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Identification of novel cytogenetic markers with
prognostic significance in a series of 968 patients with
primary myelodysplastic syndromes 

The myelodysplastic syndromes
(MDS) constitute a heterogeneous
group of hematologic disorders

characterized by peripheral blood cytope-
nia(s) in the presence of hypercellular
bone marrow with features of ineffective
hematopoiesis. MDS are associated with a
high risk of progression to acute leukemia
and with an overall short survival, death
being generally due to the consequences
of cytopenias or progression to acute
leukemia.1 MDS are classified by the
French-American-British (FAB) group,
based on the percentage of bone marrow
and peripheral blood blasts, the percent-
age of bone marrow ringed sideroblasts,
and the level of circulating monocytes,
into the following groups: refractory ane-
mia (RA), refractory anemia with ringed
sideroblasts (RARS), refractory anemia
with excess of blasts (RAEB), refractory

anemia with excess of blasts in transfor-
mation (RAEB-t) and chronic myelomono-
cytic leukemia (CMML). Recently, the
Wordl Health Organization (WHO) classi-
fication proposed the following groups:2

RA, RARS, refractory cytopenia with mul-
tilineage dysplasia, RAEB, MDS unclassifi-
able, and MDS associated with isolated
del(5q) chromosome abnormality. Two
categories are recognized within the
RAEB group: RAEB-1 defined by 5-9%
blasts in the bone marrow and <5% blasts
in the blood, and RAEB-2, defined by 10-
19% blasts in the bone marrow. The
WHO classification is more stringent than
the FAB classification regarding the per-
centage of blasts. For this reason, some
MDS classified in the FAB classification
are now considered as acute leukemia
using the criteria of the WHO classifica-
tion. MDS with an isolated del(5q) is the
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Background and Objectives. The main prognostic factors in myelodysplastic syndromes
(MDS) are chromosomal abnormalities, the proportion of blasts in bone marrow and
number and degree of cytopenias. A consensus-defined International Prognostic
Scoring System (IPSS) for predicting outcome and planning therapy in MDS has been
developed, but its prognostic value in a large and independent series remains
unproven. Furthermore, the intermediate-risk cytogenetic subgroup defined by the IPSS
includes a miscellaneous number of different single abnormalities of uncertain prog-
nostic significance at present. The main aim of the present study was to identify chro-
mosomal abnormalities with a previously unrecognized good or poor prognosis in order
to find new cytogenetic markers with predictive value. 

Design and Methods. We report the cytogenetic findings in a series of 968 patients
with primary MDS from the Spanish Cytogenetics Working Group, Grupo Cooperativo
Español de Citogenética Hematológica (GCECGH).

Results. In this series of 968 MDS patients, we found various cytogenetic aberrations
with a new prognostic impact. Complex karyotype, -7/7q- and i(17q) had a poor prog-
nosis; normal karyotype, loss of Y chromosome, deletion 11q, deletion 12p and dele-
tion 20q as single alterations had a good prognosis. Intermediate prognosis aberra-
tions were rearrangements of 3q21q26, trisomy 8, trisomy 9, translocations of 11q
and del(17p). Finally, a new group of single or double cytogenetic abnormalities, most
of which are considered rare cytogenetic events and are usually included in the inter-
mediate category of the IPSS, showed a trend to poor prognosis.

Interpretations and Conclusions. This study suggests that some specific chromosomal
abnormalities could be segregated from the IPSS intermediate-risk cytogenetic prog-
nostic subgroup and included in the low risk or in the poor risk groups. 
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only cytogenetic entity considered in the WHO clas-
sification. MDS are not associated with any specific
chromosomal abnormality, but the following abnor-
malities are characteristic of these disorders: deletion
5q, monosomy 7, deletion 7q, trisomy 8, deletion
11q, deletion 12p, and deletion 20q.3-16

With respect to prognostic variables, several stud-
ies have demonstrated the prognostic power of the
platelet count, the percentage of bone marrow blasts,
and age of the patient.17,18 Some studies that included
large series of patients with MDS and cytogenetic
results also demonstrated the prognostic influence of
cytogenetics by multivariate analysis. In these stud-
ies, patients with a complex karyotype were general-
ly found to have shorter survival and a higher inci-
dence of evolution to acute myeloid leukemia (AML)
compared to patients with a normal karyotype.12,13 An
international study group on MDS proposed a score,
the International Prognostic Scoring System (IPSS), to
stratify patients according to the percentage of blasts
in bone marrow, the number of cytopenias and the
karyotype.19 Three categories of karyotype were pro-
posed: those with a good prognosis including a nor-
mal karyotype, deletion 5q as a single anomaly, dele-
tion 20q as a single anomaly and loss of Y chromo-
some; those with a poor prognosis including com-
plex karyotypes (more than three abnormalities) or
chromosome 7 anomalies; and those with an inter-
mediate prognosis, comprising all other abnormali-
ties. However, given the small number of series
including large number of patients with MDS and
karyotypic information,19-21 the prognostic signifi-
cance of less frequent cytogenetics abnormalities
remains to be analyzed. In this report, we describe
the cytogenetic findings in a series of 968 patients
with MDS and, using univariate and multivariate
analyses, we analyze the prognostic value of the
cytogenetic aberrations, especially those belonging to
the intermediate risk group.

