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Clinical, hematological and morphological peripheral blood and bone marrow characteristics,
in particular, megakaryopoiesis and bone marrow cellularity, reveal diagnostic clues and
pathognomonic features, which enable a clear-cut distinction between essential thrombocythe-
mia (ET), polycythemia vera (PV) and prefibrotic and fibrotic agnogenic myeloid metaplasia
(AMM). The characteristic increase of enlarged mature megakaryocytes with mature cytoplasm
and multilobulated nuclei and their tendency to cluster in a normal or slightly increased cellular
bone marrow represent the hallmark of ET. The characteristic increase and clustering of
enlarged mature and pleiomorphic megakaryocytes with multilobulated nuclei and proliferation
of erythropoiesis in a moderate to marked hypercellular bone marrow with hyperplasia of
dilated sinuses are the specific diagnostic features of untreated PV. ET may precede PV for
many years to more than one decade. Prefibrotic and fibrotic AMM appears to be a distinct
dual proliferation of abnormal megakaryopoiesis and myelopoiesis. The histopathology of the
bone marrow in prefibrotic and fibrotic AMM is dominated by atypical enlarged and immature
megakaryocytes with cloud-like immature nuclei, which are not seen in ET and PV at diagnosis
and during follow-up. Myelofibrosis is not a feature of ET at diagnosis and during long-term
follow-up. Myelofibrosis, which is secondary to the megakaryocytic/granulocytic myeloproli-
feration, and extramedullary myeloid metaplasia constitute a prominent feature and usually
progress more or less rapidly during the natural history of PV and AMM. Life expectancy is
normal in ET, normal in the first and decreased in the second decade of follow-up in PV, but
significantly shortened in thrombocythemia associated with prefibrotic AMM as well as in the
various fibrotic stages of AMM. These clinical and pathological characteristics of the Ph-
negative MPDs, by including bone marrow histopathology, enable a clear-cut distinction
between ET, PV and prefibrotic and fibrotic AMM. The use of established and new biological
markers of MPDs, like spontaneous EEC, PRV-1 gene expression etc, should be validated in
large prospective multicenter studies of newly diagnosed and previously treated MPD patients
using the proposed European clinical and pathological (ECP) criteria as the only gold standard
available for the proper diagnosis and differential diagnosis of ET, PV and AMM.
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Introduction

In 1951, Dameshek presented a unifying theory that the
various diseases such as chronic myeloid leukemia
(CML), polycythemia vera (PV), agnogenic myeloid
metaplasia (AMM), megakaryocytic leukemia or essen-

tial thrombocythemia (ET) and erythroleukemia were
variable manifestations of myeloproliferative disorders
due to a hypothecical stimulus that may affect the bone
marrow cells diffusely or irregularly, resulting in the
various distinct and overlapping syndromes.1 However,
erythroleukemia and chronic myeloid leukemia turned
out to be two separate and independent malignancies
distinct from the chronic myeloproliferative disorders
(MPDs). Erythroleukemia AML-M6 is an unstable
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condition clearly between myelodysplastic syndrome
(MDS) and acute myeloid leukemia (AML), which
originates from trilinear MDS and usually rapidly
evolves to frank AML.2–4 In the early 1970s, Gilbert5

and Laszlo6 of the Polycythemia Vera Study Group
(PVSG) reviewed the spectrum and typical patterns of
cellular involvement seen in the various MPDs ET, PV,
AMM and CML with particular emphasis on the
characteristic abnormalities that occur in leukocyte
alkaline phosphatase (LAP) activity, bone marrow
morphology and histopathology and karyotype. Ac-
cording to strict morphological, biochemical and
cytogenetic criteria, chronic myeloid leukemia is a
separate malignant and individual disease entity,
whereas ET, PV and AMM form the three main
different manifestations of the chronic MPDs.7 The
Philadelphia chromosome (Phþ ), the low LAP score
and an obligate transition into AML M1, 2, 3 or 6 or
ALL are typical for CML.7 Both Phþ ET and Phþ

thrombocythemia associated with CML can be regarded
as early manifestations of the chronic stable phase of
Phþ diseases.8

The morphological distinction between Phþ ET
and thrombocythemia associated with Phþ CML
versus the Ph-negative thrombocythemias in various
MPDs is primarily based upon conspicuous
differences in the form and size of megakaryocytes in
bone marrow smears and sections of bone marrow
aspirates.7,9 This difference is obvious and also repro-
ducible in bone marrow biopsies that enables patholo-
gists to distinguish between small megakaryocytes with
round nuclei in Phþ diseases versus enlarged megakar-
yocytes with hyperlobulated nuclei in Ph-negative
MPDs.10–12 The present review further extends the
clinical and pathological characteristics of the Ph-
negative MPDs, in particular megakaryopoiesis, by
including bone marrow histopathology, which enables
a clear-cut distinction between ET, PV and prefibrotic
and fibrotic AMM.

