Indolent and Mantle Cell Lymphoma

The combination of rituximab and lenalidomide has also
been tested in previously untreated patients with indolent
NHL and MCL (Tables 5 and 6). In an ongoing study of 30
patients with advanced-stage indolent NHL and indication
for treatment, [31] rituximab (375 mg/m2 on day 1 of each
28-day cycle) and lenalidomide (20 mg/day on days 1–21) for
6 cycles produced an ORR of 86% and an overall response
rate (CRR) of 79%. Only 2 patients required treatment dis-
continuation due to toxicities leading the investigators to
expand the originally planned accrual and include a total
of 110 patients. In a study of 75 patients with indolent
NHL [32], the same combination induced responses in 90%
of patients with a 66% CRR. Only 5 patients discontinued
treatment within the first two cycles due to toxicity. In a
recent phase I trial [33], escalating doses of lenalidomide
(from 5 to 25 mg once daily on days 1–14) were associated
to R-CHOP21 (rituximab 375 mg/m2, cyclophosphamide
750 mg/m2, doxorubicin 50 mg/m2, vincristine 1.4 mg/m2 on
day 1, and prednisone 100 mg/m2 days 1–5 every 21 days) for
6 cycles in untreated B-cell lymphomas. Lenalidomide 25 mg
was established as the recommended dose. The most frequent
toxicity was hematological (grade 3-4 neutropenia in 59%
of patients), 6 patients experienced cycle delay, and 5 dis-
continued treatment, but no toxic death occurred.

Strategies to build on the use of lenalidomide as a single
agent appear the avenue to pursue. The role of dexametha-
sone is marginal, if any. On the contrary, the association
of lenalidomide and rituximab appears to be feasible and
shows encouraging activity in untreated and previously
treated patients with indolent and MCL. The combination
of lenalidomide with chemoimmunotherapy regimens such
as R-CHOP is attracting, but both its feasibility and effi-
cacy need to be tested in further prospective trials. Finally,
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Table 5: Lenalidomide containing regimens in untreated indolent and mantle cell lymphoma.

Author Year Phase Histology n Age (range) Combination ORR (%) CR (%)

Fowler et al. [31] 2010 II Indolent NHL 30 56 (36–77) RL 86 79

Samaniego et al. [32] 2011 II Indolent NHL 75 57 (35–84) RL 90 66

Tilly et al. [33] 2011 I NHL 27 NR RL-CHOP 96 74

ORR: overall response rate; CR: complete response; NR: not reported; RL: rituximab and lenalidomide; RL-CHOP: rituximab, lenalidomide, cyclophos-
phamide, doxorubicin, vincristine, prednisone.

Table 6: Ongoing lenalidomide-based regime trials.

Name Phase Age Histology Drugs Status

NCT01415752 II >60 ys Untreated MCL RBV + RL Ongoing and recruiting

NCT01316523 II >18 ys Untreated indolent NHL RL Ongoing and recruiting

NCT00695786 II >18 ys Untreated indolent NHL RL Ongoing and recruiting

FIL R2-B II >18 ys Untreated indolent NHL RBL Ongoing and recruiting

RBV: rituximab, bendamustine, bortezomib; RL: rituximab, lenalidomide; RBL: rituximab, bendamustine, lenalidomide.

Table 7: Ongoing lenalidomide-maintenance trials.

Name Phase Age Histology Drugs Status

NCT01035463 I/II >19 ys Relapsed or refractory NHL R-BEAM + ASCT + mL Ongoing and recruiting

NCT01035463 I/II >18 ys Relapsed or refractory NHL R-BEAM + ASCT + mL Ongoing and recruiting

NCT01254578 I >18 ys High-risk hematologic cancers after Allo-SCT mL Ongoing and recruiting

NCT01045928 I/II >18 ys NHL R + mL Ongoing not recruiting

NCT01021423 III >18 ys Untreated MCL FCR or R-CHOP + mL Ongoing not recruiting

IIL MCL0208 III 18–60 ys Untreated MCL R-BEAM + ASCT + mL Ongoing and recruiting

R-BEAM: rituximab, BCNU, etoposide, ara-C, melphalan; ASCT: autologous stem cell transplantation; mL: lenalidomide maintenance; R: rituximab; FCR:
fludarabine, cyclophosphamide; rituximab; R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone.

the exploration of lenalidomide in other chemotherapy-free
combination regimens is particularly fascinating and eagerly
awaited.