Design and Methods

Patients
This retrospective study is based on 968 consecu-

tive patients who were referred to hospitals affiliated
to the Spanish Cytogenetic Working Group between
January 1984 and May 2004. Only patients that ful-
filled FAB criteria for MDS were included.1 Patients
with an ambiguous diagnosis of MDS, those who
had previously received chemo/radiotherapy, and
those with MDS secondary to a previous malignancy
were excluded from the analysis. Table 1 provides a
summary of the main clinical data of the patients.
Among the 968 patients, 696 received only support-
ive care, 159 were treated with monotherapy, 77

with chemotherapy (25 with fludarabine, cytarabine,
idarubicin and granulocyte colony-stimulating factor,
and 52 with standard therapy for acute myeloid
leukemia). Twenty-two of those patients who were
intensively treated underwent stem cell transplanta-
tion. 

Investigators from the participating institutions
completed a standard registration form for each
patient detailing the clinical, hematologic and cytoge-
netic features at presentation and the clinical out-
come (survival time from diagnosis and time until
evolution to acute myeloid leukemia).

Cytogenetic studies
The cytogenetic analysis of bone marrow samples

was performed at the individual centers following
standard procedures. The results were reviewed and
collated centrally by the main investigators (FS, EL,
and CS). Whenever possible, at least 20 metaphases
were analyzed and four of them karyotyped.
Chromosomes were identified and karyotypes
described according to the International System for
Chromosome Nomenclature (ISCN).22 A karyotype
was considered complex when more than two cyto-
genetic abnormalities were found. When two or
more clones were noted in a patient with two aber-
rations, the patient was categorized in the complex
aberration group, whereas patients with two kary-
otypically independent clones with a single change
were categorized in the two-aberration groups. In
patients with loss of Y chromosome constitutional
karyotyping with phytohemagglutin was carried out
in order to confirm that the aberration was not con-
stitutional.

Cytogenetic data and some clinical information
concerning 112 patients who were managed at
Hospital Central l´Aliança (Barcelona), Hospital Vall
d’Hebron (Barcelona) and Hospital Universitario La
Fe (Valencia) have been previously reported else-
where11 as have the cytogenetic data from the first
640 patients.20

Analysis of prognostic factors for survival and
progression to acute leukemia

The following parameters were analyzed to deter-
mine their possible association with survival or evo-
lution to acute leukemia: age, sex, hemoglobin (Hb)
concentration, platelet count, absolute neutrophil
count (ANC), number of cytopenias, percentage of
blasts in bone marrow, and karyotype. The FAB clas-
sification,1 Spanish prognostic score (SPS)18 and IPSS19

were also evaluated. The influence of the WHO clas-
sification2 was only evaluated in 288 patients for
whom we have data on the dysplasia. Among these
patients, 214 fulfilled the criteria of the WHO classi-
fication.
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Statistical analysis
χ2 tests were used to compare proportions. The

Kaplan-Meier product limit method was used to esti-
mate the actuarial probability of survival and the
cumulative risk of leukemic transformation.23

Survival was measured from diagnosis to death or
last follow-up. All deaths, related or not to MDS,
were considered as the endpoint of the follow-up
interval. The time to transformation into acute
leukemia was measured from diagnosis to develop-
ment of acute leukemia. Data from patients dying
from any cause before developing acute leukemia
were censored at the date of death for the calculation
of risk of leukemic transformation. Statistical com-
parisons between different actuarial curves were
based on log rank tests24 or, if applicable, the test for
trend, as recommended by Peto et al.25

According to the prognostic significance of the
cytogenetic abnormalities found as single anomalies,
we proposed four categories of karyotypes, called
GCECGH categories. These categories are as fol-
lows: good prognosis: normal karyotype, loss of Y
chromosome, del(5q), del(12p), del(11q) and del(20q)
as a single anomaly; intermediate prognosis: trisomy 8,
rearrangements of 3q21q26, translocations of 11q,
del(17p), trisomy 18 and trisomy 19; poor prognosis:
complex karyotypes, monosomy 7, deletion 7q and
i(17q); unknown prognosis: all remaining cases with
single or double abnormalities. 

Further multivariate analysis by the Cox propor-
tional hazards regression method was used to identi-
fy the most significant independent prognostic fac-
tors related to survival and acute leukemic transfor-
mation. In a first phase the prognostic variables, with

Table 1 . Chromosomal abnormalities according to FAB subtype.

No.(%)
Variable No. of patients (%) RA RARS RAEB RAEB-t CMML p value

Karyotype 264 160 269 105 170
Normal 514 (53.0) 151 (57.0) 106 (66.0) 109 (41.0) 31 (30) 117 (69.0) < 0.0001
Abnormal 454 (47.0) 113 (43.0) 54 (34.0) 160 (59.0)  74 (70) 53 (31.0)
Complex 107 (11.1) 13 (12.1) 8 (7.5) 51 (47.7) 28 (26.2) 7 (6.5) < 0.0001
Single or double 347 (35.9) 100 (28.8) 46 (13.3) 109 (31.4) 46 (13.3) 46 (13.3)
Complex:

5 or 7 involved 71 (66.4) 8 (11.3) 5 (7.0)  33 (46.5) 21 (29.6) 4 (5.6) 0.44
Hyperploid 6 (5.6) 1 (16.7)   1 (16.7) 4 (66.7) 7 (23.4) 3 (10.1)
Others 30 (28.0) 4 (13.3) 2 (6.7) 14 (46.9) − −

IPSS cytogenetic prognostic subgroups*
good 556 (62) 185 (70) 124 (77) 134 (50) 37 (35) 76 (74) < 0.0001
intermediate 199 (22) 59 (22) 27 (17) 63 (23) 31 (30) 19 (18)
poor 146 (16) 20 (8) 9 (6) 72 (27) 37 (35) 8 (8)

