
Current therapy of myelodysplastic syndromes☆

Amer M. Zeidana,*, Yuliya Linharesb,1, and Steven D. Gorea,2

aDepartment of Oncology, the Sidney Kimmel Comprehensive Cancer Center at the Johns
Hopkins University, Baltimore, MD 21287, USA

bBlood and Marrow Transplant Program, the Samuel Oschin Comprehensive Cancer Institute at
the Cedars-Sinai Medical Center, Los Angeles, CA 90048, USA

Abstract

After being a neglected and poorly-understood disorder for many years, there has been a recent

explosion of data regarding the complex pathogenesis of myelodysplastic syndromes (MDS). On

the therapeutic front, the approval of azacitidine, decitabine, and lenalidomide in the last decade

was a major breakthrough. Nonetheless, the responses to these agents are limited and most

patients progress within 2 years. Allogeneic stem cell transplantation remains the only potentially

curative therapy, but it is associated with significant toxicity and limited efficacy. Lack or loss of

response after standard therapies is associated with dismal outcomes. Many unanswered questions

remain regarding the optimal use of current therapies including patient selection, response

prediction, therapy sequencing and combinations, and management of resistance. It is hoped that

the improved understanding of the underpinnings of the complex mechanisms of pathogenesis will

be translated into novel therapeutic approaches and better prognostic/predictive tools that would

facilitate accurate risk-adaptive therapy.
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1. Introduction

Myelodysplastic syndromes (MDS) comprise a group of biologically and clinically

heterogeneous clonal hematopoietic neoplasms characterized by aberrant myeloid

differentiation, dysplastic changes, ineffective hematopoiesis and increasing genomic
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instability that manifest clinically into peripheral blood (PB) cytopenias and variably

increased rates of leukemic progression [1,2]. The age-adjusted incidence of MDS in USA

has been estimated at 3.3 to 4.6 per 100,000 persons/year, corresponding to 15,000–20,000

new cases per year and slightly exceeding the incidence of AML [3,4]. As the incidence of

MDS increases with age with a median age at diagnosis of 71 to 76 years, the number of

patients will continue to increase with the increasing longevity of the population [4,5].

After being a neglected, poorly-understood hematologic disorder for many years, the last

two decades have seen a significantly renewed interest in the disease and an explosion of

data regarding the prognostication and the complex mechanisms underlying the

pathogenesis of MDS [6]. On the therapeutic front, three agents have been specifically

approved for MDS indications: the hypomethylating agents (HMAs) azacitidine and

decitabine, and lenalidomide. These agents, in addition to supportive care, hematopoietic

growth factors, immunosuppressive therapies (IST), and allogeneic stem cell transplantation

(alloSCT), constitute the therapeutic interventions commonly used, typically deployed in a

risk-adaptive fashion [7]. Decisions on how to apply and sequence these therapies in

individual patients are usually based on disease-specific factors (e.g. karyotype, bone

marrow [BM] blast percentage, severity of cytopenias and other factors whose collective

effects are usually summed in different validated prognostic tools) and patient-specific

factors (e.g. age, comorbidities, patient preference, etc.).

Although alloSCT remains the only known potentially curative therapy, a minority of

patients undergo the procedure due to advanced age, medical comorbidities, and limited

availability of appropriate stem cell donors [8]. Even for those patients who proceed to

alloSCT, significant treatment-related mortality (TRM) and morbidity, including acute (a)

and chronic (c) graft-versus-host-disease (GVHD), and high relapse rates compromise long-

term disease-free survival [9]. The optimal selection of patients to undergo alloSCT, the

timing of the procedure, the use of prior cytoreductive therapy or HMAs, the intensity of the

conditioning regimen, the optimal use of maintenance strategies, and management of disease

relapse are among the intensely debated issues in the field [7]. For the majority of patients

who do not undergo alloSCT, the optimal use of available therapies including patient

selection, treatment sequencing and combinations, and how to incorporate the newly

discovered genetic and epigenetic lesions and the many available prognostic/predictive

models in therapeutic decision-making remain largely unknown.

It is hoped that scientific advances in the next few years will shed more light on these

questions. New therapeutic strategies will likely emerge based on our improved

understanding of the complex pathogenesis of the disease and its underlying genetic,

epigenetic, and immune aberrations [6,7]. Our prognostic and predictive tools will hopefully

improve to allow for more accurate, evidence-based, risk-adaptive therapeutic approaches

for MDS. In the following sections we will discuss the clinical use of the currently available

pharmacologic therapies for MDS and briefly overview the future directions in the

management of patients with MDS. Due to space limitations, we will not discuss the role

and controversies of alloSCT in MDS.
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2. Prognostication in MDS

MDS are heterogeneous not only because of the varied mechanisms of pathogenesis and

morphologic appearance, but also in the natural history and outcomes of patients. The

disease course in individual patients varies significantly from very symptomatic disease with

survival limited to few months, to minimally symptomatic disease with survival of a decade

or longer [3]. Most patients with MDS die from complications related to severe cytopenias

rather than from leukemic progression. These observations were the first basis of the risk-

adaptive therapeutic approach used for management of MDS. A vital component of the

successful implementation of a risk-adaptive management approach is the ability to

accurately predict the outcomes of patients with regard to expected survival and risk of

leukemic progression. Accurate prediction of outcomes can be used to estimate the risk/

benefit ratio of the various treatment options, especially disease-modifying interventions

with incremental toxicities such as HMAs and alloSCT.

The first classification schemes for MDS were based on morphologic features and did not

account for clinical parameters [10,11]. The French-American-British (FAB) system [10]

uses pathologic criteria for classification of MDS while the World Health Organization

(WHO) classification [11] accounts for some characteristic cytogenetic aberrations in

addition to pathologic features, but still did not incorporate clinical parameters [6]. To

account for the important prognostic clinical parameters, several prognostic tools have been

developed and validated, each has certain limitations. An important shortcoming common to

all of the clinically-used prognostic and predictive models is that the prognostic estimates

generated using these tools generally reflect those of the risk-category to which the patient

belongs and do not reflect that patient’s individual risk [6,12]. Additionally, most of these

models do not include co-morbid conditions that can significantly limit both the patient’s

survival and the extent to which therapies can be tolerated. Therefore, although generally

accurate as a risk-category estimate, making therapeutic decisions for individual patients

should merely be guided by these estimates and not completely rely on them. In other words,

the prognostic estimate should be considered as only one element in the decision-making

process and the limitations of its derivation (including the possibly wide variability in

individual patient outcomes) should be taken into account.

The most commonly used clinical prognostication tool for patients with MDS is the

International Prognostic Scoring System (IPSS) published in 1997 [Table 1] [13]. In this

system, points are scored based on 3 criteria: the percentage of BM blasts, the number of PB

cytopenias, and the cytogenetic risk-class. Based on the total point score, the patient is

assigned to 1 of 4 risk-categories that vary significantly in outcomes: Low-risk (LR),

intermediate-1 (INT-1), intermediate-2 (INT-2), and high-risk (HR). Despite its wide use,

the IPSS suffers significant limitations. The IPSS was derived from a database of 806

patients with MDS, the majority of whom were treated only with supportive measures, and

excluded patients with therapy-related MDS or proliferative chronic myelomonocytic

leukemia (CMML) [13]. Moreover, the IPSS was intended for use only at the time of

diagnosis, and did not incorporate other clinical variables with significant prognostic

importance such red blood cell (RBC) transfusion-dependence and the severity of cytopenias

and lineage dysplasia [12]. In order to address some of these limitations, the WHO
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Prognostic Scoring System (WPSS) was developed. This system accounts for the negative

prognostic impact of multi-lineage dysplasia and RBC transfusion-dependence (which was

subsequently replaced with severity of anemia) [14,15]. In contrast to the IPSS, the WPSS is

a flexible prognostic tool that can be utilized not only at the time of diagnosis, but also in a

dynamic fashion at different time points of the disease course [14,15].

