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Myelodysplastic syndromes according to FAB and WHO classification.
Single center experience
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The results of clinical and laboratory observations of 119 MDS patients divided acc. to FAB, and — after excluding
RAEB-t and CMML groups — of 95 patients divided acc. to WHO classification are presented. The diagnosis of MDS was
based on medical interview, physical examination, blood biochemistry, peripheral blood (PB) and bone marrow (BM)
cytomorphology and cytochemistry, trephine biopsy and cytogenetic examination. All hematologic examinations were
done according to routine methods. Cytogenetic analyses were carried out on BM cells from 2448 h cultures in standard
conditions. At least 15-20 GTG-banded metaphases were analyzed in every patient.

The survival time (ST) of patients differed significantly between the FAB or WHO groups, with p=0.0004 for FAB and
p=0.02 for WHO. The progression to AML was more common in less favorable groups, with p=0.0001 for FAB and
p=0.00016 for WHO. The distribution of IPSS prognostic index among the groups showed statistically significant differ-
ence (p=0.0004 for FAB, and p=0.0001 for WHO), whereas the distribution of karyotypic abnormalities did not. However,
in univariate analysis statistically significant influence on ST showed, beside the both classification systems: cytogenetics,
the presence of blasts in PB, age and IPSS index. In multivariate analysis the sole independent prognostic factors were: PB
blasts and cytogenetics.

The authors conclude that the WHO classification offers a good prognostic tool for MDS patients. However, the

karyotype and the presence of blasts in PB should always be taken into account.
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Myelodysplastic syndromes (MDS) were separated from
other hematologic malignancies in 1982 by French-Ameri-
can-British Group (FAB) as a group of diseases with distinct
hematological parameters, especially cytopenias and dyspla-
sias, and with determined clinical course and prognosis [1].
In spite of worldwide acceptance of this proposal, which al-
lowed a better classification of these sometimes diagnosti-
cally difficult syndromes, many reports indicating a need for
a more precise definition of some disease symptoms and for
changes in classification of MDS types, started to appear
soon after its publication [2—5]. Thus, in 1985 a borderline
between acute myeloid leukemia M6 (AML M6) and MDS
(2), and in 1994 a basis for differential diagnosis of chronic
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myeloid leukemia (CML), atypical chronic myeloid leuke-
mia (a-CML), and chronic myelomonocytic leukemia
(CMML) were established [6, 7].

The most discussed points were: a position of CMML and
RAEB-t (refractory anemia with excess of blasts) among
myelodysplastic syndromes and a relation between mono-
and multilineage dysplasia in RA (refractory anemia). The
classification system of MDS, published in 1999 as a part of
WHO classification of hematologic neoplasms, suggested a
solution for the above mentioned questions by a lowering of
the percentage of bone marrow (BM) blasts required to diag-
nose AML to 20% [8, 9], which resulted in joining RAEB-t to
AML group. CMML was excluded from MDS and localized
in a new group of hematologic malignancies, MDS/MPS
(myelodysplastic/myeloproliferative syndromes). This group
includes diseases showing features of dysplasia, as well as
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myeloproliferation. A subtype of MDS — RCMD (refractory
cytopenia with multilineage dysplasia), proposed in 1995 by
ROSATI et al, was also created [10].

The cytogenetics of BM cells was in the last decade deter-
mined as an independent prognostic factor in MDS. Accord-
ing to the proposal of GREENBERG et al in 1997, BM cells
karyotypes were divided in three groups: good (G), interme-
diate (I) and poor (P) prognosis karyotypes, and incorporated
into International Prognosis Scoring System (IPSS) [11].

In the present paper we intended to verify the value of FAB
and WHO classifications, as well as that of cytogenetics, in
our single center group of patients.

Material and methods

Patients. 120 consecutive patients hospitalized and/or
treated in an out-patient service from July 1992 to June 2004
in Hematology Department, Medical University in Wroclaw,
were subsided to analysis. The diagnosis of MDS was based
on medical interview, physical examination, blood and bone
marrow cytomorphology and cytochemistry, blood biochem-
istry, cytogenetic examination and trephine biopsy. Patients
were treated according to standard protocols for MDS.