Single abnormalities
r 3q21q26 6 (0.6) 2 (0.8) 1 (0.6) 1 (0.4) 1 (1) 1 (0.5) 0.96
del (5q) 55 (5.7) 23 (9) 5 (3) 22 (8) 4 (4) 1 (0.5) 0.005
-7/del (7q) 43 (4.4) 8 (3) 2 (1) 19 (7) 10 (9.5) 4 (2) 0.02
-7 29 (3) 6 (2) 1(0.6) 14 (5) 6 (6) 2 (1) 0.08
del(7q) 14 (1.4) 2 (0.8) 1(0.6) 5 (2) 4 (4) 2 (1) 0.37
+8 56 (5.8) 17 (6) 9 (5.6) 15 (5) 5 (5) 10 (6) 0.55
del or t(11q) 13 (1.3) 4 (1.5) 4 (2.5) 4 (1.5) 1 (1) _ 0.31
del 11q/t11q 7/6 2/2 3/1 2/2 −/1 −/− 0.53
del (12p) 13 (1.3) 3 (1) 2 (1) 7 (2.5) _ 1 (0.6) 0.36
i(17q) 10 (1) 1 (0.4) _ 5 (2) 3 (3) 1 (0.6) 0.19
del (17p) 5 (0.5) 2 (0.8) 1 (1) _ _ 2 (1) 0.17
del (20q) 13 (1.3) 4 (1.5) 5 (3) 2 (0.7) 1 (1) 1 (0.6) 0.11
+21 8 (0.8) _ _ 1 (0.4) 1 (1) 6 (3.5) <0.0001
-Y 17 (1.8) 5 (2) 6 (4) 1 (0.4) 1 (1) 4 (2) 0.019

GCECGH cytogenetic subgroups*
good 573 (63.6) 188 (71.2) 127 (79.4) 143 (53.2) 37 (35.2) 78 (75.7) <0.0001
intermediate 70 (7.8) 23 (8.7) 13 (8.1) 19 (7.1) 7 (6.7) 8 (7.8)
unknown 100 (11.1) 30 (11.4) 10 (6.3) 31 (11.5) 19 (18.1) 10 (9.7)
poor 158 (17.5) 23 (8.7) 10 (6.3) 76 (28.3) 42 (40.0) 7 (6.8)

IPSS: International Prognostic Scoring System (Greenberg et al., 1997): good: normal, -Y, del (5q), del (20q); intermediate: +8, other single or double abnormalities;
poor: complex (? 3 abnormalities) or chromosome 7 abnormalities. GCECGH (Grupo Cooperativo Español de Citogenética Hematológica) cytogenetic subgroups; good:
normal, -Y, del(5q), del(11q), del (12p), del(20q); intermediate:+8, r3q21q26, t(11q), del(17p); poor: complex (?3 abnormalities),-7/del(7q), i(17q); unknown: other
single or double abnormalities. *Excluding CMML patients with WBC counts > 12×109/L.



the exception of IPSS and GCECGH cytogenetic sub-
groups, SPS18 and IPSS,19 were included in the multi-
variate regression procedure. In a second step, those
characteristics entering the regression were included
with the cytogenetic subgroups in a new multivariate
regression to evaluate whether they added important
prognostic information. In a third step the SPS and
IPSS score were added to test whether they added
important prognostic information to that already
afforded by the scoring systems. 

According to the weight (odds ratio) of the inde-
pendent parameters, we proposed a new risk score
for overall survival (OS), called the GCECGH score
of OS and another risk score, for leukemic transfor-
mation (LT), called the GCECGH score for LT.
Finally, after having introduced the newly defined
risk values for OS and LT into the database, further
univariate and multivariate analyses were performed
in order to evaluate whether this new score stratified
risk better. 

For multivariate analyses, only cases with com-
plete data were included (780 patients). Cases of
CMML with >12×109 WBC/L were excluded from
those multivariate analyses in which the IPSS, SPS
and GCECGH score were required. Given the multi-
ple comparison problems, the selected p value for
considering differences as statistically significant in
all analyses was ≥0.01. All tests were two-sided. All
analyses were performed using the SPSS for
Windows statistical data package.

Results

Clinical characteristics of the patients
The group included 553 males (57%) and 415

females (43%). The median age was 70 years (range 1
to 94). Two hundred and thirty-five patients (24.5%)
were under 60 years of age. Of the 968 patients, 264
(27%) were classified as having RA, 160 (16%) as hav-
ing RARS, 269 (28%) as having RAEB, 105 (11%) as
having RAEB-t, and 170 (17%) as having CMML (Table
1). Sixty-seven patients (41.9%) with CMML present-
ed the myeloproliferative variant. RAEB and RAEB-t
subtypes correlated (p<0.001) with younger age
(32.8% and 28.8%, respectively, were under 60 years
old), number of cytopenias (two or three in 53.5% and
62.4% respectively) and high risk groups of scores. Of
the patients with RAEB-t, all had an intermediate or
high SPS score, 93% had an int-2 or high IPSS, 76.2%
and 87.1% had a high or very high OS and LT
GCECGH score, respectively. The data concerning
hemoglobin concentration, platelet count, absolute
neutrophil count, percentage of bone marrow blasts,
cytopenias and the IPSS and SPS in the five different
subtypes of MDS are shown in Table 1. At the time of

analysis, 450 (46.5%) patients were still alive and 518
(53.5%) had died. The actuarial median survival of the
968 MDS patients was 2.5 years. Two hundred and
eighteen patients progressed to acute leukemia, with a
cumulative risk of leukemic transformation of 23% and
42% at 1 and 5 years, respectively.

