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The Myelodysplastic Syndromes

Kenneth Miller and Monika Pilichowska

�Introduction

The myelodysplastic syndromes (MDS) are a heterogeneous 
group of clonal stem cell disorders characterized by impaired, 
and/or ineffective, proliferation and maturation of hemato-
poietic progenitor cells resulting in symptomatic anemia, 
leukopenia, or thrombocytopenia. The clinical course is very 
variable, ranging from a chronic, stable, mildly symptomatic 
disorder to a malignancy that rapidly progresses to 
AML. Morphological and functional cellular abnormalities 
involving one or more cell lines are common resulting in 
infections and/or bleeding. The complications from MDS 
and its treatment remain the major cause of morbidity and 
mortality. MDS shares many clinical, cytogenetic, and labo-
ratory features with aplastic anemia, hypoplastic anemias, 
the myeloproliferative neoplasms, and the acute leukemias. 
The updated WHO classification attempts to define the diag-
nosis of MDS and separate it from the myeloproliferative 
neoplasms, reactive and secondary causes of hypoprolifera-
tive disorders and the acute leukemias. Patients with MDS 
may present with clinical and laboratory features suggestive 
of a reactive, autoimmune or other malignant stem cell disor-
der. Therefore, in many instances, the diagnosis of MDS is 
based on the exclusion of other disorders associated with 
dysplasia and impaired or ineffective hematopoiesis.

MDS is a progressive clonal disorder and the diagnostic 
studies and the initial evaluations are similar to those used to 
define other neoplastic and non-neoplastic stem cell disorders. 
However, the clinical course, prognosis, and treatment approach 
for a patient with a MDS is different from the other neoplastic 
stem cell disorders. The bone marrow and peripheral blood 

abnormalities in MDS can be subtle and require the coopera-
tive efforts of pathologists, cytogeneticists, and clinicians to 
diagnosis, classify and define prognosis. MDS is one of most 
common hematologic malignancies in older populations and 
treatments remain controversial and limited for many patients. 
Treatments for many patients should be individualized and tai-
lored to the MDS subtype, patient’s age, comorbidities, and 
other prognostic variables.

Myelodysplasia, derived from the Greek and meaning 
morphological abnormality of the bone marrow, is not a new 
disease but it has only recently been assigned as a separate 
category in the classification of malignant hematopoietic dis-
orders based on specific diagnostic criteria. The initial 
reports identified elderly patients with progressive cytope-
nias, morphologically abnormal cells, and a propensity to 
progress to an acute leukemia. Terms such as smoldering 
leukemia, or preleukemia were used to describe this condi-
tion, reflecting that patients with MDS did not meet the usual 
criteria of acute leukemia but presented with a syndrome 
which included a hypercellular bone marrow with increased 
blast forms and dysplastic changes in one or more cell lines. 
In MDS, as in the myeloproliferative neoplasms and acute 
leukemias an oncogenic transforming event occurs at the 
level of the myeloid or pluripotential stem cell. Cytogenetic 
studies were first to identify the genetic alterations in MDS 
and are important in establishing the diagnosis and prognosis 
in MDS.  More recently numerous specific gene mutations 
have been identified in MDS associated genes that may 
define prognosis and impact treatment. While many patients 
with MDS have features suggestive of an early, smoldering 
leukemia, and rapidly evolve into one of the myeloid leuke-
mias, most patients do not evolve into AML but die as a 
result of the MDS or its treatment [1, 2]. MDS therefore 
should not be considered as a preleukemic disorder, but as a 
separate neoplastic disease of the hematopoietic pluripoten-
tial stem cells that is characterized by a progressive clonal 
proliferation of abnormal precursors that demonstrate both 
impaired maturation and ineffective proliferation. The sepa-
ration of MDS from AML, myeloproliferative neoplasms, 

K. Miller, M.D. (*) 
Department of Hematology/Oncology, Tufts Medical Center,  
800 Washington Street, Boston, MA 02111, USA
e-mail: kbmiller@tuftsmedicalcenter.org 

M. Pilichowska, M.D., Ph.D. 
Department of Pathology, Tufts Medical Center,  
800 Washington Street, Boston, MA 02111, USA
e-mail: mpilichowska@tuftsmedicalcenter.org

23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-64263-5_23&domain=pdf
DOI 10.1007/978-3-319-64263-5_23
mailto:kbmiller@tuftsmedicalcenter.org
mailto:mpilichowska@tuftsmedicalcenter.org


484

aplastic anemia, and reactive disorders continues to be prob-
lematic, which is reflected in the evolving and at times incon-
sistent classification systems, prognostic models, and 
treatment options. A proposed revised 2016 WHO classifica-
tion refines the morphologic interpretation and assessment of 
cytopenias addresses, and applies new diagnostic terminol-
ogy for MDS. The WHO classification still relies mainly on 
the degree of dysplasia and the percent of blasts for disease 
classification and specific cytopenias now have only a minor 
impact on the MDS classification [3, 4]. Moreover the mor-
phologic dysplasia may not correlate with the lineage spe-
cific cytopenias. Therefore the WHO has removed terms 
such a refractory anemia or refractory cytopenia and replaced 
it with the suffix Myelodysplastic Syndrome followed by the 
specific abnormality. The WHO also attempted to define and 
incorporate identified gene mutations associated with MDS 
and address the controversy and limitations of incorporating 
distinct mutations in the new proposed classification criteria. 
The WHO noted that that identification of dysplasia is sub-
jective and may vary even among experienced hemato-
pathologists [3]. Therefore when the dysplasia is subtle or 
limited to a single lineage it is important to consider other 
possible reactive and non-neoplastic causes of the dysplasia 
prior to making the diagnosis of MDS.

�Pathogenesis and Etiology

MDS is one of the most common hematologic malignancies 
in western countries with an overall incidence of 3.5–
12.6/100,000/year. The median age of MDS patients in west-
ern countries is 73 years, at the time of diagnosis, and the 
incidence increases with age. In individuals over the age of 
70 years the incidence is between 15–50/100,000/year and is 
increasing with the aging population [5, 6]. However, the 
overall incidence of MDS is likely much higher due to diffi-
culties in reporting, diagnosis, and classification [4]. The 
incidence of MDS is higher in men than women with the 
exception of the del (5q), which has a marked female pre-
dominance. In Asian countries, notably Japan and China, the 
median age of patients with MDS is between 40–50 years, 
some two decades earlier than in western countries [5, 7, 8]. 
The reason for the differences in the epidemiology of MDS 
in Japan and China is unclear but may, in part, reflect the 
variability and limitations of population-based databases. 
However, the role of environmental factors, industrial sol-
vents and agricultural chemicals, and smoking may contrib-
ute to the observed 20-year differences in the epidemiology 
of MDS [9, 10].

Environmental agents have been implicated in the etiol-
ogy of MDS. In case-controlled studies, there is an associa-
tion between MDS and cigarette smoking, exposure to 
benzene, petroleum products, organic solvents, fertilizers, 

pesticides, and herbicides [10]. The associated between 
smoking and MDS may reflect that cigarette smoke contains 
benzene and other suspected carcinogens [9]. The MDS risk 
is related to the intensity and duration of smoking and may 
persist for up to 15 years after cessation of smoking [9, 10]. 
Ionizing radiation exposure is associated with a significant 
increase risk for the development of MDS. In the Nagasaki 
atomic bomb survivors risk for developing MDS was greater 
in individuals exposed at a younger age and occurred 
40–60 years after exposure. In contrast to the reported radia-
tion induced leukemia in Nagasaki which occurred 
10–15 years after the exposure. The long latency may reflect 
the proposed multistep pathogenesis model for the develop-
ment of MDS with age related changes and genetic instabil-
ity associated with the prior radiation exposure [11]. In 
epidemiologic studies there was a linear radiation dose 
response for the development of MDS in Nagasaki atomic 
bomb survivors 40–60 years after exposure.

MDS is characterized by dysplastic, ineffective hemato-
poiesis. The bone marrow is typically hypercellular for the 
patient’s age with peripheral cytopenias and an increase in 
hematopoietic precursors in the bone marrow and/or periph-
eral blood. The clonal origin of MDS has been confirmed by 
isozyme analysis of glucose 6 phosphate dehydrogenase 
(G6PD) in heterozygous females and more recently by 
molecular analysis of other loci such as the androgen recep-
tor gene [8, 12]. Cytogenetic analysis has demonstrated 
recurrent genetic alterations that are prognostically impor-
tant and next generation high throughput gene sequencing 
has defined a number of mutated genes in MDS [12] 
(Table 23.1). The appearance of clonal gene mutations arise 

Table 23.1  Recurrent mutated genes in MDS

Mutated genes Prognosis

Chromatin modification

ASXL1 Unfavorable

EZH2 Unfavorable

UTX Unfavorable

DNA methylation

TET2 Neutral

DNMTA3A Unfavorable

IDH1/ Unfavorable

RNA splicing

SF3B1 Favorable

U2AF1/U2AF35 Unknown

SRSF2 Unfavorable

ZRSR2 Unfavorable

DNA repair

p53(TP53) Unfavorable

Transcription regulators

RUNX1 Unfavoable

BCOR-L1 Unfavorable

Data from Ref. [23]
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in hematopoietic stem cells and appear to be early events that 
are associated with clonal dominance. Specific gene muta-
tions and the cytogenetic abnormalities can be demonstrated 
before the detections of morphological dysplasia or the clini-
cal findings of MDS [13, 14]. The initial cytogenetic and 
somatic gene mutations are part of a multistep process that 
predisposes the pluripotential stem cell to secondary genetic 
events and the development of MDS [14]. Epigenetic altera-
tions in one or more oncogenes including in the aberrant 
expression of specific tumor promotor, tumor suppressor, 
and transcription factor genes are associated with the pro-
gression of MDS [15, 16]. The diagnostic and prognostic 
role of specific gene mutations and aberrant methylation of 
epigenetic regulators, however, is still unclear. MDS pro-
gression is characterized by a progressive increase in chro-
mosomal instability that leads to the development of aberrant 
clones and the emergence of complex karyotypes. Telomeres, 
noncoding repeated sequences at the ends of chromosomes, 
that function to stabilize chromosomes and prevent chromo-
somal breaks and aberrations critical in the maintaining nor-
mal hematopoiesis and are postulated to play a role in the 
progressive chromosomal instability in MDS [17]. Each 
somatic cell division is associated with loss of telomere 
length and the cumulative effects of telomere shortening 
leads to cell senescence. The shortening of telomeres is 
noted in patients with progressive, advanced MDS, with 
multiple complex karyotypic abnormalities. The genetic 
instability associated with shortening of telomeres may con-
tribute, in part, to the leukemic transformation in some 
patients with MDS [17, 18]. Moreover, the alteration of telo-
mere dynamics in hematopoietic stem cells may precede the 
clinical development of MDS [19]. However, the majority of 
patients that develop MDS are greater than 70 years old and 
loss of telomere length and function is part of the normal 
aging process [19].

The hematopoietic microenvironment may also play a 
role in the pathophysiology of MDS [20]. MDS is character-
ized by ineffective hematopoiesis and the increased suscepti-
bility of hematopoietic progenitors to apoptosis. The bone 
marrow stroma responds to signals from the hematopoietic 
cells and is abnormal in some patients with MDS. Abnormalities 
of the bone marrow microenvironment and the hematopoietic 
stem cell niche may affect and promote apoptosis and telo-
mere shortening in clonal hematopoietic cells [21]. The over-
expression of TNF-a produced by MDS mononuclear cells 
can inhibit the growth of residual normal hematopoiesis and 
lead to increased cell death of normal precursors, and a 
growth advantage for the abnormal MDS precursors. The 
bone marrow in MDS patients has increased apoptotic cells 
which is most marked in the less proliferative, better progno-
sis, low risk subtypes of MDS.

Genetic, environmental, and exposure factors have been 
associated with an increased risk for the development of 

MDS [22]. Inherited constitutional genetic defects have been 
associated with up to 30% of children with MDS and related 
myeloproliferative disorders. Children with Shwachman–
Diamond syndrome, Fanconi anemia, dyskeratosis congeni-
tal, and neurofibromatosis type 1 have constitutional genetic 
defects that are associated with the increased risk for the 
development of both MDS and AML [25, 26].

Mutations of specific genes mediating DNA repair appear 
to predispose to the acquisition of secondary cytogenetic 
abnormalities that can lead to the development of MDS 
[23]. Somatic mutations occur in the majority of patients 
and may be associated with specific clinical features. 
Specific point mutations were associated with the clinical 
phenotype, specific cytopenias, disease progression, and 
overall survival. Genes encoding runt-related transcription 
factor 1 (RUNX1), tumor protein p53 (TP53), and neuro-
blastoma RAS viral oncogene homologue (NRAS) are asso-
ciated with thrombocytopenia and an increased percent of 
bone marrow blast forms [23, 24]. Point mutations resulting 
in the activation of the specific genes (TP53, EZH2, ETV6, 
RUNX1, and ASXL1) are independent markers of poor 
prognosis and may, in part, explain the clinical heterogene-
ity of MDS. The TET family of genes maps to chromosome 
4q24 and modulate hypomethylation by catalyzing an inter-
mediate of DNA methylation that block the formation of 
silencing proteins to methylated DNA [13]. Mutations of 
the TET2 gene are found in a number of myeloid neoplasms 
including AML, MPNs, and MDS. In MDS TET2 mutation 
is the most frequent gene mutation occurring 20–30% of 
patients. Mutations of TET2 associated with loss of function 
may result in increased methylation and silencing of genes 
that are normally expressed. However, the prognostic impact 
of TET2 mutations on survival in MDS is unclear. The 
TET2 mutation is associated with a number of additional 
gene mutations and therefore may be one of the initial muta-
tional events MDS. Recurrent mutations of epigenetic regu-
lators, genes encoding the splicing machinery, spliceosomal 
components, and transcription factors are not unique to 
MDS and are found in a number of other myeloid neoplasms 
and occur across a spectrum of cytogenetic subgroups. It is 
controversial if these gene mutations are the primary events in 
MDS and are diagnostic and prognostic markers that are inde-
pendent of other abnormalities [23, 24]. The frequency of the 
recurrent somatic mutations in MDS patients increases with 
progression of the disease and the subsequent development of 
secondary cytogenetic events and AML [25]. However, the 
etiological role of each of the somatic point mutations in the 
development of and progression of MDS is controversial and 
it is unclear if these mutations just reflect the genetic instabil-
ity of the abnormal clone and its propensity to develop random 
genetic mutations [26, 27]. Moreover, similar somatic muta-
tions have been noted in older normal individuals without evi-
dence of MDS [27–29]. Somatic mutations resulting in clonal 
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hematopoietic cells are detected in greater than 10% of per-
sons older than 70 years of age and the incidence of somatic 
mutations increases with age. These MDS associated 
acquired clonal mutations occur in hematopoietic cells of 
healthy older persons with normal blood counts and without 
evidence of dysplasia [29]. The presence of somatic muta-
tions may confer an increased risk in the individual for the 
subsequent development of a hematological malignancy and 
are associated with an all cause-increased mortality [30–
32]. The term “Clonal Hematopoiesis of Indeterminate 
Potential “(CHIP) is used describe these acquired clonal 
somatic mutations which are associated with hematologic 
malignancies in apparently healthy older individuals with-
out any clinical features of a MDS or any myeloid malig-
nancy. The natural history of individuals with CHIP is 
unclear and these persons should not be considered to have 
a malignancy. The revised 2016 WHO classifications 
addresses the controversy associated with somatic muta-
tions and notes that the presence clonal somatic mutation 
alone, without other clinical manifestations of MDS, is not 
sufficient to make the diagnosis of MDS. While CHIP may 
represent a pre  - malignant myeloid conditions, similar to 
monoclonal gammopathy of undetermined significance 
(MGUS) and multiple myeloma, the natural history of indi-
viduals with CHIP is not clearly defined. Testing for somatic 
mutations in healthy individuals should not part of routine 
clinical practice.

