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Abstract
Myeloproliferative disorders (MPD) are typically, but not invariably, clonal disorders arising 
in a multipotent hematopoietic stem cell. For reasons not understood, in these disorders there is 
a proclivity toward increased cell proliferation and marrow collagen deposition and, although 
influenced by therapy, a tendency to transformation into acute leukemia. The major causes of 
death in Philadelphia-negative (Ph-) MPD (polycythemia vera, essential thrombocythemia, 
and idiopathic myelofibrosis) are thrombotic or hemorrhagic complications and leukemic trans-
formation. To be successful, any therapeutic modalities investigated must influence these out-
comes that lead to death. The primary treatment goals for Ph- MPD are to ameliorate symp-
toms, reduce thrombotic complications, and suppress, modify, or eliminate the abnormal clone. 
In such efforts, however, the side effects from the therapies must be minimized and, in par-
ticular, leukemic transformation must be avoided. In addition to medical therapy, the Budd-
Chiari syndrome in MPD patients has an option of surgical intervention. Issues of treatment, 
controversies, and future directions for the management of Ph- MPD are addressed herein. 
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Myeloproliferative Disorders: 
Issues, Controversies, and  
Advances in Treatment
Introduction
The historic Polycythemia Vera Study Group (PVSG) 01 trial 
emphasized the fact that the therapies used in the manage-
ment of Philadelphia-negative myeloproliferative disorders (Ph- 
MPD) may potentiate leukemic conversion.1 This trial showed 
that polycythemia vera (PV) patients who were treated with 
phlebotomy alone had the best long-term outcomes. This find-
ing was explained by the observation that until year 7, the inci-
dences of acute leukemia in the 3 arms (chlorambucil, 32P, and 
phlebotomy) of that historic trial were similar. However, after 7 
years the incidence of acute leukemia started to increase among 
patients who were treated with chlorambucil or with 32P. As a 
result, chlorambucil is no longer used for PV. In this particular 
trial, 34% of patients died of leukemia; the other major cause of 
death was thrombosis.1 The goals in treating MPD patients in-
clude reduction of symptoms and of both thrombotic and hem-
orrhagic events, and, ideally, restoration of normal polyclonal 
hematopoiesis. These goals are not yet achievable in Ph- MPD. 

Diagnosis of Myeloproliferative Disorders
The controversy over the diagnosis of MPD, especially PV, ET 
and their treatment, stems from the fact that the molecular ba-
sis of these disorders is unknown. Diagnostic and mechanistic 
difficulties associated with the chronic MPD include variable 
clinical manifestations and phenotypic mimicry between them 
and benign or nonclonal hematopoietic disorders. With the ex-
ception of chronic myeloid leukemia (CML), there is no specific 
clinically applicable clonal marker available. Furthermore, their 
cause is unknown. Over 30 years ago, the PVSG created guide-
lines for the diagnosis of patients for clinical trials.2 However, 
protocols for clinical trials do not always reflect daily clinical 
practice. To determine what tests are actually used to diagnose 
PV and what treatments are prescribed, hematologists from the 
American Society of Hematology (ASH) were polled as to their 
practices with respect to the diagnosis and management of PV 
patients. It was apparent from this survey that there was no 
consensus as to the best way to diagnose or to treat PV.3

The major diagnostic issue in testing for PV is distinguishing it 
from other forms of erythrocytosis, which probably occur at a 
greater frequency than PV. Several tests have been used (Table 1): 
(1) assay of serum erythropoietin (EPO), which is not sensitive; 
(2) cytogenetics, which are not particularly useful because less 
than 30% of patients have abnormal cytogenetics; (3) clonality 
assays, which are only informative in women; (4) bone marrow 
morphology and histology, which in PV patients can be normal 
and are generally nonspecific; (5) erythroid progenitor cell as-

says, which are not widely available, not standardized, and not 
sensitive; and (6) computed tomography (CT) scanning or ultra-
sound for splenomegaly, which has not been standardized. EPO 
levels measured in PV patients are often below the lower limit of 
normal as compared to patients with known secondary erythro-
cytosis and pseudoerythrocytosis. However, there are secondary 
erythrocytosis and PV patients with EPO levels in the normal 
range, in which case the assay does not distinguish PV from sec-
ondary erythrocytosis. 

The formation of endogenous erythroid colonies in vitro is 
a feature of PV. But this can also occur not only in the other 
MPD, but also at a low level in normal individuals, and it can 
be absent in PV patients.4 In a study of endogenous erythroid 
colony formation in PV progenitor cells that had been previ-
ously exposed to EPO and then placed in culture medium with-
out EPO, only 37% of the cells formed colonies in the absence 
of EPO.5 If the same cells were never exposed to EPO, initially 
only 21% survived to form EPO-independent colonies. Thus, 
from the total number of PV cells, 63% with previous EPO 
exposure and 79% without any EPO exposure did not form 
endogenous erythroid colonies. Another study in PV patients 
confirmed the finding that when endogenous erythroid colony 
formation was measured, only 34% of the PV progenitor cells 
formed erythroid colonies in the absence of EPO, but 60% of 
the cells had trisomy 8.6 Thus, the vast majority of the erythroid 
precursor cells in PV are EPO-dependent. A paper by Oehlers 
et al reported that imatinib mesylate affected EPO-independent 
cells from PV patients but not the EPO-dependent cells,7 but as 
indicated above, the former are only a small percentage of the 
erythroid precursor cell pool.8 From these data it is apparent 
that there is heterogeneity in disease expression or variable pen-

Table 1.  Diagnostic Tests for Polycythemia Vera

Measurement Outcome

Serum erythropoietin Not sensitive; low negative predictive value

Cytogenetics Abnormal in less than 25% of patients at diagnosis

Clonal assays Applicable only in informative women; not sensitive

Bone marrow morphology Can be normal; not specific

Erythroid progenitor cell 
assays

Not widely available, not standardized, not sensitive

Computed tomography 
scanning for spleen size

Not standardized, not specific

Red blood cell mass Raised red cell mass in conjunction with other criteria 
is confirmative of polycythemia vera
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etrance with respect to endogenous erythroid colony formation. 
Since erythrocytosis is the only feature that separates PV from its 
companion MPD, and since the hematocrit is not an accurate 
indicator of the red blood cell mass, measurement of the red cell 
mass should not be abandoned for surrogate markers that can-
not address critical diagnostic or clinical management issues.

With respect to clonality, while all patients with CML are clon-
al, PV, ET, and idiopathic myelofibrosis (IMF) patients may be 
either clonal or nonclonal.9 This could be due to disease het-
erogeneity, lack of sensitivity in the assays used, or skewing due 
to age. Finally, cytogenetic markers in the bone marrow may be 
absent in circulating peripheral blood granulocytes.10-12 Thus, 
the clinical tests that are currently employed as diagnostic tools 
in PV are not foolproof and new biomarkers such as impaired 
platelet Mpl expression or overexpression of granulocyte PRV-1 
mRNA may provide additional diagnostic assistance.

Thrombopoietin Receptor Expression in the MPD
Platelets from patients with PV, ET, and IMF frequently have 
impaired expression of the thrombopoietin (TPO) receptor, 
Mpl. PV and ET megakaryocytes also have low levels of Mpl in 
contrast to those in patients with secondary erythrocytosis.13,14 
Additionally, CD34 positive cells from patients with PV also 
have impaired Mpl expression. They also show defects in TPO-
mediated signal transduction compared to immunophenotypi-
cally similar normal CD34 positive cells and do not proliferate 
well in the presence of TPO. The Mpl defect follows the disease; 
as the disease becomes more severe with time, Mpl expression 
decreases further. Platelet Mpl expression could be used as a test 
to distinguish PV from secondary forms of erythrocytosis. How-
ever, since this defect also occurs in ET,15,16 the defect cannot be 
used to distinguish among PV, ET, and IMF.17 Using quantitative 
densitometry in 83 PV, 12 IMF, and 75 ET patients, 78% of 
PV, 75% of IMF, and 45% of ET patients had impaired c-Mpl 
expression, and there was gender heterogeneity in each of these 
diseases. A low platelet Mpl level in ET patients might, interest-
ingly, have prognostic significance since ET patients with reduced 
megakaryocyte Mpl had an increased propensity for thrombosis 
compared to patients with secondary thrombocytosis.18 In addi-
tion, some patients diagnosed with ET who had low platelet Mpl 
expression later developed either PV or IMF.13 Thus, this bio-
marker may have clinical significance even though the biologic 
basis for these associations has not been determined. 