Cytogenetic results
Of the 968 patients, 454 (47%) showed clonal karyo-

typic abnormalities at diagnosis. The frequency of the
different chromosomal abnormalities and their rela-
tionship with the FAB classification are shown in Table
1. Cytogenetic abnormalities found as a single anomaly
were gain of 1q, involvement of 3q, monosomy 5,
del(5q), monosomy 7/del(7q), trisomy 8, trisomy 9, del
or t(11q), trisomy 11, del(12p), rearrangement of 13q,
i(17q), trisomy 17, trisomy 18, trisomy 19, del(20q), tri-
somy 21, monosomy 21 and loss of X and Y chromo-
somes. The most common abnormalities found were
del(5q), monosomy 5, monosomy 7/del(7q), trisomy 8,
rearrangement of 11q, del(12p), i(17q), del(20q) and
loss of Y (Table 1). Complex karyotypes were observed
in 107 patients, the incidence being 11.1% in the whole
series of cases and 23.6% among those patients with
abnormal karyotypes. Seventy-one (66.4%) of these
complex karyotypes showed abnormalities involving
chromosome 5 (deletion or monosomy), chromosome
7 (deletion or monosomy) or both. 

Chromosomal abnormalities and FAB classification
As shown in Table 1, 113 patients with RA (43%), 54

with RARS (34%), 160 with RAEB (59%), 74 with
RAEB-t (70%) and 53 with CMML (31%) showed a
clonal abnormality. In RA the most frequent cytogenet-
ic abnormalities were del(5q), trisomy 8, monosomy 7,
loss of Y chromosome and del(20q); the most common
abnormalities in RARS were trisomy 8, loss of Y chro-
mosome, del(5q), and del(20q); the most common
abnormalities in RAEB were del(5q), trisomy 8, mono-
somy 7, del(12p), and i(17q); in RAEB-t they were mo-
nosomy 7, trisomy 8, del(5q), del(7q), and i(17q), and in
CMML the predominant abnormalities were trisomy
8, trisomy 21 and loss of Y chromosome. 

Prognostic factors for survival and leukemic
transformation
Univariate analysis

The results of the univariate analysis of prognostic
factors for survival and risk of leukemic evolution are
summarized in Table 2. Hemoglobin concentration,
platelet count, number of cytopenias, proportion of
bone marrow blasts, FAB subtype, IPSS and SPS
scores showed a close association with short survival
and high risk of leukemic transformation. Patients
with an ANC < 1.5×109/L and elderly patients had an
increased risk of acute leukemic transformation.

Cytogenetics of MDS
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Gender showed an association with survival (p=0.03)
but not with evolution to acute leukemia.

Cytogenetic findings had a clear impact on overall
survival and risk of leukemic transformation (Table 3).
Patients with an abnormal karyotype had a shorter sur-
vival and higher risk of leukemic transformation than
did those with a normal karyotype (p<0.0001). Patients
with a single or two anomalies had increased survival
and lower risk of evolution to acute leukemia than
patients with complex karyotypes (p<0.0001). Within
the group of complex karyotypes, the prognosis was
similar for cases with or without involvement of chro-
mosomes 5 and/or 7. The cytogenetic prognostic sub-
groups defined by the IPSS strongly influenced survival
and risk of leukemic transformation. In our series, out-
come regarding survival and evolution to acute
leukemia for each specific abnormality was compared
with the remaining set of abnormal cases with single
aberrations: patients with del(5q), del(11q), del(12p),
del(20q), and loss of Y chromosome had a longer sur-
vival than did the overall series of patients, whereas
monosomy 7, del(7q), i(17q), rearrangement 1q, tri-
somy 9 and trisomy 11 showed a somewhat shorter
survival, but these latter three abnormalities were

infrequent. However, none of the chromosomal abnor-
malities found as single abnormalities, including those
universally accepted as portraying good or poor prog-
nosis, showed a statistically significant association
with outcome when compared with the remaining
cases, except for loss of Y chromosome (p=0.009),
del(5q) (p=0.023), monosomy 7/del(7q) (p=0.0006),
monosomy 7 (p=0.009), and del(17p) (p=0.04) for sur-
vival, and rearrangements of 3q (p=0.05), del(5q)
(p=0.02) and monosomy 7 (p=0.03) for acute leukemia
evolution. Only 5.9% of cases with loss of Y chromo-
some progressed to develop acute leukemia (p=0.03).
We tried to ascertain whether any of the chromosomal
abnormalities occurring as sole aberrations and with-
out a previously recognized particular prognosis could
be segregated from the miscellaneous intermediate-risk
IPSS cytogenetic prognostic subgroup. For this pro-
pose, only abnormalities which occurred with an inci-
dence >0.5% were evaluated. 

The statistical analysis presented in all the tables was
performed taking into account the new stratification of
the patients according the cytogenetic findings of the
GCECGH. The four GCECGH cytogenetic subgroups
previously defined were helpful in separating the inter-
mediate and unknown risk and showed a close associ-
ation with survival and risk of leukemic transformation
(Table 3, Figures 1 and 2).

The median survival for patients who received only
supportive care (696/932) was 3.00 years and these
patients were the longest survivors in our series
(p=0.01). However, only 8.3% of patients were treated
with intensive chemotherapy and, among them, 61%
were less than 60 years old. 

