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A B S T R A C T

Purpose
The aims of this study were to identify the most significant prognostic factors in myelodysplastic
syndromes (MDS) taking into account both their values at clinical onset and their changes in time
and to develop a dynamic model for predicting survival and leukemic evolution that can be applied
at any time during the course of the disease.

Patients and Methods
We studied a learning cohort of 426 MDS patients diagnosed at the Department of Hematology,
San Matteo Hospital, Pavia, Italy, between 1992 and 2004, and a validation cohort of 739 patients
diagnosed at the Heinrich-Heine-University Hospital, Düsseldorf, Germany, between 1982 and
2003. All patients were reclassified according to WHO criteria. Univariable and multivariable
analyses were performed using Cox models with time-dependent covariates.

Results
The most important variables for the prognostic model were WHO subgroups, karyotype, and
transfusion requirement. We defined a WHO classification–based prognostic scoring system
(WPSS) that was able to classify patients into five risk groups showing different survivals (median
survival from 12 to 103 months) and probabilities of leukemic evolution (P � .001). WPSS was
shown to predict survival and leukemia progression at any time during follow-up (P � .001), and
its prognostic value was confirmed in the validation cohort.

Conclusion
WPSS is a dynamic prognostic scoring system that provides an accurate prediction of survival and
risk of leukemic evolution in MDS patients at any time during the course of their disease. This
time-dependent system seems particularly useful in lower risk patients and may be used for
implementing risk-adapted treatment strategies.
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INTRODUCTION

Myelodysplastic syndromes (MDS) are hematopoi-
etic stem-cell disorders characterized by marrow
failure and a substantial risk of progression into
acute myeloid leukemia (AML). MDS occur mainly
in older persons and show impressive clinical heter-
ogeneity, from indolent conditions with a near-
normal life expectancy to forms approaching AML.1

Following the proposal by the French-
American-British cooperative group,2 several stud-
ies have been performed to improve our ability to
evaluate prognosis in MDS.3-6 In 1997, Greenberg et
al7 developed the International Prognostic Scoring
System (IPSS) based on marrow blasts, cytogenetic
pattern, and number of cytopenias. The IPSS was

derived from a multivariable analysis of hematologic
characteristics of 816 patients at clinical onset, in-
cluding also patients with 20% to 30% marrow
blasts, who are now considered as having AML.

In 2002, WHO formulated a new classification
of MDS based on unilineage or multilineage dyspla-
sia, blast count, and cytogenetic features.8 The prog-
nostic relevance of this proposal was confirmed by
several groups9-13 and has been recently validated in
a prospective study.14 Among patients with MDS
without excess blasts, the isolated involvement of the
erythroid lineage is definitely associated with a better
prognosis compared with multilineage dysplasia.15

In our previous study,12 we found that the IPSS
retains significance within the WHO subgroups.
However, the two systems are redundant mainly
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because the IPSS blast intervals have been substantially maintained by
the WHO classification. Therefore, when accounting for blast per-
centage using WHO categories, the only other IPSS variable adding
prognostic information was cytogenetics. We also found that transfu-
sion dependency had a significant effect on survival in multivariable
analysis and, hence, can be viewed as an independent indicator of the
severity of the disease.

IPSS has been shown to be effective in also predicting the out-
come of treatment after diagnosis.16 However, the effectiveness of any
treatment is usually assessed by comparing survival of patients whose
IPSS score is calculated at the time of treatment with the expected
survival of the corresponding risk group calculated at diagnosis. The
fact that IPSS score was not designed to provide prognostic informa-
tion at any time after diagnosis might introduce a bias.17 In this study,
we developed a dynamic prognostic model for predicting survival and
leukemic evolution that can be applied to MDS patients at any time
during their clinical course.

PATIENTS AND METHODS

Characteristics of the Patient Cohorts and

Clinical Procedures

We retrospectively collected clinical and hematologic data of MDS pa-
tients diagnosed at the Department of Hematology, San Matteo Hospital,
Pavia, Italy, and data of patients from the Düsseldorf MDS registry, Heinrich-
Heine-University Hospital, Düsseldorf, Germany. The studies on MDS per-
formed at these institutions were approved by the local ethics committees; the
procedures followed were in accordance with the Helsinki Declaration of 1975,
which was revised in 1983 and 2000.

