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       1.1   Clinical Presentation    

 The most frequent presenting symptom is fatigue, 
and the majority of patients have a macrocytic 
anemia at time of diagnosis (Sekeres et al.  2008  ) . 
Large retrospective series have indicated that 
most patients do not have leukopenia or thrombo-
cytopenia at time of presentation (Greenberg 
et al.  1997  ) . However, there are some patients 
who do present with recurrent infections and easy 
bruising and bleeding events. Upon further ques-
tioning frequently, a prolonged history of symp-
tomatic anemia can be elicited; however, there 
are a few patients who present with isolated 
thrombocytopenia or leukopenia. Few patients 
have circulating peripheral myeloblasts at time of 
presentation. Splenomegaly as a presenting sign 
in MDS is rare and should result in alternative 
diagnostic considerations such as myeloprolifer-
ative neoplasms (MPNs) or MDS/MPN overlap.  

    1.2   Diagnosis 

 The diagnosis of MDS is based upon the World 
Health Organization (WHO) criteria (Table  1.1 ) 
(Vardiman et al.  2009  ) . The WHO classi fi cation 
is helpful for determining prognosis (Malcovati 
et al.  2005  )  and in selection of therapy (Howe 
et al.  2004  ) . Despite advancements in classi fi cation 
schemata, there is often discordance among 
pathologists in diagnosing lesser degrees of dys-
plasia (Naqvi et al.  2011  ) . In a patient survey, the 
diagnosis of MDS was delayed on average for 
3 years after initial presentation with a hemato-
logic abnormality (Sekeres et al.  2011  ) . The diag-
nosis of MDS is one exclusion as there are other 
disorders such as acute myeloid leukemia and 
myeloproliferative neoplasms which can result in 
dysplastic changes within the bone marrow. The 
suggested diagnostic workup is summarized in 
Table  1.1  (Greenberg et al.  2011  ) .  

    1.2.1   Differential Diagnosis 

 Vitamin de fi ciencies such as folate and vitamin 
B12 can cause a megaloblastoid anemia with evi-
dence of bone marrow dysplasia; therefore, test-
ing for these vitamin de fi ciencies is considered a 
standard part of the evaluation of patients with 
macrocytic anemia. In addition, copper de fi ciency 

    B.  L.   Scott ,  MD  
     Division of Clinical Research , 
 Fred Hutchinson Cancer Research Center ,
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has been recently noted to lead to peripheral 
cytopenias and dysplastic changes within the bone 
marrow (Gregg et al.  2002 ; Huff et al.  2007  ) . 
Excessive alcohol use has also been associated 
with a macrocytic anemia and dysplastic changes 
within the marrow. Endocrine abnormalities such 
as hypothyroidism may result in a macrocytic 
anemia. There are certain genetic disorders that 
are associated with the development of MDS such 
as Fanconi Anemia and dyskeratosis congenita. 
Therefore, genetic screening may be warranted in 
certain clinical situations such as a positive family 
history or young age at diagnosis. Hypoplastic 
MDS can be dif fi cult to distinguish from aplastic 
anemia as there are few cells present within the 
marrow to be analyzed for the presence of dyspla-
sia; cytogenetic testing and measurement of 
CD34-positive cells by  fl ow cytometry or immu-
nohistochemistry is particularly useful in this situ-
ation (Orazi et al.  1997  ) . Testing for paroxysmal 
nocturnal hemoglobinuria should be considered 
in patients with early stage MDS as these disor-
ders may coexist (Dunn et al.  1999  ) . Additionally, 
it is acknowledged that MDS patients with a PNH 
clone are more likely to respond to immunosup-
pressive therapy (Wang et al.  2002  ) .  

    1.2.2   Laboratory Features 

 MDS are disorders of blood; therefore, assessment 
is focused on hematologic analyses (Table  1.2 ). A 
complete blood count with examination of periph-
eral blood smear and platelet count is standard if 
MDS is suspected, particularly when looking for 
enlarged erythrocytes (treating with replacement 
therapy to rule out folate or vitamin B12 de fi ciency) 
or peripheral blasts. Measures for serum iron, total 
iron- binding capacity, ferritin, and folic acid are 
also recommended to evaluate for other potential 
causes of anemia, and lactate dehydrogenase 
(LDH), haptoglobin, reticulocyte count, and 
Coombs’ tests are needed to rule out an underlying 
hemolytic process. Serum copper levels should 
also be tested in any patient with a suspicion of 
MDS and less than 5 % myeloblasts with a normal 
karyotype. Copper de fi ciency has become an 
increasingly recognized cause of cytopenias with 
marrow dysplasia (Gregg et al.  2002 ; Huff et al. 
 2007  ) . A baseline serum erythropoietin value 
should be determined prior to the initiation of any 
growth factor therapy and preferably prior to ini-
tiation of red blood cell transfusion support 
(Hellstrom-Lindberg et al.  2003  ) . Examination of 
the peripheral blood smear is a central part of the 
diagnosis of MDS and usually shows a macrocytic 
or normocytic anemia. Additionally, hypochromic 
changes, poikilocytosis, and anisocytosis are fre-
quently observed. Abnormalities may be observed 
within the granulocytic lineage such as the pseudo-
Pelger-Huët anomaly and hypogranulation. 
Thrombocytopenia is present at diagnosis in a 
minority of patients with MDS (Garcia-Manero 
et al.  2008  ) . Certain subtypes of MDS are associ-
ated with an increased platelet count (del 5q). 
Morphologic abnormalities observed include 
enlarged platelets with poor granulation.    

    1.3   Bone Marrow Examination 

 Bone marrow evaluation is crucial to establish 
the diagnosis of MDS. In fact, a  fi nal diagnosis 
must be con fi rmed based on morphologic criteria 
available only from marrow examination. Marrow 
features play a role in treatment planning as well. 