PVSG criteria and biological markers of ET, PV
and AMM

PV is a clonal stem cell disorder resulting in hyperpro-
liferation of erythroid and in most cases also mega-
karyocytic and granulocytic lineages. A substantial
proportion of ET patients appear to have polyclonal
hematopoiesis, and by this criterion, ET is a hetero-
genous group of disorders.13,14 The diagnostic criteria of
ET as mandated by the PVSG exclude either thrombo-
cythemia associated with other MPDs, CML, MDS or
reactive thrombocytosis, but does not differentiate
between true ET and thrombocythemia as the present-
ing feature of early-stage PV or prefibrotic AMM.15 The
PVSG developed the diagnostic criteria of PV that are
widely used and cited, but have never been evaluated in
prospective studies.16 As no single marker is diagnostic
for PV, the PVSG used a combination of major and
minor criteria for PV, which proved to be very robust.
The main major criterion of increased red cell mass for
the diagnosis of PV is arbitrary and crude, a situation
that is also found in idiopathic erythrocytosis, in
primary erythrocytosis and in secondary erythrocytosis
(Table 1). A significant number of latent phases of
symptomatic patients with red cell mass in the upper
range of normal but with persistent slight increases of
platelet counts and/or slight splenomegaly are over-
looked as true examples of early-stage MPD.

In vitro assays for culture of erythroid progenitors
colony-forming unit-erythroid (CFU-E) and burst
forming unit-erythroid (BFU-E) have been available
for over 25 years.17 The addition of erythropoietin
(EPO) to the culture medium is essential to colony
growth of normal erythroid progenitors. EPO-indepen-
dent progenitors can form erythroid colonies in the
absence of exogenous EPO. This phenomenon is called
spontaneous or endogenous erythroid colony formation
(EEC) and was first described in 1974 by Prchal and
Axelrad in patients with PV.17 In 26 studies altogether,

Table 1 Diagnostic differentiation of benign erythrocytoses from myeloproliferative polycythemia vera by histopathology from bone marrow
biopsy sections7–12,46–51

Raised cell mass, RCM
Raised RCM=absolute erythrocytosis Normal RCM=apparent erythrocytosis does not exclude MPD!
Bone marrow histopathology differentiates between
Polycythemia vera (PV)7–12,40–44 and benign erythrocytosis Increase and clustering of enlarged megakaryocytes with hyperploid nuclei

is a diagnostic clue to polycythemia vera
Benign erythrocytosis in its purity46,47,48

Size, morphology and distribution of megakaryocytes are normal
Classification of erythrocytoses:
Congenital erythrocytosis

Primary: Truncated EPO receptor49,50

Disruption oxygen homeostasis in Chuvash
polycythemia51

High oxygen affinity hemoglobinopathy
Congenital autonomous EPO production?

Acquired eythrocytosis:
Secondary: EPO accumulation in renal diseases

Autonomous EPO production by tumor cells
Hypoxia

Idiopathic erythrocytosis
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nearly 500 patients have been reviewed concerning EEC
in PV.18 With a few exceptions all PV patients have
shown spontaneous EEC.18 In about 100 patients with
secondary erythrocytosis and in normal controls, no
spontaneous EEC has been observed. Spontaneous EEC
has been seen as often in cultures of blood as in those of
bone marrow progenitors. In most studies, spontaneous
EEC was present in overt and in latent PV regardless of
the disease state, stage and duration, clinical manifesta-
tions or previous cytotoxic treatment, although reduc-
tion or disappearance of spontaneous EEC after
chemotherapy or interferon has occasionally been
described.18 During follow-up, in most patients with
latent PV and spontaneous EEC, the course of the
disease was compatible with PV, or the diagnostic
criteria proposed by the PVSG were fulfilled or became
apparent. In patients with secondary erythrocytosis
without spontaneous EEC, no complications occurred
and the blood cell counts remained unchanged. These
findings in nearly 500 PV patients from 26 studies
strongly suggest that spontaneous EEC might have a
near 100% diagnostic specificity for overt and latent
PV.18 Spontaneous EEC may even unmask PV from
patients with idiopathic thrombocytosis and appears to
be very helpful and reliable to differentiate between PV
and secondary erythrocytosis.18 However, the sponta-
neous EEC technique is demanding, needs further
standardization and is unlikely to be available in most
routine laboratories. The reliability of spontaneous EEC
from blood and bone marrow progenitors was investi-
gated in a recent prospective multicenter study of 80 PV,
six idiopathic erythrocytosis (IE), 51 secondary erythro-
cytosis (SE) patients and 10 healthy controls.19 Sponta-
neous EEC was true positive for at least 75% of PV
patients when a single EEC assay was performed and
94% of PV patients when both peripheral blood and
bone marrow EEC were performed.19 For all IE, SE and
healthy controls, spontaneous EEC was negative.19