6. Lenalidomide as Maintenance
Therapy for MCL

With the aim of increasing disease control and survival, some
authors have proposed a postinduction maintenance strategy
for patients with MCL. One agent that proved successful
in this context is rituximab [34]. Twenty-two untreated
MCLs not candidate for autologous stem cell transplantation
were treated with a maximum of 6 cycles repeated every
28 days of modified R-hyper-CVAD (rituximab, hyperfrac-
tionated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone) followed by rituximab maintenance (weekly
doses every 6 months for a total of 4 courses). ORR and CRR
were impressive (77% and 64%, resp.). In a recently pre-
sented multicenter phase III trial [35], 560 untreated elderly
(>60 ys) patients not eligible for high-dose therapy were ran-
domized to receive R-CHOP or rituximab, fludarabine, and
cyclophosphamide followed by a maintenance phase with
either rituximab or interferon-alfa. Rituximab maintenance
doubled the remission duration compared to IFN (57%
versus 26% at 4 years, resp., P = 0.0109). Not surprisingly,

hematologic grade 3-4 toxicity was higher in the IFN arm.
Overall survival did not differ between both maintenance
arms (P = 0.17). Another randomized phase III trial eval-
uated the efficacy of lenalidomide versus placebo as mainte-
nance therapy after first-line induction in patients with MCL
not candidates for intensive treatment. Lenalidomide was
given orally at the dose of 15 mg daily on days 1–21 every 28
days for 2 years, up to either disease progression or unac-
ceptable toxicity, whichever occurred first. Only 9 patients
(4 in CR and 5 in PR) were randomized (4 in the lenalido-
mide maintenance arm and 5 in the placebo). Two patients
discontinued treatment due to toxicity and disease pro-
gression in the treatment and placebo arm, respectively.
The study was prematurely terminated, and most analyses
were not performed. A phase I/II Scandinavian trial [36] is
ongoing in which lenalidomide is combined with rituximab
(375 mg/m2 on day 1) and bendamustine (90 mg/m2 on days
1-2) as induction in untreated elderly (>65 years) MCL
patients. Six 28-day induction cycles are followed by seven
28-day cycles of maintenance lenalidomide (25 mg daily
on days 1–21). Recently, Ahmadi et al. [37] investigated
the safety and efficacy of lenalidomide and rituximab in
relapsed/refractory indolent or mantle cell lymphoma. Forty
five sequential patients received two 28-day treatment cycles
of lenalidomide 10 mg every day and four weekly doses of
rituximab 375 mg/m2 in cycle 3 with (cohort 1) or without
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(cohort 2) weekly dexamethasone. In stable and responding
patients, lenalidomide and dexamethasone (cohort 1) or
lenalidomide alone (cohort 2) was continued until disease
progression or unacceptable toxicity (median number of
prior therapies was 3 (1–7)). Thirty five patients were eval-
uable for response. At a median followup of 11.8 months,
PFS was 73% (95% CI: 53–86%), and ORR was 60% (12 CR;
9 PR). ORR did not differ between cohort 1 and cohort 2, P =
0.5. Half of the patients temporarily suspended treatment,
while 2 discontinued therapy. Several other trials of lenalido-
mide maintenance in patients with untreated or relapsed/
refractory NHL are underway (Table 7).

7. Conclusions

Lenalidomide is an immunomodulatory agent with remark-
able activity in a variety of lymphoproliferative disorders. Its
value is well established in multiple myeloma, and increasing
evidence supports its role in the management of CLL
patients. Phase II data are also delineating a role for lenalido-
mide in NHL, including MCL and indolent NHLs. Response
rates are encouraging with response lasting 6.2 to 16.5
months in relapsed NHL when used alone. The drug is gen-
erally tolerated with hematological adverse events being the
most common toxicity, and no unexpected toxicities in
numerically limited trials the optimal dose of lenalidomide in
maintenance or in combination with other agents remains to
be defined. Single-agent lenalidomide 25 mg may be appro-
priate in young untreated patients, while a lower dose (15 to
20 mg) should be considered in relapsed/refractory elderly
patients. The route is traced out, but informative, random-
ized phase III trials with careful study design and adequate
patient numbers will be necessary to define the role of
lenalidomide in the therapeutic armamentarium of patients
with NHL.
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Although multiple myeloma remains incurable outside of allogeneic hematopoietic stem cell transplantation, novel agents made
available only in the last few decades have nonetheless tremendously improved the landscape of myeloma treatment. Lenalidomide,
of the immunomodulatory class of drugs, is one of those novel agents. In the non-transplant and relapsed/refractory settings,
lenalidomide clearly benefits patients in terms of virtually all meaningful outcomes including overall survival. Data supporting the
usage of lenalidomide as part of treatment approaches incorporating high-dose chemotherapy with autologous stem cell support
(ASCT) are less mature as pertains to such long-term outcomes and toxicity, and lenalidomide is not currently approved by regu-
latory agencies for use in the context of ASCT in either the United States or Europe. That said, relatively preliminary efficacy data
describing lenalidomide as a component of ASCT-based treatment approaches to MM are indeed promising, and consequently
lenalidomide’s role in ASCT-based treatment strategies is growing. In this review we summarize existing data that pertains to
lenalidomide in the specific context of ASCT, and we share our thoughts on how our own group applies these data to approach
this complex issue clinically.

