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Several  new  treatments  for  myelodysplastic  syndromes  (MDS)  have  recently  become  available,  or  are
in development.  Patients  who  could  benefit  from  active  treatment  must  be  effectively  identified  and
followed  up.  Therefore,  guidelines  for the diagnosis  and  prognostic  evaluation  of MDS  need  to  be kept
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up  to  date  with  technological  and  scientific  advances.  An  expert  workshop  was  convened  to  review
currently  available  and  emerging  diagnostic  technologies  and  developments  in  prognostic  classification
systems,  to  ensure  appropriate  management  of  individual  patients.  The  panel  also  provided  suggestions
to  ensure  adherence  to guidelines  and  highlighted  the  mandatory  requirement  for  cytogenetic  evaluation
in  patients  with  MDS.

© 2011 Elsevier Ltd. All rights reserved.
rognosis

. Introduction

Myelodysplastic syndromes (MDS) constitute a heterogeneous
roup of clonal hematopoietic disorders characterized by bone
arrow (BM) failure, dysplasia and an increased risk of develop-

ng acute myeloid leukemia (AML) [1].  Clinical variability of MDS,
iversity of cytomorphological phenotypes and genetic hetero-
eneity can make the diagnosis and assignment of prognosis a
hallenge [2].  A number of parameters, both clinical (e.g. cytope-
ias, age and performance status) and cytological (e.g. blast count,
orphology and karyotype) must be taken into account [3,4]. Given

he recent development of new treatments that can potentially
hange the course of the disease [5–8], it is imperative that MDS
s correctly diagnosed and classified to ensure appropriate selec-

ion and application of treatment. This is particularly important
iven that inadequate diagnosis can lead to delayed identifica-
ion, or incorrect classification of, MDS  which could result in

∗ Corresponding author. Tel.: +49 351 458 4190; fax: +49 351 458 5362.
E-mail address: Uwe.Platzbecker@uniklinikum-dresden.de (U. Platzbecker).

145-2126/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.leukres.2011.11.005
inappropriate treatment decisions [1].  However, many methods
applied to patients with suspected MDS, particularly cytogenetics
and morphological assessment, are subjective and depend on indi-
vidual experience. Therefore, strict standardization and assurance
of an adequate quality of techniques is required.

As chromosomal aberrations have a huge impact on both the
diagnosis and prognosis of patients with MDS, it is essential that
accurate cytogenetic analysis is undertaken in patients with MDS.
Chromosomal aberrations are present in approximately 50% of
patients with MDS  [9],  though detection rates seem to vary from
institution to institution. This may  reflect differences in cohort
selection between centers, as the frequency of aberrations is higher
in patients with advanced MDS  than patients with less advanced
disease, and variability in the quality of sample processing between
individual laboratories. The impact of cytogenetic status on prog-
nosis, and rate of transformation to AML, is well known and the
impact of specific abnormalities is becoming increasingly well

understood [10–12].  As an integral component of prognostic scor-
ing systems, including the widely used International Prognostic
Scoring System (IPSS) [13], accurate cytogenetic analysis can be
instrumental in determining appropriate treatment options from

dx.doi.org/10.1016/j.leukres.2011.11.005
http://www.sciencedirect.com/science/journal/01452126
http://www.elsevier.com/locate/leukres
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est supportive care, immunomodulatory drugs, hypomethylating
gents, chemotherapy or hematopoietic stem cell transplantation.
oreover, the selection of certain therapeutic options may  be

riven by the existence of specific chromosomal abnormalities.
or example, lenalidomide is particularly effective in patients with
ow-risk, transfusion-dependent MDS  with a deletion of chromo-
ome 5q [7].

Given the importance of accurate diagnosis of MDS, diagnostic
riteria need to be periodically reviewed and updated in order to
ncorporate modifications in classification criteria, rapid techno-
ogical developments in diagnostic methodologies, and advances
n the understanding of the pathophysiology of the disease. Con-
equently, an expert panel workshop was convened to review:
i) current guidelines on minimal diagnostic criteria for MDS  and
bstacles to their implementation; (ii) the role of fluorescence

n situ hybridization (FISH), flow cytometry and microarray tech-
ologies in improving diagnosis, as well as monitoring of disease
rogression and assessing response to therapy in patients with
DS; and (iii) how emerging data, particularly cytogenetics, may

mpact the prognostic classification systems IPSS and World Health
rganization (WHO)-based Prognostic Scoring System [WPSS].
he panel also formulated consensus recommendations to ensure
nter-laboratory adherence to optimal diagnostic and prognostic
rocedures.