   Table 1.1    Suggested evaluation of MDS   

 History and physical examination 
 Complete blood cell count with differential 
 Reticulocyte count 
 Bone marrow aspiration with iron stain and biopsy 
 Cytogenetic testing by karyotype analysis 
 Serum erythropoietin level 
 RBC folate, serum B12 
 Serum ferritin, iron, total iron-binding capacity 
 Transfusion history 
 Thyroid-stimulating hormone 
  Helpful in some clinical situations  
 Flow cytometry of bone marrow 
 HLA typing if stem cell transplant candidate 
 HLA-DR 15 typing if immunosuppressive therapy 
considered 
 Jak 2 mutation analysis in patients with thrombocytosis 
(RARS-T) 
 Copper level in patients with bone marrow myeloblasts 
<5 % 

  Adapted    from NCCN Guidelines version 2.2013  
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For instance, a bone marrow biopsy is the only 
means to measure cellularity, which can in fl uence 
the selection of therapy. The majority of patients 
with MDS have a hypercellular marrow; how-
ever, normocellular and hypocellular marrows 
have been observed (Tuzuner et al.  1995  ) . The 
presence of marrow  fi brosis has a negative impact 

on prognosis (Buesche et al.  2008  ) , and  fi brosis 
can only be assessed by obtaining a bone marrow 
biopsy. A marrow aspirate can be examined for 
evidence of hematopoietic cell maturation abnor-
malities, excessive marrow blasts (>5 %), and the 
presence of iron suggestive of ring sideroblasts, 
and the sample can be used for testing in  fl ow 

   Table 1.2    WHO diagnostic classi fi cation of Myelodysplastic Syndromes  ( Vardiman et al.  2009  )    

 Disease  Blood  fi ndings  BM  fi ndings 

 Refractory cytopenia with 
unilineage dysplasia (RCUD): 
(refractory anemia [RA]; 
refractory neutropenia [RN]; 
refractory thrombocytopenia 
[RT]) 

 Unicytopenia or 
bicytopenia a  

 Unilineage dysplasia:  ³ 10 % of the cells in one myeloid 
lineage 

 No or rare blasts (<1 %) b   <5 % blasts 
 <15 % of erythroid precursors are ring sideroblasts 

 Refractory anemia with ring 
sideroblasts (RARS) 

 Anemia   ³ 15 % of erythroid precursors are ring sideroblasts 
 No blasts  Erythroid dysplasia only 

 < % blasts 
 Refractory cytopenia with 
multilineage dysplasia 
(RCMD) 

 Cytopenia(s)  Dysplasia in  ³ 10 % of the cells in  ³ 2 myeloid lineages 
(neutrophil and/or erythroid precursors and/or 
megakaryocytes) 

 No or rare blasts (<1 %) b   <5 % blasts in marrow 
 No Auer rods  No Auer rods 
 <1 × 10 9 /L monocytes  ±15 % ring sideroblasts 

 Refractory anemia with excess 
blasts-1 (RAED-1) 

 Cytopenia(s)  Unilineage or multilineage dysplasia 
 <5 % blasts b   5–9 % blasts b  
 No Auer rods  No Auer rods 
 <1 × 10 9 /L monocytes 

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

 Cytopenia(s)  Unilineage or multilineage dysplasia 
 5–19 % blasts c   10–19 % blasts c  
 Auer rods ±  a   Auer rods ±  a  
 <1 × 10 9 /L monocytes 

 Myelodysplastic syndorme—
unclassi fi ed (MDS-U) 

 Cytopenias  Unequivocal dysplasia in <10 % of cells in one or more 
myeloid lineages when accompanied by a cytogenetic 
abnormality considered as presumptive evidence for a 
diagnosis of MDS (see Table  1.3    ) 

 <1 % blasts b   <5 % blasts 
 MDS associated with isolated 
del(5q) 

 Anemia  Normal to increased megakaryocytes with hypolobated 
nuclei 

 Usually normal or 
increased platelet count 

 <5 % blasts 

 No or rare blasts (<1 %)  Isolated del(5q) cytogenetic abnormality 
 No Auer rods 

   a Bicytopenia may occasionally be observe. Cases with pancytopenia should be classi fi ed as MDS-U 
  b If the marrow myeloblast percentage is <5 % but there are 2–4 % myeloblasts in the blood, the diagnostic classi fi cation 
is RAEB-1. Cases of RCUD and RCMD with 1 % myeloblasts in the blood should be classi fi ed as MDS-U 
  c Cases with Auer rods and <5 % myeloblasts in the blood and less than 10 % in the marrow should be classi fi ed as 
RAEB-2. Although the  fi nding of 5–19 % blasts in the blood is, in itself, diagnostic of RAEB-2, cases of RAEB-2 may 
have <5 % blasts in the blood if they have Auer rods or 10–19 % blasts in the marrow or both. Similarly, cases of 
RAEB-2 may have <10 % blasts in the marrow but may be diagnosed by the other two  fi ndings, Auer rod + and/or 
5–19 % blasts in the blood  
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cytometry, cytogenetics, and  fl uorescence in situ 
hybridization testing as well. The presence of at 
least 10 % of the cells of a speci fi c myeloid lin-
eage (erythroid, granulocytic, or megakaryocytic) 
should show evidence of dysplasia in order to 
con fi rm the diagnosis of MDS. A presumptive 
diagnosis of MDS may be made by the presence 
of recurrent cytogenetic abnormalities as dis-
cussed below.  

