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Opinion statement

Aging is the most potent of carcinogens, especially for the bone marrow stem cell clonal
disorders called myelodysplastic syndromes (MDS). Age-associated changes in the microenvi-
ronment or the soil of the bone marrow (BM) as well as in the cell or the seed provide a growth
advantage for clonal myeloid cells. Slowly accumulating senescent cells which can no longer
divide because they have reached the end of their proliferative life cycle, but which continue to
produce metabolic debris, overwhelm the natural autophagy mechanisms resulting in pro-
inflammatory changes in the BM soil. In addition, the seed or stem cells acquire passenger
mutations with each round of proliferation resulting from DNA copying errors. Some mutations
commonly associated with MDS can be found in older, otherwise healthy individuals; however,
when combined with other passenger mutations or in the setting of a noxious soil, the result
could be a proliferative advantage for one stem cell over others, leading to its clonal expansion
and development of the clinical syndrome. When considering therapeutic options for MDS
patients, the important considerations are related to both the common co-morbidities of an
elderly population along with the heterogeneous passenger mutations and the inflammatory
changes in the soil. At present, allogeneic stem cell transplant is the only potentially curative
option in MDS. Palliative strategies are directed at improving the quality of life and prolonging
survival. Only three drugs are FDA approved, two being the hypomethylating agents azacytidine
and decitabine while the third is lenalidomide which is restricted to lower risk MDS patients
with deletion 5q. Promising future therapies are directed at reversing the pro-inflammatory
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changes in the microenvironment (luspatercept) or targeting specific mutations isocitrate
dehydrogenase (IDH)1, IDH2, p53, EZH2. More durable responses are to be expected when the
seed and soil are targeted simultaneously through a combination of drugs.

Introduction

Myelodysplastic syndromes (MDS) comprise a heteroge-
neous group of clonal myeloid disorders characterized by
impaired hematopoiesis resulting in cytopenias and
dysmyelopoiesis. MDS patients are at an increased risk of
evolution to acute myeloid leukemia (AML). Owing to the
fact that MDS are very dissimilar in their genetic character-
istics and molecular pathogenesis, the natural history is
also highly variable with survival ranging from few months
to several years [1]. Accordingly, treatment options vary
from supportive measures to hematopoietic stem cell trans-
plant (HSCT). An accurate assessment of prognosis is man-
datory to offer the most appropriate treatment option.

In the last decade, significant efforts have been made
to understand the complexity of the disease biology,
leading to the identification of recurrently mutated genes
with well-defined clinical, prognostic, and therapeutic
implications [2-4]. However, this has not been reflected
in an improvement of the treatment options. Currently,
there are only three approved drugs and none is curative.
HSCT is the only potentially curative procedure but with
limited applicability in patients with a median age of
76 years and age-related comorbidities [5-8].

In this review, we will discuss the therapeutic options
of MDS patients using a risk-adapted algorithm and
describe our recommendations for the best manage-
ment of these patients. Finally, a review of the most
encouraging novel agents will be provided.

Risk stratification

An individual risk-adapted treatment approach relying on
the patient’s age, comorbidities, risk of death, and leuke-
mic transformation is mandatory in MDS. Currently, the
most commonly used tool for risk stratification is the
International Prognostic Scoring System Revised (IPSS-R)

[9]. This score is based on the number and severity of
cytopenias, bone marrow blasts percentage, and specific
cytogenetic abnormalities. Although IPSS-R provides a
more accurate risk stratification than the former IPSS
[10], it continues to have limitations: it is complex, it lacks
molecular information, and its reproducibility is inconsis-
tent with special concern related to the intermediate-risk
group [11, 12]. The IPSS-R stratifies patients into five
groups. However, in daily practice, the two lowest groups
(very low and low) are considered lower-risk MDS, while
the two highest groups (high and very high) are referred to
as higher-risk MDS. The intermediate group can present
very heterogeneous outcomes; some patients present an
indolent disease, and others rapidly evolve to AML. Fur-
thermore, lower- or intermediate-risk patients, who failed
in first-line therapy, should be handled as higher-risk.

More recently, recurrent somatic mutations have
been reported to influence the prognosis of MDS. Incor-
porating them into the risk assessment, especially in the
lower- and intermediate-risk groups, may provide more
accurate risk stratification. Among the mutated genes,
TP53, ASXL1, NRAS, SFRSF2, and EZH?2 are consistently
associated with poor outcomes, whereas SF3B1 is the
only related to a better survival [2-4, 13e, 14]. A molec-
ular prognostic index (IPSS-Rm) including more than
3000 patients is under development. A recent study
from our group focused on erythropoiesis has shown
that presence or absence of quantifiable terminal ery-
throid differentiation (TED) is an independent prognos-
tic factor for survival in MDS patients. Patients in whom
TED was quantifiable (TED-positive) or not (TED-
negative) showed significantly different overall survival
(OS). Importantly, TED status further refined the prog-
nostic power in all IPSS-R risk groups [15].

