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Lenalidomide in hemato-oncology:
iImmunomodulation gains power

M. Delforge

The immunomodulatory drugs are a class of orally bioavailable compounds that exert their
antitumoral effects through several biological functions. Lenalidomide is a 4-amino thalido-
mide analogue with strong anti-inflammatory and immunomodulatory activities. Lenalidomide
in combination with dexamethasone is currently licensed for the treatment of patients with
multiple myeloma having received at least one prior line of treatment. In addition, lenalidomide
can induce impressive erythropoietic responses in patients with myelodysplastic syndromes.
Promising clinical results with lenalidomide arise in lymphoproliferative disorders, whereas it is

too early to assess the future value of this drug for solid tumor treatment.

(Belg J Hematol 2010,1.22-27)

Introduction

The immunomodulatory drugs (IMiDs) are a class
of orally bioavailable compounds that have been
developed using the parent compound thalidomide
(a-N-phtalimidoglutarimide), a synthetic glutamic
acid derivative as chemical backbone.

In the late 1950s, thalidomide was marketed by
the German pharmaceutical company Griinenthal
in more than 40 countries as a sedative-hypnotic
drug, and later as an anti-emetic for hyperemesis
gravidarum. Because of the lack of toxicity in several
animal models and healthy volunteers, thalidomide
was initially promoted as a very safe alternative
for barbiturates. However, in 1961 the extreme
teratogenicity of thalidomide was recognized and
the drug was immediately withdrawn from the
market. But this could not prevent the birth of
around 10,000 babies with severe developmental
deformities, including phocomelia. By refusing

thalidomide licensing, even though it was because
of concerns for peripheral neuropathy, the Food
and Drug Administration (FDA) could avoid an
even larger tragedy. Nevertheless, in some countries
thalidomide continued to be used as a sedative drug
which resulted by chance in the discovery of its
remarkable activity in erythema nodosum leprosum
(ENL), a serious inflammatory complication of
lepromatous leprosy. This observation further
catalyzed the exploration of thalidomide use in
several chronic inflammatory disorders (such as
chronic graft-versus-host disease, HIV wasting
syndrome) and autoimmune diseases (such as
cutaneous lesions of lupus erythematosus, Behcet’s
disease), finally resulting in a FDA approval for
treatment of ENL, more than 20 years after the
initial refusal. This licensing combined with
the discovery of the potent antitumoral effect of
thalidomide in multiple myeloma (MM) launched
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Figure 1. Chemical structure of thalidomide, lenalidomide, and pomalidomide.

the resurrection of thalidomide, and stimulated the
search for new analogues with greater therapeutic
efficacy and a better safety profile."* The initial goal
was to design analogues with greater potency of
tumor necrosis factor (TNF)-o inhibition, which
was at that time believed to be the major mechanism
of action of thalidomide. The 4-amino analogues,
in which an amino group is added to the fourth
carbon of the phtaloyl ring of thalidomide, were
found to have the strongest anti-inflammatory and
immunomodulating properties. These compounds
are designated as IMiDs. Pharmacokinetic
studies and preclinical testing identified CC-5013
(lenalidomide) and CC-4047 (pomalidomide) as
the 2 most interesting IMiDs for further clinical
development (Figure 1).°

Mechanisms of action
Building further on the clinical experience with
thalidomide, with lenalidomide

several trials
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in hematology were started, even before the
full biological activities of this drug were fully
unravelled. After all, IMiDs interfere with multiple
pathways both at the cellular and extracellular
level, therefore complicating a fast and complete
understanding of the mechanism(s) of action in
the different diseases where these compounds
are explored. More precisely, lenalidomide targets
malignant cells directly, but even more importantly
also indirectly by alteration of the production of
cytokines, downregulation of adhesion receptors,
inhibition of angiogenesis, and last but not least by
upregulation of the endogenous immune system.**