    1.4   Cytogenetic Analysis 

 The WHO diagnostic schema now includes the 
presence of recurrent cytogenetic abnormalities 
as presumptive evidence of MDS even in the 
absence of signi fi cant dysplasia (Table  1.3 ) 
(Vardiman et al.  2009  ) . Cytogenetic studies are 
important in determining treatment expectations 
and can be helpful in determining the most appro-
priate therapy. For example, patients with dele-
tion 5q are well known to have increased response 
rates when treated with lenalidomide (List et al. 
 2006  ) . In addition, speci fi c cytogenetic changes 
are suggestive of patient prognosis (Schanz et al. 
 2011  ) . Some mutations have been shown to pre-
dict disease progression whereas other genetic 
derangements may suggest sensitivity to speci fi c 
medications. The reliability and prognostic 
signi fi cance of cytogenetic analyses have been 
documented in a multicenter analysis (Haase 
et al.  2007  ) . The investigators reported that 
among 2,124 patients in Austria and Germany on 
whom they carried out cytogenetic testing, 97.6 % 
were successfully analyzed. They also observed 
that about half of the subjects had normal genetic 
pro fi les, but cytogenetic pro fi les allowed for the 
separation of the rest of the subjects into good, 
intermediate, or poor prognostic categories. The 
WHO diagnostic system has been revised to 
include certain cytogenetic changes such as del 
5q. The importance of cytogenetic changes in 
determining prognosis has been emphasized in 
newer prognostic models (Schanz et al.  2012  ) . It 
should be noted that t(8;21), inv(16), t(16;16), 
and t(15;17) would classify a patient as having 
AML regardless of the myeloblast percentage 
and occurrence of dysplasia.   

    1.5   Flow Cytometry 

 Flow cytometry is emerging as a prominent diag-
nostic and prognostic test in MDS. Flow cytom-
etry is particularly useful in patients with 
hypoplastic MDS as it provides an accurate mea-
surement of CD34+ cells and myeloid dyspoiesis 
which can be helpful to distinguish hypoplastic 
MDS from aplastic anemia. In addition,  fl ow 
cytometry of the peripheral blood is the preferred 
diagnostic tool for PNH. With  fl ow cytometry, 
multiple myeloid and monocytic antigens can be 
measured to look for abnormalities in hematopoi-
etic development (Wells et al.  2003  ) . These anti-
genic aberrancies have been used to develop a 
 fl ow cytometric scoring system which has been 
validated in the transplant (Scott et al.  2008  )  and 
non-transplant setting (van de Loosdrecht et al. 
 2008  ) . Additionally,  fl ow cytometry is helpful as 
a diagnostic tool (Stetler-Stevenson et al.  2001  ) . 
This is particularly relevant in patients with hyp-
oplastic MDS where there is a low cellularity 
within the marrow which precludes an accurate 
assessment of dysplasia by morphology. Another 
advantage of  fl ow cytometry is the ability to 
detect small quantities of disease burden known 
as minimal residual disease (MRD). Patients with 
MDS who have evidence of MRD pre-transplant 
are known to be at a higher risk of relapse follow-
ing stem cell transplantation (Scott et al.  2008  ) . 
Ultimately, this technology may prove useful in 
monitoring response to therapy and subsequently 

   Table 1.3    Recurrent chromosomal abnormalities consid-
ered suf fi cient for a presumptive diagnosis of MDS even in 
the absence of signi fi cant dysplasia  ( Vardiman et al.  2009  )    

 Unbalanced abnormalities  Balanced abnormalities 

 −7 or del(7q)  t(11;16)(q23;p13.3) 
 −5 or del(5q)  t(3;21)(q26.2;q22.1) 
 i(17q) or t(17p)  t(1;3)(p36.3;q21.1) 
 −13 or del(13q)  t(2;11)(p21;q23) 
 del(11q)  inv(3)(q21q26.2) 
 del(12p) or t(12p)  t(6;9)(p23;q34) 
 del(9q) 
 indic(X)(q13) 

  Complex karyotype (three or more chromosomal abnor-
malities) involving one or more of the above 
abnormalities  
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altering treatment choices at earlier time points 
leading to improved outcomes.  

    1.6   Summary 

 MDS is a collection of disorders resulting in low 
blood counts and a propensity to progress to 
AML. The most common presentation is fatigue 
with a macrocytic anemia. The differential diag-
nosis is broad and requires the collaborative 
efforts of an experienced hematologist and 
hematopathologist. A careful history and physical 
examination is necessary to exclude other poten-
tial causes of a macrocytic anemia. Presentations 
with isolated neutropenia or thrombocytopenia 
are unusual but have been reported. A compre-
hensive diagnostic workup includes examination 
of a peripheral blood smear, bone marrow aspi-
rate, and bone marrow biopsy. Cytogenetic testing 
is useful from a diagnostic and prognostic per-
spective and should be performed in all patients 
who have marrow examinations done to evaluate 
cytopenias. Newer techniques such as  fl ow cytom-
etry are being incorporated into diagnostic and 
prognostic schemes. Although our diagnostic 
tools have improved, a clinical suspicion of MDS 
in general is necessary to avoid delays in appro-
priate diagnosis and institution of treatment.      

   References  

    Buesche G, Teoman H, Wilczak W, Ganser A, Hecker H, 
Wilkens L, Gohring G, Schlegelberger B, Bock O, 
Georgii A, Kreipe H (2008) Marrow  fi brosis predicts 
early fatal marrow failure in patients with myelodys-
plastic syndromes. Leukemia 22:313–322  

    Dunn DE, Tanawattanacharoen P, Boccuni P, Nagakura S, 
Green SW, Kirby MR, Kumar MSA, Rosenfeld S, 
Young NS (1999) Paroxysmal nocturnal hemoglobin-
uria cells in patients with bone marrow failure syn-
dromes. Ann Intern Med 131:401–408  

    Garcia-Manero G, Shan J, Faderl S, Cortes J, Ravandi F, 
Borthakur G, Wierda WG, Pierce S, Estey E, Liu J, 
Huang X, Kantarjian H (2008) A prognostic score for 
patients with lower risk myelodysplastic syndrome. 
Leukemia 22:538–543  

    Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, 
Sanz G, Sanz M, Vallespi T, Hamblin T, Oscier D, 
Ohyashiki K, Toyama K, Aul C, Mufti G, Bennett J 
(1997) International scoring system for evaluating 

prognosis in myelodysplastic syndromes. Blood 
89:2079–2088 [erratum appears in Blood 
1998;91(3):1100]  