Recently, on sequencing the Mpl receptor gene, a single amino 
acid substitution, lysine for an asparagine at position 39 in exon 
2, was found that was associated with impaired Mpl expres-
sion. From the patient pool at Johns Hopkins, it was found that 
7–8% of the African American population had this polymor-
phism. Some of the heterozygotes for this receptor defect had 
thrombocytosis, as did 2 homozygotes, but penetrance was not 
always present. (Moliterno et al, PNAS [in press] 2004). 

Abnormal Granulocyte Expression of PRV-1 
mRNA in the MPD
Abnormal PRV-1 expression was discovered by subtractive 
hybridization using PV and normal granulocyte mRNA. The 

gene encoding for PRV-1 was described first in 1977 and its 
protein was given the cluster designation CD177. It belongs to 
the uPAR receptor superfamily.19 PRV-1 is one allele of CD177 
and the other, differing by one amino acid, is NB1, which 
causes transfusion-related acute lung injury and neonatal and 
drug-induced immune neutropenia. Interestingly, neutrophil 
expression of CD177 is genetically controlled and gender-re-
lated. Women make more of this protein than men. The gene 
for CD177 is structurally normal in PV.20 PRV-1 transcription 
is increased in circulating neutrophils in PV patients and in 
some patients with IMF and ET but not in CML or second-
ary erythrocytosis. PRV-1 transcription is not differentially in-
creased in the bone marrow hematopoietic progenitor cells of 
MPD patients. A recent study, using real time PCR on bone 
marrow cells, reported no difference in the expression of PRV-1 
in patients who had reactive states, like anemia or thrombo-
cytopenia, and myelodysplastic syndromes, ET, CML, IMF, 
and PV.21 Granulocyte colony stimulating factor (GCSF) and 
hydroxyurea (HU) upregulated PRV-1 expression, whereas in-
terferon downregulated it.22 When PRV-1 levels were measured 
in peripheral blood granulocytes, PV patients had significantly 
higher levels of PRV-1 in comparison to healthy patients or 
patients with secondary erythrocytosis.23 Other data, however, 
show overlap between PV patients and patients with congenital 
PV, ET, and normal controls.24 While there does appear to be 
concordance between elevated PRV-1, clonality, and endoge-
nous colony formation in PV, 4 classical PV patients have been 
described with normal PRV-1 levels.24 At the present time, if 
granulocytic PRV-1 overexpression is present, then an MPD is 
highly likely. However, if PRV-1 is not overexpressed, then an 
MPD cannot be excluded. Interestingly, abnormal expression 
of the PRV-1 gene in ET also appears to increase the propensity 
for thrombosis, although not concordantly with impaired Mpl 
expression25 and for the transition between ET and PV.26 There 
appears to be much heterogeneity with respect to PRV-1 over-
expression in the chronic MPD. Depending on the laboratory 
performing the assay, the range of positivity was 69–100 % of 
patients with PV, 50–100 % for IMF patients, and 33–67% 
for ET patients. Similarly, impaired platelet Mpl expression was 
observed in 30–95% of PV patients, 67–75% of IMF patients, 
and 35–68% of ET patients; as mentioned above, there was also 
no concordance between the 2 abnormalities in ET patients. 

The basis for this biomarker heterogeneity is unknown. A 
Spanish family with different members in successive genera-
tions having ET, PV or IMF may shed some light on the is-
sue.27 This family pedigree suggests that these disorders involve 
a common hematopoietic stem cell, but that expression of the 
genetic defect varies in a given patient. In another study that 
evaluated progenitor cell behavior in ET patients, the inves-
tigators measured EPO independence, cell cycle activity, and 
clonality. Only 14 of the 22 ET patients were concordant for 
these abnormalities while 8 were not, indicating heterogeneity 
in expression of specific biologic abnormalities in the progeni-
tor cells of a single MPD.28 

With respect to diagnosis, erythrocytosis is the only diagnostic 
feature unique to PV amongst the MPD. For IMF, elevation 
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in circulating CD34 positive cells is diagnostic, while isolated 
thrombocytosis is the only unique feature of ET. From the 
above discussion of heterogeneity of disease biology, a single 
molecular marker cannot be expected to substitute for clinical 
observations; measurement of the red cell mass and plasma 
volume as the following case demonstrates is mandatory if PV 
is a diagnostic consideration. For example, a patient was seen 
with massive splenomegaly and elevated platelet and white cell 
counts with marrow fibrosis but with a normal hemoglobin 
level. A normal hemoglobin level would be unusual with mas-
sive splenomegaly and on further evaluation she was found to 
have a red cell mass of 52 mL/kg (normal: 20–30 mL/kg) and 
a plasma volume of 71 mL/kg (normal: 30–45 mL/kg). Thus, 
she had an expanded plasma volume as a consequence of the 
splenomegaly masking elevation of the red cell mass. Her di-
agnosis was actually PV and not IMF. It is also clear in this 
patient that an abnormal biomarker study, either elevated PRV-
1 or Mpl, would not have discriminated between PV, IMF, or 
ET. Only a red cell mass study and, if normal, a bone marrow 
biopsy could make the essential diagnostic distinctions.

Polycythemias 
Polycythemia, a condition in which there are too many red 
blood cells, can be classified as either primary or secondary. Pri-
mary polycythemic disorders are those in which mutations are 
either acquired or congenital29 and are expressed within stem 
cells or progenitor cells, which drive the eventual accumulation 
of red cells. Whether this occurs from increased proliferation or 
decreased apoptosis is not yet known.

In contrast, the secondary polycythemic disorders may also be 
acquired or congenital. However, they are driven by circulating 
factors independent of the function of hematopoietic stem cells. 
These factors include EPO, insulin-like growth factor (IGF-1), 
or cobalt.30,31 Some patients who have had bilateral nephrectomy, 
a major site of EPO production, have very low EPO levels, but 
high levels of IGF-1, a well-known stimulator of erythropoiesis.32 
Similarly, there are well-defined examples of polycythemic states 
that result from cobalt toxicity. Thus, both primary and second-
ary polycythemias could be either acquired or congenital.

Acquired polycythemias result from high altitude, lung disease, 
and PV. Congenital polycythemias may be either primary or sec-
ondary. The first examples of congenital polycythemias, which 
are very rare, were individuals with high affinity hemoglobins. An 
even rarer disorder, a diphosphoglyceromutase deficiency, causes 
decreased levels of 2,3-diphosphoglycerate.33 This metabolic in-
termediate facilitates removal of oxygen from hemoglobin. 

The low EPO-dependent polycythemias are called primary fa-
milial and congenital polycythemias (PFCP). Some, but not 
all, are from gain of function of EPO receptor mutation.34 In 
contrast, there are a growing number of high EPO congenital 
polycythemias, where patients may have normal levels of EPO, 
but they are inappropriately high for the levels of their hemato-
crits. In the same family there may be individuals with disease 
states who have a normal or high-normal hematocrit and EPO 
levels inappropriate for their levels of hemoglobin. They could 
be either autosomal recessive, such as Chuvash polycythemia,35 

or have other mutations of the von Hippel-Lindau gene,36 or 
have an autosomal dominant trait. The biology of these disor-
ders is not known.

PFCP was popularized by the case of an Olympic gold medal-
list, Eero Màntyranta from Finland, who was almost stripped 
of his medals because he had very high hemoglobin levels and 
was accused of blood doping. His doctor found that other fam-
ily members had similar physical attributes, such as the typical 
ruddy complexion. This eventually led to a study of the Màn-
tyranta family, and the disorder was uncovered. 

Primary polycythemic disorders include acquired mutations 
of hematopoietic stem cells and PFCP. To distinguish between 
primary and secondary polycythemias it is useful to grow ery-
throid progenitors isolated from peripheral blood in culture. 
The erythroid progenitors are washed free of serum and then 
exposed to culture conditions with increasing EPO concentra-
tions. The primary polycythemias are either hypersensitive, 
which occurs in PFCP, or as with PV, some erythroid progeni-
tors grow in the absence of EPO. 

PFCP is an autosomal dominant disorder characterized by very 
low EPO level. The EPO is as low or lower than observed in 
PV patients and in some cases it cannot be detected. PFCP 
patients have been frequently misdiagnosed with PV. PFCP pa-
tients have polyclonal hematopoiesis, which can be measured 
in females using X chromosome inactivation. Patients have 
normal white cells and platelet levels and normal cytogenetics. 
Sometimes they have splenomegaly, although this is not char-
acteristic of the disease. PFCP does not usually transform to 
MDS or acute leukemia, although at least 1 patient who had 
heavy doses of chlorambucil and radiophosphorus developed 
MDS/acute leukemia. 

