
of a given therapeutic procedure in a particular group
of risk. This importance is particularly stressed if the
prognostic variability and aggressive nature of the
currently available curative treatment options is tak-
en into account, especially when considering the
advanced age of the majority of patients. Although
the French-American-British (FAB) classification has
been relatively effective for categorizing MDS patients
since 1982,1 its limitations have become evident.
These limitations include the wide range of marrow
blast percentages for patients in the refractory ane-
mia with excess of blasts (RAEB) and chronic
myelomonocytic leukemia (CMML) categories (5-
20%, 1-20%, respectively), lack of inclusion of critical
biological determinants such as marrow cytogenetics,
and the degree and number of morbidity-associated
cytopenias. These well-perceived problems for cate-
gorization of MDS patients have led to the develop-
ment of numerous additional risk-based stratifica-
tion systems.

This review summarizes our knowledge of the prog-
nostic factors in MDS, and critically analyzes the use-
fulness and limitations of recently developed prog-
nostic models for MDS. Prognostic factors in some
particular settings of patients and associated with
certain treatment approaches will also be discussed.

Prognostic factors
As a result of several recent studies on prognostic

factors in MDS,2-24 a large number of patient and dis-
ease characteristics that are highly associated with
survival, leukemic transformation or both have been
identified. These prognostic factors are summarized
in Table 1. At present, the percentage of blasts in
bone marrow (BM), cytogenetic pattern and the
number and degree of cytopenias are considered the
main prognostic covariates in MDS.

Blasts in bone marrow
Five percent of blasts in BM has consistently been

found to be the worst prognosis for survival and
leukemic transformation in patients.2-9 The Spanish
group showed that the addition of an extra cut-point
of 10%, in addition to the generally accepted 5% and
20% FAB criteria, clearly improved the prognostic val-
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Background and Objective. Great prognostic hetero-
geneity complicates therapy-planning and a correct
evaluation of clinical trials in myelodysplastic syn-
dromes (MDS). Thus, the development of a prog-
nostic classification of MDS is of major clinical rele-
vance, especially when the advanced age of most
patients and the aggressiveness of the curative
treatment modalities currently available are consid-
ered. This review summarizes the results of different
studies focusing on prognostic factors in MDS and
deals with the pros and cons of prognostic scoring
systems that have been recently developed. It also
discusses the prognostic factors of particular sub-
types of patients and those isolated with certain
treatment options.

Evidence and Information Sources. The authors of
the present review have been working in different
areas of the field of MDS for several years, have con-
tributed original papers on the prognostic factors
and therapy of these disorders, and have taken part
in the recent International MDS Risk Analysis Work-
shop that has resulted in the development of the
International Prognostic Scoring System (IPSS) for
MDS.

State of the Art and Perspectives. The percentage of
marrow blasts, cytogenetic pattern and number and
degree of cytopenias are the most powerful prog-
nostic indicators in MDS. Although some limitations
are evident, the recently developed scoring systems,
and particularly the IPSS, are extremely useful for
predicting survival and acute leukemic risk in indi-
viduals with MDS and should be incorporated to the
design and analysis of therapeutic trials in these dis-
orders. A risk-adapted treatment strategy is now pos-
sible and highly recommended for MDS patients. 
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Aprognostic classification of myelodysplastic
syndromes (MDS) is of great importance to
best suit the treatment options to the risk, as

well as allowing appropriate evaluation of the impact
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ue of this variable.3 This data was later confirmed by
others.2,10 

Cytogenetics
Although a number of series had reported the prog-

nostic impact on survival and leukemic risk of sever-
al chromosomal abnormalities, it was only recently
an independent prognostic value of karyotype was
demonstrated.2,10 

Abnormal karyotypes are found in 30% to 50% of
patients with primary MDS.25 Table 2 summarizes
the most common specific chromosome abnormali-
ties encountered. In general, cases with normal kary-
otype have a better prognosis than cases with one or
more chromosomal aberrations. The characteristic
5q– syndrome,26 which is associated with longer sur-
vival, is an exception.16,27 Similarly, isolated del(20q)
seems to portray a good prognosis,10,28 although that
remains disputed.29 In young patients with hypocel-
lular BM, partial trisomy 1q seems to confer a non-
aggressive clinical course.30 Single chromosomal
abnormalities with an unfavorable prognosis include
+8, iso(17q), del(12p), and particularly –7 and
del(7q).10,16,17,31 The prognostic value of other single
and uncommon abnormalities is still unknown and
needs to be elucidated in larger series. There is a con-
sensus that patients with complex cytogenetic aber-
rations have a very poor prognosis.2,16,17,32 The fre-
quent finding of complex chromosomal abnormali-
ties in patients with secondary MDS could partly
explain their poor outcome.33