Prognostic score and survival according to the WHO classifica-
tion

Table 4 summarizes the prognostic findings of 288 of
our cases when they were reclassified using the WHO
classification. The statistical analysis showed signifi-
cant differences for survival and risk of leukemic evo-
lution for all the categories.

Multivariate analyses for overall survival
By stepwise logistic regression, the cytogenetic sub-

groups of the IPSS and SPS scores showed a strong and
independent relationship with survival, but the IPSS
score did not show prognostic value in this series.
When the cytogenetic aberrations suggested by the
GCECGH (GCECGH cytogenetic subgroups) were
added in the regression analysis, these GCECGH sub-
groups became the main prognostic indicator.
Furthermore, patients older than 60 years with hemo-
globin < 100 g/L and with RAEB or RAEB-t and with
three or four cytopenias showed a high, early risk of
death. 

Taking into account the value of the prognostic
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Table 2. Univariate analysis.

Overall Leukemic
survival transformation

Variable p value p value

Gender 0.02* 0.27*
0.11 0.55
0.005 0.37

Age (year) 0.03* 0.01*
0.16 0.02
0.09 0.01

Hemoglobin (g/L) < 0.0001 < 0.0001

Neutrophil count (×109/L) 0.04* 0.0003*
0.11 0.0005
0.07 0.0003

Platelet count (×109/L) < 0.0001 < 0.0001

Bone marrow blasts (%) < 0.0001 < 0.0001

Cytopenias < 0.0001 < 0.0001

FAB subtype < 0.0001 < 0.0001

IPSS score** < 0.0001 < 0.0001

SPS score** < 0.0001 < 0.0001

GCECGH cytogenetic subgroups** < 0.0001 < 0.0001

GCECGH score** < 0.0001 < 0.0001

IPSS, International Prognostic Scoring System (Greenberg et al., 1997); SPS,
Spanish Prognostic Score (Sanz et al., 1989). GCECGH (Grupo Cooperativo
Español de Citogenética Hematológica). *Log-rank, Breslow and Tarone test;
**Excluding CMML patients with WBC counts >12×109/L.
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parameters (odds ratio) we proposed the new score,
called the GCECGH score for OS, which allows segre-
gation of four risk groups: low risk, intermediate risk,
high risk and very high risk. According to this new
score, we demonstrated a distinct prognosis for these
categories (Figure 3). Table 5 shows the scoring system
applied. The risk groups correlated very well with FAB
subtypes (p<0.0001), since 88.5% of patients with very
high risk for OS had RAEB and RAEB-t subtypes
(55.7% and 32.8%, respectively). When the GCECGH
score for OS was added in the regression analysis, our
score was the main prognostic indicator, and only the
SPS score also provided prognostic information but
with a low statistical value (Table 6 and 7). 

Multivariate analyses for leukemic transformation
After the three steps previously described had been

applied, the IPSS cytogenetic subgroups, FAB subtypes,
SPS prognostic subgroups, and hemoglobin level were
the variables selected for entering the model. When the
IPSS, SPS and the GCECGH cytogenetic subgroups
were included in the regression procedure along with
these clinical characteristics, the GCECGH cytogenetic
subgroup was the second variable showing independ-
ent prognostic significance, the FAB subtype being the
first. 

We included these GCECGH categories in the data-
base (attributing the points shown in Table 5) and the
univariate study confirmed that each category was
associated with different levels of risk of evolution to

Table 3. Cytogenetic variables related to survival and leukemic transformation.

Variable Overall survival Leukemic transformation

No. of Median p No. of 1 yr. cumulative 5 yr. cumulative p
patients(%) survival (yr.) value patients(%) risk (%) risk (%) value

Karyotype
Normal 514 (49.0) 3.58 < 0.0001 72 (14.0) 15 28 < 0.0001
Abnormal 454 (51.0) 1.46 146 (35.0) 33 59
Complex 107 (11.1) 0.50 < 0.0001 49 (45.8) 58 95 < 0.0001
Single or double 347 (35.9) 2.08 97 (28.0) 26 52
Complex:

5 or 7 involved 71 (66.4) 0.58 0.85 32 (45.0) 63 95 0.75
Hyperploid 6 (5.6) 0.25 3 (50.0) 65 100
Others 30 (28.0) 0.50 14 (46.7) 60 100

IPSS cytogenetic prognostic subgroups*
good 556 (62) 4.38 < 0.0001 74 (13) 14 26 < 0.0001
intermediate 199 (22) 1.93 64 (32) 28 64
poor 146 (16) 0.67 62 (43) 54 89

Single abnormalities
r3q21q26 6 (0.6) 2.63 0.59 3 (50) 75 100 0.05
del (5q) 55 (5.7) 4.33 0.023 11 (20) 15.5 35.5 0.02
-7/del (7q) 43 (4.4) 1.33 0.0006 14 (28.3) 41 49 0.18
-7 29 (3.0) 1.2 0.009 11 (38) 47 59 0.039
del(7q) 14 (1.4) 1.3 0.11 3 (21.4) 30 30 0.63
+8 56 (5.8) 2.08 0.37 17 (30) 24.5 62.4 0.98
r11q 13 (1.3) 3.6 0.14 4 (30.7) 19 70.5 0.57
del(11q) 7 (0.7) 3.8 0.21 1 (16) 16 50 0.23
t(11q) 6 (0.6) 2.22 0.43 3 (50) 40 92 0.60
del (12p) 13 (1.3) NR 0.11 1 (7.7) 12.5 12.5 0.42
i(17q) 10 (1.0) 0.92 0.18 2 (20) 100 − 0.08
del (17p) 5 (0.5) NR 0.04 0 (0) 0 0 0.15
del (20q) 13 (1.3) 5.83 0.031 1 (7.7) 20 20 0.26
+21 8 (0.8) 1.16 0.02 1 (12.5) 25 50 0.32
-Y 17 (1.8) 4.94 0.009 1 (5.9) 6 14.3 0.036

