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Abstract: Myelodysplastic syndromes (MDS) represent a heterogeneous group of acquired
clonal hematopoietic disorders characterized by peripheral blood cytopenias, paradoxical BM
hypercellularity, ineffective hematopoiesis, and increased risk of leukemic transformation. Risk
stratification, using different prognostic scores and markers, is at the core of MDS management.
Deletion 5q [del(5q)] MDS is a distinct class of MDS characterized by the haploinsufficiency
of specific genes, microRNAs, and proteins, which has been linked to increased sensitivity to
the drug lenalidomide. Phase II and III clinical trials have demonstrated the efficacy of lenali-
domide in improving clinical outcomes of patients with del(5q) MDS, including reduction in
red blood cell transfusion requirements and improvements in quality of life. Lenalidomide has
also demonstrated some activity in non-del(5q) lower-risk MDS as well as higher-risk MDS,
especially in combination with other agents. In this paper, we review the pathogenesis of del(5q)
MDS, the proposed mechanisms of action of lenalidomide, the major clinical trials that docu-
mented the activity of lenalidomide in different MDS populations, potential predictors of benefit
from the drug and suggested mechanisms of resistance, and the use of combination strategies
to expand the clinical utility of lenalidomide in MDS.
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Introduction
Myelodysplastic syndromes (MDS) include a heterogeneous group of acquired clonal
hematopoietic malignancies characterized by an apparent paradox of peripheral blood
cytopenias and bone marrow (BM) hypercellularity, ineffective hematopoiesis, and a
variably increased risk of leukemic transformation.'> While MDS is usually character-
ized by BM hypercellularity, a minority of patients exhibit BM hypoplasia which can
be difficult to distinguish from aplastic anemia.> MDS incidence increases with age
in the general population, and the number of diagnosed cases is expected to increase
with the increasing longevity of the population.*'" Risk stratification is at the core
of current MDS management,''? and is accomplished using different prognostica-
tion schemes that group patients into different risk categories based on factors such
as number and severity of cytopenias, karyotypic abnormalities, BM blast percent-
age, and transfusion dependence.'* The most widely used prognostic scores are the
International Prognostic Scoring System (IPSS) and its revised version (IPSS-R), the
World Health Organization Classification-Based Prognostic Scoring System, the MD
Anderson prognostic schemes, and others.'* 2

Only a limited number of therapeutic options currently exist for MDS, and their
use is usually guided by clinical risk stratification tools rather than specific biological
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markers, with the notable exception of the 5qg-cytogenetic
deletion that predicts particular sensitivity to lenalidomide
in lower-risk MDS patients.!"!* Lenalidomide, a tha-
lidomide analog, is an immunomodulatory agent that has
demonstrated clinical efficacy in MDS patients with low to
intermediate IPSS scores and a deletion in the long arm of
chromosome 5 [del(5q)].>"** Lenalidomide has also dem-
onstrated some activity, although less impressive, in MDS
patients outside this group. Several studies have tried to
identify factors beyond del(5q) that might predict response
to lenalidomide."® Lenalidomide is also being evaluated in
combination with other agents used to treat MDS, including
hypomethylating agents in higher-risk MDS patients and
erythropoiesis-stimulating agents (ESAs) in lower-risk MDS
patients.?>?* This paper reviews the pathogenesis of del(5q)
MDS, the proposed mechanisms of action of lenalidomide,
the major clinical trials that documented the activity of
lenalidomide in different MDS populations, potential predic-
tors of benefit from the drug and suggested mechanisms of
resistance, and the use of combination strategies to expand
the clinical utility of lenalidomide in MDS.

Pathogenesis of del(5q) MDS

The pathogenesis of del(5q) MDS is likely related to deletion
of various genes that are important for normal erythropoiesis
and cell cycle regulation.”* 2 The long arm of chromosome 5
(59), particularly the 5q31 region, has a gene cluster that
is relevant to hematopoiesis.® This gene cluster includes
interleukin (IL)-3, IL-4, IL-5, IL-9, IL-13, and IL-17j, as
well as granulocyte-monocyte colony stimulating factor
and several cytokine receptor genes (colony-stimulating
factor 1 receptor and platelet-derived growth factor-f3).20-2
The hallmark of 5q-syndrome is an isolated interstitial dele-
tion on the long arm of chromosome 5. The 5g-syndrome
was first characterized in 1974 by Van Den Berghe et al.”’

Clinically, the 5g-syndrome is typically characterized by mac-
rocytic hypoproliferative anemia, hypolobulated micromega-
karyocytes, fewer than 5% BM blasts, normal or increased
platelet counts, and a tendency to occur in older women.***
MDS with isolated del(5q) or with additional chromo-
somal abnormalities is not entirely clinically equivalent to
5g-syndrome. However, because the 5g-syndrome and MDS
associated with del(5q) are both sensitive to lenalidomide, the
World Health Organization classification puts them under one
special category, ie, MDS with chromosome 5q deletion.”!
The 5g-syndrome occurs only in a subgroup of patients with
del(5q). The commonly deleted region in 5q-syndrome is
5q32-33. This region is known as the distal common deleted
region (CDR). Another region frequently deleted in patients
with del(5q) MDS or acute myeloid leukemia (AML) is a 1
to 1.5 megabase region at chromosome 5q31. This region is
known as the proximal CDR. Genes in the CDR, their effect,
and the potential effects of lenalidomide on the haplodeficient
genes are listed in Table 1.%

Haploinsufficiency of RPS 14

RPS14 is aribosomal protein essential for the assembly of the
ribosomal complex.* Ebert et al demonstrated that the hap-
loinsufficiency of RPS14 results in erythroid differentiation
defects and that its forced expression in cells from patients
with 5g-syndrome promotes erythroid differentiation.* The
potential mechanism of how ribosomal haploinsufficiency
leads to impaired erythropoiesis is summarized in Figure 1.
It is thought that RPS14 haploinsufficiency interferes with
normal ribosomal biosynthesis, leading to accumulation of
free ribosomal proteins.** The free ribosomal proteins bind
to murine double minute 2 (MDM2), blocking the binding
of MDM?2 to p53. This ultimately leads to accumulation of
p53in erythroid progenitor cells, increasing apoptosis and
impairing erythropoiesis.***