With increasing recognition that an important subgroup of IPSS LR-MDS patients has

significantly worse outcomes than predicted by the IPSS, it became clear that identification

of these patients is important as they might be candidates for disease-modifying therapy or

clinical trials assessing the benefit of early interventions [12,16,17]. The MD Anderson

group developed a prognostic tool specifically for IPSS LR-MDS (LR-PSS) that

successfully separated these patients into 3 risk-categories with significantly different

survivals, therefore identifying patients with IPSS LR-MDS with worse outcomes than

predicted by the IPSS [16]. The incorporation of some the newly discovered molecular

aberrations such as the mutations in EZH2, TP53, ETV6, RUNX1, and ASXL1 genes in the

IPSS allowed refining its prognostic precision by upstaging patients with any of these

mutations to the next-highest IPSS risk-category [18,19]. Other groups found that

immunologic variables (e.g. size of the effector memory regulatory T-cell compartment) and

flow cytometric parameters can provide prognostic information beyond that of the IPSS

[20,21]. The incorporation of molecular mutations, immunologic and possibly epigenetic

aberrations in the prognostication schemes require further validation in large cohorts and

standardization of assays and technical issues before it can be recommended for routine

clinical use [12].

Acknowledging these limitations of the discriminatory power of the IPSS and the need to

refine prognosis beyond the IPSS to assist clinical decision-making, a much larger database

(n = 7012) of international patients with MDS was created and used to update the IPSS. This

has become known as the revised IPSS (IPSS-R) [22]. In this revised model, 5 cytogenetic

prognostic classes were applied (instead of 3), the low BM blast percentage value (<5%)

was split into 2 categories, and the depth of cytopenias (rather than the mere number of lines

affected) was taken into account. This generated 5 prognostic categories, rather than the 4 of

the original IPSS. While the IPSS-R has been externally validated by other groups [23], it

did not incorporate any of the novel prognostic epigenetic, genetic, and immunologic

markers and it still did not gain wide clinical use [6,12].

It is important to keep in mind that while these prognostic tools were developed to inform

clinical decision-making, none were designed to predict response to any particular

therapeutic modality for MDS; i.e. none of them is a predictive model of response to any

specific treatment or alloSCT. A recently published French Prognostic Scoring System

(FPSS) was proposed to predict response to HMAs therapy [24]. While this predictive tool

has been validated in smaller cohorts of patients from other institutions [25,26], it still

requires further evaluation before it can be widely incorporated into routine clinical

decision-making. To date, no biomarker or clinical decision rule to reliably predict

probability of response or survival for HMAs therapy or alloSCT for MDS patients have

gained wide acceptance.
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3. Therapy for MDS

The first step on deciding the therapeutic strategy for any individual patient with MDS is

determining the goals of therapy. The decision to proceed on a curative versus a non-

curative therapeutic approach is usually undertaken after discussion between the treating

physician and the patient, taking into consideration the prognostic outlook of the disease, the

functional status and medical comorbidities, age, and patient’s preferences and attitudes to

risk-taking versus risk-aversion [27]. The IPSS, despite its aforementioned limitations,

continues to be the most widely used tool for risk-stratification and guiding therapeutic

recommendations. For clinical-decision making, patients with the IPSS risk-classes low or

INT-1 are usually classified as lower-risk (LR), while those with IPSS categories of INT-2

and high are classified as higher-risk (HR) [13]. Although recent advances in the alloSCT

field allow more elderly and/or patients with comorbidities to undergo the procedure, only a

minority of patients with MDS are transplanted today [5,8]. Therefore, the majority of

patients with MDS are still managed on a non-curative intent therapeutic paradigm [6].

Once the decision is made not to proceed with alloSCT, the next step usually involves

deciding whether to use one of the approved disease-modifying agents that can alter the

natural history of MDS versus resorting to a supportive care approach. Despite the approval

of 3 agents that can alter the disease course, many elderly frail patients with MDS are still

treated only with supportive care measures. Supportive measures include RBC and platelet

transfusions, use of hematopoietic growth factors, antibiotics, and use of iron chelation

therapy as appropriate [7]. In general, therapy with HMAs, in combination with supportive

therapies as needed, is usually recommended as frontline treatment for patients with IPSS

HR-MDS who do not proceed to immediate alloSCT due its proven survival advantage. For

IPSS LR-MDS, although supportive therapies and growth factors are the mainstay of

treatment, some patients are treated with lenalidomide or IST. The therapeutic decisions are

dynamic and can change during the course of the disease based on changes in the risk-

category and the functional status of the patient, response to prior therapies, changes in

patient’s preferences, and other factors. Whether the discovery of novel prognostic genetic

and epigenetic aberrations and the development of improved prognostic tools such as the

IPSS-R will alter this general treatment paradigm is yet to be determined [6]. Fig. 1 provides

an overview of the current therapeutic decision-making for patients with MDS.

4. Treatment of LR-MDS

For patients with IPSS LR-MDS, therapies are directed to improve symptomatology and

quality of life. The three most commonly used treatment options, in addition to clinical trials

and supportive measures, include: erythropoiesis-stimulating agents (ESAs), IST, and

lenalidomide. The choice of therapy depends on the disease phenotype, karyotype, and

patient-related factors. The benefits of these treatment options are usually achieved in

patients with LR-MDS and anemia, which is the most commonly encountered cytopenia in

MDS. Patients with IPSS LR-MDS who fail therapy and those with severe

thrombocytopenia or severe neutropenia can be considered for HMA therapy, alloSCT if

eligible, or clinical trials [28]. Due to space limitation we will not discuss the controversies
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of iron chelation therapy in MDS, but the reader is referred to our recent comprehensive

review on this issue [29].

4.1. Erythropoiesis-stimulating agents (ESAs) therapy

Anemia is a major contributor to morbidity associated with MDS. Approximately 80 to 90%

of MDS patients develop anemia during the course of their disease, of whom 40% become

RBC transfusion-dependent [30–32]. Lower Hb levels and RBC transfusion-dependence

have been associated with inferior cardiovascular outcomes and increased mortality in

patients with MDS, representing a strong rationale for aggressive management of anemia in

MDS [31–34]. The suboptimal erythropoietin responses in some patients with MDS

constitute one biologic rationale for treating MDS-related anemia with ESAs [13,35–40].

Despite not being approved by the FDA for use in MDS-associated anemia, ESAs are in

wide clinical use and are the most commonly used therapy for MDS [41,42]. An analysis of

linked SEER-Medicare data between 2001 and 2005 found that 62% of Medicare

beneficiaries with MDS received ESAs [43]. Although ESAs have not been shown to

prolong survival in MDS patients in randomized prospective trials, large retrospective

analyses have suggested a survival benefit with their use [Table 2] [42,44–46].

