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yelodysplastic syndromes (MDS)" are included

in the World Health Organization (WHO) clas-

sification of the myeloid neoplasms® together
with myeloproliferative neoplasms (MPN), myelodys-
plastic/myeloproliferative neoplasms (MDS/MPN) and
acute myeloid leukemia (AML).

Classifications of myelodysplastic syndromes

MDS were defined and classified in 1982 by the FAB
group.® The FAB classification included five categories:
refractory anemia (RA), RA with ring sideroblasts (RARS),
RA with excess of blasts (RAEB), RAEB “in transformation”
(RAEB-t), and chronic myelomonocytic leukemia (CMML).
This latter is now considered as a myelodysplastic/myelo-
proliferative neoplasm, while RAEB-t is now classified as
AML* Figure 1A provides a Kaplan-Meier analysis of over-
all survival in MDS patients classified according to the FAB
classification. It is apparent that, from a prognostic point of
view, this classification was essentially able to identify two
risk groups based on the absence or presence of blast
excess.

In 2001 the World Health Organization (WHO) classifi-
cation was developed.’ This classification,’ carries relevant
prognostic information. Figure 1B provides a Kaplan-Meier
analysis of overall survival in MDS patients classified
according to the 2008 WHO classification. It is apparent
that, among patients without an excess of marrow blasts,
the presence of bone marrow multilineage dysplasia is
associated with a significantly worse prognosis compared
to unilineage dysplasia. Despite some concern regarding

the reproducibility of the assessment of multilineage dys-
plasia, its prognostic value was confirmed in different inde-
pendent cohorts of patients in both retrospective’ and
prospective® studies, clearly indicating that this parameter
must be included in the prognostic evaluation of MDS
patients. Survival curves of Figure 1 support the conclusion
that nowadays clinical decision making in MDS cannot rely
upon the FAB classification and must be based on the

WHO classification.’

Prognostic scoring systems for myelodysplastic
syndromes

To overcome the limitations of the FAB classification,
Greenberg and co-workers developed the International
Prognostic Scoring System (IPSS)." Although widely adopt-
ed, this scoring system does not consider the severity of
anemia, in particular transfusion dependency," which repre-
sents one of the most important negative prognostic factors
in MDS. Furthermore, it underestimates the negative
impact of poor cytogenetics, especially relative to blast
count.

The introduction of the WHO classification, excluding
patients with 20% blasts or more and those with CMML
from the category of MDS, considerably modified the com-
position of the MDS population and demanded a refine-
ment of prognostic factors in patients diagnosed according
to the WHO criteria. We found that WHO categories, cyto-
genetic pattern and transfusion dependency were the most
powerful prognostic indicators, and developed a prognostic
model that accounted for these parameters." This WHO
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classification-based prognostic scoring system (WPSS) was
found to be able to classify patients into five risk groups
showing different survivals and probabilities of leukemic
evolution. Figure 2A provides survival curves of MDS
patients stratified according to their WPSS risk. The WPSS
was based on a time dependent model and, therefore, is a
dynamic scoring system that can be applied to predict sur-
vival and leukemia progression at any time during follow
up, and can, therefore, be used to implement risk-adapted
treatment strategies.” Figure 2B provides time-dependent
Kaplan-Meier curves.