Table | Genes in the commonly deleted region, their effect, and potential effects of lenalidomide on the haplodeficient genes

Gene Effect of deletion Phenotype Effect of lenalidomide Functional effect of
lenalidomide

RPS [ 43393 Defective ribosomal processing  Macrocytic anemia Increased expression Erythroid response

miRNA-[453¢ Elevated innate immune Thrombocytosis, neutropenia,  Increased expression Possible anti-inflammatory

miRNA 146a*%  signaling megakaryocytic dysplasia

CDC25c/PP2A**  Defective G2-M phase Gl and G2 M arrest and Direct inhibition of CDC25¢, G2 arrest and apoptosis

regulation apoptosis indirect inhibition of PP2A Restoration of erythropoiesis

SPARC® Increased cell adhesion Thrombocytopenia and Increased expression Inhibition of proliferation and
anemia adhesion

EGRI* Decrease in tumor suppressors  Leukocytosis, anemia, Increased expression Reduced proliferation
thrombocytopenia

DIAPH?* Defective cytoskeleton, tumor  Clonal dominance Unknown Unknown

suppression

Note: Gene list obtained from multiple sources 2323336389395
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Notes: Ribosomal haploinsufficiency leads to upregulation of RPLII which binds to MDM2 and prevent its binding to p53, leading to an increased in p53 expression.
MDM2 is the central negative regulator of p53, acting as E3 ubiquitin ligase toward p53 leading to proteasome degradation of p53. Haploinsufficiency of miRNA will lead
to increased expression of TRAF6, TIRAP, FLII, and interleukin-6. TRAF6 and TIRAP contribute to clonal dominance. Interleukin-6 and FLII will contribute to enhanced
megakaryopoiesis.>*” Copyright © 201 I. Japanese Society of Hematology. Adapted with permission from Narla A, Hurst SN, Ebert BL. Ribosome defects in disorders of
erythropoiesis. Int | Hematol. 201 1;93(2):144—149.3* Adapted from Starczynowski DT, Karsan A. Deregulation of innate immune signaling in myelodysplastic syndromes is
associated with deletion of chromosome arm 5q. Cell Cycle. 2010;9(5):855-856. Copyright and all rights reserved. Material from this publication has been used with the

permission of Landes Bioscience.’”

Haploinsufficiency of microRNA genes
MicroRNAs (miRNAs) are small noncoding RNA mol-
ecules, and are important for inhibiting translation and
destabilizing target protein encoding mRNA. Two miRNAs
(miR145 and miR1460) are involved in downregulation of
genes involved in regulation of the innate immune system.*
The genes for both miRNAs are downregulated in CD34+
cells from del(5q) MDS patients compared with healthy
controls.*>* Haploinsufficiency of these miRNAs will result
in upregulation of TIRAP, TRAF6, IRAK1, and IRAK2
(IL-1 receptor-associated kinase 1 and 2, respectively).*
TRAF6 upregulation will lead to increased production of
IL-6 and activation of nuclear factor kappa beta.’” Increased
IL-6 is thought to lead to abnormal megakaryocytes and the
elevated platelet count seen in MDS with 5g-syndrome.*’
Activation of nuclear factor kappa beta is thought to lead to
clonal dominance (Figure 1). Starczynowski et al showed
that chimeric mouse BM, in which miR145 and miR146x
are reduced or TRAF6 is overexpressed, had character-
istic megakaryocytic dysplasia, elevated platelets, and
clonal dominance similar to what is seen in BM failure
or AML.*’

Haploinsufficiency of tumor

suppressor genes
Haploinsufficiency in several tumor suppressor genes
(Table 1) may contribute to the proliferative advantage
of del(5q) clones and lead to hypercellular BM. Among
the tumor suppressor genes lost is SPARC, which regu-
lates extracellular interactions and has antiangiogenic,

antiproliferative, and antiadhesive properties.*® Other
haploinsufficient genes include EGR1, DIAPHI, and
NPM-1 (Table 1).3

Mechanism of action

of lenalidomide

Thalidomide has been historically used in lower-risk MDS,
although its use has been limited due to its side effect profile.
Limited clinical data have shown that its effect in del(5q)
MDS is similar to that in non-del(5q) MDS.** Several
in vitro and in vivo studies demonstrated the sensitivity
of del(5q) cells to lenalidomide.’> Although the in vivo
mechanisms of action of lenalidomide in MDS (particularly
del(5q) MDS) are not completely understood, several stud-
ies suggest that lenalidomide most probably acts through
karyotype-dependent pathways by its impact on haplode-
ficient genes® and karyotype-independent pathways by its
effect on erythroid differentiation genes, immune function,
and angiogenesis (Figure 2 and Table 1).223234

Effect of lenalidomide on haplodeficient

genes and their pathways

Wei et al** demonstrated that lenalidomide is selectively
cytotoxic to del(5q) cells as a result of its direct and indirect
inhibition of the haplodeficient phosphatases (CDC25C
and PP2A).*? PP2A dephosphorylates CDC25C, enabling
mitotic entry. Lenalidomide directly inhibits CDC25C
phosphatase and indirectly inhibits PP2A and CDC25A
activity. This translates into a higher apoptotic response
(G2 arrest) in cells with dual knockdown of CDC25C and
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Figure 2 Suggested mechanism of action of lenalidomide del(5q) MDS.
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Notes: The dual biological effect of lenalidomide (clonal eradication and promotion of erythropoiesis) is mediated by (A) clonal-dependent mechanisms which are augmented by
clonal-independent mechanisms (B). Lenalidomide directly inhibits CDC25C resulting in G2/M arrest and contributing to clonal eradication. It indirectly inhibits PP2A leading to
the accumulation of the stable hyperphosphorylated form of MDM2 despite its continued binding to free ribosomal proteins, leading to p53 degradation. Adapted from Duong
VH, Komrokiji RS, List AF. Efficacy and safety of lenalidomide in patients with myelodysplastic syndrome with chromosome 5q deletion. Ther Adv Hematol. 2012;3(2):105—116.