The patients were classified according to FAB and, after
WHO classification was published, also according to its cri-
teria. They were also additionally classified according to
cytogenetics. The patients karyotypes were divided in three
IPSS types; normal karyotype, as well as 5q-, 20g-, and -Y as
a sole changes, were determined as good prognostic
cytogenetic factor (G), -7 and 7q-, alone or with other aberra-
tions, as well as complex karyotype were determined as poor
prognostic factors (P), and remaining karyotypes — as inter-
mediate ones (I) [11]. On the basis of clinical and laboratory
data IPSS prognostic indicator was calculated for every pa-
tient.

All results of laboratory examinations here presented re-
fers to the time of diagnosis.

Methods. Peripheral blood (PB) and bone marrow (BM)
cytomorphology, BM cytochemistry and PB biochemistry
were done using routine methods. Trephine biopsy was per-
formed with a Yamshidi type needle at the posterior illiac
spine.

Cytogenetic examinations were based on BM cells. Cell
cultures were carried out at 37 °C and 5% CO, for 24 and
48 h, according to the methods previously described [12]. At
least 15-20 GTG-banded metaphases were analysed accord-
ing to International System for Human Cytogenetic Nomen-
clature (ISCN) 1995 [13]. Fluorescence in situ hybridization
(FISH) with a-satellite and whole chromosome painting
probes was used to resolve complex karyotypes or hidden ab-
errations.

Statistical analysis. For each parameter (age, survival,
etc.) in different FAB and WHO groups mean, median and
standard deviation (SD) were calculated. The means of these
parameters were compared by one-way analysis of variance

(ANOVA). For groups with unhomogenous variance
Wilcoxon rank test was used (homogeneity of variance was
verified by Bartlett test). The evaluation of discrete parame-
ters distribution was done by chi-square test with Yates cor-
rection or, if the expected value was less than 5, by Fisher ex-
act test. Survival time curves were determined using
KAPLAN-MEIER estimation method [14], and compared in
pairs using log-rank test. p<0.05 was acknowledged as statis-
tically significant. The multivariate analysis was carried out
with Cox proportional hazard regression model [15]. The
analysis was performed using statistical program EPI INFO
Ver. 3.2 (dated 04.02.2004).

All procedures were approved by the local Bioethical
Committee and were carried out after informed consent of
patients.

Results

Among 119 patients with MDS, 51 women and 68 men, 34
fulfiled the criteria for refractory anemia (RA), 13 for refrac-
tory anemia with ringed sideroblasts (RARS), 38 — refractory
anemia with excess of blasts (RAEB), 17 — RAEB in trans-
formation into AML (RAEB-t) and 12 — chronic myelo-
monocytic leukemia (CMML). Five patients remained un-
classified. Hematological, cytogenetic and some clinical data
of patients classified according to FAB are shown in the Ta-
ble 1. As may be seen, men prevailed, especially in RAEB
and RAEB-t groups. Median age was similar in all groups.
Median Hb concentration was lowest in RARS, and highest
in CMML. Difference between the 5 groups was statistically
highly significant.

Median WBC count was lowest in RAEB and highest in
CMML. Only 1 patient with WBC 15.2x10°/1 suited the crite-
ria for proliferative type of CMML. A shift to immature cells
in granulocyte lineage was found in BM of a half of CMML
patients. Mean and median granulocyte counts of the groups
did not differ significantly, being lowest in RAEB and high-
est in the RAEB-t and CMML groups.

The platelet count showed a great dispersion in each
group. The median count was the highest in RARS, the low-
estin RAEB and RAEB-t groups, with a borderline statistical
significance. Anemia was encountered in all RA, RARS and
RAEB-t patients and absent in only single patients of the re-
maining groups. Neutropenia was found in about 60% of pa-
tients in 1-4 groups, and in the minority of patients with
CMML Thrombocytopenia was less common than neutro-
penia, the least in RARS group (Tab. 1). Analysis of bone
marrow (BM) and peripheral blood (PB) blastosis showed
statistically highly significant differences. In BM the highest
percentage of myeloblasts was in RAEB-t, followed by
RAEB and CMML. In PB the occurrence of myeloblasts was
incidental, except for RAEB-t.