Taken together, studies suggest treatment with ESAs leads to significant erythroid responses

in 20 to 70% of unselected patients with MDS and in approximately 40% of patients with

LR-MDS with median response duration in the range of 2 years and without an increase in

risk in rates of leukemic progression [30,44,47–49]. The doses of ESAs used for MDS-

related anemia, which is associated with relative intrinsic resistance to erythropoietin, are

higher than those used for renal disease-related anemia which is usually associated with

normal BM responsiveness [37–39]. According to the National Comprehensive Cancer

Network (NCCN) management guidelines for MDS, the recommended starting doses are

40,000 to 60,000 units given 1 to 3 times a week for the recombinant human erythropoietin

alpha (rEPO) and 150–300 mcg/week for the longer acting form darbepoetin, with both

agents administered subcutaneously [39]. Darbepoetin administered every 3 weeks at a dose

of 500 mcg appears also effective in correcting anemia associated with LR-MDS [47]. Some

preclinical and clinical studies suggested that granulocyte colony-stimulating factor (G-CSF)

can have synergistic effects with ESAs and recommended adding small doses of G-CSF to

improve erythroid responses in some patients, especially those with RARS, either upfront or

in case of lack of response to sole ESA therapy [50]. Additionally, patients with LR-MDS

and lower levels of serum erythropoietin (<200–500 mU/mL) and those who had lower RBC

transfusion requirements (<2 units/month) had higher probabilities of achieving erythroid

responses with ESAs [44,48]. Based on these variables, predictive models of responsiveness

to ESA therapy in MDS patients have been developed and validated [44,48]. A minimum

duration of ESA therapy of 6 to 8 weeks should be allowed to evaluate for response before

therapy is discontinued [39].

A SEER-Medicare claims analysis found significant discrepancies between actual practice

and guideline-recommended therapy, especially with regard to rates of ESA use regardless

of risk status, low frequency of determination of serum erythropoietin prior to initiation of

ESAs (45%), and high prevalence of shorter ESA therapeutic trials than recommended
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(60.4%) [43]. Still, it is important to note that this analysis evaluated data between 2001

through 2005 and it is likely that these patterns have changed since [43]. Additionally,

before starting ESAs (or if suboptimal erythroid responses to ESAs are observed), it is

important to rule out any coexisting nutritional deficiencies (e.g. iron or folate deficiency) or

other causes (gastrointestinal bleeding) as contributing factors to anemia in MDS patients

and to correct these factors if present [39]. The concerns of increased venous

thromboembolism rates with ESA therapy in patients with solid tumors have not been

substantiated in patients with MDS receiving ESAs [51].

4.2. Lenalidomide therapy

The 5q–syndrome is a subtype of LR-MDS that is characterized by a refractory macrocytic

anemia, normal platelet counts or thrombocytosis, low BM blast percentage and small

hypolobated dysplastic megakaryocytes, an isolated interstitial deletion in the long arm of

chromosome 5 (5q), predilection to elderly females, and a relatively indolent course with

lower rates of leukemic progression [52–54]. Although approximately 15% of MDS patients

have cytogenetic aberrations in chromosome 5, only a subset of patients with 5q deletions

(5q–) have the specific clinicopathologic picture of 5q– syndrome [53,55,56]. Important

advances have been achieved in recent years in the understanding of the pathogenesis of this

syndrome that was first described in 1974 [52]. Haploinsufficiency of cell-cycle regulatory

genes and the ribosomal protein S14 gene (RPS14) located in the commonly deleted region

(CDR) of 5q with subsequent ribosomal stress-induced lineage-restricted overexpression of

p53 in erythroid precursors leading to increased apoptosis have all been demonstrated to be

critical in the pathogenesis of 5q– syndrome [57–59]. Additionally, haploinsufficiency of

other genes in the CDR such as the tumor suppressor genes SPARC and genes encoding

microRNAs (miR-143, miR-145, and miR-146a) with subsequent upregulation of cytokines

such as IL-6 also contribute to the clinicopathologic phenotype [60–62]. There is significant

heterogeneity in the clinical outcomes of individual MDS patients with chromosome 5

aberrations that likely reflects biologic heterogeneity [63]. Although patients with IPSS LR-

MDS with 5q– were traditionally reported to have lower risk of progression to AML, recent

data showed 2-year and 5-year leukemic progression rates of 4.9% and 17.6%, respectively

[64]. It has been shown recently that approximately 17% of patients with LR-MDS and 5q–

exhibit mutations in TP53 gene, and that these patients have significantly worse OS and

increased leukemic progression rates [65,66].

Patients with 5q– syndrome and patients with LR-MDS with 5q deletions were found to

have exquisite sensitivity to the oral immunomodulatory agent lenalidomide, a derivative of

thalidomide. In prospective clinical trials, lenalidomide resulted in significant responses in

this patient population with RBC transfusion-independence rates of 56% to 67% and a

median response duration lasting longer than 104 weeks [Table 3] [53,67,68]. Additionally,

a significant proportion of these responders achieved cytogenetic responses (50 to 76%),

indicating a direct cytotoxic effect of lenalidomide on the neoplastic clones [53,67,68].

Based on these findings, the FDA approved the use of lenalidomide (Revlimid®) for

patients with LR-MDS (IPSS low or INT-1) with transfusion-dependent anemia and 5q

deletions with or without additional karyotypic aberrations.
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The MDS 001 was the first study to show activity of lenalidomide in anemic patients with

LR-MDS and suggested selectivity of the drugs to patients with 5q31.1 deletions [67], which

was subsequently confirmed in the MDS 003 and MDS 004 trials [Table 3] [53,68]. The

lower response frequency and shorter response duration in non-5q– patients in the MDS 002

trial supported the preferential activity of lenalidomide for 5q– MDS [69]. The randomized

MDS 004 study suggested a dose–response effect with lenalidomide therapy with

significantly higher hematologic and cytogenetic response rates with the 10 mg dose

compared to the 5 mg [Table 3] [68]. Despite the excellent responses in 5q– LR-MDS,

lenalidomide therapy has not yet been shown prospectively to result in OS benefit in patients

with MDS. The cross-over design of this trial probably has significantly reduced the chances

of the trial showing an OS benefit [68,70]. Nonetheless, significant improvement in quality

of life and statistically significant reductions in relative risk of death and leukemic

progression were observed in patients responding to lenalidomide therapy [68].

Concerns have been raised regarding a possibly increased risk of progression to AML in

LR-MDS patients with 5q– treated with lenalidomide. Due to these concerns lenalidomide

has not yet been approved by the European Medicine Agency for use in Europe for the MDS

indication [71]. A recent retrospective analysis compared the outcomes of 295 lenalidomide-

treated patients from the MDS 003 and MDS 004 trials to 125 untreated RBC transfusion-

dependent patients with LR-MDS and 5q–from a large international registry [72]. Cox

proportional hazards models were used to adjust for differences between cohorts. After a

median follow-up of 4.3–4.6 years, the 2-year OS rate was significantly higher in the

lenalidomide-treated group (89.9%, [95% CI: 84.1–96.0] versus 74.4% [95% CI: 66.1–

83.7], HR 0.597, P = 0.012). Leukemic progression rates were not statistically significantly

different between the 2 groups (2-year cumulative leukemic progression rate were 6.9%

versus 12.1%, HR, 0.969, P = 0.930) [72]. A smaller French retrospective comparative

analysis that used a propensity-score approach also failed to show an increased risk of

progression to AML in patients with LR-MDS with 5q– treated with lenalidomide compared

to historical controls [71]. It has been reported that patients with LR-MDS and 5q– who do

not achieve erythroid or cytogenetic remissions after lenalidomide therapy are at a higher

risk of clonal evolution and leukemic progression [73]. A randomized prospective

comparison is needed to definitively answer this question.

In RBC transfusion-dependent patients with LR-MDS without 5q deletions, lenalidomide

results in lower response rates and shorter responses compared to patients with 5q– [Table

3] [69]. An erythroid response rate of 48% and a transfusion-independence rate of 37% have

been reported in a retrospective study of 31 consecutive ESA-refractory anemic patients

with LR-MDS who lacked 5q–, with a median response duration of 24 months [74].