Copyright © 2012 by SAGE Publications. Reprinted by permission of SAGE.”

PP2Aco-mimicking haplodeficient cells.* Lenalidomide
can reverse the stabilization of p53 that results from haplo-
insufficiency in RPS14 and exerts dose-dependent inhibi-
tory effects on CDC25C and PP2A* (Figures 1 and 2). This
in turn prevents PP2A from dephosphorylating MDM2.
The treatment of PP2Ao-haplodeficient cells with lenali-
domide results in concentration-dependent hyperphos-
phorylation of MDM2, abolishing its autoubiquitination.
This will stabilize MDM2 and promote p53 degradation.*
Additionally, lenalidomide upregulates the expression of
miRNA-143 and miRNA-145 and also upregulates SPARC
expression. Increased SPARC expression normalizes the
interaction of del(5q) clones with the extracellular matrix.
This might increase the apoptotic activity of lenalidomide
in del(5q) cells.®

Effect on BM function

Lenalidomide improves BM function by different
mechanisms. By reducing del(5q) clones, it helps acceler-
ate the repopulation of BM by normal cells. In addition to
helping decrease abnormal clones, lenalidomide can pro-
mote normal hematopoiesis by upregulating several genes
important for erythroid differentiation and by improving
the hematopoiesis-supporting capacity of the BM stroma
(Figure 2).>>* Lenalidomide was shown to increase red

blood cell (RBC) production.*® Studies demonstrated that
primary human CD34+ cells treated with lenalidomide
had increased expression of several genes involved in
erythropoiesis. Among the genes upregulated by lenali-
domide alone or in combination with dexamethasone are
FLT3, JAK2, and IL-1R2. These genes have important
functions in erythropoiesis. Forced expression of the FLT3
gene confers a proliferative advantage with increasing
erythroid differentiation. Increased expression of JAK2
increases the response to erythropoietin.

In addition to increasing the expression of genes
important for erythropoiesis in non-del(5q) erythroid
precursors, lenalidomide enhances erythropoietin signal-
ing in these cells.*”* Inhibition of PP2A phosphatase in
non-del(5q) erythroid precursors by lenalidomide leads
to enhancement of erythropoietin receptor signaling by
relieving CD45 repression of ligand-dependent signaling
JAK2 and Lyn kinase-mediated STAT5 activation.*’:3
This mechanism is thought to be secondary to rearrange-
ments of lipid rafts resulting in incorporation of the
erythropoietin receptor and its signaling intermediates
such as Lyn kinase and STATS into raft domains and in
translocation of their principal negative regulator (CD45
protein tyrosine phosphatase) into non-raft membrane
fractions.*#

submit your manuscript

Dove

Journal of Blood Medicine 2015:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Lenalidomide in myelodysplastic syndromes

Effect on immune function

and angiogenesis

Altered cytokine production

The immunomodulatory activity of lenalidomide leads to
inhibition of production of proinflammatory cytokines,
namely IL-1, IL-6, IL-12, and tumor necrosis factor-ct, while
also leading to upregulated production of anti-inflammatory
cytokines, such as IL-10.* Tumor necrosis factor-alpha is
primarily produced by monocytes and macrophages and
plays an important role in combating viral and bacterial
infections. Its elevation is implicated in stem cell apoptosis
and the ineffective hematopoiesis seen in MDS.>%>! Another
proinflammatory cytokine decreased by lenalidomide is IL-6.
This can help in reversal of the IL-6 upregulation that results
from miRNA haploinsufficiency.*

T-cell activation

T-cell activation involves the presentation of antigen by
antigen-presenting cells to the T-cell receptor.’! A secondary
costimulatory interaction of the B7 molecule on antigen-
presenting cells and CD28 on the T-cell surface augments
the T-cell response and aids in T-cell proliferation, differ-
entiation, and survival.’! Cereblon is a potential inhibitor of
CD28 stimulation.*? Lenalidomide, by suppressing cereblon,
might increase functional T-cell activation through the CD28
pathway.*? Increased T-cell activation can lead to increased
antileukemic immunosurveillance.’® Alternatively, it may
help in removing the suppressive immature cell population
from the BM microenvironment, allowing for improved
erythropoiesis.*?

Antiangiogenic activity

Immunomodulatory agents like thalidomide and lenalido-
mide have been shown to significantly decrease the expres-
sion of the angiogenic factors vascular endothelial growth
factor and IL-6.%%5* In MDS patients, blast cells overexpress
vascular endothelial growth factor receptors, an observation
correlated with lower remission rates.*® The antiangiogenic
activity of lenalidomide results in reduced BM vascularity
in patients with del(5q) MDS. Reduced BM vascularity in
del(5q) has been associated with a clinical response and its
loss was found to predict disease progression.32343¢

Clinical efficacy

Ineffective hematopoiesis is one of the salient features
of MDS. Prior to lenalidomide, many MDS patients with
anemia secondary to ineffective erythropoiesis were only
managed with blood transfusion and/or ESAs, with variable

symptomatic responses. The first trial to evaluate the safety
and hematological activity of lenalidomide was MDS-0015’
(Table 2). In this single-center Phase I/II trial, 43 patients
with MDS (mostly lower-risk) and symptomatic anemia
(defined as hemoglobin <10 g/dL or transfusion depen-
dence requiring at least 4 units of red cells within 8 weeks
of enrollment) were enrolled. All patients were refractory
to ESAs or had high endogenous erythropoietin levels
(>500 mIU/mL), and 12 patients had del(5q). Patients with
neutropenia (<500/mm?®) or thrombocytopenia (platelet
count <10,000/mm?*) were excluded. The clinical efficacy and
safety of lenalidomide at doses of 25 or 10 mg daily or 10 mg
daily for 21 days of every 28-day cycle were assessed. The
hematological overall response rate was 56%. RBC transfu-
sion independence (RBC-TI) was achieved in 20/32 patients
who were transfusion-dependent. Patients with del(5q) had
an overall response rate of 83% versus 53% in patients
with non-del(5q) and 12% in patients with other karyotypic
abnormalities. The cytogenetic response also correlated
significantly with the hematological response.’’