Among RAEB-t patients we compared those classified on
the basis of BM blastosis (BM subgroup = 10 pts.) and those
classified on the basis of PB blastosis (PB subgroup = 7 pts.).
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Table 1. Clinical, hematological and cytogenetic data of MDS patients classified according to the FAB types

1 2 3 4 5
All pts. p

RA RARS RAEB RAEB-t CMML
Patients number (N) 114 34 13 38 17 12 -
Sex (F/M) 50/64 17717 6/7 15/23 6/11 6/6 NS
Age:
ME 63.5 63.5 66.0 63.0 63 65.0 NS
range 20-79 24-79 39-76 30-79 20-77 41-74
Haemoglobin [g/L]
ME 90,9 90.4 78.0 93.0 87.0 106.5 0.00017
range 39.0-158.0 39.0-128.0 54.0-109.0 58.0-113.0 47.0-106.0 81.0-158.0
Leucocytes [x10/L]
ME 3.8 3.5 3.6 32 3.8 6.35 NS
range 0.8-15.2 1.4-11.1 1.9-15.2 0.8-15.1 0.9-7.6 1.8-15.2
Neutrophils [x10°/L]
ME 1.83 1.95 1.75 1.3 2.35 2.3 NS
range 0.1-8.0 0.65-8.0 0.87-7.5 0.23-7.8 0.10-5.0 1.8-5.0
Platelets [x10°/L]
ME 96.5 111.0 192.0 61.0 93.0 123.0 0.06
range 2.0-723.0 11.0-723.0 39.0-479.0 2.0-403.0 5.0-312.0 6.0—235.0
Medullary blasts [%]
ME 5.0 1.00 1.0 9.5 20.5 6.0 0.0000
range 0.0-26.0 0.0-5.0 0-4.0 5.0-17.5 3.0-26.0 0-26.0
Peripheral blasts [%]
ME 0.000 0.000 0.000 0.000 5.0 0.000 0.0000
range 0-20.0 0-3.0 0 0-12.0 0-20.0 0-4.0
Incidence [N(%)] of:
anaemia 110(97) 34 13 36 17 10 0.03
neutropenia 70(61.4) 22 8 27 10 3 0.04
thrombopenia 63(55.2) 17 3 27 11 5 NS
Dysplasia (N) of:
erythrocytes 91 31 13 27 15 5 NS
neutrophils 53 15 4 19 11 4 NS
platelets 38 13 5 13 6 1 NS
Cytogenetics (N =110) 1:4=0.001
Good (G) 58 22 8 21 3 4 2:4=0.02
Intermediate (T) 21 7 3 3 4 4 3:4=0.01
Poor (P) 31 5 2 11 10 3 3:5=0.07
IPSS Index (N=102)
Low 9 5 3 1 0 0
Intermediate-1 50 25 6 12 2 5 0.0004
Intermediate-2 25 3 0 14 4 4
High 18 0 0 5 11 2
Survival [mo]
ME 24.0 36.0 45.0 17.0 19.0 29.0 0.0004
range 2.0-226 15.0-226.0" 32.0-72.0" 2.0-65.0 6.0-60.0 10.0-88.0
Transition to AML (N/91) 32/91 2 0 10 17 3 0.0001

"majority surviving, F — female, M — male, ME — median, N — number

These subgroups differed significantly as to BM blasts per-
centage (p=0.0006), and at the limit of statistical significance
as to PB blasts percentage (p=0.07). The median survival
time in these subgroups did not differ significantly. However,
it was shorter in PB subgroup (16.5 mo), than in BM sub-
group (22.0 mo). IPSS index differed significantly
(p=0.0028) between the subgroups. Poor prognostic karyo-

type was found in 5 among 7 patients of the PB group and in 5
among 10 patients of the BM group.