Treatment approach for lower-risk MDS patients

The erythroid lineage is the most frequently affected in MDS. Consequently,
anemia is present in 85% MDS patients at diagnosis or during the course of the
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disease, with half of the patients with hemoglobin (Hb) levels < 10 g/dL [9]. Very
little is known about the molecular and cellular basis of erythroid differentiation
in MDS patients. The defects can affect early or late stages of differentiation. Our
recent work showed that the majority of MDS patients had abnormal terminal
erythroid differentiation [15]. Compared to normal individuals, MDS patients
had a smaller number of cells in proerythroblast and early basophilic erythroblast
stages, but significantly high number of cells in polychromatic stages with a
reduced number of cells in orthochromatic stages [15]. Life expectancy of lower-
risk patients is expected to be long [OS > 30 months]; therefore, the goal is to
alleviate the anemia in order to improve their quality of life. Treatment of the
anemia in lower-risk MDS patients depends on the presence of the deletion 5q
[del(5q)]. A treatment algorithm is described in Fig. 1.

First-line treatment of anemia in MDS without del(5q)

Erythropoiesis-stimulating Agents
The off-label use of erythropoiesis-stimulating agents (ESAs) is the first choice
of supportive care for anemia in low risk patients. High doses of ESA, epoetin or
darbepoetin alpha, yield 60% of erythroid responses within 8-12 weeks with a
median duration of response lasting up to 2 years [16]. It is recommended to
administer ESAs regularly to maintain Hb levels from 10 to 12 g/dL. The main
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Fig. 1. Treatment algorithm for myelodysplastic syndromes. G-CSF granulocyte colony-stimulating factor, HMAs hypomethylating
agents, TPO ag thrombopoietin receptor analogs, IST immunosuppressive therapy, ESAs erythropoiesis-stimulating agents, RS ring
sideroblasts. a If initially is managed as lower- risk but fails to respond move to higher risk management strategies. b IPSS-R
intermediate patients may be managed as lower- or higher-risk depending on additional prognostic factors such as age,
performance status, serum ferritin levels and serum LDH levels.
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predictors of response include endogenous erythropoietin (EPO) of <500 U/L
and low number of blood transfusions (<2 U/month) [17, 18]. The efficacy of
ESAs can be improved with synergistic activity of granulocyte colony-
stimulating factor (G-CSF); hence, a trial with GCS-F should be considered in
patients unresponsive to ESAs after 4-8 weeks, especially in those with > 15%
ring sideroblasts [19]. Treatment should be abandoned if there is no improve-
ment after 8-16 weeks.

Second-line treatments for anemia in MDS without del(5q)

Lower-risk MDS unresponsive or refractory to ESAs remains a challenge because
of the intrinsically unfavorable prognosis and the discouraging treatment op-
tions, most patients remaining transfusion-dependent.

Hypomethylating Agents
At present, four prospective studies of azacitidine in low risk transfusion-depen-
dent non-del(5q) MDS unresponsive or refractory to ESAs have been published
with reported rates of transfusion independence (T1) ranging from 15 to 30%
with a median duration of < 12 months [20-23]. In the Spanish study, there was
no difference in overall survival between the azacitidine and BSC arm [23].
Similar results have been reported with decitabine [24]. Hypomethylating agents
(HMAs) are approved for lower-risk non-del(5q) MDS in the USA and Japan but
not in Europe.

Lenalidomide

Lenalidomide has been shown to induce erythroid differentiation in lower-risk
non-del(5q) MDS ineligible or refractory to ESAs resulting in 26% of durable
erythroid responses with best responses (42%) in patients with serum EPO
levels <100 U/L [25, 26¢]. Recently, the combination of lenalidomide plus
ESAs has proved to be a promising option with durable and significantly higher
rates of erythroid responses without added toxicity [27e].

The question of the optimal order of lenalidomide and HMAs use after ESAs
failure remains to be addressed. In a retrospective analysis, rates of erythroid
improvement were significantly higher when lenalidomide was used as first-line
rather than second-line treatment (38% vs. 12%), with no differences when
azacitidine was used before or after lenalidomide [28]. Because of better responses
with lenalidomide than azacitidine (26% vs. 17%), it is our practice to start with
lenalidomide ESAs and switch to HMAs if there is no response.

First-line treatment of anemia in MDS with deletion 5q

Lenalidomide
Lenalidomide is an immunomodulating agent approved for lower-risk MDS
with del(5q) with or without additional cytogenetic abnormalities and
transfusion-dependent anemia. TI is observed in almost 70% of the subjects
and 50-70% experience cytogenetic responses with a median response duration
of 24 months [29, 30]. Obtaining TI was associated with a significantly reduced
risk of AML progression and death [31]. A debate persists about the timing of
lenalidomide initiation in anemic del(5q) patients: American guidelines
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advocate for lenalidomide as first-line, while European recommend it after a
trial of ESAs [32e, 33-36]. However, ESAs are less effective in del(5q) as
compared to non-del(5q) MDS, and lenalidomide can trigger deeper responses
with cytogenetic remissions, potentially modifying the natural history of the
disease [37]. Furthermore, there is evidence that lenalidomide is also effective in
non-transfusion dependent del(5q) patients [38]. Accordingly, the Spanish
study SINTRA-REV (NCT01243476) is assessing if early treatment with
lenalidomide delays transfusion dependence in del(5q) MDS. In view of the
above, we recommend starting lenalidomide as first-line. Treatment is main-
tained until loss of response, with no data available regarding drug interruption
after sustained complete responses (CR).