More recently, Kantarjian and co-workers® also high-
lighted the limitations of the IPSS and analyzed 1,915
patients to propose and validate a new risk model for MDS.
This model (MD Anderson Prognostic Scoring System,
MPSS) refines the prognostic precision of the IPSS and is
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Figure 1. Kaplan-Meier survival curves of 943 patients diagnosed
with MDS according to the 2008 WHO criteria at the Department of
Hematology Oncology, Fondazione IRCCS Policlinico San Matteo &
University of Pavia, Pavia, Italy. (A) Patients grouped according to the
FAB classification (patients with 5-19% bone marrow blasts and
Auer rods were classified as RAEB-t). (B) Patients grouped according
to the WHO classification. Patients classified as RA or RARS accord-
ing to the FAB classification (panel A) are split here (panel B) into
two subgroups with different survival based on the presence of uni-
lineage [RCUD or RARS, including also MDS with del(5q)] or multi-
lineage dysplasia (RCMD). Moreover, patients with RAEB (panel A)
are also split here into two subgroups according to their blast per-
centage (5-9% in RAEB-1, 10-19% in RAEB-2).
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applicable to all patients with primary or secondary MDS
and to those with CMML. However, the MPSS ignores the
WHO classification and includes a bone marrow blast
range up to 29% (i.e., up to values currently considered as
diagnostic of AML). In addition, it takes into account poor
cytogenetic abnormalities exclusively.

Novel MDS-related prognostic factors: the coming
era of somatic mutations of genes involved in the
pathogenesis of myeloid neoplasms

Clearly there are several other MDS-related prognostic
factors that might be used for prognostication, including
flow cytometry parameters."*"”

Bone marrow biopsy provides extremely useful diagnos-
tic and prognostic information regarding cellularity, fibro-
sis, and CD34-positive cell topography.”® Bone marrow
fibrosis identifies a distinct subgroup of MDS with multi-
lineage dysplasia, high transfusion requirement and poor
prognosis, while the presence of CD34" cell clusters is an
independent risk factor for progression to acute leukemia.'®
Bone marrow fibrosis can be included into the WPSS."

However, the available evidence indicates that advances
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Figure 2. Survival of 644 MDS patients diagnosed according to the
WHO criteria at the Department of Hematology Oncology,
Fondazione IRCCS Policlinico San Matteo & University of Pavia,
Pavia, Italy, and stratified according to the WPSS. (A) Kaplan-Meier
curves. (B) Kaplan-Meier time-dependent curves of MDS patients
grouped according to the dynamic WPSS.
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in our ability to define the prognosis of the individual
patient with MDS will likely be made possible by a better
understanding of the molecular basis of these neoplasms.
Somatic mutations of TET2 represent a marker of clonal
proliferation in MDS,” but do not appear to be associated
with any WHO category or to have prognostic relevance.”
By contrast, mutations of EZH2”" or ASXL1? are found in
patients with advanced disease, and point mutations of
TP53%* or IDH1/IDH2* appear to be associated with
leukemic evolution. Recently, Ebert and co-workers® have
studied the clinical impact of point mutations in a cohort of
438 patients with MDS. They found that mutations of
RUNX1, TP53, and ASXL1 (present in 26.3% of samples)
were independent predictors of decreased survival. These
observations suggest that incorporation of somatic muta-
tions may add important information to the risk stratifica-
tion systems currently used in clinical practice. It is also
possible that multilineage dysplasia, a morphological
parameter that is extremely important from a prognostic
point of view as shown in Figure 1B, can be better defined
using molecular criteria.

Prognostic relevance of comorbidities in MDS patients

Most patients with MDS are elderly and typically have
co-morbid diseases.”” Several scoring models are currently
available for taking into account comorbidity in a clinical
setting. Their leit motiv is that the overall survival of patient
populations decreases as the burden of comorbid illness
increases, but, as underlined by Geraci et al.,” most of them
fail to provide information on the underlying mechanisms,
e.g. on how a given comorbidity leads to reduced survival.

The aim of our study which is reported in this issue of
the Journal” was to develop a scoring model that accounts
for comorbidities commonly found in MDS patients and to
establish how these comorbid conditions affect survival.
The findings of this study indicate that cardiac disease is
the most important comorbid condition from a prognostic
point of view, and that the negative interaction between
this comorbid condition and severe anemia has a profound
impact on survival of MDS patients, particularly in the
lower risk groups according to disease-related criteria. In
higher risk groups, in fact, severe anemia more likely signi-
fies clonally advanced and biologically more aggressive dis-
ease.”