GCECGH Cytogenetic subgroups*
Good 573 (63.6) 4.33 <0.0001 76 (13.3) 13.5 26.2 <0.0001
Intermediate 70 (7.8) 2.63 20 (28.6) 18.8 58.3
Unknown 100 (11.1) 1.00 39 (39.6) 38.8 76.0
Poor 158 (17.5) 0.66 65 (41.1) 53.2 82.5

IPSS cytogenetic prognostic subgroups; good: normal, -Y, del (5q), del (20q); intermediate: +8, other single or double abnormalities; poor: complex (? 3 abnormalities) or
chromosome 7 abnormalities. GCECGH (Grupo Cooperativo Español de Citogenética Hematológica) cytogenetic subgroups, good:normal,-Y,del(5q), del(11q), del(12p),
del(20q); intermediate:+8, r3q21q26, t(11q), del(17p); poor: complex (?3 abnormalities), -7/del(7q), i(17q); unknown: other single or double abnormalities.
*Excluding CMML patients with WBC counts >12×109/L.
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acute leukemia (Table 6) and correlated very well with
FAB subtypes (Table 1), because all patients with very
high risk for leukemic transformation had RAEB or
RAEB-t (62.5% and 37.5%, respectively). When the
GCECGH score for LT was added in the regression
procedure, this was the main predictive factor, and
only the SPS score offered a little information about
this frequently fatal event (Table 8). 

Discussion

The overall incidence of chromosomal abnormalities
in this series of 968 patients with primary MDS was

Figure 1. Survival according to GCEGCH cytogenetic subgroups.
The overall log-rank, Breslow and Tarone tests were significant
(p<0.0001).

Figure 2. Leukemic risk transformation according to GCEGCH cyto-
genetic subgroups. The overall log-rank, Breslow and Tarone tests
were significant (p<0.0001).

Table 4. Prognosis of the patients with MDS according to the
refined WHO subtypes.

Overall Leukemic
Survival transformation

MDS patients Median No. of 1 year 5 year 
WHO(%) (years) patients cumulative cumulative

(%) risk (%) risk (%)

RA 22 (10.3) 2.3 3 (13.6) 12.8 28.8

RARS 34 (15.9) 4.8 2 (5.9) 5.9 5.9

RCMD 40 (18.7) 2.3 7 (17.5) 15.5 29.3

RCMD-RS 28 (13.1) 2.7 2 (17.0) 7.7 7.7

RAEB-1 33 (15.4) 0.9 13 (39.4) 38.0 71.9

RAEB-2 34 (15.9) 0.6 11 (32.3) 45.2 −

MDS del(5q) 17 (7.9) 2.4 3 (17.5) 20.5 20.5

MDS-U 6 (2.8) 5.2 1 (17) 17 17

p value <0.0001 <0.0001

MDS: myelodysplastic syndrome; WHO: World Health Organization;
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 blasts-1; RAEB-2: refractory anemia with excess blasts-2;
MDS-U: myelodysplastic syndrome-unclassified; IPSS: International Prognostic
Scoring System (Greenberg et al., 1997); Int-1: intermediate 1; Int-2: intermedi-
ate 2; SPS: Spanish Prognostic Score (Sanz et al., 1989). *Excluding CMML
patients with WBC counts > 12×109/L.

Table 5. GCECGH scoring system.

A. Overall survival
Points 0 0.5 1 1.5
Years ≤60 > 60
Hemoglobin level (g/L) ≥100 <100
Cytopenias 0-1 2-3
FAB subtype RA

RARS RAEB
CMML RAEB-t

GCECGH cytogenetic Good Intermediate Unknown Poor
subgroups*

B. Leukemic transformation
Points 0 0.5 1 1.5
Hemoglobin (g/L) ≥100 <100
FAB subtype RARS RA RAEB

CMML RAEB-t
GCECGH cytogenetic Good Intermediate Unknown Poor
subgroups*

Cytopenias: Hb <100 g/L, neutrophils <1.5×109/L, platelets <100×109/L.
CECGH(Grupo Cooperativo Español de Citogenética Hematológica) cytogenetic
subgroups: good: normal, -Y, del (5q), del (11q), del(12p), del (20q); intermedi-
ate:+8, r3q21q26, t(11q), del(17p); poor: complex (? 3 abnormalities), -7/del7q,
iso(17q); unknown: others single or double abnormalities; scores for risk groups
are as follows: Low 0-0.5; Intermediate 1-1.5; High 2-2.5; Very High ≥ 3.
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47%, similar to that in other reported series.11-14,19,20 Our
study confirms that RAEB and RAEB-t subtypes have
the highest rate of chromosome abnormalities (59%
and 70%, respectively), and CMML and RARS the
lowest (31% and 34%, respectively). 

