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Background and Objectives. According to the
recently published WHO-classification essential
thrombocythemia with ringed sideroblasts (ET/RS)
remains an ambiguous category which may be con-
sidered as myelodysplastic/myeloproliferative dis-
ease, unclassifiable. Because until now only case
reports or very small series of patients have been
described, a more systematically performed study is
warranted.

Design and Methods. A retrospective evaluation was
carried out on 38 patients with the diagnosis of
ET/RS and more than 15 % ringed sideroblasts on
smears. Simultaneously performed bone marrow
biopsies, follow-up examinations and survival data
were also available.

Results. Based on cytological features and particu-
lar bone marrow findings including immunohisto-
chemistry three patterns could be determined. These
were associated with different clinical features and
in particular prognosis. Group I included six patients
whose diagnosis was consistent with ET, group II
comprised 21 patients revealing prefibrotic and ear-
ly fibrotic chronic idiopathic myelofibrosis (CIMF)
and finally 11 patients (group III) displayed myelo-
dysplastic syndromes (MDS). Follow-up studies
revealed that no patient with ET showed a fiber
increase but eight CIMF patients developed overt
myelofibrosis and four patients of the MDS group
developed secondary acute myeloid leukemia. In
comparison with a control group of 39 patients with
true ET, prognosis was significantly different because
our cohort showed a median survival of 100 months
that contrasted significantly with the 170 months in
the patients with true ET.

Interpretation and Conclusions. Ringed sideroblasts
are not a pathognomonic feature of MDS, but may
indicate a dysplasia probably associated with a pri-
mary or secondary disturbance of iron metabolism

in a variety of disorders. For this reason, a more
accurate classification of so-called ET/RS patients
is warranted by evaluation of smears and in partic-
ular bone marrow biopsy specimens. According to
our findings these patients should be classified as
having either ET, CIMF or MDS and show a signifi-
cantly different survival pattern.
©2002, Ferrata Storti Foundation
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The abnormality of ringed sideroblasts (RS) with
typical perinuclear coarsely granulated (mito-
chondrial) iron deposits in more than 15% of

the erythroid precursors has been recognized in a
variety of hereditary and idiopathic acquired ane-
mias. Refractory anemia with ringed sideroblasts
(RARS) is generally considered as a clonal expan-
sion of hematopoietic progenitor cells in the con-
text of a myelodysplastic syndrome (MDS). More-
over, RS may occur in any other type of MDS and
also in acute myeloid leukemia (AML).1,2 While the
MDS types of RS are generally associated with nor-
mal or decreased platelet counts, uncommonly a
marked thrombocytosis is a leading laboratory
finding in patients yielding RS in the bone marrow
(BM). The significance of this peculiar association
between thrombocytosis and the RS abnormality
remains a matter of controversy. The association
has rarely been described in patients with the 5q-
syndrome3-6 or with conspicuous rearrangements of
chromosome 3 involving band 3q21 and 3q26.7 The
latter anomaly is also seen in AML or in subtypes
of MDS with a high incidence of secondary AML.8,9

Both cytogenetic defects are accompanied by strik-
ing megakaryocytic dysplasia with a predominance
of hypolobated microforms.9 On the other hand,
the occurrence of enlarged hyperlobulated mega-
karyocytes has been described as a characteristic



feature seen in most cases of RS with an elevated
platelet count.10 The latter cases present with a
rather indolent disorder lacking any characteristic
cytogenetic abnormalities including a del(5q).
Therefore, the combination of thrombocytosis and
RS has been repeatedly referred to as a chronic
myeloproliferative disease (MPD), i.e. so-called
essential thrombocythemia with ringed sideroblasts
(ET/RS) or as mixed or overlapping myelodys-
plastic/myeloproliferative syndrome.11-13 The new
WHO classification recognizes the obvious difficul-
ty of a proper classification of this unusual condi-
tion. For this reason, it is mentioned in the para-
graph on ET14 as a provisionally related entity with
the explicit comment that this condition is proba-
bly best considered as a myelodysplastic/myelo-
proliferative disease, unclassifiable.15 However, in
view of the significant biological impact of a MPD
of ET-type and a MDS, a clear-cut designation is
very important and certainly provides useful prog-
nostic information and also indicates different ther-
apeutic approaches in individual patients.

This diagnostic inconsistency prompted us to eval-
uate morphologic, clinical and laboratory features in
a series of 38 patients presenting with so-called
ET/RS. Since the differentiation of initially unclas-
sifiable MPD or MDS may be significantly advanced
by follow-up studies, we carefully examined all
available sequential BM trephines, follow-up and
survival data until further studies determined the
most appropriate category for such cases. The pre-
sent investigation provides persuasive evidence that
ET/RS represents not a single disease entity with
overlapping MDS/MPD features, but rather a het-
erogeneous spectrum of conditions characterized by
differences in morphology, clinical findings and, in
particular, prognosis.