    Greenberg PL, Attar E, Bennett JM, Bloom fi eld CD, 
DeCastro CM, Deeg HJ, Foran JM, Gaensler K, 
Garcia-Manero G, Gore SD, Head D, Komrokji R, 
Maness LJ, Millenson M, Nimer SD, O’Donnell MR, 
Schroeder MA, Shami PJ, Stone RM, Thompson JE, 
Westervelt P (2011) NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines™): myel-
odysplastic syndromes version 1.2011. J Natl Compr 
Canc Netw 9:30–56  

    Gregg XT, Reddy V, Prchal JT (2002) Copper de fi ciency 
masquerading as myelodysplastic syndrome. Blood 
100:1493–1495  

    Haase D, Germing U, Schanz J, Pfeilstöcker M, Nösslinger 
T, Hildebrandt B, Kundgen A, Lübbert M, Kunzmann 
R, Giagounidis AAN, Aul C, Trümper L, Krieger O, 
Stauder R, Müller TH, Wimazal F, Valent P, Fonatsch 
C, Steidl C (2007) New insights into the prognostic 
impact of the karyotype in MDS and correlation with 
subtypes: evidence from a core dataset of 2124 
patients. Blood 110:4385–4395  

    Hellstrom-Lindberg E, Gulbrandsen N, Lindberg G, 
Ahlgren T, Dahl IM, Dybedal I, Grimfors G, Hesse-
Sundin E, Hjorth M, Kanter-Lewensohn L, Linder O, 
Luthman M, Lofvenberg E, Oberg G, Porwit-
MacDonald A, Radlund A, Samuelsson J, Tangen JM, 
Winquist I, Wisloff F, Scandinavian MDS (2003) A 
validated decision model for treating the anaemia of 
myelodysplastic syndromes with erythropoietin 
+ granulocyte colony-stimulating factor: signi fi cant 
effects on quality of life. Br J Haematol 120: 
1037–1046  

    Howe RB, Porwit-MacDonald A, Wanat R, Tehranchi R, 
Hellstrom-Lindberg E (2004) The WHO classi fi cation 
of MDS does make a difference. Blood 103: 
3265–3270  

    Huff JD, Keung YK, Thakuri M, Beaty MW, Hurd DD, 
Owen J, Molnar I (2007) Copper de fi ciency causes 
reversible myelodysplasia. Am J Hematol 82:625–630  

    List A, Dewald G, Bennett J, Giagounidis A, Raza A, 
Feldman E, Powell B, Greenberg P, Thomas D, Stone 
R, Reeder C, Wride K, Patin J, Schmidt M, Zeldis J, 
Knight R (2006) Lenalidomide in the myelodysplastic 
syndrome with chromosome 5q deletion. N Engl J 
Med 355:1456–1465  

    Malcovati L, Porta MG, Pascutto C, Invernizzi R, Boni M, 
Travaglino E, Passamonti F, Arcaini L, Maf fi oli M, 
Bernasconi P, Lazzarino M, Cazzola M (2005) 
Prognostic factors and life expectancy in myelodys-
plastic syndromes classi fi ed according to WHO crite-
ria: a basis for clinical decision making. J Clin Oncol 
23:7594–7603  

    Naqvi K, Jabbour E, Bueso-Ramos C, Pierce S, Borthakur 
G, Estrov Z, Ravandi F, Faderl S, Kantarjian H, Garcia-
Manero G (2011) Implications of discrepancy in mor-
phologic diagnosis of myelodysplastic syndrome 
between referral and tertiary care centers. Blood 
118:4690–4693  



8 B.L. Scott

    Orazi A, Albitar M, Heerema NA, Haskins S, Neiman 
RS (1997) Hypoplastic myelodysplastic syndromes 
can be distinguished from acquired aplastic anemia 
by CD34 and PCNA immunostaining of bone mar-
row biopsy specimens. Am J Clin Pathol 107:
268–274  

    Schanz J, Steidl C, Fonatsch C, Pfeilstocker M, Nosslinger 
T, Tuechler H, Valent P, Hildebrandt B, Giagounidis 
A, Aul C, Lubbert M, Stauder R, Krieger O, Garcia-
Manero G, Kantarjian H, Germing U, Haase D, Estey 
E (2011) Coalesced multicentric analysis of 2,351 
patients with myelodysplastic syndromes indicates an 
underestimation of poor-risk cytogenetics of myelo-
dysplastic syndromes in the international prognostic 
scoring system. J Clin Oncol 29:1963–1970  

    Schanz J, Tuchler H, Sole F, Mallo M, Luno E, Cervera J, 
Granada I, Hildebrandt B, Slovak ML, Ohyashiki K, 
Steidl C, Fonatsch C, Pfeilstocker M, Nosslinger T, 
Valent P, Giagounidis A, Aul C, Lubbert M, Stauder 
R, Krieger O, Garcia-Manero G, Faderl S, Pierce S, Le 
Beau MM, Bennett JM, Greenberg P, Germing U, 
Haase D (2012) New comprehensive cytogenetic scor-
ing system for primary myelodysplastic syndromes 
(MDS) and oligoblastic acute myeloid leukemia after 
MDS derived from an international database merge. J 
Clin Oncol 30:820–829  

    Scott BL, Wells DA, Loken MR, Myerson D, Leisenring 
WM, Deeg HJ (2008) Validation of a  fl ow cytometric 
scoring system as a prognostic indicator for posttrans-
plantation outcome in patients with myelodysplastic 
syndrome. Blood 112:2681–2686  

    Sekeres MA, Schoonen WM, Kantarjian H, List A, Fryzek 
J, Paquette R, Maciejewski JP (2008) Characteristics 
of US patients with myelodysplastic syndromes: 
results of six cross-sectional physician surveys. J Natl 
Cancer Inst 100:1542–1551  

    Sekeres MA, Maciejewski JP, List AF, Steensma DP, Artz 
A, Swern AS, Scribner P, Huber J, Stone R (2011) 
Perceptions of disease state, treatment outcomes, and 
prognosis among patients with myelodysplastic syn-
dromes: results from an internet-based survey. 
Oncologist 16:904–911  