In a review of 252 ET patients and 98 patients with
reactive thrombocytosis (RT) from 12 studies, sponta-
neous EEC was found to be a reliable and specific
marker for ET, with only one reported EEC-positive
case of RT.18 However, the proportion of ET patients
who exhibited spontaneous EEC varied widely from
30 to 90% with a diagnostic sensitivity of 65%.18

With regard to EEC, ET and PV are closely related
MPDs with a significant overlap indicating the need
for additional tools to differentiate between ET
and PV.

A review of 16 studies showed that the majority of ET
patients as well as some with PV have CFU-Mk capable
of generating endogenous megakaryocytic colonies
(EMC) in the absence of TPO.18 Most of these studies
have found spontaneous EMC (EMCþ ) assays entirely
specific for ET and negative in RT. There are a few
reports of EMCþ in RT and normal subjects indicating
the need for careful validation and control of methods
when being used for diagnostic purposes. In two studies
where the frequency of EMCþ ET patients was modest
(63–69%), diagnostic sensitivities rose to 77 and 92%
when EMCþ results were combined with EECþ .20,21

In a recent study of 154 ET patients, 114 (74%) had
either spontaneous EECþ or EMCþ , 86 (57%)
EECþ , 91 (59%) EMCþ , 65 (42%) EECþ and
EMCþ , 26 (17%) EMCþ only and 23 (15%) EECþ
only.22

In 1991, Emmanual et al.23 found that granulocyte/
macrophage (GM) progenitor cells in juvenile chronic
myelogenous/myelomonocytic leukemia were found 10
times as sensitive to the cytokine GM-CSF as normal
progenitor cells in this lineage. Apart from spontaneous
EEC, PV cells are hypersensitive to insulin growth
factor-1. IGF-1 sensitivity ratios reached as high as
20 000 times the normal, and this level of cytokine
hypersensitivity in the erythroid lineage of PV is specific
to IGF-1.24–26 In addition, PV cells are hypersensitive,
but to a less extent, to other hematopoietic growth
factors including IL-3, GM-CSF and SCF. Spontaneous
EMC (CFU-Meg) in the absence of exogenous growth
factors has been described in ET-patients.18,20–22 How-
ever, under strictly serum-free conditions CFU-Meg
from ET were TPO-dependent, but hypersensitive
towards TPO in 18/20 (90%) patients with ET and in
none of the 22 healthy controls.27 The median TPO
sensitivity ratios were more than 50 times the normal,
and this was highly specific with respect to cytokine,
disease and cell lineage, suggesting a lineage-restricted
hypersensitivity of hematopoietic progenitor cells to
normal endogenous TPO in ET. This hypothesis was
tested with hematopoietic progenitor cells from patients
with IMF/AMM; an MPD involving at least two cell
lineages of megakaryocytic and myeloid proliferation.28

Clear evidence of hypersensitivity was found for SCF, a
cytokine active in several different cell lineages, while
hypersensitivity was not seen for GM-CSF.28 Thus,
Axelrad proposed a model that the clinicopathological
phenotypes of the clonal MPDs are related to, and
perhaps determined by specific hypersensitivities of their
progenitor cells to normal endogenous cytokines: EEC-
IFG-1 hypersensitivity for PV, TPO-hypersensitivity for
ET and SCF-hypersensitivity for IMF/AMM.