Design and Methods

Selection of patients
Following a scrutinized survey of hematopatho-

logical files (smears of BM aspirates and BM
trephine biopsies) for all patients with a presump-
tive diagnosis of ET between 1988 and 2000 we
identified 38 patients (17 males, 21 females; medi-
an age 72 years, range 54-86 years) with more than
15% ringed sideroblasts and a platelet count
exceeding 500×109/L. Although this platelet level
does not explicitly conform with the WHO-criteria
(>600×109/L),14 this slightly lower limit was select-
ed in accordance with recent findings in a number
of patients presenting with initial stage ET. 16,17

These patients represented 2.7% of all ET cases
documented during that period. The laboratory data,

including age, sex, peripheral blood cell count and
spleen size were derived from the corresponding
clinical records. Complete information concerning
follow-ups, survival data and cytogenetics could be
obtained for each patient. The observation time
ranged between 3 to 157 months (mean 81.5±53.0
months). Moreover, as a control group we recruited
39 patients presenting with clear-cut findings of
true ET according to the WHO classification.14

Tissue specimens
All patients had representative (pretreatment)

trephine biopsies and BM smears readily available
for re-evaluation. Sequential BM examinations were
performed with two biopsies in ten patients and
three sequential biopsies in six patients. The BM
specimens were fixed in an aldehyde solution for 12
to 48h (2 mL 25% glutaraldehyde, 3 mL 37%
formaldehyde, 1.58 g anhydrous calcium acetate,
and distilled water per 100 mL) and decalcified for
3 days in 10% buffered ethylene-diamine tetra-
acetic acid (EDTA), pH 7.2 as previously described.18

Paraffin-embedded tissue sections cut at 4 µ were
routinely stained with Giemsa, periodic-acid Schiff
(PAS), naphthol-AS-D-chloroacetate esterase, Perls’
reaction for iron and silver impregnation according
to Gomori. Smears were stained with May-Grün-
wald Giemsa, peroxidase and Perls’ reaction for iron.
Immunohistochemistry was performed using the
alkaline phosphatase anti-alkaline phosphatase
(APAAP) method.19 Sections were evaluated for the
expression of several antigens including CD61 (anti-
platelet glycoprotein IIIa),20 myeloperoxidase, glyco-
phorin C (Ret40f)20 and CD34 (hematopoietic prog-
enitors, endothelial cells).21 Monoclonal antibodies
and other reagents were purchased from Dako-
Diagnostica GmbH (Hamburg, Germany) and tech-
niques were applied as detailed previously.18-21

Diagnostic re-evaluation 
The three hematopathologists reviewed all cas-

es in an independent and blind fashion using the
criteria of the Polycythemia Vera Study Group22 and
the current WHO classification2,14,23 as well as rel-
evant reports concerning the differential diagnosis
of thrombocythemias.24-28 Both histologic and cyto-
logical features and laboratory and clinical follow-
up data were equally considered to classify each
case in accordance with the different categories
of MPDs or MDS. Having completed this classifica-
tion a panel meeting revealed strikingly homoge-
neous results of classification with a negligible
interobserver disagreement between the hemato-
pathologists that was easily resolved so that a con-
sensus was reached.
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Statistical analysis
Estimates of survival were evaluated from the

date of BM biopsy diagnosis before therapy to the
date of death or last follow-up. Observed survival
rates were calculated with the Kaplan-Meier prod-
uct-limit method and differences in median sur-
vival were tested with the log-rank test. Survival
data of the ET/RS patients were further compared
with those previously calculated for 39 patients
with well-documented ET14 without RS.

Results

Clinical features
The clinical and hematologic data are listed in

Table 1. Briefly, all patients presented with a
thrombocythemic disorder that was associated
with slight to pronounced anemia in the majority
(33 of 38) of cases. The white blood cell counts
varied from leukopenia to overt leukocytosis. There
was no evidence of a Philadelphia chromosome, a
BCR/ABL fusion gene or a 5q- syndrome. One
patient was found to have a t(3;3)(q21;q26) anom-
aly. Splenomegaly was present in seven cases at
initial diagnosis and developed in 15 other patients
during the follow-up period. Moreover, during the
observation period leukocytosis changed to leuko-
penia and gross anemia in seven patients. The sur-
vival characteristics of our series are shown in Fig-
ure 2. The 38 patients had a median (observed) sur-
vival of 100 months which was significantly short-
er than the median survival of 170 months for a
control group of 39 patients with typical ET.