The biology of PFCP is relatively clear. EPO binds its receptor, 
which dimerizes, resulting in the activation of the cytoplasmic 
domains by phosphorylation of the receptor and also a protein 
in the signal transduction cascade called STAT5. STAT5 acti-
vates the antiapoptotic protein BclX. STAT5 is a transcription 
factor, which translocates into the nucleus and activates many 
erythroid-specific genes. In some of the families with PFCP, 
there is a deletion of cytoplasmic domain. In these individuals, 
the signal is turned on as with the normal EPO receptor, but in 
this case the receptor remains active. The feedback mechanism 
to turn off the receptor occurs through the binding of a phos-
phatase, and as this region is absent, the signal cannot be turned 
off. These people have a normal initial signaling, but because 
the signal cannot be turned off, there is excessive proliferation 
with decreased apoptosis of erythroid progenitors.34

A mouse model of this disease was created in which the mouse 
EPO receptor was replaced with a normal human EPO recep-
tor as well as the mutated EPO receptor. The heterozygous ani-
mals are polycythemic and the homozygous animals are even 
more polycythemic. This is relevant not only to the study of 
polycythemia, but also to the study of EPO function. The role 
of EPO in the brain and other organs is just being determined. 
A growing body of evidence shows that ischemic myocardium 
could be markedly improved by EPO activity, and there are 
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more studies that indicate that the infarcted areas of the brain 
could be partially rescued by high EPO levels.37,38

Increased EPO levels relieve hypoxic states, but the actual pic-
ture is more complicated. Inhabitants of high altitude, such 
as Quechua Indians in Peru, have high hemoglobin levels and 
develop polycythemias, but the Sherpas in Tibet and the high 
altitude dwellers in Ethiopia do not have high hemoglobin. 
This significant genetic variation in counteracting hypoxia with 
EPO in different populations has recently been confirmed.39 

The first and best known polycythemic states associated with 
increased EPO levels are those hemoglobin mutants that bind 
too tightly or have a high affinity to oxygen, resulting in de-
creased delivery of oxygen in the venous blood.40 The body 
compensates by increasing its EPO levels, which elevate the 
hemoglobin level to deliver the optimum amount of oxygen. 
Multiple investigators have shown that EPO is regulated by hy-
poxia.41 Hypoxia-inducible factor alpha (HIF-1 alpha) binds 
to the hypoxia responsive element, which is downstream of the 
EPO gene.42 The activity of HIF-1 alpha is increased by a low-
ered oxygen tension.43 The von Hippel-Lindau protein plays an 
important role in hypoxia sensing. It binds to the hydroxylated 
HIF-1 alpha and serves as a recognition site of an E3-ubiq-
uitin ligase complex. In hypoxia, the nondegraded HIF-1 al-
pha forms a heterodimer with HIF-beta and leads to increased 
transcription of hypoxia-inducible genes, including EPO, and 
also glycolytic enzymes, some cell-cycle proteins, vascular en-
dothelial growth factor (VEGF), VEGF receptors, and many 
other genes.44,45 Mutations in the von Hippel-Lindau gene can 
lead to polycythemia, which is endemic in Russia, and is the 
first known disorder of a congenital defect of hypoxia sensing.46 
Polyakova, a hematologist from Cheboksary, Chuvashia, de-
scribed this disorder in 1974 as an autosomal recessive disease. 
These individuals have normal platelets, normal leukocytes, a 
normal p50, do not have splenomegaly, but they have either 
inappropriately normal or increased EPO levels. These indi-
viduals are of Asian ethnic origin, migrated to Russia about 
800 years ago, live in the Chuvash Autonomous Republic, and 
about 10,000 of them have this mutation.47-49

Because this is an ethnically isolated population, it was relatively 
straightforward to find a family with more than 1 affected in-
dividual, and by the process of positional cloning, identify the 
chromosomal location and find the narrow chromosome mark-
ers and the defective gene, which turned out to be the von Hip-
pel-Lindau gene.47 The affected individuals are homozygous for 
this mutation, which is in contrast to von Hippel-Lindau syn-
drome, where a single allele of von Hippel-Lindau is mutated. If 
this mutation is inherited, a single cell develops cancer, such as 
renal cell cancer if the mutation occurs in the kidneys and cere-
bral hemangioma if the mutation is in the cerebellum. Chuvash 
polycythemia is a homozygous defect of the negative regulator of 
HIF-1 alpha, which leads to gain of function of hypoxia signal-
ing, resulting in an upregulation of HIF-1 target gene. People 
with this defect have multiple abnormalities, one of which is high 
EPO levels. They also have varicose veins, strokes, and decreased 
blood pressure. Their complete phenotype is just being revealed.

The von Hippel-Lindau mutation is not an uncommon cause 
of congenital polycythemia with normal to increased EPO. Re-
searchers in Belfast found 3 unrelated Indian, Pakistani, and Pun-
jab families homozygous for the same defect.50 Caucasians were 
either homozygous or double heterozygous for this defect, and 
there is at least 1 African American identified with this disorder. 
This mutation occurred once in evolution, multiple racial ethnic 
groups shared it, and it originated before the races split approxi-
mately 40,000 years ago.51 This suggests that the heterozygous 
individuals may have some survival advantage, but the survival 
advantage is speculative and remains to be identified.

Several families with PV were found to have acquired polycy-
themia, and more importantly, female patients had clonal he-
matopoiesis. A study of these families suggests that there may be 
multiple family members with PV, which would indicate that 
there is an inheritance of family predisposition. Study of these 
families is facilitated by rapidly evolving genetic techniques to 
uncover the defect that leads to PV and perhaps other MPD. 

Idiopathic Myelofibrosis 
IMF, also known as agnogenic myeloid metaplasia or myeloid 
metaplasia with myelofibrosis, has an incidence between 0.5 and 
1.5 per 100,000 compared to PV or ET, which has an incidence 
of about 3 per 100,000. Because the median age at diagnosis of 
IMF is 65 years, any therapeutic modality for these patients has 
to take into account that they are elderly. The average survival 
reported is 3.5–5.5 years.52,53 IMF is a more aggressive disease 
than PV and ET, and 50% of patients die in about 4 years.54, 55 

IMF, spent phase PV, and ET are marked by progressive ane-
mia and hepatosplenomegaly, nucleated red cells, and teardrop 
forms in the peripheral blood. A bone marrow scan of an IMF 
patient shows reticulin sclerosis or mild to moderate collagen 
fibrosis accompanied by a lack of hematopoietic progenitor 
cells.56,57 The majority of patients with progressive anemia re-
quire transfusional support. Splenectomy is required for some 
patients due to either mechanical problems with a massive 
spleen or serious cytopenias.

Disruption of the Hemostatic Mechanisms in 
Myeloproliferative Disorders
Thrombosis and bleeding are frequent in MPD. The prevalence 
of thrombosis is about 20%-30% in PV, ET, and IMF, but less in 
CML. The prevalence of bleeding is about 20% in PV, CML, and 
ET, and 60% in IMF because of thrombocytopenia. In patients 
with PV, 44% die of thrombosis and <10% die of bleeding.58,59

Coagulation reactions are initiated by tissue factor. Tissue fac-
tor, a transmembrane protein, plays a central role in the coagu-
lation cascade. Tissue factor complexes with factor VII; factor 
X is converted to factor Xa and then factor Xa with factor V 
rapidly cleaves prothrombin to form thrombin.60 Thrombin is 
generated in relatively small quantities in vivo, and this small 
amount of thrombin stimulates the formation of more throm-
bin by a positive feedback loop.60 This reaction proceeds rapidly 
because of the thrombin activation of factor V Leiden and the 
supplementation of factor Xa via this intrinsic pathway so that 
ultimately fibrinogen is cleaved to fibrin to form a clot. In ad-
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dition to thrombin’s procoagulant action, which includes the 
activation of factor XIII to covalently crosslink fibrin, throm-
bin has anticoagulant properties, it binds to thrombomodulin 
altering its procoagulant properties, and now thrombin and 
thrombomodulin activate protein C. The protein C together 
with protein S limits coagulation.61 

Endogenous anticoagulant mechanisms include the throm-
bomodulin, protein C, protein S complex; and antithrombin, 
which inactivates all of the serine proteases, tissue factor path-
way inhibitor (TFPI), and annexin A5. All of these mechanisms 
that are part of the intrinsic system, the extrinsic system, and 
the anticoagulation system have chokepoints, such as deficien-
cies in TFPI, protein C, protein S, antithrombin, plasminogen, 
and plasminogen activator. Activated protein C resistance from 
factor V Leiden and thrombophilia could arise as a result of 
disruption of these chokepoints. Each step in the coagulation 
process has a counterbalance that inhibits that step. In addition 
to this mechanism for thrombophilia, there are gain of func-
tion mechanisms, ie, the polymorphism in which there is an 
increased expression of factor II and other conditions in which 
there are increases in factor VIII and factor IX and factor XI that 
are associated with an increased risk of venous thrombosis. Ho-
mocysteinemia is a thrombophilic condition, as are the autoim-
mune-mediated thrombosis syndromes of the antiphospholipid 
syndrome and thrombotic thrombocytopenic purpura.