Erythroid dysplasia was most common in RA and RARS.
The differences in the occurence of dysplasia of erythroid, as
well as that of other cell lineages were not statistically signifi-
cant.

Cytogenetic analyses revealed prognostically good (G)
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karyotype in 58 among 109 examined patients, poor (P) in 31
and intermediate (I) in 20 patients. G karyotype was found in
nearly 2/3 RA patients, while P karyotype was most common
in RAEB (11/35) and in the RAEB-t (10/17) groups. No sta-
tistically significant differences were found among different
FAB group as a whole, but they were revealed between single
groups (Tab. 1).

The distribution of the IPSS index among the groups was
highly statistically significant (p=0.0004). In prognostically
favourable FAB groups high risk (H) IPSS index was absent,
and inversely — in groups with unfavourable prognosis
L-type (low-risk) IPSS index was not found.

The information concerning survival time was not avail-
able in 28 patients. Survival time, known in 91 patients, was
the shortest in RAEB and RAEB-t and the longest in RARS
and RA (p=0.0004). Survival time curves, according to FAB
classification, are shown in the Figure la.

The transition to AML also differentiated FAB groups with
a statistical significance (p=0.0001). It was found in all pa-
tients with RAEB-t, and in no patients with RARS. In RA,
CMML, RAEB groups it occurred in about 6, 25, and 26%,
respectively.

Ninety five patients were reclassified according to WHO
criteria, after exclusion of RAEB-t and CMML groups. Be-
cause of low number of patients in RA and RARS groups,
and the similarity of data, they were analyzed jointly, as a sin-
gle group. RCMD group included 31 patients, RCMD-RS —
8, RAEB-1 — 19, and RAEB-2 — 27. Only one person, who
was classified in RARS group in FAB analysis, disclosed 5g-
syndrome and another two remained unclassifiable.

Table 2 presents the data of patients divided according to
WHO classification. There was no statistically significant
difference between sex distribution and median age. Hb con-
centration, leucocyte, neutrophil and platelet counts were the
most favourable in RA+RARS group, with significant differ-
ences of Hb, platelet and neutrophils values. Very highly sta-
tistically significant difference was present among the groups
in medullary and peripheral blood blastosis, which was the
highest in the RAEB groups.

Anemia was present in nearly all patients (98%). Neutro-
penia, as well as thrombocytopenia, were not observed in
RA+RARS group, but in the remaining groups neutropenia
was common, especially in RCMD and RCMD-RS. Throm-
bocytopenia was somewhat less common. Highly significant
differences of these parameters were found in between the
WHO groups. Dysplasia of the erythroid cell line was com-
monly seen in all groups, without statistical difference.
Dysplasia of the other cell lines was less common.

Favorable karyotypes were most common in RA-RARS
and RCMD groups, the least common in RAEB-2, and the
unfavourable ones — inversely. There was no statistically sig-
nificant difference in the distribution of cytogenetic types
among the groups as a whole. However, statistically signifi-
cant differences were found between RA+RARS and
RAEB-2 (p=0.0004), and between RCMD and RAEB-2

(p=0.0005), and some other were at the statistical limit, as
shown in the Table 2.

IPSS prognostic index distribution showed highly statisti-
cally significant differences among the groups taken as a
whole (p=0.0001). In the prognostically favourable groups
the IPSS index above 1.5, and in the unfavourable ones its
value below 1.5 were never found.

Survival time was the longest in RA+RARS group, the
shortest in RAEB 1 and 2 (p=0.02) (Fig. 1b). Progression to
AML strongly differentiated WHO groups: it was the most
common in RAEB-2, followed by RAEB-1, and absent in
RA-+RARS group (p=0.00016).