The patients comprised a learning cohort, in whom investigations aimed
at defining the variables to be included in the prognostic model, and a valida-

tion cohort, in whom we evaluated whether the prognostic value of the scoring
system was confirmed. The learning cohort consisted of 426 patients with a
diagnosis of de novo MDS made at the San Matteo Hospital between 1992 and
2004. The validation cohort consisted of 739 patients diagnosed with de novo
MDS at the Heinrich-Heine-University Hospital between 1982 and 2003. The
clinical features of the two cohorts at diagnosis are listed in Table 1.

Two hundred seventy-one patients in the learning cohort and 193 pa-
tients in the validation cohort were assessable for repeated measures during
follow-up and were used for the time-dependent analysis. The median
follow-up time was 27 months (range, 2 to 178 months) in the learning cohort
and 30 months (range, 1 to 330 months) in the validation cohort.

The diagnosis before 2002 was made according to the French-American-
British criteria2; all patients were reclassified according to the WHO classifica-
tion,8 as previously reported.12 Patients with MDS unclassified, patients with
chronic myelomonocytic leukemia, and patients with � 20% marrow blasts,
who were considered as having AML, were excluded from the analysis. Thus,
the following categories were considered: refractory anemia (RA), RA with
ringed sideroblasts (RARS), refractory cytopenia with multilineage dysplasia
(RCMD), RCMD with ringed sideroblasts (RCMD-RS), RA with excess of
blasts-1 (RAEB-1), RA with excess of blasts-2 (RAEB-2), and MDS with
isolated del(5q) and marrow blasts less than 5%.

Karyotypes were classified using the International System for Cy-
togenetic Nomenclature Criteria.18 The IPSS was calculated according
to Greenberg et al.7

RBC transfusion therapy was administered according to evidence- and
consensus-based guidelines.19,20 Transfusion dependency was defined as hav-
ing at least one RBC transfusion every 8 weeks over a period of 4 months.

Statistical Analysis

The cumulative probability of survival and risk of progression to leuke-
mia were estimated using the Kaplan-Meier method. Patients undergoing
stem-cell transplantation or receiving AML-like chemotherapy were censored
at the time of the procedure; therefore, our studied cohorts consist of essen-
tially untreated patients, excluding any potential source of bias as a result of
differential treatment. Survival analyses were performed using Cox models

Table 1. Clinical and Hematologic Features of the Italian and German Cohorts of MDS Patients Classified According to the WHO Criteria

WHO Subgroups

Patients
Sex (No. of

patients) HgB (g/dL) ANC (� 109/L) PLT (� 109/L)
Cytogenetic Risk Group

(% of patients)

RBC
Transfusion

(% of
patients)

No. % Male Female Median Range Median Range Median Range Good Intermediate Poor No Yes

Learning cohort: Pavia, Italy
RA 87 20 45 42 9.8 5.3-15.4 2.45 0.12-8.74 185 22-735 69 17 14 69 31
RARS 43 10 19 24 9.0 6.4-11.2 2.81 0.16-9.74 290 86-769 82 15 3 70 30
RCMD 114 27 74 40 9.7 4.8-15.0 1.46 0.1-4.32 83 7-561 58 27 15 64 36
RCMD-RS 17 4 10 7 9.4 5.0-11.0 2.35 0.1-4.8 101 4-538 67 33 0 59 41
RAEB-1 61 14 44 17 9.2 4-12.5 1.10 0.1-25.52 92 7-561 60 27 13 63 37
RAEB-2 70 17 53 17 9.0 5.4-14 0.93 0.04-26.6 66 9-512 50 13 37 54 46
MDS del(5q) 34 8 17 17 9.0 6-15 1.63 0.18-7.58 174 46-797 100 0 0 71 29

