
Summary. Standardized bone marrow (BM) features
determined by semiquantitative scoring are valuable
tools for the recognition and easily reproducible
interpretation of histological patterns in
hematopathology. This procedure may help to
characterize various disease entities, but especially to
differentiate chronic myeloproliferative disorders
(MPDs) with increased platelet counts from reactive
thrombocytosis (RTh). A clear-cut separation of these
conditions continues to present a major problem in
hematology. Therefore MPDs are a most suitable model
to test the diagnostic relevance of this procedure. By
regarding the literature and based on archive material
that involved BM biopsies of 319 patients, a
semiquantitative grading of histological parameters was
performed. Standardized features were applied for a
stepwise discriminant analysis to establish different sets
of variables exerting a diagnostic impact. A distinction
into five histological patterns was achieved that showed
a correctly predicted group membership of about 94 %.
These were consistent with the clinicopathological
diagnosis of polycythemia vera, essential
thrombocythemia (ET), prefibrotic or early fibrotic
chronic idiopathic myelofibrosis (CIMF) and finally
RTh. Variables of discriminating potency according to
their ranking included megakaryopoiesis (maturation
defects, nuclear lobulation, naked and bulbous nuclei,
small and giant size), reticulin fibers, erythro- and
granulopoiesis (left shifting and quantity) and cellularity.
These findings are in keeping with the assumption that
characteristic patterns of BM histopathology can be
assigned to different subtypes of MDPs mimicking ET.
Discrimination between ET and especially early stage
CIMF with thrombocythemia is warranted because of
significant implications concerning therapeutic
strategies, follow-up examinations and survival.

Regarding these results, a schematic procedure is
proposed to be used for daily routine diagnosis
concerning the discrimination of MPDs.
Key words: Bone marrow biopsies, Polycythemia vera,
Essential thrombocythemia, Idiopathic myelofibrosis,
Thrombocytosis, Histological patterns, Discriminant
analysis, Prognosis

Introduction

Regarding complex structures that are composed of
widely varying constituents like bone marrow (BM),
histopathological evaluations aimed at achieving a
definite diagnosis are significantly impaired by
subjective aspects of description. These obvious
shortcomings are especially important for the diagnosis
of hematological neoplasias and the ensuing
consequences for a successful therapeutic approach. For
this reason, there is a general demand to standardize
morphological features and to create characteristic
patterns that may be readily assigned to specific disease
entities. Clinicians are aware of this unfavorable
situation and therefore insist on reproducible BM
interpretations for a clear-cut distinction of conditions
that require elaborate up-to-date treatment regimens. A
suitable model to test the impact of standardized BM
features for the discrimination of disease entities are the
Philadelphia chromosome-negative (Ph1-) chronic
myeloproliferative disorders (MPDs) that comprise three
main subtypes: polycythemia vera (PV), essential
thrombocythemia (ET) and chronic idiopathic
myelofibrosis (CIMF)(Vardiman et al., 2001). In
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particular controversy and discussion still continues
concerning the differentiation of ET from the other
subtypes of the MPDs that may present an elevated
platelet count (Michiels and Thiele, 2002; Thiele and
Kvasnicka, 2003a; Florena et al., 2004). Although it
seems reasonable to define thrombocytosis (Th) as a
platelet count exceeding 500x109/l it is important to note
that clinically significant complications (thrombosis,
hemorrhage) may occur in a patient at this low range,
even in ET below the generally acknowledged reference
value of 600x109/l. (Lengfelder et al., 1998; Sacchi et
al., 2000; Michiels and Thiele, 2002). Therefore, the
degree of Th is a poor discriminator concerning reactive
states (RTh) or defined entities of MPDs. In this context
it is noteworthy that in routine clinical practice RTh may
be responsible for more than 80% of patients presenting
a substantial elevation of the platelet count, however,
mostly without important consequences (Griesshammer
et al., 1999). In this situation, in order to follow a
reasonable cost-effective approach for evaluating Th, a
number of suggestions have been proposed (Tefferi and
Murphy, 2001). In addition to a scrutinized study of
patient history, previous laboratory records and basic
laboratory tests, BM morphology was apparently not