Direct tumor cell killing by induction of apoptosis

IMiDs like lenalidomide have proven to exert
direct antiproliferative activity against several
types of cancer cells, by activating Fas-mediated
pro-apoptotic signals resulting in upregulation
of caspase-8, but not caspase-9. From a clinical
perspective, this finding has catalyzed the use of
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combinations between lenalidomide and caspase-9
inhibitors like dexamethasone and bortezomib.
At the mitochondrial level, lenalidomide activates
cjun N-terminal kinase (c-JNK), increasing the
permeability of the mitochondria and stimulating
the release of pro-apoptotic proteins like cytochrome
¢ and Smac.* In addition, nuclear factor-kB, a key
transcription factor is also directly inhibited by
lenalidomide.**

Cytokine inhibition

The anti-inflammatory effects of thalidomide are
largely due to enhanced degradation of TNF-a
mRNA in activated human monocytes, and by
in vitro testing, lenalidomide is approximately
a 2,000 fold more potent inhibitor of monocyte
derived TNF-a secretion.” TNF-a. is a cytokine that
plays an important role in several malignant and
non-malignant diseases and for long has been an
interesting therapeutic target in many disease types.
In addition to TNF-a inhibition, lenalidomide can
suppress the production of other pro-inflammatory
cytokines like transforming growth factor (TGF)-p,
interleukin (IL)-1f3, and IL-6, and upregulate the
anti-inflammatory effects of IL-10.** The pro-
erythropoietic effect of thalidomide and particularly
lenalidomide in myelodysplastic syndromes (MDS)
is believed to be primarily due to the inhibition
of pro-apoptotic and pro-inflammatory cytokines,
whereas in MM, downregulation of IL-6 and TNF-a.
abrogate the stimulating effect of these molecules
on the growth and survival of myeloma cells.*>

Modulation of adhesion receptors

IMiDs like lenalidomide can decrease the expression
of critical cell surface receptors including integrins
and other cell adhesion molecules (CAM) like
intracellular adhesion molecule (ICAM)-1. These
adhesion receptors not only anchor the tumor cells
to the stromal niche, but they can also facilitate
cytokine-mediated tumor growth and contribute to
adhesion-mediated chemotherapy resistance.*

Antiangiogenesis

Using a rabbit cornea micropocket assay, it was
shown already several decades ago that thalidomide
can inhibit basic fibroblast growth factor (bFGF)
induced angiogenesis.® Moreover, inhibition of
angiogenesis was the primary hypothesis why
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thalidomide was given to patients with MM. Despite
clinical efficacy in one third of refractory myeloma
patients, no clear correlation between therapeutic
efficacy and angiogenesis markers like microvessel
density, could be found.” In vitro, lenalidomide
exerts more potent inhibition of angiogenic growth
factor mediated neovascularization, supposably by
inhibition of proangiogenic cytokines like vascular
endothelial growth factor (VEGF) and bFGF.’*
In addition, IMiDs can interfere with cytokine-
stimulated endothelial cell migration and adhesion,
although the precise mechanisms are not yet well
characterized.

Immunological stimulation
In conjunction with the primary T cel receptor
mediated signal, costimulation of T cells is crucial
to generate an antigenspecific immunological
the

immunological tolerance or anergy. IMiDs potentiate

response and to prevent induction  of
the costimulatory signal or mimic it when it is not
present.”* This costimulatory activity of the IMiDs
is important to enhance an otherwise ineffective
lmmune response.

Lenalidomide is much more potent than
thalidomide at the costimulation of CD4* and
CD8" T cells that are partially activated via their
T cell receptor’ Consequences of the type 1
helper T cell (Thl) cellular immune response
stimulation include increased production of IL-2
and interferon (IFN)-y, which enforce clonal T cell
proliferation and natural killer (NK) cell activity.
Additionally, lenalidomide can also activate the
innate immunological compartment directly
by augmenting the cytotoxicity of NK cells and
thereby enhancing tumor cell lysis. IMiD induced
increased secretion of cytokines such as TNF-a
and IL-12 from T cell activated antigen presenting
cells can, at least partially, explain why the effect
on the immune system can be variable depending
upon the underlying disease and/or the status of
the immune system of the individual patient being

treated.>*

Clinical results

Given its pleiotropic biological activities, clinical
efficacy of lenalidomide has been pursued in various
malignant and nonmalignant disorders resulting
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in an increasing number of clinical trials. The rest
of this paper will focus on the clinical results with
lenalidomide in hemato-oncological disorders, with
an emphasis on MM and MDS. Additionally, we
briefly highlight the most recent clinical data with
lenalidomide in chronic lymphocytic leukemia (CLL),
non-Hodgkin’s lymphoma (NHL), and solid tumors.

