
Myelodysplastic syndromes(MDS)
represent a heterogeneous
group of blood disorders that

are generally characterised by refracto-
ry anaemia (RA) or cytopenia, hyper-
cellular bone marrow, and ineffective
haematopoiesis. Most cases of MDS
have an increased risk of transforma-
tion to acute myeloid leukaemia
(AML). The prognosis of patients with
MDS varies considerably, reflecting the
underlying heterogeneity within this
class of disorders. Recent advances in
our understanding of some of the cyto-
genetic characteristics of MDS are
helping to better classify patients and
predict clinical outcomes. Cytogenetic
analysis has therefore become an essen-
tial part of the standard work-up of
patients withMDS. Familiarity with cer-
tain cytogenetic abnormalities and how
they affect prognosis and treatment
decisions will lead to better manage-
ment of patients with MDS.

Classification of MDS
The French-American-British (FAB)
system was introduced in 1982, and
quickly became a standard tool for the
classification of MDS (Table 1).1 How-
ever, several limitations of the FAB sys-
tem have been identified, leading to
heterogeneity in outcomes within cer-
tain subtypes. Themore recently devel-
oped World Health Organization
(WHO) classification system is similar
to the FAB system, but attempts to over-
come the limitations of the FAB system
by refining the definition of some sub-
types of MDS.2 The primary difference
between the 2 systems is that theWHO
system refines the morphological diag-
nosis by including uni- or multilineage
involvement and defining different lev-
els of blast excess between 5% and
20%. It also includes cytogenetics as a
mandatory component of the diagnos-
tic work-up of MDS.

The WHO system more precisely
defines the FAB categories of RA and
RA with ringed sideroblasts (RARS) by
accounting for the number of dysplas-
tic cell lineages: RA and RARS accord-
ing to WHO have dysplastic features
confined to their erythropoiesis, while
refractory cytopenia with multilineage
dysplasia (RCMD) and RCMD with
ringed sideroblasts (RS) show dysplasia
in at least 1 additional myeloid cell line
(Table 1).2 Compared with patients with
dysplasia restricted to the erythroid lin-
eage, those withmultilineage dysplasias
have a worse prognosis. The WHO sys-
tem also breaks down the FAB category
of RA with excess blasts (RAEB) into 2
subtypes: RAEB-1 (bone marrow blasts
5-9%) andRAEB-2 (bonemarrow blasts
10-19%). This change was made to
account for the more favourable prog-
nosis of patients with fewer blasts.
In the WHO system, the threshold
blast percentage for the diagnosis of
AML was reduced from 30% to 20%,
thereby eliminating the category RAEB
in transformation (RAEB-t).2 Unlike
the FAB system, the WHO system does
not include chronic myelomonocytic
leukaemia in the MDS classification.
Instead, this disease is reclassified as a
myelodysplastic/myeloproliferative dis-
ease. Lastly, the WHO system intro-
duced 2 new categories: unclassified
MDS (MDS-U), and MDS with 5q- syn-
drome. The latter addition addresses
the unique prognosis of patients with
isolated del 5q and specific clinical
characteristics. The WHO system has
been shown to successfully stratify
patients into subtypes with distinct clin-
ical outcomes, based on overall and
leukaemia-free survival.3

Prognosis of MDS
The International Prognostic Scor-
ing System (IPSS) was introduced in
1997 as a means to predict clinical out-
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Table 1. Overview of FAB and WHO classification systems for MDS, highlighting key differences between the 2 systems. (Data
from Bennett JM, et al.1 and Vardiman JW, et al.2)

FAB WHO

RA, blasts <1% in blood, <5% in BM RA
− RCMD, ≥10% dysplastic cells in ≥2 myeloid lineages

RARS, blasts <1% in blood, <5% in BM, >15% RS RARS
− RCMD-RS, same as RCMD with >15% RS

RAEB, blasts <5% in blood, 5-20% in BM RAEB-1, bone marrow blasts 5−9%
− RAEB-2, bone marrow blasts 10−19%

CMML, blasts <5% in blood, 5-20% in BM, with peripheral monocytes (Moved to myeloproliferative diseases)

RAEB-t, blasts ≥5% in blood, 21-30% in BM, optional Auer rods (Moved to acute myeloid leukaemia)
− MDS with isolated del 5q
− MDS-U

Abbreviations: BM, bone marrow; CMML, chronic myelomonocytic leukaemia; MDS, myelodysplastic syndromes; MDS-U, unclassified MDS; RA,
refractory anaemia; RAEB, RA with excess blasts; RAEB-t, RAEB in transformation; RARS, RA with ringed sideroblasts; RCMD, refractory cytopenia
with multilineage dysplasia; RS, ringed sideroblasts.