Sequential cytogenetic studies are of prognostic
value during follow-up. The appearance of chromo-
somal abnormalities in a patient with a previously
normal karyotype, or the emergence of additional
aberrations are associated with progression to a
more aggressive FAB subtype or evolution of acute
myeloid leukemia (AML) and short survival.34,35 It
may be of special value in patients with refractory
anemia (RA) and RA with ringed sideroblasts
(RARS).36 However, it should be stressed that chro-
mosomal stability does not preclude the develop-
ment of AML. In fact, the majority of MDS patients
do not show chromosomal changes at the time of
acute leukemic transformation.34,37 

Cytopenias
Among peripheral blood counts, platelets and

hemoglobin have a greater prognostic weight than
PMN.2,3,5,6 From the results of several studies, it is
clear that the higher the severity and number of
cytopenias, the worse the prognosis for survival2,3,5-7,10

and risk of leukemic evolution.2,3,6 

Age
The prognostic value of age in MDS is unclear. An

inverse relationship has been found between age and
survival in some series.2,3,5,6 This might reflect both a
poorer tolerance to BM failure and the impact of oth-

Table 1. Prognostic factors isolated in patients with
myelodysplastic syndromes.

Prognostic covariate Unfavorable value/s

Clinical
Age > 60 years
Gender Male

Hematological
In peripheral blood

Platelets Lower counts
Hemoglobin Lower level
PMN Neutropenia
Leukocytes Leukopenia or leukocytosis
Blasts Prosence/higher percentage

In bone marrow
Blasts Higher percentage
Micromegakaryocytes Presence

Degree of dysplasia Higher (especially dysthrombopoiesis)

Marrow biopsy findings
Cellularity Hypercellularity
ALIP Presence
Dysthrombopoiesis Severe
Fibrosis Presence

Cytogenetics* Complex/very complex
Monosmy 7/del(7q)

Oncogenes
N-RAS mutation Presence
p53 deletion Presence

Biochemical parameters
LDH Higher than normal

Immunophenotype
CD34+ cells Higher proportion
Immature/mature cells ratio Increased

Marrow culture studies
Number of colonies Lower
Number of clusters Higher
Colony/cluster ratio Low
Leukemic pattern Presence

FAB classification RAEB, RAEBt

Etiology of MDS Therapy-related (secondary MDS)

*Favorable categories are normal karyotype, del(5q) alone, del(20q) alone,
and –Y alone.

Table 2. Incidence of most frequent chromosomal abnor-
malities encountered in primary myelodysplastic syndromes.

Chromosomal
loss or gain Translocations Deletions Others

–7 15% t(1;3) 1% 5q 27% Inv3 1%

+7 5% t(1;7) 2% 7q 4% Iso17q 5% 

+8 19% t(3;3) 1% 11q 7%

t(6;9) <1% 12q 5%

13q 2%

20q 5%

Overall 39% 5% 50% 6%



er old age associated disorders.2,10 A recent study
compared the mortality in a large series of MDS
patients to that expected in an age- and sex-matched
population.39 The results of this study showed that
the less favorable outcome for older and male MDS
patients reflected a characteristic of the population
rather than a more aggressive clinical course. The
adverse prognosis for patients over 60 years of age
was mainly noted in low-risk patients, but these
patients had a lower mortality than younger patients
in each risk group.39 This study emphasizes the
importance of performing both survival and mortal-
ity analysis when evaluating prognosis in MDS.

FAB classification
The value of the FAB classification with regard to

prognosis has several drawbacks: 1) it only distin-
guishes two risk groups: RA plus RARS (low-risk) and
RAEB plus RAEB in transformation (RAEBT) (high-
risk);2,3,11 2) probably due to differences in diagnos-
tic criteria, unlikely prognosis of CMML patients has
been reported; 3) in RARS, the Düsseldorf group has
demonstrated clear-cut differences in the outcome
between cases with pure sideroblastic anemia, which
is confined to dyserythropoiesis, and patients with
dysmyelopoiesis, dysthrombopoiesis or both (true
RARS);40 and 4) there are significant differences in
survival and leukemic risk among patients belonging
to the same FAB subtype. This proves that the FAB
classification is not accurate for predicting outcome
in an individual patient.