MDS patients have defects in a number of signal trans-
duction pathways that appear to be related to the evolving 
ineffective hematopoiesis and epigenetic changes [33, 34]. 
These acquired abnormalities may contribute to the further 
dysregulation of progenitor cell cycle kinetics, response to 
cytokines, and the maintenance of DNA integrity, which 
results in progressive genetic instability. Abnormal regula-
tion of microRNAs (miRNA) which function as epigenetic 
regulators of gene expression may play a role in the patho-
genesis of MDS and alterations in miRNAs may be indepen-
dent markers of prognosis [24].

MDS is associated with a number of immunoregulatory 
abnormalities including the development of autoantibodies 
and monoclonal gammopathies [35]. In subsets of patients 
with MDS, autoreactive T-cell clones are present that inhibit 
autologous erythroid and granulocytic colony growth. T-cell-
mediated suppression of bone marrow growth and matura-
tion is an important development of aplastic anemia and the 
hypoplastic variant of MDS [35, 36]. The incidence of MDS 
is increased in patients with autoimmune disorders and auto-
immune disorders are more common in patients with 
MDS. The presence of autoimmune disorders is associated 
with a better overall survival and less frequent transforma-
tion to AML, The immunoregulatory abnormalities may also 
explain the response to immunosuppressive therapy in 
selected patients with MDS.

There are defined genetic predisposing factors in some 
MDS patients that relate to naturally occurring complex DNA 
polymorphisms in genes that mediate DNA repair and the 
metabolism of environmental carcinogens [37, 38]. In 
selected genetically predisposed individuals, MDS may arise 
as a result of cumulative environmental exposures and studies 
have linked the development of MDS and the nonfunction 
609 C.T polymorphic allele of the NAD(P)Quinone oxidore-
ductase (NQO1) gene [40, 41]. These genes appear to play a 
critical role in detoxifying benzene and its metabolites. This 
association is controversial, but may explain the increased 
incidence of MDS in some patients exposed to organic sol-
vents and benzene-containing compounds [39]. Similar con-
troversial, but provocative results have been reported in the 
glutathione S-transferase (GST) genes that mediate the 
metabolism of cytotoxic and genotoxic agents [40].

A prior exposure to chemotherapy, especially alkylating 
agents and purine analogues is associated with an increased 
risk of MDS and AML (Table  23.2). The WHO identifies 
therapy-related MDS (t-MDS) as a separate category. 
Therapy related MDS represents approximately 10–20% of 
MDSs and MDS/MPNs [41]. The risk is, in part, related to 
the dose and duration of the cytotoxic therapy and generally 
occurs 3–7 years after the exposure. Patients who received 
combination radiation therapy and chemotherapy are at 
greater risk for the development of t-MDS [42]. Total body 
irradiation, administered as part of the preparative regimen 
for an autologous stem cell transplantation, is associated 
with an increased risk for MDS, and the combination of 

Table 23.2  Cytotoxic drugs implicated in the development of MDS

Class/drug

Alkylating agents

Busulfan

Carboplatin

Cisplatin

Carmustine, Semustine, Lomustine

Chlorambucil

Cyclophosphamide

Dacarbazine

Mechlorethamine

Melphalan

Mitomycin C

Procarbazine

Thiotepa

Nucleoside analogs

Fludarabine

2-Chlorodexoyadenosine (Cladribine)

Antimetabolites

6-Mercaptopurine

Methotrexate

Azathioprine

Usually involving large fields, e.g., total body irradiation
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high-dose alkylator therapy and total body irradiation was 
associated with a 10–15% risk of t-MDS and secondary 
AML [41]. The MDS that occurs after chemotherapy, has a 
very poor prognosis [42]. Therapy-related MDS, is associ-
ated with deletions of chromosomes 5 and/or 7 and complex 
karyotypes. In contrast to the cytogenetic findings in AML, 
balanced cytogenetic abnormalities including translocations 
and inversions are rare in MDS. The cytogenetic abnormali-
ties in MDS are important independent prognostic risk fac-
tors for overall survival and risk of the development of AML 
(Table 23.3). However, in the majority of patients with MDS 
there is no history of exposure to known mutagens, cytotoxic 
agents, or environmental agents and therefore the etiology of 
the syndrome remains idiopathic or unknown.

�Diagnosis and Classification

The diagnosis and classification of MDS, similar to other 
myeloid malignancies, is evolving and incorporates new 
cytogenetic and molecular findings. The updated 2016 WHO 
classification attempts to addresses the heterogeneity of MDS 
and separates MDS from reactive processes and other malig-
nant stem cell disorders. The revised classification refines the 
morphologic interpretations and addresses the influence of 
new genetic information in MDS diagnosis, classification and 
prognosis. The FAB (French–American–British) group was 
the first to define morphological criteria in the blood and bone 
marrow for the diagnosis and classification of MDS and was 
based only on morphology, and the percentage of blast forms 
in the blood and bone marrow. This classification system, 

although generally adopted at the time, was clinically and 
biologically inconsistent [43]. The separation of MDS from 
AML and other clonal disorders was based on an arbitrary 
number of blast forms. Moreover, many patients with MDS 
had clinical and laboratory features of AML, aplastic anemia, 
and myeloproliferative neoplasms which were not addressed 
in the FAB classification [44]. The FAB criteria also did not 
address the clinically important cytogenetic changes in MDS 
and were too variable to accurately predict prognosis, sur-
vival, or transformation to AML.  The FAB classification 
remained as a widely accepted classification system for diag-
nosis of MDS for two decades. The FAB group defined five 
categories, of MDS based on morphologic dysplasia, cyto-
chemical stains for iron to detect ring sideroblasts, and the 
percent of blast forms in the bone marrow and peripheral 
blood and included refractory anemia (RA), or refractory 
cytopenia, refractory anemia with ringed sideroblasts 
(RARS), refractory anemia with excess blasts (RAEB), 
chronic myelomonocytic leukemia (CMML), and refractory 
anemia with excess blasts in transformation (RAEB-T). The 
World Health Organization (WHO), in collaboration with the 
Society for Hematopathology and the European Association 
of Hematopathology in 2001, proposed a revision of the FAB 
morphological approach to the classification of MDS [45]. 
The WHO classification was updated in 2008 and most 
recently in 2016 [3, 46] (Table 23.4). The revised WHO clas-
sification attempts to combine clinical, morphologic, immu-
nophenotypic, genetic and molecular features to define 
clinically and prognostically important subtypes. The current 
WHO classification is generally accepted and is incorporated 
in prognostic and treatment models of MDS.

Abnormality

Prognostic subgroup/% 
of patients Single

AML 
evolution/y

Median 
OS/months Score

Very good (4%) Del (11q) NR 64 0

−y

Good (72%) Normal 9.4 56

Del(5q)

Del(12p) 2

Del(20q)

Intermediate (13%) Del (7q),+8,+19 2.5 31

i(17q) 4

Any other

Independent clones

Poor (4%) Inv(3/t(3q)/de(3q) 1.7 18 6

−7, double including

7/del7(7q), complex:3 
abnormalities

Very poor (7%) Complex > 3
Abnormalities

0.7 8.4 8

OS overall survival, NR not reached
Data from Greenberg {L, Tuechler H, Sanz G, et al. Revised International Prognostic Scoring 
System for Myelodysplastic Syndromes. Blood 2012;120 (12): 2453–2465}

Table 23.3  Cytogenetics in IPSS-R
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The WHO classification included requirements for the 
type of specimens to be obtained, the assessment of blasts, 
assessment of blast lineage, and cytogenetic or mutational 
studies. The assessment of blasts in the peripheral blood 
(PB) and bone marrow (BM) should be obtained prior to any 
definitive therapy. Cytogenetic analysis and flow cytometry 
should be obtained, with additional material saved for later 
molecular genetic studies as needed [12]. The WHO lowered 
the threshold for percent of blasts to diagnose AML from 
30% (FAB) to 20%. The percent of blasts should be derived 
from a 200-cell differential count of the peripheral blood 
smear and a 500-cell differential count of all nucleated bone 
marrow cells. The 2016 revised WHO classification changed 
the diagnostic criteria for myeloid neoplasms with erythroid 
dominance, defined as erythroid precursors ≥50% of all 
bone marrow cells. In the new classification the percent of 
blasts is based not on non-erythroid nucleated cells but on all 
nucleated bone marrow cells. This new criteria will result in 
cases previously diagnosed as the erythroid/myeloid subtype 
of acute erythroid leukemia to now being classified as MDS 
with excess blasts.

The FAB and the subsequent WHO classifications defined 
MDS as a clonal stem cell disorder characterized by ineffec-
tive, dysplastic hematopoiesis, with dysplasia in one or more 
hematopoietic cell lines and the dysplasia should be noted in 
>10% of cells in either the bone marrow or the blood. The 
WHO noted that morphological dysplasia is not specific or 
diagnostic of MDS and noted the difficulty in separating 
MDS from other disorders associated with cytopenias and 
dysplasia. The 2016 WHO classification recognized that dys-
plasia in excess of 10% may occur in some normal individu-
als and in other non-malignant hematologic disorders. The 
hematopathologist’s identification of dysplasia is also variable 

and not always reproducible even by expert panels [47]. The 
WHO classifications like the original FAB classification is 
based on the degree of dysplasia and percent of blast forms in 
the blood and bone marrow. The WHO classification noted 
that the cell line demonstrating the most prominent dysplasia 
may not correlate with the cytopenia of the most affected lin-
eage. The 2016 WHO classification therefore changed the 
descriptive terms such as refractory anemia and applied the 
new terminology Myelodysplastic syndrome followed by the 
“appropriate modifiers”; single or multilineage dysplasia, 
ring sideroblast, excess blast or the del(5q) cytogenetic abnor-
mality (Table 23.4). There are, however, some of he morpho-
logical abnormalities that are more characteristic of MDS and 
are useful in confirming the diagnosis. The neutrophil and 
megakaryocytic dysplastic changes are the most specific and 
characteristic of MDS [3, 46, 48]. In the myeloid/neutrophilic 
dysmyelopoiesis the presence in the peripheral blood of the 
acquired, pseudo, Pelger–Huët anomaly is a frequent and use-
ful characteristic finding in the MDS. This acquired abnor-
mality resembles the inherited Pelger–Huët anomaly, 
therefore the designation of pseudo, and is characterized by 
mature neutrophils that are hypolobated with a single lobe or 
two joined by a thin band of chromatin [49]. Abnormal granu-
lopoiesis is usually evident on the peripheral smear and 
includes hypersegmented neutrophils, with decreased or 
absent cytoplasmic granules The presence of dysmegakaryo-
poiesis including the presence of micromegakaryocytes in the 
bone marrow is also very suggestive of MDS rather than a 
reactive process [3, 45]. The finding of micromegakaryocytes 
and megakaryocytes that are the size of a myeloblast with one 
or two abnormal small nuclei in the bone marrow is one of the 
most characteristic, diagnostic and recognizable morphologi-
cal features in MDS.

Table 23.4  WHO 2008 and WHO 2016 classification of myelodysplastic syndromes

WHO 2008 Peripheral blood key features WHO 2016 bone marrow key features

Refractory cytopenia with
With unilineage dysplasia
Dysplasia (RCUD)
RA anemia (RA)
Refractory neutropenia (RN)
Refractory thrombocytopenia (RT)

<1% blasts MDS with single lineage dysplasia (MDS-SLD)

Refractory anemia with ring sideroblasts 
(RARS)

Anemia no blasts MDS with single lineage dysplasia and ring 
sideroblasts(MDS-RSSLD)

Refractory cytopenia with multilineage 
dysplasia (RCMD)

Cytopenia(s)
<1% blasts
No Auer rods

MDS with multilineage dysplasia and ring 
sideroblast(MDS-RSMLD)

Refractory anemia with excess blasts type 1 
RAEB-1(RAEB1)

Cytopenia(s)
<5% blasts
No Auer rods

MDS with excess blasts-1(MDS-EB1)

Refractory anemia with excess blasts type 2 
RAEB-2 (RAEB2)

Cytopenia(s) 5–19% blasts ± Auer rods MDS with excess blasts-2(MDS-EB2)

MDS associated with isolated del(5q) Anemia normal or high platelet count MDS with isolated del(5q)

MDS, unclassifiable MDS-U Cytopenias ≤ 1% blasts
If no dysplasia, MDS-associated karyotype

MDS-U

K. Miller and M. Pilichowska
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A majority of patients with MDS are asymptomatic at 
presentation and are usually diagnosed when they present 
with an unexplained macrocytic anemia (MCV > 102) with a 
absolute low reticulocyte count. Anemia is the most common 
presenting abnormality and patients may complain of the 
insidious onset fatigue and progressive dyspnea on exertion. 
Bone pain and weight loss are uncommon. While patients 
may be neutropenic and have dysplastic and impaired neu-
trophil function, infections are unusual at presentation. The 
physical examination is notable for the lack of adenopathy, 
cutaneous lesions, prominent splenomegaly, or hepatomeg-
aly. The diagnosis of MDS relies largely on the morphologi-
cal findings in the peripheral blood and the bone marrow 
(Table 23.5). MDS must be differentiated from other disor-
ders that present with abnormalities of one or more cell 
line including aplastic anemia, myeloproliferative neoplasms, 
nutritional deficiencies, and autoimmune disorders (Table 23.6). 
AML in elderly patients may also present with progressive 
pancytopenia with rare circulating blast forms [56]. The dif-
ferentiation of AML with dysplasia from MDS can be diffi-
cult. Patients with acute erythroleukemia may have prominent 
dysplastic erythroid precursors and may initially be diag-
nosed with one of the MDSs. Patients with hypoplastic 
AML can also be confused with one of the MDS subtypes. 
In prospective trials of MDS up to 15% of the patients 
with hypoplastic MDS were later reclassified as having 
AML [48, 50].