Overexpression of the mRNA of a novel member of
the uPAR receptor superfamily, designated PRV-1, was
identified by Pahl et al. in granulocytes of all PV
patients investigated so far, in normal granulocytes after
exposure to granulocyte colony-stimulating-factor (G-
CSF), in granulocytes of an occasional case of
idiopathic myelofibrosis (IMF), but not in mononuclear
cells from patients with secondary erythrocytosis, CML
or AML.29,30 In healthy volunteers, PRV-1 is selectively
expressed in the bone marrow and not in a large variety
of other tissues.29,30 Immunohistochemical staining
localized PRV-1 expression to early erythroblasts, as
well as megakaryocytes, promyelocytes and myelo-
cytes.29,30 These cells represent the precursor cells of all
three hyperproliferating lineages in PV. PRV-1 gene
expression has also been detected in ET patients who
also demonstrated spontaneous EEC.31 There appears
to be a 100% concordance between spontaneous EEC
and overexpression of the PRV-1 gene in PV and ET
patients as well as EEC negativity and normal PRV-1
expression in ET patients.31,32 Thus, Pahl et al. have
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postulated the existence of an EEC/PRV-1 positive
disease, and propose that the two markers will concur in
most MPD patients.31,32 The EEC/PRV-1-positive dis-
ease may present clinically either as an ET that will
ultimately develop into PV, as PV or as a variant of
IMF having quickly passed the hypercellular polycythe-
mic stage. In this concept, EEC/PRV-1 positive ET and
IMF represent variants of PV, whereas ECC/PRV-1-
negative ET and IMF represent true forms of ET and
IMF.32 Expanding the model to include growth factor
hypersensitivity described by Axelrad, Pahl proposed a
model for the molecular development of MPDs32

According to this model, the EECþ /PRV-1þ /IgF-1-
sensitive ET, PV and IMF, versus the EEC-/PRV-1-/
TPO-sensitive ET and the EEC-/PRV-1-/SCF-sensitive
IMF may represent 3 different entities at the biological
and molecular level.32 A recent study could demonstrate
an overexpression of PVR-1 in patients with ET, and
could not detect any PVR-1 expression in the granulo-
cytes of patients with secondary erythrocytosis, second-
ary thrombocytosis, CML, IMF and MDS.33 This
intriguing concept has to be confirmed in prospective
multicenter studies of newly diagnosed ET, PV and
IMF/AMM and may have important implications.
First, ET patients that do not have a clonal disorder
may be EEC-/PVR-1- and at a lower risk of thrombotic
complications.14 Second, EEC-positive ET patients are
likely to be clonal and tend to have higher hematocrits
during the course of their disease (latent PV), and
consequently may be at higher risk of minor and major
thrombotic complications. Third, it may solve the yet
unsettled role of reduced expression of MPL in ET, PV
and IMF/AMM patients.

Platelet cMPL expression is dysregulated in ET, but
appears not to be a primary pathogenic event in ET as it
is also evident in other MPDs.34 Moliterno et al.35

reported a reduction of cMPL expression in 34 PV and
in 13/14 IMF/AMM patients but not in 15 ET patients.
The reason for these conflicting findings in ET remains
elusive. MPL expression and its response to TPO in the
megakaryocytes and platelets of PV patients were
defective due to an as yet undefined impairment of the
post-translational glycosylation that became more pro-
found with disease duration and extent.36 ET patients
with spontaneous EEC also appear to have invariantly
increased expression of PRV-1 in granulocytes and
decreased expression of MPL protein in platelets
(EECþ /PRV-1þ /MPL-).37 It remains to be determined
whether this correlation holds up when a large group of
ET patients is tested. In a recent study, Kralovics et al.38

compared EEC, PVR-1 and cMPL in 23 PV, 15 ET and
six IMF patients and observed a concordance between
EECs, PVR-1 in all these three subtypes of MPD
patients. Interestingly, Kralovics et al.38 found decreased
cMPL and elevated PVR-1 but absence of EEC in the
majority of eight patients with hereditary thrombo-
cythemia with a mutation in the TPO gene as the cause
of congenital thrombocythemia in this family.38

Little is known regarding the expression of PVR-1 in
bone marrow cells and immature hematolpoiesis. Bock
et al.39 analyzed PVR-1 expression in bone marrow cells

and demonstrated that the PVR-1 gene is constitutively
expressed by bone marrow cells in all types of MPD,
including PV, ET, IMF and CML, and also in reactive
hyperplasia of eythrocytosis and megakaryopoiesis, and
that PVR-1 expression in bone marrow cells does not
discriminate PV from reactive and other MPDs.
Gisslinger and Thiele studied 20 well-documented cases
with advanced IMF and found that PVR-1 expression in
peripheral blood cells was increased in about half of
them (personal communication).

