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Abstract In the absence of genetic abnormalities, the di-
agnoses of myelodysplastic syndromes (MDS) is primarily
based on the presence of dysplasia in blood and mar-
row cells. Currently, there is no standardized approach to
evaluate dysplasia. International cooperative study groups
like the European Working Group on MDS in Childhood
(EWOG-MDS) depend, however, on a concordance in di-
agnoses by their national reference centres for morphology.
In EWOG-MDS, the morphological diagnoses of all cases
enrolled from Scandinavia, the Netherlands, Germany, the
Czech Republic, Austria and Italy are established by five
experienced pathologists or hematologists cooperating in a

morphology board. To study their concordance in evaluat-
ing myelodysplastic disorders, members of the morphol-
ogy board initiated blinded reviews of smears of blood and
bone marrow aspirates of known cases. Four features of
dysplasia in granulopoiesis, erythropoiesis and megakaryo-
poiesis were assessed on May–Grünwald–Giemsa stained
smears. In a final review of six blinded cases, good con-
cordance for these features was achieved among the five
observers. Accurately defined and restrictively applied cel-
lular features of dysplasia are an important tool to improve
and ensure the concordance in the diagnosis ofMDS among
investigators. For cooperative groups, agreement on the
evaluation of themorphological assessment of dysplasia is a
prerequisite.
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features of dysplasia

Introduction

Myelodysplastic syndromes (MDS) are clonal bonemarrow
disorders which generally present with peripheral blood
cytopenia. They are common hematological diseases in the
elderly but rarely observed in childhood [10]. In children,
dysplastic features of hematopoietic cells are far more
common in benign disorders, and the presence of dysplas-
tic features does not necessarily imply MDS. On the other
hand, myelodysplasia can be quite subtle in some cases of
low-grade MDS. In the absence of markers of clonality, the
diagnosis of MDS may be difficult to establish and will
depend on the recognition of dysplastic features [11].

The FAB classification of MDS [4] has applied mor-
phological criteria to differentiate five subtypes: refractory
anaemia (RA), RAwith ring sideroblasts (RARS), RAwith
excess of blasts (RAEB), RAEB in transformation (RAEB-T)
and chronic myelomonocytic leukemia (CMML). The sub-
sequent WHO classification of hematological malignancies
incorporated specific genetic abnormalities [8]. It also rec-
ognised juvenile myelomonocytic leukemia (JMML) as a
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separate entity within a new category of myelodysplastic/
myeloproliferative disorders. To class the specific disorders
observed in childhood, a pediatric approach to the WHO
classification has recently been published [11]. The au-
thors also defined minimal diagnostic criteria for MDS in
childhood. Here, we report on the efforts of the members
of the Morphology Board of the European Working Group
of Myelodysplastic Syndrome in Childhood (EWOG-MDS)
to standardize their morphological diagnoses.

Materials and methods

A series of bone marrow (BM) and peripheral blood (PB)
smears stained with May–Gruenwald Giemsa was selected
on the basis of a previous diagnosis of MDS in children or
adults (Tab. 1). They were circulated blindly among the
members of the Morphology Board (A.C.R., E.W., G.K., I.
B. and S.F.) on four different occasions. The aim was to
evaluate the degree of concordance among the observers
for diagnostic conclusion and recognition of dysplastic
features. The first three circulations included four observ-
ers, respectively, and the fourth circulation included five
observers. No clinical information was provided to the
reviewers.

In the first circulation of 18 cases, observers had to
decide on the diagnosis (including FAB subtype) and score
dysplasia of a given cytological feature qualitatively into
absent, slight or strong. Each observer examined at least
400 cells of every case, and the individual results were
compared and discussed (Table 2). Subsequently, two fur-
ther circulations were performed with five and eight cases,
respectively. In these circulations, the observers had to re-
port the percentage of dysplastic cells of all three cell
lineages. Again, the results were discussed in detail. To
measure the agreement achieved with this procedure, a
final circulation of six cases was performed. The results are
reported here.

Description of dysplastic features

Figure 1 depicts a cartoon of erythroid, granulopoietic and
megakaryopoietic cells with the four dysplastic features
analysed in each cell lineage. As a general principle, it was
decided that a cell was considered dysplastic for a given
parameter when the changes were unequivocal.

Erythroid series Megaloblastoid changes: at least 1.5 times
the size of a normal poly- or orthochromatic erythroblast
with coarse condensation of chromatin and an increased
nuclear-to-cytoplasmic ratio or orthochromatic erythro-
blasts with decreased nuclear-to-cytoplasmic ratio and at
least double the size of a normal erythrocyte of the same
maturational state. Nuclear lobulation: presence of eryth-
roblasts with lobulated nuclei (kidney-shaped, bilobulated,
multilobulated, bizarre irregular nuclear profile). Multi-
nuclearity: two or more distinctly separated nuclei of the
same or of different sizes. Cytoplasmic granules or inclu-
sions: presence of granules or nuclear fragments that can be
definitely differentiated from ribosomal RNA.