Therefore lenalidomide can be considered in some transfusion-dependent patients with LR-

MDS without 5q– with primary or secondary resistance to ESA therapy, or as upfront

therapy in those with high endogenous serum erythropoietin levels who are less likely to

respond to ESA therapy [39].

In a multivariate analysis of anemic patients with LR-MDS who have received lenalidomide

therapy in the MDS 002 and MDS 003 trials, erythroid responses were associated with

younger age, shorter duration of MDS, lower baseline transfusion burden, and development
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of lenalidomide-related thrombocytopenia [75]. Therefore, the occurrence of lenalidomide-

induced cytopenias early in the course of therapy is a surrogate marker of clonal suppression

in patients with MDS and 5q– [75]. Using gene expression profiling, an erythroid

differentiation molecular signature has been identified to predict response to lenalidomide

therapy in patients with LR-MDS who lacked 5q–[76]. A polymorphism in cereblon, an E3

ubiquitin ligase protein that is a direct molecular target for the cytotoxicity of thalidomide

and lenalidomide in multiple myeloma, has been recently identified a biomarker of response

to therapy with lenalidomide in patients with LR-MDS who lack 5q– [77]. These findings

require prospective validation before they can be used to select patients for lenalidomide

therapy.

Given the encouraging results of lenalidomide in LR-MDS with 5q–, a phase 2 trial was

conducted to assess lenalidomide activity in patients with HR-MDS (IPSS INT-2 and high)

with 5q–[78]. Forty-seven patients received a daily lenalidomide dose of 10 mg and

achieved a lower hematologic response rate of 27% (15% with cytogenetic responses),

including 25.5% who achieved RBC transfusion-independence with a median duration of 26

weeks. There were 7 CR (4 complete and 3 partial cytogenetic responses), 2 marrow CR,

and 4 hematologic improvements. Patients with isolated 5q– had higher probabilities of

achieving CR compared to those with additional karyotypic aberrations. There was no

association between lenalidomide-induced cytopenias and achievement of responses,

although this evaluation was difficult due to high rates of baseline cytopenias. Based on

these results, Ades et al. [78,79] suggested that the direct cytotoxicity of lenalidomide to the

neoplastic 5q– clone in patients with LR-MDS can also been in patients with this clone and

excess blasts. A 36% overall response rate (ORR) was reported in a prospective evaluation

of 11 patients with IPSS HR-MDS and 5q– using higher doses of lenalidomide (30 mg

daily) [80].

Our understanding of the mechanisms of action of lenalidomide has lagged behind the

empiric demonstration of the selective activity of the drug in patients with MDS with 5q–.

Despite noteworthy recent discoveries in the pathogenesis of 5q– syndrome and the

molecular effects of lenalidomide therapy in these patients, the mechanisms of action of

lenalidomide in MDS are not yet fully understood. Several pleiotropic karyotype-specific

mechanisms have been proposed [56,58,61,81–83]. In LR-MDS with 5q–, lenalidomide

seems to have a karyotype-specific mechanism of action in which direct cytotoxic effect is

exerted on the neoplastic 5q– clone [75]. Lenalidomide has been shown to inhibit

haplodeficient cell-cycle regulatory phosphatases (PP2A and CDC25C) in LR-MDS patients

with 5q–, thereby stabilizing the MDM2 protein and accelerating p53 degradation

[82,84,85]. In addition, lenalidomide has been shown to cause significant increases in

RPS14 expression in 5q– patients [82,86].

In contrast, a number of potential mechanisms of action of lenalidomide have been

suggested to explain the effects of lenalidomide in patients with LR-MDS without 5q–.

These proposed mechanisms include direct stimulation of erythropoiesis, angiogenesis

inhibition, immunomodulatory effects, anti-inflammatory changes, BM microenvironment

alterations [56,58,61,81–85]. In a recent study, low levels of RPS14 expression in patients

with LR-MDS without 5q– were associated with higher rates of apoptosis erythroid
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progenitors and predicted better survival and possible response to lenalidomide [87]. It has

been suggested that lenalidomide may also exhibit direct cytotoxic effects on the neoplastic

clone in patients with HR-MDS and isolated 5q– as well [69,78,79,88].

Given the poor outcomes in patients who exhibit primary or secondary failure of response to

lenalidomide therapy and those who exhibit TP53 mutations, more research is required to

understand the biologic basis of resistance and develop novel therapeutic approaches [89].

For example, overexpression of PP2A and p53 reaccumulation in erythroid progenitors has

been shown to mediate resistance to lenalidomide in some patients [82,85]. Targeting p53

with anti-sense oligonucleotide (e.g. Cenersen) has been suggested as a strategy to overcome

lenalidomide resistance [90,91]. The S-enantiomer of lenalidomide, C-21359, is 3 to 4 times

more potent than the racemic lenalidomide used clinically currently and will be undergoing

testing in patients with LR-MDS [91].

4.3. Immunosuppressive therapy (IST)

The rationale of using IST as a therapeutic option for some patients with MDS rests on

several important observations. First, an association was noted between MDS and some

autoimmune disorders, connective tissue and rheumatologic disorders, and large granular

lymphocytic leukemia (LGL), prompting the question of a possibly shared autoimmune

etiology [92]. Second, marked aberrations in the humoral and cellular elements of both arms

of the immune system, the innate and the adaptive, have been documented in patients with

MDS. In early stage MDS, increased pro-inflammatory cytokines such as TNF-alpha and

interferon-gamma, increased frequency of CD4+CD25high + CD127low + regulatory T-cells,

and skewing of the T-cell receptor V-beta repertoire due to selective oligoclonal expansion

in cytotoxic CD8+ T-cells have been observed [93–96]. In some subsets of MDS, the

selective proliferation of both helper CD4+ T-cells (mostly polyclonal) and cytotoxic CD8+

T-cells (mostly oligoclonal) is believed to underlie an autoimmune attack against the

dysplastic hematopoietic progenitors [93]. In some forms of MDS, this CD8+ T-cell-

mediated insult against the neoplastic MDS clone, and possibly by bystander cytokine-

mediated inhibition of normal hematopoietic cells, seems to result in the development of the

BM failure state [97,98]. Sloand and colleagues showed that MDS patients with trisomy 8

had clonally expanded CD4+ and CD8+ T-cell populations that attacked the neoplastic

clones by recognizing and exhibiting responses against an overexpressed Wilms Tumor 1

(WT1) antigen [99,100].

Multiple prospective studies evaluated different forms of IST as a therapeutic intervention

for MDS. The most commonly studied agents included cyclosporine A (CSA) [101,102],

horse and rabbit antithymocyte globulin (ATG) [103–107], the anti-CD52 monoclonal

antibody alemtuzumab [108], the TNF alpha inhibitor etanacerpt [109], and sirolimus [110].

Comparison of results among these different trials that used different doses and schedules is

very difficult due to variable inclusion criteria and studied patient populations. Although

reported hematologic responses were largely variable ranging between 0% and 73%, studies

that selected patients more likely to respond to IST generally have yielded higher response

rates [98]. Hematologic responses to IST are generally slow and may require up to 6 months

to fully manifest [103]. Although no reliable clinical or laboratory response-predicting

Zeidan et al. Page 10

Blood Rev. Author manuscript; available in PMC 2014 August 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



marker has been discovered to date, several factors have been associated with hematologic

responses to IST in patients with MDS [Table 4] [97,98,111,112]. The presence of a

paroxysmal nocturnal hemoglobinuria (PNH) clone and BM hypocellularity have also been

associated with response in some reports, but they could not be reproduced in analysis of

large patient numbers [98,105,113].