considered as a routine method capable of providing
appropriate means for distinction between reactive and
neoplastic conditions. This fact may be due to
difficulties in the recognition of distinctive histological
patterns charaterizing each entity and is especially
focused on an unequivocal differentiation of ET from the
other subtypes of Ph1--MPDs. In the context of a review
of the pertinent literature a retrospective analysis of a
large series of patients with specimens from our archive
material was performed to elucidate whether
standardized morphological features and/or specific
histological patterns facilitate such a separation of
entities that may clinically present Th. Moreover, to
enhance diagnostic validity a comparative re-evaluation
of clinical data and survival in combination with these
morphological features of discriminative value is
warranted to control the predictive relevance of our
assessment.
Standardization of bone marrow (BM) features

Until now, a semiquantitative, systematically
conducted evaluation with standardization of certain BM
constituents has been infrequently performed for the
differentiation of MPDs associated with an elevated
platelet count (Iland et al., 1987; Annaloro et al., 1999;
Thiele and Kvasnicka, 2003b; Florena et al., 2004) or in
patients presenting erythrocytosis (Thiele et al., 2001c;
Thiele and Kvasnicka, 2005). Moreover, this method
seems to be suitable to determine therapy-related effects,
especially concerning BM cellularity and fibrosis or
other features to characterize the efficacy of newly
introduced drugs (Thiele et al., 2004a,b). For
practicability it seems to be reasonble to use no more
than 20 BM features (Table 1) with a focus on
megakaryopoiesis, considering those entities presenting
Th under study (Fig. 1a,b). Moreover, in this context a
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Fig. 1. Prominent standardized features of megakaryopoiesis. Differentiation (a) and clustering (b) of megakaryocytes.

Table 1. Standardized major features of hematopoiesis and myeloid
stroma.

CONTITUENTS PARAMETERS

Cellularity age-matched quantity
Granulopoiesis and quantity, left shifting and 

Erythropoiesis maturation defects
Megakaryopoiesis (see Fig. 1 a, b)
Myeloid stroma fibers (see Table 2)

lymphoid nodules
iron deposits



proper quantification of the fiber content is essential
(Table 2) by considering previously reported grading
systems (Bauermeister, 1971; Manoharan et al., 1979;
Beckman and Brown, 1990). The same applies to the
assessment of cellularity that has to regard age-related

changes (Hartsock et al., 1965; Frisch et al., 1982). As
shown in Table 3 semiquantitative scoring should be
restricted to three grades for decrease or increase,
respectively, in addition and comparison to the normal
state. This procedure is recommended in order to avoid
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Table 2. Grading of Myelofibrosis in MPDs adapted from semiquantitative and morphometric findings (Georgii et al., 1996; Thiele et al., 1996) and
compared with the Bauermeister score (Bauermeister, 1971) modified by Manoharan (Manoharan et al., 1979).

GRADING MORPHOMETRY FIBER DENSITY PER HEMATOPOIESIS
(normal density: 16 i x 102/mm2) - Bauermeister score in brackets -

MF-0 < than twice (upper limit of the normal) Scattered linear reticulin with no inter-sections/cross-over corresponding with the normal 
BM (score N/+1)

MF-1 > three-fold Loose network of reticulin especially around the vessel (sinus wall sclerosis) with many 
intersections (cross-over) in most areas of the sectinon (score +2)

MF-2 > six-fold Diffuse and marked increase in reticulin with extensive intersections (dense network) and 
some bundles of collagen throughout the section, occasionally associated with initial 
(plaque-like) osteosclerosis (score +3)

MF-3 > six-fold Diffuse and dense increase in reticulin and coarse bundles of collagen throughout the 
section, often associated with osteosclerosis (score +4)

Table 3. Descriptive analysis of 18 standardized histological features comprising a semiquantitative evaluation with reference to age-related normal
values (control group) in 319 patients presenting the presumptive diagnosis of Ph1-MPDs and accompanying thrombocytosis.

