
Myeloid Neoplasms with an Erythroid
Cell Lineage 80

Contents

Polycythemia Vera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1413

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1414

Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1414

Clinical Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1414

Liver Pathology in Polycythemia Vera . . . . . . . . . . 1414
Macroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1414
Histopathology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1415
Hepatic Venous Outflow Disorders in PV . . . . . . . . . 1415
Portal Vein and/or Splanchnic Vein Thrombosis
in Polycythemia Vera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1416
Why Is PVAssociated with Thrombosis of
Large Veins? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1416
Nodular Regenerative Hyperplasia in PV . . . . . . . . . . 1417
Hepatic Fibrosis in PV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1417
Portal Hypertension in PVand Other
Hematological Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . 1417
Liver Cancer in Polycythemia Vera . . . . . . . . . . . . . . . . 1418
Cytogenetic and Molecular Features . . . . . . . . . . . . . . . 1419
Pathogenic Pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1419

So-called Chronic Erythroid Leukemia . . . . . . . . . 1419
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1419
Liver Involvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1420

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1420

Abstract
Polycythemia vera (PV; polycythemia rubra
vera) is a chronic myeloproliferative neoplasm
characterized by increased red blood cell pro-
duction independent of normal regulatory
mechanisms. The majority of patients with
PV show the JAK2V617F mutation or another
functional similar JAK mutation. In fully
developed disease, there is hepatomegaly asso-
ciated with hyperemia and eventually signs of
hepatic infarcts. Histologically, the sinusoids
are dilated and filled with erythrocytes which
can form stacks or “rouleaus.” PV is compli-
cated by hepatic venous outflow disorders, in
particular hepatic vein thrombosis with Budd-
Chiari syndrome, sometimes associated with
factor V Leiden mutation. Portal vein throm-
bosis is a well-documented complication of
PV. These hepatic blood flow disorders are
frequently followed by nodular regenerative
hyperplasia. PV can also cause perisinusoidal
fibrosis with an increase in reticulin and
fibrotic changes of the liver related to necrosis
and infarction.
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Introduction

The 2008 WHO classification defines polycythe-
mia vera (polycythemia rubra vera; PV; formerly
also termed “plethora vera”) as a chronic myelo-
proliferative neoplasm characterized by increased
red blood cell production independent of normal
regulatory mechanisms. Practically all patients
with PV harbor the JAK2V617F mutation or
another functional similar JAK mutation,
resulting in proliferation of all hematopoietic cell
lineages (“panmyelosis”).

PV was first described by Vaquez, and Osler
recognized it as a “new clinical entity” character-
ized by chronic cyanosis and polycythemia, hence
using the term still employed today (Vaquez 1892;
Osler 1903; review: Means 2008). PV is charac-
terized by the insidious onset of erythroid prolif-
eration (erythrocytosis) and secondary platelet
and granulocyte overproduction; it can progress
from a proliferative stage to a “metastatic” phase
and further develop into a clinically malignant
phase (Golden 2003; Gilbert 2003). In 1967, the
Polycythemia Vera Study Group (PVSG) was
organized to identify the optimal approach to
diagnosis of PV (Table 1).

In modern classifications, three phases of PV
may be recognized: (1) a prepolycythemic or pro-
dromal phase with borderline to only mild
erythrocytosis; (2) an overt polycythemic phase,

characterized by a significantly increased red cell
mass; and (3) a “spent” or post-polycythemic
myelofibrosis phase, in which cytopenias, includ-
ing anemia, are associated with bone marrow
fibrosis, extramedullary hematopoiesis, and
hypersplenism. PV can also evolve into
myelodysplasia and acute leukemia.

Epidemiology

The disease is rare, with an estimated incidence of
2.3 per 100,000; it is more frequent in males and
usually affects older individuals, although cases in
young adults and children have been reported
(Tefferi 2001). In a large retrospective study
examining all in- and outpatient records of Olm-
sted County, Minnesota, over a period of 55 years,
the incidence rate of PV was 1.9 per 100,000
persons and year, and incidence rates increased
with advancing age for men up to 23.5 per
100,000 and year, the median age at presentation
being 55–60 years (Ania et al. 1994).