The most common cytogenetic abnormalities found
in our series were del(5q), monosomy 7/del(7q) and tri-
somy 8, with del(5q) being the most frequent abnor-
mality. Other chromosomal abnormalities frequently
found included del(11q), del(12p), involvement of 13q,
isochromosome 17q, del(17p), del(20q), trisomy 21,
monosomy 21, and loss of sex chromosomes.
Chromosome loss accounts for about half of the chro-
mosomal abnormalities in MDS. Among partial chro-
mosome losses, del(5q) was the most common, fol-
lowed by del(20q), del(11q) and del(7q).11, 12, 19, 20 In our
series, the most frequent losses were del(5q), del(7q),
del(12p), del(20q), and del(11q). 

Previous studies have shown the prognostic impact
of chromosomal abnormalities in patients with
MDS4–7,10,19,20,26 and three large series have demonstrated
by multivariate analysis that karyotype has an inde-
pendent prognostic value.12,13,19,20 There is also recent evi-
dence that chromosomal abnormalities are the best
predictors of outcome after intensive antileukemic
chemotherapy.27 Our series confirms the prognostic
importance of cytogenetic findings in patients with pri-
mary MDS. The presence or absence of chromosomal
abnormalities, the number of abnormalities, the IPSS
cytogenetic prognostic subgroups, the GCECGH cyto-
genetic subgroups, and some single cytogenetic abnor-
malities were associated with outcome in univariate
analyses. 

In a series of 386 patients, Pfeilstöcker et al.28 evaluat-
ed different scoring systems to assess the prognostic
power of cytogenetics. Differences in prognosis were
found between patients with no aberrations, those
with single aberrations excluding chromosomes 7 and

Figure 3. Survival according GCEGCH subgroups score for OS. The
overall log-rank, Breslow and Tarone tests were significant
(p<0.0001).

Table 6. GCECGH score subgroups.

GCECGH score for No .of Median p
overall survival* patients (%) survival (yr) value

low 188 (23.0) 6.87 < 0.0001
intermediate 336 (41.1) 3.33
high 171 (20.9) 1.07
very high 122 (14.9) 0.58

GCECGH score No .of 1 yr 5 yr p 
for leukemic patients cumulative cumulative value
transformation* (%) risk (%) risk (%)

low 13 (5.0) 4.2 9.7 < 0.0001
intermediate 36 (16.2) 18.7 33.4
high 71 (33.6) 34.0 73.8
very high 60 (46.9) 58.5 93.0

*Excluding CMML patients with WBC counts > 12×109/L.

Table 7. Multivariate analysis of survival. 

Step Characteristic Categories expβ p value

1 GCECGH score < 0.0001 
OS subgroups*

Very high risk 6.83 < 0.0001
vs good risk 
High risk vs 4.46 < 0.0001
good risk

Intermediate 1.85 0.0001
vs good risk 

2 SPS prognostic < 0.0001
subgroups* High vs low risk 2.10 < 0.0001

Intermediate vs 1.57 0.0002
low risk 

GCECGH (Grupo Cooperativo Español de Citogenética Hematológica); OS,
overall survival; SPS, Spanish Prognostic Score (Sanz et al., 1989). *Excluding
CMML patients with WBC counts > 12×109/L. Standard 95% confidence
intervals.

Table 8. Multivariate analysis of leukemic transformation. 

Step Characteristic Categories expβ p value

1 GCECGH score < 0.0001
LT subgroups*

Very high risk 14,06 < 0.0001
vs good risk 

High risk 8,10 < 0.0001
vs good risk
Intermediate 3,39 0.0002
vs good risk 

2 SPS* prognostic 0.0003
subgroups

High vs 2,71 0.0001
low risk 

Intermediate 1,89 0.0033
vs low risk 

GCECGH (Grupo Cooperativo Español de Citogenética Hematológica); LT,
leukemic transformation; SPS, Spanish Prognostic Score (Sanz et al., 1989).
*Excluding CMML patients with WBC counts > 12×109/L. Standard 95%
confidence intervals.
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8, those with aberrations on chromosomes 5, 7 or 8
and those with complex aberrations. Similar findings
were observed in our series, and these results are in
agreement with those found in larger series of MDS
with cytogenetics.12,13, 19-21

One of the aims of the present study was to evaluate
the prognostic accuracy of the IPSS score by multivari-
ate analysis.19 Our results clearly demonstrate that the
IPSS is a powerful prognostic indicator in MDS
patients, both for survival and risk of leukemic evolu-
tion. The prognostic impact of the most frequent cyto-
genetic aberrations (del5q, -7/del7q, complex karyo-
type, loss of Y chromosome, etc.) of MDS is very well
known. Nevertheless, one possible minor pitfall of the
IPSS is the inclusion of a miscellaneous number of sin-
gle chromosomal abnormalities and double abnormal-
ities in the intermediate cytogenetic prognostic sub-
group. Some of the single chromosomal abnormalities
might well prove to be of good or poor prognosis
when a large number of cases are properly analyzed. In
the present study there was some suggestion that cer-
tain chromosomal abnormalities could be segregated
from the IPSS intermediate-risk cytogenetic subgroup.

Taking into account the cytogenetic abnormalities
found as single anomalies, we proposed the following
cytogenetic categories: good prognosis: normal karyo-
type, loss of Y chromosome, del(5q), del(12p), del(11q)
and del(20q) as a single anomaly; intermediate prognosis:
trisomy 8, rearrangemements of 3q21q26, transloca-
tions of 11q, del(17p), trisomy 18 and trisomy 19; poor
prognosis; complex karyotypes (≥3 abnormalities),
monosomy 7, deletion 7q and i(17q); and unknown
prognosis: other single or double abnormalities. This
last group includes many isolated and sometimes rare
rearrangements. These new categories were studied by
univariate and multivariate analyses and allowed the
entities proposed by the cytogenetic subgroups of IPSS
to be refined.