Myeloid series Bizarre nuclear shape: abnormal nuclear
shape, including irregularly lobulated nuclei of segmented
granulocytes with chromatin clumping or large twisted
bands, large bands or metamyelocytes, multinuclearity
(two distinctly separated neutrophilic bands or segmented
nuclei). A- or hypogranularity: this feature must be pro-
nounced to be regarded as abnormal, neutrophil or azu-
rophil granules have to be markedly or completely absent
and the cytoplasm of mature neutrophilic granulocytes has
to stain pale blue/gray or translucent in the Romanowsky–
Giemsa stain. All maturation stages except blast cells
should be affected. Nuclear/cytoplasmic (N/C) asynchrony:
mature neutrophilic granulocytes and metamyelocytes with
basophilic cytoplasm and myelocytes with neutrophilic
cytoplasm. Pseudo-Pelger anomaly: mature granulocytes
with either a centrally located round to ovoid nucleus
(monolobated type) or two round nuclei of similar size
connected by a slender chromatin bridge (bilobated type).

Table 1 Primary FAB
diagnoses of the cases analysed

FAB-type pediatric adult

RA - 5
RARS - 1
RAEB 4 14
RAEB-t 2 4
CMML - 3
AMLM1 1 1
AMLM2 - 2

Table 2 Concordance of FAB categories between the observers

Case Observer

1 2 3 4

1 CMML CMML AML RAEB
2 AMLM6 RAEB RAEB RAEB-t
3 RAEB RAEB RAEB RAEB
4 RA CMML CMML RAEB
5 RA RA RAEB RAEB
6 AMLM6 RAEB RAEB RAEB-t
7 RAEB RAEB RAEB-t RAEB
8 RAEB-t RAEB-t RAEB RAEB
9 CMML CMML RAEB RAEB
10 RAEB-t RAEB-t RAEB RAEB-t
11 CMML CMML RAEB-t RAEB
12 RA RA no MDS RA
13 RAEB AML RAEB RAEB-t
14 RA no MDS RA RA
15 RAEB RAEB RA RAEB
16 RAEB-t RAEB-t RAEB RAEB
17 RAEB RAEB RAEB AMLM7
18 RA RA no MDS RA
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Megakaryocytic series Micromegakaryocyte: mononucle-
ated megakaryocyte with a size comparable to that of a
promyelocyte or less, lacking features of a blast cell. Small
binucleated megakaryocyte: small megakaryocyte with the
size of a micromegakaryocyte or slightly larger, with two
round well-separated nuclei. Megakaryocyte with small
round separated nuclei: megakaryocytes of any size with
multiple, at least three, round separated nuclei. Megakar-
yocytes with nonlobated round nucleus: megakaryocytes of
normal or reduced size with a nonlobated round nucleus
and a mature granular cytoplasm.

For the erythroid and myeloid lineage, 100 cells from
each lineage were screened for the presence of the dys-
plastic features described above. For megakaryopoiesis, the

number of dysplastic megakaryocytes as well as the total
number of megakaryocytes observed was registered. This
was necessary because low-risk MDS in childhood is often
hypoplastic, and it is not unusual to find a low number, i.e.
less than ten megakaryocytes per bone marrow smear.

Evaluation of concordance

To evaluate the concordance among the five observers
during the final circulation of slides, the percentage of
dysplastic erythroid and myeloid cells was analysed in
three categories: 0–10, 11–20 and >20%. For the mega-
karyocytic series, absolute numbers were evaluated in two
groups: zero to ten and greater than ten dysplastic cells.
Results were considered concordant when all five ob-
servers agreed on the same group or when the highest and
lowest percentages recorded by the reviewers were less
than ten points apart. Results were considered partially
concordant when four observers agreed, and the highest
and lowest percentages given were more than ten points
apart. All other cases were judged nonconcordant.

Results

In the first circulation of slides, agreement on the diagnoses
including FAB subtype among all four observers was noted
in nine of the 18 cases. In two cases of refractory anaemia,
MDS was excluded by one observer because of a low de-
gree of dysplasia. A case of CMML was judged as RAEB
by another observer. In three cases, a diagnosis of AML
(M6 in two cases, M7 in one) was suggested by one ob-
server because of a blast percentage above 30%. Similarly,

Erythroid series
Megaloblastoid
Nuclear lobulation
Multinuclearity
Cytoplasmic granules

Granulopoietic series
Bizarre nuclear shape
Hypo/A-granularity
N/C asyncrony
Pseudo-Pelger-anomaly

Megakaryocytic series
Micromegakaryocytes
Small binucleated
Small r.s.n.*
Round nucleus

*megak. with small round separated nuclei

Cases 1 2 3 4 5 6

Fig. 2 Concordance among observers in the evaluation of selected
morphological parameters in six cases
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Fig. 1 Cartoon of myelodysplastic features in hematopoiesis
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in another three cases, RAEB-t instead of RAEB was fa-
voured by some observers (Table 2). There was little con-
cordance on the evaluation of dysplasia. Megaloblastoid
features of red cells, nuclear/cytoplasmic asynchrony in my-
eloid cells and all features of dysmegakaryopoiesis were
discussed most controversially (data not shown).