Other prognostic factors
Males carried a poorer prognosis in some series.2,3,10

This finding may be explained, to some extent by the
higher life expectancy of females in industrialized
countries.10,39 The number or proportion of blasts in
PB is invariably associated with prognosis, both in
terms of survival2-4,8,11,41 and risk of leukemic trans-
formation.2,3 In our series,3 patients with blasts in PB
had an actuarial median survival of 6 months, very
similar to the expected outcome for untreated
patients with AML. The close association between the
proportion of blasts in PB and BM explains why the
former do not have an independent value when test-
ed in multivariate fashion.3 Other PB characteristics
occasionally related to survival are the presence of
immature myeloid precursors and nucleated RBC.3

The degree of dyshematopoiesis, especially the pres-
ence of dysmegakaryopoiesis and dysgranulopoiesis,
had a prognostic impact in some series of MDS
patients,3,42,43 and may be used to segregate patients
with RA44 and RARS40 into two risk groups. Nonethe-
less, subjectivity inherent to the evaluation of dyshe-
matopoiesis limits the usefulness of this variable.45 A
German study has pointed out a strong relationship
between LDH level and survival.5 LDH level may well
represent a measure of ineffective hematopoiesis and
leukemic burden by reflecting an increased cell turn-
over. Some BM biopsy findings, such as abnormal
location of immature myeloid precursors (ALIP),
hypercellularity and fibrosis are related to poor out-
come in MDS.12-14 In fact, a prognostic scoring system
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Table 3. Main scoring systems without karyotype for predicting survival in patients with myelodysplastic syndromes.

Points

0 0.5 1 1.5 2 Risk group Score

Bournemouth7,48

Hemoglobin (g/dL) > 10 ≤ 10

Neutrophils (3109/L) > 2.5 and ≤ 16 ≤ 2.5 and > 16 Low risk 0 or 1

Platelets (3109/L) > 100 < 100 Intermediate 2 or 3
Marrow blasts (%) < 5 > 5 High 4

Spanish3

Marrow blasts (%) < 5 5-10 11-30 Low (A) 0 or 1

Platelets (3109/L) ≥ 100 51-100 ≤ 50 Intermediate (B) 2 or 3
Age (years) ≤ 60 > 60 High (C) 4 or 5

Goasguen6

Hemoglobin (g/dL) > 10 ≤ 10 Low 0

Platelets (3109/L) > 100 ≤ 100 Intermediate 1 or 2
Marrow blasts (%) < 5 ≥ 5 High 3

Düsseldorf5

Marrow blasts (%) < 5 ≥ 5 Low (A) 0

Platelets (3109/L) > 100 ≤ 100 Intermediate (B) 1 or 2
Hemoglobin (g/dL) > 9 ≤ 9 High (C) 3 or 4
LDH ≤ 200 > 200

 



for MDS patients built only with BM biopsy parame-
ters was found to be valuable.15

The presence of N-RAS mutations has been asso-
ciated with shorter survival and higher leukemic risk
after stratifying for proportion of BM blasts,18 but
this finding awaits confirmation. The poor outcome
of patients with p53 mutations is thought to be
dependent on the higher incidence of advanced MDS
FAB subtypes and complex karyotypes in these cas-
es.25,46 MDS secondary to chemo-radiotherapy are
known to have a much shorter survival than primary
MDS, probably due to their association with unfa-
vorable chromosomal abnormalities, myelofibrosis,
ALIP and CD34 positivity by immunostaining.33-47

The independent prognostic value of all these clinical,
biological and molecular characteristics remains
unproved.

Prognostic scoring systems
As a result of wide research on prognostic factors

several scoring systems have been developed. Tables
3 and 4 offer the reader the most relevant and com-
monly used.