Clinical Features

PV is a chronic myeloproliferative disorder char-
acterized by panmyelosis, splenomegaly, and a
predisposition to vascular thrombosis, myelofi-
brosis, and acute leukemia. Basically, it represents
a clonal stem cell disease with persistently
increased erythrocyte production and is the only
known type of primary acquired polycythemia
(reviews: Berlin and Wasserman 1997; Streiff
et al. 2002; Golden 2003; Tefferi 2003).

Liver Pathology in Polycythemia Vera

Macroscopy

A part of patients with PV show hepatomegaly. In
fully developed disease, the enlarged and
engorged liver shows a cut surface which is
dark-red or gray-blue, sometimes with small nod-
ular regenerates. In fresh state, cutting through the

Table 1 PVSG diagnostic criteria for PV

Category A

A1 increased red cell mass

M > = 36 mL/kg

F > = 32 mL/kg

A2 oxygen saturation > = 92 %

A3 splenomegaly

Category B

B1 platelets > = 400 � 10(9)/L

B2 white blood cell count > = 12 � 10(9)/L

B3 LAP score >100a

B4 serum B12 > 900 pg/mL (660 pM)

U B12 BC >2,200 pg/mL (1,620 pM)

U B12 BC indicates unbound vitamin B12 binding
capacity
aIn the absence of fever or infection
Adapted from: Peterson and Wasserman (1995)
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organ is followed by copious oozing of blood
from the cut surface, sometimes intermingled
with small granules of coagulated blood or
thrombi (Hirschfeld 1906; Hamilton and Morse
1912; Mosse 1920). The liver capsule can show
scarred depressions, probably sequelae of previ-
ous infarctions caused by venous thrombosis.

Histopathology

The sinusoids are markedly dilated and filled with
erythrocytes which can form stacks or develop
rouleau formation. A part of the sinusoids are so
densely packed with red blood cells that the endo-
thelial lining is no longer visible, the
perisinusoidal space of Disse is effaced or com-
pressed, and hepatocyte plates have undergone
atrophy. Erythrocytes may enter the space of
Disse, mimicking so-called Disse space hemor-
rhage. A slight increase of reticulin fibers may
occur in the perisinusoidal space. Engorged ves-
sels are also found in the portal tracts. In case of
PV with myelofibrosis and myeloid metaplasia,
there may be hepatic enlargement with extensive
extramedullary hematopoiesis with dilatation of
sinusoids, compression of hepatocyte plates, and
hepatocyte atrophy and dysfunction, resulting in
acute hepatic failure (McBrine et al. 1980).

Hepatic Venous Outflow Disorders
in PV

Hepatic venous outflow disorders, and mainly
Budd-Chiari syndrome (BCS), occur as a compli-
cation of several types of myeloproliferative dis-
orders (Poreddy and DeLeve 2002). As they are
specifically well known for patients suffering
from PV, these disorders are discussed in this
paragraph. The BCS results from thrombogenic
conditions and is caused by stenosis or obstruc-
tion of the hepatic venous outflow at the level of
the hepatic veins and/or of the suprahepatic part of
the inferior caval vein (Sherlock and Dooley
1993; Dilawari et al. 1994; Mahmoud
et al. 1996; Valla 2002). The level of obstruction
is reflected by two chief forms of BCS. The acute

syndrome is invariably associated with extensive
blockage of the major hepatic veins, and in a small
fraction of patients, the caval vein is also
occluded. Acute BCS causes a characteristic
liver pathology with massive congestion and
necrosis. In contrast, the chronic form of BCS is
characterized by portal venous hypertension and a
variably abnormal vasculature (Dilawari
et al. 1994; Tilanus 1995; Iwai et al. 1998). On
the other hand, it has been proposed to classify
hepatic venous outflow disorders caused by
thrombosis into two groups, the first representing
“classical” BCS that is more common in the West
and the second representing an obliterative dis-
ease predominantly affecting the hepatic portion
of the inferior vena cava (“obliterative hepato-
cavopathy”), the latter being predominant in
developing countries and being “idiopathic” or
then being associated with hepatocellular carci-
noma (Okuda et al. 1995, 1998; Okuda 2002). A
more recent expert panel classifies BCS on the one
hand according to etiology (primary vs. secondary
forms) and on the other hand according to the site
of obstruction (small hepatic veins, large hepatic
veins, inferior vena cava. and combined obstruc-
tion) (Janssen et al. 2003).