Clinical efficacy in lower

risk MDS with del(5q)
The efficacy of lenalidomide in MDS with del(5q) was
further investigated in MDS-003 and MDS-004 (Table
2).453% Both trials included low-risk and intermediate-1
risk IPSS patients and excluded patients with severe neu-
tropenia (<500/mm?) or thrombocytopenia (platelet count
<50x10%/mm?* in MDS-003 and platelet count <25x10°%L in
MDS-004). MDS-003 was a single-arm study that included
148 patients requiring transfusion of at least 2 units of blood
in the 8 weeks prior to enrollment.* In total, 111 patients had
isolated del(5q) while 37 had del(5q) with additional chro-
mosomal abnormalities. At 24 weeks, the overall response
rate was 76%. Among the responders, 99 (67%) achieved
RBC-TI. The median time to RBC-TI was 4.6 weeks. The
median hemoglobin increase in patients achieving RBC-TI
was 5.4 g/dL, and the median duration of RBC-TI was 2.2
(range 1.5-2.9) years.”® Complete cytogenetic response,
assessed at week 24 of treatment, was reached in 38/85
patients (45%), while 24/85 (28%) had a partial cytogenetic
response, defined as a more than 50% reduction in abnormal
metaphases.® Side effects are summarized in Table 2, with
myelosuppression being the most prominent. Sixty-two
percent of grade 3—4 myelosuppression occurred within the
first 8 weeks of treatment. Dose reductions were required
in 84% of patients. Thirty patients (20%) discontinued the
drug due to adverse events.
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The results of the MDS-003 trial were validated further
in the randomized, double-blind, placebo-controlled MDS-
004 trial.®® MDS-004 randomized 205 patients with lower-
risk IPSS, transfusion-dependent MDS, and del(5q) with or
without additional cytogenetic abnormalities to receive pla-
cebo daily, lenalidomide 5 mg daily, or lenalidomide 10
mg daily for 21 days of 28-day cycles. All patients were
transfusion-dependent. RBC-TI for =26 weeks was 56.1%
with lenalidomide 10 mg, 42.6% with lenalidomide 5 mg,
and 5.9% with placebo.® The cytogenetic response rate was
50% in the 10 mg group and 25% in 5 mg group. Again,
myelosuppression was a major side effect reported in MDS-
004, with 55.1% of patients in the 10 mg group and 52.2% of
those in the 5 mg group requiring dose reduction. The drug
was discontinued in 8.7% and 17.4% of patients in the 10
mg and 5 mg groups, respectively.

Quality of life data in lower risk del(5q)

MDS

Quality of life was not reported in MDS-003, but was
reported in MDS-004 and in a study reported by Oliva et al.*
In the latter study, patients who responded to lenalidomide
experienced progressive improvement in their quality of life
in the first 24 weeks of therapy. A health-related quality of life
outcome analysis from the MDS-004 study demonstrated that
the hematological improvements obtained with lenalidomide
were associated with improvement in health-related quality
of life in both the short term (12 weeks) and the long term
(48 weeks).

Progression and survival outcome

in lower-risk MDS with del(5q)

New chromosomal abnormalities were observed in a subset
of patients treated with lenalidomide (24/148 patients in
MDS-003). This raised concerns regarding a potential increase
in the incidence of clonal evolution and progression to AML.
The results of a long-term follow-up analysis of 42 patients
with low-risk or intermediate-risk del(5q) MDS treated with
lenalidomide have been published.®! After a median follow-
up of 40 months, 36% of patients progressed to AML, and
most (87%) acquired additional chromosome aberrations.
Responders have a decreased risk of progression. At 5 years,
the cumulative incidence of progression to AML for patients
with a cytogenetic response was 21% compared with 60% for
nonresponders.®' This prompted several groups to perform his-
torical comparisons of the rate of leukemic progression between
low-risk del(5q) MDS patients treated before the lenalidomide
era and lenalidomide-treated patients. Comparative analysis

by the Groupe Francophone des My¢lodysplasies found no
significant difference in progression of AML between the
lenalidomide-treated group and a matched control cohort.®
In this comparative study, 71 lenalidomide-treated patients
were matched with 71 patients from a historical control cohort
based on propensity score. The control cohort was treated
with erythropoietin or thalidomide. The median follow-up
from diagnosis for the lenalidomide-treated group was 4 years
and that for the control cohort was 6.5 years. There was no
statistically significant difference in the 4-year estimated
cumulative incidence of AML from diagnosis between the
two groups, with a hazard ratio of 0.87 (95% confidence
interval 0.27-2.82; P=0.82). The 4-year estimated cumula-
tive incidence in the lenalidomide-treated group was 9% and
15.7% in the matched controls.®

Results from the comparative analysis reported by
Kuendgen et al support the above results from Groupe
Francophone des Myélodysplasies.® In the study by Kuendgen
et al, long-term clinical outcomes in del(5q) MDS patients
treated with lenalidomide in the MDS-003 and MDS-004
trials were compared with a cohort of untreated low-risk or
intermediate-1 risk MDS patients with del(5q) not treated with
lenalidomide derived from nine MDS registries. The cumula-
tive incidence of progression to AML was 6.9% and 22.8%
at 2 and 5 years, respectively, for the lenalidomide-treated
group, and 12.1% and 19.9% at 2 and 5 years, respectively,
for the group not treated with lenalidomide. Treatment with
lenalidomide was not associated with an increased risk of
AML progression (hazard ratio 0.9; P=0.930). The median
overall survival was higher (5.2 years, 95% confidence
interval 4.5-5.9) in the treated group versus 3.8 years (95%
confidence interval 2.9—4.8) in nontreated patients.®