Differential diagnosis of ET, PV and AMM by bone
marrow histopathology

With the advent of bone marrow biopsy and tissue
processing, the German pathologists Georgii
et al.10,11,40,41 and Thiele et al.12,42,43,44 have drawn
attention to the importance of histopathology from
bone sections for the diagnosis of the Philadelphia
chromosome-negative (Ph�) MPDs ET, PV and AMM.
The number and size of mature megakaryocytes in bone
marrow biopsies are typically increased in Ph� ET.
Enlarged megakaryocytes with mature cytoplasm and
multilobulated nuclei, and the tendency of such mega-
karyocytes to cluster in small groups close to sinuses
represent the hallmark features of ET.7–12,40–44 The
histologic background of hematopoiesis in ET is
featured by normal cellularity in the early stage at
platelet count in excess of 400� 109/l. A slight-to-
moderate increase of cellularity may be seen during
long-term follow-up of ET with a high platelet count in
excess of 1000� 10/9/l. In thrombocythemia associated
with the chronic stage of Phþ chronic granulocytic
leukaemia and in Phþ ET, the megakaryocytes are
smaller than normal with round nuclei showing little
lobulations.7–12,40–44 The megakaryocytes are increased
in reactive thrombocytosis, but the morphology, size
and nuclear ploidy of megakaryocytes remain normal
and there is no tendency to cluster.

The diagnostic features of untreated PV include a
prominent increase in the number and size of clustered
and enlarged megakaryocytes, comparable to ET, and a
moderate-to-marked increased cellularity. Increase of
large megakaryocytes with mature cytoplasm and
multilobulated nuclei gives the diagnostic feature, which
is even more conspicuously altered in PV than in
ET.7–12,40–44 The megakaryocytes in PV may have a
rather pleiomorphic appearance with wide ranges of
sizes including many small ones (the so-called micro-
megakaryocytes) and unusually giant forms as demon-
strated in immunostained bone marrow biopsies using
monoclonal antibodies against platelet glycoproteins.
The characteristic increase and clustering of large
megakaryocytes and proliferation of erythropoiesis with
hyperplasia of dilated sinuses is the diagnostic hallmark
of untreated PV to distinguish it from secondary
erythrocytosis, from thrombocythemia associated with
myelodysplastic syndromes,45 from Phþ CML and Phþ

ET and most importantly also from AMM even in its
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very early stage without myelofibrosis.7–12,40–44 Bone
marrow histopathology in AMM is dominated by
atypical immature megakaryocytes, which are conspicu-
ously large due to an increase of nuclear as well as
cellular size. The nuclei of megakaryoctes in AMM are
bulky with lobuli becoming clumsy. The lightly stained
chromatin and the irregular roundish nuclear forms give
rise to the so-called cloud-like nuclei, which are almost
never observed in ET and PV.7–12,40–44 In primary and in
secondary erythrocytosis, in which increased cellularity
of usually the erythroid cell line may be present, the
number, size, morphology and distribution of mega-
karyocytes in bone marrow smears and biopsies remain
normal (Table 1).46–51

European clinical and pathological criteria of ET,
PV and AMM

ET

The PVSG criteria for the diagnosis of ET in 1975 were
a platelet count in excess of 1000� 109/l and megakar-
yocytic hyperplasia and abundant platelets in bone
marrow smears in the absence of any other MPD.6 The
main criterion of a minimum platelet count of
1000� 109/l resulted in the exclusion of a significant
number of patients with apparent characteristic of ET.
This prompted the PVSG in 1986 to adjust the minimum
platelet count for the diagnosis of ET to 600� 109/l.15

Diagnostic criteria proposed by the Thrombocythemia
Vera Study Group (TVSG) are a platelet count in excess
of 400� 109/l and an increase of clustered large and
megakaryocytes with mature cytoplasm and hyperploid
nuclei in bone marrow biopsy material in the absence of
any cause of reactive thrombocytosis and no preceding
or allied other subtype of MPD.52 The PVSG15 and
TVSG52 clinical and the WHO53 pathological criteria for
the diagnosis of ET are equally considered and brought
together in a new set of clinical and pathological criteria
for the diagnosis of true ET (thrombocythemia vera)
(Table 2).54 According to elaborate morphometric
evaluations increase of enlarged-to-giant megakaryo-
cytes with mature cytoplasm and deeply lobulated nuclei
represent the diagnostic hallmark of true ET. This

feature discriminates true ET from the presence of small
and abnormal megakaryocytes often described in smears
and histological sections derived from patients with a
rather ill-defined entity, the so-called Ph1 þ or BCR-
ABL þ ET.7,8 Similar diagnostic restrictions regard
patients with the so-called ET and ringed sideroblasts
that are occasionally assumed to present transitional
stages between MDS and MPDs and are closely related
to the 5q� syndrome.43,45 Myelofibrosis (MF) is rare in
true ET and very few ET patients develop MF during
long-term follow-up, indicating that true ET is the most
benign variant of MPD with a normal-to-near-normal
life expectancy.40,52