Scoring systems without karyotype
In the Bournemouth score, the first proposed scor-

ing system for MDS, patients are assigned to one of
three risk groups based on the number of cytopenias
present and the proportion of blasts in BM.7 This
score was built by univariate methodology, but its
good performance has been confirmed by others.3

The excessive importance of blood cytopenias in
comparison with the proportion of blasts in BM is
the main criticism of this system.3 In order to give a
better prediction in CMML, this system was slightly
modified by adding leukocytosis as an adverse char-
acteristic.48 The scoring system proposed by the
Spanish group uses the proportion of BM blasts,
platelet count (both variables with two cut-off) and
age.3 This score was developed by multivariate meth-

ods and validated in a test set of patients. Similar to
the Bournemouth score, this system is also easy to
use and has demonstrated proper prediction of sur-
vival in other series.49 Furthermore, this score was
also useful in MDS patients treated with granulocyte
colony-stimulating factor (G-CSF)50 or AML-type
chemotherapy.51 The inclusion of age in this scoring
system is controversial for two reasons. First, the
prognostic impact of age partly reflects a general
characteristic of the population.39 Secondly, it may be
troublesome for selecting therapy (i.e. older patients,
who are less able to tolerate aggressive treatments,
score higher than younger ones). Exclusion of age
from this scoring system does not affect its predictive
power (unpublished data). For leukemic transfor-
mation, no model was offered because the propor-
tion of type I blasts in BM was sufficiently predictive
of the leukemic risk, being the only variable selected
by the multivariate procedure.3 The Goasguen score6

uses only two cytopenias (hemoglobin and platelets)
and blasts in BM, and the Düsseldorf score includes
these same variables and LDH serum level.5 Although
the independent weight of LDH has not been proved
in other series,3 this system has the advantage of
defining a low-risk group, albeit small (16%), which
portrays very good prognosis (91% two-year survival).

Scoring systems with karyotype: 
the International Prognostic Scoring System

Several early studies utilized cytogenetics for char-
acterizing individuals with MDS.2,16,32,52 However,
these studies had somewhat limited numbers of
patients, particularly those with uncommon kary-
otypic abnormalities, making it difficult to clearly
define the prognostic implications of a number of
these aberrations. In addition, these investigations
did not directly determine the possible independent
prognostic abilities of the chromosomal abnormali-
ties in comparison with other critical clinical vari-
ables, nor did they assess the relative contribution of
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Table 4. Main scoring systems with karyotype for predicting outcome in patients with myelodysplastic syndromes.

Points

0 0.5 1 1.5 2 Risk group Score

Lille2→
Marrow blasts (%) < 5 5-10 11-30 Low 0
Karyotype* Good Poor Intermediate 1 or 2
Platelets (x109/L) > 75 < 75 High 3 or 4

International (IPSS)10 Low 0
Marrow blasts (%) < 5 5-10 11-20 21-30 Intermediate 1 0.5-1
Karyotype@ Good Intermediate Poor Intermediate 2 1.5-2
Cytopenias# 0 or 1 2 or 3 High 2.5-3.5

→ For leukemic risk, only blasts in bone marrow and karyotype are considered.*Good: normal, single abnormalities. Poor: complex (> 2) abnormalities; @Good:
normal, del(5q) only, del(20q) only, –Y only; Poor: very complex (>2) abnormalities, chromosome 7 anomalies; Intermediate: other abnormalities. #Cytopenias:
hemoglobin <10 g/dL, platelets <1003109/L, neutrophils < 1.83109/L.
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these parameters to clinical outcome.
To attempt to improve the clinical and prognostic

utility of these systems and to develop a consensus
prognostic risk-based analysis system, an Internation-
al MDS Risk Analysis Workshop was convened. In this
Workshop, cytogenetic, morphologic and clinical
data were combined and collated from a relatively
large group of patients with primary MDS from sev-
en participating institutions whose previously report-
ed studies utilized independent risk-based prognos-
tic systems.2,3,5,7,32,50,53 The combined data obtained
from these patients were centrally analyzed and a
global analysis performed (816 patients were evalu-
ated for survival, 759 of whom were also evaluated
for AML evolution). Critical prognostic variables were
then re-evaluated using this data set to generate a
prognostic system, particularly using a more refined
marrow cytogenetic classification combined with rel-
evant clinical parameters. This recently reported
study10 achieved a number of goals: 1) obtained a
database from a large representative group of well-
defined untreated primary MDS patients with pro-
longed follow-up; 2) refined the marrow cytogenetic
subgroups evaluated; 3) statistically combined
defined major clinical and cytogenetic parameters for
evaluating clinical outcomes; 4) defined and weight-
ed prognostic risk categories utilising multivariate
analyses; 5) generated an International Prognostic Scor-
ing System (IPSS) for MDS based on these findings;
and 6) compared this IPSS with prior classification
methods, showing it to have improved prognostic
ability. 