PARAMETER MARKED MODERATE SLIGHT NORMAL OR SLIGHT MODERATE MARKED 
DECREASE DECREASE DECREASE ABSENT INCREASE INCREASE INCREASE

(-3) (-2) (-1) (+1) (+2) (+3)

1. Cellularity - - 1 52 202 61 3
2. Megakaryopoiesis

quantity - - - 3 145 152 19
clusters (loose and dense) - - - 87 159 60 13
size:

small - - - 30 161 114 14
giant - - - 18 131 148 22

nuclear lobulation 5 54 91 47 76 44 2
maturation defects - - - 162 85 63 9
bulbous nuclei - - - 164 77 69 9
naked nuclei - - - 134 165 20 -

3. Granulopoiesis
quantity - - 6 94 169 50 -
left shifting - - - 177 142 - -
maturation defect - - - 307 12 - -

4. Erythropoiesis
quantity - 1 68 192 36 22 -
left shifting - - - 260 69 - -
maturation defects - - - 299 19 1 -

5. Myeloid stroma
reticulin fibres - - - 275 44 - -
lymphoid nodules - - - 248 48 18 5
iron deposits 57 44 42 158 13 3 2



much overlappings and thus enhance interobserver
consensus. Because this review included our own data
that were partially derived from a previous study (Thiele
and Kvasnicka, 2003b) we performed a retrospective
review of BM trephine biopsies and clinical records in
319 patients (122 men, 197 women) with a median age
of 66 years (range 28 to 87 years) and the presumptive
clinical diagnosis of a Ph1--MPD that was associated
with a Th in excess of 600x109/l sustained for more than
3 months. Initially it was not clear, whether and to which
extent this cohort included only patients with a putative
Ph1--MPD in particular ET according to the PVSG-
criteria (Murphy et al., 1997; Pearson, 1998; Streiff et
al., 2002) or also ill-defined conditions suggesting a
reactive raise in the platelet count (RTh). BM samples of
40 age-matched patients without known hematological
disorders served as controls. It has to be explicitly
emphasized that retrospective evaluation of clinical
records and analysis of BM biopsies were carried out
independently and in a blinded fashion.
Discriminant analysis and statistical evaluation

The diagnostic importance of standardized BM
features that are gained by semiquantitative evaluation is
preferably tested by means of stepwise discriminant
analysis. The purpose of this method is to obtain a small
set and ranking of useful discriminating variables that
provide a reliable prediction of group classification
(Everitt and Dunn, 2001) which greatly facilitates the
distinction of new cases in a prospective trial. By
comparing predicted group memberships (test samples -
standardized BM features) with actual memberships
(training samples - with a definitive clinicopathological
diagnosis according to the WHO classification), we were
able to measure empirically the success in discriminating
potency by observing the proportion of correct
classifications. Thus, by tabulation of the predicted
group memberships one can validate the efficacy of
these variables (Everitt and Dunn, 2001). To enhance
sensitivity of this calculation it should be mentioned that
evaluation of the histological parameters was based on
enzyme-histochemical staining techniques, like
chloroacetate reaction (Leder stain) and also on PAS
(Thiele and Kvasnicka, 2003b, 2005) contrasting the
semiquantitative evaluations in previous studies that
were limited to routine staining techniques including
Hematoxylin-Eosin (H&E) (Iland et al., 1987; Annaloro
et al., 1999). 
Problems of data interpretation

One of the most controversial issues in
hematopathology is the discriminating impact of BM
histology as a characteristic feature and independent
parameter to differentiate the various subtypes of MPDs.
(Dickstein and Vardiman, 1993; Michiels and Thiele,
2002). In this context the question arises whether
standardized and easy to reproduce morphological