1. Introduction

Multiple myeloma (MM) is a malignancy of plasma cells that
strikes roughly 20,000 and kills 10,000 US Americans yearly
[1]. Outside of allogeneic stem cell transplantation, MM
remains incurable, albeit increasingly treatable, thanks to the
advent of novel agents including those that are currently
approved by the United States Food and Drug Administra-
tion (FDA) and European Medicines Agency (EMA)—bor-
tezomib, thalidomide, and lenalidomide.

Regarding the latter, the initial phase one study of
lenalidomide (Revlimid), then known as CC-5013, first
appeared in the scientific literature in 2002 and attention
rapidly focused on CC-5013’s activity even in multiply
relapsed and refractory MM (RRMM) [2]. That study and
others led to the later definitive phase three MM-009 and
010 trials, which showed overall survival benefits for RRMM
patients on lenalidomide and dexamethasone in contrast
to those on dexamethasone alone [3, 4]. FDA and EMA
approval for lenalidomide followed, and lenalidomide and

dexamethasone became established as a standard of care
for RRMM. Subsequent clinical trials have further explored
the role of lenalidomide as a part of treatment strategies
for newly diagnosed MM (NDMM) that both include or
exclude high-dose therapy with autologous hematopoietic
stem cell transplantation (ASCT), although lenalidomide
remains without approval for usage in the setting of ASCT
by either FDA or EMA. In the current discussion, we focus
on lenalidomide specifically as part of ASCT-based therapy
approaches for MM.

2. Lenalidomide Induction prior to ASCT

The combination of dexamethasone and thalidomide com-
pared favorably, in a retrospective study, with the ear-
lier induction standard of vincristine, doxorubicin (Adri-
amycin), and dexamethasone (VAD), and thalidomide plus
dexamethasone became an attractive therapeutic option
for NDMM. However, significant nonhematological toxicity
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Table 1: Select lenalidomide-based, pre-ASCT induction regimens for NDMM.

RD Lenalidomide 25 mg orally days 1–21 and dexamethasone 40 mg orally days 1–4, 9–12, 17–20. 28 day cycles [9]

Rd Lenalidomide 25 mg orally days 1–21 and dexamethasone 40 mg orally weekly. 28 day cycles [9]

BiRD
Clarithromycin 500 mg orally twice daily continuously, starting on day 2 of cycle 1; lenalidomide 25 mg orally days 3–21 of
cycle 1, then days 1–21 of later cycles; dexamethasone 40 mg orally days 1, 2, 3, 8, 15, and 22 of cycle 1, then days 1, 8, 15, and
22 of later cycles. 28 day cycles [10]

RVD
Lenalidomide 25 mg orally days 1–14; bortezomib 1.3 mg/m2 IV days 1, 4, 8, 11; dexamethasone 20 mg orally days 1, 2, 4, 5, 8,
9, 11, 12. 21 day cycles [11]

CRD
Cyclophosphamide 300 mg (fixed dose) orally days 1, 8, and 15; lenalidomide 25 mg orally days 1–21; dexamethasone 40 mg
orally days 1, 8, 15, 22. 28 day cycles [12]

RVCD
Lenalidomide 25 mg orally days 1–14; bortezomib 1.3 mg/m2 IV days 1, 4, 8, 11; cyclophosphamide 500 mg/m2 orally days 1
and 8; dexamethasone 40 mg orally days 1, 8, 15. 21 day cycles [13]

RVDDoxil
Lenalidomide 25 mg orally days 1–14; bortezomib 1.3 mg/m2 IV days 1, 4, 8, and 11; dexamethasone 20 mg orally days 1, 2, 4,
8, 11, and 12 for cycles 1–4 and 10 mg on the same schedule for later cycles; liposomal doxorubicin 30 mg/m2 IV on day 4. 21
day cycles [14]

CarRD
Carfilzomib 20–36 mg/m2 days 1, 2, 8, 9, 15, 16; lenalidomide 25 mg orally days 1–21; dexamethasone 20–40 mg days 1, 8, 15,
and 22. 28 day cycles (dose of carfilzomib and dexamethasone was variable in this phase 1/2 study) [15]

affected a large proportion of patients [5]. Thalidomide’s effi-
cacy and toxicity both engendered interest in lenalidomide as
a possibly more potent and less toxic analog of thalidomide
that could replace thalidomide in both the ASCT and non-
ASCT settings.