Very little information is available as to how these mechanisms 
relate to MPD. Heterozygosity for polymorphism of factor V 
Leiden in PV and ET patients has a prevalence similar to that 
in the general population (14/304).62 However, a study from 
Denmark reported a higher incidence (7/50) in a single series of 
MPD patients.63 A variety of changes in coagulation have been 
described: prolongation of aPTT; decreases in free protein S and 
protein C; decreases in coagulation factors II, VII, and X; an in-
crease in anticardiolipin IgM levels; and an increase in soluble 
thrombomodulin. No differences in antithrombin, plasminogen, 
tPA, PAI-1, thrombin antithrombin complex, or D-dimer have 
been reported. Thus, there is no convincing independent associa-
tion with thrombosis in the myeloproliferative conditions. 

Two mechanisms are known to affect thrombosis: (1) the in-
creased level of red blood cells in PV, and (2) the elevation in 
platelet count with ET. Newer findings include the roles of tissue 
factor and polymorphonuclear leukocytes in clotting, the plate-
let surface as a contributor to phospholipid-dependent coagula-
tion reactions, and the entity of microparticles. Tissue factor is 
the central initiator of coagulation reactions, binding to factor 
VII to activate factor X. Tissue factor is present in the tunica me-
dia and adventitia of blood vessels. It is also synthesized by blood 
leukocytes, and this production may be a possible mechanism 
for thrombosis in MPD.64 It has been shown recently that tissue 
factor circulates in blood in an inactive form and binds to form 
fibrin, thereby propagating thrombus formation.65 Differences 
in circulating tissue factor may exist in MPD patients. Polymor-
phonuclear leukocytes and endothelial cells are activated and 
there is evidence for hypercoagulation in MPD. Polymorphonu-
clear leukocyte activation was shown to occur through increased 

expression of CD11b, LAP antigen, elastase, both intracellular 
and soluble, and myeloperoxidase, whereas endothelial activa-
tion was measured by increased soluble thrombomodulin and 
von Willebrand factor.66 However, no association was found for 
thrombosis, which the authors speculated might have been be-
cause of the relatively small size of the study. 

In addition, increases in platelet microparticles (normal 5.2%, 
PV 12%, ET 11%, and IMF 11%), platelet neutrophil con-
jugates (normal 6.8%, ET 10.4%, and PV 8.3%), and plate-
let monocyte conjugates (normal 8.0%, ET 15.0%, and PV 
15.4%) were found in MPD patients. However, there was 
no statistically significant correlation with venous or arterial 
thrombosis. There was a trend toward slightly more micropar-
ticles in patients with thrombotic histories, but none of these 
measurements reached statistical significance.67

Cellular microparticles circulating in blood are plasma mem-
brane fragments from stimulated and apoptotic cells. Platelet 
microparticles express phospholipids, have procoagulant activ-
ity, and can be generated by high shear stress, and may promote 
thrombosis or they may result from thrombosis. Phospholipid-
dependent blood coagulation reactions include tissue factor VII 
activation of X, IXa, VIIIa activation of X, and factor X bind-
ing to phospholipid together with factor Va, generating throm-
bin.60 These reactions may occur on the surfaces of activated 
platelets and on microparticles and may play a role in stimulat-
ing thrombosis. These are novel concepts for a thrombotic role 
for platelets in MPD. It is possible that platelets may have in-
creased procoagulant activity via increased expression of phos-
photidylserine.68 A different approach examined DNA tran-
scripts by microarray and by serial analysis of gene expression 
to determine novel mechanisms for thrombosis. This study, by 
working backwards to understand what mechanisms are oper-
ating, aimed to determine changes in gene expression that may 
identify patients who have a thrombotic tendency.69 

Hyperhomocysteinemia is a risk factor for thrombosis; it is 
widely prevalent in patients with MPD, 35% in controls 
compared to 56% in PV, 70% in ET, and 60% in IMF pa-
tients, indicating that there are increases in homocysteine 
levels in these groups. Mean homocysteine levels were deter-
mined to be 13.9+4.2 μM/L in PV, 12.8+3.7 μM/L in ET, and 
11.3+4.2 μM/L in IMF compared to 9.7+2.8 μM/L in con-
trols. Remarkably, all of these increases were related to nutri-
tional deficiencies of B vitamins, vitamin B

12
, and folic acid, 

and supplementation led to normalization in all of the cases.70 

Acquired von Willebrand syndrome is an established cause of 
bleeding in MPD. Data from an international registry on ac-
quired von Willebrand syndrome indicate that MPD are the sec-
ond most frequent clinical conditions associated with acquired 
von Willebrand syndrome, constituting about 12–15% of all 
patients with this form of von Willebrand disease.71 Acquired 
von Willebrand syndrome is also associated with other condi-
tions, such as lymphoproliferative conditions, most prominent-
ly monoclonal gamopathy of unknown significance, other im-
munologic conditions, congenital and acquired cardiac defects, 
aortic stenosis, and other conditions.72,73 In MPD, about half of 
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patients have deficiencies in von Willebrand factor, and about 
half of the patients with acquired von Willebrand syndrome 
have bleeding problems. Half of the patients with acquired 
von Willebrand syndrome in MPD are bleeders with mildly 
prolonged bleeding time. The partial thromboplastin time is 
unaffected, factor VIII level is borderline to low, and the von 
Willebrand antigen tends to be normal. The ristocetin cofactor 
is low and tends to be about half of the von Willebrand factor 
antigen. Ninety percent of these patients are lacking high mo-
lecular weight multimers of von Willebrand factor. Acquired 
von Willebrand syndrome in the setting of MPD is an acquired 
type IIa von Willebrand disease.74-76 This condition can tempo-
rarily be treated with von Willebrand factor concentrates; how-
ever, the effect is not long lived. This condition is largely related 
to adsorption of von Willebrand factor onto platelets. Reduc-
ing the platelet count should be the major treatment aim. 

Hydroxyurea Treatment and Leukemia 
HU is currently a prominent therapeutic modality for Ph- 
MPD and is frequently employed for patients requiring my-
elosuppression. HU with intermittent phlebotomy is a highly 
efficacious treatment strategy in the management of PV for ap-
propriate patients.3 HU is also a primary treatment used for 
hematologic conditions such as sickle cell disease.77 In a trial 
conducted by the PVSG, HU reduced the risk of thromboses 
in patients with PV.78 In another study, patients treated with 
HU compared to a cohort treated only with phlebotomy had 
fewer thrombotic complications.79 Similarly, in a randomized, 
placebo-controlled trial, the incidence of thrombotic complica-
tions reported by patients treated with HU for essential throm-
bocytosis decreased from 24% to less than 4%, indicating that 
HU has a role in antithrombotic therapy.80 While HU has been 
shown to be effective in reducing the risk of thrombosis, the 
question that needs definitive clarification is to what extent HU 
is safe for patients with Ph- MPD. 

The role HU may play in leukemic conversion is not clear. Sev-
eral nonrandomized studies have supported or refuted a signifi-
cant increase in leukemic conversion with long-term use of HU. 
In essential thrombocythemia (ET), the rates of leukemic trans-
formation following HU treatment reported in the literature 
range from 0 to 5.5%.81,82 In PV, the rates range from 2.1% to 
10%.79,83 Data from the PVSG show the comparative incidence 
of acute leukemia by protocol and treatment. It is important 
to recall that on the pivotal PVSG 01 trial increased leukemic 
conversion with agents subsequently proven to be leukemic oc-
curred after 7 years. In a trial of 795 weeks (15 years), which 
compared the incidence of a leukemic conversion in 51 patients 
treated only with HU to a historic cohort of patients treated with 
phlebotomy only, the trend for leukemic conversion was greater 
in patients treated with HU. It is important to note, however, 
that these differences did not meet statistical significance.79

In a study reported by Sterkers et al,84 a significant number of 
ET patients who developed either MDS or acute leukemia were 
found to have abnormalities of chromosome 17p; many of these 
patients were treated with HU alone. This paper concluded that 
acute leukemia in ET patients who were treated with HU alone 

was therapy related. Several groups have shown that combina-
tion therapy with HU and alkylating agents increased the risk 
of leukemic conversion.85-88 A caveat of these observations pro-
poses that if combination therapy is required to control platelet 
numbers, it is not the agents that are causing the transforma-
tion; rather it is the presence of a more aggressive disease, with a 
greater tendency to transform to acute leukemia. 