Validation cohort:
Düsseldorf, Germany

RA 51 7 24 27 9.9 4.6-14.6 2.3 0.3-15.7 112 20-840 68 20 12 66 34
RARS 28 4 13 15 10.1 5.6-11.7 3.0 0.5-8.5 307 116-999 86 10 4 75 25
RCMD 213 29 143 70 9.3 5.0-16.9 1.7 0.2-20.2 102 7-999 66 18 16 49 51
RCMD-RS 91 12 46 45 8.9 3.9-13.9 2.7 0.2-12.0 198 15-1,007 54 19 27 40 60
RAEB-1 117 16 71 46 9.0 4.8-14.9 1.3 0.1-9.5 82 7-778 55 17 28 49 51
RAEB-2 160 21 92 68 9.2 4.8-15.0 0.9 0.1-88.0 69 3-630 52 20 28 47 53
MDS del(5q) 79 11 28 51 8.9 3.0-12.2 2.4 0.6-9.3 286 28-1,540 100 0 0 40 60

Abbreviations: MDS, myelodysplastic syndrome; HgB, hemoglobin; ANC, absolute neutrophil count; PLT, platelets; RA, refractory anemia; RARS, refractory anemia
with ringed sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS, refractory cytopenia with multilineage dysplasia and ringed
sideroblasts; RAEB-1, refractory anemia with excess of blasts-1; RAEB-2, refractory anemia with excess of blasts-2; MDS del(5q), myelodysplastic syndrome with
isolated del(5q) and marrow blasts less than 5%.
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with time-dependent covariates to assess the effect of the variables of interest
on overall survival (OS) and disease progression.

To decide which parameterization of the covariates (categoric, with
indicator variables, v continuous, with a single parameter) was preferable, we
carried out likelihood ratio tests, all of which were not significant. Therefore,
we decided to treat all covariates as continuous variables, for simplicity in the
presentation of the results.

Standardized mortality ratios (SMR) were calculated to compare the
patients’ mortality with the mortality of the general population in Italy. The
Italian mortality rates by age, sex, and calendar year were provided by the
Italian Institute of Statistics. All analyses were performed using Statistica soft-
ware 6.0 (Statsoft, Tulsa, OK) and STATA 9 software (STATA Corp, College
Station, TX).

RESULTS

Analysis of Disease-Related Prognostic Factors by Cox

Regression With Time-Dependent Covariates

We performed univariable and multivariable analyses on the
learning cohort by applying Cox regression with WHO category,
cytogenetics, and RBC transfusion requirement as time-dependent
continuous covariates. These variables had been previously demon-
strated to be the main disease-related prognostic factors in MDS
patients grouped according to the WHO criteria in a multivariable
Cox exploratory analysis including the following fixed covariates: age,
sex, blast count, unilinear versus multilinear dysplasia, cytogenetics,
absolute neutrophil count, platelets, lactate dehydrogenase, and trans-
fusion dependency. Patients with RA, RARS, and MDS with isolated
del(5q) who did not show significant differences in survival were
grouped into a single category, as were patients with RCMD and
RCMD-RS.12 Therefore, the following WHO subgroups were ana-
lyzed: RA/RARS/5q–, RCMD/RCMD-RS, RAEB-1, and RAEB-2. Cy-
togenetic abnormalities were scored according to the IPSS criteria.7

Patients were classified into two categories according to the develop-
ment of transfusion need during the course of their disease.

In the time-dependent analysis, we included 271 patients from
the learning cohort who had repeated measures during their follow-
up. To exclude potential selection bias, we compared the repeated-
measures cohort and patients evaluated at diagnosis only. There was
no statistically significant difference in the characteristics at diagnosis
and in OS (P � .39). The median frequency of bone marrow exami-
nations was two per year (range, one to five examinations). The per-
centage of patients who experienced a change in the time-dependent
covariates was 55% for WHO category (median time to first change,
19 months; interquartile range, 9 to 40 months), 11% for cytogenetic

risk group (median time to first change, 26 months; interquartile
range, 13 to 47 months), and 30% for transfusion need (median time
to change, 23 months; interquartile range, 11 to 42 months).

In univariable analysis, WHO category, cytogenetic risk, and
transfusion dependency significantly affected both OS (hazard ratio
[HR] � 2.27; 95% CI, 1.95 to 2.60; HR � 1.92; 95% CI, 1.58 to 2.35;
HR � 2.08; 95% CI, 1.50 to 2.85, respectively; P � .001) and risk of
AML (HR � 4.3; 95% CI, 3.50 to 5.28; HR � 1.93; 95% CI, 1.52 to
2.38; HR � 2.69; 95% CI, 1.87 to 3.87, respectively; P � .001). In a
multivariable analysis stratified by WHO subgroups, cytogenetics and
transfusion requirement significantly affected both OS (HR � 1.48;
95% CI, 1.20 to 1.83; HR � 2.53; 95% CI, 1.71 to 3.75, respectively;
P � .001) and risk of AML (HR � 1.3; 95% CI, 1.01 to 1.67; P � .04;
HR � 2.4; 95% CI, 1.49 to 3.88; P � .001, respectively).