Multiple myeloma

MM is a malignant plasma cell disorder affecting
100,000 persons
making this disease the second most common

around 5 per each year,
hematological malignancy. Until 2 decades ago,
the overall prognosis of myeloma patients looked
grim due to the limited therapeutic options. A first
major step forward was the introduction of high
dose melphalan in combination with hematopoietic
stem cell support. A second wave of therapeutic
improvement was heralded by the so-called ‘new
drugs’ being thalidomide, the proteasome inhibitor
bortezomib, and lenalidomide.® In phase I and II
studies, lenalidomide showed clinical benefit as
monotherapy in patients with relapsed or refractory
myeloma, and 25 mg daily was defined as the
maximum tolerated dose.’

In 2 prospective, randomized, double-blind,
placebo-controlled phase III clinical trials (MM-
009 and MM-010), it was demonstrated that
lenalidomide combined with dexamethasone
induced significantly higher rates of overall
response, complete response, as well as longer
time to progression and overall survival, compared
with placebo plus dexamethasone in patients with
relapsed orrefractory MM.'®!! Based on these studies,
the combination lenalidomide + dexamethasone
was licensed by the Furopean Medicines Agency
(EMEA) in June 2007 for the treatment of patients
with MM after at least one prior line of treatment.
Lenalidomide 25 mg/day is taken orally on days
1 to 21 of each 28-day cycle, with 40 mg/day of
dexamethasone on days 1 to 4, 9 to 12 and 17 to
20 of each 28-day cycle for the first 4 cycles, with a
reduction to 40 mg/day of dexamethasone on days
1 to 4 of each cycle thereafter. According to the label
and the registration studies, lenalidomide is given
until disease progression. Dose reductions need
to be applied in case of renal insufficiency or poor
bone marrow reserve.!” Lenalidomide combined
with weekly pulses (also called ‘low dose’) of 40
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mg dexamethasone has been proven to be nearly as
effective and less toxic, especially in elderly subjects
or patients with comorbidities."” Treatment with
lenalidomide should be continued until progressive
disease, in contrast with
peripheral neuropathy usually precludes treatment
duration beyond 6 to 12 months."* Despite some
degree of cross-resistance between thalidomide
and lenalidomide, the majority of thalidomide
exposed patients, and even 50% of thalidomide
refractory patients, will respond to the combination
of lenalidomide plus dexamethasone."” Encouraged
by the results in relapsed MM, lenalidomide
combinations are under investigation for first-line

thalidomide where

treatment in MM both in transplant- and non-
transplant candidates, and as consolidation and
maintenance treatment post autologous stem cell
transplantation with very promising preliminary
results on progression-free survival.'*'8

Myelodysplastic syndromes
The first publications on the
lenalidomide treatment in hematology was not in
MM, but in MDS, a clonal hematopoietic disorder
characterized by progressive

efficacy of

bone marrow
failure and frequently complicated by transfusion
dependent anemia. In MDS patients with a low-risk
for leukemic transformation who do not respond
to erythropoietin, single-agent lenalidomide was
found to significantly reduce transfusion need.”
Most impressively, in the subgroup of patients with
the interstitial chromosome 5q deletion, rapid and
sustained erythropoietic responses can be obtained
in up to 75%, with two third of the patients even
becoming transfusion independent.?® Nevertheless,
in contrast to the FDA granting fast-track approval
for lenalidomide in MDS, EMEA approval is still
pending. In contrast to MM, the maximum tolerated
dose of lenalidomide in MDS is only 10 mg. For
MDS patients without the chromosome 5q deletion,
clinical trials with lenalidomide are ongoing.