Platelet-Lowering in MPD
The decision to use cytoreductive drugs to lower platelet numbers 
or to inhibit platelet function is often problematic for clinicians. 
The questions that remain include: (1) What are the pathophysi-
ologies of bleeding and thrombosis in ET and PV? (2) Are they 
related to platelet number, platelet function, platelet turnover, or 
other yet to be defined factors? (3) What is the risk of an elevated 
platelet count in ET? (4) Is there clear evidence that elevated plate-
let levels are bad? (5) What are the risks in the symptomatic pa-
tient, in the asymptomatic patient with very high platelet counts, 
and in patients with mild to moderate thrombocythemia? 

Therapy with low-dose aspirin in patients with thrombocy-
tosis suppresses thromboxane biosynthesis by platelets, which 
is increased in patients with PV and ET. The ECLAP group 
from Italy studied the effect of low-dose aspirin in preventing 
thrombosis and found that control of microvascular symptoms 
in patients without a bleeding diathesis can be achieved. For 
example with erythromyalgia, which results from platelet ag-
gregation, low-dose aspirin can prevent the pain caused by mi-
crovascular thrombosis.89,90

Newer Agents for Thrombocythemia
Newer agents have been found to be therapeutically effective 
in the management of Ph- MPD.91,92 One of them, anagrelide, 
a cyclic AMP phosphodiesterase inhibitor, inhibits platelet ag-
gregation in mice. It prevents megakaryocyte maturation in 
humans and thereby reduces circulating platelet numbers.93 
Long-term treatment with anagrelide was studied in an open-
label multicenter international trial to determine anagrelide’s 
long-term safety with respect to leukemogenesis and efficacy in 
patients with Ph- MPD (PV and ET).94

In this safety trial of over 3,660 patients, 2,251 had ET, 462 
had PV, and the rest had CML or other MPD. Almost three 
quarters of patients received previous myelosuppressive therapy; 
the majority of these patients were treated with HU. A small 
percentage of previously untreated ET and PV patients received 
only anagrelide as therapy. Of the ET group, only 47 patients 
transformed to acute leukemia within the time of the study 
(Table 2). It is important to note that when the cumulative 
mean dose of anagrelide was calculated for these patients, those 
who experienced leukemic conversion received less anagrelide 
than patients who did not convert. Typically when a drug is 
leukemogenic, patients in the transformed group receive higher 
doses than those who do not transform. These differences in 
the median cumulative doses reached statistical significance, 
which suggests that the leukemic transformation may be inde-
pendent of the drug (see Table 2).94 Similarly, in the group of 
462 PV patients, 13 transformed to acute leukemia or myelo-
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dysplastic syndrome. The vast majority of these patients did not 
transform, and the amount of drug received by those who did 
transform was lower than those who did not transform. While 
these results did not meet statistical significance, they suggest 
that transformation does not appear to be dose-related.94

In this large cohort of ET and PV patients with a maximum 
follow-up of over 7 years, the conversion to acute leukemia 
for the ET group was 2.1% and for the PV group, 2.8%. All 
patients who converted had received prior cytoreductive ther-
apy in addition to anagrelide. None of the converted patients 
had received anagrelide only. Of the patients treated with 
anagrelide for 3 years or more, none with ET and 0.26% with 
PV transformed. Further study will be necessary to confirm 
these initial findings on the safety of anagrelide for long-term 
use and its potential for leukemogenesis because, as already 
seen in the PVSG trial, more than 7 years was required for the 
leukemias to be observed.95 

Anagrelide is effective in reducing a mean platelet count of over 
1,000,000/μL into a more acceptable level of about 450,000/μL 
in patients with ET and PV. It is not yet established that a reduc-
tion in platelets reduces the complications of hemorrhage and 
thrombosis in ET and PV. A cohort of over 1,600 patients who 
had a prior history of hemorrhage and thrombotic complications, 
mostly in the form of transient ischemic attacks, was observed 
for 3 years following treatment with anagrelide to reduce platelet 
numbers. This study showed that there was a corresponding de-
crease in reported symptoms with decreasing platelet counts.96 
However, during a mean duration of anagrelide treatment of 65 
weeks, 17% of patients withdrew from studies because of ad-
verse events or abnormal laboratory tests. The most frequently 
reported adverse events were headache, palpitations, diarrhea, 
edema, nausea, and other complaints. By starting anagrelide at a 
lower dosage, these side effects can be minimized.97

Treatment of Idiopathic Myelofibrosis
According to the Italian registry for myelofibrosis, established 
in 1999,98 32% of patients do not receive any form of therapy, 
and of the remaining 68%, 45% receive therapy for anemia 
or thrombocytopenia, and 47% receive therapy for progressive 
splenomegaly. Excluding approximately 10% of patients who 
are candidates for allogeneic stem cell transplantation, the re-
maining approaches to therapy are conservative. In the last 2 
years, there has been a move to disease-oriented therapy, which 
means using mechanism- or molecular-targeted therapies. 
There is rationale for using tyrosine kinase inhibitory therapy 

in myelofibrosis because platelet-derived growth factor recep-
tors (PDGF-R), vascular endothelial growth factor receptor-2 
(VEGF-R2), and fibroblast growth factor (FGF) receptor have 
all been implicated with the pathogenesis of the disease.99 

Seven phase II trials (Table 3) have been carried out with imatinib 
mesylate in myelofibrosis; only 2 have been published as full-
length papers and the others as abstracts.100,101 More than 100 pa-
tients were treated. Most studies used 400 mg as the initial dose, 
and as expected in phase II trials with small numbers of patients, 
the responses were quite different. The mean response rate with 
imatinib for anemia was no more than 7%, and for splenomegaly 
27%. However, the trial from the University of Texas M. D. An-
derson Cancer Center (MDACC) showed that there was a 71% 
response with splenomegaly.101 The toxicity with imatinib in my-
elofibrosis was high; up to 57% of the patients discontinued the 
drug for this reason. These studies indicated that imatinib is not 
an effective drug for myelofibrosis, as the only response seen was 
with splenomegaly. Imatinib is less well tolerated in patients with 
myelofibrosis than in patients with CML. This drug has addi-
tional side effects of frequent leukocytosis and thrombocytosis. 

Receptor Tyrosine Kinase Inhibitors
SU5416, a small molecule that inhibits VEGF receptor tyrosine 
kinase, was used in 3 patients with myelofibrosis at MDACC. 
These 3 patients were treated as part of a phase II study in 
chronic MPD. Sugen has discontinued the drug because of dis-
appointing results. Only 1/3 of patients had a partial response 
to this therapy, with high toxicity.102

Farnesyltransferase Inhibitors
The rationale to use farnesyltransferase inhibitors depends on 
the proliferative activity of these enzymes on cells, particularly 
on myeloid cells. In vitro evidence shows that farnesyltransferase 
inhibitor reduces the proliferation of the myeloid clone (from 
myelofibrosis). Farnesyltransferases intervene in the posttrans-
lation and modification of Ras protein.103 Ras protein binds to 
the inner surface of the cell membrane, operates as a molecular 
switch from inactive to an active molecule, and is important in 
a series of pathways, particularly cytoskeletal organization, gene 
transcription, and cell proliferation.104 

Tipifarnib, a farnesyltransferase inhibitor, is the only agent that 
has activity in myelofibrosis. In a trial of 40 patients at MDACC, 

Table 3.  A Summary of Phase II Trials With Imatinib Mesylate in IMF

Patients Initial dose Anemia 
Response (%)

Splenomegaly
 Response (%)

23100 400 mg 0 8.6

18101 400 mg 16 71

14150 200 mg 16.6 0

11151 400 mg 27 NA

8152 400 mg 0 37

13153 600 mg 0 0

19154 400 mg 0 45

106 Overall 7.5 27.3

Table 2.  Transformation of ET and PV Patients

Population Transformed Nontransformed Median anagrelide cumulative 
dose

n n Transformed Nontransformed

ET 47  2,204 342 mg* 746 mg*

PV 13 449 210 mg† 465 mg†

* P=.005.
† P=.222.
ET=essential thrombocythemia; PV=polycythemia vera.
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8 with myelofibrosis, 2/8 patients showed an improvement 
with respect to anemia and 4 had a decrease in splenomegaly. 
A preliminary account of a trial in which myelofibrosis patients 
were treated with lower doses of tipfarnib was reported at ASH 
2003.105 The response with respect to anemia was 5%, and 
61% with respect to splenomegaly; 40% of patients had a clini-
cally significant reduction in splenomegaly although toxicity 
was high. Tipfarnib or the farnesyltransferase inhibitor can be 
considered an experimental therapy, and is noteworthy because 
of the reported good response in splenomegaly.106