Table 2. The WHO-classification-based Prognostic Scoring System. (Data from Malcovati L, et al.5)

Prognostic factor Score value Sum score

+0 +1 +2 +3

WHO category RA, RARS, del 5q RCMD, RCMD-RS RAEB-1 RAEB-2 ___________

Karyotype* Good Intermediate Poor − ___________

Transfusion No Regular − − ___________
requirement°

Total score ___________

Total score Risk group Median survival (months)

0 Very low 136
1 Low 63
2 Intermediate 44
3-4 High 19
5-6 Very high 8

*As defined in the IPSS: Good = normal karyotype or isolated -Y, isolated del 5q, or isolated del 20q; Intermediate = other abnormalities; Poor = com-
plex karyotype (≥3 abnormalities) or chromosome 7 abnormalities.5 °At least 1 packed red cell concentrate every 8 weeks. Abbreviations: RA, refractory
anaemia; RAEB, RA with excess blasts; RARS, RA with ringed sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS,
RCMD with ringed sideroblasts.

comes, such as leukaemic transformation and
mortality, more precisely.4 The IPSS is based on
3 prognostic factors: blast percentage in the bone
marrow, karyotype, and the number and degree
of cytopenias. Blast percentage is divided into 4
categories (<5%, 5-10%, 11-20%, and 21-30%);
because the IPSS was based on the FAB system,
patients with 21-30% blasts were included. Kary-
otypes are categorized as Good (normal kary-
otype or isolated -Y, del 5q, or del 20q), Interme-
diate (other chromosomal abnormalities), or
Poor (complex karyotype consisting of 3 ormore
abnormalities, or chromosome 7 abnormalities).

Based on these prognostic factors, the IPSS strati-
fies patients into 4 distinct risk groups (Low, Int-
1, Int-2, andHigh) with regard to leukaemic trans-
formation and mortality.4 Of the patients in the
clinic, two-thirds have Low- or Int-1-risk disease,
and one-third have Int-2- or High-risk disease.4
Recently, Malcovati et al. developed a new prog-
nostic scoring system based on theWHO classifi-
cation system (Table 2).5 TheWHO-classification-
based Prognostic Scoring System (WPSS)
addresses additional variables not included in the
IPSS that have been shown to affect prognosis,
such as transfusion requirement.3 The WPSS
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stratifies patients into 5 risk groups based on 3
main prognostic factors (WHO category, karyo-
type, and transfusion requirement) identified by
uni- andmultivariate analysis of a learning cohort
of 467 patients.5 When validated in an independ-
ent cohort of 620 patients, the 5 risk groups were
found to have significantly different risks of
leukaemic transformation (p<0.0001) and over-
all survival (p<0.0001); median survival ranged
from 136 months in very low risk patients to 8
months in very high risk patients. The probabil-
ity of developing leukaemia was 7% at 10 years in
the very low risk group compared with 50% at 8
months in the very high risk group. Based on this
report, it appears that the WPSS is a simple way
to enhance the prognostic ability of the WHO
system with regard to leukaemic transformation
and overall survival in patients with MDS, and
may therefore be of value in making treatment
decisions.

Cytogenetics influence prognosis of MDS
Cytogenetic abnormalities are found in
approximately 50% of patients with de novo
MDS.6 Themost common abnormality is intersti-
tial deletion of the long arm of chromosome 5
(del 5q). Other frequently encountered abnor-
malities include deletion or monosomy of chro-
mosome 7, trisomy 8, and multiple abnormali-
ties.6

del5q
Among patients with MDS and chromosomal
abnormalities, approximately 20-30% have del
5q, including about 7% with the 5q- syndrome.
TheWHO system defines the 5q- syndrome as de
novoMDSwith an isolated cytogenetic abnormal-
ity resulting in deletion between bands q31 and
q33 of chromosome 5, and blast counts in blood
and bonemarrow <5%.2,7,8 Patients with addition-
al chromosomal abnormalities or blast counts
>5% are not considered to have 5q- syndrome.
The 5q- syndrome is typically associated with
macrocytic anaemia with normal or elevated
platelet counts, a reduced neutrophil count,
hypoplastic erythropoiesis, and megakaryocytes
that often have hypolobulated nuclei.
Compared with most other patients with MDS,
those with 5q- syndrome have an excellent prog-
nosis (median survival >5 years). Compared with
the general age-matched population, however,
5q- syndrome still carries a significant mortality
risk. In a retrospective study of patients withMDS
and del 5q, the median survival of 60 patients
with 5q- syndrome who did not undergo inten-