    Stetler-Stevenson M, Arthur DC, Jabbour N, Xie XY, 
Molldrem J, Barrett AJ, Venzon D, Rick ME (2001) 
Diagnostic utility of  fl ow cytometric immunopheno-
typing in myelodysplastic syndrome. Blood 
98:979–987  

    Tuzuner N, Cox C, Rowe JM, Watrous D, Bennett JM 
(1995) Hypocellular myelodysplastic syndromes 
(MDS): new proposals. Br J Haematol 91:612–617  

    van de Loosdrecht AA, Westers TM, Westra AH, Dräger 
AM, van der Velden VHJ, Ossenkoppele GJ (2008) 
Identi fi cation of distinct prognostic subgroups in low- 
and intermediate-1-risk myelodysplastic syndromes 
by  fl ow cytometry. Blood 111:1067–1077  

    Vardiman JW, Thiele J, Arber DA, Brunning RD, Borowitz 
MJ, Porwit A, Harris NL, Le Beau MM, Hellström-
Lindberg E, Tefferi A, Bloom fi eld CD (2009) The 
2008 revision of the World Health Organization 
(WHO) classi fi cation of myeloid neoplasms and acute 
leukemia: rationale and important changes. Blood 
114:937–951  

    Wang H, Chuhjo T, Yasue S, Omine M, Nakao S (2002) 
Clinical signi fi cance of a minor population of parox-
ysmal nocturnal hemoglobinuria-type cells in bone 
marrow failure syndrome. Blood 100:3897–3902  

    Wells DA, Benesch M, Loken MR, Vallejo C, Myerson D, 
Leisenring WM, Deeg HJ (2003) Myeloid and mono-
cytic dyspoiesis as determined by  fl ow cytometric 
scoring in myelodysplastic syndrome correlates with 
the IPSS and with outcome after hematopoietic stem 
cell transplantation. Blood 102:394–403      



9H.J. Deeg et al., Myelodysplastic Syndromes, Hematologic Malignancies, 
DOI 10.1007/978-3-642-36229-3_2, © Springer-Verlag Berlin Heidelberg 2013

  2

          2.1   Introduction 

 Epidemiology seeks to describe patterns of 
 disease according to demographic factors and 
other exposures, thereby elucidating etiologic 
factors (causes of disease) and predictors of 
prognosis (such as survival). Epidemiologic 
research of MDS has been fairly limited in com-
parison to other hematopoietic cancers (such as 
acute myeloid leukemia (AML)), no doubt due 
to dif fi culty in case- fi nding from a historical 
lack of reporting of MDS in cancer registries. 
The  International Classi fi cation of Diseases for 
Oncology  listed MDS as malignant for the  fi rst 
time in its 3rd edition in 2000 (ICD-O-3) (Fritz 
et al.  2000  ) , thereby spurring registration of 
MDS in cancer registries worldwide. As a result, 
population-based data have been more readily 
available in the past decade for identifying MDS 
cases and describing the epidemiology of MDS, 
and the amount and quality of published studies 
on MDS have since increased. Nevertheless, the 
 fi eld continues to encounter challenges due to 
changing case de fi nitions and likely incomplete 
case identi fi cation.  

    2.2   Descriptive Epidemiology 

    2.2.1   Incidence 

 MDS incidence rates have been described in 
 several reports in the past decade, since the ICD-
O-3 classi fi cation of MDS as malignant (Fritz 
et al.  2000  ) ,  making MDS a reportable cancer in 
registries worldwide. Prior to that time, incidence 
rates were described within hospitals or regions 
that had historically close cancer surveillance. 
Estimated incidence rates of MDS in the USA 
from cases registered in the Surveillance, 
Epidemiology and End Results (SEER) and North 
American Association of Central Cancer 
Registries (NAACR) programs are reported as 
3.3–3.4 per 100,000 person-years (PY) (Ma et al. 
 2007 ; Rollison et al.  2008  ) . These estimates are 
quite similar to rates reported in Europe and other 
regions (Table  2.1 , all per 100,000 PY) such as the 
UK (3.8) (McNally et al.  1997  ) , England (3.5) 
(Phekoo et al.  2006  ) , Germany (2.5) (Neukirchen 
et al.  2011  ) , Sweden (3.6) (Radlund et al.  1995  ) , 
New Zealand (3.7) (Rodger and Morison  2011  ) , 
and Australia (3.2) (Rodger and Morison  2011  ) . 
Rates are not always perfectly comparable across 
studies due to differing MDS case de fi nitions 
(e.g., inclusion of different histologies). The US 
studies (Ma et al.  2007 ; Rollison et al.  2008  )  
classi fi ed MDS according to the ICD-O-3 (Fritz 
et al.  2000  ) , which includes refractory anemia 
(RA, ICD-O-3 9980); refractory anemia with 
sideroblasts (RARS, ICD-O-3 9982); refractory 
anemia with excess blasts (RAEB, ICD-O-3 
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9983); refractory anemia with excess blasts in 
transformation (RAEB-t, ICD-O-3 9984); refrac-
tory cytopenia with multilineage dysplasia 
(RCMD, ICD-O-3 9985); MDS with 5q deletion 
(5q− syndrome, ICD-O-3 9986); therapy-related 
MDS, not otherwise speci fi ed (NOS) (t-MDS, 
ICD-O-3 9987); and MDS, NOS (MDS-U, ICD-
O-3 9989). MDS case classi fi cation according to 
the World Health Organization (WHO) revision 
(adopted in  2001  )  does not include RAEB-t but 
rather classi fi es it as AML (Jaffe  2001  ) . The WHO 
classi fi cation also excludes MDS patients who 
have had previous chemotherapy. Several of the 
studies using the WHO classi fi cation reported 
somewhat lower rates, including those from 
France (1.3 per 100,000 PY) (Neukirchen et al. 
 2011  )  and throughout Europe (1.8) (Sant et al. 
 2010  ) . Several of the European incidence studies, 
particularly before the year 2000, included chronic 
myelomonocytic leukemia (CMML) (Bauduer 
et al.  1998 ; McNally et al.  1997 ; Phekoo et al. 
 2006 ; Williamson et al.  1994  ) , as de fi ned under 
the previously used French-American-British 
(FAB) cooperative group classi fi cation system 
(Bennett et al.  1982  ) ; CMML is classi fi ed in a 
myelodysplastic/myeloproliferative neoplasm 
overlap category by WHO (Jaffe  2001  ) . Rates 
also differ importantly based on methods of stan-
dardization; several rates reported in Table  2.1  are 
crude (unstandardized) rates (Bauduer et al.  1998 ; 
Irwin et al.  2011 ; Williamson et al.  1994  ) , which 
do not account for differing age distributions 
between different regions. Use of the world stan-
dard population versus the European or US stan-
dard population can also affect results, as the 
world standard population has a younger age dis-
tribution than the European or US alternatives.  