Special consideration should be taken with del(5q) patients and TP53
mutations (18%) due to its elevated risk of AML evolution. These patients
should be considered for a more aggressive approach such as HMAs, HSCT or
clinical trials [39].

Second-line treatments for anemia in MDS with del(5q)

Despite the effectiveness of lenalidomide in del(5q) MDS, 30% patients remain
unresponsive. Moreover, for responders, the median duration of response is
approximately 2 years [29]. Treatment with HMAs may have some potential
benefits in these patients [40]. However, HSCT or clinical trials should be
considered when possible.

RBC transfusion and iron chelation

Up to 40% of all MDS patients fail treatments or cannot be considered for active
interventions and will remain transfusion-dependent. Transfusion should be
based on symptoms and comorbidities rather than Hb levels. However, main-
taining a Hb level between 8 and 10 g/dL is recommended [32e, 33-36]. Regular
RBC transfusions are associated with worse prognosis, in part reflecting a more
aggressive disease but also due to severe anemia and toxicities, mainly organ
damage due to iron overload [41]. Iron chelation with deferasirox may be helpful
in selected cases; however, the effect of chelation on outcomes is still controversial
and can be associated with adverse effects [42]. A randomized trial of deferasirox
vs. placebo in transfusion-dependent lower-risk MDS with ferritin levels >

1000 ng/mL is about to be published (NCT00940602). At present, chelation is
recommended in patients with regular transfusions (> 2 units/month) and/or
serum ferritin concentration > 1000 ng/mL, and a life expectancy of at least 1 year
or candidate to HSCT [43].

Treatment of neutropenia and thrombocytopenia

Limited effective options exist for cytopenias beyond anemia in lower-risk
patients. Neutropenia often does not respond to G-CSF and some concerns exist
about promoting clonal expansion. Its use has not been shown to reduce
episodes of febrile neutropenia or to improve survival [44]. Therefore, G-CSF or
antibiotics should be recommended in selected patients with severe neutrope-
nia and recurrent infections. Platelet transfusions may improve bleeding tem-
porarily in severe thrombocytopenia, but are ineffective in the long term.
Thrombopoiesis-stimulating agents have been used in lower-risk MDS with
chronic severe thrombocytopenia (this will be discussed below). Interestingly,
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HMAs appear to give platelet and neutrophils responses in 30% of lower-risk
patients, in addition to erythroid responses [23].

Watchful waiting strategy

Some patients with MDS present with borderline cytopenias and are asymptomatic
at diagnosis. In these cases, observation is recommended with regular follow-up
until progression. This approach is supported by several studies that showed
comparable survival in stable lower-risk MDS and the general population [45].
There are no proven advantages of and early intervention in this group of MDS.

Emerging agents

The new drugs in lower risk MDS are directed at ameliorating cytopenias to
improve the quality of life. Hereafter, we describe the most relevant emerging
options. For more information, the reader is referred to Table 1.

Luspatercept
Luspatercept (ACE-536) is a recombinant fusion protein that promotes late-stage
erythroid differentiation by blocking transforming growth factor beta (TGFp)
superfamily inhibitors of erythropoiesis, especially GDF11. Luspatercept has been
effective for the treatment of anemia in lower-risk MDS, especially in those with
ring sideroblasts [46ee]. Based on these results, a phase 3 trial has been conducted
to assess the safety and efficacy of luspatercept in lower-risk MDS syndromes with
anemia and > 15% ring sideroblasts and/or SF3B1 mutation (NCT02631070).
Early results indicate that the trial met both its primary and secondary end points.

Sotatercept
Sotatercept (ACE-011), another novel molecule similar to luspatercept, has

been well tolerated and effective for the treatment of anemia in patients with
lower-risk MDS who previously failed ESA [47].

TPO receptor analogs

Two thrombopoietin (TPO) analogs, already approved for the treatment of
immune thrombocytopenic purpura and aplastic anemia, have shown efficacy in
thrombocytopenic lower-risk MDS. Romiplostim is a peptide TPO mimetic
administered subcutaneously, whereas eltrombopag is an oral non-peptide TPO
receptor that interacts with the transmembrane domain of the TPO receptors,
resulting in megakaryocyte and platelet development. About 30% of patients
have experienced improvement in platelet counts and decreased bleeding events
[48, 49]. Initial concerns of AML risk were not confirmed [49]. However, as TPO
stimulates early hematopoietic progenitor cells, an increase in the number of
blasts can be expected. Thus, its use is limited to lower-risk MDS. Both TPO
analogs have been used in combination with HMAs and lenalidomide with
limited results, especially with romiplostim, and further studies are required [50].