Angiogenesis Inhibitors
There is solid evidence about angiogenesis in myelofibrosis. Mi-
crovessel grade in bone marrow of patients with myelofibrosis is 
higher than in other chronic MPD106 and there is a correlation 
between the intensity of bone marrow angiogenesis and progno-
sis.107,108 Recent evidence indicates that the spleen in this disease 
is a site of neoangiogenesis.109 New therapies targeting angio-
genesis include the use of thalidomide. A pooled analysis was 
conducted of 5 phase II trials with thalidomide administered 
at standard doses (200–400 mg). The trials were from Europe 
and the United States with a total of 63 patients. In this analy-
sis, 65% of the patients discontinued the drug due to side ef-
fects before the 6 months of planned treatment. Adverse events 
from thalidomide were reported in more than 90%. Evidence 
from efficacy analyses indicates that thalidomide provides good 
response with improvement of anemia (29.6%), improvement 
of thrombocytopenia (38.5%), and reduction of splenomegaly 
(36.7%) by more than 2 cm. This drug produced untoward he-
matological effects: an increase of white blood cells was observed 
in approximately 18% of the patients, or an increase in platelet 
counts to more than 500,000/μL, and in 1 case this myelopro-
liferative reaction was associated with pericardial extramedul-
lary hematopoiesis.110 These results prompted a test of low-dose 
thalidomide. A trial in 21 patients treated with a combination 
of 50 mg of thalidomide and 30 mg of prednisone produced 
impressive responses. Improved anemia was seen in 62% of the 
patients. Of the 10 transfusion-dependent patients, 4 became 
transfusion independent, and improved platelet counts were 
seen in 6 patients. Only 19% of the patients showed a 50% 
reduction in spleen size. The lower dose of thalidomide in com-
bination with prednisone reduced side effects and toxicity.111

The European Collaboration on Myelofibrosis completed a 
phase II trial with 63 patients, including those with advanced 
myelofibrosis. Single-agent thalidomide (50 mg) was used as 
therapy along with current treatment regimens. Dose escalation 
to 400 mg was used in those who could tolerate it. The maxi-
mum tolerated dose was found to be 100 mg. The side effects 
were not negligible because 51% dropped out at 6 months of 
therapy. Side effects included constipation in 64%, increased 
fatigue in 50%, sleepiness, and neurological disturbances. In 
16% of the patients an increase of platelet count to more than 
500,000/μL was observed and in 1 case this reactive thrombo-
cytosis was associated with deep vein thrombosis. Response to 
treatment showed improvement in anemia in 49% of the pa-
tients with a 27% reduction in transfusion dependency. White 
blood cell counts (500 × 109/L) improved in 16% of patients 
and 38% showed a decrease in spleen size. Amelioration of ane-
mia and thrombocytopenia and reduction of splenomegaly was 
achieved by 61% of the patients.112 The findings from these 2 
phase II trials with a total of 84 patients provide enough evi-
dence to recommend thalidomide in myelofibrosis. Low-dose 
thalidomide is better tolerated than standard dose, and responses 
with low doses are similar to standard doses. Combination with 
prednisone seems to improve both response and tolerability. 

Thalidomide may be used as first-line therapy for anemia and 
thrombocytopenia or may be used after failure with danazol. 
Thalidomide is still an experimental drug for myelofibrosis. The 
relatives of thalidomide, CC5013 and CC4047, inhibit neoan-
giogenesis and cytokine production and may also be active in this 
disease. Proteasome inhibitors may also produce a good response 
in myelofibrosis because they inhibit NFκB transcriptional activ-
ity, which is activated by megakaryocytes in myelofibrosis. Inhib-
itors of VEGF or VEGF receptors also have a good rationale for 
use in myelofibrosis. One difficulty in testing new drugs is col-
lecting enough patients in a short time. There is also the problem 
of prioritizing the number of novel drugs to test, and more im-
portantly, comparing the results of these trials. From the number 
of European and American research consortia, phase III or phase 
II trials with comparative designs need to be planned.113 

Bone Marrow Transplant: An Option for IMF
The transplant outcome for IMF patients is similar to that for 
CML patients, about 50% mortality after allogeneic stem cell 
transplantation with appropriate age groups. The transplant-re-
lated mortality for fully myeloablative approaches ranges from 
27% to 32%.52,114-117 To improve the overall survival rate with 
fully ablative transplants in patients less than 65 years (Table 4), 
it has become necessary to identify patients with poor progno-
sis who could benefit from an allogeneic stem cell transplant. 
The Lille scoring system assists in determining transplant candi-
dates.118 In this classification scheme, the presence of 2 adverse 
factors, such as hemoglobin of less than 10 g/dL and a white 
count of less than 4,000/μL or greater than 30,000/μL, places 
the patient in a high-risk category with an expected median sur-
vival of about a year. One of these adverse factors places the 
patient in an intermediate-risk category with a median survival 
of about 2 years. Thus, allogeneic transplant needs to be studied 

Table 4.  Transplant Experience in IMF Patients

n Mean 
age

Poor 
risk

Regimen TRM CR OS

55114 42 50% Myeloablative 27% 40% 14% (>45 y) at 5 
yr; 62% (<45 y)

25117 48 28% Myeloablative 48% 33% 41% at 2 yr

56116 43 23% Myeloablative 32% 53% 58% at 3 yr

4131 56 100% Fludarabine-
melphalan

0% 4/4 100%, 3 yr

20132 54 100% Nonmyelo-
ablative

0% at 
d 100

90% at 18 mo

IMF=idiopathic myelofibrosis; TRM=treatment-related mortality; CR=complete re-
sponse; OS=overall survival.
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further in order to select appropriate patient cohorts who are 
projected to have a poor outcome with medical management.

A retrospective study using data from 2 transplant studies119 has 
clearly shown that hematopoietic recovery was not a problem 
for patients with myelofibrosis. The probability of achieving a 
neutrophil recovery was >86% by 30 days and roughly 97% 
by day 50 after the transplant. Marrow fibrosis is not a risk 
factor with respect to graft failure. However, severe marrow fi-
brosis delays neutrophil recovery. The results for patients with 
severe marrow fibrosis indicate that by day 21 only 30% of 
the patients show neutrophil recovery, but in those with less 
severe marrow fibrosis, around 70% show neutrophil recovery. 
Marrow fibrosis is a reversible process. In most patients there 
was a complete resolution of marrow fibrosis at a median of 6 
months after transplantation and in most cases during the first 
year posttransplant.120 

Using stem cells from the peripheral blood instead of bone mar-
row may improve the speed of neutrophil recovery. In a study 
comparing the source of stem cells from peripheral blood versus 
bone marrow, neutrophil recovery by 3 weeks posttransplant 
was roughly 80% using peripheral blood versus 50% from 
bone marrow, indicating that peripheral blood stem cells may 
be an option to consider for these patients. The other option 
may be splenectomy. Patients who have been splenectomized 
before transplantation have a higher mean probability of neu-
trophil recovery by day 21 (67%), than those who have not 
been splenectomized (36%).121 Splenomegaly is associated with 
an increased risk of graft failure because of sequestration of the 
stem cells from the graft. It can also be associated with relapse 
because of residual malignant cells in the spleen.122 Splenectomy, 
on the other hand, is associated with an increased risk of acute 
graft-versus-host disease, which has been described in CML pa-
tients.123,124 There could also be delayed or impaired immune 
recovery and severe bacterial infections. The operative mortality 
and morbidity are about 10% and 30% respectively; however, 
splenectomy is associated with a faster hematopoietic recovery.

Retrospective analysis shows that there is no difference in me-
dian transplant-related mortality 1 year following transplant 
between those who were splenectomized (30%) and those who 
were not (31%). The median 5-year event free survival is 49% 
for the nonsplenectomized patients and 35% for splenecto-
mized patients, indicating that there is no clear significant dif-
ference.121 Splenectomy should not be recommended for all pa-
tients before allogeneic transplantation. It should be discussed 
for some patients where a faster neutrophil recovery is required 
and in those who have symptomatic splenomegaly before trans-
plant or low transfusion efficacy that could jeopardize the early 
posttransplant period. 