Further data about survival and risk of AML progression
came from the MDS-003 study investigators, who reported the
long-term outcomes of overall survival and AML progression
in patients enrolled in the MDS-003 trial.* After a median
follow-up of 3.2 years, median overall survival was 3.3 years
and the cumulative one-year and 5-year overall survival rates
were 84.2% and 30.4%, respectively. Median overall survival
was longer in patients with isolated del(5q) than in patients
with del(5q) and additional cytogenetic abnormalities (3.9
years versus 2.7 years, respectively). The mortality rates were
lower in patients with RBC-TT for at least 8 weeks compared
with nonresponders (58.8% versus 86.3%).% Patients with
RBC-TI for at least 8 weeks had better overall survival rates
at one and 5 years than nonresponders (96.8% and 41.1%
versus 81.6% and 14% respectively). Cytogenetic response
was also associated with a lower mortality rate and better
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overall survival. Median overall survival was 4.9 years in
cytogenetic responders versus 3.1 years in nonresponders.®
When compared with historical controls (MDS patients who
received best supportive care), the median overall survival
was around one year longer in responders. Patients who
achieved RBC-TI for at least 26 weeks and a cytogenetic
response had the lowest incidence of AML progression
(14%), while those who achieved neither had the highest
incidence of AML progression (52.9%).%

Taken together, these observations suggest that
hematological and cytogenetic responses in IPSS lower-risk
del(5q) anemic MDS patients treated with lenalidomide
are possibly associated with improved overall survival and
reduced risk of AML progression, but further data are needed.
These results are consistent with emerging data suggesting
that AML progression rates in patients treated with lenalido-
mide are probably not drug-related but are associated with
additional risk factors as discussed later in the section “Pre-
dictors and prognosticators beyond the del(5q) and IPSS”.
MDS-003 and MDS-004 are the main studies supporting the
use of lenalidomide in the treatment of IPSS lower-risk del(5q)
MDS patients who are RBC transfusion-dependent.

Clinical efficacy in higher-risk
MDS with del(5q)

The overall response rate to lenalidomide 10-30 mg as a single
agent in patients who have IPSS higher-risk MDS with del(5q)
is lower than that seen in IPSS low-to-intermediate- 1 risk MDS
with del(5q).! The overall response rate in the high-risk popula-
tion was around 25%-30% and did not differ between patients
with del(5q) and non-del(5q)." In addition, the response was
not durable.! In a Phase II trial,* 47 patients with higher-risk
del(5q) MDS received lenalidomide 10 mg/day, and the overall
response rate according to the International Working Group
2006 criteria was 27% (13/47). Most of the complete hemato-
logical remissions were seen in patients with isolated del(5q).
The median duration of response was 6.5 months.*
Strategies have been employed to increase responses in
this population, including combining lenalidomide with other
agents (see “Combination strategies” section.) or increasing
the dose of lenalidomide. Another Phase II trial® investigated
the role of higher doses of lenalidomide in patients who have
higher-risk MDS with del(5q). Twenty-nine patients were
enrolled in this study (16 with AML, 12 with intermediate-2
or high-risk MDS) who were not candidates for regular induc-
tion treatment. The lenalidomide dose was escalated from
10 mg to a target dose of 30 mg at week 10. Ten patients
completed 16 weeks of treatment, and five of these patients

achieved a major cytogenetic response. The overall response
rate in MDS patients was 36% (4/11). Despite the small size
of the MDS patient sample, this study showed that a group
of patients with high-risk MDS and del(5q) could tolerate
and respond to higher doses of lenalidomide.%

Clinical efficacy in non-del(5q) MDS

MDS-001 showed that the overall response rate in anemic
patients with non-del(5q) lower-risk MDS is lower than that
in del(5q). However, the trial demonstrated that a group of
non-del(5q) MDS patients did respond to lenalidomide.
Several studies were conducted to assess the efficacy of
lenalidomide in non-del(5q) MDS. The reported hemato-
logical improvement in these studies, with patient samples
that included lower-risk MDS of unselected or non-del(5q)
karyotype, ranged from 26% to 64%, with a median duration
of response of 12-20 months.'

The largest study assessing the efficacy of lenalidomide
in non-del(5q) MDS was conducted by Raza et al.*® In this
Phase II study, the efficacy of lenalidomide 10 mg daily for
21 of 28 days was assessed in 214 patients with low-risk
or intermediate-1 risk non-del(5q) MDS who were RBC
transfusion-dependent and receiving at least 2 units of RBC
within 8 weeks of initiation of treatment. The overall response
rate was 43%, with 26% of patients becoming RBC-TI. The
median time to RBC-TI was 4.8 weeks. The median duration
of RBC-TI was 41 weeks. !¢

Lenalidomide has not been approved by the US Food and
Drug Administration for use in anemic patients with non-
del(5q) MDS, although it is commonly used after failure of
ESAs or for those with a high baseline serum erythropoietin
level. Ongoing studies are trying to identify strategies that
increase the response rate, such as using it in combination
with other agents, in addition to trying to predict which non-
del(5q) patients will have the best response.

Predictors and prognosticators

beyond the del(5q) and IPSS

Within the del(5q) MDS patient population, clinical
outcomes and response to lenalidomide have been nega-
tively affected by certain baseline clinical characteristics,
such as higher transfusion burden, anemia, lower platelet
count, male sex, additional chromosomal abnormali-
ties, and a higher percentage of BM blasts.®® To date, no
clinical or molecular factors have consistently predicted
the response to lenalidomide in patients with del(5q) or
identified subsets of non-del(5q) or high-risk del(5q) that
benefit from lenalidomide. With improvements in the use of
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next-generation sequencing platforms, we are learning more
about the abundance of these mutations in MDS. Ebert et al
analyzed the pretreatment gene expression patterns in patients
from MDS-002 (low-risk MDS patients without del(5q),*
and identified a set of 47 genes that were more highly
expressed in nonresponders than responders. These genes
are specific to terminal erythroid differentiation. This gene
signature correctly predicted the response to lenalidomide in
9/11 (82%) samples from low-risk patients without del(5q).
This gene signature has yet to be validated in a larger series.
A 29-gene expression profile signature has been reported
to be a predictor of hematologic response in non-del(5q)
lower-risk MDS patients treated with lenalidomide alone or
combined with erythropoietin-beta.®