parameters may be generated that alone, or within a
certain pattern, are specific for clinically defined entities.
In this regard, a conflict of opinion continues to persist
as to whether ET may be definitely separated from RTh
(Iland et al., 1983; Kutti and Wadenvik, 1996), as well as
from PV and early (hypercellular) stages of CIMF in
patients presenting a high platelet count (Iland et al.,
1987; Murphy et al., 1997; Pearson, 1998). In the
recently published WHO classification on MPDs,
histopathology was included as a relevant parameter in
the corresponding sets of diagnostic criteria (Imbert et
al., 2001). Nevertheless, one has to realize that until now
the majority of clinical trials fail to recognize a BM
biopsy as an essential tool for differentiation between ET
and the other subtypes of MPDs (Thiele and Kvasnicka,
2003a). In addition to time-consuming cell culture
studies (Eridani et al., 1987; Juvonen et al., 1993; Shih
and Lee, 1994; Florensa et al., 1995; Westwood and
Pearson, 1996; Yan et al., 1996), a promising approach
to solve this problem seems to focus firstly on a
retrospective evaluation of prominent BM features.
Regarding this point, application of subsequent
discriminant analysis (Everitt and Dunn, 2001)
performed in a blinded and independent fashion on
standardized BM features should be considered as a
useful procedure to establish certain patterns of
histopathlogy (Thiele and Kvasnicka, 2003b, 2005). The
diagnostic importance of these have to be validated by a
properly conducted correlation with clinical data
including follow-up examinations and survival.
Furthermore, as a stringent consequence of this prelude
the accordingly established histological parameters need
to be tested and approved in the context of randomized
prospective clinical trials. Finally, regarding other
diagnostic features, intriguing data on the identification
of the so-called PV gene (PRV-1) and its assumed
exclusive expression in corresponding patients has not
only renewed interest in finding mutations leading to the
developement of a MPD, but raised considerable hopes
for a valuable molecular marker (Klippel et al., 2002;
Pahl, 2002, 2003, 2004) However, a recently published
study reported that PRV-1 is constitutively expressed by
BM cells and does not discriminate PV from reactive
states or other Ph1--MPDs (Bock et al., 2003).
Contrasting erythropoietin-independent erythroid colony
(EEC) formation in a few patients with the clinical and
routine laboratory characteristics of PV normal PRV-1
mRNA levels were found and also overlappings between
erythropoietin (EPO) expression and other biomarkers in
so-called ET (Kralovics et al., 2003; Liu et al., 2003;
Griesshammer et al., 2004). Fluorescence in-situ
analysis of PRV-1 provided persuasive evidence that this
gene is neither amplificated, deleted nor structurally
rearranged in PV patients (Najfeld et al., 2003)
Additionally, real-time PCR-based assays showed a
PRV-1 expression across the MPDs and also in reactive
states (Tefferi et al., 2004). Finally, this obvious
confusion concerning the diagnostic validity of
biomarkers, but especially the PRV-1 gene, originally
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Fig. 2. Heterogeneity
of bone marrow
features in Ph1-- MPDs
associated with
thrombocytosis. PV
with marked
proliferation of large
and small-sized
megakaryocytes
(pleomorphic aspect)
besides increase in
erythro- and neutrophil
granulopoiesis
(panmyelosis) (a). ET
with predominance of
large to giant
megakaryocytes, but
no significant growth
of the other cell
lineages (b). CIMF - 0
consistent with a
prefibrotic stage
showing clusters of
abnormal
megakaryocytes and
marked granulocytic
proliferation (c). CIMF
- 1 with early fibrosis
characterized by
bundles of reticulin in
close association with
large megakaryocytes
(d). a, b, c,
chloroacetate-
esterase; d, silver
impregnation after
Gomori). x 180
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Fig. 3. Heterogeneity
of megakaryocyte
features in Ph1-- MPDs
associated with
thrombocytosis in
comparison with RTh.
PV revealing
significant differences
in size (pleomorphus
aspect) ranging from
small to giant, yet,
mature
megakaryocytes (a).
ET shows giant
megakaryocytes with
hyperlobulated
(staghorn-like) nuclei
(b). CIMF is
characterized by a
loose clustering of
small to large
megakaryocytes
containing
hyperlobulated
(bulbous) cloud-like
nuclei and a few
almost denuded nuclei
(arrow) (c). Naked
nuclei of CIMF may be
large and of bizarre
shape (arrows) (d). In
RTh megakaryocytes
are dispersed
throughout the marrow
and of medium size
(compare with Fig.
2a,b) and do not
exhibit maturation
defects (compare with
Fig. 2c,d) (e). a, b, c,
d, e, PAS reaction; 
x 380