ARRY-614

Activation of p38 MAPK has recently been implicated in the pathophysiology of
MDS, and dysregulation of Tie2 has been correlated with poor prognosis.
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Table 1. Investigational agents in myelodysplastic syndromes

Agents

Mechanism of action

DNA methyltransferase inhibitors

Oral azacitidine (CC-486)

ASTX727

Black raspberry powder
Tranylcypromine
GSK2879552

IMG-7289

Deacetylase inhibitors
Entinostat (SNDX-275)
CG200745
Pracinostat
Panobinostat (LBH-589)
Valproic acid
Guadecitebine (SGI-110)

Splicing factor modulators
H3B-8800

Kinase inhibitors
Quizartinib (AC220)

LGH447

TEW-7197

Binimetinib (ARRY-162)
AZD1775

Sorafenib

Tipifarnib

Rigosertib
(SyBL-1101/SyBC-1101)
Ibrutinib

Midostaurin
EphB4-HAS

DNA methyltransferase inhibitor

Combination of cytidine deaminase
Inhibitor E7727 with Decitabine

DNA methyltransferase inhibitor
LSD1 inhibitor
LSD1 inhibitor
LSD1 inhibitor

Histone deacetylase inhibitor
Histone deacetylase inhibitor
Histone deacetylase inhibitor
Histone deacetylase inhibitor
Histone deacetylase inhibitor

Next-generation DNA
methyltransferase inhibitor

Oral modulator of the SF3b Complex

FLT3 inhibitor

Pim kinase inhibitor
TGF-B pathway inhibitor
MAPK pathway inhibitor
WEE1 inhibitor

Inhibition of Raf, VEGFR, PDGFR
and other kinases
Farnesyltransferase inhibitor

PI-3K and PLK inhibitor

BTK inhibitor

Multi-targeted protein kinase inhibitor

Phosphatidylinositol 3-kinase/AKT
signaling inhibitor

Disease

MDS

MDS, AML, MM, NHL, HL, solid
tumors

LR-MDS

MDS, CMML

MDS

HR-MDS, AML
HR-MDS, AML
HR-MDS, AML

MDS

MDS

HR-MDS
HR-MDS, AML
HR-MDS

HR-MDS, CMML
HR-MDS, HR-CMML, AML
HR-MDS, CMML

MDS, CMML, AML

HR-MDS, AML
MDS, CMML, AML

HR-MDS, AML

LR-MDS

AML, HR-MDS

HR-MDS, AML

AML, HR-MDS, HR-CMML

LR-MDS

HR-MDS
HR-MDS

HR-MDS, CMML
MDS

HR-MDS, AML

MDS, AML, CMML
MDS, AML, MDS/MPN, CML, ALL

NCT
number

NCT02281084
NCT02223052

NCT03502668
NCT03306264

NCT03140280
NCT02273102
NCT02929498
NCT02842827

NCT02936752
NCT02737462
NCT03151304
NCT02676323
NCT01342692

NCT02907359
NCT02935361
NCT02131597

NCT02841540

NCT02272478
NCT01892371

NCT02078609
NCT03074006
NCT02089230
NCT02666950
NCT02530476

NCT02779777

NCT03495167
NCT02562443

NCT02553941
NCT03359460

NCT03092674

NCT03146871
NCT03519984
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Table 1. (Continued)

Agents

BGB324
Sirolimus

Mechanism of action

AXL inhibitor
mTOR inhibitor

Cytotoxic agents/cell cycle inhibitors

CFI-400945 Fumarate

0Xi4503
FF-10501-01

Liposomal

cytarabine-daunorubicin

(CPX-351)

Vosaroxin (SNS-595)

AZD2811

PLK4 inhibitor

Vascular disrupting agent

Inosine 5-monophosphate
dehydrogenase Inhibitor

Cytarabine and daunorubicin
encapsulated at a fixed
5:1 M ratio

topoisomerase II inhibitor

Aurora B kinase inhibitor

Cell surface marker-directed therapies

Daratumumab

Gemtuzumab ozogamicin

€C-90002
Hu8F4

OPN-305

SL-401
Hu5F9-G4

AMV546

BI 836858

Anti-CD38 monoclonal antibody

Anti-CD33 monoclonal antibody

Anti-CD47 monoclonal antibody
Antibody against PR1/HLA-A2

Anti-TLR2 IgG4 monoclonal antibody

Anti-CD123 monoclonal antibody
Anti-CD47 monoclonal antibody

Anti-CD33/CD3 bispecific monoclonal
antibody
Anti-CD33 monoclonal antibody

Immunosuppressive and immunomodulatory therapies

Nivolumab

(BMS-936558)

Pembrolizumab

(MK-3475)

Anti-PD-1 antibody

Anti-PD-1 antibody

Disease

HR-MDS, AML
MDS, AML

MDS, AML
MDS, AML
MDS, CMML, AML

HR-MDS, AML

HR-MDS, AML
HR-MDS, AML

HR-MDS, AML

HR-MDS, AML,
hematopoietic/lymphoid
neoplasms

HR-MDS, AML

MDS, AML

MDS, AML

HR-MDS, AML
Advanced myeloid
malignancies

LR-MDS
LR-MDS
HR-MDS, AML

HR-MDS, AML
HR-MDS, AML

HR-MDS

LR-MDS

MDS

HR-MDS, AML
HR-MDS, AML
HR-MDS, AML

MDS
MDS, hematopoietic/lymphoid
cancer

NCT
number

NCT02488408
NCT01869114

NCT03187288
NCT02576301
NCT02193958

NCT02019069

NCT03338348
NCT02658487

NCT03217838

NCT03067571

NCT02272478
NCT02117297
NCT02221310

NCT02641002
NCT02530034

NCT02363491
NCT03337451

NCT03113643

NCT03248479
NCT02678338

NCT03516591

NCT02240706

NCT03259516
NCT02464657
NCT03092674
NCT02530463

NCT02936752
NCT03094637
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Table 1. (Continued)