Pathogenically, BCS probably represents a
spectrum of disease caused primarily by a
hypercoagulable state and eventually promoted
by vascular changes favoring local thrombosis,
e.g., malignant tumors in the liver. Membranous
obstruction (web) of the caval vein (MOVC) has
formerly been regarded as a congenital alteration
sometimes causing BCS, but is currently consid-
ered to be a sequela to thrombosis (Kage
et al. 1992). However, a significant fraction of
patients with BCS have no identifiable underlying
condition, the percentage ranging from 13 % to
62 % in several studies (Hadengue et al. 1994;
Slakey et al. 2001). Apart from PV, BCS devel-
oping as a complication of MPD is established for
CML (Picardi et al. 2000).

The association of BCS and PV is well
established for a long time (Chini 1954; Brown
et al. 1955; Caroli and Soulier 1956; Cantwell
et al. 1956; Chlumsky and Chlumska 1966;
Siguier et al. 1967; Thomas and Caroli 1971;
Retzlaff and Monge 1973; Balique 1981;
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Fechtner and DelDuca 1994). In one study on
BCS, overt PV was the underlying cause in
about 10 % of the cases, and essential
thrombocythemia and chronic idiopathic myelofi-
brosis in only a very few (De Stefano et al. 1997).
BCS associated with PV has also been observed in
children from families with familial PV (Cario
et al. 2003). Hepatic venous thrombosis in
patients with PV is induced by other disorders
with a genetic background, such as the factor V
Leiden mutation and other thrombophilic coagu-
lation disorders (Janssen 2000; Mohanty
et al. 2001). It was shown that the factor V Leiden
mutation is in fact the second most common eti-
ology associated with BCS (Mahmoud et al. 1997;
Delarive and Gonvers 1998; Simsek et al. 2000;
Janssen et al. 2000; Deltenre et al. 2001), whereas
other genetic disorders of thrombophilic factors
are rarer causes of BCS (e.g., the G20210A muta-
tion of the prothrombin gene; Poort et al. 1996;
Bucciarelli et al. 1998; De Stefano et al. 1998;
Oner et al. 1999; Minnema et al. 2000; Brancaccio
et al. 2002). It has been observed that fulminant
BCS in PV was associated with factor V Leiden
mutation (Akyildiz et al. 2006).

Portal Vein and/or Splanchnic Vein
Thrombosis in Polycythemia Vera

The etiology of portal vein thrombosis (PVT) is
heterogeneous, but important primary risk factors
comprise cirrhosis, hepatobiliary malignancies,
pancreatitis, and several disorders of the coagula-
tion system (Mahmoud et al. 1997; review:
Janssen 2000; Janssen et al. 2000). PVT is a
well-documented complication of PV in its
overt, masked, or early forms (Lommel 1906;
Kratzeisen 1923; Alford et al. 1968; Valla
et al. 1988; Drenou et al. 1992; Pati et al. 1998;
Escher and Demarmels Biasiutti 1999; Randi
et al. 2002). On the other hand, PVT is also
known to be itself a complication of BCS
that can be caused by PV. PVT, apart from
its perfusion disorder of the liver, can cause
compression of the bile duct in PV (Löhr
et al. 1993). PV T in PV can be complicated by
pylothrombophlebitis.

Why Is PV Associated with Thrombosis
of Large Veins?