Lenalidomide’s activity in NDMM pre-ASCT was unmis-
takable from the outset. In its first major, phase 2 study,
namely, that of the RD regimen (lenalidomide and high-dose
dexamethasone; see Table 1 for details regarding regimens),
91% of patients responded and 44% proceeded to ASCT after
four cycles. Toxicity was excessive, and the toxicity profile
in general resembled that seen in prior trials of high-dose
dexamethasone alone. The follow-up randomized trial by
the Southwest Oncology Group (SWOG) of three cycles of
dexamethasone alone versus RD induction, followed in each
arm by the same drugs given at lower doses as maintenance,
confirmed lenalidomide’s activity in NDMM, manifesting
as significantly increased response rates. However, that trial
also provided clear evidence of lenalidomide’s toxicity when
used with high-dose dexamethasone, for example, a 23.5%
rate of venous thromboembolic events for RD despite aspirin
prophylaxis versus 5% for dexamethasone alone (P < 0.001)
[6]. These observations of high activity and toxicity early on
in the SWOG study gave rise to subsequent study of lenalido-
mide with lower dose, that is, weekly, dexamethasone, largely
as a result of requests by patient advocacy groups [7, 8].

The ECOG’s E4A03 study (n = 445) included both ASCT
candidates and noncandidates and was designed with the
primary endpoint of testing noninferiority of lenalidomide
given with low-dose (weekly) dexamethasone (i.e., the Rd
regimen; Table 1) to RD. Patients on RD demonstrated more
objective responses than patients taking Rd (overall response
rate ORR 81% versus 70%, P = 0.008; Figure 1), but at
the price of inferior one-year overall survival (87% one-year
overall survival OS for RD versus 96% for Rd, P = 0.0002).
Closer inspection reveals that the increased mortality with
RD was likely associated with the higher rate of grade 3 or
greater venous thromboembolic events, infection, or cardiac
complications than Rd and that toxicity occurred primarily

in the first four months of therapy. In terms of ASCT, 39.5%
of patients in this study attempted ASCT after four cycles
of induction, 98% of whom did so successfully. Among
ASCT patients, median three-year OS was 92% and similar
between the RD and Rd groups. RD and Rd both emerged as
clearly effective regimens for pre-ASCT induction. Although
the OS one-year benefit to Rd has resulted in the more
widespread usage of low-dose dexamethasone than high-
dose, for patients going to ASCT, one should recall that the
survival benefit with Rd was specifically in patients not going
for ASCT [9].

Since initial reports on E4A03, investigators have sought
to build on the lenalidomide/dexamethasone backbone to
create even more efficacious pre-ASCT regimens. Several
have been described, and the result comprises a significant
contribution to the increasingly complex combinations that
constitute modern oncology; BiRD, RVD, CRD, RVCD, and
RVDDoxil are perhaps the most robustly described exam-
ples. An overview discussion of each of these regimens
follows. The reader will note the paucity of head-to-head
studies of most of these regimens, and this discussion hence
largely limits itself to comparisons of single-arm trials. The
important caveats of cross-trial comparisons therefore apply:
selection bias (i.e., differences in patient selection both for
trial participation and for later ASCT), variable durations
of planned duration of protocol therapy and followup, and
reporting of different, often surrogate endpoints, among
other limitations. We offer Figure 1 partially to visually sum-
marize available data, but also to underscore the difficulty,
if not impossibility, of selecting the “correct” induction
regimen based on what we know about these combinations.

Starting with BiRD, Niesvizky et al. sought to improve
upon their earlier experience with the combination of
thalidomide, dexamethasone, and the macrolide antibiotic
clarithromycin (Biaxin), the latter of which had preclinical
data supporting both independent cytotoxicity and poten-
tiation of dexamethasone’s cytotoxic effect in MM [16].
Building on Rd, this group devised BiRD—Rd plus twice
daily clarithromycin (Table 1). In a single-arm trial (n = 72),
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Figure 1: Reported response rates for lenalidomide-based induction regimens for MM. Rates depicted are those that could be ascertained
either directly using reported data or as calculated using reported data. (a) Response rates after four cycles of therapy. Deeper response rates
are not displayed due to inconsistent reporting in referenced sources. (b) Best response reached on study. Rates after four cycles could be
envisioned as a measure of expected response pre-ASCT, whereas best response rate may represent a regimen’s maximum potential, but only
after more cycles than a patient would usually be administered as pre-ASCT induction. Data was gleaned from the following sources: RD
and Rd [9]; RVD [11]; CRD [12]; BiRD [10]; and RVDDoxil [14].

90.3% of patients had an objective response with 73.6% of
patients achieving a very good partial response (VGPR) or
better (Figure 1). 25% of patients underwent ASCT after four
or more cycles with a 5.5% (one patient) mortality rate.
Two-year event-free survival for the ASCT group was 85.2%
[10]. A separate case-control study comparing this cohort to
matched patients who received Rd showed that BiRD was
associated with notably deeper responses with induction
(e.g., 73.6% versus 33.3% VGPR or better, P < 0.001) and
a statistically insignificant trend toward improved OS. Grade
3 or greater toxicity was also increased with BiRD and was
largely hematological. Important differences in these trials
are worth noting, including that the median duration of
therapy for BiRD was longer than Rd (11.8 versus 6 months)
and BiRD patients undergoing ASCT did so much later (13.5
versus 5.9 months). The authors state that it was unclear
to them why BiRD patients remained on therapy so much
longer than Rd patients, but it stands to reason that the
longer duration of therapy augmented both toxicity and
ORR [17].