sive therapy or stem-cell transplantation was 107
months, which was considerably lower than the
life expectancy of the general population with
the same median age (approximately 244
months for women, 188 months for men).9,10
It is now recognised that outcomes vary consid-
erably among patients with del 5q, and other fac-
tors have been shown to influence the prognosis
of these patients. In the aforementioned retro-
spective study of patients with MDS and del 5q,
the median survival seen in patients with 5q- syn-
drome (107 months; n=60) was significantly
greater than the median survival in patients with
del 5q plus 1 additional chromosomal abnormal-
ity (47 months; n=14) or increased blast count
(23 months; n=12).9,10 In a study of 25 patients
withMDS and complex chromosomal abnormal-
ities including del 5q, the median survival was
between 7 and 8 months, regardless of blast
count.11
These observations were confirmed in a recent
review of 2,124 patients with MDS treated at 8
treatment centres in Germany and Austria (Fig-
ure 1).6 Patients with isolated del 5q had a longer
median survival than those with a normal kary-
otype (69 months versus 49 months). However,
those with del 5q plus 1 other chromosomal
abnormality had a median survival that was sim-
ilar to those with a normal karyotype (47.7
months), and those with del 5q plus 2 or more
additional abnormalities had amedian survival of
7.4months. These findings highlight the fact that
prognosis varies considerably among patients
with del 5q, depending on the presence of oth-
er cytogenetic abnormalities.

Other cytogenetic abnormalities
While some common cytogenetic abnormali-
ties, such as del 5q, have been shown to affect
prognosis, less is known about rare abnormali-
ties and unique combinations of abnormalities.
Solé et al. characterized the incidence and prog-
nostic influence of various chromosomal abnor-
malities in a series of 640 patients with primary
MDS.12 Cytogenetic abnormalities were found in
51% of the patients. Single, double, and com-
plex abnormalities were found in 29%, 8%, and
14% of the patients, respectively. Among those
with cytogenetic abnormalities, the most com-
mon types were del 5q (23%), monosomy 7 or
del 7q (21%), and trisomy 8 (17%). Other com-
mon abnormalities included del 11q, del 12p,
involvement of 12q, involvement of 13q, isochro-
mosome 17q, del 20q, trisomy 21, monosomy 21,
and loss of sex chromosomes. Univariate analysis
indicated that the presence and number of



Figure 1. Median survival according to cytogenetic characteristics based on a database of 2,124 patients with myelodysplastic
syndromes treated at 8 centres in Germany and Austria. (Data from Haase D, et al.6 )

abnormalities predictedmortality and leukaemic
transformation. Certain isolated cytogenetic
abnormalities were associated with clinical out-
comes, although the number of patients in these
subgroups was small. For example, compared
with patients with a normal karyotype, those with
isolated del 12p had a similar prognosis, where-
as those with isolated 1q involvement had a poor
prognosis. In the aforementioned database of
2,124 patients treated in Germany and Austria,
Haase et al. reported the incidence of various
cytogenetic abnormalities (Figure 2).6 Of the
2,072 patients who underwent cytogenetic analy-
sis, 52% had at least 1 chromosomal abnormali-
ty. The median survival in patients with normal
karyotype was 49 months compared with 7.5
months in patients with complex chromosomal
abnormalities. Among patients with chromoso-
mal abnormalities, the prognosis was influenced
by the presence of additional abnormalities and
in different ways, depending on the type of cyto-
genetic abnormality. For example, patients with
isolated trisomy 8 had a similar median survival
as those with trisomy 8 plus 1 additional abnor-
mality (21.6 months versus 23.3 months). Those
with trisomy 8 plus 2 or more abnormalities had
a median survival of 11.7 months. Further
research is needed to better understand how var-
ious cytogenetic abnormalities and combinations
of abnormalities influence clinical outcomes in
patients with MDS.