Thrombotic events are present in 20–50 % of
patients with PCV at diagnosis and involve both
large vessels and the microcirculation. It is esti-
mated that the incidence of thrombosis is higher in
PV than in essential thrombocythemia, and signif-
icant risk factors are increasing age and previous
thrombosis (Orlandi et al. 1989; Pearson 2002).
The pathogenic mechanisms underlying the
increased incidence of thrombotic events in PV
are still somewhat illusive. Prothrombotic factors
such as an increased blood viscosity caused by an
elevated hematocrit, abnormal platelet functions,
and the procoagulative action of the cells involved
have been proposed (Fields and Freeman 1993;
Fiessinger 1994; Michiels 1997; Barbui and
Finazzi 1997; Gumina et al. 2002; Friess
et al. 2003). It has been shown that thrombocytes
form heterotypic aggregates with leukocytes
(platelet-neutrophil complexes; PNC) through
platelet CD62P and leukocyte beta2-integrins,
resulting in cell features with increased adhesion
(Peters et al. 1999). A platelet-leukocyte conju-
gate formation occurring in myeloproliferative
disorders, including PV, seems to indicate platelet
activation, associated with platelet microparticle
production serving as catalytic surfaces for throm-
bin generation (Villmow et al. 2002). In BCS or
portal vein thrombosis, an increased expression of
CD11b on neutrophils was detected, supporting a
role for neutrophils in hepatic venous thrombosis
(Alvarez-Larran et al. 2004). Increased CD11/
CD18 expression on neutrophils is also found in
essential thrombocythemia (Burgaleta
et al. 2002). In addition, there is an “endothelial
factor” in the pathogenic cascade of
PV-associated thrombosis. PV seems to cause
endothelial dysfunction in the preclinical phase
of arterial disease, characterized by impaired
flow-mediated vasodilatation (Neunteufl
et al. 2001). On the other hand, there are findings
indicating that hepatic erythropoietin production
occurs in the acute phase of BCS and suggesting
that, in some cases of BCS, erythrocytosis which
resolves after the acute phase may be secondary to
liver disease (Levy et al. 1985). A new line of
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thinking in regard to factors promoting
thrombogenesis in PV and other myeloprolifera-
tive disorders is the pathogenic role of the
JAK2V617F mutation in PV (Patel et al. 2006;
Sozer et al. 2009; Benedik-Dolnicar et al. 2012; de
Grandis et al. 2012; Yonal et al. 2012). This issue
is discussed in more detail in the chapter on essen-
tial thrombocythemia.

Nodular Regenerative Hyperplasia
in PV

Subacute or chronic BCS can result in a distinct
hepatocyte response characterized by the produc-
tion of numerous hepatocyte nodules not
encircled by collagen fibers, but compressing the
adjacent parenchyma. This is nodular regenera-
tive hyperplasia (NRH) of the liver, occurring in
several myeloproliferative disorders associated
with hepatic venopathies and being a cause of
portal hypertension (Al-Mukhaizeem
et al. 2004). NRH is characterized by multiple
enhancing nodules in CT during the hepatic arte-
rial and portal venous phases and by hyperintense
nodules in MR on T1-weighted images and
hypointense or isointense nodules on
T2-weighted images (Castellano et al. 1989; De
Sousa et al. 1991; Wanless 1994; Clouet
et al. 1999; Rha et al. 2000; Soler et al. 2000).
NRH is discussed in more detail in another chap-
ter. Even though NRH with small regenerative
nodules may mimic multiple small metastases in
the liver or produce a pseudotumoral presentation
(Casillas et al. 1997; Clouet et al. 1999), a more
difficult differential diagnostic situation arises in
case of larger nodular lesions developing in the
liver in chronic BCS. They include large regener-
ative (macroregenerative) nodules (that are
mostly smaller than 4 cm) (Tanaka and Wanless
1998; Vilgrain et al. 1999; Zhou et al. 2000;
Brancatelli et al. 2002; Ibarrola et al. 2004), ade-
nomatous hyperplastic nodules (according to the
older nomenclature; Soyer et al. 1993), FNH and
FNH-like lesions (Schilling et al. 2000; Maetani
et al. 2002; Ibarrola et al. 2004), and hepatocellu-
lar carcinoma, whereby the latter seems to be
more frequent in patients with MOVC (Simson

1982; Nakamura and Takezawa 1982; Kew
et al. 1989; Takayasu et al. 1994; Katoh and
Shigematsu 1999; Havlioglu et al. 2003; Jang
et al. 2003). In BCS, tumorous hepatic lesions
may be mimicked by hemorrhagic necroses pro-
ducing a mass (Shapiro et al. 1993).