The International Workshop patients who had received
prior short courses of low dose oral chemotherapy or
hemopoietic growth factor exposure were included in
the analysis, whereas those who had received intensive
chemotherapy or bone marrow transplantation were
excluded. Cytopenias were defined as: hemoglobin of
< 10 gm/dL, ANC < 1,800/mm3, and platelets
< 1003109/L. Marrow morphology was evaluated by
each institution utilizing the FAB classification system.1

In this study, patients with CMML were sub-divided
into proliferative and non-proliferative sub-types. Prolifer-
ative type CMML (i.e., patients with white blood count
>123109/L) were excluded from this analysis as these
individuals were believed to predominantly represent
myeloproliferative disorders rather than MDS.54 Non-
proliferative CMML patients had WBCs ≤ 123109/L as
well as other features of MDS, and were included in
this analysis. For marrow cytogenetic categorization,
patients were divided into those with normal kary-
otypes or with single recurring abnormalities, double,
or complex (i.e., ≥ 3 anomalies) recurring or miscella-
neous (non-recurring) abnormalities. The criteria
defined by the International System for Human Cytogenet-
ic Nomenclature (ISCN), 199555 were used for identifi-
cation of abnormal clones. The individual cytogenet-
ic abnormalities were classified according to one of
12 different cytogenetic categories and subsequently,

based on outcome analyses, patients were placed into
good, intermediate and poor risk subgroups.

Univariate analysis of the MDS Workshop patients
demonstrated that the major features predictive of
AML evolution were FAB classification, percentage
of marrow blasts (four categories: 0-5, 6-10, 11-20,
21-30%), cytogenetic pattern and number of cytope-
nias; for survival, the same variables, plus age and
sex were found to be important. These data showed
relatively poorer prognoses for patients with RAEB
or RAEB-T, >10% marrow blasts, 2-3 cytopenias and
for those with poor risk cytogenetics; patients > 60
years and males had poorer survival than younger or
female patients. Regarding both AML evolution and
survival, patients with marrow karyotypes which were
normal, del(5q), del(20q) and –Y had relatively good
prognoses (70%) whereas relatively poor prognoses
were present in patients with complex abnormalities
(i.e., ≥ 3 anomalies) or chromosome 7 or chromo-
somes anomalies (16%). The remaining patients were
intermediate in outcome (14%). Of the patients in the
complex category, the vast majority had chromosome
5 and/or 7 abnormalities in addition to other anom-
alies (Figure 1).

Using proportional hazards regression multivariate
analysis, the most significant independent variables
for determining outcome for both survival and AML
evolution were marrow blast percentage, number of
cytopenias, and cytogenetic subgroup (i.e., Good,
Intermediate, Poor). Risk scores for each significant
variable were generated with weighting relative to the
statistical power (i.e., utilizing coefficients from the
proportional hazards regression analysis) and an
International Prognostic Scoring System (IPSS) for MDS
was developed. The risk scores for marrow blast per-
centage, cytogenetic subgroup and number of cyto-
penias were evaluated and the weighted scores are
shown in Table 4. By combining the risk scores for
these three major variables, patients were stratified
into four distinctive risk groups regarding both sur-
vival and AML evolution, with their risk scores being:
Low = 0, Intermediate-1 (INT-1) = 0.5-1.0, Interme-
diate-2 (INT-2) = 1.5-2.0, High = ≥ 2.5. Figure 2
shows the Kaplan-Meier curves depicting survival and
freedom from AML times for patients in these prog-
nostic sub-groups. Much less precise discrimination
between the four subgroups occurred when either
cytopenias or cytogenetic subtypes were omitted
from the classification.

By evaluating a relatively large group of patients, this
study permitted risk-related analysis of a greater num-
ber of cytogenetic subgroups regarding survival and
AML evolution, particularly for those chromosomal
abnormalities which were relatively uncommon.
Regarding the specific abnormalities defined prog-
nostically, this study demonstrated that patients with
del(20q) only, del(5q) only, –Y or normal karyotypes
had improved outcomes. These findings regarding
del(20q) as the sole abnormality are similar to those



recently reported for a smaller group of MDS
patients.28 Of note are the results of a recent report in
which most MDS patients with a del(20q) had com-
plex karyotypes, an advanced MDS stage or AML, and
a poor prognosis.29 Together, these data suggest that
the del(20q) may be associated with a favorable out-
come when noted as a sole abnormality, but with a
less favorable prognosis in the setting of a complex
karyotype. As described below, this phenomenon is
analogous to that observed with the del(5q). 