In a large analysis of 139 MDS patients who received IST (ATG, CSA, or in

combination)with a median follow-up of 3 years, the hematologic overall response rate was

30% (8% for CSA, 24% for ATG, and 48% for ATG + CSA combination) [113]. The

authors identified only 3 factors to be independently predictive of response in multivariate

analysis: younger age, HLA-DR15 status, and ATG + CSA combination therapy. In a

multivariate analysis of this cohort combined with the patient cohort used to develop the

IPSS, the factors significantly associated with improved survival were younger age, IST

therapy, and intermediate or low IPSS scores. Based on their findings, the authors developed

a predictive score that identified MDS patients who were IST-responders with 88%

probability and IST-non-responders with 7% probability of response [113]. This analysis

also confirmed long-term safety of IST in patients with MDS as IST-responders had lower

rates of leukemic progression compared to the IPSS-matched control untreated group, while

the IST-non- responders had leukemic progression at similar rates to the IPSS-matched

control untreated group. This observation alleviated the concerns over possible increased

risk of progression to AML with IST in MDS patients by inhibiting a protective autoimmune

suppression of the neoplastic clones. The authors concluded that IST results in clinically

meaningful hematologic responses in a significant proportion of MDS patients and leads to

improved OS and PFS, especially in younger patients with LR-MDS [113].

A prospective trial randomized 45 patients receive horse ATG (15 mg/kg of for 5 days) with

oral CSA (for 6 months) and 43 patients to best supportive care (BSC) [105]. Most patients

had LR-MDS (IPSS low or INT-1, RA or RARS). By month 6, 29% achieved hematologic

responses in the ATG + CSA arm compared to 9% in the BSC arm (P = 0.0156).

Nonetheless, there were no statistically-significant differences in the 2-year transformation-

free survival rates (46% vs. 55%, P = 0.730) or in OS (49% vs. 63%, P = 0.828) between the

2 groups [105]. Another prospective non-randomized phase 1/2 trial evaluated alemtuzumab

monotherapy (test dose of 1 mg IV on day 1 followed by 10 mg IV daily for 10 days) in 32

patients with MDS who were preselected based on high likelihood of responding to IST

[108]. In this highly selected patient population, the hematologic ORR was an impressive

68% (77% in the INT-1 patients and 57% in INT-2 patients) with a median time to response

of 3 months. Four out of 7 evaluable responders with karyotypic aberrations prior to therapy

achieved normalization of cytogenetics by 1 year. Additionally, 5 of 9 responding patients

(56%) evaluable at 12 months had normal blood counts and 7 out of 9 patients (78%) were

transfusion independent. Treatment was well tolerated with no excess toxicity, leukemic

progression, or clinically significant cases of Epstein–Bar virus or cytomegalovirus

reactivations [108]. These results require further prospective validation. Based on these

results, carefully selected patients with symptomatic MDS can be considered for a trial of

IST with ATG, CSA, ATG + CSA, or alemtuzumab [Table 4].
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5. Therapy for HR-MDS

Patients with HR-MDS have poor outcomes and their survival is significantly limited. If

untreated with disease-modifying therapy or alloSCT, these patients have a median survival

of less than one year [13]. The goal of therapy in this patient group is to alter the natural

course of the disease by prolonging survival of patients who can tolerate HMA or more

intensive interventions [6]. In addition to enrollment in clinical trials, the 3 commonly used

therapies are HMA therapy with azacitidine or decitabine, alloSCT, or, rarely, intensive

chemotherapy.

5.1. Hypomethylating agents (HMAs)

The 2 HMAs approved by the Food and Drug administration (FDA) for treatment of MDS

are azacitidine (5-azacytidine, Vidaza®, Celgene), and decitabine (5-aza-2′-deoxycytidine,

Dacogen®, Eisai). Both of these azanucleosides are cytidine analogues which inhibit a

group of enzymes called DNA methyltransferases (DNMTs) and subsequently lead to

demethylation of the cytosine residues in the promoter-associated CpG islands [114].

Although the mechanisms of action of these azanucleosides in MDS are not fully

understood, hypomethylation and subsequent reversal of transcriptional inhibition of

important tumor-suppressor and DNA repair genes is believed to represent the main

mechanism of action [115]. Nonetheless, these drugs exhibit other biologic effects such as

immunomodulation and incorporation into DNA and, in case of azacitidine, RNA as well

[114–116]. The degree to which mechanisms other than epigenetic modulation contribute to

the clinical activity of HMAs in MDS is not yet established [115].

Both HMAs are active across the entire morphologic and prognostic spectrum of MDS and

result in objective hematologic responses in 40– 60% of patients including 10–20% CR rates

and 10–20% PR rates, delay leukemic progression, improve quality of life in patients with

MDS, and, in the case of azacitidine, prolong survival [Table 5] [91,117–120]. The two

drugs are yet to be compared head-to-head in a randomized prospective fashion. Therefore,

since only azacitidine is the only HMA shown to prolong OS in a randomized phase 3 trial,

most experts recommend azacitidine over decitabine as first-line therapy for HR-MDS [39].

5.1.1. Azacitidine—The first randomized phase 3 trial to study azacitidine was the Cancer

and Leukemia Group B (CALGB) 9221 study which failed to show a survival advantage,

probably because it allowed crossover from placebo to azacitidine [Table 5] [119]. The first

and only randomized phase 3 trial to show an OS advantage in MDS was the AZA 001 study

which randomized 358 HR-MDS patients equally to either an azacitidine arm using a similar

regimen or to conventional care regimens (CCR) arm that included BSC, low-dose

cytarabine, or intensive chemotherapy pre-assigned at physician discretion without allowing

cross-over to azacitidine [Table 5] [118]. The median survival advantage was 9.5 months. A

survival advantage was maintained for older patients, in patients with 20–30% BM blasts, in

patients with adverse karyotypes, and when compared to low-dose cytarabine alone

[118,121–123]. A statistically-significant OS difference between patients receiving

azacitidine and those receiving intensive chemotherapy could not be detected, probably due

to the small number of patients who received chemotherapy. Additionally, azacitidine
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therapy was also associated with shorter hospitalizations, decreased transfusions and

infections, delayed leukemic progression, and improvements in reported quality-of-life

[118,121–125].

Objective responses to azacitidine can require 4–6 months to manifest, and response appears

to deepen with time in many patients. The first objective response to azacitidine therapy was

observed after a median of 2 to 3 cycles (range, 1–16), with approximately 90% of first

responses observed after 6 cycles [126,127]. Moreover, continuation of azacitidine therapy

beyond first response deepened it in 48% of patients, with the best response observed in

92% of responders by 12 cycles of therapy. The median time from first response to best

response (CR or PR) was 3 to 3.5 cycles [127]. Compared to AML therapy where achieving

an OS advantage requires attainment of CR or PR, a survival benefit with azacitidine

therapy for HR-MDS patients was also observed for patients whose best responses were

hematologic improvement (HI) [24,128,129]. Whether patients whose best response to

azacitidine therapy is stable disease (SD) achieve an OS benefit it not known at this time

[128].

The approved 7-day regimen of azacitidine requires weekend administration, which can be

difficult to arrange. Other azacitidine regimens that do not require therapy on weekends

were evaluated in a randomized study of 151 MDS patients, of whom two thirds had LR-

MDS [130]. The 3 regimens were 5-2-2 (75 mg/m2/day SQ for 5 days, followed by 2 days

without therapy, then 75 mg/m2/day for 2 days); 5-2-5 (50 mg/m2/day SQ for 5 days,

followed by 2 days without therapy, then 50 mg/m2/day for 5 days); and 5-0-0 (75

mg/m2/day SQ for 5 days). The rates of HI were 44%, 45%, and 56%, respectively, and

transfusion-independence rates were 50%, 55%, and 64%, respectively [130]. Since these

regimens were not directly compared to the approved regimen, most patients on the study

had LR-MDS, and because marrow responses and survival were not reported, these

regimens need further evaluation before they can be adopted for wide clinical use for HR-

MDS patients. Prolonged administration of lower doses of azacitidine therapy instead of the

7-day course have a biologic rationale as it might result in a lesser degree of cell cycle

inhibition with subsequent increased incorporation into DNA and more effective

methylation reversal [121].