Hepatic Fibrosis in PV

Apart from nodular lesions sometimes mimicking
neoplastic disease, the liver in PV-associated BCS
can undergo marked remodeling associated with
fibrosis (Gundling et al. 2004). Severe hepatic
fibrosis develops in BCS with a variety of histo-
logic patterns. First, a part of the livers show a
pattern of cirrhosis in which there is fibrous bridg-
ing between hepatic veins and the portal tracts (the
so-called veno-portal cirrhosis); second, some
livers in BCS exhibit a pattern of so-called
reversed-lobulation cirrhosis (veno-centric cir-
rhosis), in which fibrous bridging between hepatic
veins and portal tracts is minimal (Tanaka and
Wanless 1998). In one study, all livers with
veno-portal cirrhosis had severe portal vein oblit-
eration, not seen to this degree in the other type of
cirrhosis or in mixed forms, suggesting that portal
vein obliteration in BCS plays a role in the path-
ogenesis of veno-portal bridging fibrosis (Tanaka
and Wanless 1998). In the latter study, 9/15 BCS
livers with these types of cirrhosis also showed
large regenerative nodules histologically resem-
bling focal nodular hyperplasia, also reported in
another study (Schilling et al. 2000). In addition,
fibrogenesis in PV may be mediated by activated
JAK2-induced expression of galectin-3, known to
involved in fibrosis and angiogenesis (Koopmans
et al. 2012).

Portal Hypertension in PV and Other
Hematological Disorders

As in other myeloproliferative disorders, portal
hypertension may occur in PV, and not only due
to thrombosis of large hepatic veins. The patho-
genic mechanisms have been discussed in detail
(Al-Mukhaizeem et al. 2004). These authors
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proposed to classify the pathogenic pathways as a
function of the anatomical site(s) of the hemato-
logic disorders’ manifestations. A first prehepatic
(presinusoidal) cause of portal hypertension is,
above all, portal vein and other splanchnic vein
thrombosis. A second presinusoidal cause
includes nodular regenerative hyperplasia of the
liver, occurring in myeloproliferative disorders.
Intrahepatic or sinusoidal blockage resulting in
portal hypertension in myeloproliferative disor-
ders is caused by extramedullary hemopoiesis,
infiltration by abnormal hematopoietic cells,
perisinusoidal fibrosis induced by hemopoietic
cells located to the sinusoidal compartment (par-
ticularly fibrogenic megakaryocytes), nodular
regenerative hyperplasia, liver cirrhosis, and amy-
loidosis. Postsinusoidal causes of portal hyperten-
sion comprise hepatic venous outflow disorders,
as discussed above, and heart failure, e.g., owing
to cardiac iron overload or amyloidosis.

PV can be associated with, or cause, acute
obliterative endophlebitis of hepatic veins, lesions
that can cause sinusoidal blockade and
non-cirrhotic portal hypertension (Mandelbaum
et al. 1953).

Liver Cancer in Polycythemia Vera

Several reports document the association of
erythrocytosis/polyglobulia with hepatocellular
carcinoma (HCC). In fact, erythrocytosis is one
of the most common of the paraneoplastic syn-
dromes in HCC, with an estimated incidence
ranging from 2.2 % to 12 % (McFadzean
et al. 1958; Jacobson et al. 1978; Sawabe
et al. 1993; Chu et al. 1999; Trotter et al. 2002;
Argumanis et al. 2002). From the etiologic point
of view, at least four situations of this association
have to be considered. The first situation refers to
patients having bona fide PV and HCC (Toth and
Bilodeau 1980; Gensini and Conti 2002). The
second situation is characterized by HCCs
thought to produce, or have been documented to
produce, erythropoietin with secondary
erythrocytosis (direct evidence: Funakoshi
et al. 1993; Sakisaka et al. 1993; Muta
et al. 1994; Matsuyama et al. 2000); (indirect