WHO Classification–Based Prognostic Scoring System

We defined a WHO classification–based prognostic scoring sys-
tem (WPSS), including WHO subgroups (RA/RARS/5q–, RCMD/
RCMD-RS, RAEB-1, and RAEB-2), karyotype abnormalities
categorized according to IPSS, and transfusion requirement. We as-
signed the same weight to each variable based on the similar regres-
sion coefficients from the proportional hazards model, as follows:
HR � 2.1 (95% CI, 1.8 to 2.5; P � .0001), HR � 1.5 (95% CI, 1.2 to
1.8; P � .0002), and HR � 1.8 (95% CI, 1.2 to 2.5; P � .0017) for
WHO category, cytogenetics, and transfusion requirement, re-
spectively (Table 2).

By applying WPSS, patients were classified into the following five
risk groups: very low (score � 0), low (score � 1), intermediate
(score � 2), high (score � 3 to 4), and very high (score � 5 to 6; Table
3). We then estimated the probability of survival and leukemic evolu-
tion in WPSS risk groups at diagnosis. Patients in the five risk groups
showed significantly different OS (P � .0001), with the median sur-
vival time ranging from 103 to 12 months (Fig 1A). WPSS groups also
had significantly different risks of AML (P � .0001; Fig 1B).

Time-Dependent Analysis of Prognostic

Scoring Systems

As a first step, we assessed the prognostic value of IPSS at diagno-
sis (Figs 2A and 2B). We then evaluated changes in time of IPSS on the
271 patients in the learning cohort who were assessable for repeated
measures. A score progression was observed in 37% of patients with a
low or intermediate IPSS (the proportion of patients with progressive
disease was 57% when including patients with high IPSS and account-
ing for leukemic evolution). When analyzing OS with a Cox regression
analysis with IPSS as a time-dependent covariate, we obtained an HR

Table 2. WHO Classification–Based Prognostic Scoring System for MDS

Variable 0 1 2 3

WHO category RA, RARS, 5q– RCMD, RCMD-RS RAEB-1 RAEB-2
Karyotype� Good Intermediate Poor —
Transfusion requirement† No Regular — —

NOTE. Risk groups were as follows: very low (score � 0), low (score � 1), intermediate (score � 2), high (score � 3 to 4), and very high (score � 5 to 6).
Abbreviations: MDS, myelodysplastic syndrome; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts; 5q–, myelodysplastic syndrome with

isolated del(5q) and marrow blasts less than 5%; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS, refractory cytopenia with multilineage dysplasia
and ringed sideroblasts; RAEB-1, refractory anemia with excess of blasts-1; RAEB-2, refractory anemia with excess of blasts-2.

�Karyotype was as follows: good: normal, –Y, del(5q), del(20q); poor: complex (� three abnormalities), chromosome 7 anomalies; and intermediate: other abnormalities.
†RBC transfusion dependency was defined as having at least one RBC transfusion every 8 weeks over a period of 4 months.

Prognostic Scoring System for MDS
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of 3.17 (95% CI, 2.56 to 3.93; P � .001; Fig 2C); the HR for leukemic
progression was 3.79 (95% CI, 3.00 to 4.78; P � .001; Fig 2D).

We then tested the prognostic value of WPSS by applying a Cox
regression with time-dependent covariates. The time-dependent
WPSS significantly predicted OS (HR � 2.58; 95% CI, 2.6 to 3.10;
P � .0001; Fig 1C) and risk of AML (HR � 3.63; 95% CI, 2.78 to 4.74;
P � .0001; Fig 1D). Finally, we analyzed the probability of progression
to a higher WPSS risk group; patients in the five risk groups had
significantly different probabilities of progression (HR � 1.48; 95%
CI, 1.33 to 1.66; P � .0001).