Morphologic features
Overall cellularity of the BM ranged from hypo-

to normo- and hypercellular. A feature common to
all the smears was the presence of more than 15%
ringed sideroblasts, which was a criterion for entry
into this study (Figure 1a-c). Cytological features of
late erythroblasts ranged from pure macrocytosis
to overt dysplasia with abnormal nuclear lobulation
and nuclear bridging. An increase in megakaryo-
cytes was documented in all cases, however, with
a remarkable variety of histologic and cytological
features that were particularly evident by applying
PAS staining and CD61 immunohistochemistry.
Three different patterns of megakaryocyte mor-
phology could be detected: group I patients (n=6)
showed diffusely scattered large to giant mega-
karyocytes that were occasionally also arranged in
loose clusters. Their nuclei displayed staghorn-like
features and a broad rim of well-developed mature
cytoplasm (Figure 1d,e). In these patients, there
was no evidence of an increase or immaturity of

the granulocytic series. Group II patients (n=21)
showed, in addition to a granulocyte proliferation,
a striking expression of megakaryocytic abnormal-
ities characterized by the presence of large and
dense clusters (Figure 1f,g). These contained both
small immature megakaryocytes and large bizarre
cells with irregular nuclear lobulation, hyperchro-
masia and often a cloud-like aspect (Figure 1g).
CD34+ progenitors and promyelocytes were not
significantly increased in group I and II patients.
Finally group III patients (n=11) exhibited an
increase in small-sized immature megakaryocytes
(Figure 1h), which were especially detected by
CD61 immunolabeling (Figure 1i). These dysplastic
micromegakaryocytes with abnormally lobulated
or hypolobulated nuclei were often arranged in
small and loose clusters (Figure 1i). Granulopoiesis
ranged from hypo- to hyperplastic with various
degrees of dysplasia including nuclear hypolobula-
tion and hypogranularity. At presentation, the
CD34+ blast cell count in the bone marrow was
more than 5% in two patients (RAEB-1) and 19%
in one other case.

Evaluation of the silver impregnation stain
revealed a normal reticulin content in the initial
and follow-biopsies of group I patients (Figure 1e).
In group II, no or a minimal focal increase of reti-
culin fibers was noted in 13 patients. Six patients
showed an early fibrotic stage with slight reticulin
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Table 1. Initial findings in patients with so-called ET/RS
and corresponding data according to the retrospectively
performed histologic classification. 

Total ET CIMF MDS

No. of patients 38 6 21 11

Age (years) 72±8 73±5 73±9 70±8
(54-86) (62-79) (54-86) (61-83)

Gender (F/M) 21/17 5 /1 10 /11 6 /5

Hemoglobin (g/dL)
females 9.8±1.9 10.2±1.5 10.2±1.8 8.8±2.1

(6.0-13.0) (8.6-11.6) (6.7-14.6) (6.0-11.3)
males 11.0±2.3 14.6 11.4±1.8 9.6 ±2.4

(6.7-14.6) − (8.7-14.1) (6.7-12.4)

MCV (µm3) 95±10 84±7 98±9 104±13
(76-127) (76-92) (84-115) (89-127)

Thrombocytes (×109/L) 956±375 918±252 1,052±411 794±318
(533-2,115) (533-1,290) (569-2,115) (557-1,516)

Leukocytes (×109/L) 10.7±5.9 8.8±2.0 11.4±5.1 10.4±8.5
(3.6-34) (6.1-12.1) (3.8-25.2) (3.6-34)

Spleen size (cm)* 0.7±1.9 0.3±0.5 1.2±2.5 0.1±0.6
(0-9) (0 -1) (0-9) (0-2)

*Below costal margin.
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Figure 1. a-i. Smears of aspirates (a-c) and bone marrow sections (d-e). Smears show ringed sideroblasts in true ET (a),
CIMF (b) and MDS (c) with an atypical micromegakaryocyte (arrow). (d) Histologic sections of true ET with large to giant mega-
karyocytes revealing very loose clusters and deeply lobulated (staghorn-like) nuclei without fiber increase in the
marrow (e). (f) shows CIMF showing dense cluster of abnormal megakaryocytes with hypolobulated, bulbous (cloud-like) nuclei
that are easily demonstrable after immunostaining (g). h MDS exhibits tiny clusters of dysplastic micromegakaryocytes some
of them with atypical or hypolobulated small nuclei (i). (a-c). Perls’ reaction, (d) and (h) PAS reaction, (e) silver impregnation
(Gomori’s technique), (f) Giemsa, (g) and (i) CD61-immunostaining. (a-c) and (g) ×570, (d-f) and (h) and (i) ×350.