evidence: McFadzean et al. 1958; Kan
et al. 1961; Conte et al. 1964; Baume
et al. 1965; Brownstein and Ballard 1966;
McFadzean et al. 1967; Santer et al. 1967;
Ruvidic and Ivaneski 1970; Zlatkina and
Shcherbak 1970; Gordon et al. 1970; Nakai
et al. 1972; Lizzi et al. 1973; Scott and
Theologides 1974; Davidson 1976; Cornet
et al. 1978; Jacobson et al. 1978; Okazaki
et al. 1979; Kawasaki et al. 1979; Watanobe
1988; Shchekochikhin and Osipova 1991;
Sawabe et al. 1993; Huang et al. 1994; Argumanis
et al. 2002; Cheng et al. 2002). Of pathophysio-
logic interest are those situations where both ele-
vated serum erythropoietin and erythrocytosis
regressed after HCC resection (Regimbeau
et al. 1999). Furthermore, erythropoietin produc-
tion by HCCs seems to increase in response to
hypoxia, for example, hepatic release of erythro-
poietin increases subsequent to chemoembo-
lization of HCC (Pirisi et al. 1995). It has to be
emphasized that elevated erythropoietin levels in
patients with HCC may also be due to decreased
erythropoietin clearance caused by underlying
liver disease (Malaguarnera et al. 1996). An
excess synthesis of erythropoietin by tumors was
demonstrated in mice with spontaneous HCCs
(Horiouchi et al. 1997). The third situation are
patients developing HCC in the context of a
hepatic venous outflow disorder, including BCS
induced by PV (Havlioglu et al. 2003). Overall,
HCC is rare in cases of hepatic venous outflow
obstruction without concurrent thrombosis of the
vena cava (Valla 2002). In fact, it is well known
that HCC is a sequela of MOVC, but the incidence
of HCC in MOVC varies according to geography
(Simson 1982; Okuda 1982; Nakamura and
Takezawa 1982; Rector et al. 1985; Kew
et al. 1989; Hautekeete et al. 1990; Kage
et al. 1992; Shrestha et al. 1996; Seo et al. 1998;
Okuda et al. 1998; Karia et al. 2000). The fourth
situation is represented by patients with PV
exhibiting HCC after treatment, e.g., with radio-
active phosphorus (Chudecki 1972), although a
causal relationship has not been proven. The clin-
ical triad of erythrocytosis, hemochromatosis, and
hepatocellular carcinoma has been reported sev-
eral times, this combination principally being
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found in elderly males (Lizzi et al. 1973; Scott and
Theologides 1974; Raphael et al. 1979).
Erythrocytosis in this situation has again been
proposed to be caused by the action of erythropoi-
etin derived from HCC. As HCC is a frequent
complication of hemochromatosis, such a constel-
lation might be expected to occur.

Cytogenetic and Molecular Features

About 20 % of patients show karyotypic abnor-
malities, including +8, +9, del(20q), del(13q), and
del(9p). The most frequent molecular abnormality
in PV is the gain-of-function mutation
JAK2V617F, occurring in more than 95 % of PV
patients (Scott et al. 2007; Scott 2011). This muta-
tion is not specific for PV but also occurs in other
myeloproliferative disorders, including idiopathic
myelofibrosis and essential thrombocythemia.
The reason for this is that the mutation is manifest
in a hematopoietic stem cell and is therefore trans-
mitted to all cell lineages derived thereof. The
remaining few% of patients show other mutations
of JAK with the same functional consequences.
Activation of JAK2 (Janus kinase 2), which phos-
phorylates signal transducer activator of transcrip-
tion (STAT), promotes overexpression of the cell
cycle regulator CDC25A (Gautier et al. 2012) and
upregulates a broad array of growth factors,
including VEGF, which may be responsible for
angiogenesis in PV and other myeloproliferative
disorders.

Pathogenic Pathways

The pathogenic mechanisms of PV are not fully
understood, but the defect seems to involve
hyperresponsiveness of PV progenitor cells to
several cytokines (Prchal 2001). Diagnostic
criteria and aspects of classification and molecular
biology have been reviewed (Michiels and
Juvonen 1997; Pearson 1998; Messinezy and
Pearson 1999; Prchal and Prchal 1999; Golden
2003; Prchal 2003). It is known that patients
with PV exhibit higher levels of a hemopoietic
receptor, polycythemia rubra vera-1 (PRV-1), in

granulocytes/neutrophils, and it was proposed that
this phenomenon provides a rapid, highly spe-
cific, and sensitive marker for the diagnosis of
PV in comparison with nonneoplastic
erythrocytoses (Klippel et al. 2003). However,
another group found that the PRV-1 gene is con-
stitutively expressed by bone marrow cells and
does not discriminate PV from reactive and other
chronic myeloproliferative disorders (Bock
et al. 2003), whereas a more recent investigation
confirmed that neutrophil PRV-1 upregulation is a
characteristic feature of PV, although in itself not
sufficient for the diagnosis of PV (Tefferi
et al. 2004). One reason for this is that
overexpression of the PRV-1 receptor is also
found in other myeloproliferative disorders, e.g.,
essential thrombocythemia (Teofili et al. 2002).
The PRV-1 gene encodes an open reading frame
of 437 amino acids, containing a signal peptide
and two cysteine-rich domains homologous to
those found in the uPAR/Ly6/CD59/snake toxin-
receptor superfamily, linked to the cell surface via
a glycosylphosphatidylinositol (GPI) link
(Temerinac et al. 2000; Klippel et al. 2002).