. Current guidelines on minimal diagnostic criteria for
DS and obstacles to their implementation

Several guidelines regarding the minimal diagnostic criteria for
DS  have recently been published.
Following a working conference in 2006 in Vienna, minimal

iagnostic criteria [12] were proposed with the following recom-
endations: two prerequisite criteria: (i) marked and constant

ytopenia (≥6 months) in at least one cell lineage and (ii) exclusion
f another clonal or non-clonal hematopoietic disease or non-
ematopoietic disease as the primary reason for cytopenia. At least
ne out of three additional MDS-related criteria is required: (i)
orphological dysplasia in ≥10% of erythroid cells (or >15% ringed

ideroblasts), neutrophils and their precursors or megakaryocytes
n BM smears; (ii) typical cytogenetic abnormality or (iii) a constant
last count of 5–19%. The authors also recommended co-criteria

n patients who fulfill both prerequisite criteria and show typical
linical features of MDS, but do not demonstrate any of the three
dditional criteria. These co-criteria include: (i) an abnormal BM
henotype compatible with a diagnosis of MDS  according to Euro-
ean Leukemia Network criteria based on flow cytometry and (ii)
lear molecular signs of a monoclonal cell population based on a
uman androgen receptor assay, gene chip analysis, or mutation
nalysis (e.g. EZH2 mutations).

Other recently published guidelines, such as the Italian Society
f Hematology’s practice guidelines, highlight the importance of
horough characterization of patients with suspected MDS  for accu-
ate diagnosis and to guide treatment decisions [14]. The guidelines
ecommend that patients should receive a complete blood count, a
eripheral blood (PB) smear with differential leukocyte count, a BM
spiration for cytogenetic and morphologic evaluation, a BM biopsy
o assess marrow architecture, cellularity, fibrosis, blast percentage
nd dysmegakaryopoiesis [15].

Clearly, therefore, guidelines stipulate that cytogenetic anal-
sis of BM should be undertaken in all cases of suspected
DS; at least 20 metaphases should be analyzed [16] and if
20 metaphases are scored, then the results should be con-
idered invalid, provided the karyotype appears normal. It is
lso recommended that patients undergo regular BM analysis
o monitor disease progression and response to therapy. FISH
search 36 (2012) 264– 270 265

analysis, with a validated panel of probes [17], is recommended
in certain instances, e.g. to clarify complex aberrations, to detect
specific anomalies, e.g. monosomy 7 or del(5q), or when only a
low number of metaphases are available for standard G-banding
[18,19].

Sufficient cytogenetic evaluation is not always undertaken,
or is undertaken long after initial presentation, in patients
with MDS. One reason for this could be insufficient knowledge
among some hematologists and healthcare professionals (HCPs)
regarding the importance of cytogenetic analysis for accurate
diagnosis, prognosis, and treatment decisions. Importantly, there
may also be a lack of inter-laboratory uniformity in cytoge-
netic methodology. Other reasons for sub-optimal cytogenetic
evaluation in patients with suspected MDS  include logistical
problems, i.e. the time elapsed between BM biopsy/aspirate
and analysis and cost issues. Furthermore, BM samples may
not always be available. For example, BM aspiration is not
always undertaken in elderly patients, or patients with co-
morbidities, because they are deemed too frail or unsuitable for
active treatment options. Although conventional cytogenetic anal-
ysis is possible on PB samples, it is frequently unsuccessful or
incomplete [20]. Moreover, if it is successful but shows a nor-
mal  karyotype, the existence of an aberrant clone cannot be
excluded because these can sometimes only be detected in BM
samples.

2.1. Recommendations of the expert panel

The technical challenges of cytogenetic analysis necessitate
specialist experience in order for data to be meaningful, and there-
fore it is recommended that cytogenetic testing be performed
by a cytogenetic laboratory experienced in MDS. However, the
majority of patients with suspected MDS, especially with mild
cytopenias at diagnosis, are seen in community settings which
may  not have access to an experienced cytogenetics laboratory.
These patients should be referred to a hematologist in order to
perform the diagnostic work-up. In order to improve karyotyp-
ing data across Europe the panel suggested: (i) standardization
of the methodology; (ii) increased application of inter-laboratory
quality assurance measures which have proved successful in some
countries. For example, in the UK a quality assurance system
is in place whereby every 3 months test samples are sent to
all cytogenetics laboratories; if results are below an acceptable
threshold the laboratory is informed and may  be inspected by a
member of the quality assurance team; and (iii) introduction of
a certification process to ensure homogeneity of results across
Europe.