Patients with del(5q) as the sole karyotypic abnor-
mality have previously been well defined as having rel-
atively good prognoses, whereas poor prognoses were
found when it was combined with other anom-
alies.26,42,52,56 Loss of the Y chromosome in elderly
males has been described in the marrow of patients
with hematologic malignancies, but this abnormality
has also been noted in marrow samples from hema-
tologically normal elderly males.57 Thus, this finding
alone does not indicate the presence of a myeloid
clonal hemopathy. However, once the diagnosis is
established by other means, our findings indicated
that this feature conferred an improved clinical out-
come. Conversely, chromosome 7 anomalies and
complex cytogenetic abnormalities (variously defined)
have previously been associated with poor prog-
noses.16,42,52,58 In this series, the vast majority of

patients in this group had abnormalities of chromo-
somes 5, 7 or both, together with other abnormalities.
Multiple clones were common in this group, reflecting
genetic instability. The presence of abnormalities of
chromosomes 5 and 7 has been associated with poor
outcomes in MDS and AML.2,16,32,42,52,58 Other anom-
alies were associated with intermediate risk. This study
demonstrated similar karyotypic prognostic findings
of these cytogenetic abnormalities in MDS patients to
those reported in several smaller groups of MDS
patients, many of whom were included in this analy-
sis.2,32 The data from this study confirm these findings
and extend their prognostic utility by using a more
extensive karyotypic analysis and by combining such
biological parameters with clinical features to provide
a risk scoring system. These cytogenetic correlative
findings also suggest that genomic instability and bio-
logically important genes may be present on these
chromosomes which alter survival and the potential
for leukemic evolution in MDS patients.

The importance of karyotypic analysis has been fur-
ther demonstrated. When cytogenetics were omitted
from the MDS Workshop analysis, relatively poorer
discrimination of clinical outcome occurred.59 In this
analysis, a substantial proportion of IPSS INT-1 and
INT-2 patients would have been inaccurately catego-
rized as low risk had cytogenetics not been included.

Prognostic factors and scoring systems in myelodysplastic syndromes 363

Figure 1. Survival (top) and freedom from AML evolution
(bottom) of myelodysplastic syndrome patients related to
their risk-based categorical cytogenetic subgroups: good,
intermediate and poor. Good = normal, del(5q) only,
del(20q) only, –Y only; poor = complex (ie, ≥ 3 anomalies),
chromosome 7 abnormalities; intermediate = other abnor-
malities (Kaplan-Meier curves). Reprinted with permission
from reference #10.

Figure 2. Survival (top) and freedom from AML evolution
(bottom) of myelodysplastic syndrome patients related to
their classification by the International Prognostic Scoring
System (IPSS) for MDS: Low, INT-1, INT-2, high (Kaplan-
Meier curves). Reprinted with permission from reference
#10.
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In addition, cytogenetics are potentially helpful in dis-
tinguishing patients who are likely to have evolving
AML, rather than the more indolent MDS. A number
of studies indicate that certain types of cytogenetic
abnormalities, particularly recurring translocations,
are rarely seen in MDS,2,16,32,42,60-63 but are not uncom-
mon in AML,64-66 i.e., trisomy 21, t(8;21) or 11q
abnormalities. Examination of the International Work-
shop data also indicated a very low incidence of these
abnormalities in MDS.10,67 However, prior reports of
some patients considered to have MDS had these
cytogenetic abnormalities.68,69 These features suggest
that some of these patients may have represented
evolving AML rather than MDS. Consistent with this
thesis is the recent report indicating that t(8;21)
myelodysplasia is an early presentation of M2 AML, with
rapid clinical progression.70 Further studies are need-
ed to determine the biological mechanisms underly-
ing the relatively indolent pace of MDS and its dis-
tinction from AML.