As regards cases with 1q involvement, this group
had a poor outcome when compared with the overall
series of patients by univariate analysis (median 0.66
years), and there was some trend towards a statistical-
ly significant poorer survival than that observed in the
remaining cases of the IPSS intermediate-risk cytoge-
netic subgroup. Obviously, these results should be
interpreted with caution because few patients with
this anomaly were observed. In our previous report on
640 MDS cases, we found that involvement of 1q was
associated with a very poor prognosis.20 A previous
report on patients with partial trisomy 1q was remark-
able for the young median age of 36.5 years in this
group of patient.29 Another interesting aspect is the
high prevalence of trisomy 1q in MDS from Korea.30

Regarding trisomy 8, a previous study that analyzed
published data about trisomy 8 as a single anomaly
observed that the median survival of these cases was

17.1 months (21 months for myeloproliferative disor-
ders and 15 months for MDS).31 This report presented
a review of trisomy 8 in hematologic disorders and
concluded that the incidence of trisomy 8 was higher
in MDS than in myeloproliferative disorders.
Interestingly, trisomy 8 was more common in women
than in men and was more frequent in elderly
patients.32 In our series, trisomy 8 was more frequent in
patients over 60 years old (p=0.002), and was more fre-
quent in men (35M/21F). Taking into account the sur-
vival time (median 2.08 years) and the incidence of
evolution to acute leukemia (24.5% per year) of
patients with trisomy 8, this cytogenetic anomaly
should be included in the intermediate category.

Regarding rearrangements of chromosome 11, tri-
somy 11 is a rare anomaly in acute myeloid leukemia
and MDS without apparent clinical or cytological char-
acteristics.33 A report from Cortes et al.33 concluded that
11q abnormalities define a population with a poor
prognosis even when presenting de novo, the prognosis
being worse for patients with a secondary leukemia. It
is interesting to note that cases with 11q involvement
also included those with a translocation involving
11q23. Among the patients with 11q abnormalities in
our series, there were seven with del(11q) and six with
a translocation involving 11q23, both with different
overall survivals. In this series, MLL was not studied in
cases with 11q23 involvement. The median survival of
patients with del(11q) was longer than that of patients
with a normal karyotype and very similar to that of
patients with good prognosis cytogenetic abnormali-
ties according to the IPSS (3.8 years vs 3.58 years vs
4.38 years) and their risk of transformation to acute
leukemia was very similar (16% vs 15% vs 14%).
Nevertheless, cases with translocations that affected
11q23 had a clinical course similar to that of cases in
the intermediate risk category (median 2.22 years vs
1.93 years), and a higher incidence of evolution into
acute leukemia (40% vs 28% per year). For this reason,
we do not segregate these cases from the intermediate
risk category. The WHO clasification is more stringent
than the FAB classification regarding the percentage of
blasts. Our analysis is based on the FAB classifiation
which is still a very widely used classification. For this
reason, cases with 11q23 rearrangement are consid-
ered MDS cases taking into account the percentage of
blasts. It is worth noting that the prognosis of our cases
with t(11q23) is not poor. 

Concerning deletions of 12p, patients with a single
del(12p) survived longer than patients with a normal
karyotype and had a similar risk of leukemic evolution.
The univariate analysis showed that patients with sin-
gle del(12p) tended to have a prognosis resembling that
of cases in the IPSS good-risk cytogenetic subgroup.
12p rearrangements have been reported in about 10%
of patients with CMML, and 5% of RAEB and RAEB-t,
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usually as deletions at 12p11-p13.34 Interestingly, in our
series, nine of the 13 cases with deletion 12p as a sole
abnormality had RAEB-t and 53.8% (7/13) had RAEB
(2.5% of all cases of RAEB). These data suggest that
the better survival of cases with del(12p) was not con-
ditioned by their association with a good prognosis
FAB subtype. Abnormalities of the short arm of chro-
mosome 12 are found in about 5% patients with acute
myeloid leukemia and MDS. In a series of 59 patients
with acute myeloid leukemia and MDS and 12p abnor-
malities, it was concluded that patients with a small
deletion, del(12)(p11.2p13) have a better clinical course
and patients with a large deletion, del(12)(p11.2) and
additional chromosomal anomalies have a poor clinical
course.35 In our series, 12.5% of cases with del(12p)
evolved into acute leukemia after 5 years and had a
longer survival than patients with a normal karyotype.
Taking into account our results we consider that this
anomaly should be included in the cytogenetic catego-
ry defined as having a good prognosis.

Loss of Y chromosome was observed in 17 cases,
preferentially in patients with RA and RARS. This
anomaly is observed in MDS,11,19,20 but can also be
observed in older males without hematologic diseases.
It is difficult to determine whether this anomaly is
acquired or is present because of advanced age of the
patients. In most series of MDS patients, loss of Y
chromosome confers a good prognosis.19,20 We demon-
strate that the cytogenetic categories proposed by the
GCECGH, in addition to FAB subtype, number of
cytopenias, age and hemoglobin concentration have an
independent prognostic significance in MDS patients.
With these parameters, the GCECGH scores for OS
and LT were superior to the remaining parameters for
predicting survival and evolution to acute leukemia in
our series of 968 cases. The SPS remains the best pre-
dictive score for cases with cytogenetic data. 

Although we studied a large series of patients, there
are many cytogenetic aberrations of unknown prog-
nostic significance. Obviously, all these observations
require confirmation in future larger studies before
being accepted and used in clinical practice.
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