Transplant-related mortality (TRM) at 1 year is 25% when do-
nor grafts come from HLA-identical siblings versus 60% when 
transplant is performed with alternative donors, but this data 
from the European Bone Marrow Transplant (EBMT) group is 
based on a small number of patients.114 Transfusion is another 
factor that affects TRM; it is about 40% for those who receive 
red blood cell transfusion before transplant and 10% for those 

who do not. A TRM below 20% can be achieved with a careful 
selection of patients. Myelofibrosis is another factor that affects 
TRM. Patients who do not have severe myelofibrosis have lower 
TRM (15%) versus those with severe fibrosis (48%). The rates 
can be modified according to the type of myeloablative condi-
tioning regimen used.125 TRM is 40% with a combination of 
irradiation and cyclophosphamide, and 21% with busulfan and 
cyclophosphamide (BuCy).116 A lower TRM with BuCy com-
bination probably occurs because of a lower incidence of grade 
2–4 acute graft-versus-host disease. The event-free survival for 
patients who receive a transplant graft from an HLA-identical 
sibling without any manipulation of the graft is about 54% by 
5 years posttransplant. From the EBMT experience, event-free 
survival is 27% for patients with grafts from unrelated donors 
and for patients who received T-cell depleted grafts there is no 
long-term survivor.126,127

Factors that impact survival include hemoglobin levels and 
marrow fibrosis. A transplant patient with a hemoglobin lev-
el above 10 g/dL has an event-free survival at 5 years of 61% 
compared to 28% for those who have lower hemoglobin levels. 
Similar curves were observed from patients who receive transfu-
sion versus those who did not require transfusion before trans-
plantation. For those with severe marrow fibrosis, the 5-year 
event-free survival is about 30% and for those with less severe 
marrow fibrosis, 52%.120,121

Long-term survival data are available for more than 10 years from 
the time of transplant, and it is apparent that surviving patients 
are cured. This goal is achieved with allogeneic transplant in this 
setting. Transplant failure incidence is about 25% for unmanipu-
lated HLA-identical sibling transplants. Three risk factors have 
been identified as predictors of treatment failure; these are the 
age of the patient (>45 years), the presence of a cytogenetic ab-
normality before the transplant, and absence of grade 2–4 acute 
graft-versus-host disease. There is clearly a graft-versus-myelofi-
brosis effect. Donor lymphocyte infusion could induce a com-
plete remission in patients who relapse and whose marrow fibro-
sis has disappeared. The graft-versus-myelofibrosis effect could 
be the basis for new approaches to transplant therapy.128-130

The median age at diagnosis of patients with myelofibrosis is 65 
years, so most patients are not eligible for a conventional trans-
plant. Another transplant approach that may be more appropri-
ate for older patients is to use a reduced-intensity conditioning 
regimen; in 1 small trial, 4/4 patients were still alive at 3 years 
(Table 4).131 The graft-versus-myelofibrosis effect is the basis 
for the reduced-intensity regimen for transplants. The MPD 
research consortium examined the role of a reduced-intensity 
regimen using a variety of induction therapies.132 For 20 IMF 
patients, with a median age of 54 years and an overall survival 
of 90% at 18 months’ median follow-up, transplant-related 
mortality was 0% by day 100 posttransplant. IMF patients had 
their bone marrows stained for reticulin prior to and after trans-
plant. Prior to transplant their marrows show typical myelofi-
brosis with a lack of hematopoietic progenitors. One year from 
the reduced-intensity allogeneic transplant, staining showed 
some collagen fibers and an abundance of normal hematopoi-
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etic progenitors. A study of 20 patients by the EBMT demon-
strated that nonmyeloablative transplants had no increased risk 
of graft failure with HLA-identical siblings. There is insuffi-
cient data to draw conclusions for unrelated donor transplants, 
and the follow-up period of the study is short. Patients achieved 
full donor chimerism in most cases and complete histohema-
tological responses were observed; that is, the marrow fibrosis 
disappeared posttransplant with improvement in hematopoi-
esis. The 1-year TRM was less than 20% and event-free survival 
greater than 70%.133 For patients in accelerated phase or blast 
phase, the results were not as good. 

Eligibility for transplant should be based on the patient’s life 
expectancy with standard treatments. For intermediate- or 
high-risk patients according to the GPS score, transplant can be 
considered as soon as the patient is ready for the procedure. If 
the patient is <50 years, a myeloablative conditioning approach 
is probably the best option. If the patient is >50 years, then a 
reduced-intensity conditioning regimen would be more appro-
priate. If a low- risk patient shows one of the signs or symptoms 
that are predictors of worse outcome—a drop in the hemoglo-
bin levels to <10 g/dL, cytogenetic abnormalities, the need for 
red blood cell transfusion, or the presence of blast phase—then 
the patient should be transplanted. 

Transplant experience is limited with unrelated donor trans-
plants. It could be proposed for patients <40 years old. They 
could be transplanted with fully HLA-matched unrelated donors 
using high resolution typing, and be treated with a myeloabla-
tive regimen. If the patients have high- or intermediate-risk dis-
ease or if they have not been heavily transfused, they could be 
treated with a nonmyeloablative regimen. Using these criteria, 
the results are similar to those obtained with HLA-identical sib-
lings.116 Peripheral blood might be the best stem cell source to 
use in these patients since the risk of graft failure is somewhat 
increased as compared to the HLA-identical sibling transplants.

Operative Approaches to Patients With Budd-
Chiari Syndrome 
Budd-Chiari syndrome (BCS) occurs in MPD patients and 
most frequently in young women.134 Surgical approaches to the 
management of Budd-Chiari are therefore relevant to the man-
agement of patients with MPD. BCS is a liver-related condition 
associated with macrovascular or large vessel venous outflow 
disease. It can be associated with inferior vena cava thrombo-
sis and occasionally concomitant portal vein thrombosis. The 
medical community has become more adept at making the di-
agnosis; this can be seen in an analysis of the types of present-
ing symptoms before 1990 and post 1990.135 After 1990 there 
was a drop off of ascites, hepatosplenomegaly, abdominal pain, 
and gastrointestinal (GI) bleeding, and 20% of the patients 
that were diagnosed had no symptoms. The factors associated 
with BCS are similar to the different types of thrombophilias 
associated with thrombosis. The hematologic factors associated 
with BCS are thrombocytosis, polycythemias, and paroxysmal 
nocturnal hemoglobinuria; the coagulation factors include in-
creased fibrinogen, increased von Willebrand factor, mutant 
factor V Leiden – G1691A, mutant prothrombin (G20210A), 

decreased anti-thrombin III, decreased protein C, decreased 
protein S, and increased plasminogen activator inhibitor; the 
humoral factors include lupus anticoagulant, anticardiolipin 
antibodies, and hyperhomocysteinemia.136 When patients are 
referred, they usually have already had a specific defect identi-
fied. If not, they are identified in order to help make a postop-
erative decision about anticoagulation.

Ultrasonography is done to identify portal vein patency. In ad-
dition to the standard CT scan or magnetic resonance imaging, 
BCS patients may need to undergo an invasive angiographic 
visualization and determination of the hemodynamics of the 
liver. The gradient may be present in the vena cava primarily 
because the liver is large, and this extrinsically compresses the 
intrahepatic inferior vena cava. The determination of gradients 
will help to determine the type of procedure required. 

The histology of liver biopsies reveals the presence of acute or 
chronic changes as well as the degree of liver cirrhosis. Acute 
changes include centrilobular congestion, perivenular hemor-
rhage, hepatocyte atrophy, and sinusoidal dilatation, whereas 
chronic changes include perivenular fibrosis, cirrhosis, which 
is central-to-central, and variable nodular hyperplasia. These 
changes help to identify patients who should receive a trans-
plant and those who need shunting. The advent of transjugular 
intrahepatic portosystemic shunts (TIPS)137 has aided in the 
management of patients with chronic BCS and established cir-
rhosis, especially those patients with acute GI bleeding. TIPS 
provide an outflow for the portal vein through the metallic 
stent that is placed through the liver parenchyma, allowing 
flow into the atrium. This markedly decreases the risk for GI 
bleeds and ascites formation. However, TIPS are usually placed 
through the remnant of the hepatic vein. In cases where there is 
no hepatic vein, shunt placement has been difficult.

A new technique where the vena cava is cannulated through a 
femoral vein with an ultrasound probe can be used in patients 
who have no hepatic veins, no identifiable macroscopic outflow 
from the liver.138 The transfemoral venous ultrasound probe is able 
to image the portal vein. Through a jugular approach, the TIPS 
needle stylet is placed through the anterior vena cava wall directly 
to puncture the portal vein. A PTFE- (polytetrafluoroethylene) 
coated TIPS is then inserted.139 This very useful technique may be 
applicable more broadly in patients with BCS. 