The consensus view of the panel was  that underdiagnosis is
a problem largely due to a poor understanding and awareness
of MDS  among HCPs. The panel suggested that further edu-
cation of HCPs and hematologists is required to: (i) improve
awareness of MDS, particularly with regard to the importance
of undertaking cytogenetic analysis to ensure correct diagnosis
and to guide appropriate treatment decisions; (ii) improve knowl-
edge of new treatment options; and (iii) clarify the risks of not
undertaking cytogenetic analysis. It is important that HCPs under-
stand that the costs involved in undertaking cytogenetic analysis
are far surmounted by therapeutic costs; therefore, avoidance
of cytogenetic analysis on cost grounds may  be a false econ-
omy  if it leads to inappropriate therapeutic decisions. With these
factors in mind, simple guidelines have been developed to out-

line criteria required for HCPs to refer cases to hematologists,
and to guide hematologists as to what the minimal require-
ments are from cytogenetic analysis to ensure accurate diagnosis
(Table 1).
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Table 1
Recommendations to ensure effective cytogenetic analysis of patients with MDS.

(A) Criteria for healthcare professionals to refer cases to hematologists
•  Unexplained cytopenia for over at least 6 months

(B)  Guidance to hematologists for minimal requirements from cytogenetic analysis to ensure accurate diagnosis
•  Always perform conventional cytogenetics from bone marrow in MDS  or suspected MDS  patients
•  If karyotype showed no abnormalities, evaluate the reliability of cytogenetic results by checking whether at least 20 metaphases were analyzed
•  Undertake del(5q) FISH when: (i) a del(5q) anomaly is suspected but is absent according to conventional cytogenetics (by typical morphology); and (ii) in
patients with seemingly monosomy 5
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•  In patients with <20 normal metaphases, or with no mitosis consider: (i) unde
and  20q. Additional meaningful probes are for 12p, 21q and the Y chromosome

ISH, fluorescence in situ hybridization; MDS, myelodysplastic syndromes.

. The role of FISH, flow cytometry and microarray
echnologies in improving diagnosis, monitoring of disease
rogression and assessing response to therapy in patients
ith MDS

.1. FISH

As FISH analysis does not offer genome-wide coverage and can
nly be used to evaluate selected chromosomal regions, it is not
ormally recommended for screening for cytogenetic abnormali-
ies in the first instance. However, in conjunction with conventional
ytogenetics FISH could potentially be a powerful approach to
mprove identification of common chromosomal aberrations in
atients with MDS. For example, in a recent study, Mallo et al.
nalyzed 716 patients who had previously been assessed by stan-
ard cytogenetics with a 5q31 FISH probe [19]. Interestingly, 38
5.9%) of 637 patients who did not have a detectable del(5q) aber-
ation according to standard cytogenetics had a del(5q) deletion
hat was detected by FISH only. In these 38 patients, 30% had no or
nsufficient (<20) metaphases available for standard cytogenetics.

In another study of 28 patients with MDS  or AML, 24 (85.7%)
atients identified as having monosomy 5 with conventional cyto-
enetics were shown to have del(5q) aberrations by FISH, as part
f complex aberrations [18]. These findings demonstrate that FISH
n addition to conventional cytogenetics may  identify additional
atients who could benefit from lenalidomide. Consequently, the
uthors of these studies consider it mandatory to apply 5q31 FISH
o all MDS  patients with an abnormal karyotype involving chromo-
ome 5, patients with insufficient metaphases, and patients with a
uspected diagnosis of MDS  with isolated 5q – where conventional
ytogenetics did not reveal del(5q) [18,19].