In another study, ten (18%) of 55 patients having low-
risk or intermediate-1 risk MDS with del(5q) were found
to harbor TP53 mutations at diagnosis.® The rate of pro-
gression to AML was 50% in the mutated group compared
with 16% in the nonmutated group, and the response rate
was 0% in the mutated group compared with 50% in the
nonmutated group.®’ Mallo et al utilized conventional
G-banding cytogenetics, single nucleotide polymorphism
assays, and gene sequencing to identify additional molecular
markers that could predict the response to lenalidomide in
52 patients with del(5q).”' TP53 mutations were associated
with an absence of a hematologic or complete cytogenetic
response. Otherwise, this study did not show significant
genomic differences between lenalidomide responders and
nonresponders.” These data highlight the clinical signifi-
cance of TP53 mutations in the treatment of patients with
del(5q) and low-risk IPSS categorization. As discussed in
the “Combination strategies” section patients with del(5q)
MDS and mutated TP53 might benefit from combination or
more aggressive treatment.

Other mutations occur in patients with del(5q). It has
been reported that 40% of patients with 5q-syndrome har-
bor at least one gene mutation.” Elucidation of the clinical
significance of these additional mutations requires further
investigation. In addition to TP53, other biomarkers that
may predict the response to lenalidomide were evaluated
in several relatively small studies. Sugimoto et al explored
the relationship between molecular features and the clini-
cal response to lenalidomide in patients without del(5q).”
This study demonstrated that normal karyotype and gain
of chromosome 8 material were predictive of response to
lenalidomide. Wu et al showed that lower RPS14 levels in
low-risk MDS patients without del(5q) are a good prognos-
tic marker and can potentially predict a good response to

lenalidomide.™ Specific cereblon polymorphisms have been
associated with a hematological response to lenalidomide and
may potentially serve as a predictive marker if well validated
in future studies.®*”

As discussed, lenalidomide can activate T-cells by
increasing CD28 activation. This may translate into increased
antileukemic immunosurveillance.’ Epling-Burnette
et al demonstrated that a higher percentage of CD28-
negative T-cells is associated with hematological failure of
lenalidomide in non-del(5q) MDS.5? Thus, CD28 expression
and signaling may serve as a potential predictor of hemato-
logic response to lenalidomide in non-del(5q) MDS.>

Mechanisms of resistance

The phenotypic heterogeneity that characterizes del(5q)
MDS is in part a reflection of additional genetic and
karyotypic abnormalities beyond the 5q segment deletion
that ultimately leads to a poorer response to lenalidomide.
Beyond genetic and karyotypic abnormalities, resistance
to lenalidomide is mediated by changes in several haplo-
deficient pathways leading to p53 accumulation, resulting
in loss of erythropoietic response.'" In vitro studies suggest
that haploinsufficiency of CDC25C and PP2A in del(5q)
confers sensitivity to lenalidomide, and its overexpression
might confer resistance. Wei et al demonstrated that forced
overexpression of PP2A in del(5q) cells promotes drug
resistance.* This is potentially clinically relevant. Study-
ing sequential BM specimens from lenalidomide-treated
patients, cellular expression of PP2A declined at the time
of response to lenalidomide treatment, and significantly
increased at the time of treatment failure. Overexpression
of PP2A restores p53 expression in erythropoietic cells and
leads to treatment failure.*

Given the central role of p53 in hypoplastic anemia,
investigational strategies targeting p53 expression have been
evaluated. The efficacy of cenersen, an antisense RNA that
cleaves mRNA and effectively downregulates p53 expression,
has been studied in overcoming resistance to lenalidomide.
In vitro, cenersen suppressed p53 expression in del(5q) MDS.
This was associated with a proportional increase in erythroid
response without del(5q) clonal suppression.!”® Further
discussion about the clinical role and application of p53
suppression is discussed in more detail in the “Combination
strategies” section.

In a small study that included seven patients who achieved
transfusion independence on lenalidomide, Tehranchi et al
demonstrated that lenalidomide was effective in eradicating
the majority of del(5q) clones in responders.”” However, in
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all seven patients, even those with a complete response, there
was evidence of selective persistence of a CD34+, CD38—/
low, and CD90+ resistant clone. This clone may persist in
the BM because of its quiescent state (GO) and/or its high
expression of multiple drug resistance genes. This resistant
clone might explain why around 50% of responders relapsed
despite lenalidomide treatment.”” Validating these results in
larger cohorts may allow for better monitoring and targeting
of this resistant clone.

Combination strategies
Several strategies are under evaluation to increase the response
to lenalidomide, broaden its usage beyond the current approved
indications, and overcome resistance. Lenalidomide has been
combined with growth factors, AML-like chemotherapy,
azacitidine, and other new agents. Komrokji et al evaluated
hematologic response rates to lenalidomide monotherapy and
combined treatment with recombinant erythropoietin-alpha.”
Thirty-nine low-risk or intermediate-1 risk patients with symp-
tomatic anemia or transfusion dependence were enrolled in this
Phase II trial. The majority were non-del(5q) patients (n=32).
The patients were started on monotherapy with lenalidomide (10
or 15 mg daily). After 16 weeks of treatment with lenalidomide,
nonresponders and relapsing patients were offered combination
therapy with lenalidomide and recombinant erythropoietin-
alpha. Adding erythropoietin increased the response rate in both
del(5q) and non-del(5q) by a total of 25%. A Phase III trial is
currently being conducted to validate these results.