 Regardless of the methods of rate estimation, 
MDS incidence increases sharply with age, with 
a median age at diagnosis in the 70s in the US 
and European populations (Ma et al.  2007 ; 
Neukirchen et al.  2011 ; Phekoo et al.  2006 ; 
Sekeres et al.  2008  ) . Younger median age at diag-
nosis, typically in the 50s, has been observed in 
several Eastern countries, such as Japan 
(Kuendgen et al.  2007  ) , China (Chen et al.  2005  ) , 
Central Africa (Mukiibi and Paul  1994  ) , and 
Jordan (Awidi et al.  2009  ) , suggesting different 

histologies or exposures in these regions com-
pared to Western countries. MDS is more com-
mon in men than women, except for the subtype 
with 5q deletion (Maynadie et al.  2011 ; 
Neukirchen et al.  2011  ) . The male excess is most 
prominent among ages 50 and older. A detailed 
analysis of the male-to-female MDS incidence 
ratio in the UK revealed a U-shaped pattern, with 
a male excess until age 15 (ages at which MDS is 
extremely rare), a female excess in ages 30–50, 
and a male excess increasing prominently after 
age 50 (Cartwright et al.  2002  ) . A similar pattern 
was observed for most acute myeloid leukemia 
(AML) and myeloproliferative disease (MPD) 
subtypes, suggesting a shared etiology. MDS is 
more common among whites and non-Hispanics 
than among other racial/ethnic groups in the USA 
(Ma et al.  2007 ; Rollison et al.  2008  ) , and 
American Indians/Alaska Natives have the low-
est rates in the USA (Ma et al.  2007  ) . In contrast, 
higher rates were reported in New Zealand Maoris 
(4.9 per 100,000) than non-Maori ethnicities (3.7 
per 100,000) (Rodger and Morison  2011  ) . 
A study conducted in Japan suggests lower MDS 
incidence than in Western countries (Shimizu 
et al.  1995  ) , and similarly, Asian Americans/
Paci fi c Islanders in the USA have lower rates 
than US whites (Ma et al.  2007  ) . Any changes in 
MDS incidence over time have been dif fi cult to 
establish and when observed have been generally 
attributed to changes in diagnostic practices and 
reporting (Germing et al.  2004  ) . In studies that 
reported MDS incidence by subtype, RA has usu-
ally been the most frequently diagnosed type, fol-
lowed by RARS and RAEB (Bauduer et al.  1998 ; 
Ma et al.  2007 ; McNally et al.  1997  ) . However, 
reclassi fi cation of many previously de fi ned RA 
as RCMD under the WHO classi fi cation has 
resulted in RCMD as the most common subtype 
in recent studies (Irwin et al.  2011 ; Neukirchen 
et al.  2011  ) . Declarative subtype distributions 
have been impossible to establish in the US reg-
istry-based studies, as approximately half of all 
cases registered in SEER and NAACR are 
classi fi ed as MDS-U (Rollison et al.  2008  ) . 
CMML is quite common in the studies that 
included it under the FAB classi fi cation, with fre-
quency ranging from 11 % in the French Basque 
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region (Bauduer et al.  1998  )  to 31 % in 
Bournemouth, UK (Williamson et al.  1994  ) . 

 It is now recognized that MDS incidence is 
probably underestimated due to a combination of 
factors including incomplete case registration 
and underdiagnosis. There are several lines of 
evidence suggesting incomplete case registration. 
Incidence rates vary widely between different 
regions – between US SEER registries, from 3.0 
(per 100,000 PY) in metropolitan Atlanta to 6.6 
in the Seattle-Puget Sound region from 2001 to 
2008  (  2011  ) , and between EUROCARE network 
European cancer registries, from 0.27 in Eastern 
Europe to 2.1 in the UK and Ireland from 2000 to 
2002 (Sant et al.  2010  ) . Differential reporting 
practices likely play a role in the geographic dis-
crepancies, although true differences in incidence 
between regions are also possible. Differential 
completeness in reporting by registries may occur 
because of differing case- fi nding and validation 
methods (e.g., passive vs. active case- fi nding). 
For example, patients who are diagnosed outside 
of a hospital setting are likely to be missed. This 
may be illustrated by the fact that only 4 % of 
cases registered in NAACR (encompassing 82 % 
of the US population) were reported by physi-
cians’ of fi ces, as opposed to hospitals or labora-
tories (Rollison et al.  2008  ) . A recent US study 
identi fi ed incident MDS patients from Medicare 
records using an algorithm requiring two claims 
with an MDS-relevant diagnosis code in addition 
to ordering of typical diagnostic tests for MDS, 
speci fi cally blood counts and bone marrow biopsy 
or aspiration (Cogle et al.  2011  ) . The algorithm 
had high speci fi city (99.8 %) and moderate sensi-
tivity (78.1 %) when compared to SEER-identi fi ed 
cases as the gold standard. MDS incidence was 
much higher using the Medicare algorithm than it 
was based on SEER-reported cases, with rates 
among persons 65 years and older of 75 (per 
100,000 PY) versus 20, respectively (Cogle et al. 
 2011  ) . These results suggest that patients diag-
nosed in the outpatient setting are frequently not 
reported to SEER. 