In addition to providing increased sensitivity for the detection
f chromosomal abnormalities, preliminary studies suggest that
ISH with a panel of probes could be a useful tool to monitor dis-
ase progression and response to therapy, particularly if it could be
pplied to PB samples. In a recent study where FISH was undertaken
n parallel BM and PB samples taken from 77 patients with MDS,
oncordant results were obtained in 92% of cases, indicating that
B samples may  be informative when following up patients [20].
raulke et al. recently described a novel method by which circulat-

ng CD34+ (hematopoietic progenitor) cells from PB samples were
nriched and utilized to monitor response to therapy in 16 patients
reated with azacitidine [17]. Analysis of enriched CD34+ cells from
B better reflects the clonal situation in the bone marrow than
on-enriched PB. The technique is less invasive than BM aspiration
hich facilitates frequent monitoring, enabling CD34+ enriched

ells to be assessed by FISH once a month immediately prior to
ach cycle of azacitidine. Cytogenetic response was detected in
7% of patients using this technique; in each case the cytogenetic
esponse preceded a hematological response by 1–3 cycles. Despite

hese encouraging data, another recent study concluded that FISH
or del(5q) alone may  be inadequate for monitoring disease pro-
ression and response to therapy, because it may  miss cases of
ytogenetic progression/clonal evolution [21].
g FISH with probes to 5q, 7q, centromeric region of chromosome 8
ales); and (ii) undertake SNP/CGH array analysis, if available

FISH analysis could potentially predict disease progression in
patients with active therapy. Braulke et al. demonstrated that in a
patient with IPSS high-risk MDS  with a complex aberrant karyotype
at diagnosis, the complex karyotype was  eliminated following eight
cycles of azacitidine (only an isolated del[5q] aberration remained).
Azacitidine therapy was  interrupted between week 32 and week
52; cytogenetic progression was detected at week 52 which pre-
ceded loss of hematological improvement that occurred at week
57. More extensive studies are ongoing to investigate utilization
of the technique to screen and monitor patients with MDS  under
different treatment modalities (FISH analysis with a standard [7
probes] or ‘super’ panel [12 probes] undertaken every 2–3 months,
and annually, respectively). Preliminary data have indicated higher
than expected occurrences of certain anomalies, e.g. del(12p),
and 12% karyotypic evolution rate within a very short median
follow up period of 8 months [22]. FISH could also potentially
be used to monitor lower-risk patients receiving supportive care
only. The identification of cytogenetic progression could poten-
tially prompt early treatment interventions (e.g. azacitidine or
hematopoietic stem cell transplantation) prior to hematological
progression thereby improving long-term outcomes.

3.1.1. Recommendations of the expert panel
FISH should play a supplementary role to cytogenetics; how-

ever, FISH will not supersede conventional chromosomal banding
analysis for initial diagnosis of MDS  because it may not detect all
chromosomal aberrations in a patient [21]. The possibility of fre-
quent FISH analysis on PB samples from the same patient to monitor
disease progression and response to therapy is exciting though fur-
ther prospective data are required in order for this technique to be
integrated into standard clinical practice.

3.2. Flow cytometry

Cytomorphological analysis is the backbone of the diagnosis and
classification of MDS. However, accurate assessment of the type
and degree of dysplasia and percentage of blasts can be difficult,
with a degree of subjectivity and variability between laborato-
ries. Biological markers are often required to improve diagnosis
and classification in order to optimize treatment decisions. As the
pattern of cell surface antigen expression during hematopoiesis is
highly conserved, aberrant cells can be easily identified by flow
cytometry. A number of aberrant antigens have been identified as
being of major prognostic importance in patients with MDS. For
example the presence of CD7 on CD34+ myeloid progenitor cells
has been shown to be associated with rapid evolution to AML  and
poor survival [23].

Standardized combinations of antibodies, as well as technical
recommendations, have been put forward in order to facilitate
the use of flow cytometry in the diagnosis and prognostic eval-

uation of MDS  [24]. A standardized scoring system to quantify
immunophenotypic aberrations in the myelomonocytic lineage,
the flow cytometric scoring system, has been developed and vali-
dated to facilitate the use of flow cytometry in the clinic [23,25].
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merging clinical evidence suggests that flow cytometry could
ave prognostic value in patients with MDS  in terms of help-

ng to predict post-transplant outcomes [26], as well as assessing
he risk of transfusion dependence and progression to AML  in
atients with low-/int-1-risk MDS  [23]. Flow cytometry may  also
e a robust approach to identifying patients with refractory ane-
ia  with unilineage dysplasia (RCUD) and refractory cytopenia
ith multilineage dysplasia (RCMD) according to the WHO  2008.

hese WHO  subgroups are particularly difficult to distinguish by
orphology but they do have different prognostic outcomes [16].
owever, according to current European Leukemia Network guide-

ines, the role of flow cytometry is not yet established in the
tandard diagnostic work-up of MDS, but guidelines are due to be
pdated in 2011.