Agents
ALT-803

PDR001
Durvalumab (MEDI4736)

Atezolizumab
(MPDL3280A)
Ipilimumab
ARGX-110
MBG453

CDA-2 (cell
differentiation agent 2)
CD16/IL-15/CD33
(161533 TriKE)
BL-8010

Apoptosis
LY2606368
Nerofe

DS-3032b
ALRN-6924

Venetoclax (ABT-199)

APR-246

Luspatercept (ACE-536)

$64315 (MIK665)

Vaccines and cellular therapies

PACTN
Cellular immunotherapy

B7.1/IL-2 Cell Vaccine

NPMW-peptide vaccine

Mechanism of action
IL-15 superagonist complex

Anti-PD-1 antibody
Anti-PDL-1 antibody
Anti-PDL-1 antibody

CTLA-4 inhibitor
Anti-CD70 antibody
Anti-TIM3 antibody
TLR-2 inhibitor

Trispecific killer cell engager
which target CD16 and CD33
CXCR4 antagonism

CHK1 inhibitor

Apoptosis through T1/ST2
activation
MDM2 antagonist

Restores p53 through
DM2/MDMX inhibition
Bcl-2 inhibitor

PRIMA-1 analog that restore
wild-type function to mutant p53
Erythroid maturation agent by
argeting (TGF)-B superfamily
Mcl-1 inhibitor

Personalized T cell mediated
immunotherapy

Autologous dendritic cells
electroporated with WT1 mRNA

Increased activity of T cell by the
combined expressions of IL-2
and B7.1 in leukemic blasts

NY-ESO-1/PRAME/MAGE-A3/WT-1
peptide vaccine

Disease
MDS, AML

HR-MDS, AML
MDS
HR-MDS, HR-CMML, AML

HR-MDS, AML
HR-MDS, AML
HR-MDS, AML
LR-MDS

HR-MDS, AML

Hypocellular MDS, AA

HR-MDS, HR-CMML, AML
MDS, AML

HR-MDS, AML, ALL, CML
HR-MDS, AML

HR-MDS

MDS

HR-MDS, HR-CMML, AML,
biphenotypic or bilineage
leukemia

AML, MDS, CMML, MPN

LR-MDS, CMML
LR-MDS, CMML

HR-MDS, AML

HR-MDS, AML
HR-MDS, AML

MDS RAEB-2, AML

HR-MDS, AML

NCT
number

NCT02890758
NCT01898793

NCT03066648
NCT02117219
NCT02935361

NCT02530463
NCT03030612
NCT03066648
NCT03335943

NCT03214666

NCT02462252

NCT02649764
NCT03059615

NCT02319369
NCT02909972

NCT02942290
NCT02966782
NCT03404193

NCT03072043

NCT02268383
NCT01749514

NCT02979366

NCT03258359
NCT03083054

NCT02493829

NCT02750995
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Table 1. (Continued)
Agents

WT1 TCR therapy

BPX-701

CART cells

Natural killer cells
DSP-7888

Growth factors
Epoietin alpha (EPREX)

Romiplostim
Eltrombopag

Transcription regulators
FT-1101
PLX51107

Cell metabolism
CB-839
Ivosidenib (AG-120)
CPI-613

Enasidenib (AG-221)
FT-2102

Miscellaneous
Bortezomib
0TS1671V
Ascorbic acid (vitamin C)

Digoxin
IRX5183
765IGF-MTX

Omacetaxine
mepesuccinate
KPT-8602

Mechanism of action

Gene-modified WT1 TCR-transduced
T cells

Autologous T cells genetically
modified to Specific target cells
expressing PRAME

CAR-T cells combined with Eps8
peptide specific dendritic cell

Donor NK cells

WT1 Protein-derived peptide
vaccine

Recombinant human
erythropoietin

TPO receptor agonist

TPO receptor agonist

BET family inhibitor
BRD4 inhibitor

Glutaminase inhibitor
IDH1 inhibitor

Pyruvate and ketoglutarate
dehydrogenase inhibitor
IDH2 inhibitor

IDH1 inhibitor

Proteasome inhibitor
MELK inhibitor
Restore TET2 function

Inhibition of NF-kB pathway
RARa agonist

Insulin-like growth
factor-1-methotrexate
conjugate

Protein translation inhibitor

Second generation oral
XP01 inhibitor

Disease

HR-MDS,HR-CMML, AML

HR-MDS, AML

HR-MDS, AML

MDS, AML
HR-MDS, AML, solid tumors

LR-MDS

LR-MDS
LR-MDS

HR-MDS, AML, NHL
HR-MDS, AML, solid tumors

MDS, CMML
MDS, AML
MDS

HR-MDS, CMML, AML
HR-MDS, AML

MDS, lymphomas, neoplasms
HR-MDS, AML, MPN

HR-MDS
MDS, MDS/MPN, AML

HR-MDS, AML
HR-MDS,HR-MDS/MPN, AML
MDS, CMML, AML

HR-MDS, HR-CMML

HR-MDS, MM, Colorectal

Cancer, metastatic castration

resistant prostate cancer

NCT
number

NCT02550535

NCT02743611

NCT03291444

NCT02890758
NCT02498665

NCT03223961

NCT02335268
NCT02912208

NCT02543879
NCT02683395

NCT03047993
NCT03503409
NCT01902381

NCT03383575
NCT02719574

NCT02211755
NCT02795520

NCT03433781
NCT03397173

NCT03113071
NCT02749708
NCT03175978

NCT02159872

NCT02649790
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Table 1. (Continued)