RVD (lenalidomide, bortezomib, and dexamethasone;
Table 1)—a logical extrapolation of Rd to incorporate the
proteasome inhibitor bortezomib—has perhaps gained the
widest implementation by community oncologists after the
initial phase 1/2 study demonstrated a 100% ORR and 74%
VGPR or better rate in 35 phase 2 patients receiving a
median of 10 cycles at the maximum tolerated dose (MTD)
established in the earlier, phase 1 component of the study
(Figure 1). 28 (42%) of all patients on protocol underwent
ASCT at some point after cycle four with no significant
difficulties reported. Among ASCT patients, the authors
observed a 100% ORR with 57% of patients attaining VGPR
or better. The median PFS for all patients at 18 months was

75%, and median OS had not been reached at the time of
publication [11].

With CRD (cyclophosphamide, lenalidomide, dexam-
ethasone; Table 1), investigators again sought to improve
lenalidomide/dexamethasone, this time by adding weekly
oral cyclophosphamide in three weeks of a four week cycle.
In this single arm trial (n = 53), the ORR was 85% with
47% of patients achieving VGPR or better (Figure 1). 58% of
patients at some point went on to attempt ASCT, but, in 25%
of cases, hematopoietic stem cell mobilization with G-CSF
was unsuccessful. The majority of those patients could be sal-
vaged using either cyclophosphamide or plerixafor. In those
patients that actually underwent ASCT, no unexpected com-
plications were noted, and, in all patients, the median dura-
tion of response was 30.9 months. In general, the regimen
was well tolerated, with the main toxicity being neutropenia;
almost 60% of patients experienced grade 3 or 4 neutropenia
[12].

RVCD has also been tested, with the idea of com-
bining lenalidomide, bortezomib, cyclophosphamide, and
dexamethasone into a single pre-ASCT induction regimen.
In the initial phase 1 EVOLUTION study—the single
randomized study available for all the induction regimens
under discussion—patients received RVD (n = 42), RVCD
(n = 41), or VCD (bortezomib, cyclophosphamide, and
dexamethasone; n = 32) (Table 1). An update for the sub-
sequent phase 2 component of this trial was presented at the
American Society of Hematology meeting in 2010, in which
additional 17 patients were given modified VCD (mVCD), in
which the week three treatment break for cyclophosphamide
was eliminated. Ultimately all regimens proved to have
significant activity as measured by ORR, ranging from 78%
(VCD) to 100% (mVCD) and ≥VGPR rates ranging from
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41% (VCD) to 90% (RVCD and mVCD; Figure 1). Toxicity
was similar and manageable across all groups. At the time
of the first paper’s publication, 13 of the original 25 patients
had undergone ASCT with only one patient requiring a
second attempt at stem cell collection. Specific details regard-
ing mobilization are not yet reported, nor is longer-term
followup available for this trial [13, 18].

Lastly, RVDDoxil—that is, RVD with liposomal dox-
orubicin (Doxil; Table 1)—has also been examined in the
context of pre-ASCT induction for NDMM. In the published
phase 1/2 study (n = 72 evaluable patients), 39 patients
were treated at what was found to be the MTD. 58 patients
(81%) underwent stem cell collection after a median of 3
to 8 cycles, 40 of whom (69%) received cyclophosphamide,
plerixafor, or both in addition to standard G-CSF for stem
cell mobilization. 49 patients (68%) proceeded to ASCT after
four to eight cycles of RVDDoxil. ORR in all patients (ASCT
and non-ASCT) receiving the MTD was 95% with 64%
achieving VGPR or better at any point (Figure 1). ASCT
proceeded without unexpected complications in all patients.
Long-term followup is unavailable, but 18-month PFS for
all patients was 81.6%; 93.5% for patients who underwent
ASCT and 64.3% for patients who did not. Similar to the
other studies discussed, hematological toxicity, neuropathy,
fatigue were the primary manifestations of toxicity, although
they were generally manageable with appropriate dose-
reductions [14].

With the exception of perhaps EVOLUTION, these clini-
cal trials will likely not greatly aid clinicians in sorting out the
obvious question of which induction regimen is best for the
patient moving toward ASCT. Future comparative studies
with long-term followup of meaningful endpoints are criti-
cal, particularly as the picture becomes even more complex
with upcoming trials looking at combinations of the lat-
est generation of novel agents, such as carfilzomib and
pomalidomide. Only the earliest data exist as of yet for
those agents in the pre-ASCT setting, but those data suggest
that these agents too can induce very deep responses pre-
ASCT. Jakubowiak et al., for example, reported their pilot
study in an oral abstract detailing carfilzomib, lenalidomide,
and dexamethasone (CarRD—our abbreviation; Table 1) as
induction therapy for NDMM. CarRD preliminarily appears
to be at least as potent as the established regimens with
published data, with 65% of patients reaching VGPR or
better [15].