Demographic Prognostic Factors Within WPSS

Risk Groups

Cox regression with time-dependent covariates was applied to
assess the effects of age on survival in MDS patients classified into
WPSS risk groups. Age had a significant effect on OS in the very low–
and low-risk groups (P � .03); the older the age was, the worse the
prognosis. No effect of sex was observed within WPSS categories.

SMRs at diagnosis were significantly greater than 1 in all WPSS
subgroups (P � .001). Stratifying patients by age, the life expectancy of
patients in the very low WPSS group who were 70 years or older at the
time of diagnosis (n�31) was not significantly shorter than that of the
general population (SMR � 1.5; 95% CI, 0.68 to 3.35; P � .31). When
MDS patients were dynamically classified according to the time-
dependent WPSS, the life expectancy of patients in the very low–risk
group (n � 84) was not significantly shorter than that of the general
population (SMR � 1.8; 95% CI, 0.94 to 3.46; P � .07). In patients
with low, intermediate, high, and very high risk, SMR was 3.47 (95%
CI, 2.38 to 5.07), 4.9 (95% CI, 3.16 to 7.59), 16.18 (95% CI, 12.99 to
20.14), and 30.55 (95% CI, 21.83 to 42.76), respectively (P � .0001).

Validation of WPSS

The prognostic value of WPSS was tested in an independent
cohort of 739 patients diagnosed at the Heinrich-Heine-University
Hospital, Düsseldorf, Germany, between 1982 and 2003 (Table 1).
When comparing clinical and hematologic features of the learning
and validation cohorts, a significant difference was found in the fre-

quency of WHO categories, with refractory cytopenias being more
frequent in the German cohort (P � .001).

A significant difference was also noted in the proportion of
transfusion-dependent patients at diagnosis (P � .001). In fact, differ-
ent transfusion strategies were adopted. In Pavia, transfusions were
administered to patients with severe anemia (hemoglobin [HgB]
� 8 g/dL) and to patients with moderate anemia who were symptom-
atic because of cardiac and pulmonary comorbidities.19 This strategy
resulted in a pretransfusion median HgB level of 7.9 g/dL (range, 4 to
10.2 g/dL); in detail, all patients with HgB of less than 8 g/dL and 25%
of patients with HgB of 8 to 10 g/dL received transfusion at diagnosis.
In Düsseldorf, the transfusion regimen was tailored to the individual
patient’s needs.20 This strategy resulted in a pretransfusion median
HgB of 7.7 g/dL (range, 2.7 to 9.8 g/dL). All patients with HgB of less
than 8 g/dL and 59% of patients with HgB of 8 to 10 g/dL received
transfusion at diagnosis. The difference in proportions of transfused
patients between the two cohorts decreased with time; 52% of Italian
patients with HgB of 8 to 10 g/dL at diagnosis later on met the criteria
for transfusion according to the Italian guidelines.

WPSS was calculated in the validation cohort based on features at
diagnosis (Table 3). Patients in the five WPSS categories showed
significantly different OS (P � .0001), with the median survival time
ranging from 141 to 9 months (Fig 3A), and a significantly different
risk of AML (P � .0001; Fig 3B). No significant differences were
observed between the learning and the validation cohorts.

In the Düsseldorf cohort, 193 patients had repeated measures
during their follow-up. The median time to first change since diagno-
sis was 24 months for WHO category (interquartile range, 9 to 51
months), 23 months for cytogenetic group (interquartile range, 10 to
58 months), and 25 months for transfusion need (interquartile range,
10 to 55 months). In a univariable analysis by Cox regression with
time-dependent covariates, WHO subgroups, cytogenetics, and trans-
fusion dependency significantly affected both OS (HR�1.94; 95% CI,
1.59 to 2.36; P � .001; HR � 2.01; 95% CI, 1.59 to 2.50; P � .001;
HR � 1.7; 95% CI, 1.14 to 2.65; P � .01, respectively) and risk of AML

Table 3. Clinical Features at Diagnosis, Survival, and Risk of Leukemia Progression of WPSS Risk Groups in the Italian (Learning) and German (Validation) Cohorts

WPSS Risk
Groups

Patients HgB (g/dL) ANC (� 109/L) PLT (� 109/L)
WHO Subgroup
(% of patients)

Cytogenetic Risk Group
(% of patients)

RBC
Transfusion

(% of
patients)

Median OS
(months)