The finding of a clonal cytogenetic abnormality charac-
teristic of MDS is important in establishing the diagnosis, 
assessing prognosis and differentiating it from other disor-
ders [3]. The WHO defined specific cytogenetic abnormalities, 

even in the absence of diagnostic morphologic dysplasia, 
that where sufficient to make a diagnosis of MDS 
(Table 23.6). In these cases the cytogenetic abnormality must 
be demonstrated by conventional karyotyping and not by in 
fluorescence in situ hybridization (FISH) or sequencing 
technologies. FISH analysis has facilitated an accurate cyto-
genetic diagnostics and compliments karyotyping. FISH can 
be performed on the non-dividing cells and therefore can be 
performed on PB cells. FISH studies may be helpful in iden-
tifying specific rearrangements not recognized by banding 
studies alone. FISH also provides a convenient and sensitive 
method for monitoring patients with a specific cytogenetic 
abnormality. The WHO also defined some common MDS 
associated cytogenetic abnormalities as not sufficiently spe-
cific to diagnosis MDS in the absence of diagnostic morpho-
logic findings. The presence of cytogenetic abnormalities 
+8, −Y, and del (20q) while frequently observed in patients 
with MDS was noted not to be diagnostic of MDS.  In the 
updated 2016 WHO classification del(5q) remains the only 
cytogenetic or molecular genetic abnormality that defines a 
specific MDS subtype.

The patient’s clinical findings and history are helpful in 
guiding the pathological evaluation. An analysis of the bone 
marrow is essential for the diagnosis of MDS. The bone mar-
row is typically hypercellular for the patient’s age, confirm-
ing the ineffective hematopoiesis, and shows dysplastic 
features in one or several cell lines. A number of other disor-
ders can present with finding similar to MDS (Table 23.7). A 
history of the patient receiving chemotherapy and or radio-
therapy is important. Questions about environmental and 
occupational exposures should be noted, including the 

Lineage Peripheral blood Bone marrow

Erythroid Macrocytosis Megaloblastic changes

Elliptocytes Nuclear budding

Acanthocytes Ringed sideroblasts

Stomatocytes Nuclear fragments

Teardrops Cytoplasmic vacuolization

Basophilic stippling Multinucleation

Acquired thalassemia

Myeloid Pseudo-Pelger-Huet anomaly Abnormal maturation

Auer rods
Blasts

Increase in monocytoid forms

Hypogranulation Abnormal localization of 
immature precursor (AILP)Hypersegmentation

Ring shaped nuclei-circle Hypogranulation

Cell blasts forms Increased blasts

Megakaryocyte Giant platelets,Megakaryocte fragments Micromegakaryocyte

Hypogranular or agranular Hypogranulation

Platelets Multiple small nuclei

Thrombocytopenia Nuclear hypolobation

Thrombocytosis

Table 23.5  Morphologic features of 
dysplasia
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patient’s smoking history. An occupation history is impor-
tant because excess cases of MDS have been reported in 
agriculcultural and industrial workers.

Clonal cytogenetic abnormalities are found in 38–78% of 
patients with de novo MDS and greater than 80% of t-MDS 
patients [50]. Cytogenetics are critical in evaluating disease 
progression and prognosis. All of the currently used prog-
nostic scoring system acknowledge the importance of spe-
cific cytogenetics abnormalities to define prognosis and plan 
therapy. In addition, the acquisition of new cytogenetic 
abnormalities is generally associated with progression of the 
disease and a poor prognosis. Although anemia is the most 
common presenting laboratory feature in patients with MDS, 
approximately 50% of patients will demonstrate an abnor-
mality of more than one cell line [51]. The WHO thresholds 

Table 23.6  Recurring chromosomal abnormalities considered pre-
sumptive evidence of MDS in the absence of definitive morphological 
features

Abnormality WHO-estimated frequency in MDS (%)

Unbalanced

−7 or del(7q) 10

−5 or del(5q) 10

i(17q)or t(17p) 3–5

−13 or del(13q) 3

Del(11q) 3

Del(12q) or t(12q) 3

Del(9q) 1–2

idic(x)(q13) 1–2

Balanced

t(11;16) 3 in t-MDS

t(3;21) 2 in t-MDS

t(1;3) <1

t(2;11)(p21;q23) <1

Inv(3)

t(6;9)(p23;q34) <1

Comments: Although +8, del(20q), and –y are common chromosomal 
abnormalities. In MDS, the presence of one of these three abnormalities 
as the sole cytogenetic abnormality in cases where morphological crite-
ria for MDS are not met is not considered to be enough for presumptive 
diagnosis. t-MDS-Therapy related MDS [3]

Table 23.7  Differential diagnosis of myelodysplastic syndromes

Disorder Comments

Congenital 
dyserythropoietic 
anemia

Inherited disorder characterized by 
marked dyspoiesis of mature and 
immature erythroid elements. 
Granulocytes and megakaryocytes 
unremarkable. Unstable hemoglobins 
normal karyotype.

Aplastic anemia Both congenital (Fanconi) and acquired 
aplastic must be distinguished from 
hypocellular myelodysplasia. Karyotype 
normal in acquired aplastic anemia, rare 
cases with clonal abnormalities may 
actually represent hypocellular 
myelodysplasia. Severe malnutrition.

Hypocellular neoplasms Hypocellular MDS must be 
distinguished from hypocellular 
AML. MDS with fibrosis may resemble 
primary myelofibrosis.

Megaloblastic anemia Dyspoiesis restricted to megaloblastic 
changes. Normal karyotype. Use of 
antimetabolites need to confirm normal 
B12 level. Antimetabolites, 
chemotherapy.

Toxic exposure Arsenic poisoning, alcohol, 
chemotherapy bone marrow cellularity 
normal; blasts are not increased. Normal 
karyotype; normal vitamin B12 and folate 
levels. Neurologic and gastrointestinal 
manifestations may dominate clinical 
picture.

Disorder Comments

Disorders with ringed 
sideroblasts

Chemotherapy, copper deficiency, 
hereditary sideroblastic anemia. 
Pyridoxine deficiency, zinc toxicity, 
alcohol toxicity, and in patients receiving 
Antituberculosis agents, 
chloramphenicol. Heavy metals.

Fibrotic disorders Acute megakaryoblastic leukemia. 
Metastatic carcinoma with marked 
fibrosis, hairy cell leukemia, and primary 
myelofibrosis.

Viruses Single, double or trilineage dyspoiesis 
common. HIV-1. Parvovirus. Karyotype 
normal

Autoimmune disorders Myelodysplasia-like picture with 
dyspoiesis may be found in patients with 
underlying immune defects. May 
precede evolution to red cell aplasia. 
SLE, rheumatoid arthritis.

Paraneoplastic 
syndromes

Myelodysplasia-like picture (usually 
resembling chronic myelomonocytic 
leukemia). Occasionally noted at 
diagnosis in patients with solid tumors 
(lung, colon, prostate, and gastric 
carcinoma and lymphomas). Distinct 
from therapy-induced bone marrow 
neoplasms in carcinoma patients.

Bone marrow 
regeneration

Abnormal localization of immature 
precursors, dyspoiesis and increased 
immature myeloid cells may be transient 
phenomena after aggressive therapy. 
Increased blasts from recovering bone 
marrow after cytoxic chemotherapy, drug 
toxicity or bone marrow transplantation. 
Karyotype normal.

Colony-stimulation 
factor therapy

Transient increase in blasts in blood and 
bone marrow. Clusters of blasts on core 
biopsy. Hypolobated neutrophils and 
toxic granule in neutrophils may be seen.

Drugs After purine analog therapy, Zidovudine 
and other antivirals Dilantin, 
methotrexate, valproic acid, 
sulfasalazine, mycophenolate, etc.
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for defining cytopenias remain the same in the new 2016 
classification: hemoglobin <10 g/dL, platelets <100 × 109/L 
and a absolute neutrophil count of <1.8 × 109/L. Patients may 
be at risk for bacterial infection generally due to qualitative 
abnormalities of neutrophil function and platelet functional 
abnormalities are associated with increased risk for bleeding 
even with an adequate platelet count. Iron studies may dem-
onstrate increased iron stores even in patients who have not 
received red cell transfusions. The use of flow cytometry to 
determine the percent of blasts, assessment of CD34+ cells, 
is not recommended by WHO criteria as a substitute for the 
visual inspection of the bone marrow, unless the aspirate was 
of poor quality. The percent of CD34+ cells generally cor-
relates with morphologic examination of routine bone mar-
row aspirate and peripheral blood smear; however, the WHO 
noted that not all leukemic blasts express CD34 and hemodi-
lution and processing artifacts can yield misleading results. 
Multiparameter flow cytometry was recommended to deter-
mine the blast lineage and to determine aberrant antigen 
expression. However, it remains unclear if these changes are 
specific for the diagnosis of MDS as they occur in other 
myeloid neoplasms [51].

Immunophenotyping combined with cytogenetics and 
morphology help in the diagnosis and assessing the possible 
evolution of MDS to AML [52]. An increase in the percent-
age of CD34+ cells or CD117+ positive cells may help in 
documenting the progression to AML in a low-grade MDSs. 
The WHO, however, while noting that aberrant antigen 
expression patterns are common in MDS did not consider the 
phenotypic abnormalities sufficient, in the absence of con-
clusive morphologic and/or cytogenetic abnormalities, for 
the diagnosis of MDS. The finding of three or more pheno-
typic abnormalities involving one or more of the myeloid 
lineages should be considering suggestive, but not diagnostic 
of MDS. Patients whose cells demonstrate aberrant immuno-
phenotypic markers should be followed for morphologic fea-
tures sufficient to diagnose MDS.  The use of additional 
studies including FISH analysis and gene mutational analy-
sis should be performed as clinically indicated. The myelo-
dysplastic/myeloproliferative neoplasm (MDS/MPN) group 
is an overlap disorder reflecting that some patients have fea-
tures of both MDS and MPN and patients present with a 
clinical picture that demonstrates both increased prolifera-
tion and dysplastic and ineffective maturation. The classifi-
cation of MDS/MPN reflects difficulty-separating MDS 
from other myeloid neoplasms.

Patients with MDS/MPN usually present with a leukocyto-
sis and hepatosplenomegaly. The MDS/MPN category 
includes four defined entities: chronic myelomonocytic leuke-
mia (CMML), atypical chronic myelogenous leukemia (a 
CML-Philadelphia chromosome negative), juvenile myelo-
monocytic leukemia (JMML), and a more heterogenous group 
of unclassifiable MDS/MPN (U-MDS/MPN). The criteria for 

MDS/MPN with ring sideroblasts and thrombocytosis, MDS/
MPN-RS-T, (previously known as RARS-T) is better defined 
and includes thrombocytosis, ≥450 × 109/L associated with 
anemia, erythroid dysplasia, with ring sideroblasts in ≥15% of 
erythroid precursors. Megakaryocytes with features of a 
chronic myeloproliferative neoplasm that are hyperlobulated 
and atypical and are increased in number with large or giant 
forms with lobated staghorn like nuclei and occur in lose clus-
ters or found adjacent to the endosteum or within sinusoids 
and important pathologic finding [52]. The spliceosome gene 
mutation SF3B1, associated with ring sideroblast, is fre-
quently present in cases of MDS/MPN-RS-T but the subtype 
still requires ≥15% ring sideroblasts. The JAK 2 V617F muta-
tion has been noted in some of the cases of MPN/MDS but the 
proliferative potential of most cases appear to be related to 
aberration in the RAS/MAPK or other signaling pathways and 
the JAK 2 mutation is not the primary oncogenic event to 
explain the MPN [42, 66]. The prognosis of patients with 
MDS/MPN-RS-T is better than most of the MDS/MPN disor-
ders. The transformation to AML is uncommon and unlike the 
MPN there does not appear to be an increase risk of throm-
botic or bleeding complications associated with the elevated 
platelet count. The treatment options for this subtype are not 
clear and additional studies are needed to further define the 
clinical course. In addition to the JAK 2 mutation some 
patients demonstrate the MPL mutation and both mutations 
appear to correlate with the elevated platelet count. In general 
the MDS/MPN disorders have a variable clinical course but 
are generally associated with poorer prognosis than their 
myeloproliferative neoplastic counterpart and an increased 
incidence of leukemic transformation. In MDS/MPNs the 
karyotype is usually normal or demonstrates a typical MDS 
cytogenetic abnormality. Gene mutations are common in the 
MDS/MPNs and can be helpful in assessing difficult cases 
with a normal karyotype. The 2016 WHO classification, how-
ever, noted that gene mutations even of the most commonly 
mutated genes, SRSF2, TET2, ETV6 and ASXL1 is not suf-
ficient proof of a neoplastic disorder because gene mutations 
occurs in healthy older persons with undetermined signifi-
cance. While some of these mutations are prognostically 
important and define aggressive disease, and have been incor-
porated into new prognostic scoring systems they should not 
be the sole determinant of a neoplastic disorder [53].

The diagnosis of myelodysplastic/myeloproliferative 
neoplasm unclassifiable (MDS/MPN-U) includes patients 
with features of both myelodysplasia and myeloprolifera-
tion who cannot be assigned to a more specific category. 
Patients must meet the criteria of one of the categories of 
MDS and demonstrate prominent myeloproliferative fea-
tures without a prior MPN or MDS. The WHO emphasizes 
that the diagnosis of MDS/MPN-U should not be made in 
patients who have recently recovered from cytotoxic che-
motherapy or have received recent growth factor therapy. 
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A follow-up evaluation in these patients is essential to dem-
onstrate that the changes in the PB and BM are independent 
of recent treatments or recovery from chemotherapy. The 
features that distinguish this subgroup include an elevated 
platelet count or WBC without evidence of BCR–ABL1 or 
rearrangement of PDGFRA, PDGFRB or FGFR1, del 5q, t 
(3; 3), or inv3. In most patients, the karyotype is normal and 
no abnormal mutational studies are noted but the JAK2 
V617F mutation may be present [54].

�MDS with Fibrosis and Hypocellular MDS

The WHO classifications did not define a number of MDS 
subtypes that are generally recognized as clinically distinct. 
The categories MDS with marrow fibrosis and hypocellular-
ity MDS are distinct disorders but the WHO noted that 
because they lack a consensus on the precise definition or the 
importance of these findings as distinct entities they on not 
included in the current classification. A subset of patients 
with MDS present with a hypocellular bone marrow (less 
than 15% cellularity on bone marrow biopsy) and minimal 
dysplasia. Hypocellular MDS must be differentiated from 
aplastic anemia and hypocellular AML [55]. Hypocellular 
MDS and aplastic anemia may also be pathophysiologically 
related [54]. The similarity of both disorders is suggested by 
their response to immunosuppressive therapy. Hypocellular 
MDS may represent an intermediate stage in the evolution of 
aplastic anemia. However, hypocellular MDS in contrast to 
aplastic anemia tends to occur in older patients, with a more 
gradual onset and dysplasia involving more than one cell 
line. In contrast to aplastic anemia dysplastic megakaryo-
cytes are more prominent in hypocellular MDS. Megaloblastic 
red cell precursors, pancytopenia, and the presence of a par-
oxysmal nocturnal hemoglobinuria clone (PNH)—occur in 
both hypoplastic MDS and aplastic anemia and are therefore 
not helpful diagnostic features A characteristic MDS cytoge-
netic abnormality sometimes helps to define hypocellular 
MDS but similar findings may also be present in aplastic 
anemia [48]. Patients with a PNH clone and hypocellular 
MDS respond better to immunosuppression.