2.1. Stem Cell Mobilization and Collection after Lenalidomide-
Based Induction. Stem cell mobilization into the peripheral
blood and subsequent stem cell collection is the critical
prelude to ASCT, with the usual aim of collecting enough
cells to perform two ASCTs. Given that one of lenalido-
mide’s most common toxicities is myelosuppression, from
early on investigators have considered whether lenalidomide
could damage hematopoietic stem cells and hinder G-
CSF-induced mobilization. Further studies have examined
whether cyclophosphamide or plerixafor could be used to
overcome difficulties in mobilization that may be linked to
lenalidomide-based induction.

Kumar et al. retrospectively reviewed 376 eligible patients
who had undergone stem cell collection within 12 months
of starting MMf therapy. 12.8% of patients had received
lenalidomide and dexamethasone-based induction, whereas
the others received VAD, thalidomide + dexamethasone, or
dexamethasone alone. For mobilization, 64.3% of all patients
received G-CSF alone and 33.6% received G-CSF with
cyclophosphamide. The decision to employ the latter was
made based on whether patients appeared to have “active
disease,” defined as the presence of circulating plasma cells
at the time of mobilization. Of patients receiving G-CSF
alone, three completely failed to mobilize—all had received
lenalidomide for greater than six months. Furthermore, day
one collection yield and total daily collection of stem cells
correlated inversely with duration of lenalidomide therapy.
Among patients who received cyclophosphamide-based
mobilization, only five previously took lenalidomide as part
of their induction. Despite impaired mobilization, however,
no difference in engraftment kinetics was evident (denoting
length of time until peripheral blood cell count recovery after
reinfusion of stem cells) [19]. Other retrospective studies
have since confirmed the link between lenalidomide and
impaired mobilization. That said, the duration dependency
has not been evident in all studies, meaning that a longer
duration of lenalidomide therapy in some studies has
not predicted greater difficulty with mobilization [20, 21].
Given the episodic difficulty of G-CSF mobilization after
lenalidomide induction, subsequent studies have looked
at cyclophosphamide and plerixafor as potential tools for
overcoming difficulties with mobilization.

Cavallo et al. prospectively studied 346 patients who
had received four cycles of Rd followed by G-CSF and
cyclophosphamide for mobilization. In 21% of patients,
adequate stem cells for two ASCTs could not be collected
on the first attempt; they therefore went on to a second
cyclophosphamide- and G-CSF-based mobilization. 8% of
patients still had inadequate cells for even one ASCT after the
second attempt and hence could not undergo ASCT. An
additional 9% had enough cells for only one transplant,
that is, 17% of patients had what would be considered a
suboptimal collection using the gold standard mentioned.
Engraftment kinetics were unimpaired. With 91% of patients
achieving a successful mobilization at least for one ASCT,
however, four cycles of Rd followed by mobilization with G-
CSF and cyclophosphamide were felt by the authors to be a
reasonable strategy for patients going for ASCT.

The C-X-C chemokine receptor type 4 (CXCR4) antag-
onist plerixafor may also mitigate lenalidomide-related
impairment of stem cell mobilization. In one study, pler-
ixafor was given with G-CSF as an initial attempt at
mobilization (n = 20) or for remobilization in the case of an
initial failed stem cell mobilization (n = 40) and results were
retrospectively studied. Patients in both groups had received
a median of roughly four cycles of lenalidomide-containing
induction (range 1–20). 5% of patients receiving front-
line plerixafor versus 52.5% of patients receiving it as a
remobilization strategy failed to achieve the goal of collection
for two ASCTs, although for most patients collection was
adequate for at least a single ASCT. It appeared that patients
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undergoing remobilization who had received >3 cycles of
lenalidomide induction had a greater incidence of mobi-
lization failure despite plerixafor, although small sample
sizes precluded drawing definitive conclusions. Engraftment
kinetics were again acceptable. In summary, it appears
that plerixafor can to some degree overcome lenalidomide-
related impairment of stem cell mobilization, but not entirely
[22].