Despite limited available data, most experts feel that IV administration of azacitidine (same

dose/schedule) instead of SQ is a reasonable alternative in cases of significant local

reactions to the SQ formulation or limited SQ tissue due to cachexia [124,125]. An oral

formulation of azacitidine showed promising results in early phase trials and is currently

undergoing evaluation in a large international randomized phase 3 trial [131]. Given that

objective responses are seen in approximately only half of HR-MDS patients treated with

azacitidine, that responses require 4 to 6 months to manifest, and that therapy can be

associated with significant side effects, it is a research priority to discover biomarkers or

develop decision tools that can accurately predict the probability of achieving response or

survival benefit for any individual MDS patient before or early after initiating azacitidine

therapy. Unfortunately, no such biomarker or predictive tool has been widely validated. Ten-

eleven-translocation 2 (TET2) mutations were reported to predict response to azacitidine

therapy [132]. Recently, a French prognostic scoring system (FPSS) was reported to predict
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response to azacitidine therapy in HR-MDS patients and was validated in 2 single-institution

European cohorts [24–26,129,133,134]. Both TET2 mutations and the FPSS await wide-

scale and prospective validation.

5.1.2. Decitabine—Two large randomized studies of decitabine in MDS have been

reported, but neither one showed an OS survival [Table 5] [117,120]. The infusional

decitabine regimen used in both of these studies requires hospitalization, so alternative

easier-to-administer schedules were studied [135]. In a randomized phase 2 trial, 95 patients

were assigned to one of three regimens of decitabine: 20 mg/m2/day for 5 days; 20

mg/m2/day SQ for 5 days; or 10 mg/m2/day IV for 10 days [136]. In total, 73% achieved

objective responses, including 34% with CR. The 5-day IV regimen resulted in the highest

CR rate (39%) and was chosen as the optimal regimen. In a subsequent phase 2 trial, this

regimen resulted in a significantly less responses with a CR rate of only 17% [137]. Similar

to the case with azacitidine, predictors of response are sought after. A 10-gene methylation

signature was reported to be predictive independent of the IPSS, but further validation and

technical standardization is required [138].

5.1.3. Side effects of HMAs—The most common side effects of HMAs are hematologic

in form of new or worsening cytopenias, especially grade 3 or 4 neutropenia and

thrombocytopenia [117,118,136]. These hematologic side effects are usually observed with

initial cycles of therapy but generally improve in subsequent cycles [139]. Dose reductions,

dose delays, or maintaining the same intensity with supportive therapy are all commonly

used approaches to manage hematologic toxicity [124,125]. Some investigators argue that

cytopenias could reflect response at the level of malignant clones and therefore delaying or

reducing doses is not needed in the absence of life-threatening complications, and can lead

to emergence of resistance [124,125]. Other researchers argue that no dose or interval

threshold has been established for therapy with HMAs in MDS and that gene expression

modulation has been observed with very low doses of HMAs; therefore maintaining same

intensity of therapy without dose reduction or delay despite development of significant

cytopenias exposes patients to significant risks without proven benefit [131,140]. The non-

hematologic side effects of HMAs are mild and usually well tolerated. The most common

ones include fatigue, local site reactions, and gastrointestinal disturbances [124].

5.1.4. HMAs use in MDS—Based on available evidence, therapy with HMAs in indicated

in patients with IPSS INT-2 and high-risk MDS not proceeding to transplantation

immediately, and should be considered in lower risk patients not responding to other

therapies, especially those with severe thrombocytopenia or neutropenia. A therapeutic trial

of 4 to 6 cycles of HMAs is needed to allow time for objective responses to manifest, unless

frank progression or excessive toxicity develop [39,124,125]. For patients who achieve

objective responses and are not proceeding to transplantation, therapy should continue until

progression or the development of significant toxicity [124,141]. Although no dose or

duration threshold has been established, the only regimen shown to prolong survival was

azacitidine at 75 mg/m2/day for 7 days every 28 days, and this is the recommended regimen

for use especially in patients with HR-MDS in whom modification of the natural history of

the disease is the goal of therapy [39,124,125]. Many aspects of the use of HMAs in MDS
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remain controversial require more evaluation including the optimal schedules and doses,

combination therapy, and management of therapy-related cytopenias.

Patients who do not respond to HMAs, lose initial response, or progress to AML after

therapy with HMAs have very poor outcomes with median survival of less than 6 months

[142–144]. The mechanisms of primary and secondary resistance to HMA therapy are

complex and poorly understood. Multiple levels of resistance have been proposed including

inter-individual variations in effective drug levels due to genetic and pharmacokinetic

differences such as changes in cellular transport proteins and in enzymes responsible for

metabolism (e.g. phosphorylation) of HMAs, and changes in the target enzymes of the drugs

(DNMTs) [145,146]. Better understanding of the mechanisms of primary and secondary

resistance is required in order to rationally develop agents that prevent or overcome

resistance. Without understanding the mechanisms of resistance, the choice of subsequent

therapy post-HMA failure will remain empiric with high rates of futility. Novel more potent

azanucleosides, e.g. SGI-110, and oral formulations of the current HMAs, e.g. CC-486

which is an oral form of azacitidine are being evaluated [91,131].

5.2. Intensive chemotherapy for HR-MDS

Intensive AML-like chemotherapy regimens result in significant toxicity and modest

responses in patients with HR-MDS; a largely elderly patient population with high

prevalence of medical comorbidities; therefore limiting their use. The CR rate associated

with intensive chemotherapy for MDS is lower in than that seen in patients with de novo

AML (40–60%) and is typically more limited in duration (median CR duration less than one

year) [147–152]. Additionally, more hematologic and non-hematologic toxicity is observed

leading to higher rates of induction-related mortality of approximately 20% [147–151].

Poor-risk karyotypes, advanced age, and poor performance status have been associated with

adverse outcomes in MDS patients receiving intensive chemotherapy [149–151]. A

retrospective study evaluated 510 patients with HR-MDS who were treated with intensive

chemotherapy, and reported a CR rate of 53%, induction-related mortality of 17%, and a

dismal 5-year overall survival probability of 8% [151]. Those younger than 65 years with

normal karyotypes had the best outcomes (5-year survival rate of 27%), while those older

than 65 years in age had an induction mortality rate of 29% [151]. No specific intensive

induction chemotherapy regimen appears superior to others in HR-MDS [149,151].

The outcomes of patients who receive intensive chemotherapy for AML arising from MDS

are similarly dismal [147,153]. Intensive chemotherapy is yet to be compared head-to-head

with HMA in a randomized study. Although the landmark AZA 001 study allowed for

intensive chemotherapy as part of the CCR arm, only few patients received chemotherapy to

allow for informed conclusions [118]. The clinical benefit associated with azacitidine in

AZA 001 trial was maintained irrespective of the karyotype [118]. Therefore given the high

toxicity associated with chemotherapy and the absence of demonstrated superior outcomes

compared to HMA therapy, the use of intensive chemotherapy in MDS is usually restricted

to the rare younger patient requiring cytoreduction prior to alloSCT, especially those with

normal karyotypes [7,152,154]. Older patients with co-morbidities, especially those with
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monosomy 7 and other poor-risk cytogenetics, are probably better treated with HMA

therapy.