AML
Progression
(cumulative
probability)

No. % Median Range Median Range Median Range
RA, RARS,

MDS del(5q)
RCMD,

RCMD-RS RAEB-1 RAEB-2 Good Intermediate Poor No Yes
2

Years
5

Years

Learning cohort
Very low 99 23 9.5 7.9-15.4 2.86 0.25-9.74 190 21-797 100 0 0 0 100 0 0 100 0 103 0.0 0.06
Low 119 28 9.6 5.2-14.1 1.92 0.18-10.5 140 7-787 45 55 0 0 86 14 0 69 31 72 0.11 0.24
Intermediate 79 19 9.7 4.8-13.4 1.48 0.1-12.61 133 10-973 21 50 29 0 49 38 13 74 26 40 0.28 0.48
High 100 23 9.0 5.4-14 1.10 0.04-25.52 82 10-502 2 28 30 40 42 31 27 54 46 21 0.52 0.63
Very high 29 7 8.6 7.2-14 0.54 0.08-11.0 63 9-512 0 0 5 95 0 5 95 67 33 12 0.79 1.0

Validation cohort
Very low 74 10 10.2 9.0-14.6 2.8 0.4-9.3 249 28-999 100 0 0 0 100 0 0 100 0 141 0.03 0.03
Low 162 22 9.8 3.0-16.9 2.1 0.3-20.2 166 10-1,054 42 58 0 0 96 4 0 63 37 66 0.06 0.14
Intermediate 170 23 9.0 4.9-14.9 1.8 0.1-15.2 117 7-999 6 72 22 0 79 19 2 39 61 48 0.21 0.33
High 244 33 9.0 3.6-15.0 1.2 0.1-24.6 91 5-630 1 37 24 38 44 26 30 42 58 26 0.38 0.54
Very high 89 12 8.0 2.7-14.5 0.8 0.1-88.0 64 3-1,007 0 0 24 76 0 23 77 16 84 9 0.80 0.84

Abbreviations: WPSS, WHO classification–based prognostic scoring system; HgB, hemoglobin; ANC, absolute neutrophil count; PLT, platelets; OS, overall survival;
AML, acute myeloid leukemia; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts; MDS del(5q), myelodysplastic syndrome with isolated
del(5q) and marrow blasts less than 5%; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS, refractory cytopenia with multilineage dysplasia and
ringed sideroblasts; RAEB-1, refractory anemia with excess of blasts-1; RAEB-2, refractory anemia with excess of blasts-2.
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(HR � 3.02; 95% CI, 2.24 to 3.96; P � .001; HR � 2.59; 95% CI, 1.92
to 3.48; P � .001; HR � 1.74; 95% CI, 1.01 to 3.10; P � .05, respec-
tively). In a multivariable analysis stratified by WHO subgroups, cy-
togenetics and transfusion dependency retained a significant effect on
both OS (HR � 1.84; 95% CI, 1.44 to 2.34; P � .001; HR � 1.85; 95%
CI, 1.18 to 2.89; P � .007, respectively) and risk of AML (HR � 2.27;
95% CI, 1.63 to 3.16; P � .001; HR � 2.25; 95% CI, 1.24 to 4.09;
P � .007, respectively).

We then tested the prognostic value of WPSS by applying Cox
regression with time-dependent covariates. The time-dependent
WPSS significantly affected both OS (HR � 2.24; 95% CI, 1.83 to 2.73;
P � .0001; Fig 3C) and risk of AML (HR � 3.71; 95% CI, 2.68 to 5.14;
P � .0001; Fig 3D). Patients in the five risk groups also showed
significantly different probabilities of progression to a higher WPSS
category (HR � 1.42; 95% CI, 1.19 to 1.69; P � .0001). No significant
differences were found when the HRs for survival, risk of AML, and

risk of progression to a higher risk group were compared in the
learning and the validation cohorts.

DISCUSSION

In this study, we identified WHO classification, cytogenetics, and
transfusion requirement as the most significant prognostic variables
in MDS patients classified according to the WHO criteria. By
combining these variables, we developed the WPSS as a dynamic
prognostic scoring system for predicting survival and leukemic
evolution in MDS patients.