 Underdiagnosis likely also contributes to 
underestimation of MDS incidence. De fi nitive 
diagnosis of MDS requires a bone marrow biopsy, 
and the fact that potential MDS patients may not 

undergo detailed work-up likely leads to under-
diagnosis of the disease. The third National 
Health and Nutrition Examination Survey 
(NHANES) cross-sectional study in the USA 
identi fi ed 11.0 % of men and 10.2 % of women as 
anemic, with 5.8 % of the anemic population 
having unexplained anemia and peripheral blood 
features suggestive of MDS (macrocytosis, 
thrombocytopenia, or neutropenia) (Guralnik 
et al.  2004  ) . A similar survey conducted in Italy 
found unexplained anemia with blood features of 
MDS in 8.1 % of the anemic elderly (Tettamanti 
et al.  2010  ) . Underdiagnosis of MDS was also 
suggested by a study of patients enrolled in a 
health plan in Western Washington State, which 
found that half of all patients with new MDS 
diagnoses (de fi nite/probable or possible cases) 
were not reported to SEER, and inclusion of all 
cases led to an overall incidence rate of 10.2 per 
100,000 PY (De Roos et al.  2010a  ) . The “possi-
ble” cases, identi fi ed by diagnosis code and cor-
roborated by chart review, did not receive bone 
marrow biopsy. There was evidence that de fi nitive 
diagnosis was less likely to be pursued in less 
severe cases, as “possible” cases had higher aver-
age hemoglobin levels, platelet counts, and white 
blood cells upon presentation than did SEER 
cases (De Roos et al.  2010a  ) . A higher than typi-
cally reported rate of MDS was also found in a 
UK study that aimed for complete identi fi cation 
of MDS cases through periodic health examina-
tions followed by pursuit of bone marrow biopsy 
in patients with suggestive blood  fi ndings 
(Williamson et al.  1994  ) . The estimated (crude) 
incidence rate in the UK study was 12.6 per 
100,000 person-years (including CMML but not 
including patients with previous chemotherapy 
or radiotherapy). These studies suggest that 
underdiagnosis contributes to underestimation of 
MDS incidence, probably due to less severe cases 
that typically do not receive diagnostic work-up.  

    2.2.2   Prevalence and Survival 

 There are an estimated 12,000 new MDS cases 
diagnosed per year in the USA and 20,000 in 
Europe, based on reported incidence rates 
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(Germing et al.  2008  ) . MDS prevalence, or the 
number of persons living with the disease, was 
estimated as 7.2 per 100,000 persons in Germany, 
using the WHO classi fi cation in 2003 (Neukirchen 
et al.  2011  ) . However, with such a wide range in 
incidence estimates (Table  2.1 ), prevalence is 
uncertain. Based on the NHANES study  fi nding 
that 5.8 % of the anemic population had “unex-
plained anemia” with peripheral blood features 
suggestive of MDS (Guralnik et al.  2004  ) , Sekeres 
estimated that this  fi nding would translate to 
170,000 persons living with MDS in the USA 
while acknowledging that this  fi gure is likely an 
overestimate (Sekeres  2011  ) . Nevertheless, cur-
rent prevalence  fi gures based only on registry-
reported incidence rates are probably 
underestimates due to the issues of incomplete 
reporting and underdiagnosis described above 
(Sect.  2.2.1 ). Furthermore, MDS prevalence is 
expected to increase as the population in devel-
oped countries ages. 

 The number of prevalent cases is also dependent 
on survival following MDS diagnosis, which is 
generally poor. Median survival has been reported 
as 23–34 months (Irwin et al.  2011 ; Maynadie et al. 
 2011 ; Phekoo et al.  2006  ) . Relative survival, which 
accounts for competing causes of death by age 
group, was reported as 47 % 2 years from diagnosis 
among US cases with MDS as their  fi rst primary 
cancer (Ma et al.  2007  ) . Superior survival has been 
observed among women compared to men (Ma 
et al.  2007 ; Maynadie et al.  2011 ; Phekoo et al. 
 2006  )  and younger versus older patients (Ma et al. 
 2007 ; Phekoo et al.  2006  ) . Several studies indicate 
longer survival among patients in Asian countries 
than in Western countries (Kuendgen et al.  2007  ) . 
However, survival can vary widely by MDS sub-
type (Germing et al.  2008 ; Ma et al.  2007 ; Phekoo 
et al.  2006  ) , in addition to cytogenetic abnormali-
ties, blast counts, number of dysplastic lineages, 
and blood cell counts (Belli et al.  2002 ; Bowles 
et al.  2006 ; Germing et al.  2008 ; Greenberg et al. 
 1997 ; Haus et al.  2006  ) , and the concept of overall 
survival has limited utility for individual patients. 
MDS prevalence will increase as therapies result-
ing in improved survival are developed and 
disseminated.   