postulated to exert a major discriminating power for the
differentiation of these disorders has been clarified.
Recently, PRV-1 has been shown to represent a non-

specific marker for an abnormal leukocyte production
and/or release in reactive as well as various neoplastic
hematological conditions (Passamonti et al., 2004). For
this reason, compared to histopathology, until now no
biological indicator has been shown to exert by itself a
definite diagnostic or discriminating impact concerning
the Ph1--MPDs.
Heterogeneity of bone marrow histopathology

Contrasting the clinical diagnosis of sustained Th
and presumptive ET in the majority of patients,
histological features of the BM reveal conspicuously
expressed varieties of patterns. Consequently
semiquantitative analysis of the 18 standardized
prominent BM features show wide ranges concerning
these parameters (Table 3). This striking heterogeneity in
histological appearance is properly reflected by the
amount and ratio of erythro- and granulopoiesis
including their left-shifting (Fig. 3a-c). Moreover,
density of reticulin fibers ranges from no increase in the
majority of patients to a slight and moderate fibrosis in a
small cohort (Fig. 3d). However, most remarkable are
changes involving the megakaryocytes (Fig. 3a-e).
Besides differences in quantity, features like loose or
dense clusters (Figs. 2c, 3c), varieties in size (Fig. 2a,b,
e) and presence of naked nuclei (Fig. 3c,d) emerge as
parameters of distinctive value (Table 3). Concerning the
maturation defects of this cell lineage, anomalies of
nuclear lobulation including bulbous (hyperchromatic,
cloud-like) nuclei and an obvious deviation of normal
nuclear-cytoplasmic maturation (Fig. 3c) are apparent.

Opposed to those findings derived from our filed
material of BM specimens, a previous study on BM
characteristics in 50 patients with ET and 27 patients
with PV presenting a platelet count exceeding
1,000x109/l failed to demonstrate significant differences
(Iland et al., 1987) Although semiquantitative evaluation
was performed by employing four grades comparable to
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Table 4. Diagnostic impact of certain standardized histological bone
marrow features (ranking with relative incidence) in 319 patients
following discriminant analysis and clinical diagnosis according to the
WHO classification (Vardiman et al., 2001).

CLINICAL DIAGNOSIS PV ET CIMF-0 CIMF-1 RTh
(WHO classification)

No. of patients 52 90 118 37 22
Megakaryopoiesis

1. maturation defects - - + + -
2. nuclear lobulation + + - - -

Myeloid stroma
3. reticulin fibers - - - + -

Erythropoiesis
4. left shifting + - - - -

Megakaryopoiesis
5. naked nuclei - - + + -
6. small forms + - + + +

Erythropoiesis
7. quantity + - - - -

Granulopoiesis
8. left shifting + - + - +

Megakaryopoiesis
9. giant forms + + + + -
10. Cellularity + - + + -

Megakaryopoiesis
11. bulbous nuclei - - + + -
12. clusters + + + + -

Relative incidence of histological features displaying a discriminating
effect: -, ≤ 10%; +, ≥ 80%. Statistical analysis: Predicted group
membership: 299 of 319 of originally grouped cases correctly classified
(93.6%).

Table 5. Stepwise discriminant analysis of standardized BM features
(relative incidence and ranking - see also Table 3) showing distinctive
patterns that enable separation of PV from thrombocytosis and ET
according to the diagnostic criteria of the PVSG (Murphy et al., 1997;
Pearson, 1998; Murphy, 1999).

VARIABLE (%) PV versus ET 

1. Erythropoiesis (quantity) 68 6
2. Granulopoiesis (left shifting) 66 23
3. Megakaryocytes /naked nuclei) 25 75
4. Cellularity 81 18
5. Erythropoiesis (left shifting) 88 12
6. Megakaryocytes (giant forms) 19 99
7. Megakaryocytes (nuclear lobulation) 37 64
8. Reticulin fibers 15 85
No. of patients 52 245

Statistical analysis: Wilks’ lambda statistics = 0.260; p < 0.0001.
Predicted group membership: PV 49/52 and ET (PVSG) 241/245 of
originally grouped cases correctly classified (97.6 %).