Flow cytometry could be useful for predicting response to
herapy in patients with MDS. A study of 46 patients with low-/int-
-risk MDS, demonstrated that incorporation of flow cytometry

nto a previously validated model to predict response to ery-
hropoietin defined three patient subgroups with 94, 17 and 11%
robabilities of response, respectively [27]. Preliminary data sug-
est that flow cytometry may  identify patients who could benefit
rom azacitidine therapy and could also identify patients who
ould benefit from continued prolonged treatment with azaciti-
ine having achieved stable disease [28].

.2.1. Recommendations of the expert panel
At present, flow cytometry cannot substitute for morphology,

ut may  add significantly to the diagnosis and prognostic assess-
ent of patients with MDS  and should be integrated into clinical

ractice when possible and appropriate. Further prospective eval-
ation is required to assess the role of flow cytometry in treatment
ecisions. There is a need for standardization of flow cytometric
echniques in MDS  and steps should be put in place to ensure
nter-laboratory reproducibility, which is a major focus within the
uropean Leukemia Network.

.3. Microarray technologies

Developments with microarray technology have provided tools
o facilitate high-resolution genome-wide analysis which could
otentially supplement traditional methodologies such as stan-
ard cytogenetics. Such tools include commercially available single
ucleotide polymorphism (SNP) arrays. With this technology
enomic DNA is digested with restriction endonucleases, amplified,
abeled and hybridized to a chip-based platform that contains DNA
robes encompassing thousands of SNPs spread across the entire
enome (50 K-, 250 K-, 500 K- and 1000 K-SNP chips are available).
ollowing hybridization a readout is generated that provides geno-
ype information for each SNP and copy number information across
he genome [29].

SNP arrays offer a number of advantages over traditional
echniques: (i) higher resolution versus standard cytogenetics
small ‘cryptic’ deletions and duplications can be detected); (ii)
o dependency on the availability of live dividing cells and,
herefore, they can provide results when routine cytogenet-
cs are not available; and (iii) regions of uniparental disomy
UPD; chromosomal regions where both copies are derived from
he same parent) can be detected. The disadvantages of SNP
rrays include an inability to detect balanced rearrangements
i.e. translocations and inversions), an inability to distinguish

ultiple clones and an inability to detect smaller aberrant cell

lones (<15–20% of a cell population). However, as cytogenetic
bnormalities are relatively frequent and mostly unbalanced in
atients with MDS, the disease is conducive to SNP array analy-
is.
search 36 (2012) 264– 270 267

SNP arrays can detect large numbers of chromosomal aberra-
tions in patients with MDS  that are not detectable by standard
cytogenetics. UPD was  detected in 46% of patients, deletions in
10% of patients and amplifications in 8% of cases in a cohort
of 119 patients with low-risk MDS  who had either a normal
karyotype or del(5q) by standard cytogenetics [30]. In another
study of 175 patients with MDS, MDS/myeloproliferative disor-
der or secondary AML, chromosomal lesions were detected in up
to 80% of patients [31]. Patients with a normal karyotype based
on standard cytogenetics had reduced survival if cryptic abnor-
malities were present (16 versus 39 months; P = 0.002) indicating
that cryptic abnormalities may  have some prognostic significance
[31].

Array technology has been instrumental in identifying genetic
lesions that could both improve knowledge of the underlying
pathogenesis of MDS  and have prognostic significance. The dis-
covery of a common region of UPD spanning chromosome 4q24
in MDS  patients led to the identification of mutations in the TET2
gene [32]. Around 19–26% of patients with MDS, and approximately
50% with chronic myelomonocytic leukemia (CMML), have muta-
tions in the TET2 gene, although the prognostic significance of these
mutations remain uncertain [33,34]. Discovery of microdeletions
by array technology has led to the identification of mutations in
genes involved in histone methylation, such as EZH2 on chromo-
some 7q36.1 and ASXL-1 on chromosome 20q11 [35,36]. Mutations
in ASXL-1 are believed to negatively affect prognosis in patients
with MDS  [37].