Cytogenetics affect treatment decisions
The efficacy of some treatment approaches
may be influenced by the presence of cytogenet-
ic abnormalities. For example, the hypomethy-
lating agent decitabine has been shown to be
more effective in patients with high-risk kary-
otype compared with those with an intermedi-
ate-risk karyotype, according to the IPSS.13 Azacy-
tidinemay be especially effective in patients with
MDS and chromosome 7 abnormalities.14 More
recently, researchers have analysed treatment
outcomes in specific subtypes of MDS based on
cytogenetic features, such as del 5q. Various
approaches have been used to treat patients with
5q- syndrome, but have met with little success.9
Treatment with pyridoxine, steroids, or danazol
is generally ineffective in these patients. Given
that endogenous erythropoietin levels are usual-
ly highly elevated at presentation (mean 1,000
U/L),10 erythropoietin treatment has proven
ineffective inmost patients with del 5q. The com-
bination of all-trans-retinoic acid and tocopherol-
alpha produced a modest response rate of 17%
in one study of 29 patients with isolated del 5q
and Low- or Int-1-risk MDS; 30% of patients dis-
continued treatment due to adverse events.15
More promising results were found in 2 small
preliminary studies of low-dose cytarabine, which
reported response rates of 57% and 100%.16,17
Allogeneic stem-cell transplantation has also
been used in patients with isolated del 5q.18 How-
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Figure 2. Frequency of cytogenetic abnormalities in patients withmyelodysplastic syndromes (MDS). Results are from a database of 2,124
patients treated at 8 centres in Germany and Austria, 2,072 of whom underwent cytogenetic analysis. (Data from Haase D, et al.6)

ever, given the relatively good prognosis for
patients with del 5q and the intensity of trans-
plantation, this approach should be reserved for
carefully selected patients.
One of the most promising approaches to the
treatment of patients with del 5q is lenalidomide.
Lenalidomide is an antineoplastic and anti-
angiogenic immunomodulatory drug that has
been shown to affect a broad range of ligand-
induced processes relevant to MDS. It reduces
angiogenesis, cell adhesion, tumour progression,
and production of pro-inflammatory cytokines,
as well as enhances immune response.19,20 In an
initial phase I/II study of lenalidomide in
patients withMDS, a preponderance of respond-
ing patients had del 5q.19 Of the 20 patients with
chromosomal abnormalities, 10 achieved a com-
plete cytogenetic remission by week 16 of treat-
ment with lenalidomide, 9 of whom had del 5q.
Responses were reported to occur more rapidly
in patients with del 5q compared with those with
other chromosomal abnormalities or a normal
karyotype (8.0 weeks versus 11.2 weeks). These
results suggested that response to lenalidomide
may depend on karyotype, and led to a larger
phase II study in 148 patients with transfusion-
dependentMDS and del 5q with or without addi-

tional chromosomal abnormalities.21 Of these
patients, 67% achieved transfusion independ-
ence by week 24. Notably, response rates were
similar in patients with isolated del 5q, del 5q
plus 1 additional chromosomal abnormality, and
del 5q plus 2 or more abnormalities (69%, 52%,
and 67%, respectively). The cytogenetic response
rate was 71% in patients with isolated del 5q,
which was similar in patients with 1 or multiple
additional chromosomal abnormalities (65%,
75%, respectively). These data suggest that
lenalidomide is active in patients with MDS and
del 5q, regardless of the presence or absence of
additional chromosomal abnormalities. Based
on this evidence, lenalidomide was approved in
the USA for use in patients with transfusion-
dependent Low- or Int-1-risk MDS with del 5q
with or without additional chromosomal abnor-
malities.
The experience with lenalidomide illustrates
how the cytogenetic characteristics of MDS can
affect not only prognosis but also treatment out-
comes. Understanding the relationship between
del 5q and other cytogenetic abnormalities may
lead to further improvements in treatment strate-
gies. For example, del 5q has been found in very
early haematopoietic precursor cells, whereas
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other cytogenetic abnormalities, such as trisomy
8, typically occur later in the MDS transforma-
tion process.9,22 This suggests that del 5q may be
a key early event in the development of MDS,
which later leads to further chromosomal abnor-
malities. Therefore, achieving a complete cytoge-
netic remission in patients with del 5q could
impact the course of the disease. Further
research is needed to continue to explore the
relationship between various cytogenetic abnor-
malities and the efficacy of treatment.

Conclusions
Cytogenetic characteristics can influence prog-
nosis and treatment outcomes in patients with
MDS. Accordingly, certain cytogenetic character-
istics have been incorporated into theWHO clas-
sification andWPSS to improve prognostic assess-
ment in these patients. Cytogenetic analysis is
therefore an essential part of the work-up for
patients with MDS. The most common chromo-
somal abnormality in MDS is del 5q, but the
prognostic value of del 5q is influenced by other
factors, such as blast count and the presence of
additional chromosomal abnormalities. The
presence or absence of cytogenetic abnormali-
ties can affect the efficacy of certain treatments.
For example, lenalidomide is particularly effec-
tive in patients with del 5q with or without other
chromosomal abnormalities. Further study is
needed to investigate how del 5q and other chro-
mosomal abnormalities and combinations of
abnormalities affect clinical outcomes in MDS.
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