As age at diagnosis was shown to be an important
variable for survival in the International Workshop,
patients and the vast majority of primary MDS
patients are elderly, age-stratified morbidity and mor-
tality figures were utilized in the IPSS regarding their
clinical outcomes. Data regarding age-related out-
comes of the individuals in the IPSS showed that
marked differences were apparent in survival for
patients in the low and INT-1 subgroups, but not in
the INT-2 or high subgroups (Figure 3); for the
patients in the former subgroups poorer prognosis
were demonstrated in the relatively elderly cohorts of
patients (i.e., > vs. ≤ 60 years, > vs. ≤ 70 years). Co-
existing diseases in the elderly patients contribute sub-
stantially to their poorer survival. These data are sim-
ilar to those recently reported which further indicates
the prognostic importance of age for survival in
patients with MDS.39 Thus, to provide insights into
disease-specific vs. age-related impact on survival, age-
stratified and normalized evaluations are needed to

aid decision-making regarding patient management. 
The IPSS was compared to other MDS prognostic

systems to determine their relative discriminatory abil-
ities for assessing disease natural history. Thus,
patients were analyzed for clinical outcomes based
on their categorization using the FAB (i.e., based on
marrow blast percentage),1 Spanish (marrow blasts,
age, platelet count),7 and Lille (platelet count, mar-
row blasts, karyotype)4 prognostic risk systems, in
addition to the IPSS. The IPSS effectively discriminat-
ed between the defined subgroups of these other cat-
egorisation systems. For each of the other systems,
the IPSS was able to effectively separate patients in
those subgroups into more precise subgroups. For
example, for the Lille system, which utilized marrow
karyotype, but had only three subgroups (high, inter-
mediate and low risk), its high risk patients were re-
distributed between the IPSS INT-1, INT-2 and high
groups; the Lille intermediate group were separated
into the IPSS high, INT-2, INT-1, and to a lesser
degree into low patients, whereas its low risk patients
were separated into INT-1, INT-2 and low groups.
Compared with the prognostic abilities of the Lille (as
well as the FAB and Spanish) systems, both for sur-
vival and AML evolution, the IPSS demonstrated sta-
tistically greater discriminating power.

Thus, these data indicated that the IPSS provided
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Table 5. Prognostic factors after AML-type chemotherapy in
patients with myelodysplastic syndromes.

Characteristic Favorable value

Age Younger

ECOG performance score ≤ 2

Gender Female

Interval diagnosis-treatment Shorter

FAB subtype RAEBT

Auer rods Presence

Cytogenetics Normal

p53 deletion Absence

mdr phenotype Absence

Figure 3. Survival, based on ages ≤ 60 years old (top) vs > 60
years old (bottom), of myelodysplastic syndrome patients
related to their classification by the International Prognos-
tic Scoring System (IPSS) for MDS: Low, INT-1, INT-2, High
(Kaplan-Meier curves). Reprinted with permission from ref-
erence #10.
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an improved method for predicting survival and AML
evolution in MDS compared to prior systems. This
effect was due to several features of the International
Workshop model: the more refined cytogenetic cate-
gorizations, inclusion of cytopenias, improved sub-
division of marrow blast percentages, the four defined
outcome sub-groups and the separate stratification
for age. This classification system should improve the
ability to define clinical outcome in MDS and provide
a framework for future studies determining the pos-
sible role of molecular determinants (e.g., oncogenes,
tumor suppressor genes, cytokine expression and
responsiveness) for evaluating prognosis in this dis-
order. This system will likely prove useful for the design
and analysis of therapeutic trials in MDS as well as
aiding in management of these patients.

Limitations of prognostic scoring systems
All of the above scoring systems are extremely use-

ful in defining the outcome for patients with MDS
and the designing accurate analyzation of therapeu-
tic trials in MDS. Nonetheless, they have some impor-
tant limitations. The first is inherent to the charac-
teristics of the patients and the aggressive nature of
the treatment modalities that are required for a com-
plete cure of the disease. In general, the choice of
treatment will depend on age and performance sta-
tus rather than on prognosis. Secondly, the scoring
systems, with the possible exception of the Düssel-
dorf score and the IPSS, are not good enough to iden-
tify the small subset of very-low-risk patients that will
rarely require treatment.49 Thirdly, the appearance of
new effective therapies may render obsolete these sys-
tems. Also, the proportion of blasts in BM alone is
almost as good as any of the published scoring sys-
tems for predicting the risk of leukemic transforma-
tion. Finally, the prognostic value of the number and
severity of cytopenias is minor in Japanese patients.71

Thus, the use of a score for clinical decision-making
extracted from a series of Western patients would be
misleading in a Japanese patient.