A number of different surgical shunts have been tested. In a 
side-to-side portocaval shunt (SSPCS), a small-diamater anas-
tomosis (5–7 mm) is made between the vena cava and the portal 
vein. This can also be functionally achieved with an interposi-
tion graft, which is made out of PTFE or woven fabric. A me-
socaval shunt is where the superior mesenteric vein is attached 
or drained into the vena cava usually using a synthetic inter-
position graft. A mesoatrial shunt is where the mesenteric vein 
is then drained into the atrium, again using a synthetic graft. 
Finally, there is a fourth type of surgical shunt, which is a modi-
fication combining a mesocaval shunt with a cavoatrial shunt. 
There is also a hybrid surgical and radiological technique, in 
which the compressed intrahepatic vena cava is stented open 
and an SSPCS is concomitantly performed. A Palmaz stent 
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with an 18 mm balloon is placed to open up and dilate the in-
trahepatic vena cava to reduce the pressure to 5–7 mm Hg. The 
subsequent SSPCS then decompresses the mesenteric system. 
This procedure has a mean patency of about 15 months.140 

Lastly, liver transplantation itself is available for patients who 
have irreversible chronic liver disease, ascites, encephalopathy, 
portal hypertension, and established cirrhosis with little pros-
pect of reversibility. Patients who have intrinsic thrombophilias 
due to coagulation defects, mutations in factor II and V, can be 
corrected by the use of liver transplantation, as it corrects the 
underlying thrombophilic defect. 

Outcomes of Surgical Approaches in Budd-Chiari 
Syndrome
TIPS is useful derivative therapy for addressing the acute prob-
lem usually in those patients with acute GI bleeding who can 
not be controlled by medical therapy. However, the long term 
is problematic; as in the use of TIPS for other portal hyper-
tensive situations, it is associated with stenosis of the TIPS 
shunt. In a study of 13 patients who failed medical therapy 
and underwent TIPS with a median follow-up of 3.2 + 2.2 
years, there were only 3 TIPS without dysfunction. There was 
1 death, 1 patient was revised to SSPCS, and 1 who underwent 
a liver transplant. Improvement in ascites (from 12/13 pre-
TIPS to 1/13 post-TIPS) with a Child-Turcotte-Pugh (CTP) 
score (from CTP score of 9 to CTP score of 6) was seen, with 
transaminases, and with reduction in portal pressure gradient 
(24 mm Hg pre-TIPS to 10 mm Hg post-TIPS).141 As these 
patient studies have shown, while improvements of ascites 
control and portal gradients can be acutely managed, the inci-
dence of TIPS stenosis increases after about 3–6 months; they 
either fail or require subsequent modification.142 

Surgical shunts are classified according to the type of procedure: 
PCS is a portocaval shunt, MCS is a mesocaval shunt, MAS is a 
mesoatrial shunt, and there is also a combined portocaval caval 
atrial shunt, which has had variable patency rates. The porto-
caval shunt is considered to have the best patency because it is 
a fairly short graft. Two studies with 20 and 16 patients have 
shown survival of 90% and 81% with follow-up of 98 months 
and 67 months, respectively.143,144 Similarly, 2 studies with the 
MCS shunt were reported with 11 and 18 patients who were 
followed for 43 months and 66 months and showed survival of 

73% and 94% respectively.145,146 The MAS was also reported in 
2 studies with 13 and 8 patients who were followed for 42 and 
17 months, and showed a survival of 77% and 38% respective-
ly.147,148 Finally, the portocaval shunt followed by the caval atrial 
shunt was reported in 1 study with 10 patients and showed 
100% survival with a follow-up of 9 months.148 For optimum 
patency, the PCS should be considered as first choice, followed 
by the MCS, then the MAS, and lastly by the portocaval caval 
atrial shunts, which because of the longer length of the shunt, 
has a much reduced long-term patency rate (Table 5). Liver 
transplantation has a well-established survival rate in patients 
with BCS. The European liver transplant registry reports a 10-
year survival rate of 63%. There were 391 patients observed 
from 1988 to 2001.149 To ascertain the best treatment options 
for BCS, all surgical and interventional studies were put into 
context with medical management. Of 54 patients with BCS, 
7 were medically treated, 2 underwent TIPS, and 43 had surgi-
cal shunts implanted, 24 MCS and 19 MAS. The MCS had a 
better patency rate than the MAS. Secondary revision was per-
formed to improve shunt patency. All TIPS required revision. 
Eventually 6 of the 54 patients underwent liver transplantation 
with a 1-year survival rate of 83%, 5-year survival rate of 73%, 
and 5 were still alive with a follow-up of 2 to 9 years.149 

One issue surrounding the management of patients with pre-
malignant conditions or MPD is how many of these patients 
develop cancers or leukemias and how they can be managed 
with coagulopathies or thrombophilias. In most studies, and 
there are very few of them, the risk for degeneration does not 
appear to be any greater than in patients who do not undergo 
liver transplantation. For example, in a report with 17 patients 
who received liver transplantation for BCS, 12 with MPD, 
3 had mutations of coagulation factors and 2 had idiopathic 
BCS. MPD were managed with hydroxyurea and aspirin. The 
intrinsic coagulation defects like factors II and V do not require 
treatment because liver transplantation corrects the defect, and 
in types of BCS where the etiology cannot be determined, war-
farin has been used to correct the hypercoagulable state.134

A retrospective analysis from 1974 to 2002 of patients from 
the University of Pittsburgh was conducted, with 63 liver 
transplants performed in 50 people. With a mean follow-up 
of approximately 9 years, 2 patients were lost to follow-up. 
The patients transplanted were relatively young with more fe-
males than males and one-fifth of them had undergone previ-
ous shunt procedures. Only 32% of these were hematologic 
disorders. Forty-eight percent were labeled as “idiopathic,” 
but it should be recognized that many of these patients were 
transplanted before genetic testing was available for deficien-
cies in factors II and V as well as before the identification of 
other thrombophilic disorders. Following liver transplant, the 
postoperative anticoagulation therapy used was dextran with 
or without perioperative intravenous heparin followed by long-
term maintenance oral coumadin. The 10-year survival rates 
are about 60%, which is consistent with the European liver 
registry data. Early mortality of less than 3 months was from 
fungal and bacterial sepsis, which is the most common cause of 
early mortality in most liver transplant series. Late mortality of 

Table 5.  Outcome With Surgical Shunts in Budd-Chiari Syndrome

Procedure Date Patients Survival, % Follow-up, mo

PCS143 1992 20 90 98

PCS144 1998 16 81 67

MCS145 1990 11 73 43

MCS146 1991 18 94 66

MAS147 2000 13 77 42

MAS{148 2000 8 38 17

PC/CAS148 2000 10 100 9

PCS=portocaval shunt; MCS=mesocaval shunt; MAS=mesoatrial shunt;  
PC/CAS=portocaval/cavoatrial shunt.
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more than 3 months was from recurrent BCS in 40% of these 
late deaths. Nine patients were retransplanted due to graft dys-
function, early graft failure, recurrent BCS, and hepatic artery 
thrombosis (Fung et al, unpublished data). 

Early recognition can minimize the progression of liver-related 
diseases, which makes available many more treatment options. 
The etiology is helpful in determining what procedure should 
be done as well as what type of anticoagulation is necessary 
either for surgical approaches or for transplant. All medical, 
surgical, and radiographic options should be considered in 
the treatment and management of BCS. Radiographic stents 
require monitoring because they have a high risk for stenosis 
or thrombosis. Ultrasonography of the radiographically placed 
stent is recommended every 6 months. Liver transplantation 
should be considered when there is evidence of impending liver 
failure or when complications are refractory in spite of medical 
management and stenting with or without radiographic stents. 
Because risk of disease recurrence is high, long-term antico-
agulation therapy is recommended, unless there is convincing 
evidence that the hypercoagulable state is corrected solely by 
liver transplantation. Lastly, in this experience, the concern that 
MPD patients would have a high risk of developing acute leu-
kemia has not appeared to be the case. 

Conclusion
The chronic MPD—PV, IMF, and ET—are usually clonal, but 
more recently polyclonal hematopoiesis has been described. 
They can involve a multipotent or committed hematopoietic 
progenitor cell. They are heterogeneous with respect to their 
molecular, laboratory, and clinical features. Molecular markers 
such as c-Mpl and PRV-1 together with conventional analy-
ses of karyotype with molecular techniques of gene expression 
profiling should prove useful for subclassifying these disorders 
and for risk stratification. As the biology of these diseases is 
constantly being revealed, there are newer agents for medical 
management of these patients. Transplant is an option where 
medical management has failed and the patient is eligible for 
transplant, and for those with complications of BCS there are 
surgical options available.
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