Genetic mutations may  predict response to therapy. For exam-
ple, in a cohort of 63 patients treated with azacitidine, mutations
in TP53 were identified as an independent prognostic variable neg-
atively influencing overall survival [38]. In patients with del(5q)
MDS, mutations in TP53 are thought to be associated with poor
prognosis, loss of response to lenalidomide, and disease progres-
sion [39]. In another recent study of 86 patients treated with
azacitidine, mutations in TET2 predicted response to therapy inde-
pendently of karyotype [40].

The adoption of gene mutation analysis into clinical practice
could be facilitated by ‘next-generation’ technology that has several
advantages over traditional sequencing, including: (i) improved
throughput which allows analysis for a large number of patients.
For example, TET2 has recently been fully sequenced in 355 patients
with MDS  and CMML  [41]; (ii) improved sensitivity that enables
detection of mutations that are present in only ∼1% cells; and (iii)
potential use to monitor clonal evolution during treatment. In a
recent study of seven patients treated with azacitidine, sequence
analysis suggested that changes in clone size correlated with treat-
ment response [38]. Gene expression arrays could also play a role
in the future management of patients with MDS. Recent data have
suggested that gene expression arrays can be used to define gene
‘signatures’ that identify patients with high/intermediate/low risk
of progressing to AML  [42].

3.3.1. Recommendations of the expert panel
Technological advances have led to rapid evolution in the

understanding of molecular mechanisms underlying the patho-
genesis and malignant transformation of MDS. However, at the
moment genomic technologies (SNP arrays, expression arrays,
next-generation sequencing) cannot be integrated into standard
clinical practice due to lack of expertise and prohibitive costs. For
the technologies to enter the clinic in the future, groups need to
cooperate to standardize the assays and readout, manufacturers

need to make the technologies more user-friendly and cheaper,
and further prospective data are required to evaluate the effect of
particular gene mutations on diagnosis, treatment outcome and
prognosis.
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. Impact of emerging data on prognostic classification
ystems for patients with MDS

Various prognostic systems have been proposed, with the aim of
mproving the ability to predict survival and progression in patients

ith MDS; these include the IPSS and WPSS [13,43].
IPSS remains the gold standard for risk stratification in patients

ith MDS  at diagnosis. However, given recent progress in the dis-
ection of the biology of MDS, and the identification of additional
rognostic risk factors, it is likely that IPSS may  underestimate
isk in its current incarnation. For example, IPSS int-1 patients can
ometimes be reclassified as high risk according to the WPSS, a
ime-dependent regression model, based on WHO  classification
riteria. Unlike IPSS, WPSS provides dynamic prognostic informa-
ion and incorporates transfusion dependence as an additional risk
actor. However, the definition of transfusion dependency is very
ubjective across countries and among clinicians. Designation of
ed blood cell transfusion dependency relies heavily on the opin-
on of the clinician, who has to take into account the age and
ardiac comorbidities of the patient. There is also great discrep-
ncy between clinicians on when to transfuse; some clinicians
ill transfuse patients with hemoglobin levels <10 g/dL while oth-

rs will transfuse at a 8 g/dL threshold [44]. For these reasons, it
as recently been proposed that the WPSS is modified using sex-
pecific hemoglobin thresholds (8 g/dL for women and 9 g/dL for
en), instead of transfusion requirement [45]. Analysis of a total

f 1344 MDS  patients with the modified WPSS was  able to identify
ve distinct risk groups with clearly different survivals [45].

Both IPSS and WPSS also require updating based on improve-
ents in knowledge concerning prognostic factors that have

ccurred since the introduction of IPSS in 1997 [13], particularly
he impact of distinct cytogenetic abnormalities. It is also important
o acknowledge that WHO  classification criteria of MDS  have been
pdated since the WPSS was developed [46]. Important changes

nclude: (i) the addition of RCUD as a distinct category; (ii) patients
ith refractory cytopenia(s) but lacking diagnostic morphologi-

al features can now be considered as having MDS  if they have
pecific MDS-related cytogenetic abnormalities (i.e. unclassifiable
DS  [MDS-U]); (iii) the previously defined RCMD with ≥15% ringed

ideroblasts category (RCMD-RS) is no longer considered a separate
ategory due to clinical insignificance and is now incorporated into
CMD; and (iv) patients with 2–4% blasts in PB and <5% blasts in
M are now diagnosed as refractory anemia with excess blasts-

 (RAEB-1) if other clinical and laboratory findings of MDS  are
resent. It is hoped that incorporation of new prognostic informa-
ion may  assist selection of appropriate treatment options and will
acilitate prediction of response to therapy.