Independently from the division of MDS patients in the
FAB and WHO groups, a dependence of survival time (ST)
on karyotype of BM cells (Fig. 1¢) and on IPSS type (Fig. 1d)
was calculated and presented by Kaplan-Meier curves. In
both cases statistically significant difference was obtained.
The dependence of ST on blastosis was also determined, ST
of persons without blasts in PB was 39.7 months (SD 36.3)
and those with PB blastosis 21.3 (SD 16.5), these values be-
ing statistically significantly different.

In univariate analysis, without a division of patients into
groups, statistically significant ST determining factors were
found to be: 1. WHO classification (p=0.00003), 2. FAB classi-
fication (p=0.00017), 3. karyotype of BM cells (p=0.00116),
4. presence of blasts in PB (p=0.00179), 5. age (p=0.00965)
and 6. IPSS (p=0.0177). On the limit of statistical signifi-
cance was the presence of blasts in BM (p=0.09). Sex was not
found to be a ST determining factor.

Multivariate analysis, however, revealed 2 independent
factors influencing survival: presence of blasts in PB
(p=0.00657) and karyotype (p=0.0311).

Discussion

Our analysis showed that FAB classification significantly
differentiated MDS patient groups as to survival time and
progression to AML. However, after CMML and RAEB-t ex-
clusion, the groups distinguished by WHO classification dif-
fered from each other even more significantly, which proves
that the proper classification criteria were applied in WHO
system.

The exclusion of RAEB-t from MDS seems to be right on
the basis of our observation, that all RAEB-t patients trans-
formed to AML. The objections of some authors, concerning
this exclusion, were caused by different biology of AML
blasts versus MDS blasts, as expressed by higher activity of
caspase 3, an apoptotic marker, and higher level of PCNA, a
proliferation marker, in RAEB-t than in AML. The values of
these two factors in RAEB-t were found to be similar to those
in other MDS types [16].

Some authors suggested that in WHO classification the
importance of the presence of blasts in PB, without BM
blastosis, should be more stressed, because this often denotes
worse prognosis than BM blastosis, what was seen also in our
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Figure 1. a) Kaplan-Meier survival time curves according to FAB classification; b) Kaplan-Meier survival time curves according to WHO classifica-
tion; ¢) Survival time curves according to cytogenetic groups — good (G), intermediate (I), poor (P). d) Survival time curves according to IPSS groups.

material of RAEB-t subgroup based on PB blasts. These
cases are often characterized by unfavorable cytogenetic
changes [17, 18]. The presence of blasts in PB was in our ma-
terial an independent prognostic factor.

The introduction of RCMD group to the new classification
is worth of attention. This group comprises cases of more
than one lineage cytopenia and is related with shorter sur-
vival than that in RA or RARS.

The exclusion of CMML from MDS and the creation of
MDS/MPS group is also relevant. Many observations de-
scribing a simultaneous existence of dysplasia and chronic
proliferation in MDS and MPS are in favour of it [19, 20].
However, there remain still some cases difficult to classify,
e.g. our patient, who developed thrombocytopenia at the age
of 57 years, then 5 years later— CMML, and after next 2 years
— RAEB, which transformed to AML-M2 (unpublished ob-
servation).

In our material only one patient had 5q-syndrome. The oc-
currence of this syndrome is probably population-dependent.
Some authors described single cases of 5g-, some others — up
to 20% cases among all MDS patients [21-23].

General population differences in MDS were stressed by
OGUMA et al [24]. Their observations, contrary to European
data, showed that the qualitative changes in megakaryocytic
and granulocytic lineages were more important for prognosis
in Japanese population, than the quantitative ones. BALDUINI
et al [25] analyzed 8 prognostic systems created following
FAB classification and concluded that those proper for one
population were not necessarily suitable for the others.