Table 6. Stepwise discriminant analysis of standardized BM features
(relative incidence and ranking - see also Table 3) showing distinctive
patterns that enable separation of PV from thrombocytosis and ET
according to the diagnostic criteria of the WHO (Vardiman et al., 2001).

VARIABLE (%) PV versus ET 

1. Erythropoiesis (quantity) 89 9
2. Granulopoiesis (left shifting) 78 21
3. Erythropoiesis (left shifting) 75 29
4. Megakaryocytes (naked nuclei) 25 98
5. Cellularity 100 0
6. Megakaryocytes (giant forms) 20 98
7. Reticulin fibers 14 0
No. of patients 52 90

Statistical analysis: Wilks’ lambda statistics = 0.217; p < 0.0001.
Predicted group membership: PV 48/52 and ET (WHO) 88/90 of
originally grouped cases correctly classified (95.8 %).



our scoring system, histopathological features were most
probably determined by assessment of H&E stained
specimens not involving more refined methods like
chloroacetate esterase (Leder stain). In particular the
latter staining technique is very useful to determine very
easily the exact amount of erythropoiesis versus
neutrophil granulopoiesis in patients with PV (Thiele et
al., 1999b, 2001c) In both groups of patients a moderate
increase in cellularity, erythroid precursors and myeloid
elements was reported and some of the PV patients
showed even a slight collagen fibrosis (Iland et al., 1983,
1987). For this reason, it was concluded that these
results highlight the similarities of apparently closely
related conditions and therefore, additional methods for
achieving the correct diagnosis were suggested. This
adverse impression of an insignificant discriminating
impact of morphology has been ameliorated by our re-
evaluation of corresponding specimens (Tables 4-6)
including up-to-date staining techniques to characterize
more accurately the different cell lineages.

On the other hand, the impact of BM morphology
concerning the diagnosis of PV has been recently
questioned (Spivak, 2002). It has been stated that
abnormalities such as an increase in megakaryocytes and
cellular hyperplasia with a loss of fat spaces (Ellis et al.,
1975, 1986; Ellis and Peterson, 1979) can never be alone
diagnostic for PV. However, one should be aware that
this argument reflects a rather historical view, because
significant advances in handling, processing and
evaluation of BM specimens achieved over the last two
decades have repeatedly emphasized the existence of
characteristic BM features in PV (Bartl et al., 1993;
Georgii et al., 1998; Thiele et al., 1999a,b, 2001a,c;
Thiele and Kvasnicka, 2005) The argument that results
of morphological studies are generally ambiguous
because discriminating features are not standardized and
therefore easily reproducible (Pearson, 1998) has been
contested by our data (Table 3). Finally, the statement
that until now there was no investigation testing the
validity of histopathology in a blinded and independent
fashion is not supported by previous studies (Thiele et
al., 2001b,c).
Discriminate analysis of bone marrow features

Discriminate analysis revealed that 12 of the 18
variables allowed a corresponding ranking and
separation into five distinctive histological patterns.
When applying the WHO classification (Vardiman et al.,
2001) these specific sets of morphological parameters
are compatible with PV, ET, prefibrotic CIMF (CIMF-0),
early fibrotic CIMF (CIMF-1) and finally RTh (Table 4).
It is noteworthy that the predicted group membership
reveals a correct overall classification of 93.6 %.
Regarding the diagnosis of ET significant differences are
present when comparing the PVSG criteria (Murphy et
al., 1997; Pearson, 1998) with the WHO classification
(Vardiman et al., 2001). To investigate this important
issue, a comparative evaluation was performed between

ET and PV accompanied by Th (Tables 5, 6).
Discriminant analysis between these two groups and
classifications yields almost identical results except for
the degree of nuclear lobulation of megakaryocytes
(Table 5). The latter result is in keeping with the
assumption of a highly discriminating power of BM
features in PV (Georgii et al., 1996, 1998; Thiele et al.,
2001b,c) compared to the other subtypes of Ph1--MPD.
Finally, there is still the problem of how to differentiate
ET from reactive lesions. With respect to this salient
point of diagnosis, a corresponding calculation displays
a number of histological features that exert a clear-cut
potential (more than 98%) to separate ET from RTh
(Table 7). 