6. Combination strategies

Azacitidine is the only therapy, short of alloHSCT, that was shown prospectively to prolong

survival in patients with MDS. Nonetheless, HMA therapy leads to objective responses in

only half the patients including a modest CR rate of 10–20%, patients with primary or

secondary resistance to HMA have dismal prognosis, and even responsive patients are not

cured and most will lose their response in less than 2 years [155]. Therefore novel

therapeutic approaches are desperately needed. Given the proven survival advantage of

azacitidine, HMA-based platforms represented an appealing combination approach.

Histone deacetylase inhibitors (HDACIs) inhibit a group of enzymes called histone

deacetylases (HDACs) that are important in post-translational histone modification and exert

epigenetic control over gene expression. Inhibiting HDACs pharmacologically may result in

cell cycle arrest and subsequent apoptosis [156]. Additionally, HDACIs can induce reactive

oxygen species, directly acetylate chaperone proteins and interfere with nuclear factor

kappa-B (NF-kB) and death receptor pathways, and can cause differentiation in the

malignant cells [156,157]. Although HDACIs such as vorinostat, panobinostat, entinostat,

and belinostat demonstrated very modest single agent activity in MDS and AML clinical

trials [158–160], in-vitro experiments showed that they potentiated reversal of promoter

methylation of silenced genes [161].

Synergistic antileukemic activity can be achieved in vitro by combining HMA and HDACI

[162]. Early phase trials that evaluated the combination of valproic acid or sodium

phenylbutyrate, both older HDACIs, with azacitidine or decitabine showed that the

combinations were safe and associated with modest clinical activity [163–165]. Several

newer HDACIs (e.g. entinostat, belinostat, vorinostat, panobinostat) have been evaluated in

early phase trials in combination with HMAs. Pracinostat (SB939), a novel competitive

HDACI with >1000-fold selectivity for HDAC Classes 1 and 2 versus Class 3 was

combined with azacitidine in a phase II study at MD Anderson Cancer Center. The

combination resulted in an impressive CR/CRi rate of 78% (7 out of 9 patients). A

randomized phase 2 study of 150 patients reported only in abstract format compared

azacitidine monotherapy to azacitidine + vortinostat combination did not find a significant

difference in median OS between the 2 groups after a median follow up of 17 months (18

months in the monotherapy arm vs. 13 months in the combination arm B, P = 0.15) [166].

The possibly complementary mechanisms of action of azacitidine, which targets the

neoplastic clone, and lenalidomide, which has significant effects on the BM

microenvironment, and their single-agent activity in MDS, were the basis of trials

combining both agents in HR-MDS [155,167–169]. The goal of this combination is to

increase and/or deepen and/or prolong the responses, and ultimately prolong survival

compared to single-agent azacitidine. In a phase 1 study, 18 patients with IPSS HR-MDS or

BM blasts of 5% or more received azacitidine (75 mg/m2/day for 5 or 10 days) concurrently

with lenalidomide (5 or 10 mg daily for 14 or 21 days in 4-week cycles), and the
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combination was well tolerated [167]. A phase 2 expansion of this trial study enrolled 18

more patients (azacitidine 75 mg/m2/day for 5 days and lenalidomide 10 mg daily in the first

3 weeks of 4-week cycles) [168]. This study confirmed the safety and tolerability of the

combination. Overall, 72% of treated patients achieved objective responses with a CR rate

of 44% with a median duration of more than 17 months. The median OS for complete

responders was more than 37 months. A phase 1 trial that evaluated a sequential

combination approach of azacitidine (75 mg/m2/day for 5 days) followed by escalating

doses of lenalidomide on day 6 through day 19 in 20 patients with IPSS HR-MDS (65%) or

AML (35%) with 5q– has been recently reported [169]. Overall, 26% of patients achieved

objective responses, including 44% of previously untreated patients. An ongoing 3-arm

randomized trial is comparing 2 combination regimens (azacitidine + lenalidomide and

azacitidine + vorinostat) with azacitidine monotherapy (NCT01522976). Other azacitidine-

based combinations have been evaluated in HR-MDS such as azacitidine–cytarabine

combination and azacitidine-CD33-immunoconjugate gemtuzumab ozogamicin combination

[170–172].

In order to improve erythroid responses, combination therapies have been evaluated in

patients with LR-MDS as well. For LR-MDS, a recently published trial evaluated the use of

a combination regimen of lenalidomide with rEPO in transfusion-dependent patients who

failed prior ESA therapy [173]. In the first stage of the trial, patients were treated with

lenalidomide monotherapy (10 or 15 mg daily) for 16 weeks. Erythroid non-responders

received the combination regimen using rEPO at 40 000 U per week. In the first stage, 6

patients out of 7 with 5q– (86%) and 8 patients out of 32 with non-5q– LR-MDS (25%;

17.7% for the 10 mg dose and 33.3% for the 15 mg dose) achieved HI-E with lenalidomide

monotherapy. Twenty-three patients received the combination therapy and 6 of them (26%)

achieved HI-E including 4 of 19 non-5q– patients (21.1%). These results led to a

randomized phase 3 study that is evaluating the benefits of lenalidomide plus rEPO therapy

[173].

7. Allogeneic stem cell transplantation (AlloSCT)

AlloSCT is the only therapeutic approach with a known curative potential for patients with

MDS. Nonetheless, most MDS patients do not undergo alloSCT due concerns of excessive

procedure-related toxicity related to compromised organ function reserve with advanced age

and coexisting medical conditions, or due to difficulties of locating an appropriate stem cell

graft source [174,175]. Even for patients who undergo alloSCT, a considerable risk of

transplant-related mortality (TRM) and disease relapse results in long-term OS in only 30%–

50% of transplanted patients, many of whom suffer from long-term sequelae such as

cGVHD [176–179]. As recent advances in the field of alloSCT and the introduction of

reduced intensity conditioning (RIC) regimens have led to important reductions in TRM,

relapse has become the leading impediment to achieving long-term survival of transplanted

MDS patients [180,181]. Therefore, although alloSCT should be considered in all MDS

patients, careful selection of patients based on a thoughtful evaluation of risk/benefit ratio is

of paramount importance [182–184].
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Discussion of the role and controversies of alloSCT in MDS including patient selection, pre-

transplantation therapy, the intensity and type of preparatory regimens, the impact of

transfusion-dependency and iron overload on transplantation outcomes, the prevention and

management of GVHD and relapse is beyond the scope of this paper. The interested reader

is referred to an excellent review published recently in this journal [184] and other timely

comprehensive reviews [176,181,183,185–188].

The outcomes of the alloSCT for MDS are largely dependent on disease- and patient-related

factors. The cytogenetic status, the BM blast percentage, age, medical co-morbidities,

transfusion-dependency and iron overload all affect alloSCT outcomes [185,189–193]. The

FAB and WHO classifications, the IPSS (at diagnosis and at time of alloSCT), the WPSS,

and cytogenetic risk scores (the IPSS 3-group cytogenetic classification and the recent 5-

group cytogenetic risk categories) were all retrospectively shown to predict post-alloSCT

outcomes [189,194–196]. A Markov decision-analysis published in 2004 found that

maximal gain of years of life is achieved for patients with IPSS INT-2 and high risk if they

proceed to alloSCT without delay, while patients with low and INT-1 IPSS scores achieve

better life expectancy by delaying alloSCT to time of leukemic progression [194]. This

analysis was limited to patients younger than 60 years who underwent myeloablative

conditioning (MAC) before the wide use of HMA therapy. To address these limitations,

another Markov decision-analysis was recently published based on evaluation of 514 MDS

patients aged 60 to 70 years [178]. Patients with IPSS low and INT-1 scores were treated

with BSC and growth factors, while those with INT-2 and high IPSS scores were treated

with RIC alloSCT (n = 132) or HMAs (n = 165). It was concluded that for patients with de

novo MDS aged 60 to 70 years who belonged to the IPSS low or INT-1 risk groups, non-

transplantation approaches are preferred. In contrast, for those patients in the INT-2 and high

IPSS risk categories, RIC alloSCT offered an advantage in terms of OS and quality-adjusted

survival [178]. Currently, most experts and practice guidelines recommend that transplant-

eligible patients with INT-2 or high risk IPSS scores undergo alloSCT at or soon after

diagnosis if an appropriate donor is available [39,188].