MDS with fibrosis (MDS-F) can be difficult to differenti-
ate from primary myelofibrosis (PMF), acute megakaryo-
cytic leukemia or acute panmyelosis [55]. The bone marrow 
is usually not aspiratable (dry tap) and the morphological 
findings of dysplasia may be difficult to identify on the bone 
marrow biopsy. Splenomegaly and leukoerythroblastosis on 
peripheral smear are unusual in MDS-F and when present 
suggest the diagnosis of PMF. Staining the marrow biopsy 
and circulating blast forms with megakaryocytic lineage- 
specific antigens can identify abnormal megakaryoblasts 
[55]. The finding of diffuse fibrosis in MDS is associated 
with a poor prognosis and greater than 2+-reticulum fibrosis, 

as defined by the European consensus system, is an indepen-
dent negative prognostic marker [52]. The diagnostic chal-
lenges that such cases present are discussed by the WHO 
with a recommendation that hematopathologists should spe-
cifically comment upon the hypocellularity or extensive 
fibrosis in interpretative reports. The WHO classification, 
however, does not recognize hypocellular MDS and MDS-F 
as distinct entities as the sub-classification of these cases can 
be problematic and there is no accepted agreement on the 
diagnostic features associated with these two disorders. 
Immunohistochemical stains for CD34 on the biopsy may 
demonstrate excess blasts and may help in identifying these 
patients. Bone marrow fibrosis is associated with a higher 
red cell transfusion requirement, multilineage dysplasia, 
pancytopenia, and a poor prognosis. The 2008 and 2016 
WHO classification attempts to address these issues, about 
when to call a disorder a separate diagnostic entity, and raises 
the question of when sufficient clinical characteristics or 
morphologic findings are distinctive enough to warrant a 
separate diagnostic category.

The recognition and enumeration of blast cells is of critical 
importance for the diagnosis of AML, MDS and defining the 
subtypes of MDS and requires a differential blast count on 
500 cells on the aspirate to be 20% or more for a diagnosis of 
AML (either de-novo or evolved from a prior MDS). If a con-
comitant non-myeloid neoplasm (i.e., plasma cells) is present 
those cells should be excluded from the count used to evalu-
ate the percent of blast forms. If an aspirate is not available a 
touch preparation of the biopsy may yield valuable cytologic 
information, but differential counts from touch preparations 
may not be representative and should be confirmed on the 
bone marrow biopsy. The definition of a blast cell can be dif-
ficult in MDS. The WHO did not specifically define the defi-
nition of a blast, but noted that blasts can be granular or 
agranular [54]. Myeloblasts are defined by a high nuclear/
cytoplasmic ratio, visible nucleoli and usually fine nuclear 
chromatin. Nuclear shape can be a variable with basophilic 
granule, or Auer rods, aggregates of lysozymes, may be noted 
but no Golgi zone is detected. Granular blast cells must be 
distinguished from promyelocytes and the principal distin-
guishing characteristic of the normal promyelocyte is the 
presence of a visible Golgi zone [54]. Dysplastic promyelo-
cytes have the recognizable features of promyelocytes includ-
ing round, oval or an indented nucleus that is often eccentric 
with decreased granules or irregular distributed granules and 
a poorly developed Golgi zone. Determining the overall per-
centage of blasts in the context of marked erythroid hyperpla-
sia can be problematic. In the updated 2016 WHO 
classification the percent of blasts is based on all nucleated 
cells not just the non-erythroid cells. This new criteria will 
results in most cases previously diagnosed as the erythroid/
myeloid subtype of acute erythroid leukemia in the 2008 
WHO criteria now being classified as MDS with excess 
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blasts. In the updated 2016 WHO classification the cytoge-
netic abnormalities that are MDS defining remain unchanged. 
While acknowledging the prognostic importance of genetic 
abnormalities in MDS, in the 2016 WHO criteria only the 
del(5q) cytogenetic or molecular genetic abnormality defines 
a specific MDS subtype even if an there is an additional cyto-
genetic abnormality [3].

The 2016 WHO criteria noted the association between 
ring sideroblasts and an SF3B1 mutation. The SF3B1 muta-
tion appears to be a early initiating event in the development 
of MDS and manifests a distinct gene expression profile and 
correlates with a favorable and indolent course [56]. Patients 
with MDS carrying the SF3B1 mutation have a more homo-
geneous phenotype characterized by isolated erythroid dys-
plasia and the presence of ring sideroblasts. Moreover, the 
actual percent of cells with ring sideroblast does not affect 
the prognosis.

The 2008 WHO classification redefined a number of new 
subgroups [57, 58]. Three categories of refractory cytopenia 
with unilineage dysplasia (RCUD) are defined: Refractory 
anemia (RA), refractory neutropenia (RN) and refractory 
thrombocytopenia (RT). These subgroups do not have an 
increase in blasts and involve a single lineage. In the 2016 
WHO classification these subgroups are part of MDS with 
Single lineage Dysplasia (MDS-SLD). Other causes of dys-
plasia need to be addressed and excluded before the diagno-
sis of single lineage MDS is established (Table 23.7). The 
expansion of the erythroid component can occur in non-
neoplastic disorders, including hemolytic anemia, iron defi-
ciency, and B12 or folate deficiency. Erythropoietin 
administration may also lead to a marked expansion of the 
erythroid precursors. Simultaneous or chronologically close 
administration of erythropoietin and granulocyte growth fac-
tors may lead to erythroid hyperplasia with an increase in 
pronormoblasts and myeloblasts. Therefore, the pathologist 
must have knowledge of the patient’s clinical history, includ-
ing the administration of recent chemotherapy or growth fac-
tors when evaluating the bone marrow. Other causes of 
erythroid dysplasia include alcohol abuse (vacuolated ery-
throid precursors and ring sideroblasts), anti-tuberculosis 
medications and chloramphenicol. Isolated unilineage dys-
poiesis should raise suspicion for secondary causes, includ-
ing disorders not associated with prescription medications as 
seen in zinc over consumption leading to copper deficiency. 
Zinc competes with copper for its carrier, ceruloplasmin. 
Primary copper deficiency can present with pancytopenia 
with marked vacuolation of erythroid and myeloid precur-
sors, megaloblastoid changes in red cell precursors and ring 
sideroblasts [59, 60] (Table 23.6). The 2016 WHO classifica-
tion notes that the prognostic importance of genetic finding 
in MDS and the expanding knowledge of the clinical impor-
tance of recurring mutations in MDS but notes that the find-
ing of one or more somatic mutation is not considered 

diagnostic of MDS even in a patient with unexplained cyto-
penias where these mutation may be frequently found [3].

In patients with MDS who lack the appropriate finding of 
any defined MDS category diagnosed with subtype, MDS, 
unclassifiable (MDS-U). MDS-U has no specific morpho-
logical features but includes MDS with the presence of 1% 
blast forms in the peripheral blood and <5% blasts in the 
bone marrow. An occasional blast can be found in healthy 
individuals and to avoid over interpreting the rare blast form 
the WHO notes that blasts must be noted in the peripheral 
blood on two or more successive evaluations to confirm the 
diagnosis of MDS-U. In addition the diagnosis of MDS - U 
can be made in cases with 1% or fewer blasts in in the blood 
and <5% blasts in the bone marrow with unequivocal dyspla-
sia in <10% of one or more myeloid lineages but have a diag-
nostic cytogenetic abnormality. MDS-U is a very 
heterogenous subtype and patients have a variable clinical 
course and should be reclassified if they develop findings 
characteristic of a specific MDS subtype. The MDS-U sub-
type may represent the early phase of one or more specific 
MDS subtypes but with nonspecific morphological features 
of MDS.

�Idiopathic Cytopenia(s) of Undetermined 
Significance and Idiopathic Dysplasia 
of Uncertain Significance

Patients who present with cytopenias but lack the diagnostic 
criteria of MDS, but in whom the diagnosis of MDS is sus-
pected, are classified with the diagnosis “Idiopathic 
Cytopenia(s) of Undetermined Significance” (ICUS) [61]. 
The criteria for this group of disorders reflects the diagnostic 
uncertainty in these patients. A key distinction of ICUS from 
other potential precursor conditions such as MGUS, mono-
clonal B-cell lymphocytosis (MBL) and T cell clonality of 
undetermined is that an ICUS designation does not necessar-
ily imply a clonal disorder. Limited data are available about 
the frequency or natural history of ICUS and reflects that 
some patients present with persistent cytopenia but lack the 
diagnostic features of MDS. The term idiopathic dysplasia of 
uncertain significance (IDUS) was proposed to describe a 
group of patients with dysplasia but no or only mild cytope-
nias [61]. In contrast to ICUS, patients with IDUS demon-
strate dysplasia in >10% of cells in one or more lineage with 
or without a MDS-related karyotype but without persistent 
cytopenias. ICUS and IDUS have very variable courses and 
it is unclear if all the patients will ultimately develop a 
defined subtype of MDS or another myeloid neoplastic dis-
order. Moreover, it is unclear if these disorders are mutually 
exclusive or if the classification of a potentially premalignant 
disorders will provide meaningful prognostic or diagnostic 
information for patients in whom no cause for the cytopenia 
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is found. The proposed term Clonal Cytopenia of 
Undetermined Significance (CCUS) has been proposed for 
cases with somatic mutations, or a non-diagnostic chromo-
somal abnormality, defining a clonal population in the bone 
marrow, but without dysplasia and one or more cytopenia in 
the blood (Table 23.8) [62].

�MDS Subtypes

�MDS with Ring Sideroblasts (MDS-RS)

MDS with ring sideroblasts (MDS-RS) is characterized by 
anemia, erythroid dysplasia and >15% ring sideroblasts of 
bone marrow erythroid precursors. There is generally no 
or minimal dysplasia in the non-erythroid precursors. 
Myeloblasts comprise <5% of the nucleated BM cells and 
are not present in the PB.  In the 2016 WHO criteria 
MDS-RS is associated with recurrent mutations of the 

spliceosome gene SF3B1. The classification of MDS-RS 
was changed to include MDS cases with ring sideroblasts 
and multilineage dysplasia. This change reflected the link 
between ring sideroblasts and an SF3B1 mutations. In the 
2016 classification if the SF3B1 mutation is identified then 
the diagnosis of MDS—RS can be made even if the ring 
sideroblast comprise only 5% of nucleated erythroid cells. 
If the SF3B1 mutation is lacking then ≥15% ring sidero-
blasts of nucleated erythroid cells is still required. MDS-RS 
subtype is divided into two groups; a group with single 
lineage dysplasia (MDS-RS-SLD), previously classified as 
refractory anemia with ring sideroblasts, and second group 
with multilineage dysplasia (MDS-RS-MLD), previously 
classified as refractory cytopenia with multilineage dys-
plasia. Patients with MDS—RS who lack the SF3B1 muta-
tion have a more heterogenous phenotype, a high 
prevalence of TP53 mutations and less favorable progno-
sis. The SF3B1 mutation is early event in the development 
of MDS and may be an important therapeutic target in 
MDS-RS [58]. MDS-RS constitutes approximately 10% of 
cases of MDS. A majority of patients present with a mod-
erate normochromic or macrocytic anemia. The PB fre-
quently reveals dimorphic red cells due to a small 
population of microcytic and hypochromic red cells. 
Basophilic stippling and Pappenheimer bodies may be 
noted in red cells. Dysplasia is present in <10% of neutro-
phils and platelets. The bone marrow is usually hypercel-
lular for the patient’s age and demonstrates erythroid 
hyperplasia. The iron stain, Prussian blue staining, reveals 
ring sideroblasts that surround at least a third of the nuclear 
circumference. Iron stores are generally increased even in 
the absence of red cell transfusions. The number of CD 
34+ cells is normal and most patients do not demonstrate a 
cytogenetic abnormality. Ring sideroblasts may be seen in 
a number of other, non- MDS-related disorders including 
lead poisoning, drugs including isoniazid which inhibits 
delta aminolevulinic acid (ALA) dehydratase activity and 
block hemoglobin formation resulting in ring sideroblast 
formation [45]. A number of acquired and hereditary con-
ditions are associated with ring sideroblast formation and 
should be excluded before a diagnosis of MDS-RS is 
established. In RARS the ring sideroblasts and increased 
iron stores reflect abnormal iron metabolism in the ery-
throid lineage resulting from the ineffective erythropoie-
sis. The overall prognosis for patients with MDS-RS is 
69–108 months and less than 2% of cases transform into 
AML. Progressive anemia requiring transfusion support is 
frequent and in select patients iron chelation therapy 
should be considered early in the clinical course to prevent 
iron overload and end organ failure. However, the overall 
beneficial effects of early iron chelation has not been dem-
onstrated to improve survival in prospective randomized 
studies and therefore remains controversial [63].

Table 23.8  New terms for patients who do not meet the criteria for 
MDS

ICUS Idiopathic Cytopenias of Undetermined Significance. The 
natural history of patients with ICUS is unclear. May have 
clonal or nonclonal hematopoiesis (clonal ICUS vs nc 
ICUS) as defined by somatic mutations or non- diagnostic 
cytogenetic findings by karyotype or FISH. A proportion 
of patients with ICUS with develop MDS or another 
myeloid malignancy. Much more common than MDS and 
most patients will not develop a myeloid malignancy.

IDUS Idiopathic Dysplasia of Undetermined Significance. 
Dysplasia without cytopenia. Need to confirm the 
dysplasia over a 3–6 month period. Unclear clinical course 
and prognosis and frequently associated with benign 
conditions.

CHIP Clonal Hematopoiesis of Indeterminant Potential. Age 
dependent somatic mutations in persons without a known 
hematologic disorder. The prevalence of CHIP increases 
greatly with age over 10% in person over the age of 
70 years. Most with never develop MDS but is associated 
with an increased incidence of myeloid malignancies and 
all-cause mortality. In most persons may be an incidental 
findings relating to aging.

CCUS Clonal Cytopenias of Underdetermined Significance. Have 
one or more cell line decrease, hemoglobin <11 g/dL, 
absolute neutrophil count (ANC), 1.5 × 109/L, platelet 
count < 100 × 109/L. persons have an acquired 
chromosomal abnormality not diagnostic of a hematologic 
malignancy and/or the presence of a somatic mutation 
with a variable allele fraction ≥2% in hematologic 
malignancy—Associated gene in the peripheral blood or 
bone marrow. Most persons had somatic mutations 
fraction of >10% similar to lower risk MDS patients, 
including mutated genes associated with high risk MDS 
including TP53, ASXL1,RUNX1 and DNMT3A. More 
frequently diagnosed than MDS but less than ICUS. No 
evidence of dysplasia. The natural history for most 
persons in unknown unlikely that all will develop MDS or 
other myeloid malignancy.