The significance of cytogenetics for the prognosis of pa-
tients with MDS is very important, what was already stressed
nearly twenty years ago and developed later [26, 27]. In 1997
GREENBERG et al, besides of prognostic classification of
karyotypes, proposed a system (IPSS = International Prog-
nostic Scoring System), comprising also the percentage of
blasts in BM, and the number (1-3) of cytopenias, i.e. the fac-
tors taken into account in the majority of earlier MDS prog-
nostic systems [11]. In our material the distribution of IPSS
index values distinguished with statistical significance the
groups of MDS patients classified according to FAB and
WHO. There was not statistical significance in the distribu-
tion of prognostically different karyotypes (G, P, and I)
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Table 2. Clinical, hematological and cytogenetic data of MDS patients classified according to the WHO types
1 2 3 4 5
All pts. p

RA+RARS RCMD RCMD-RS RAEB-1 RAEB-2
Patients number (N) 95 10 31 8 19 27
Sex (/M) 40/55 2/8 14/17 4/4 9/10 11/16 NS
Age:
median (ME) 65.0 72.5 61.0 63.0 69.0 63.0 NS
range 24-83 31-83 24-79 47-71 33-79 30-80
Haemoglobin [g/L]:
ME 88.0 104.5 90.0 74.5 98.0 86.0 0.015
range 39.0-129.0 69.0-128.0 39.0-12.09 54.0-86.0 68.0-113.0 48.0-122.0
Leucocytes [x10%/L]:
ME 3.55 5.75 32 3.25 4.0 3.45 NS
range 1.0-15.1 4.2-15.2 1.0-9.8 1.9-5.6 1.1-15.1 1.6-15.1
Neutrophils [x10%/L]:
ME 1.73 3.1 1.6 1.78 1.15 0.75 0.01
range 0.12-5.25 2.5-6.9 0.46-5.25 0.5-3.45 0.29-5.2 0.12-3.8
Platelets [x10°/L]:
ME 87.5 223.0 90.0 115.0 53.0 53.5 0.008
range 3.0-728.0 148.0-728.0 11.0-333.0 25.0-207.0 15.0-429.0 3.0-403.0
Medullary blasts[%]:
ME 3.0 0.000 1.25 2.5 7.25 11.0 0.0000
range 0-17.0 0-1.0 0-4.5 0-3.0 5.0-95 10.5-17.0
Peripheral blasts [%]:
ME 0.000 0.000 0.000 0.000 0.000 2.5 0.0000
range 0-12 0 0-2.0 0 04 0-12
Incidence [N/N(%)] of:
anemia 94/95(99) 10/10 31/31 8/8 18/19 27/27 NS
neutropenia 61/95(65) 0 25 7 12 17 0.00009
thrombocytopenia 55/95(58.5) 0 20 3 13 19 0.0008
Dysplasia [N/N(%)] of:
erythrocytes 76/78(97) 9/9 27/27 6/6 13/14 21/22 NS
neutrophils 42/77(56) 3 14 2 7 16 NS
platelets 35/77(45) 1 14 3 7 10 NS
Cytogenetics 1:5=0.004
(N=92): 2:5=0.005
Good (G) 54 8 19 3 12 12 1:2=0.08
Intermediate (I) 14 1 6 3 3 1 1:3=0.09
Poor (P) 24 1 5 2 4 12 4:5=0.07
IPSS index (N=87)
Low 10 7 2 0 1 0
Intermediate- 1 47 2 23 6 9 7 0.0001
Intermediate-2 23 0 4 2 7 10
High 7 0 0 0 0 7
Survival
ME [months] 24 45 32 43 18.5 18.0 0.02
range 5-226 9-76" 9-226" 8-65 6-60 5-65
Transition to AML (N=86) 18 0 2 1 6 9 0.00016

"majority surviving, N — number, ME — median, F — female, M — male

among the FAB or WHO groups of patients as the whole, and
in their relation to survival. However, in Cox multivariate
analysis of the whole material, not divided into groups,
cytogenetics appeared, beside the presence of blasts in PB,
the most important independent factor influencing survival

time. This suggests the need for taking into account the re-
sults of cytogenetic examination in prognosing an individual
clinical course of MDS, as well as in choosing therapy op-
tions, what was also stressed by other authors [28, 29].
CERMAK et al [28] investigated a group of over 100 patients
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with RCMD and showed that a transplantation of hemato-
poietic cells in early stages of the disease was profitable only
for those with unfavourable cytogenetic changes.