Combination therapy was not associated with increased
adverse events, including venous thromboembolism (VTE).”
Another Phase II study supported the role of combination
therapy.®® In this study, transfusion-dependent, low risk
non-del(5q) MDS patients resistant to ESA or relapsed
were randomized to lenalidomide alone or lenalidomide
plus erythropoietin-beta. The lenalidomide dose was
10 mg/day for 21/28 days and the erythropoietin-beta dose was
60,000 U/week. After four cycles of therapy, patients in the
combination arm achieved better hematologic improvement,
ie, 52.0% (26/50) versus 30.6% (14/49) in the lenalidomide
group. RBC-TI was also higher in the combination arm, at
16 patients (32%) versus nine (18.4%) in the lenalidomide
arm. Side effects were similar in the two arms, with no increase
in deep vein thrombosis in the combination arm. The authors
concluded that combination treatment significantly increased
the erythroid response rate in lower-risk non-del(5q) MDS
patients with anemia resistant to ESA alone.*®

Another Phase II study evaluated the safety and efficacy
of combining romiplostim with lenalidomide to decrease

the incidence of treatment-related thrombocytopenia in
patients with low-risk or intermediate-1 risk MDS.” The
authors reported that this combination decreased the rate of
clinically significant thrombocytopenic events and in turn
decreased the frequency of lenalidomide dose reductions or
delays.”! The main concern about using romiplostim in MDS
is the increased risk of transformation to AML, especially
in high-risk groups, as suggested by early Phase II trials.”
Only results from large Phase I11 trials can adequately assess
this risk, especially in patients with low-risk disease in whom
lenalidomide is used for the most part at this time.

Several Phase I and II studies examined the efficacy
and safety of combining azacitidine and lenalidomide.®'®*
Lenalidomide and azacitidine could potentially have synergis-
tic effects. Azacitidine can potentially increase the response
rate in del(5q) patients with TP53 mutations, while lenalido-
mide can potentially increase the response rate in patients with
complex karyotypes including del(5q).%* A landmark Phase IT
trial by Sekeres et al explored the efficacy of a concurrent com-
bination of lenalidomide and azacitidine.?! The study included
36 patients, the majority (87%) of whom had intermediate-2
and high-risk IPSS disease, and only two patients had del(5q).
The overall response rate was 72% and the complete response
rate was 44%. The median time to response was 3.7 months
and the median duration of response in patients with a com-
plete response was 17+ months. This is compared with the
overall response rate of 49% and the complete response rate
of 17% with azacitidine alone. Median overall survival was
13.6 months. This is shorter than the median overall survival
in the AZA-001 trial, which was 24.5 months.* This could
be due to a shorter median follow-up (11.5 months versus
21.1 months). The median neutrophil and platelet decrease
was 35% and 15%, respectively. Grade 3 and 4 nonhemato-
logic toxicities were comparable with those seen with each
medication individually.?! This combination is the subject of
an ongoing randomized Phase III US Intergroup study.

In a multicenter Phase I trial, 19 patients with higher-risk
MDS/AML and del(5q) were enrolled® to receive a sequen-
tial combination regimen of lenalidomide and azacitidine. In
partial responders, induction therapy was continued for up to
eight cycles. Patients who achieved a complete BM response
after two cycles of induction were shifted to maintenance
therapy aiming at decreasing the hematologic toxicity. The
overall response rate was 26% in all patients, and was 44%
in previously untreated patients. The median duration of
hematologic and cytogenetic response was 2.3 months and
3.2 months, respectively. These responses, although short-
lived, were achieved in a study population rich in the p53

Journal of Blood Medicine 2015:6

submit your manuscript 11

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Abou Zahr et al

Dove

mutation (11/17). This sequential combination resulted in a
TP53 mutant clone decline and disappearance in one patient,
and in decline followed by re-emergence in another patient.*?
Re-emergence preceded relapse. Although the number is
small, these effects on TP53 mutated clonal cells are sig-
nificant since they have not been reported with lenalidomide
alone.® The authors of this study attributed the lower overall
response rate when compared with the overall response rate
seen in the study reported by Sekeres et al to the higher per-
centage of complex karyotypes as well as the higher propor-
tion of patients with TP53 mutations in their cohort.®!

Figure 3 summarizes the treatment scheme for some
of the clinical trials using a combination of azacitidine and
lenalidomide. The verdict is still out regarding the best regimen,
ie, concurrent versus sequential, as well as the best maintenance
strategy.”® So far, Phase I and Phase II studies suggest that
combining azacitidine and lenalidomide is generally well
tolerated, and can potentially lead to a better and faster overall
response rate. However, it may be associated with more neutro-
penia and thrombocytopenia, and some of the responses were
short-lived. Although the mechanisms of action for lenalido-
mide and azacitidine are different and can be synergistic, their
cytoreductive potential is overlapping. Therefore, the search for
compounds that act synergistically with lenalidomide without
overlapping cytotoxic potential is ongoing.

Ezatiostat is potentially one of these compounds.
Ezatiostat hydrochloride is a glutathione analog that can
reversibly inhibit glutathione-S transferase P1-1, leading to
activation of INK and subsequent growth and maturation of
hematopoietic progenitors.®” It has shown in vivo and in vitro
activity in improving cytopenias in MDS.*" Its use with lenali-
domide is very appealing because, unlike many of the other

combinations, it does not have a myelosuppressive effect and
the response rate to ezatiostat was higher in patients previ-
ously treated with lenalidomide.®” Raza et al demonstrated
the safety of combining ezatiostat 1,000 mg twice daily with
lenalidomide 10 mg (21/28).%7 Efficacy data are encourag-
ing since the combination showed multilineage hematologic
improvements even in some patients who progressed on
lenalidomide. The combination is now being evaluated in
Phase II studies.®’

Given the role of p53 in the hypoplastic anemia of
del(5q) MDS and its potential role in drug resistance,
a p53-targeted strategy to overcome resistance was explored
in a proof-of-principle pilot study by Caceres et al.” In this
study, eight lenalidomide-resistant patients were treated
with lenalidomide and dexamethasone. Dexamethasone
was chosen because it is a transcriptional antagonist of
p53. All patients had del(5q) MDS with an IPSS score of 1.
Initially, all patients responded to lenalidomide by becoming
transfusion-independent. However, all developed resistance
and became transfusion-dependent again. A weekly dose of
20 mg of dexamethasone was combined with the usual dose
of lenalidomide. Five patients achieved transfusion indepen-
dence, with durations of response ranging from 4.4 months to
15 months.” pS53-targeted strategies should employ treatment
strategies that lead to nonsustained suppression of p53, such
as weekly dexamethasone, since sustained suppression may
significantly increase the risk of neoplasia.