In addition, the MDS-specific comorbidity index
(MDS-CI) considerably improves the prognostic stratifi-
cation of MDS patients classified according to the WPSS.
For instance, the median survival of patients belonging to
the WPSS intermediate risk group may range from about
one to more than eight years based on MDS-CI. Thus,
our current approach to risk stratification in MDS
includes assessment of WPSS to account for disease-relat-
ed prognostic factors, MDS-CI to account for extra-hema-
tologic comorbidities specifically related to MDS, and the
hematopoietic cell transplantation (HCT)-specific comor-
bidity index (HCT-CI)* for decision making concerning
allogeneic transplantation.

Risk assessment in myelodysplastic/myeloproliferative
neoplasms: the case of chronic myelomonocytic
leukemia

Myelodysplastic/myeloproliferative neoplasms comprise

chronic myelomonocytic leukemia, atypical chronic
myeloid leukemia (BCR-ABL1 negative), juvenile
myelomonocytic leukemia (JMML), and myelodysplas-
tic/myeloproliferative neoplasms, unclassifiable.” Attempts
to define prognostic models have been made in CMML and
JMML,* and here [ will consider the former condition.

In the 2008 WHO classification, CMML is subdivided
into two categories: a) CMML-1, a condition with less than
5% blasts (including promonocytes) in the peripheral blood
and less than 10% in the bone marrow; b) CMML-2, a con-
dition with 5-19% blasts in the peripheral blood or 10-19%
in the bone marrow, or in any case associated with the
presence of Auer rods.

Some years ago, a study at the MD Anderson showed
that anemia, presence of circulating immature myeloid
cells, absolute lymphocyte count, and percentage of mar-
row blasts were independent prognostic factors in CMML,
and these parameters were used to generate a prognostic
score.” More recently, these authors showed that the MPSS
is a useful risk assessment tool not only for MDS but also
for CMML*

In this issue of the journal, Sanz and co-workers® report
on a study aimed to evaluate the prognostic impact of
cytogenetic abnormalities in 414 patients with CMML
included in the database of the Spanish Registry of
Myelodysplastic Syndromes. Three cytogenetic risk cate-
gories were identified: low risk (normal karyotype or loss
of Y chromosome as a single anomaly), high risk (presence
of trisomy 8 or abnormalities of chromosome 7, or com-
plex karyotype), and intermediate risk (all other abnormal-
ities). Additional prognostic factors for survival included
anemia, leukocytosis, thrombocytopenia and blast excess,
while the only factor independently associated with
leukemic transformation was leukocytosis. Validating
these observations in different patient populations and
then translating them into a scoring system may provide
clinicians with a useful prognostic model. A recent study
indicates that somatic mutations of a number of genes
including TET2, CBL, KRAS, NRAS, JAK2, and RUNX1 are
found in most patients with CMML, suggesting that they
may also have prognostic relevance.*

Conclusions

Analysis of the available evidence clearly indicates that
three parameters retain independent prognostic relevance
in MDS and CMML: 1) hemoglobin level; 2) proportion of
marrow blasts; and 3) cytogenetic abnormalities.

Severe anemia may derive from ineffective erythropoiesis
(excessive apoptosis of immature red cells) in low-risk MDS,
where it can interact with cardiac disease, or from impaired
erythroid differentiation in high-risk MDS and CMML.
Defining the molecular basis of both mechanisms of anemia
might allow novel molecular prognostic markers and per-
haps innovative therapeutic tools. Blast excess indicates
impaired differentiation of hematopoietic progenitors and,
therefore, reflects bone marrow failure. Finally, cytogenetic
abnormalities reflect different genetic mechanisms responsi-
ble for clonal proliferation and leukemic transformation.

In MDS, the distinction between unilineage (in most
instances erythroid) and multilineage dysplasia is of crucial
importance for risk assessment, and hopefully will be soon
made easier by molecular parameters.
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