K. Miller and M. Pilichowska



495

�MDS with Single Lineage Dysplasia and MDS 
with Multilineage Dysplasia

This group of disorders was previously know as Refractory 
anemia and refractory anemia with multilineage dysplasia in 
the 2008 WHO classification and is now classified as MDS-
SLD and MDS-MLD.  The difference between these sub-
types reflects either a single or 2 or more lineages demonstrate 
dysplasia. These groups constitute approximately 30% of 
MDS cases and are characterized by one or more cytopenias 
and dysplastic changes in one two or more of the myeloid 
lineages. Blasts are rare, <1%, in the PB and <5% in the 
BM. Auer rods are not present in either the PB or BM. The 
anemia is usually macrocytic or normocytic with prominent 
granulocytic dysplasia including hypo granularity, nuclear 
shape abnormalities including hypo-lobation, acquired 
pseudo Pelger-Huet anomaly, and abnormal nuclear clump-
ing. The bone marrow is usually hypercellular for age of the 
patient with <5% blasts. Erythroid precursors may demon-
strate cytoplasmic vacuoles and marked nuclear irregularity 
including internuclear bridging and nuclear budding. The 
BM may have variable number of ring sideroblasts but less 
than 15%. The previously described WHO category of 
refractory cytopenias with multilineage dysplasia with ring 
sideroblasts has been omitted and incorporated in MDS-RS-
MLD. Megakaryocytic dysplasia includes hypolobated and 
non-lobated nuclei, multinucleated and micromegakaryo-
cyte, megakaryocytes with non-lobated or bi-lobed nuclei. 
Clonal cytogenetic abnormalities are present in up to 50% of 
patients and are important in defining the prognosis. The 
prognosis is related to the degree of cytopenias and cytoge-
netic abnormalities.

�MDS with Excess Blasts 1(MDS-EB1 
and MDS-EB2)
MDS-EB1 and EB2 comprises 40% of cases of MDS and is 
divided into MDS-EB1 and MDS-EB2 on the basis of the 
number of blasts and the presence or absence of Auer rods. 
EB 1 is defined by 5–9% blasts in the BM or 2–4% blasts in 
the PB and no Auer rods and EB2 is defined by 10–19% 
blasts in the BM or 5–19% blasts in the PB. The presence 
of Auer rods confirms the diagnosis of EB2 irrespective of 
the percent of blast forms. Most patients present with 
symptoms of BM failure including anemia, bleeding or 
neutropenia. The PB generally shows dysplastic changes in 
all three-cell lines and is typically hypercellular for age of 
the patient. Erythroid precursors may be increased with 
megaloblastoid changes and ring sideroblasts. The excess 
blasts define these subtypes. Dysmegakaryopoiesis is a fre-
quent finding including micromegakaryocytes and abnor-
mal megakaryocytic clustering. Blasts may form abnormal 
aggregates or clusters that are located away from trabecu-
lare and vascular structures, a histologic finding previously 

referred to an abnormal localization of immature precur-
sors (ALIP). Immunohistochemical staining for CD34 may 
help in identifying blast forms. Clonal cytogenetic abnor-
malities are observed in 30–50% of cases including +8, -5, 
del(5q),−7, del(7q), del (20q) and complex karyotypes. 
Fibrosis may be present and results in a dry tap. The pres-
ence of fibrosis should be noted and the finding of extensive 
fibrosis is an independent negative prognostic marker in 
MDS [3]. MDS-EB1 and 2 frequently progress to AML, 
25% and 33% respectively for MDS-EB1 and MDS-EB2 
respectively. The median survival is approximately 
16 months for MDS-EB1 and 9 months for MDS-EB2. The 
survival is dependent on the number of blast forms. Cases 
with >5% blasts and a complex karyotype have a median 
survival of ≤3 months similar to AML with myelodysplas-
tic changes.

�Myelodysplastic Syndrome with Isolated  
del (5q)

Heterozygous, interstitial deletions of the long arm of chro-
mosome 5 (5q) are the most common cytogenetic abnormal-
ity in patients with MDS. Del 5q is associated with a consistent 
clinical phenotype previously known as the 5q- syndrome in 
a subset of patients. Abnormalities in chromosome 5 occur in 
approximately 25% of MDS patients, but the incidence of the 
originally described 5q- syndrome is much less frequent [63]. 
The 5q- syndrome was originally described in patients with a 
macrocytic anemia, dyserythropoiesis and erythroid hypopla-
sia in the bone marrow and a normal to elevated platelet 
count, hypolobated megakaryocytes and an intestinal deletion 
involving the long arm of chromosome 5. In addition the 5q- 
syndrome in characterized by the absence of circulating 
myeloblast and therapeutic sensitivity to treatment with 
lenalidomide. The deletion of 5q in MDS does not necessarily 
equate to the clinical 5q- syndrome. Both the original 5q- 
syndrome and del (5q) MDS respond to lenalidomide and the 
revised WHO changed its definitions to this cytogenetically 
defined subset from 5q- syndrome to MDS with abnormality 
del(5q) [64, 65]. The deletion occur on a single chromosome 
resulting in a heterozygous (haploinsufficient) with the unaf-
fected chromosome 5 contains the normal allele of all the 
genes contained in deleted segment. None of the genes on the 
nondeleted chromosome 5q are mutated or undergo homozy-
gous inactivation in MDS patients. The recurrent haploinsuf-
ficiency for critical genes within the common deleted regions 
(CDR) on chromosome 5q is the basis for the unique patho-
logical phenotype that results in the MDS subtypes del (5q). 
Haploinsufficiency of the RPS 14 gene on the long arm of 
chromosome 5 (5q) leads to activation of the P53 pathways 
and the development of the characteristic macrocytic anemia. 
The CDR on chromosome 5 and the breakpoints and size of 
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the deletions in the original 5q- syndrome patients and the del 
(5q) patients with advanced MDS and AML are variable. The 
CDR of the 5q–syndrome the interstitial deletion occurs in a 
1.5 MB region at 5q32–33. The region contains genes for the 
ribosomal protein RPS14 and three micro RNAs mrR-143, 
miR-145, and mir-146. The non-allelic deletion of the RPS14 
gene encodes for a component of the 40 s ribosome and is 
critical for the development of the macrocytic anemia. In con-
trast, patients with del (5q), and additional chromosomal 
abnormalities and excess blast have a different clinical course 
and response to treatment [85]. Patients with a deletion of 5q- 
and AML have large interstitial deletions that overlap the 
CDR of the 5q-syndrome and low risk del (5q) However, in 
high risk MDS and AML the deleted region was in a more 
distal CDR in the 5q32–33 region. Lenalidomide selectively 
inhibits the Del (5q) clone and results in RPS 14 inactivation 
of the p53 pathway. Lenalidomide exerts unique karyotype 
specific activity in Del (5q) MDS but does not eradicate the 
Del (5q) stem cell population in all patients. The inactivation 
RPS14 leads to defective erythropoiesis and increased apop-
tosis in erythroid progenitors. Moreover, in the congenital 
disorder Diamond- Blackfan anemia the down regulation of 
an another ribosomal gene (RPS19) is critical in the develop-
ment of the erythroid hypoplasia and chronic anemia [65]. 
The down regulation of RPS14 may not be the sole genetic 
event underlying the del 5q- syndrome and alteration of other 
genes in the commonly deleted segment in 5q- may be 
required. The tumor suppressor SPARC (Secreted Protein 
Acidic and Rich in Cysteine) gene is located in the del 5q31 
region. SPARC has tumor suppressor, antiproliferative, and 
anti angiogenesis properties and may also be important in this 
syndrome [64]. The loss of additional genes that code for 
these and other factors appear to contribute to the develop-
ment of this syndrome and its unique response to the immune 
modulatory drug, lenalidomide. MDS with isolated del 5q 
syndrome is frequently associated with morphological fea-
tures of MDS-SLD. Thrombocytosis and anemia is occasion-
ally seen and when present is suggestive of the del 5q 
chromosomal abnormality. The bone marrow aspirate and 
biopsy are typically hypercellular for the patient’s age with 
erythroid hypoplasia and dysplastic erythropoiesis. Ring sid-
eroblasts may be present but <15% of erythroblasts. A del(5q) 
subtype should be suspected in patients who present with a 
refractory macrocytic anemia, with a normal or mildly low 
leukocyte counts, and thrombocytosis (a platelet count 
>400 × 109/L). In contrast to the other MDS subtypes, where 
the mononuclear megakaryocytes are smaller (micromega-
karyocytes), in the MDS with del 5q the megakaryocytes are 
bilobed or non-lobulated but of normal size (mono lobulated). 
The MDS with del 5q has a marked female predominance 
(70%), and rarely transforms to AML. A majority of patients 
have progressive anemia and become red cell transfusion 
dependent and rarely respond to growth factors including 

erythropoietin. Lenalidomide is the treatment of choice and 
results in transfusion independence in over two thirds of cases 
with durable clinical and cytogenetics responses [42].

�Clinical and Laboratory Features of MDS

�Blood and Bone Marrow Findings

�Red Cells/Anemia
Macrocytosis or a macrocytic anemia with a low reticulocyte 
count is common in MDS and reflects the ineffective eryth-
ropoiesis. Impaired red cell maturation has been associated 
with acquired abnormalities of globin chain synthesis, and 
red cell enzymes. PNH has been described in the setting of 
MDS, and these patients have many of the typical diagnostic 
features of PNH including a defect in the synthesis of the 
glycosylphosphatidylinositol (GPI)-linked surface protein, 
but lack the ongoing red cell hemolysis and thrombotic com-
plications associated with PNH. Cases may have abnormali-
ties in the size and shape of red cells including basophilic 
stippling (red cell inclusions composed of ribonucleoprotein 
and mitochondrial remnants), Pappenheimer bodies (baso-
philic iron-containing granules peripherally located in red 
cells), macro-ovalocytes, teardrop forms, and nucleated red 
cells. The bone marrow may reveal multinuclear fragments, 
inter-nuclear bridging, and nuclear cytoplasm asynchrony.

�Neutrophils
Qualitative abnormalities of neutrophil function are a com-
mon feature of MDS and may explain the increased risk for 
bacterial infections. Morphological abnormalities include 
hypo-granular and hyposegmented neutrophils, which are 
associated with a negative peroxidase reaction and decreased 
myeloperoxidase activity. The neutrophils are hyposeg-
mented and may be confused with band forms. Nuclear frag-
mentation and nuclear-cytoplasmic asynchrony in early 
myeloid precursors may be a prominent feature in the bone 
marrow. Dysplastic myeloid precursors can be difficult to 
distinguish from blast forms and therefore a pathologist 
experienced in the interpretation of MDS should review the 
bone marrow.

�Platelets
Thrombocytopenia and abnormal platelet function occur in 
MDS. Thrombocytopenia is an adverse prognostic feature 
independent of other prognostic factors [66–68]. While 
thrombocytopenia is associated with poor performance sta-
tus and other unfavorable prognostic variable bleeding 
complications are underreported. Thrombocytopenia 
(<100 × 109/L) has been reported in 66% of patients and 
was associated with a 24% incidence of deaths from hem-
orrhage. Impaired platelet function may also explain the 
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increased risk of bleeding in patients with MDS. Spontaneous 
bruising and bleeding after surgery or mild trauma occurs 
in MDS patients with a normal or slightly depressed plate-
let counts. Dysplastic platelets and abnormal megakaryo-
cytes are important diagnostic features and help in 
distinguishing MDS from other disorders. Giant platelets, 
and agranular (grey platelets) and megakaryocytic frag-
ments in the peripheral blood film are important diagnostic 
features of MDS.

�Bone Marrow Findings
A bone marrow aspirate and biopsy is essential for the 
making diagnosis of a MDS and to define the MDS sub-
type. Abnormal distribution of cells is often present; ery-
throid islands may be absent or very large. Granulocytic 
precursors may be clustered centrally rather than their nor-
mal paratrabecular distribution. Micromegakaryocyte, 
mononuclear megakaryocytes, and hyperlobulated mega-
karyocytes are important diagnostic features of MDS and 
are reliable morphological findings of dysplasia. In the 
bone marrow the megakaryocytes may be clustered or 
adjacent to the bony trabecula. The del 5q syndrome has 
mononuclear megakaryocytes that are of normal size but 
with a single eccentrically placed round non-lobulated 
nucleus [3]. Megaloblastic changes (nuclear cytoplasm 
asynchrony) can be seen in the myeloid and erythroid pre-
cursors. Dysgranulopoiesis and dyserythropoiesis are 
more readily noted in the bone marrow aspirate smear and 
not the biopsy. The bone marrow smear is necessary to 
identify ring sideroblasts that may not be apparent on the 
biopsy sample. Immunohistochemistry may be a useful 
supplement to histology. Small mononuclear megakaryo-
cytes can be confused with myeloid precursors. A biopsy 
is necessary to access the degree of reticulin fibrosis and 
overall bone marrow cellularity. Immunophenotyping 
using flow cytometry on the bone marrow and/or periph-
eral blood may be helpful in the diagnosis and defining 
prognosis and response to treatment. However, while con-
troversial there are currently no accepted standards for the 
diagnosis of MDS by flow cytometry.

The finding of aberrant immunophenotyping of myeloid 
blasts is helpful in corroborating the diagnosis of MDS, but 
is not diagnostic of MDS.  The aberrant expression of the 
lymphoid antigen CD7 on myeloid blasts is a common phe-
notypic abnormality and correlates with a poor prognosis 
[42]. Increase and/or clustering of blasts favors 
MDS.  Immunostaining for CD34 on core biopsy is very 
helpful to estimate blast numbers and possible clustering. In 
the absence of reliable aspirate smear, CD34 immunostain-
ing on core biopsy and/or clot section can be used for esti-
mating percentage of blasts. The use of flow cytometry on 
both the PB and BM is the focus of many studies and should 
be part of the initial evaluation of MDS [42].

�Clinical and Prognostic Features
The initial evaluation of all patients with MDS should be 
performed before planning treatment and should include a 
detailed history of prior exposures to chemotherapy, radia-
tion therapy or toxic exposures. The cellularity should be 
noted from the bone marrow biopsy. The percent of blasts 
and the iron stain and the presence of ring sideroblasts should 
be performed on the bone marrow aspirate. Iron studies 
including a ferritin and transferrin saturation should be 
obtained prior to starting growth factors and on patients who 
are receiving red cell transfusions. A serum erythropoietin 
should be determined in patients with symptomatic anemia. 
In patients who are candidates for an allogeneic hematopoi-
etic stem cell transplant HLA typing should be performed on 
the patient and their siblings.