    2.3   Disease Etiology 

    2.3.1   Therapy-Related MDS 

 Among the few known risk factors for develop-
ment of MDS is prior cytotoxic therapy. MDS is 
sometimes termed “secondary” (vs. “primary” or 
de novo) if its diagnosis follows treatment with 
chemotherapy or radiation for any of a variety of 
diseases (but most frequently for cancer) or if fol-
lowing accidental exposure to ionizing radiation 
or benzene (discussed in Sect.  2.3.2.3 ). We will 
use the terms “therapy-related” and “de novo” 
MDS (instead of “secondary” and “primary,” 
respectively), as use of the word “secondary” dif-
fers in the context of cancer registration (2000). 
Therapy-related myeloid neoplasms (t-MN) are 
de fi ned by the WHO classi fi cation as one, hetero-
geneous entity that contains a composite of MDS, 
AML, and MDS/MPN (Vardiman et al.  2009  ) . 
Sekeres et al. reported from a survey of 101 US 
physicians that 10 % of recently diagnosed MDS 
patients were considered to be therapy related 
based on recent chemotherapy, radiation therapy, 
or other chemical exposure (Sekeres et al.  2008  ) . 
However, based on the fact that 26 % of newly 
diagnosed MDS patients reported in SEER from 
2001 to 2006 had previous cancers (De Roos 
et al.  2007  ) , previous cancer treatments may con-
tribute to a greater proportion of newly diagnosed 
MDS than clinically recognized. The risk of 
developing t-MN differs greatly according to the 
type of the initial cancer. For example, up to 10 % 
of patients treated for lymphoproliferative neo-
plasm developed t-MN within 10 years, whereas 
approximately 0.55 % of breast cancer patients 
developed t-AML within 8 years (Leone et al. 
 2010  ) . These differing risks are certainly due to 
varying cytotoxicities of treatment regimens as 
well as the underlying susceptibility for myeloid 
neoplasm of the patient group with the initial 
cancer (i.e., the same genetic pro fi le may increase 
susceptibility to both lymphoproliferative and 
myeloid neoplasms). 

 Clinical observations suggest a worse progno-
sis for therapy-related MDS than for de novo 
MDS (Finch  2004 ; Levine and Bloom fi eld  1992 ; 
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Singh et al.  2007  ) . Therapy-related MDS cases 
have been observed to be less responsive to treat-
ment and evolve more frequently into AML 
(Finch  2004 ; Levine and Bloom fi eld  1992  ) . 
Comparisons of histopathologic features of ther-
apy-related and de novo MDS indicate biologic 
differences that may account for differences in 
clinical outcomes. Clonal chromosomal abnor-
malities are found in 40–50 % of patients with 
de novo MDS compared to up to 95 % of therapy-
related MDS (Catenacci and Schiller  2005  )  
(although it is notable that newer, more sensitive 
technologies detect such abnormalities in a larger 
proportion of de novo MDS (Tiu et al.  2011  ) ). 
Additionally, the proportion of “high-risk” cyto-
genetics (e.g., deletions of chromosome 7 or 
complex karyotypes) is higher in therapy-related 
than de novo MDS (Bloom fi eld  1986 ; Rubin 
et al.  1990  ) . Monosomy of chromosome 5 or 
deletion of 5q (−5/5q−) and/or monosomy of 
chromosome 7 or deletion of 7q (−7/7q−) is fre-
quently associated with prior chemotherapy, in 
particular with alkylating agents (Leone et al. 
 2010  ) . In contrast, no prototypical chromosomal 
patterns have been found for radiation-related 
myeloid neoplasms (Leone et al.  2010  ) . Similar 
to clinical observations, an analysis of SEER data 
observed shorter survival for MDS patients who 
had a previous cancer diagnosis than for de novo 
cases and found that the increased risk was fairly 
constant throughout a 47-month period of follow-
up after MDS diagnosis (De Roos et al.  2007  ) . 
Shortened survival associated with previous can-
cer was most pronounced for MDS cases diag-
nosed within 5 years of the previous cancer 
diagnosis, although previous lymphoproliferative 
neoplasm was associated with shorter MDS sur-
vival even when MDS was diagnosed up to 
20 years after the lymphoproliferative neoplasm 
diagnosis. Previous radiation treatment for can-
cer was an independent predictor of death in 
MDS patients, signi fi cantly so for MDS cases 
diagnosed between 5 and 10 years after irradia-
tion (De Roos et al.  2007  ) . These results suggest 
that previous cancer therapies may contribute to 
MDS etiology up to a decade or longer after 
treatment.  

    2.3.2   Lifestyle and Environmental Risk 
Factors for MDS 

 Few risk factors are known for MDS, aside from 
therapies for previous cancers and other condi-
tions. Epidemiologic research to date has largely 
focused on smoking, alcohol consumption, and 
occupational exposures to solvents and alcohol. 
Epidemiologic studies of “lifestyle” (e.g., smok-
ing, alcohol, obesity) and “environmental” (e.g., 
occupation, hobbies) risk factors for MDS are 
summarized in Table  2.2 . Most studies have 
relied on convenience samples of MDS cases 
and controls, such as hospital patients. Because 
approximately one-third of MDS patients 
develop AML (Steensma and Bennett  2006  ) , 
MDS was sometimes considered in the past as 
“preleukemia” or “aleukemia” in epidemiologic 
studies or was grouped with AML. Indeed, MDS 
may share risk factors with AML, as demon-
strated by similar magnitude risks observed in 
the cohort of atomic bomb survivors in Hiroshima 
and Nagasaki, Japan, with signi fi cant excess 
risks of AML and MDS of 4.3 and 5.3 per 1 Gy 
dose of ionizing radiation, respectively 
(Committee to Assess Health Risks from 
Exposure to Low Levels of Ionizing Radiation 
NRC  2006 ; Preston et al.  1994 ; Richardson et al. 
 2009  ) . Nevertheless, aside from direct genotox-
icity to the bone marrow, potential mechanisms 
of development of these myeloid cell neoplasms 
are not well understood, and there are also likely 
to be risk factors that are not shared between 
AML and MDS.  

    2.3.2.1   Lifestyle 
 Several lifestyle-related factors including smok-
ing and alcohol consumption have been investi-
gated as potential causes of MDS in multiple 
studies. However, the risks associated with these 
factors are as yet not well described in terms of 
etiologically relevant timing of exposure and 
histologic subtype-speci fi c effects. Smoking has 
been signi fi cantly or nonsigni fi cantly associated 
with increased risk in multiple studies (Bjork 
et al.  2009 ; Dalamaga et al.  2002 ; Ido et al.  1996 ; 
Ma et al.  2009 ; Mele et al.  1994 ; Nisse et al. 
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