In addition to patients with IPSS INT-2 or high, patients with IPSS LR-MDS with certain

characteristics should be considered for alloSCT such as those with refractory life-

threatening cytopenias [28,181]. Data suggests that some of the newer risk models (e.g. the

MD Anderson model) and the recently discovered important prognostic gene mutations (e.g.

TP53, EZH2, and ASXL1) can define a subgroup of MDS patients with IPSS low or INT-1

who actually have poor outcomes, but whether the negative prognostic impact of these

mutations can be overcome with alloSCT remains to be determined [18,19,189].

8. Future directions and investigational agents

Despite the recent advances in management of MDS, outcomes are far from optimal,

especially for high-risk patients. There is a clear unmet need for newer therapies for patients

with MDS, especially for patients with primary or secondary resistance to HMA therapy and

those who relapse after alloSCT. The increasing knowledge about the complex pathogenesis

of MDS, the key genetic alterations that drive progression, and the mechanisms of action

and resistance to current therapies will be vital for development of novel and targeted
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treatments. The lack of adequate animal models that recapitulate the full spectrum of MDS

biology has been a major obstacle for these efforts. Still, a large number of agents are

undergoing clinical trials for MDS. Detailed discussion of the agents undergoing preclinical

and early clinical evaluation for MDS is beyond the scope of this paper.

In addition to HDACIs, novel azanucleosides, agents targeting P53 and lenalidomide

resistance mechanisms, and combination regimens mentioned earlier, a large number of

agents have and are been evaluated for therapeutic potential in patients with MDS. Some of

the recently studied agents for HR-MDS include oral and intravenous formulations of

clofarabine [197,198], the multikinase inhibitor rigosertib (previously known as ON-01910)

[199], the novel oral deoxycytidine nucleoside sapacitabine [200], farnesyl-transferase

inhibitors [201–203], arsenic trioxide [204,205], and the tyrosine kinase inhibitors erlotinib

and dasatinib [206]. For LR-MDS, the glutathione S-transferase P1-1 inhibitor ezatiostat

(TLK199) is showing promising activity for management of anemia [207,208]. The

thrombopoietin-receptior agonists romiplostim and eltrombopag improved

thrombocytopenia in patients with LR-MDS but concerns have been raised about the risk of

leukemic progression with these agents [209,210].

Some of the promising agents that are entering early phase clinical trials for MDS include

INCB024360, a potent oral inhibitor of the key enzyme in breakdown pathways of

tryptophan, indoleamine 2,3 dioxygenease 1 [IDO1] [211,212]. This agent modulates the

BM microenvironment by metabolically targeting the regulatory T-cells and the myeloid-

derived suppressor cells [91,213]. Other agents that target the BM microenvironment

include sotatercept, also known as ACE-011, and LY2157299, which target the inhibitory

transforming growth factor beta (TGF-β)-SMAD2 pathway whose constitutive activation

contributes to ineffective hematopoiesis in LR-MDS [214–216]. Inhibitors of the enzyme

aminopeptidase necessary for cancer cell survival, e.g. tosedostat, and inhibitors of the p38

mitogen-activated protein kinase (p38MAPK) pathway, e.g. SCIO-469 and Array614, will

be further tested in MDS [217–220]. Lastly, efforts at targeting the MDS stem call by

interfering with vital pathways for stem cell survival such as the Wnt/β-catenin and Notch

pathways might hold promise for overcoming drug resistance and possibly achieving cure or

long-term control of MDS [91,221]. An example of this approach is the use of the

smoothened inhibitor PF-04449913, which interferes with the sonic hedgehog self-renewal

pathway in stem cells [222]. This agent demonstrated preliminary activity in a phase 1b

study of select myeloid malignancies including MDS [222].

9. Practice points

• Myelodysplastic syndromes (MDS) are characterized by significant biologic

heterogeneity with consequent wide variations in the clinical course and outcomes

of individual patients, necessitating an individualized risk-adaptive therapeutic

approach.

• Several prognostic tools are in clinical use to facilitate prognosis prediction and

inform treatment decisions, but each of these prediction tools has its own

limitations that have to be considered when contemplating therapeutic options.
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• Significant advances occurred on the therapeutic front in last decade with the

approval of azacitidine, decitabine, and lenalidomide. Nonetheless, outcomes

remain suboptimal as all patients eventually progress, most within 2 years of

therapy.

• Most MDS patients are not eligible for allogeneic hematopoietic stem

transplantation (alloSCT), which remains as the only known curative therapeutic

intervention.

• Patients who do not respond or relapse after hypomethylating agent therapy or

alloSCT have dismal outcomes and should be considered for clinical trials.

• The improved understanding of the complex pathogenesis of MDS and the

underlying driver genetic, epigenetic, and immunologic mechanisms will help

develop novel effective rationally-designed therapies.

10. Research agenda

• Understanding the biologic consequences and signaling pathways changes of the

newly discovered genetic mutations

• Discovery of reliable predictive biomarkers and/or accurate clinical rules that can

guide choices of therapy

• Development of better prognostic tools that can more accurately identify patients

with worse outcomes, especially among patients in the IPSS low and INT-1 risk-

categories, to select such patients for more aggressive risk-adaptive therapies or

clinical trials.

• Understanding mechanisms of action and resistance of azacitidine, decitabine, and

lenalidomide and development of strategies to prevent and overcome resistance.

• Development of new strategies to improves outcomes of alloSCT for MDS,

including selection of patients, pre-transplantation therapy, conditioning regimens

and intensity, GVHD prophylaxis, and relapse prevention and treatment.
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Fig. 1.
Current decision-making for patients with Myelodysplastic syndromes (MDS) based on the

National Comprehensive Cancer Center Network (NCCN) management guidelines (adapted

from reference [39]). IPSS: International Prognostic Scoring System; INT-1: Intermediate-1;

INT-2: Intermediate 2; alloSCT: Allogeneic stem cell transplantation; EPO: Erythropoietin;

G-CSF: Granulocyte colony-stimulating factor; ESAs: Erythropoiesis-stimulating agents;

RBC: Red blood cells; BM: Bone marrow, PNH: Paroxysmal nocturnal hemoglobinuria;

IST: Immunosuppressive therapy.
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Table 4

Factors reported in the literature to be associated with clinical responses to immunosuppressive therapy in

patients with myelodysplastic syndromes (MDS).

Age (<60 years)

Early stage MDS (FAB RA and IPSS low and INT-1)

HLA-DR15+ Status

Trisomy 8 karyoptype

Female gender

Short duration of RBC transfusion dependency

Lower RBC transfusion requirements

Presence of a PNH clone

BM hypocellularity

FAB: French-American-British classification; RA: Refractory anemia; IPSS: International Prognostic Scoring System; INT-1: Intermediate-1;
HLA: Human leukocyte antigen; RBC: Red blood cells; PNH: Paroxysmal nocturnal hemoglobinuria; BM: Bone marrow. Data from Refs. [97–
113].
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