Agents Mechanism of action Disease NCT
number
Pyrimethamine Inhibitor of dihydrofolate reductase MDS NCT03057990
Ganetespib HSP90 inhibitor HR-MDS, AML NCT02272478
Sertraline Anti-TNF alpha LR-MDS NCT02452983
Selinexor (KPT-330) SINE XPO1 antagonist MDS NCT02228525
VSV-hIFbeta-NIS Vesicular stomatitis virus-human MDS, AML, TCL, MM, ALCL NCT03017820
interferon beta-sodium iodide
symporter
Tamibarotene (SY-1425) Selective RARa agonist HR-MDS, AML NCT02807558
FG-4592 HIF prolyl hydroxylase inhibitor LR-MDS NCT03303066
LR-MDS NCT03263091
Pevonedistat (MNL4924) NAE inhibitor MDS, CMML NCT03238248
MDS, CMML, AML NCT03268954
HR-MDS, AML NCT02782468
HR-MDS, AML NCT03459859
Glasdebig (PF 04449913) Hedgehog/Smoothened HR-MDS, AML NCT02038777
pathway inhibitor HR-MDS, AML NCT02367456
BAY2402234 Inhibitor of dihydroorotate HR-MDS, AML NCT03404726

dehydrogenase

The trials included in this table are those indentified on the clinicaltrial.gov website on June 22, 2018, with the search restricted to the terms
“myelodysplastic syndromes” and “open” trials. The applied filters were “Recruiting” or “Not yet Recruiting” status, “Adult” and “Senior” age,
and “Interventional” study. Excluded agents were those addressed to stem cell transplant conditioning, graft-versus-host disease prevention or
treatment and agents directed to infections and iron chelators

MDS myelodysplastic syndrome, MDS/MPN myelodysplastic syndrome/myeloproliferative neoplasm, CMML chronic myelomonocytic leukemia, CML
chronic myelocytic leukemia, AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, AA aplastic anemia, TCL T cell lymphomas, MM multiple
myeloma, ALCL anaplastic large cell lymphoma, NK natural killer, HL Hodgkin lymphoma, NHL non-Hodgkin lymphoma, LR-MDS low-risk MDS, HR-MDS
high-risk MDS, TGF-g transforming growth factor beta, HIF hypoxia-inducible factor, LSD1 lysine-specific histone demethylase, MAPK mitogen-activated
protein kinase, PDGF platelet-derived growth factor, VEGF vascular endothelial growth factor, PI-3K phosphoinositide-3 kinase, PLK Polo-like kinase,
PLK4 Polo-like kinase 4, BTK Bruton’s tyrosine kinase, mTOR mammalian target of rapamycin, HLA-A2 human leukocyte antigen-A2, TLR2 Toll-like
receptor 2, PD-1 programmed cell death-1, PD-L1 programmed death-ligand 1, CTLA-4 cytotoxic T lymphocyte-associated antigen-4, C(XCR-4 C-X-C
chemokine receptor type 4, CHK1 checkpoint kinase 1, MDM2 mouse double minute 2 homolog, MDMX murine double minute X, Mcl-1 myeloid cell
leukemia-1, WT1 Wilms tumor 1, NY-ESO-1 New York esophageal squamous cell carcinoma 1, PRAME preferentially expressed antigen in melanoma, MAGE-
A3 melanoma-associated antigen 3, TCR T cell receptor, CAR T chimeric antigen T cell receptor, TPO thrombopoietin, BET bromodomain and extra-
terminal motif, IDH1 Isocitrate dehydrogenase 1, BRD4 bromodomain-containing protein 4, MELK maternal embryonic leucine zipper kinase, TET2 Tet
methylcytosine dioxygenase 2, NF-kB nuclear factor kB, RARa retinoic acid receptor alpha, XPO-1 exportin 1, HSP90 heat shock protein 90, TNF tumor
necrosis factor, SINE selective inhibitor of nuclear export, HIF hypoxia inducible factor, NAE Nedd8 activating enzyme

ARRY-614, an oral dual inhibitor of p38 MAPK and Tie2, was associated with
clinical responses in a group of heavily pretreated lower-risk patients [51].