Lymphoproliferative disorders

Inspired by the success of lenalidomide in MM,
the drug is currently under investigation in several
other lymphoproliferative diseases with the most
promising data in mantle cell lymphoma (MCL), and
CLL. Phase II data with lenalidomide monotherapy
in MCL, a subtype of NHL with a very dismal
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Key messages for clinical practice

1. Lenalidomide and thalidomide are members of the family of immunomodulatory
drugs.

2. Antitumoral activity of lenalidomide occurs through several mechanisms including
direct tumor cell killing, interference with the micro-environment, and modulation
of the immune system.

3. Lenalidomide is currently registered for the treatment of patients with relapsed or
refractory multiple myeloma after at least one prior line of treatment where the
drug is given in combination with dexamethasone.

4. Lenalidomide is under investigation in myelodysplastic syndromes, chronic
lymphocytic leukemia, non-Hodgkin’s lymphoma, and some solid tumors.

5.

The toxicity of lenalidomide is manageable. Most common side effects include

hematological toxicity and fatigue.

prognosis, have shown clinically relevant response
rates in more than 50% of relapsing patients, with
some patients achieving a complete remission.”
Similarly, encouraging results with lenalidomide are
obtained in the treatment of patients with CLL.*”
Interestingly, in this disease standard doses of 25 mg
lenalidomide can induce life threatening tumor flare
reactions characterized by painful enlargement of
the lymph nodes and/or spleen, requiring treatment
with non-steroidal anti-inflammatory agents or even
prednisone.*’ Rapid upregulation of B-cell activation
and co-stimulatory markers are believed to provoke
tumor flare. Consequently, lenalidomide is initiated
at lower doses in ongoing CLL trials.

Solid tumors

A recently published international, multicenter,
randomized, double-blind study in refractory
stage IV metastatic malignant melanoma did
not show significant differences in response,
time to progression or overall survival between
lenalidomide and placebo.* Trials assessing the
safety and efficacy of lenalidomide in refractory
solid tumors including prostate cancer, renal cell
carcinoma, ovarian and colon cancer are currently
being conducted.?>2

Side effect profile
Overall, the toxicity of lenalidomide is manageable.
The principal side effect of lenalidomide is
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hematological toxicity, and more precisely
leukopenia, neutropenia, and thrombocytopenia.
Grade 4 hematological toxicity is rare if appropriate
starting doses are used and the dose modification
guidelines are followed. When lenalidomide is used
in combination with other immunosuppressive
drugs like dexamethasone, additional caution
for infections like pneumonia is warranted. The
most  frequently reported nonhematological
adverse events include fatigue, muscle cramps,
and more occasionally constipation, diarrhea
or skin eruptions.? In contrast to thalidomide,
lenalidomide does not cause excess neurotoxicity.
Importantly, as has been documented in MM,
the combination of IMiDs with dexamethasone
and/or chemotherapy significantly increases the
risk for venous thromboembolism, necessitating
appropriate This

include low molecular weight heparins, low dose

thromboprophylaxis.” can
aspirin or treatment with coumarins depending on
the disease status and patient related risk factors
for venous thrombosis. Based on the structural
and pharmacological similarity to thalidomide and
foetal alterations observed in rabbits, lenalidomide
has to be contraindicated during pregnancy,
and precautions should be taken for women of
childbearing potential.

Conclusions
The revival of thalidomide has heralded a new
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era for the treatment of MM. Lenalidomide is a
more powerful IMiD than thalidomide in the
management of MM, and is also explored for the
treatment of other hematological malignancies
including MDS, CLL, NHL, and some solid
tumors. Given its pleiade of biological functions,
lenalidomide use has boosted continued research
into the biology of IMiDs. Lenalidomide has a
favorable toxicity profile, even after prolonged use.
However, given its high price, every physician
prescribing this drug has the clinical and ethical
duty to pursue its optimal use.
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