fibrosis, but without collagen deposits (fibrosis
grade 1+) and two patients exhibited moderate
reticulin fibrosis (grade 2+). Follow-up biopsies
were available for eight out of 21 patients in this
group. Here a transition from a prefibrotic stage to
grade 1+ and 2+ fibrosis was documented in five
patients and marked fibrosis with associated
osteosclerosis (grade 3+) in another two patients.
The development of overt fibrosis was accompanied
by splenomegaly and obvious abnormalities of
peripheral blood cells including a leuko-erythro-
blastic picture and presence of dacryocytes
(teardrop cells). In group III patients, no or a slight
focal condensation of reticulin fibers was observed.
However, in follow-up biopsies, unlike the changes
in group II, no progression to an advanced fibrotic
stage occurred.

Finally, we compared the morphologic and clini-
cal features observed in these cases of so-called
ET/RS with corresponding disease entities defined
by the new WHO classification.1,2,14,23 This approach
allowed us to recognize three distinctive entities
within the spectrum of ET/RS. In group I patients,
bone marrow histopathology, especially megakary-
ocyte morphology and absence of fibrosis was con-
sistent with ET and identical with that of our con-
trol group representing true ET. Accordingly in both
cohorts clinical data and survival times were not
significantly different with exception of the hemo-
globin level (Table 1) in two female patients with a
history of severe hemorrhage.14 Group II patients
clearly showed morphologic and clinical features

of CIMF.23 At initial presentation, most of the
patients included in this group had prefibrotic or
early fibrotic CIMF that progressed to a more
advanced fibrotic stage in seven of eight follow-up
biopsies. Their survival time was significantly short-
er (Table 2) than that of the control series of ET
patients. Morphologic and laboratory data of group
III patients were generally compatible with MDS,
e.g. with the categories of refractory anemia with
ringed sideroblasts and refractory anemia with
excess of blasts (RAEB-1 and –2).1,2 Progression into
secondary AML occurred in four of the patients, one
of whom had a t(3;3)(q21;q26) anomaly. Of all the
groups under consideration this cohort had the
most unfavorable prognosis (Table 2).

Discussion
The current WHO classification refers to throm-

bocythemic disorders associated with RS in two
paragraphs. First, acquired sideroblastic anemia
associated with thrombocytosis is mentioned as a
provisional entity related to ET with the explicit
statement that features of both a MDS and MPD
exist and further studies are warranted to deter-
mine the exact category for such cases.14 Second-
ly, refractory anemia with ringed sideroblasts
(RARS) associated with marked thrombocytosis is
included in the category myelodysplastic/myelo-
proliferative disease, unclassifiable (MDS/MPD, U).15

The discussion of the latter paragraph focuses on
the point of whether this disease represents one
end of the spectrum of RARS, or the simultaneous
occurrence of two separate disorders (RARS and
ET). According to the definition given by the
authors, the designation as MDS/MPD, U refers to
the concept that the disease has clinical, laborato-
ry and morphologic features supporting the diag-
nosis of both a MPD and a MDS. However, since it
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Figure 2. Survival in so-called ET/RS (38 patients) com-
pared to in true ET (39 patients). There is a significant dif-
ference between these two cohorts (p = 0.0030).

Table 2. Survival characteristics for patients with so-called
ET/RS according to morphologic classification and for the
control group with true ET.

Group No. of. No. Median survival Log-rank test
patients of deaths (months)

ET/RS 38 15 100 p=0.0251°
ET 6 0 *
CIMF 21 8 98
MDS 11 6 57
true ET 39 14 170 p=0.0030#

°Log-rank test for heterogeneity; #ET/RS vs. true ET; *no patient died during the
observation period (3 to 157 months).