Treatment approach higher-risk MDS patients
- 0000000000000

Therapeutic strategies in higher-risk MDS are directed at improving survival (OS
<30 months and AML transformation in 30% of the patients). Initial approach
depends on whether or not the patient is eligible for HSCT. A treatment
algorithm is described in Fig. 1.


http://clinicaltrial.gov
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Allogenic HSCT

Allo-transplant represents the only potentially curative option but with
limited applicability (=~ 10% of patients), because of patient’s age and the
significant morbidity and mortality of the procedure. Two studies based
on Markov model analysis concluded that early transplantation improves
the life expectancy of higher-risk MDS, whereas the opposite results were
seen in lower-risk MDS [52, 53ee]. Transplant with HLA-matched unre-
lated donor produces comparable results to HLA-matched sibling trans-
plant. Alternative sources, such as cord blood and HLA-haploidentical
related donors, may be a valid option for patients without matched
donors [54]. Recently, a phase 3 trial compared myeloablative condi-
tioning regimen (MAC) with reduced-intensity conditioning (RIC). The
latter resulted in lower treatment-related mortality but higher relapse rates
compare to MAC conditioning [55]. These support the use of MAC in
younger and fitter patients. Based on the best results of HSCT in CR, a
pretransplant bridging therapy is appropriate, especially in those receiving
RIC regimens or when > 10% blasts are present, and when transplant is
delayed (i.e., donor availability). At present, HMAs are preferred for
pretransplant cytoreduction instead of AML-like chemotherapy because of
similar outcomes with both strategies but markedly lower toxicity with
HMAs [56]. Another important issue is to identify which patients benefit
most from transplant. In this regard, it has been reported that the survival
of patients with monosomy 7 is very poor after HSTC [57], whereas
azacitidine seems to be effective [58]. However, whether HSCT offers a
survival advantage compared to HMAs remains a question to be eluci-
dated. Two prospective trials are expected to shed light on this topic
(NCT01404741 and BMT CTN 1102).

Hypomethylating agents

For non-transplant candidates, HMAs are the first choice, either
azacitidine or decitabine. These cytosine analogs promote decreased
methylation through DNA methyltransferase inhibition and subsequent
gene expression. Azacitidine may be preferred compared to decitabine
because it has demonstrated to be superior to conventional care ap-
proaches (OS 24.5 vs. 15 months), while with decitabine no clear
survival improvement was shown [5, 59]. To date, there is no trial that
has compared both HMAs directly.

The optimal schedule of azacitidine is 75 mg/m?/day for 7 days every
28 days, whereas for decitabine, it is 20 mg/m? for 5 days every 28 days.
Alternative schemes, avoiding the weekend, have been studied with similar
response rates in lower-risk, but there is no data available in higher-risk MDS
[60]. Responses to HMAs are slow; a minimum of six cycles of azacitidine or
four of decitabine is recommended before assessing responses as long as there is
no disease progression. HMAs do not eradicate the clonal stem cells; thus,
relapse is unavoidable. Outcomes after failure or no response to HMAs are poor
with median survival being less than 6 months [61]. There is no second-line
approved treatment; however, if the patient is eligible, HSCT is recommended.
Whenever possible, inclusion in clinical trials with investigational agents is
mandatory.
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Emerging therapies

Upcoming novel strategies targeting associated somatic mutations and specific
altered molecular pathways in high risk patients are being explored. The most
relevant therapies are described below. All new drugs under development in
MDS are listed in Table 1.

DNA hypomethylation

Building on the success of HMAs in MDS, next-generation HMAs are
under investigation. Guadecitabine (SGI-110), a hypomethylating di-
nucleotide of decitabine and deoxyguanosine resistant to degradation
by cytidine deaminase resulting in prolonged drug exposure, showed
31% responses in relapsed or refractory MDS [62]. The oral formulation
of azacitidine (CC-486) enables long-term, lower-doses schedules that
may enhance therapeutic activity by increasing exposure to malignant
cells.

Spliceosome modulation

Mutations in the genes encoding the RNA splicing factors (SF3B1, U2AF1,
SRSF2) represent, overall, the most common mutations in MDS patients. A
phase 1 study with an oral modulator of the SF3B1 complex (H3B-8800)
which potently targets spliccosome-mutant cells is underway
(NCT02841540) [63].

Immune checkpoint inhibitors

Abnormal activation of the innate immune system and its associated
inflammation are involved not only in the pathogenesis but also in
AML evolution. Immune checkpoints like CTLA-4, PD-1, and PDL-1 are
involved in the maintenance of self-tolerance to prevent autoimmunity,
thus preventing organ damage [64]. In high risk MDS, checkpoint
receptors are upregulated favoring immune evasion. Nivolumab (anti-
PD-1), pembrolizumab (anti-PD-1), ipilimumab (anti-CTL4), and
atezolizumab (anti-PDL-1) have limited activity as single agents,
though combination therapies, with HMAs or with other checkpoints
inhibitors, have shown promising results in high risk MDS and AML
[65].

Cell signaling pathway inhibitors

Rigosertib is a small molecule that acts as a RAS mimetic and binds to
the Ras binding domain of RAS, PI3K, and RalGDS, resulting in the
inhibition of the RAS-RAF-MEK pathway. Data from a recently published
first phase 3 trial of a new drug for MDS after HMA failure showed that
survival was significantly longer in very-high IPSS-R patients treated in
the rigosertib arm compared with the BSC group (7.6 vs. 3.2 months). By
contrast, no difference in survival between groups was evident among the
patients with a lower-risk IPSS-R [66]. According to these results, a phase
3 trial with rigosertib in very high IPSS-R patients is underway
(NCT02562443).
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IDH inhibitors

Up to 5% of MDS patients have mutations in isocitrate dehydrogenase (IDH)1 or
IDH2. Results with ivosidenib and enasidenib, IDH2 and IDH]1 inhibitors, respec-
tively, have been encouraging in MDS with overall responses rates of 50% [67ee].