PV

Wasserman55 proposed in 1954 a concept on the course
of PV and distinguished five sequential stages in the
natural history of PV stage 1, pure erythrocythemia;
stage 2, erythrocythemia and thrombocythemia; stage 3,
myeloid metaplasia with overlap syndromes of different
grades of reticulin and collagen fibrosis of the bone
marrow, splenomegaly and leukocytosis; stage 4, spent
phase polycythemia with leukoerythrocytosis; and stage
5, acute leukemia.55 The PVSG failed to add histo-
pathology from bone marrow biopsies as a specific
diagnostic aid to a proper diagnosis of PV. The TVSG48

extended the PVSG16 criteria for PV by including bone
marrow morphology as a specific clue to PV and as a
pathognomonic guideline to distinguish clearly between
PV and secondary erythrocytosis (SP).46,47 The TVSG
and PVSG criteria for PV are further improved by a new
set of the clinical and WHO56 pathological PV criteria as
outlined in Table 3.54 In contrast to SP, overt PV is
always characterized by a conspicuous hypercellularity
of the bone marrow provided age-related changes are
regarded. Furthermore, proliferation of all three hema-
topoietic cell lineages with predominance of erythroid
precursors (panmyelosis) is a major finding. In this
context, megakaryopoiesis is an invaluable clue to the
diagnosis of PV, because loose clusters of megakaryo-
cytes and a dislocation towards the paratrabecular area
are frequently encountered together with a peculiar
cytology, including a pleiomorphic appearance but no
significant maturation defect.7–12,16,40–43,52 These specific

Table 2 ECP criteria for the diagnosis of ET or TV54

Clinical criteria Pathological criteria

(A1) Persistent increase of platelet count: in excess of 400� 109/l (B1) Predominant proliferation of enlarged megakaryocytes with
hyperlobulated nuclei and mature cytoplasm, lacking
conspicuous cytological abnormalities. No proliferation or
immaturity of granulopoiesis or erythropoiesis

(A2) Normal spleen or only minor splenomegaly on echogram (B2) No or only borderline increase in reticulin
(A3) Normal or increased LAP-score, normal ESR and increased mean

platelet volume (MPV)
(A4) Spontaneous megakaryocyte colony formation (CFU-Meg)
(A5) No signs or cause of reactive thrombocytosis (RT)
(A6) No preceeding or allied other subtype of MPD, CML or MDS
(A7) Absence of the Philadelphia chromosome

The combinations of (A1) and (B1)+(B2) establish (true) ETFany other additional A criterion confirms ET.
ET or TV: grade I: platelet counts between 400=� 109 and 1500� 109/l, grade II: platelet counts >1500� 109/l.
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features are not expressed in SP, in particular, concern-
ing the inconspicuous megakaryopoiesis in this
disorder.47 In PV opposed to SP, there are usually no
iron-laden macrophages or prominent inflammatory
reaction of the interstitial bone marrow compartment
observable.47

We proposed to distinguish six clinicopathological
stages as already suggested by Wasserman et al. 55 during
the natural history of newly diagnosed PV patients
(Table 4).57 The finding of increased cellularity due to
panmyelosis (hyperplasia of all marrow elements) and
the typical increase of clustered enlarged megakaryo-
cytes with hyperploid nuclei were the characteristic
features in bone marrow sections of untreated PV
patients.54 According to the new clinical and patholo-

gical criteria, the latent stage 0, latent PV and the
erythremic stage 1, the so-called idiopathic erythrocy-
tosis are overlooked by the PVSG criteria with the
consequence that the majority of PV patients at
presentation have stage 2 and 3 disease (Table 4).
Idiopathic or pure eythrocytosis was defined by an
increased red cell mass, normal platelet and leukocyte
counts and no splenomegaly in the absence of any cause
for secondary erythrocytosis.58 Patients defined as
idiopathic or pure erythrocytosis are in fact early-stage
PV and comprise 15–22% of the PV cases at the time of
diagnosis.59,60 The diagnostic difficulties of ‘idiopathic
or pure erythrocytosis’ can easily be solved by including
bone marrow histopathology as a specific guide to
diagnose this very early stage of PV and to differentiate