Concluding, the WHO classifying system is very reliable
in diagnosing myelodysplastic syndromes and in therapy
planning, but the results of cytogenetic examination should
always be taken into account [11, 28-30].

References

(1]

(9]

[10]

[11]

[12]

BENNETT JM, CATOVSKY D, DANIEL MT, FLANDRIN G,
GALTON DAG et al. Proposals for the classification of the
myelodysplastic syndromes. Brit J Haematol 1982; 51:
189-199.

BENNETT JM, CATOVSKY D, DANIEL MT, FLANDRIN G,
GALTON DAG et al. Proposed revised criteria for the classifi-
cation of acute myeloid leukemia. Ann Int Med 1985; 103:
626-629.

FOUCAR K, LANGDON R, ARMITAGE JO, OLSON DB, CARROLL
TJ. Myelodysplastic syndromes: a clinical and pathologic
analysis of 109 cases. Cancer 1985; 56: 553-561.

NIELSEN B, THIEDE T, SUNDSTOR C, HAGBERG H. Classifica-
tion of patients with myelodysplastic syndromes according
to the FAB co-operative group’s proposals. Scand J Haema-
tol 1984; 32: 531-535.

VARELA BL, CHUANG C, WOLL JE, BENNETT JM. Modifica-
tions in the classification of primary myelodysplastic syn-
dromes; the addition of a scoring system. Haematol Oncol
1985; 3: 55-63.

BENNETT JM, CATOVSKY D, DANIEL MT, FLANDRIN G,
GALTON DAG et al. The chronic myeloid leukemias: guide-
lines for distinguishing chronic granulocytic, atypical
chronic myeloid and chronic myelomonocytic leukemia.
Proposals by the French-American-British Leukemia Coop-
erative Group. Brit ] Haematol 1994; 87: 746-754.
MICHAUX J-L, MARTIAT P. Chronic myelomonocytic leukae-
mia (CMML): a myelodysplastic or myeloproliferative syn-
drome? Leukemia Lymphoma 1993; 9: 35-41.

HARRISNL, JAFFE ES, DIEBOLD J, FLANDRIN G, MULLER-HER-
MELINK HK et al. World Health Organization classification
ofneoplastic diseases of the hematopoietic and lymphoid tis-
sues; report of the Clinical Advisory Committee Meeting -
Airlie House, Virginia, November 1997. J Clin Oncol 1999;
17: 3835-3849.

VARDIMAN JW, HARRIS NL, BRUNNING RD. The World Health
Organization (WHO) classification of the myeloid neo-
plasms. Blood 2002; 100: 2292-2302.

ROSATI S, MICK R, XU F, STONYS E, LE BEAU MM et al. Refrac-
tory cytopenia with multilineage dysplasia: further charac-
terization of an “unclassifiable” myelodysplastic syndrome.
Leukemia 1996; 10: 20-26.

GREENBERG P, COX C, LEBEAU MM, FENAUX P, MORELP et al.
International scoring system for evaluating prognosis in
myelodysplastic syndromes. Blood 1997; 89: 2079-2088.
HAUS O, CZARNECKA M, KOTLAREK-HAUS S, KULICZKOW-
SKI K, DUSZENKO E et al. Chromosome aberrations in pri-
mary and secondary acute myeloblastic leukemia (AML).
In: Buchner T, Hiddemann W, Wormann B et al, editors.

[13]

[14]
[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

Acute Leukemias VIII. Prognostic Factors and Treatment
Strategies. Berlin, Heidelberg, New York: Springer Verlag,
2001: 49-53.

ISCN 1995: An International System for Human Cyto-
genetic Nomenclature (1995). Mitelman F, editor. S. Karger,
Basel, 1995.

KAPLAN EL, MEIER P. Nonparametric estimation from incom-
plete observations. J Am Stat Assoc 1958; 53: 457—48]1.
COX DR. Regression models and life tables. J Roy Stat Soc
1972; 34: 187-220.