2.2. Lenalidomide in the Pre-ASCT Setting: Our Approach.
Our approach to lenalidomide in the induction setting for
ASCT patients is as follows. Existing data support, albeit
not definitively, the concept that deep remissions going into
ASCT are a desirable aim—in many studies, they correlate
with long-term survival. Clearly, deep remissions in an
individual patient could reflect either disease biology OR
therapy selection, and so a causal link between induction
therapy selection and OS is currently lacking. We would refer
the reader to astute discussions on this controversial topic
that have been published already [23–25]. Caveats notwith-
standing, we believe that the extremely high response rates
seen with short-course, initial induction regimens such as
those discussed above, taken in combination with early hints
at unprecedented post-ASCT PFS durations and manageable
toxicity, will eventually translate into improvements in OS
as well. Furthermore, limiting the duration of therapy
limits toxicity in general, including perhaps lenalidomide-
mediated impairment of stem cell collection. For that reason,
we believe in “hard and fast” induction, in which we most
commonly offer triple-drug regimens to fit patients prior to
ASCT—either RVD as noted above, or cyclophosphamide,
bortezomib, and dexamethasone, depending on clinical
circumstances. We usually do not utilize four-drug regimens,
such as RVCD or RVDDoxil, because response rates do not
seem to be markedly improved as compared to three-drug
regimens (Figure 1), yet the potential for toxicity generally
rises.

Other groups have reported on other pre-ASCT triplet
regimens such as bortezomib, thalidomide, and dexametha-
sone [26]; bortezomib, doxorubicin, and dexamethasone
[27]. Those are also valid and well-tested options, but a com-
prehensive discussion of all described pre-ASCT induction
regimens goes beyond the scope of this lenalidomide-focused
paper. Truly, with the plethora of currently available data
including unfortunately very few randomized trials, many of
these induction regimens could be argued for. Consequently
selection of a regimen presently depends heavily on provider
preference and patient comorbidities. Randomized clini-
cal trials are clearly needed to sort through the existing
equipoise, so the field can move beyond personal and insti-
tutional preferences into an era of evidence-based selection
of induction regimens.

Whatever the specific regimen, we optimally limit dura-
tion of therapy to four but no more than six cycles of any
lenalidomide-containing induction prior to stem cell collec-
tion. For patients who do receive lenalidomide with their
induction, we generally mobilize stem cells with G-CSF and
cyclophosphamide 4 g/m2, and we add plerixafor in cases of
poor mobilization with the first two agents.

2.3. Lenalidomide Consolidation and Maintenance after
ASCT. Early studies investigating the long-term usage of
agents such as thalidomide and interferon-alpha were chal-
lenging, in the sense that interferon was overly toxic with
minimal benefit [28] and thalidomide, although perhaps
more efficacious, was also toxic and most patients could
not tolerate it on the long term [29–31]. With the idea
that lenalidomide may offer a more potent, less toxic
maintenance therapy, several studies have examined the role
of lenalidomide after ASCT. Followup of the two major trials
driving the current discussion remains of relatively short
duration, and the most recent data are only available in
abstract form at the time at which we write this paper.

The CALGB 100104 trial has generated considerable
excitement for lenalidomide maintenance. 568 patients who
had received a variety of induction regimens usually includ-
ing at least one novel agent and who had stable disease or
better after single ASCT were randomized to either lenalido-
mide or placebo maintenance given at 5–15 mg daily, based
on tolerance. An initial benefit of almost doubling of time to
progression led to unblinding and cross-over to lenalidomide
for 87% of placebo patients [32]. Data presented early in
2011 in an oral abstract supported an OS benefit based on
an intention-to-treat analysis despite the crossover; 9% of
lenalidomide patients died versus 16.1% of placebo patients
with a median followup of 17.6 months (P < 0.019).
Exploratory analyses suggest that the benefit of lenalidomide
was present regardless of beta-2-microglobulin level but
statistical interactions between the effect of lenalidomide
and other risk factors, such as cytogenetic or fluorescent in
situ hybridization (FISH) abnormalities, have not yet been
reported [33].

Conversely, the Intergroupe Francophone du Myelome
(IFM) 2005-02 lenalidomide maintenance trial has not
confirmed the prolongation of OS despite longer median fol-
lowup of 34 months. In this study, 614 patients who received
either VAD +/− DCEP (dexamethasone, cyclophosphamide,
etoposide, and cisplatin), or bortezomib and dexametha-
sone, as induction prior to ASCT were administered two
cycles of lenalidomide consolidation, at 25 mg daily for three
of four weeks. Subsequently patients were randomized to
placebo or continuous lenalidomide 10–15 mg daily until
relapse. The trial completed in mid-2010 with 34 months
of median followup after randomization. Although lenalido-
mide almost doubled PFS (42 versus 24 months, hazard ratio
HR 0.46, P < 10−8), definitive evidence for an OS benefit
has not yet been reported. To our knowledge, at the time
of writing this paper, subgroup analyses (i.e., examination
of outcomes in patients with high-versus standard-risk MM)
are not yet available [34].