Table 3 ECP criteria for the diagnosis of PV54

Clinical criteria Pathological criteria

(A1) Increase in packed cell volume (PCV) with hemoglobin
(male >18.5 g/dl, female >16.5 g/dl) and hematocrit
(male >51%, female >48%)

(B1) Increased cellularity with trilineage myeloproliferation
(ie panmyelosis) Proliferation and clustering of small to
giant (pleiomorphic) megakaryocytes Absence of stainable iron
No pronounced inflammatory reaction (plasmacytosis,
cellular debris)

Raised red cell mass (optional) RCM: male >36ml/kg,
female >32ml/kg

(B2) Spontaneous erythroid colony formation

(A2) Persistent increase of platelet count: grade I: 400–1500,
grade II: >1500

Grading of myelofibrosis in PV

(A3) Splenomegaly on palpation or on ultrasound or CT
(>11 cm length in diameter)

MF 0 prefibrotic stage PV

(A4) Granulocytes >10� 109/l and/or raised LAP-score
in the absence of fever or infection

MF 1 early fibrotic stage PV

(A5) Absence of any cause of secondary erythrocytosis MF 2 manifest myelofibrosis in PV
(A6) Low plasma Epo level MF 3 advanced myelofibrosis in PV

MF >3 osteosclerosis, decreased cellularity

The combinations of A1+B1+B2 establish PVFany other criterion confirms PV. For grading MF see Table 3.

Table 4 Six clinicopathologic stages of PV according to Wassermann55 and Michiels et al.57

Stage 0 ET 1 PV 2 PV 3 PV
PVMF

4 5 Spent
phase

Hemoglobin (mmol/l) N/m m m m m N/m
Erythrocytes >6� 1012/l N/m m m m m N/m
Red cell mass:

male >36ml/kg N m m m m F
female >32ml/kg N m m m m F

Hematocrit N/m m m m m N/m
Platelets � 109/l o400/>400 o400 >400 >1000 Variable N/m
Leukocytes � 109/l N N N >15 Variable >20
Leukoerythroblastosis F F F 7 + ++
Spleen length diameter (cm) o12 o12 o15 >15 large
on scan or echogram 12–15 cm

Bone marrow biopsy:
Cellularity N/m N/m mm mm mm mm
Megakaryocytes m m mm mm mm m

Myelofibrosis (MF) grade 0 0 0/1 1/2 2/3 3
Spontaneous EEC + + + + + +
PVR-1 gene + + + + + +

N=normal, �=absent, +=present, m=increased, mm=pronounced increased.
Six clinicopathological stages of PV according to Wasserman55 and Michiels57: 0: latent or subclinical prefibrotic PV; 1: the so-called erythremia of
Wasserman55 the or so-called idiopathic erythrocytosis of Pearson;58 2: early stage PV with no significant or slight splenomegaly and no or early
MF; 3: overt plethoric stage of PV with various degrees of pronounced splenomegaly and MF; 4: advanced myelofibrotic or spent phase PV; 5:
transformation to MDS and/or AML.
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it from primary and secondary erythrocytosis (Tables 1
and 3). Histopathology from bone marrow biopsy
material constitutes a specific criterion for the diagnosis
of PV and its differentiation from SP,46,47 and is also a
powerful tool to stage PV patients at the time of
presentation and during follow-up.47,54,57 Such a simple
approach for the correct diagnosis and staging of PV is
suitable for clinical practices in both general and
teaching hospitals.

Prefibrotic and fibrotic AMM

The clinical and pathological diagnostic features of
classical AMM or idiopathic myelofibrosis (IMF) are
characterized by anemia, splenomegaly, leukoerythro-
blastic blood picture, tear drop erythrocytes and varying
degrees of bone marrow fibrosis and osteosclerosis.61

Different sets of prognostic factors in classical AMM/
IMF have been proposed.62–70 One set of prognostic
factors is statistically derived from one series of
retrospectively studied AMM/IMF-patients but not
applicable to another large series of AMM/IMF-
patients. These conflicting results of studies on
prognostic factors in AMM/IMF can be explained
by differences in diagnostic criteria and lack of
uniform criteria for prognosis prediction. This makes
selection of AMM/IMF patients for new therapeutic
strategies very problematic. However, all AMM/IMF-
studies agree on the clinical scoring system shown in
Table 5.62–70