Features of dysplasia with complete or partial concor-
dance and with no concordance after the fourth and final
review of six cases are shown in Fig. 2.

Discussion

Myelodysplastic syndrome comprises a group of stem cell
disorders with considerable clinical and morphological
heterogeneity. In the absence of chromosomal abnormal-
ities, the diagnosis is based on the morphology of BM and
PB cells which is characteristic but not specific for MDS.
Criteria to diagnose cytological dysplasia have been laid
down by the FAB group and others [2, 4, 6, 12, 16]. For
each hematopoietic cell lineage, several dysplastic changes
are defined. However, a stringent description of the dys-
plastic features to introduce reproducibility in the evalua-
tion of dysplasia is missing. In preparation for prospective
multicentre trials, the EWOG-MDS Morphology Board
started intensive discussions and slide rounds to evaluate
myelodysplasia. Cartoons were used for the distinct, un-
equivocal illustration of the dysplastic cell changes (Fig. 1).
It became evident that a clear description of the character-
istics as well as detailed images of dysplasia are necessary
for a reproducible identification not only of ambiguous
features like hypogranularity in granulopoiesis, but also for
the seemingly more objective features like multinuclearity
or cytoplasmic granulation in erythroid precursors. Fur-
thermore, for some features like hypogranularity, an exact
definition is indispensable because variations in the May–
Gruenwald Giemsa staining (particularly in the pH of stain-
ing solutions) may alter the cytological details [20]. While
in the first circulation of slides there was little concordance
with respect to the grading of dysplasia, between observ-
ers, consensus steadily increased with continuous reviews
and discussions. After the last review, full agreement was
achieved for nuclear lobulation, multinuclearity and cyto-
plasmic inclusions in the erythroid series as well as bizarre
nuclear shape, nucleus/cytoplasmic asynchrony and pseu-
do-Pelger anomaly in the myeloid series. The same applied
to dysmegakaryopoietic features which had been discussed
most controversially at the beginning of the cooperation.
The dysplastic features most difficult to achieve consensus
on were megaloblastosis in erythropoiesis and hypogranu-
larity in granulopoiesis (Fig. 2).

Several studies have addressed the impact of morphol-
ogy on prognosis in adulthood MDS [2, 12, 13, 16, 18, 19].
The most significant morphological impact on prognosis is
the blast cell count [7]. There is also some indication that
lineage dysplasia is relevant for the outcome of the disease
[16]. However, these studies are inconsistent with one an-
other. In one study, megaloblastosis was an unfavourable

feature, whereas granulopoietic hypogranulation improved
prognosis [16]. In two other studies,megaloblastoid changes
were correlated with a better prognosis, whereas the pres-
ence of pseudo-Pelger cells and granulopoietic hypogranu-
larity had a negative impact on survival [13, 16, 17]. The
MDS subtype refractory cytopenia with multilineage dys-
plasia (RCMD), which was introduced by the WHO clas-
sification, is thought to be correlated with a worse prognosis
compared to refractory anaemia with single erythroid dys-
plasia [8]. In a study of Nösslinger et al., the FAB andWHO
classification of MDS were compared. In contrast to the
WHO classification, the authors did not find evidence for an
inferior prognosis of RCMD compared to RA. As the
authors stated, one reason for the disagreement might be the
lack of an exact definition of dysplasia, especially the per-
centage of dysplastic cells in each cell lineage [5, 14].

In childhood, the impact of myelodysplasia on the out-
come of MDS has not been investigated. Preliminary data
from EWOG-MDS demonstrate a relationship between the
degree of dysplasia and the FAB subtype [3]. Dysplasia
increases from RA towards RAEB and RAEB-t. This result
is primarily due to an increased dysgranulopoiesis in RAEB
and RAEB-t compared to that observed in RA. Interest-
ingly, the percentage of dyserythropoietic cells did not dif-
fer significantly between the different FAB subtypes [3].

Dysplastic cell changes can also occur in congenital bone
marrow failure disorders [9]. It is still not settled whether
the quality or quantity of dysplasia in these conditions can
be distinguished from that observed in MDS. In Fanconi
anaemia, an autosomal recessive disorder characterized by
bone marrow failure and progression to MDS, some au-
thors claimed that bone marrow morphology, particularly
myelodysplasia, was a more important indicator for tran-
sition to MDS than standard cytogenetics [1]. Again, this
observation confirms the need for a strict definition on
myelodysplasia since Fanconi anaemia itself has dysplastic
features.

In conclusion, with a precise description and cartoons
of dysplastic features as well as a number of slide rounds
with intensive discussions, we are able to achieve a con-
siderable concordance for measuring dysplasia among the
five observers of the EWOG-MDS Morphology Board.
This concordance includes even previously vaguely de-
fined cytological criteria like megaloblastoid changes in
erythropoiesis or hypogranulation in granulopoiesis. The
agreement on the evaluation of dysplasia will be important
for multinational prospective trials in this rare disorder in
childhood [15].
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