does not meet all the criteria of any of the other
entities included in the MDS/MPD category13 it
should not be placed into the group of MPD unclas-
sifiable.29 The results of our retrospective study pro-
vide convincing evidence that so-called ET/RS rep-
resents a heterogeneous, until now ill-defined dis-
ease that includes a wide spectrum of conditions
comprising both myeloproliferative and myelodys-
plastic disorders in the strict sense. For this reason,
we cannot agree with those authors who, based
on case reports or very small series of patients,
classify this disease as a mixed myeloprolifera-
tive/myelodysplastic or overlap syndrome.11-13,15 Our
findings are in keeping with the assumption that
so-called ET/RS shows features characteristic of
either a true MPD or of a MDS. Appropriate histo-
logic and immunohistologic studies of trephine BM
biopsies in combination with cytological, clinical
and laboratory examinations enabled us to distin-
guish clearly three different categories, i.e. ET, CIMF
and MDS. Positive criteria that allow a distinction
between early prefibrotic CIMF and (true) ET have
recently been established.14,23,24,30,31 In our series,
more than half of the cases could be diagnosed as
early prefibrotic CIMF with progression to an overt
fibrotic stage in most patients during the observa-
tion period. About one third of patients clearly
showed features of MDS ranging from RARS to
RAEB with transition into AML. Because CIMF and
MDS were significantly associated with a poorer
prognosis than true ET, unequivocal separation of
these different entities is warranted. According to
our experience concerning exact diagnostic evalu-
ation, the histologic examination of BM biopsies
proved to be extremely useful and more accurate
than cytological examination alone.18,24,30,31 On the
other hand, since the definition of ringed siderob-
lasts is based on cytology, proper smears must be
examined together with BM trephines. Mitochon-
drial iron deposits are easily dissolved during tissue
processing and therefore determination of this fea-
ture by using biopsy specimens alone must be
regarded rather critically. Morphologic parameters
such as megakaryocyte size, arrangement within
the marrow space (histotopography), nuclear dif-
ferentiation and possible maturation defects as
well as the pattern of the reticulin fiber meshwork,
seem to be the most effective method for reaching
an accurate classification.14,18,23-27,30 We assume
that the occurrence of RS in thrombocythemic dis-
orders should not be considered as the pathogno-
monic or defining criterion of this heterogeneous
spectrum of conditions. This proposition is in accor-
dance with the WHO classification of the MDS in

which the presence of more than 15% of RS alone
is not considered as the relevant criterion of RARS,
when multilineage dysplasia and an increased blast
percentage are present.1 Clinical studies have
shown that even typical RARS comprises two prog-
nostic forms: a favorable category with pure RARS
affecting exclusively the erythroid lineage and
another category with additional abnormalities of
the granulocytic and megakaryocytic series indi-
cating multilineage dysplasia and a higher risk of
evolution into AML.32,33 In the conditions present-
ed here, the evaluation of BM trephines by hema-
topathologists provided key information for the
clear-cut distinction between MDS or MPD cate-
gories eventually associated with RS that simulate
so-called ET/RS. In this context RS are a concomi-
tant feature which may occur due to folate acid
deficiency in some patients. The appearance of RS
is consistent with dysplasia (coarse mitochondrial
iron deposits) that may reflect a functional prima-
ry or secondary  disturbance of iron turnover com-
parable with that occurring in certain enzyme
defects of azurophilic granules in neutrophils in
MDS. Since the morphologic differences between
the various groups, especially ET and CIMF18,26,30

may be subtle at initial presentation of patients,
there should be a professional work-up of speci-
mens. Follow-up BM biopsies may provide addi-
tional information to permit a more precise desig-
nation in previously unclassifiable cases.29

In conclusion, the importance of an exact clas-
sification of so-called ET/RS cannot be over-
emphasized. When pursuing this diagnostic chal-
lenge it will become more and more evident that
ET/RS is not a defined entity but a heterogenous
group of different disorders that share the common
finding of ringed sideroblasts and an elevation of
platelet count. The assignment of individual
patients to the categories of true ET, CIMF or MDS
provides important predictive parameters for the
biological course of the disease and response to
therapy and may also help clinicians to define the
best treatment strategies.
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What is already known on this topic
Although it has been reported that thrombocytosis is
associated with a more favorable prognosis in idiopathic
sideroblastic anemia, little is known about the signifi-
cance of ringed sideroblasts in essential thrombo-
cythemia. Indeed, in all large published series of essen-
tial thrombocythemia patients, iron deficiency was fre-
quent and ringed sideroblasts were not described.

What this study adds
This useful study is the first to systematically analyze
the clinical and laboratory features of patients meeting
the diagnostic criteria for essential thrombocythemia
who were also found to have ringed sideroblasts. Such
patients were uncommon, comprising only 2.7% of the
authors’ total essential thrombocythemia population.

Potential implications for clinical practice
The authors found that so-called essential thrombo-
cythemia with ringed sideroblasts represented a het-
erogenous group of disorders including myelodysplasia
and idiopathic myelofibrosis as well as essential throm-
bocythemia. Although the number of patients was small,
the presence of ringed sideroblasts with essential throm-
bocythemia was associated with a reduced survival
when compared with essential thrombocythemia
patients lacking this abnormality.
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