The WHO classification system attempts to offer general 
prognostic guidance for each subtype but additional infor-
mation is usually needed to assign prognosis and plan ther-
apy. In an effort to determine prognosis a number of 
prognostic scoring systems have been developed including 
the International Prognostic Scoring System (IPSS), the MD 
Anderson Prognostic Scoring System (MDAPSS), World 
Health Organization –based Prognostic Scoring System 
(WPSS) and others models have been developed to define 
the prognosis and guide therapy [69, 70]. The widely used 
and generally accepted International Prognostic Scoring 
System (IPSS) developed in 1997 and recently revised, 
IPSS-R, addresses clinical features not included in the WHO 
classification and attempts to define prognosis and leukemic 
progression. The IPSS-R included 5 cytogenetic subsets 
reflecting the importance of new prognostically important 
cytogenetic groupings (Table  23.9). The scoring system 
assigns a point score for each the following variables: the 
number of bone marrow blast forms, karyotypic abnormali-
ties, and number of cell lines affected (cytopenias) 
(Table  23.10). The combined score determines the overall 
risk category: very low (risk score  ≤  1.50), Low (risk 
score  >  1.5–3.0), Intermediate (risk score  >  3–4.5), High 
(risk score  >  4.5–6) and very high (risk score  >  6). The 
IPSS-R risk category and score correlates with the overall 
survival and probability of transformation to AML 
(Table 23.9).

The other prognostic scoring systems include similar 
parameters but the IPSS-R scoring system continues to be 
widely used for stratification of patients enrolled in clinical 
trials [69, 70]. However, the IPPS-R system has a number of 
important limitations. The IPPS-R system is based in part on 
the FAB classification of MDS and includes MDS patients 
with 30% blasts. The threshold for AML in the WHO clas-
sification is 20% blasts which is not reflected in the IPSS–R 
blast scoring system. The IPSS also does not completely 
address the severity of the cytopenias or the need for transfu-
sion support and does not take into account other prognostic 
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variables. The IPSS-R acknowledged the prognostic impor-
tance of additional variable but did not assign a point score to 
these factors including LDH, serum ferritin, β2-microglobulin, 
marrow fibrosis, patient’s age, performance status and 
comorbidities. Other prognostic factors including disease 
duration or prior treatments are not part of the IPSS-R. The 
IPPS and IPSS-R was intended to assign prognosis at the 
time of diagnosis and therefore is a static score that was not 
intended to change with time or treatments. The IPSS–R also 
includes a number of uncommon cytogenetic subsets does 
not address the expanding role of molecular genetic studies 
in MDS.

MDS is often broadly separated, for treatment decisions, 
into low risk and high-risk disease based on overall survival 
and risk of AML transformation. The lower risk subtypes 
include MDS with single lineage dysplasia, MDS with 
Multilineage dysplasia, MDS with ring sideroblasts, MDS 
with isolated del(5q). The IPSS-R low risk categories include 
the very low, low and intermediate risk categories. These 
groups are associated with a general survival of >3 years and 
a low risk for transformation to AML and generally corre-
spond to a IPPS-R score of <3.5. In contrast the higher risk 
MDSs groups include MDS-EB 1 and 2 and IPSS-R groups 
high and very high and are associated with a greater risk for 
transformation to AML [70].

�Treatment
The treatment of a patient with MDS should be individualized 
based on the patient’s age, subtype, IPSS-R risk category, 

performance status, cytogenetics and co-morbid medical 
problems. The majority of patients with MDS are elderly and 
tolerate intensive chemotherapy poorly. Moreover, standard 
therapies do not result in a cure and their impact on survival 
for most patients is unclear. Therefore any potential benefits 
of treatment must be weighed against the side effects and the 
patient’s overall prognosis. The alleviation of disease-related 
complications and improved quality of life are important 
goals for most patients. The most appropriate care for many 
patients still remains supportive care. Although there are a 
number of therapeutic options available for MDS patients, 
none, other than an allogeneic stem cell transplantation, offers 
the potential for cure. The therapeutic options for patients 
with MDS include the use of hematopoietic growth and tro-
phic factors, immunosuppressive agents, low-intensity cyto-
reductive chemotherapy including the hypomethylating 
agents, and intensive chemotherapy. While advances in the 
diagnosis and risk stratification has refined the prognosis for 
patients and defined gene mutations that are potential targets 
in MDS, no new drugs s have been approved for the treatment 
of MDS in over a decade.

Guidelines for evaluating the response to treatment in 
patients with MDS have been updated and incorporated into 
the criteria by the International Working Group (IWG) [71]. 
These guidelines attempted to define standard, criteria for 
complete and partial responses to treatment. Moreover, the 
response criteria emphasized that the goals of treatment of 
MDS is to alter the natural history of the disease and allevi-
ate the disease-related complications and improve the quality 

Table 23.9  MDS cytogenetic scoring system: IPSS-R

Prognostic subgroup Cytogenetic abnormalities Percent of patients Survival (years median) AML evolutiona

Very good −Y, del(11q) 4 5.4 NR

Good Normal, del(5q), del(12p), del(20q), double including 
del(5q)

72 4.8 9.4

Intermediate Del(7q), +8, +19, i(17q) any other single or double 
independent clones

13 2.7 2.5

Poor −7, inv.(3)/t(3q)/del(3q), double including- 7/
del(7q),complex:3 abnormalities.

4 1.5 1.7

Very poor Complex: >3 abnormalities 7 0.7 0.7

NR not reached
aAML evolution 25%—median time to 25% AML: median—years

Prog score variable 0 0.5 1.0 1.5 2.0 3.0 4.0

Cytogenetics Very good Good Intermediate Poor Very poor

Bone marrow %blasts <2 >2–<5 5–10 >10

Hemoglobin g/dL ≥10 8–<10 <8

Platelets cmm ≥100 50–100 <50

Absolute neutrophil 
counts/cmm

≥0.8 <0.8

Very Good −7,del(11q), Good—Normal, del(5q),del(12p), del (20q), double including del(5q) 
Intermediate - del(7q), +8,+19,i(17q), any other single or double independentclones. Poor—7, inv.(3)/
t3q)/del 3, double including −7/del(7q). Very Poor—Complex >3 abnormalities. See Table 23.3

Table 23.10  IPSS-R scoring system
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of life. Stable disease or minimal responses are difficult to 
interpret and make comparisons between trials difficult. In 
addition, the response rate in some Phase II trials did not 
translate into prolongation of survival, time to treatment fail-
ure, or improvement in the quality of life. The IWG criteria 
are a useful standard to use for comparing results across 
therapeutic trials and are now widely used for defining 
response to treatment.

�Supportive Therapy
In many patients the diagnosis of MDS may require a period 
of observation and reevaluation. The WHO appropriately 
noted that in some patients reevaluating the peripheral blood 
and bone marrow after 3–6 months period was essential to 
exclude other causes of the dysplasia. In patients with indo-
lent disease or who are asymptomatic, elderly, and frail or 
have co-morbidities, supportive therapy including transfu-
sions represents a widely accepted standard of care. Patients 
should be followed for a change in their clinical pattern i.e., 
increase in red cell transfusion, declining platelet count, cir-
culating blast forms, splenomegaly or decline in performance 
status. Red cell and platelet transfusions are administered for 
the symptomatic treatment of the anemia and thrombocyto-
penia. There is no one single hemoglobin cut off at which 
RBC transfusion should be offered to all patients but the use 
of transfusion support is increasing over the years in an effort 
to maintain a higher hemoglobin/hematocrit. Platelet trans-
fusions are generally given when the platelet count is 
<10,000 × 109/L but should be adjusted on the basis of indi-
vidual risk factors and bleeding history. Thrombocytopenia 
is common in MDS and bleeding complications are exacer-
bated by impaired platelet function [68]. Platelet dysfunction 
is common and patients may bleed even with an adequate 
platelet count. Therefore, platelet support may be required 
prior to surgery and procedures to prevent excess bleeding. 
Patients with a platelet count of ≤20,000  ×  109/L are at 
higher risk for bleeding. Disease modifying agents such a 
lenalidomide and hypomethylating agents are associated 
with thrombocytopenia. The repeated use of platelet transfu-
sions is associated with allo immunization and transfusion 
reactions. Danazol an attenuated synthetic androgen with 
immune modulating activity may be effect in some thrombo-
cytopenic patients with MDS [72]. Thrombopoietin receptor 
agonist (TPO) are being tested in clinical trials as single 
agents in low-risk MDS patients and in combination therapy 
with disease modifying agents (lenalidomide) in high risk 
MDS.  Romiplostim a Fc- peptide fusion protein with no 
sequence homology with endogenous TPO has been evalu-
ated in low /intermediate risk MDS patients with thrombocy-
topenia [73, 74]. Romiplostim reduced overall bleeding 
events but the trial was stopped because of concerns regard-
ing leukemic transformation. Eltrombopag and oral nonpep-
tide, noncompetitive TPO receptor agonist which is indicated 

for the treatment of ITP was evaluated in a phase 2 random-
ized trial in low/intermediate risk MDS patients, Eltrombopag 
increased the platelet count in a limited number of patients 
without a increase in leukemic risk. It was unclear in the lim-
ited studies that either TPO improved survival. The TPOs are 
not approved at this time for treatment of thrombocytopenia 
in MDS patients.

Neutropenia and impaired neutrophil function are also 
common in MDS patients. The use of prophylactic antibiotics, 
however, is not warranted for most patients. Neutropenia with-
out a history of recurrent infection is not a justification for the 
initiation of therapy. Granulocyte colony stimulating factor or 
granulocyte macrophage colony stimulating factors can tran-
siently increase the neutrophil and blast count in many patient 
with MDS. However, the clinical benefit of these growth fac-
tors is unclear. The use of G-CSF did decrease the incidence of 
serious infections but did not favorably impact survival in a 
prospective controlled trial. The use of these cytokines did 
increase the white blood count and the number of circulating 
blasts but did not appear to accelerate the progression to acute 
leukemia. Although in selected patients with active, serious 
infections there may be a role for the use of these cytokines in 
the MDS patient with neutropenia in combination with antibi-
otics, at present there is no evidence to support the general use 
of either G-CSF or GM-CSF [74].

Patients may require multiple transfusions over many 
years and the potential for iron overload should be addressed 
early in a patient’s course. Each unit of RBC contains 200–
250 mg of iron and iron overload from transfusions occurs 
when a patient has received 25 units of packed red cells [75–
79]. The benefits of chelation therapy (ICT) in MDS remains 
controversial. Patients with transfusion dependent low risk 
MDS may benefit from the early introduction of iron chela-
tion and chelation may reduce the effects of iron overload on 
cardiac and possibly prevent end organ damage due to tissue 
iron overload [77]. Iron chelation may also reduce the risk of 
infections and improve survival after allogeneic hematopoi-
etic stem cell transplantation and may delay the leukemic 
progression and improve hematopoiesis [78]. Some observa-
tions suggest that cytopenias in iron-overloaded patients 
with MDS could be mitigated by ICT, possibly by a decrease 
in reactive oxygen species-mediated damage to hematopoi-
etic cells [79]. In addition hematologic improvement was 
seen in some patients who received deferasirox including a 
normalization of labile plasma iron [79]. The use of ICT may 
suppress ineffective erythropoiesis by reducing iron and/or 
oxidative stress and modulating proliferation and differentia-
tion. However, the risk of iron overload in transfusion depen-
dent MDS patients is unclear. Iron toxicity in MDS patients 
may not only depend on tissue iron accumulation but also the 
extent of non-transferrin bound iron. Prospective studies 
evaluating the clinical benefit of iron chelation in MDS 
patients ongoing [77]. Iron chelation is a slow process and 
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therefore it is important to view chelation as a preventive 
supportive measure. The use of deferoxamine is impractical 
for most patients with MDS. Deferoxamine has a short half-
life and requires a prolonged parental, either subcutaneous or 
intravenous, infusion that is administered over 8–12 h. The 
rapid infusion of deferoxamine following a red cell transfu-
sion has limited benefit and does not result effective chela-
tion. The oral iron chelator deferasirox (Exjade, Jadenu) is 
administered daily and is effective in reducing the serum fer-
ritin [79]. Deferasirox can cause reversible renal insuffi-
ciency and GI disturbances, including gastrointestinal 
bleeding. In a number of studies Deferasirox was poorly tol-
erated in MDS patients with serious renal and gastrointesti-
nal side effects [76]. A number of guidelines on the use of 
chelation therapy in MDS have been reviewed and a consen-
sus statement published recommending the use of oral chela-
tion therapy in transfusion dependent patients with low risk 
MDS. Iron overload may contribute to increased morbidity 
and mortality in low risk MDS patients. However other stud-
ies did not demonstrate a direct correlation of the serum fer-
ritin, numbers of transfusions and overall survival. The 
benefits of prolonged oral chelation therapy is low risk MDS 
patients remains controversial and in general the benefits 
should be weighed against the potential risks and its effect on 
quality of life. The beneficial effects of iron chelation ther-
apy on organ function and survival in transfusion dependent 
MDS patients is currently lacking. But, in low risk transfu-
sion dependent patients with a ferritin of >1000 mg/dL or 
patients considered eligible for an allogeneic stem cell trans-
plant ICT should be considered and renal and hepatic func-
tion closely monitored.

�Erythropoiesis Stimulating Agents (ESAs)
Recombinant hematopoietic growth factors have been used 
with varying degrees of success to treat the cytopenias in 
MDS.  Recombinant human erythropoietin (rHuEPO, EPO 
and darbepoetin), granulocyte-colony-stimulating factor 
(G-CSF), and granulocyte-macrophage colony stimulating 
factor (GM-CSF) have a role in managing the anemia and 
neutropenia in selected patients with MDS. ESAs have been 
studied extensively and approximately 30% of anemic 
patients with MDS will respond to treatment [75]. The 
reported response rates in low risk MDS varies between 30 
and 82% depending on patient selection and response crite-
ria [80]. The best responses to erythropoiesis stimulating 
agents (ESA) are observed in patients with an endogenous 
erythropoietin level of <500 U, a transfusion requirement of 
less than two units of red cells a months and low risk MDS 
with <5% myeloblasts [81]. ESAs decrease red cell transfu-
sion requirements and improved the quality of life (QOL). 
Higher doses of EPO appear to enhance the erythroid 
responses. The combination of EPO plus G-CSF appears 
to be synergistic and may optimize the response to EPO. 