The WHO classification represents the basis of our prognostic
model. The implementation of this classification requires skilled
morphologists, but despite this, interobserver agreement may be
scarce.21 However, we believe that the WHO classification should be
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Fig 1. Overall survival and risk of acute leukemia in the Italian cohort classified (A and B) into WHO classification–based prognostic scoring system (WPSS) groups
at diagnosis and (C and D) into time-dependent WPSS groups. The number (N) of patients at risk at 0, 12, 24, 48, 72, 96, and 120 months is reported in the keys of
panels A and B.
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considered as a framework to accommodate more reliable parameters
in the future, such as flow cytometric immunophenotyping data22,23

and, hopefully, molecular markers.24

Cytogenetic pattern according to IPSS was proven to add prog-
nostic information to the WHO subgroups.12 Although several at-
tempts have been made to refine the composition of IPSS cytogenetic
subgroups,25,26 the original one still remains a widely accepted and
validated reference.7

Transfusion dependency was shown to be an independent
prognostic factor in MDS patients1,12 and can be considered as a
reliable indicator of the severity of the disease, partly reflecting the
presence of comorbidities.27 Although different transfusion strat-
egies were adopted in the two participating institutions, both strat-
egies eventually converged towards the identification of similar
patient populations.

As compared with the four groups defined by the IPSS, WPSS
was able to identify five risk groups of MDS patients with different

survival and risk of AML. The most relevant improvement in prog-
nostic ability was observed among MDS without excess blasts and was
mainly a result of the strong impact of lineage involvement and trans-
fusion dependency. WPSS was also able to identify a group of patients
with an extremely poor outcome, despite the lower marrow blast
cutoff introduced by the WHO to define AML.8

A crucial point in clinical decision making, particularly in indo-
lent conditions such as low-risk MDS, is the ability to assess the
effectiveness of treatments administered at any time after diagnosis.
To this purpose, we developed and validated a time-dependent scor-
ing system that can be used at any time after diagnosis. According to
this dynamic model, a patient is classified into a risk group at diagnosis
and stays in the same group as long as the score remains unchanged. If
the patient experiences progression, he/she will change risk category
according to the resulting score and will be subsequently followed
up in the new risk group. The survival curves resulting from such a
model are unquestionably different from traditional survival curves.
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Fig 2. Overall survival and risk of acute leukemia in the Italian cohort classified (A and B) into International Prognostic Scoring System (IPSS) groups at diagnosis and
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Non–time-dependent curves give an estimate of survival and risk of
AML based on data at diagnosis, irrespective of any further evolution
of the disease. In contrast, time-dependent survival curves provide a
risk estimate based on the actual clinical features.

A recent study has shown that aggressive treatment approaches
should rarely be recommended to younger MDS patients belonging to
the lower risk groups.28 In addition, a decision analysis demonstrated
that life expectancy of patients with low-risk MDS who have HLA-
identical siblings was higher when transplantation had been delayed
but performed before the development of AML.17 In this regard, a
time-dependent prognostic scoring system is essential to obtain a
reliable estimate of the potential benefit of the therapeutic procedure.

We used the dynamic risk groups also to compare the mortal-
ity in each WPSS subgroup with that of the general population.
Interestingly, the mortality of the very low–risk group was not
significantly different from that of the general population. In both

the Italian and the German cohorts, approximately 60% of the very
low–risk patients did not show any sign of disease progression
during follow-up. These patients are likely to benefit from delayed
treatment strategies.

It must be acknowledged that there might be a potential source of
bias in this retrospective study. In fact, bone marrow and cytogenetic
examinations were likely to have been performed according to indi-
vidual patient’s clinical needs, which can vary considerably. However,
considering clinical characteristics and outcome, patients included in
the time-dependent model did not differ significantly from patients
whose data were available at diagnosis only.

In conclusion, we have defined a prognostic scoring system that
provides an accurate prediction of survival and of risk of leukemic
evolution in MDS patients at any time during the course of the disease.
This time-dependent system may be used for implementing risk-
adapted treatment strategies.
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Fig 3. Overall survival and risk of acute leukemia in the German cohort classified (A and B) into WHO classification–based prognostic scoring system (WPSS) groups
at diagnosis and (C and D) into time-dependent WPSS groups. The number (N) of patients at risk at 0, 12, 24, 48, 72, 96, and 120 months is reported in the keys of
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