Regarding the parameters of discriminating power
between ET and PV it is noticable that the differences in
Tables 5 and 6 are obviously limited to maturation
defects of erythropoiesis and quantity of
megakaryocytes. These differences are dependent on the
classification applied; because by following the PVSG
criteria (Pearson, 1998; Murphy, 1999) a considerable
number of patients with CIMF-0 and CIMF-1 are
included and therefore, consistent with false ET (Thiele
and Kvasnicka, 2003a). In this regard it is noticable that
several reports on histopathology are in line with the
assumption that distinctive features exist allowing the
separation of the different entities of Ph1--MPDs
associated with a significant excess of platelets. (Thiele
et al., 1988; Georgii et al., 1990; Buhr et al., 1992;
Michiels and Juvonen, 1997; Georgii et al., 1998; Thiele
et al., 1999a; Michiels and Thiele, 2002; Florena et al.,
2004)
Clinical impact

Contrasting the discriminating impact of
histopathology, some doubts have been expressed about
the usefulness to differentiate more thoroughly MPDs
with an associated raise in the platelet count, which
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Table 7. Stepwise discriminant analysis of standardized BM features
(relative incidence and ranking - see also Table 3) revealing distinctive
patterns that enable separation of RTh from ET (according to the WHO
classification) with special focus on megakaryocyte morphology.

VARIABLE (%) RTh versus ET 

1.Megakaryopoiesis
giant forms 21 99
small forms 86 37
nuclear lobulation 0 79

2. Granulopoiesis (left shifting) 81 22
3. Megakaryocytes (naked nuclei) 0 45
No. of patients 22 90

Statistical analysis: Wilks’ lambda statistics = 0.250; p < 0.0001.
Predicted group membership: RTh 22/22 and ET 88/90 of originally
grouped cases correctly classified (98.2 %).



clinically often mimic ET (Thiele et al., 2002). An
independently performed determination of clinical data
shows that PV with Th is characterized by a number of
parameters facilitating an easy distinction from the other
entities (Table 8). It has to be mentioned that the
majority of leading clinical trials of ET fail to enter a
(pretreatment, representative) BM biopsy as one of the
criteria for diagnosis (Bellucci et al., 1986; Chistolini et
al., 1990; Fenaux et al., 1990; Colombi et al., 1991;
Jantunen et al., 1998). Furthermore, one has to bear in
mind that the platelet limit of 600x109/l is arbitrary and
some patients may present relevant complications like
thrombosis, easy bruising and transitional ischemic
attacks associated with a far lower thrombocyte count
(Lengfelder et al., 1998; Sacchi et al., 2000; Michiels
and Thiele, 2002). In these cases a BM biopsy may offer
a major clue to the nature of the disease process by
revealing features that are in keeping with ET according
to the specific histologial pattern described in this
review. Therefore the need for a clear-cut definition of
characteristic BM features and more postitive diagnostic
guidelines has been recognized by the WHO
classification, where megakaryocyte morphology was
especially regarded (Imbert et al., 2001). By following
these postulates initial (prefibrotic) and early CIMF that
frequently present Th (false ET) were distinguished
(Thiele et al., 2001a, 2002; Michiels and Thiele, 2002;
Thiele and Kvasnicka, 2003a; Florena et al., 2004). This
concept implicates a more stringent definition of
diagnostic criteria than has been exerted by the PVSG
guidelines (Murphy et al., 1997; Pearson, 1998; Murphy,
1999). For this reason, it is not suprising that
significantly wide ranges of complications like the
occurrence of myelofibrosis or acute leukemia were
reported in so-called ET patients, particularly in the high
risk groups (Yonemitsu and Okuda, 1985; Bellucci et al.,