Scoring systems that use karyotype have addition-
al limitations. Even in highly specialized centers, cyto-
genetics are not available in nearly 30-50% of patients.
The results of chromosomal analysis may lead to mis-
classification of patients as well. In some instances a
poor-prognosis abnormality may pass unnoticed and,
consequently, the case being erroneously assigned to
a wrong prognostic category. Lastly, single chromo-
somal abnormalities that are classified at present as
having intermediate prognosis may well prove in the
future to be of good or poor prognosis.

Prognostic factors in childhood MDS
The prognostic scoring systems outlined above are

thought to be inadequate in childhood MDS.72-74 A
scoring system for pediatric MDS, that includes as
adverse factors HbF >10%, platelet count ≤ 403109/L
and complex karyotype has been recently proposed.74

In juvenile myelomonocytic leukemia, age at diagno-
sis between 6 and 24 months, thrombocytopenia,
hepatosplenomegaly, and high blast cell and nor-
moblast counts in PB are predictors of a poor out-
come.73

Prognostic factors in chronic
myelomonocytic leukemia

The prognostic factors in CMML are those that
reflect the severity of the maturation arrest of
hematopoietic precursors, such as proportion of
blasts in PB and BM, hemoglobin level and platelet
count, or the degree of myeloid proliferation, such as
leukocyte and monocyte counts, presence of imma-
ture myeloid and erythroid precursors in PB, spleno-
megaly and lysozimuria.75-78 Certain chromosomal
anomalies may also be relevant.76 The most impor-
tant prognostic factor for acute leukemic transfor-
mation is the proportion of blasts in BM.76

Prognostic factors related to treatment
outcome

Some series have shown better results after low-
dose cytarabine in patients with a normal platelet
count, absence of ringed sideroblasts, hypocellular
bone marrow, less than two chromosomal abnor-
malities, and RAEBT.79

Several factors have been associated with a higher
complete remission (CR) rate after intensive anti-
leukemic chemotherapy (Table 5). Among them, the
most important appear to be younger age, RAEBT
subtype, a short interval between diagnosis and treat-
ment, presence of Auer rods, and a normal karyo-
type.80-84 In fact, the combination of RAEBT and
younger age83 or a normal karyotype82 defines a par-
ticularly favorable subset of MDS patients, with CR
rates similar to those obtained in patients with de
novo AML. Data from a recent study support that a
diagnosis of RAEB or RAEBT does not constitute per
se a deterrent to standard AML therapy.85

Allogeneic bone marrow transplantation (BMT)
remains the only therapeutic approach with a demon-
strated curative potential in MDS. Patients with excess
of blasts in marrow (RAEB and RAEBT) clearly have a
higher relapse risk (RR) and a lower disease-free sur-
vival (DFS) after allogeneic BMT than patients with a
lower proportion of marrow blasts.86-89 The presence
of chromosomal abnormalities adversely affects both
the RR89,90 and DFS.89,91,92 Thus, the IPSS should also
have a major prognostic relevance in patients with
MDS who undergo allogeneic BMT. Younger patients
have a higher DFS not only due to a lower transplant-
related mortality,86,89 but also due to a lower RR.86,88

A shorter disease duration before allogeneic BMT has
also been related to a better outcome.86,89,93,94 In allo-
geneic BMT from unrelated donors, younger age,
RAEB or AML before BMT and use of TBI-containing
regimens were associated with RR, and advanced age
and longer disease duration negatively affected TRM,
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but no factor was clearly associated with DFS.95

It can be noted that many of the prognostic char-
acteristics after different treatment modalities are the
same that are operative in untreated MDS patients.

Conclusions
The vast research focusing on prognostic factors

over the last two decades has resulted in the publi-
cation of several prognostic scoring systems, among
them the IPSS, that accurately predict outcome in
the individual patient with MDS. The IPSS, or other
scoring systems with a proven prognostic value in
independent series,96 should be used in the clinical
practice both for selecting the best risk-based thera-
py and for designing and analyzing clinical trials.
Unfortunately, in many instances other characteris-
tics such as advanced age, poor performance status
or presence of unrelated disorders will limit the
applicability of prognostic scoring systems. Never-
theless, their use should be regarded as a great step
beyond for the selection and delivery of a better and
more rationale therapy in MDS.
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