ALBITAR M, BERAN M, O’BRIEN S, KANTARJIAN H, FREICH-
REICH E et al. Differences between refractory anemia with
excess blasts in transformation and acute myeloid leukemia.
Blood 2000; 96: 372-373.

OHYASHIKI K, NISHIMAKI J, SHOJIN, MIYAZAWA K, KIMURA Y
et al. Re-evaluation of refractory anemia with excess blasts
in transformation. Leukemia Res 2001; 25: 933-939.
STRUPP C, GATTERMANN N, GIAGOUNIDIS A, AUL C, HILDE-
BRANDT B et al. Refractory anemia with excess of blasts in
transformation: analysis of reclassification according to
WHO proposals. Leukemia Res 2003; 27: 397-404.
KOTLAREK-HAUS S, HAUS O, POTOCZEK S, MAKOWSKA 1,
URBANIAK-KUJDA D. The borderline of myeloproliferative
and myelodysplastic syndromes. Personal observations (in
Polish). Acta Haematol Pol 1998; 29: 243-250.
NEUWIRTOVA R, MOCIKOVA K, MUSILOVA J, JELINEK ],
HAVLICEK F et al. Mixed myelodysplastic and myelopro-
liferative syndromes. Leukemia Res 1996; 20: 717-726.
GERMING U, GATTERMANN N, STRUPP C, AIVADO M, AUL C.
Validation of the WHO proposals for a new classification of
primary myelodysplastic syndromes: a retrospective analy-
sis of 1600 patients. Leukemia Res 2000; 24: 983-992.
LORAND-METZE I, PINHEIRO MP, RIBEIRO E, DE PAULA EV,
METZE K. Factors influencing survival in myelodysplastic
syndromes in a Brasilian population: comparison of FAB
and WHO classifications. Leukemia Res 2004; 28: 587-594.
NOSSLINGER T, REISNER R, KOLLER E, GRUNER H, TUECHLER
H et al. Myelodysplastic syndromes, from French-Ameri-
can-British to World Health Organization: comparison of
classifications on 431 unselected patients from a single insti-
tution. Blood 2001; 98: 2935-2941.

OGUMA S, YOSHIDA Y, UCHINO H, MAEKAWA T, NOMURATT et
al. Clinical characteristics of Japanese patients with primary
myelodysplastic syndromes: a co-operative study based on
838 cases. Leukemia Res 1995; 19: 219-225.

BALDUINI CL, GUARNONE R, PECCI A, CENTENARA E. The
myelodysplastic syndromes: predictive value of eight prog-
nostic systems in 143 cases from a single institution.
Haematologica 1999; 84: 12-16.

JACOBS RA, CORNBLEET M, VARDIMAN J, LARSON R, LEBEAU
MM et al. Prognostic implication of morphology and karyo-
type in primary myelodysplastic syndromes. Blood 1986;
67: 1765-1771.

MOREL P, HEBBAR M, LAI JL, DUHAMEL A. Cytogenetic analy-
sis has strong prognostic value in de novo myelodysplastic
syndromes and can be incorporated in a new scoring system;
A report on 408 cases. Leukemia 1993; 7: 1315-1324.
CERMAK J, VITEK A, MICHALOVA K. Combined stratification



MYELODYSPLASTIC SYNDROMES ACCORDING TO FAB AND WHO

143

[29]

of refractory anemia acc. to both WHO and IPSS criteria has
a prognostic impact and improves identification of patients
who may benefit from stem cell transplantation. Leukemia
Res 2004; 28: 551-557.

PFEILSTOCKER M, REISNER R, NOSSLINGER T, GRUNER H,
NOVOTNY H, et al. Cross-validation of prognostic scores in

[30]

myelodysplastic syndromes on 386 patients from a single in-
stitution confirms importance of cytogenetics. Brit J
Haematol 1999; 106: 455-463.

HOWE RB, PORWIT-MACDONALD A, WANAT R, TEHRANCHIR,
HELLSTROM-LINDBERG E. The WHO classification does
make a difference. Blood 2004; 103: 3265-3270.