So-called Chronic Erythroid Leukemia

Introduction

This is a rare and heterogeneous group of intrigu-
ing disorders that have not yet been classified in a
satisfactory way but has already been described
by Di Guglielmo and a coworker (Di Guglielmo
and Quattrin 1942). In fact, the term does not
appear in modern classifications of leukemias
and myeloproliferative disorders. The disorder is
briefly discussed because the term appears in lit-
erature referring to liver involvement, and at least
some of these leukemias seem to have a link to the
respective acute leukemia forms. Based on the
stem cell nature of the disorders, the beginning
and evolution of this subset of leukemias are
variable. For example, patients may first present
with chronic erythroleukemia with refractory ane-
mia, to later switch to acute erythroid leukemia
(M6), and then to acute myeloid leukemia of the
M0 type, also involving dysplastic features of
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other hemopoietic lineages, and therefore
suggesting a stage-by-stage trilineage continuum
(Michiels et al. 1997). There are several syno-
nyms to denote disorders that are, or have been,
interpreted to be chronic neoplastic erythroproli-
ferative diseases. They include chronic
erythroleukemia, chronic erythremia, chronic
erythremic myelosis, chronic erythremic disease,
chronic erythromyelosis, chronic Di Guglielmo
syndrome, Di Guglielmo’s erythremia with
prolonged course, primary chronic erythroblasto-
sis, and Heilmeyer-Schöner disease (Heilmeyer
and Schöner 1961; Starcich et al. 1963; Introzzi
and Buscarini 1966; Thurm et al. 1967; Spremolla
et al. 1970; Stewart 1971; Marsan et al. 1973;
Kass 1975; Nunnensiek et al. 1976; Sroczynski
and Hrycek 1976; Pivnik et al. 1987; Bindi
et al. 1999). Heilmeyer and Schöner described
the disorder having their eponyms under the
term chronic pure erythroblastosis of the adult as
a leukemic process going in parallel to the eryth-
rocytic system (Heilmeyer and Schöner 1961). All
or most of these manifestations of hematologic
neoplasias seem to have in common a chronically
persistent malignant proliferation of cell
populations dominated by an erythroid lineage,
although it has not been specified as to what
percentage of erythroid cells must be involved
and what exactly “chronic” means.

In chronic erythroid leukemia, the morphology
of blast cells has been studied in detail, particu-
larly in regard to the erythroblastic components.
Erythroblasts can show several anomalies, includ-
ing deviations between cytoplasmic baso- or
eosinophilia and the nuclear chromatin features,
and binucleated or trinucleated cells (Introzzi and
Buscarini 1966). Ultrastructurally, the cells of
interest may show cytoplasmic vacuolation and
vesicular bodies and may display significant num-
bers of membrane-bound ferritin particles and
also isolated ferritin crystals in the cytoplasm
(Introzzi and Buscarini 1966).

Liver Involvement

There are only sparse data available in regard to
liver involvement in chronic erythroid leukemia(s).

In one patient, tumorous lesions containing ery-
throid cells (“erythrosarcomas”) were found in sev-
eral organs, including the liver (Pivnik et al. 1987).
Another case was characterized by the development
of, as it was called, “malignant erythroblastomas”
(Goreczky and Toth 1967). The autopsy of a patient
with acute erythroid leukemia transforming in
chronic erythremia revealed hepatomegaly
(2,700 g) with increased consistency of the organ
and grayish or hemorrhagic areas. Histologically,
the portal tracts and the sinusoids were densely
infiltrated by abnormal blastic cells, causing atrophy
and dissolution of the liver cell plates. In the portal
tracts, blast also occupied alterations looking like
interface lesions/piecemeal necroses. The hepato-
cytes showed iron overload (Starcich et al. 1963;
with a histologic figure of the liver changes).
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