The duration of response was 11–24 months and EPO with 
or without G-CSF did not increase the incidence of AML 
transformation. ESAs did improve the QOL but treatment 
did not impact on overall survival. The ESAs have been asso-
ciated with an increased mortality, possible promotion of 
tumor growth in solid tumors and thromboembolic events in 
non-MDS patients. No increase in treatment related either 
cardiovascular or thrombotic events occurred in patients who 
received either EPO alone or combination cytokines EPO 
with G-CSF as compared to a control population. The FDA 
recently cited safety concerns from data in clinical studies 
with ESAs administered to patients with solid tumors [81]. 
In patients with various solid tumors the use of ESAs was 
associated with a shortened survival, and/or increased risk of 
tumor progression or recurrence as well as a increased risk 
for thrombotic events in patients with renal disease (http://
www.fdagov/Drugs/DrugSafety/). MDS patients did not 
have a increase in disease progression or thrombotic compli-
cations associated with ESAs [80]. A predictive model for 
treatment with EPO and G-CSF demonstrated that patients 
with an EPO level of <500 mU/mL, and a pretreatment trans-
fusion requirement of less than 2 units/month responded best 
to ESAs [81]. Best responses were noted in IPSS lower risk 
patients. Responses can take 8 or more weeks with most 
patients responding by 12 weeks and the recommended start-
ing for the recombinant human erythropoietin alpha (rEPO) 
doses are 40–60,000  units administered once or twice a 
weekly, and increasing the dose up to 300,000  U/week 
depending on the response. The longer acting form, 
Darbepoetin, is administered starting at 50–300 mcg/weekly 
or every other week. Darpoetin administered every 2–3 weeks 
at a dose of 500 mcg is also effective. Adequate iron stores 
should be documented prior to starting EPO treatment and 
during therapy as the failure to respond or loss of response 
may be a manifestation of depleted iron stores. Low doses of 
G-CSF (1 μg/kg) with EPO can be added to patients who fail 
to respond and appeared to augment the response in selected 
patients [80]. The mechanism of the response to high doses 
of EPO is unclear but the growth factors may modulate apop-
tosis in MDS progenitors and enhance erythropoiesis. 
Moreover, the response to ESAs may define a more favorable 
group of MDS patients and in a Phase III trial MDS patients 
who responded to EPO had a longer overall survival versus 
those who did not respond [80].

Thrombocytopenia is an independent adverse prognostic 
factor for survival in MDS. Bleeding complications resulting 
from thrombocytopenia and MDS associated platelet dys-
function are major causes of morbidity and mortality in 
MDS. Treatments to increase the platelet count are limited. 
Danazol is an attenuated, synthetic androgen that has been 
used in the treatment of immune-mediated thrombocytopenia 
(ITP). Danazol may increase the platelet count in low-risk 
MDS patients who are thrombocytopenic [72]. The mechanism 
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of action is unclear, but may reflect that some patients with 
MDS have immune-mediated thrombocytopenia that 
responds to the immunoregulatory effects of danazol. 
Danazol, 200 mg po tid, is generally well tolerated and asso-
ciated with an increase in platelets in 10–46% of treated 
patients. The duration of response is variable, 2–26+ months, 
and maintained only while the drug is administered. Patients 
with platelet counts greater than 15 × 109/L appear to respond 
best, and the impact on survival or disease progression is 
unknown. Two thrombopoietin receptor agonists (TPO), 
eltrombopag and romiplostim, are currently available to treat 
patient with refractory ITP. Both agents are active in patients 
with ITP by increasing platelet production. However, safety 
concerns remain including the risk of marrow fibrosis and 
leukemic transformation [68]. A transient increase in blasts 
forms has been noted in patients treated with TPO. Eltrombopag 
is currently being studied in higher risk MDS patients. 
Ongoing studies are evaluating the role of these agents in the 
treatment of the thrombocytopenic patient with MDS. These 
early trials of TPOs suggest that they are well tolerated in 
MDS patients and increased the platelet count and decreased 
the need for platelet transfusions and clinical bleeding events. 
But their effect on survival and disease progression is unclear.

�Immunosuppressive Therapy
Patients with MDS can present with a number of immune-
mediating pancytopenias that potentially respond to immuno-
suppressive therapy [82]. Some patients with low risk and 
hypocellular MDS responded to immunosuppressive regi-
mens used for the treatment of aplastic anemia. Selected 
patients with hypocellular or normal cellular bone marrows 
responded to the administration of anti-thymocyte globulin 
(ATG), cyclosporine A(CSA) and steroids [83]. Antithymocyte 
globulin (ATG) either rabbit or hoarse derived, administered 
at doses similar to those used in the treatment of aplastic ane-
mia resulted in improvement of one or more cytopenia in 
30–50% of selected patients [83]. Trilineage responses were 
observed in some patients and the median duration of response 
was 10+ months. Responses were more frequent with hypo-
cellular MDS but were even noted in patients with normocel-
lular bone marrows. Improvements were seen in patients with 
low-, intermediate-, and high-risk IPSS scores. Age, 60< 
years, HLA- DR15 positivity, low risk disease, shorter dura-
tion of transfusion dependency, and trisomy 8 cytogenetic 
abnormality correlated with the response to treatment [84]. 
The responses did not correlate with the loss of a previously 
noted cytogenetic abnormality, suggesting that the treatment 
was not affecting the MDS clone. A majority of the patients 
attained a partial response and treatment did not restore nor-
mal hematopoiesis. The mechanism of action is not clear but 
in vitro studies suggest that the response may be mediated by 
a loss of cytotoxic T-lymphocyte activity which correlated 
with changes in the T-cell receptor profiles [84]. The response 

to ATG appears greatest in low-risk patients. In some patients 
who initially responded to ATG and then relapsed, retreat-
ment was effective. Toxicity of ATG therapy included fevers, 
infusion related side effects, and infections. Age was the most 
important predictor of response with patients >60  years of 
age having a poorer outcome and increased complications 
associated with immunosuppressive therapy. These studies 
suggested that older patients with MDS may have a decreased 
marrow reserve associated with a diminished response to 
immune-suppression. CSA, alone may also be effective in 
hypocellular MDS patients. The combination of CSA and 
ATG may enhance the response in selected patients. In addi-
tion the use of alemtuzumab, an antibody against CD52, has 
been used in selected patients. The reported studies of ATG 
and CSA treated a highly selected subset of patients that rep-
resent a minority of patients with MDS. Most of the respond-
ing patients presented with hypocellular marrows (<15% 
cellularity) with minimal dysplasia. The responses of MDS 
patients to immunosuppressive therapy reflect the heteroge-
neity of the disorder and the relationship between the immune 
system, marrow suppression and MDS remains controver-
sial. In addition it is unclear if the use of ATG with or with 
CSA impacted overall survival. In at least one Phase 3 trial 
comparing ATG + CSA versus best supportive care found no 
difference in overall survival or transformation to AML in 
the ATG + CSA arm. The use of immunosuppressive therapy 
to modulate the abnormal clone represents a controversial 
but a potential treatment that needs to be further evaluated to 
define the optimal group of patients who are candidates for 
immunosuppression.

�Lenalidomide
Lenalidomide is a second generation 4-amino-gluteramide 
analog of thalidomide. Lenalidomide has multiple modes 
of action including pro-apoptotic cytokine generation, T 
cell stimulation or inhibition, antiangiogenesis, altering cell 
adhesions to bone marrow stroma, direct antiproliferative 
activity and the inhibition of a pro-inflammatory cytokines 
[85]. Lenalidomide was active in patients with del (5q) by 
selectively inhibiting the del(5q) clone. Lenalidomide in a 
phase II trial was administered at 10 mg/day for a 28 cycle 
or 21/28 days cycle in transfusion dependent patients with 
del(5q) abnormality 67% of patients became transfusion 
independent and 45% obtained a complete cytogenetic; 
complete and partial responses occurred in 84% of patients 
with del (5q) [63]. The finding of additional cytogenetic 
abnormalities, with the exception of −7/del(7q), did not 
significantly affect the response to lenalidomide. All 
patients who had a cytogenetic response became transfu-
sion independent which was associated with improvement 
in overall survival. Patients who did not response to lenalid-
omide had higher rate of progression to AML. The median 
duration of response was 2.2  years (range 0.1–4.4  years) 
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and approximately 30% of patients remain transfusion 
independent after 3  years [63]. Most of the responding 
patients developed pancytopenia and the myelosuppression 
served as a surrogate marker of clonal suppression of the 
del(5q) clone and predictive of the response to lenalido-
mide. Greater than 70% of patients with the del(5q) devel-
oped thrombocytopenia within the first 4–8  weeks of 
treatment and the development of thrombocytopenia was 
significantly correlated with a favorable response and the 
development of transfusion independence and a cytoge-
netic response [63]. A platelet decline in the first 8 weeks of 
treatment correlated with the response to treatment and 
likely reflected a direct specific cytotoxic effect of lenalido-
mide on the MDS clone. Most patients needed dose reduc-
tions due to myelosuppression and/or thrombocytopenia 
and in phase III trial comparing 5 daily and 10 mg on days 
1–21 on a 28-day cycle versus placebo, the 10 mg dose was 
superior. Long term follow up in patients treated with 
lenalidomide demonstrated a prolonged duration of 
response, with durable transfusion independence, cytoge-
netic responses and extended survival with improvement in 
quality of life [63]. In low risk, transfusion dependent MDS 
patient without the del (5q) cytogenetic abnormality the 
response rate to lenalidomide was much less and the mech-
anism of action appears to be very different. The overall 
response rate in this non del(5q) group was 33% but only 
17% became transfusion independent. A majority of the 
responses were characterized as a decrease in RBC trans-
fusions as compared to the baseline transfusion require-
ment. There were minimal or no changes in the bone 
marrow morphology and documented histological and 
cytogenetic responses were rare. Myelosuppression, grade 
3/4, neutropenia and thrombocytopenia occurred only in 
20–25% of patients. Moreover, the development of cyto-
penias including thrombocytopenia and neutropenia on 
lenalidomide for patients without the del(5q) was not 
associated with a response to treatment. The response 
duration of lenalidomide in the non-del (5q) patients 
ranged from 3 to 85 weeks with a median of 41 weeks. 
The median time to response was short at 4.8 weeks and 
response after 16 weeks of treatment were rare and alter-
nate treatment was recommended for patients who fail to 
respond after 4 months of lenalidomide. Higher responses 
correlated with a baseline platelet count of >150 × 109/L 
and shorter duration of MDS.  Lenalidomide mechanism 
of action in MDS is clearly karyotype dependent. In 
del(5q) patient’s lenalidomide appears to have a direct 
cytotoxic effect on the dysplastic clone resulting in eradi-
cation of the malignant clone. In contrast in the lower risk 
transfusion dependent MDs patient without the del(5q) 
lenalidomide effects appear to be mediated indirectly per-
haps by effecting the bone marrow microenvironment or 
cytokine modulation.

�Low-Dose Chemotherapy

�Potential Differentiating Agents
Cytarabine administered at low doses (low dose Ara-C: Lo 
DAC) has been the most extensively used chemotherapy for 
elderly patients with high-risk, symptomatic MDS [86]. 
Cytarabine is administered daily by either continuous infu-
sion or bolus subcutaneous injections at doses of 10–20/mg/
m2 for 14–21 days. At low dose cytarabine may induce dif-
ferentiation but most likely works by a direct cytotoxicity 
[86]. In a prospective controlled trial patients higher risk 
MDS patients had the highest response rates, 20–35% (com-
plete remission partial response [CR]  +  PR). The median 
duration of response for all subtypes was 8–15 months, with 
a range of 6–24 months. The response to Lo DAC correlated 
with its cytoreductive effect on the bone marrow. In a Phase 
III trial treatment with low-dose cytarabine was not superior 
to supportive care with regards to overall survival or leuke-
mic transformation [86]. The role of low-dose cytarabine in 
the treatment of patients with high-risk MDS is controver-
sial. In high-risk patients it remains a widely used treatment 
that may be effective in inducing transient responses in a 
subset of patients with progressive disease who are not can-
didates for alternative treatments. Low doses of chemother-
apy may have a supportive role in selected patients with 
MDS. A number of trials have addressed the use of low doses 
of oral chemotherapy that was well tolerated and adminis-
tered over a prolonged period. Low-dose oral etoposide (VP-
16) and hydroxyurea were effective in controlling symptoms 
in some patients [87]. The use of steroids alleviated some of 
the cytokine-mediated symptoms associated with MDS/
MPN and produced transient hematological improvements. 
Low-dose melphalan (2 mg/day until response or progres-
sion) in high-risk, frail patients with MDS was well tolerated 
and responses were noted in both hypercellular and hypocel-
lular MDS [88]. The overall response rate to a prolonged 
course of low-dose melphalan in Phase II studies was 
approximately 40%. The duration of the responses to low-
dose melphalan is unclear and additional studies are needed 
to determine its role in treating high risk MDS.

Histone acetylation facilitates active gene transcription 
and highly regulated by histone deacylases (HDACs) and 
histone acetyltransferases (HATs). HDAC inhibition may 
restore normal acetylations of histone proteins and promote 
cell cycle arrest and induce apoptosis in malignant cells. 
Normal differentiation and cell death programs are influ-
enced by histone modification. HDAC expression is fre-
quently deregulated in high risk MDS and AML and is 
therefore a potential therapeutic target. A number of HDAC 
inhibitors have been developed including Valproic acid, 
Entinostat, Belinostat, Panobinostat, Romidepsin, Vorinostat 
and others in various stages of development. HDAC inhibi-
tors have multiple potential mechanism of action leading to 
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their pleiotropic activity and use in various disorders. The 
response rate for single agent HDACs is low and therefore 
they are combined with other agents including the DNA 
methyltransferase inhibitors including decitabine and azacit-
idine [88]. The potential synergism between demethylation 
and histone deacetylase inhibition made the use of combina-
tion therapy the focus of a number of ongoing trials.

�DNA Methyltransferase Inhibitors
The DNA hypomethylating agents, 5-azacytidine (Azacitidine—
Vidaza) and 2,5-deoxycytidine (Decitabine—Dacogen) are 
both analogs and the pyrimidine nucleoside cytidine. Both 
drugs inhibit DNA methyltransferase, reduce DNA methyla-
tion, and may induce re-expression of key tumor suppressor 
genes in MDS [89]. They are incorporated into the DNA of cells 
and result in hypomethylation of critical residues, cytosine prior 
to guanine sequences, (CpG) in the promoter regions in the 
DNA. At low doses they are believed to induce hypomethyl-
ation through depletion of cellular DNA methyltransferases and 
at higher doses both agents are cytotoxic by incorporation into 
RNA and/or DNA. The use of low doses in MDS is based on the 
principle that hypomethylation of DNA leads to reactivation of 
tumor suppressor genes expression which is passed down 
through subsequent generation of MDS cells.

The effect of azacitidine was evaluated in a randomized 
phase III trial. Azacitidine-treated patients showed a better 
overall response compared to those treated with supportive 
care only (60% versus 5%) and a longer time to progression to 
AML or death, but no overall survival advantage. A confirma-
tory international phase III trial evaluating the effects on long-
term outcome with azacitidine versus conventional care (i.e., 
physician choice of low-dose cytarabine, standard chemother-
apy, or best supportive care). Azacitidine was administered 
subcutaneously (75  g/m2/day) for seven consecutive days 
every 28 days for patients with high risk MDS. Azacitidine 
treatment was associated with a significantly median overall 
survival 24.4 months compared to 15 months in the conven-
tional care arm [89]. Most patients in the conventional treat-
ment arm received low dose cytarabine. The 2 year survival 
was 50.8% in azacitidine as compared with 26.2% in the con-
trol, conventional treatment arm. This was the first random-
ized study to demonstrate a survival advantage for treatment 
with a hypomethylating agent. While some patients had a 
complete clinical response while receiving Azacitidine the 
durations of the complete response were short and not main-
tained when treatment was stopped. Myelosuppression was 
frequently observed in patients receiving Azacitidine and its 
role as a differentiating agent or de repressor of tumor sup-
pressor genes in MDS was unclear. Responses were associated 
and improved quality of life in some patients. But in other tri-
als the impact of treatment on survival was unclear. An oral 
formulation of 5-azacitidine is being studied in patients with 
low risk—intermediate risk MDS.