1986; Van de Pette et al., 1986; Liberato et al., 1989;
Fenaux et al., 1990; Kimura et al., 1990; Emilia et al.,
1993; Murphy et al., 1997; Tefferi and Murphy, 2001;
Cervantes et al., 2002; Radaelli et al., 2002). Therefore,
by following the PVSG criteria, a considerable
heterogeneity of disease features may be expected
accounting for these adverse findings (Thiele and
Kvasnicka, 2003a). To underline this argument, a
controversy has recently emerged concerning the
presumptive varieties of BM patterns in patients with ET
derived from the Italian Study Group where differences
of histological features were associated with survival.
(Annaloro et al., 1999) Moreover, this finding of a
variable morphology in so-called ET patients was
validated by a longitudonal study involving sequential
BM biopsies and a long-time follow-up. (Thiele et al.,
2002). When applying the WHO classification (Imbert et
al., 2001) only about one third of the 120 patients
revealed (true) ET, while the other presented with initial-
early stage CIMF of whom the majority developed
myelofibrosis - osteosclerosis during the lengthy course
of disease (Thiele et al., 2002). Follow-up data exhibited
a strikingly different prognosis in the various groups that
are discriminated by their histological features. In
contrast with patients with RTh, a less favorable
observed (median) survival was calculable in PV (148
months) and ET (193 months), whereas early CIMF is
characterized by a worsening regarding outcome (111
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Table 8. Clinical findings (mean ± SD) following discriminant analysis of
BM features into different categories in the 297 patients with Ph1--MPDs
and accompanying thrombocytosis according to the updated WHO
criteria (Vardiman et al., 2001).

PV ET CIMF-0 CIMF-1

No. of patients 52 90 118 37
Erythrocytes (x1012/l) 6.5±0.9* 4.9±0.5 5.0±0.6 4.7±0.7
Hemoglobin (g/dl) 17.3±2.9* 14.2±1.5 14.1±2.0 12.9±1.7
Hematocrit (%) 54.2±9.1* 42.7±3.4 43.0±4.7 39.3±5.8
Leukocytes (x109/l) 14.4±4.9 10.4±3.5 12.6±0.9 12.1±4.5
Basophils (%) 1.0±1.2 1.1±1.3 0.9±1.2 1.2±1.6
Myeloblasts (%) 0 0 0 0.2±0.8*
Erythroblasts (%) 0 0 0 0.2±0.5*
Thrombocytes (x109/l) 882±232 1,043±337 1,068±311 1,049±287
LAP** 191±85* 55±33 100±76 113±76
LDH (U/l) 343±147 365±216 275±95 617±22*
Spleen size*** 2.1±1.9* 0.5±0.7 0.7±1.1 1.0±1.3

*: parameters of discriminating value; **: leukocyte alkaline
phosphatase: normal score 10-80; ***: cm below costal margin on
palpation Wilks’ lambda statistics = 0.240; p< .0000.

Fig. 4. Schematic description (flow-sheet) of prominent histological
features exerting diagnostic relevance to differentiate chronic
myeloproliferative disorders associated with an evaluated platelet count
from reactive lesions in bone marrow biopsy specimens.



months) and also a higher risk of developing thrombosis
and hemorrhage. All these data support the notion of
characteristic laboratory (Table 8) and especially
morphological features that are of invaluable aid to
establish and validate the diagnostic classification of
Ph1--MPDs accompanied by Th.

In conclusion, because of the significant differences
in clinical findings, therapeutic strategies and prognosis,
a clear-cut distinction between ET, CIMF and PV
accompanied by an excess in platelets seems to be
warranted in addition to a separation from RTh. One of
the major points of differentiation is characteristic
histological BM patterns as shown by discriminant
analysis of standardized morphological features
following a semiqunatitative scoring. Principally based
on these results, a schematic procedure (in Figure 4)
regarding these diagnostic BM parameters may be
pursued in daily routine to differentiate Ph1--MPDs. 
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