Many clinical trials use the IPSS for differentiation of ‘lower-
 versus ‘higher-risk’ disease. However, some patients classified
s ‘lower-risk’, particularly those in the IPSS int-1 group, may
ave high-risk features, e.g. patients with RBC-transfusion depen-
ent RCMD with intermediate karyotype. Consequently, a revised

PSS (IPSS-R) has been proposed which incorporates several
hanges including an updated system for assessing cytogenetic
isk and the consideration of the severity of cytopenias (with
hresholds of hemoglobin: 10 g/dL; absolute neutrophil count:
.8 × 109 L−1; platelets: 100 × 109 L−1). In a retrospective analysis
f 4417 patients with MDS, The IPSS-R defined five rather than four
ajor prognostic groups for clinical outcomes [47]. The updated

ytogenetic scoring system used in the proposed IPSS-R is based
n data from an international study that assessed the prognos-
ic impact of 20 cytogenetic subgroups in ∼3000 patients with
DS  who were treated with supportive care only [10]. Abnormal-
ties were grouped as normal, single (one abnormality), double
two abnormalities stratified into three subgroups: double includ-
ng del(5q); double including – 7/7q –; any other double) and
search 36 (2012) 264– 270

complex (three or more abnormalities stratified into two groups:
three abnormalities; more than three abnormalities). Based on this
classification, five prognostic groups were identified with signifi-
cant discrimination of overall survival (OS) and risk for leukemic
transformation across the groups. Recently, the new cytogenetic
classification system has been independently validated in a cohort
of 631 consecutive patients with de novo MDS  [48]. Application of
the same cytogenetic scoring system in the Groupe Francophone
des Myelodysplasies register (a combination of treated, untreated
and censored patients) resulted in discrimination of OS between
groups but did not confer the same level of predictivity as in other
patient cohorts.

4.1. Recommendations of the expert panel

Both the IPSS and WPSS are robust and clinically meaningful
tools to estimate the prognosis of a given MDS  patient. As most
patients are now treated with active therapy that can alter the nat-
ural history of MDS, and improve survival, the panel emphasized
the importance of having scoring systems that predict both risk
and response to treatment. It is essential that factors are identi-
fied that can predict response to particular therapies in patients
with different prognostic risk scores. Emerging tools such as flow
cytometry and SNP arrays will probably be important in this regard.
Nevertheless, at this time, pre-diagnosis assessment of patients’
risk based on physiological age and cytogenetic data will continue
to underpin the management of the disease. Therefore, new scor-
ing systems need to be validated in cohorts of both untreated and
treated patients. This may  be challenging, as few untreated patients
are now available to validate risk assessment.

5. Concluding remarks and future perspectives

The emergence of new therapies that can alter the course of MDS
has increased the options available for the management of the dis-
ease. However, it is essential that patients who  could benefit from
these treatments are accurately diagnosed as soon as possible fol-
lowing initial presentation. For this to become a reality, it would
be desirable for physicians to have access to screening tools that
would allow them to monitor disease progression in patients dur-
ing its early stages and help them to assess when active treatment
is appropriate, as well as monitoring the response to therapy.

Moving forward, morphological assessment and standard
metaphase cytogenetics will remain central to the diagnosis of
MDS. However, FISH could play an important supplementary role,
particularly in detecting specific abnormalities (e.g. del[5q]) when
insufficient metaphases are available for standard cytogenetics.
Recent data have demonstrated that a multifaceted diagnostic
approach can help improve diagnostic precision in patients with
suspected MDS  [2,49].  Rapid progress has already been made in
the development of methodologies to monitor disease progression
and response to therapy. For example, FISH analysis of PB samples
is being intensively studied and has shown significant promise. In
addition, flow cytometry may  prove to be a valuable tool in the
diagnosis, prognostic evaluation, and monitoring of response to
therapy in patients with MDS  and may  be integrated into standard
clinical practice in the future. Developments in molecular technolo-
gies have led to huge strides in the understanding of the molecular
pathogenesis of MDS. As our knowledge of genes involved in the
pathogenesis and progression of MDS  increases, this should have
an impact on prognostic scoring systems and allow for better strat-

ification of patients for different types of treatment. As diagnostic
and prognostic guidelines develop over the coming years, a major
challenge will be to ensure adherence to guidelines across centers
in different countries.
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