Decitabine (DAC) is a more potent inhibitor of DNA 
methyltransferase than azacitidine and is associated with 
greater myelosuppression. Decitabine has been effective in 
patients with high-risk MDS and may prolong the time to 
transformation to AML. The schedule of decitabine adminis-
tration suggests that both the duration, dose and number of 
doses are important. Decitabine is given intravenously at 
various doses and dose schedules. The Phase I, II, and early 
Phase III trials DAC was administered the dose was 15 mg/
m2 over 3–4 h every 8 h for 3 days. The overall response rate 
in MDS was 49 and 64% in high-risk patients. The actuarial 
median survival time was 15 months and myelosuppression 
was common. In a randomized dose finding study, DAC was 
administered at 20 mg/m2 IV over 1 h daily for 5 days; while 
not the FDA approved dosing, it is the standard of care at 
many institutions [89]. The CR rate in a dose finding trial 
was 39% and an overall response rate of 70%. The CR rate 
of 34% versus 9% when decitabine was given at a higher 
dose with fewer and less frequent cycles. Different dosing 
schedule have been associated with less myelosuppression 
and similar efficacy. Decitabine administered weekly, or 3 
days a week was associated with a 60% trilineage response 
with minimal hematologic toxicity [90].

Phase III randomized studies however, did not demon-
strate a survival benefit with DAC in a very high risk patient 
population. Azacitidine and decitabine generally require 3–6 
treatment cycles to obtain an optimal therapeutic response, 
suggesting that the mechanism of action is more than just 
cytoreduction. For high-risk MDS, the hypomethylating 
agents either azacitidine and decitabine continue to be the 
treatments of choice [88]. MDS patients with monosomy 
7(del 7) either alone or with other complex cytogenetic 
abnormalities may be particularly sensitive to treatment with 
DNMT inhibitors. High cytogenetic responses rates have 
been reported with both azacitidine and decitabine in retro-
spective analysis and both agents appear to alter the natural 
course of MDS and may be of benefit for selected patients. 
However, additional studies are needed to define the duration 
of therapy, dosing and their role as single agents or in combi-
nation for high risk patients with MDS.  Some trials have 
shown a correlation between expression of methylated genes 
and clinical response but this finding remains controversial. 
Early trials using a combination of azacitidine and lenalido-
mide have reported acceptable toxicity and encouraging 
activity albeit in limited number of selected patients. In 
patients with low risk disease who have failed growth factors 
and/or lenalidomide the use of one of low dose azacitine or 
decitabine is associated with decrease in transfusion require-
ment with acceptable toxicity.

�Intensive Chemotherapy
Combination, intensive cytoreductive induction chemother-
apy regimens result in meaningful toxicity and modes 
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responses in patients with high risk MDS.  The complete 
remission rate with intensive AML regimens is 40–60% with 
a 20–30% induction related mortality [88]. High risk cytoge-
netics, advanced age, and performance status are associated 
with poor response to intensive chemotherapy. In a retro-
spective study evaluating 510 patients with high risk MDS 
who received intensive chemotherapy the induction related 
mortality was 17% and 5 year survival probability 8% [37]. 
However in selected younger patients who present with poor 
prognosis MDS and who may proceed to an allogeneic trans-
plant are potential candidates for intensive combination che-
motherapy. Newly diagnosed patients with high risk MDS 
without a prior history of MDS appear to respond to standard 
AML induction chemotherapy in a similar fashion to de novo 
AML. However, patients who present with an antecedent or 
evolving MDS generally respond poorly to intensive AML-
type induction chemotherapy [88]. The complete remission 
rate is 13–40% with an incidence of toxic deaths during ther-
apy of 1–53%. Moreover, the role of post induction chemo-
therapy is unclear in patients with MDS who respond to 
treatment. In selected younger patients with MDS intensive 
chemotherapy including an anthracycline and cytarabine has 
resulted in complete remission rates of 20–60% but with a 
relapse rate of 90%. The remission durations are typically 
6–12 months with only rare instances of prolonged disease-
free survival. The poor response of MDS patients to inten-
sive induction chemotherapy reflects the biological 
differences between de novo AML that occurs in younger 
patients and MDS. Moreover, in patients who have poor risk 
cytogenetics and prior MDS treatment or a longer time to 
progression responded poorly to induction chemotherapy 
with a median overall survival of less than 4  months. 
Moreover a CR may not impact overall survival in patients 
with MDS and therefore may not be the best end point for 
evaluating studies. The use of AML intensive induction regi-
mens should be reserved selected younger patients with high 
risk disease as a bridge to an allogeneic stem cell transplant 
or as part of a investigational trial.

�Stem Cell Transplantation

Autologous and allogeneic stem cell transplantation has 
been used in patients with MDS or MDS-AML. The role of 
autologous transplantation remains very controversial. The 
3-year disease-free survival in a selected group of patients 
ranges from 14 to 58% in single arm or single institution 
studies [90]. All patients were transplanted in first remission 
and adequate number of stem cells were harvested. The 
2-year survival in selected patients reported to the EBMT for 
patients in first complete remission was 39%, with a disease-
free survival of 34% and a relapse rate of 64% [90]. In 
patients over the age of 40  years the disease-free survival 

was 25%. Patients younger than 40 years of age, and in first 
complete remission, responded better. The transplant-related 
mortality was high: 39% and 17% for patients over and 
younger than the age of 40 years, respectively. The relapse 
rate is higher than in patients with AML. Larger prospective 
studies are needed to define the potential role, if any, of an 
autologous stem cell transplantation for patients with 
MDS. However it is possible, in selected patients, to harvest 
polyclonal and karyotypically normal progenitors from the 
peripheral blood in younger patients with MDS following 
intensive induction chemotherapy [90].

Allogeneic stem cell transplantation represents the only 
potential curative therapy for patients with MDS and should 
be considered for patients who have an HLA compatible 
donor. While there are no prospective randomized trials that 
have compared outcomes of HSCT versus no HSCT for 
patients with MDS who have eligible donors it is accepted as 
the standard of care and generally recommended for selected 
low risk and all clinical eligible high risk patients with MDS 
[91]. However, patients with MDS have an increased inci-
dence of transplant-related mortality as compared to patients 
with AML undergoing similar HSCTs [91]. The non relapse 
morbidity and mortality in MDS patients is high and not 
solely explained by the older age of the patient population 
[91]. Younger patients with MDS also appear to have an 
increased incidence of transplant-related complications. 
Patients with advanced disease and unfavorable cytogenetics 
have a higher probability of relapse and lower overall sur-
vival. The outcome is better for patients with a lower risk 
IPSS-R score, who are less transfusion dependent and a good 
performance status. Moreover, the standard risk factors that 
predict overall survival in MDS appear to affect the post-
transplant outcome [92]. Performance status, comorbidities 
and fragility scores predicted overall survival [93]. Age was 
not the most important factor relating to transplant related 
morbidity and mortality [93]. The timing of the transplant for 
most patients remains controversial [94]. The factors that 
determine the overall survival and rates of relapse of an allo-
genic stem cell transplant include the percent of blasts, trans-
fusion dependence, serum ferritin, comorbidities and pre 
transplant genetic profiles. The IPSS-R does not consider the 
prognostic variables associated with transplant related com-
plications or survival but the IPSS-R score correlates with the 
HSCT outcome. In the IPSS-R scoring system the very high 
risk MDS patients had a only 10–14 months survival from the 
time of diagnosis and derived limited benefit from standard 
treatments [95]. Patients with high risk MDS should therefore 
be referred early in their course for consideration of an hema-
topoietic allogeneic stem cell transplant (HSCT) [90]. The 
role of HSCT in low risk MDS, while a accepted standard of 
care is controversial [91]. Patients with (very) low and inter-
mediated risk IPSS-R scores with good performance status 
and poor, high risk features should be considered for an 
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allogeneic hematopoietic stem cell transplant. Low risk 
patients with poor risk cytogenectics, life threatening cytope-
nias and a transfusion requirement of ≥ units a month for 
6 months should be considered for early referral to a trans-
plant center. While the percent of bone marrow blasts did not 
significantly effect the overall survival cytoreductive therapy 
prior to HSCT is recommended for patients with ≥ bone mar-
row myeloblasts [96]. Patients with low risk disease have a 
better transplant related outcome than patients with more 
advanced disease [96]. However, treatment related complica-
tions is a major cause of morbidity and mortality after a 
HSCT transplant and must be considered in advising younger 
patients with low risk disease. Moreover older patients with 
multiple co-morbidities, very poor risk cytogenetic and muta-
tional studies should not be offered a HSCT due to the very 
low chance of a successful HSCT. The patients pretransplant 
genetic profile and mutational findings are important predic-
tors for overall survival and should be included in a decision 
to recommend a HSCT. TP 53, RAS and JAK 2 mutations 
were associated with a signigficantly shorter overall survival 
following a HSCT. Mutational studies are important predic-
tors of overall response and should be obtained on all patients 
prior to performing a HSCT [96]. The use of reduced inten-
sity regimens have decreased the early transplant related mor-
tality and are generally recommended for patients with co 
morbid conditions or older age. The reduced intensity regi-
mens are associated with a decrease in non relapse mortality 
but a higher risk of relapse. The reduced intensity transplant 
depend on the immune effects mediated by the donor derived 
cells and graft versus disease effect. Reduced intensity trans-
plants, however, have not impacted the overall incidence of 
acute and chronic GVHD which remains the major cause of 
morbidity and mortality in older patients. Chronic GVHD 
remains a serious and life long complication of HSCTs. 
Studies have documented the decrease in quality of life in 
older patients with chronic GVHD [97]. Chronic GVHD is 
associated with an increase in cardiovascular disease, meta-
bolic syndrome, diabetes, cognitive decline, fatigue, sexual 
dysfunction and endocrine abnormalities. However, for the 
younger patient with a good performance status and a suitable 
HLA matched donor an allogeneic stem cell transplant should 
be considered as it represents the only potential curative ther-
apy and should be considered earlier in high risk patients. 
Determining the optimal timing of the HSCT remains a con-
troversial issue and is the subject of a number of ongoing 
clinical trials [97, 98].

�Future Directions and Evolving Role of Molecular 
Genetics
Advances in treatment will parallel our understanding of the 
molecular and immunological events involved in develop-
ment and progression of MDS. Molecular genetic technolol-
ogy may help in defining the prognosis of patients with MDS 

[99]. In AML the use of mutational analysis has helped 
define the prognosis of patients with favorable or normal 
cytogenetics [100]. Going forward molecular genetics, 
including DNA array technology and whole genome 
sequencing (WGS) studies are likely to play a significant 
role in defining more biologically based prognostic scoring 
system. The current MDS prognosis scoring systems stratify 
untreated patients at the time of diagnosis. The scoring sys-
tems do not account for changes in the prognostically impor-
tant covariables over time. Currently used scoring models 
predict outcome at diagnosis but do not predict overall sur-
vival and transformation over time. The need for a biologi-
cally based model of MDS that can reflect the heterogenous 
course of high and low risk patients is needed to better define 
therapy and evaluate long term trials. A recent large study of 
patients with MDS undergoing stem-cell transplantation and 
evaluating the association of mutations with transplantation 
outcomes identified subgroups of patients with prognostic 
and therapeutic (conditioning regimen) implications. So for 
example TP53 mutations in patients with MDS were associ-
ated with sorter survival and shorter time to relapse and so 
was presence of RAS pathway and JAK2 mutations. Knowing 
mutational status of these key genes along with other bio-
logical parameters will help in clinical decision making 
[101] (Table 23.10).

Aberrations in gene mutations are still poorly character-
ized in MDS. The most common point mutations in MDS are 
still not specific for MDS but are associated with secondary, 
prognostically important mutations. In addition, most cases 
of MDS are genetically heterogenous with a dominant clone 
and many subclones and based on whole genome sequencing 
studies (WGS) no single gene is exclusively mutated in the 
funding clone [102]. The combined use of flow cytometry, 
mutational analysis and DNA arrays may identify the most 
appropriate therapy for patients with MDS.  A recent 
Genomic classification of AML defined specific genomic 
categories that are biologically and prognostically important 
[99, 100]. Hopefully a similar classification system can be 
developed from the large MDS data bases. Incorporating 
molecular genetic studies into diagnostic and prognostic 
models for MDS with help in defining the role of newer 
agents with precise targets. A biologically based system will 
help evaluate studies of combination with immune based 
treatments for different subsets of patients. While it is till 
unclear how somatic mutations will be applied in cases of 
MDS. MDS associated genes, however not specific, appear 
to be relevant clinical markers for the diagnosis and progno-
sis but have yet to be incorporated in prognostic scoring sys-
tems. More dynamic scoring systems are needed to define 
biologically important subtype. A molecular diagnostic sys-
tem will facilitate comparing the results of different trials 
and assessing treatments to specific subtypes. Newer prog-
nostic models that incorporate molecular genetic studies are 
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being developed and validated. The use of molecular genetic 
studies in a predictive model may provide for a more dynamic 
scoring system that evolves over the patient’s course and 
may help in the developing targeted therapy and the timing 
of HSCTs [103].

�Summary

The myelodysplastic syndromes are a heterogeneous group 
of disorders with a variable clinical course. The incidence of 
MDS is increasing with the aging population and now repre-
sents the most common hematologic malignancy in patients 
older than 60 years. A majority of MDS patients present with 
lower-risk MDS and do not progress to AML and die of 
infections or bleeding related to their MDS. The WHO clas-
sification system remains controversial but is currently 
accepted at the standard criteria for defining MDS and 
attempts to separate MDS from reactive disorders other 
clonal disorders. Defining and differentiating MDS from 
other clonal or reactive process is critical many disorders can 
result in dysplasia and cytopenias. Clonal cytogenetic abnor-
malities are helpful in establishing a diagnosis of MDS, par-
ticularly when morphologic findings are subtle. Multilineage 
dyspoiesis favors MDS; however, prominent dysplasia can 
be seen associated with chemotherapy, immunosuppressive 
medications, and nutritional deficiencies. The diagnosis and 
management of patients with MDS require the close coop-
eration of clinician, cytogenetist and pathologist. The appli-
cation of newer molecular studies may aide in the diagnosis 
and planning therapy.

MDS diagnosis and classification is currently in a transi-
tional phase from reliance almost entirely on cell morphology 
supplemented by cytochemistry and G-banded karyotyping, 
towards a new model in which molecular and perhaps immu-
nophenotypic findings will be fully incorporated. The revised 
2016 WHO MDS classification represents the new standard 
for the diagnosis of MDS and reflects the complexity and het-
erogeneity of MDS. The trend towards greater classification 
complexity seems likely as additional molecular and cytoge-
netic lesions in MDS are characterized and incorporated into 
the diagnosis and prognosis. It is hoped that with additional 
information unifying themes will emerge that will help in 
defining prognosis and address new therapies.
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