Anti-apoptotic protein inhibitors
The BCL-2 protein tends to be overexpressed in AML and high risk MDS where it
has been implicated in chemotherapy resistance and poor outcomes.
Venetoclax, a potent oral inhibitor of BCL-2, has shown promising results in
AML in combination with cytarabine [68]. An ongoing phase 1 study is evalu-
ating the efficacy of venetoclax alone and in combination with azacitidine in
higher-risk MDS after HMA failure (NCT02966782).

Perspective

It is an undeniable fact that, so far, all approved treatments for MDS have arrived
at the bedside by serendipity. The first FDA-approved strategy is the use of HMAs
in MDS, azacytidine arriving in the market in 2004 followed shortly by decitabine.
HMAs were not initially developed for MDS. Azacytidine was given to many types
of cancer patients, but the best responses were seen in MDS. As for lenalidomide
approved for del(5q) type of MDS, the story is even more strange. We had
performed detailed cell kinetic studies in MDS patients in 1990s using intrave-
nous infusions of the thymidine analogs bromo and iodo-deoxyuridine (BrdU
and IUdR). We showed that the MDS clonal cells were highly proliferative with
rapid transition through S-phase. This hyper-proliferation accounted for hyper-
cellular bone marrow, but the question of cytopenia remained unanswered [69].

Apoptosis as a distinct process of programmed cellular suicide was described
around this time. It would make sense if the so-called ineffective hematopoiesis
of MDS was the result of excessive apoptosis in the clonal cells. We looked in the
BM aspirates of MDS patients by the standard techniques of detecting apoptosis,
which at the time was DNA laddering. We found none. Having already demon-
strated the discordance between proliferative rates of BM aspirates and biopsies,
the former being three times less than the latter, we were convinced that the real
action was likely happening in the biopsy compartment. With this idea, we
developed an in situ end labeling (ISEL) method to detect damaged, fragmented
DNA in BM biopsies and were able to show that anywhere from 30 to 70% cells
in BM biopsies were actively undergoing apoptosis. The paradox of cytopenia and
a hyper-cellular marrow was explained by the presence of a hyper-proliferative
clone which produced cells that died of premature apoptosis [70].

A study of the BM microenvironment revealed the presence of excessive
amounts of tumor necrosis factor alpha (TNFa) and transforming growth factor
beta (TGFb). If these cytokines were accelerating the apoptotic program, then
their suppression should lead to decreased cell death. No anti-TGFb agents were
available, but thalidomide had just been approved for a form of leprosy in the
USA. Its mechanism of action was thought to include an anti-TNF component
along with being anti-angiogenic and immune-modulatory [71]. We initiated a
protocol of thalidomide in MDS patients, treated 83 cases with all types of
MDS, and reported a 20% incidence of complete transfusion independence
[72]. The company marketing thalidomide, Celgene, had already developed an
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analog, lenalidomide, which, to everyone’s surprise, showed spectacular re-
sponses in a subset of lower risk transfusion-dependent MDS patients who had
a del(5q) abnormality [29]. This is the indication for which lenalidomide is
approved in MDS. While we suspect many possible modes of action of this
agent, we still cannot fully explain the precise basis of the positive effect seen in
del(5q) as well as a third of the lower risk MDS patients without del(5q).

What are the next therapeutic frontiers? After more than a decade of stillborn
clinical trials, luspatercept seems poised for approval for lower-risk patients with
ring sideroblasts. If approved, this drug will be another agent for MDS, which
arrives at the bedside by serendipity. It was originally developed for bone issues,
but when given to healthy volunteers and some patients with multiple myeloma, it
was shown to increase the hemoglobin. It was then tried in anemia patients with
MDS and thalassemia and showed the best responses in those with ring
sideroblasts. The precise mechanism of its effect remains a mystery.

In this review, we referred to our recent observations regarding TED issues. We
showed that erythroid cells in patients with ring sideroblasts reach the penultimate
step of TED before becoming arrested. It seems that luspatercept is somehow
releasing a block in differentiation [15]. By extension, any MDS patient whose
erythroid cells reach this stage should be sensitive to luspatercept. A response
prediction test could be developed for luspatercept based on TED profiles in MDS
patients regardless of the presence or absence of ring sideroblasts.

Finally, a drug targeting p53 mutation and silencing, APR246, was tried in ~
250 patients with solid tumors and showed no responses but when tried in
liquid tumors, MDS patents with the mutation appeared to benefit. Results are
awaited from an ongoing study of this agent in combination with HMA.

To conclude, biologic studies of freshly obtained MDS cells need to be pursued for
future drug development programs. Since most patients with MDS are older, it is
impractical to develop potentially toxic therapies like cellular therapies and stem cell
transplants. Rather, more attention should be paid to an earlier diagnosis of MDS by
screening older individuals with routine mutational profiles to detect clonal hema-
topoiesis. Finally, more attention should be given to developing therapeutic strate-
gies to target minimal initial disease, much like the minimal residual disease.
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