Real-life use of lenalidomide

for treatment of MDS

The “real-life” patterns of use and clinical efficacy of lenali-
domide in management of MDS in the USA are not clear.

Days 2 4 6 8 10 12 14 16 18 20 22 24 26 28
AZA 75 mg/m?/d
Sekergs Up to 7 cycles Pause
etal LEN 5-10 mg/d
Garcia-Manero { AZA 75 mg/m?/d LEN 10-75 mg/d _ Pause |
et al®®
Induction ) 7p 75 mg/meid LEN 10-25 mg/d | P |
Platzbecker up to 8 cycles g g ause
etal® Maintenance
AZA 30 mg/m?d LEN max 20 mg/d
every 8 weeks
AZA 75 mgimiid | n=3 |
Scherman Up to 7 cycles Pause
et al® LEN 10 mg/d

Figure 3 Treatment scheme of Phase | and Il clinical trials using combinations of azacitidine and lenalidomide in patients with myelodysplastic syndrome or acute myeloid

leukemia.
Abbreviations: LEN, lenalidomide; AZA, azacitidine; d, day.
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Zeidan et al published the first report of lenalidomide use
in a large cohort of Medicare-enrolled patients with MDS.%
The authors identified 23,855 MDS patients enrolled in the
Medicare program in the USA using International Classifica-
tion of Diseases 9 codes between 2006 and 2008 and followed
the patients until the end of the study or death. Claims-based
data were used to determine MDS subtype, lenalidomide dose,
time to initiation and duration of therapy, use of other MDS
therapies, comorbidities, and RBC transfusion frequency. The
researchers defined RBC transfusion status using weekly
measures in a rolling 8-week period to classify patients into
three separate categories based on their transfusion needs:
those who received RBC transfusions in separate 2 weeks
were classified as transfusion dependent, those who received
one transfusion as transfusion users, and those who did not
receive any transfusions as transfusion-independent.®®

In total, 753 MDS patients (3.2%) received lenalidomide.
Interestingly, most of these patients did not have a coding
diagnosis of del(5q) MDS, while only 31% of 470 patients who
had a code for del(5q) MDS received the drug. Nonetheless, the
percentage of patients with del(5q) MDS who were prescribed
lenalidomide increased over time, probably indicating increas-
ing familiarity and experience of physicians with the drug. The
authors observed that, in contrast with the drug approval label,
only 33% of patients were RBC transfusion-dependent at the
time of initiation of therapy. Physicians initiated lenalidomide
therapy more rapidly for patients with del(5q) MDS than for
other lower-risk MDS patients (median time to initiation from
diagnosis 8 weeks versus 20 weeks; P<<0.01, respectively). The
use of lenalidomide was negatively associated with increasing
age and baseline comorbidities. The authors noted that overall,
the reduction in transfusion rates were consistent with clinical
trials data, ie, 44% of transfusion-using/transfusion-dependent
patients achieved reductions in transfusion use. Responses
were more frequent among transfusion-dependent patients who
received three or more cycles of therapy (77% reduced their
transfusion use and 40% became transfusion-independent).
Response rates were higher when three or more lenalidomide
cycles were received. Among patients with transfusion using/
transfusion-dependent del(5q) MDS, 53% achieved reductions
in their need for transfusion.®

As previously mentioned, the data from MDS-004 sug-
gest that lenalidomide is associated with improvement in
quality of life among responders. However, data regarding
cost-effectiveness from this trial are not available. Early
data suggest that oral lenalidomide is cost-effective in the
USA in the treatment of transfusion-dependent, low-risk,
or intermediate-risk del(5q) MDS. Goss et al demonstrated

that the cost of lenalidomide treatment was offset by reduced
blood transfusion and erythropoietin costs.*

Our approach and conclusion

Currently, the approved indication of lenalidomide in
MBDS is restricted to IPSS lower-risk MDS patients with
del(5q) and symptomatic transfusion-dependent anemia.
Although the dose of lenalidomide approved by the US
Food and Drug Administration for del(5q) MDS is 10 mg
daily, in clinical practice doses of 5-10 mg for 21-28 days
of 28 days are usually used. If well tolerated, responders
should continue treatment indefinitely.! Lower doses and/
or an intermittent schedule might be used if toxicity occurs.
Myelosuppression is the most common side effect of lenali-
domide. Blood counts should be checked weekly for the first
8 weeks and then monthly thereafter. Adding granulocyte
colony-stimulating factors can be considered once the neu-
trophil count is less than 1,000x10° cells/L.”® We usually hold
treatment until the neutrophil count is >500x10° cells/L. We
also hold treatment if the platelet count is less than 50x10°
cells/L and resume it once counts are above 50x10°/L.%°
The reported incidence of VTE in lenalidomide-treated
patients in the Groupe Francophone des My¢lodysplasies,
MDS-001, MDS-003, and MDS-004 studies is relatively low
(3.4%).4557:3891 Prophylaxis for deep vein thrombosis is gener-
ally not recommended. However, VTE prophylaxis with low
molecular weight heparin may be considered in patients with
a prior VTE history."” Evolving information suggests that
testing for TP53 mutations should be incorporated into the
prognostic score because of its potential impact on treatment
choice in patients with del(5q) who are classified as low-risk
to intermediate-risk based on current IPSS. Lenalidomide in
non-del(5q) should be used for patients who are purely ane-
mic; the National Comprehensive Cancer Network guidelines
list lenalidomide as an option for treatment. The sequence
of utilizing lenalidomide in lower risk non-del(5q) MDS
may be of importance. For high-risk patients with del(5q),
lenalidomide is not recommended outside the context of a
clinical trial at this time. Potential use of lenalidomide in these
patient populations includes using higher doses of the drug
as well as combining lenalidomide with other medications,
such as hypomethylating agents.’? Future directions include
finding biological markers to help in predicting responders
in this population.
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