According to the classical diagnostic criteria of
AMM/IMF for entry in the various studies on prog-
nostic factors, the early hypercellular prefibrotic stages
of prefibrotic AMM/IMF are neglected and overlooked
in all these studies.62–70 Thiele et al.43 recently introduced
the Cologne Criteria for the diagnosis and clinicopatho-
logical staging of the hypercellular prefibrotic stage, the
early fibrotic stage, the manifest collagen fibrotic stage
and the advanced myelofibrotic stages of AMM/IMF.
Prefibrotic and early fibrotic stage AMM/IMF is
typically featured by a dual megakaryocytic and
granulocytic myeloproliferation with relative reduction
of erythropoiesis and usually associated with pro-
nounced thrombocythemia (Table 6).43,54 Bone marrow
histopathology in the prefibrotic and early fibrotic stage
of AMM/IMF is dominated by atypical immature
megakaryocytes, which are conspicuously large due to
an increase of nuclear as well as cellular size. The nuclei
of megakaryocytes are bulky with lobuli becoming

clumsy, and the irregular roundish nuclear forms give
rise to the so-called cloud-like nuclei, which are almost
never observed in ET and PV (Table 6).40,41,43,54 The
Cologne criteria of IMF (AMM) have been established
with the intention to introduce bone marrow morphol-
ogy as a specific diagnostic guideline for the unequivocal
distinction between thrombocythemia as the presenting
feature of prefibrotic or early IMF and true ET.12,43 A
new set of clinical and pathological criteria for the
prefibrotic and the various clinical and fibrotic stages of
IMF/AMM is given in Table 6.54 The clinicopathologi-
cal staging in Table 6 surely will not be congruent with
the prognostic clinical scoring system in Table 5.
Prefibrotic stages account for about 20–25% of all
IMF/AMM cases.67,71 A significant number of patients
with early IMF/AMM (ie without or only minor
reticulin fibrosis) may present with pronounced throm-
bocythemia in excess of 600� 109–1000� 10 9/l and
therefore by using the PVSG clinical criteria alone could
display signs and symptoms in accordance with those
for the diagnosis of ET (false ET).12,67,71 Comparing the
PVSG14,15 and the pathological WHO54 criteria (accord-
ing to Table 6), ET was diagnosed in 483 patients
according to the PVSG, but on applying the WHO
criteria only 162 could be diagnosed as true ET, and 321
were diagnosed as prefibrotic or early fibrotic IMF.71 It
is noteworthy that the differentiation between true ET
(thrombocythemia vera) and thrombocythemia as the
presenting feature of prefibrotic or early fibrotic AMM
(false ET) exerts a significant impact on prognosis, since
loss in life expectancy was minor (8.9%) in true ET, but
ranged up to about 32.3% in false ET as the initial
presentation of AMM/IMF accompanied by pro-
nounced thrombocythemia.71

In conclusion, the proposed European clinical and
pathological (ECP) criteria for the proper diagnosis and
differential diagnosis of ET, PV and prefibrotic AMM/
IMF (Tables 2, 3 and 6) surely will avoid possible
diagnostic pitfalls in the discrimination of true ET from
thrombocythemias associated with or accompanying PV,
IMF/AMM, Phþ CML or MDS. In particular, bone
marrow histopathology unequivocally separates true ET
(Table 2) from thrombocythemia associated with prefi-
brotic stages of AMM/IMF (Table 6). The use of
biological markers, like spontaneous EEC, PRV-1 expres-
sion, etc. should be validated in large prospective multi-
center studies of newly diagnosed and previously treated
MPD patients using the proposed ECP criteria as the only
gold standard currently available for the proper diagnosis
and differential diagnosis of ET, PV and IMF/AMM.

Table 5 The Rotterdam prognostic clinical scoring system of patients with AMM or IMF48

Prognosis Group Criteria Score Clinical stage

Very favorable Hemoglobin normal >12 g/dl, no anemia., no fibrosis of the bone marrow: EMGM Score 0 Very early
Favorable Hemoglobin >10 g/dl, slight anemia Score 1 Early
Intermediate Hemoglobin o10 g/dl, anemia but no other adverse signa Score 2 Overt
Unfavorable Two adverse signsa: Score 3 Advanced
Very unfavorable More than two adverse signsa Score 4 Endstage

aHemoglobin o10 g/dl, blast PB >1%, precursors WBC in PB >10%, serum LDH >3 times upper limit, leukopenia o3, leukocytose >20 or
>30, thrombocytopenia o100� 109/l, constitutional symptoms, massive splenomegaly, cytogenetic abnormality.
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