Further data will be forthcoming from ongoing trials,
such the Blood and Marrow Clinical Trials Network (CTN)
0702 protocol studying patients who have completed induc-
tion and who are then randomized to single ASCT, tandem
ASCT, or single ASCT followed by four cycles of RVD
consolidation. Additionally, a cooperative study between
the Dana-Farber Cancer Institute and IFM is investigating
shorter-course RVD pre- and post-ASCT versus longer RVD
induction without ASCT as part of the initial treatment
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strategy. In all arms for both studies, patients will receive
lenalidomide maintenance. These trials and others will help
to clarify the role of lenalidomide for patients undergoing
ASCT.

2.4. Lenalidomide Maintenance and Secondary Malignancies.
Although maintenance lenalidomide is tolerable for patients,
generally causes few symptoms, and carries likely clinical
benefits as pertains to long-term outcomes, it may come at
the price of secondary malignancies (SMs).

The above CALGB trial demonstrated more SMs in
patients on lenalidomide maintenance: 7.7% of 231 patients
on lenalidomide versus 1.7% of patients on placebo [33].
The IFM trial similarly showed SMs in 23 of 306 patients
(7.5%) on lenalidomide versus 6 of 302 patients (2%) on
placebo maintenance [34]. In both trials, SMs constituted a
diverse collection of hematological and solid tumors. Further
data from the IFM trial preliminarily hint at two key factors:
(1) the increased incidence of SMs emerged most promi-
nently 24 months after randomization; (2) in multivariate
analysis, predictors of SMs included not only lenalidomide
maintenance, but also advanced age, high ISS stage, male
gender, and DCEP induction therapy. Cytogenetics did not
predict SMs [34]. Current analyses are interrogating to
what extent the inclusion of the more leukemogenic DCEP
regimen on the IFM trial could explain at least part of these
differences, but the continued controversy on this subject
is highlighted by the fact that that placebo patients on
the CALGB trial were offered cross-over into lenalidomide
maintenance, whereas the IFM has stopped lenalidomide in
that study, notably after patients had received 24 months of
lenalidomide maintenance already. Further clues regarding
the development of SMs may come from three other large
trials of prolonged lenalidomide in non-ASCT candidates
with MM, in which a very low incidence of SMs has been
observed [35, 36]. As an example, Palumbo et al. reported
their non-ASCT trial in which patients were randomized
to melphalan and prednisone (MP); melphalan, prednisone
and lenalidomide induction without maintenance (MPR);
or MPR induction followed by lenalidomide maintenance
(MPR-R). SMs occurred in 2 of 153, 6 of 152, and 4 of
150 patients on MP, MPR, and MPR-R, respectively. These
rates were statistically equivalent [36]. Given these data
showing virtually no increase in SMs in non-ASCT patients
on lenalidomide long term, it has been hypothesized that
the high-dose alkylator (i.e., melphalan) may play a key role
in the development of post-ASCT SMs when lenalidomide
maintenance is employed.

2.5. Lenalidomide Post-ASCT: Our Approach. Our group
favors maintenance therapy after ASCT. The doubling of
PFS in most trials with lenalidomide and the OS benefit
in the CALGB trial weigh heavily in favor of that agent
despite the small but real risk of SMs after ASCT. It is
germane to the discussion of our practice to also mention
that bortezomib too has growing evidence favoring its
use in maintenance, especially in high-risk patients. When
given at some point during ASCT-based therapy (in some

trials only during induction, in others as maintenance),
bortezomib mitigates, but does not eliminate entirely, the
poor-prognosis implications of genetic markers such as the
t(4; 14) chromosomal translocation [37], and, more recently,
deletion of 17p in a trial by the HOVON cooperative
group [38]. As a result of these emerging data, our general
practice is to employ lenalidomide in the majority of MM
patients after ASCT who have standard-risk cytogenetics and
FISH, regardless of depth of response, and bortezomib in
patients with high-risk markers such as 17p deletion. We
do not prespecify a particular duration of maintenance with
either agent, although data from ongoing maintenance trials
may show in the future that limiting the time length of
maintenance therapy may be beneficial.

3. Conclusions

This is an exciting time to care for MM patients. Novel
agents such as lenalidomide and bortezomib have markedly
lengthened survival for patients with MM and for the
first time, we can begin to imagine turning MM into a
chronic disease-like hypertension, diabetes, or chronic myel-
ogenous leukemia. ASCT candidates especially enjoy a list of
treatment options that continues to expand. Lenalidomide
specifically is growing in importance in all stages of therapy
for the ASCT patient, and rightfully so, given its capacity
to induce deep remissions and extend both disease-free
and overall survival without excess toxicity in most cases.
How exactly to optimally incorporate lenalidomide into MM
therapy is becoming clearer with time, but existing data
can be difficult to interpret given the panoply of single-arm
trials with relatively short followup and incomplete reporting
of long-term, meaningful outcomes. Attention to long-term
followup from large, randomized trials currently in progress
will presumably enable us to employ this highly effective
agent in a manner that achieves maximum benefit.
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