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Abstract Myeloproliferative neoplasms (MPN) are acquired
clonal disorders characterized by the proliferation of bone
marrow myeloid cells. Different somatic mutations have been
recently associated with MPN, the most common being JAK-
2 V617F. Among MPN, polycythemia vera and essential
thrombocythemia are particularly associated with an increased
risk to develop thrombotic complications, either arterial or
venous. Cerebrovascular events (stroke and transient ischemic
attacks) are prevalent, accounting for approximately two-
thirds of all events. Also cerebral vein thrombosis can com-
plicate MPN and can be the first manifestation of the disease.
Risk factors for thrombosis in patients with MPN are related
or unrelated to the disease. Among the former there are
cellular risk factors, such as increased white blood cell counts,
vascular cell activation, endothelial dysfunction, and plasmat-
ic risk factors, such as increased plasma viscosity, reduced
levels of protein S, increased thrombin generation. The latter
include increased age and previous thrombotic events. In
addition, common cardiovascular risk factors (smoking, hy-
pertension, diabetes, dyslipidemia, obesity) contribute to the
pathogenesis of arterial events, whereas circumstantial risk
factors (particularly oral contraceptive use and pregnancy/
puerperium) to that of venous events. Primary prevention of
arterial thrombosis with antiplatelet therapy is warranted in the
majority of patients withMPN,whereas primary prevention of
venous thrombosis is limited to anticoagulant prophylaxis
during high-risk situations. Secondary prevention includes
long-term antiplatelet therapy for arterial and short- or long-
term anticoagulant therapy for venous thrombosis, depending
on the risk factors present at the first event.
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Introduction

Chronic myeloproliferative neoplasms (MPN) are a group of
diseases characterized by a chronic clonal proliferation of my-
eloid cells. The annual incidence of MPN is 6–10 cases every
100,000 individuals [1], with a peak age at diagnosis between
the 5th and the 6th decade of life. MPN had been historically
divided in 4 subtypes: chronic myeloid leukemia (CML), poly-
cythemia vera (PV), essential thrombocythemia (ET) and pri-
mary myelofibrosis (PMF). The diagnostic criteria of MPN
have been recently revised by a WHO panel of experts [2].

CML is characterized by the abnormal proliferation of the
white cell lineage. It is defined by the presence of the t(9;22)
chromosomal translocation (Philadelphia chromosome), giv-
ing rise to the BCR-ABL1 aberrant fusion protein, an always
active hybrid oncogene, that gives a proliferative advantage to
myeloid cells carrying the translocation. Untreated CML is a
progressive disorder, with a prognosis of 5–6 years since
diagnosis, characterized by a chronic phase followed by an
accelerated phase progressing to acute myeloid leukemia. The
development of a rational engineered class of drugs, the
inhibitors of BCR-ABL1, revolutionized the therapy and the
life expectancy of affected patients.

PV, ET, and PMF share different clinical and biological
features, making possible to group them together as
Philadelphia-negative MPN. Overlapping among different
subtypes is frequent. As an example, approximately 35 % of
patients with PV can evolve into PMF within 15 years from
diagnosis [1]. In recent years several progresses have been
made in the understanding of the molecular biology of
Philadelphia-negative MPN, especially with the discovery
that many patients affected by PV, ET, and PMF carry a
common V617F somatic mutation in the Janus Kinase 2
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(JAK-2) gene [3]. JAK-2 is a tyrosine kinase that plays a
pivotal role in myelopoiesis, being in the transduction path-
way activated either by erythropoietin, thrombopoietin or
granulocyte colony stimulating factor. The mutant form is
constitutively active. JAK-2 V617F mutation is present in
almost all patients with PV and in approximately 50 % of
patients with ET and PMF. Recently, to reinforce the hypoth-
esis that Philadelphia-negative MPN are clonal overlapping
disorders, a substitution involving the thrombopoietin recep-
tor gene (MPLW515L/K), shared by individuals with ET and
PMF, has been described in patients without JAK-2 V617F
mutation [4]. Another activating JAK2 mutation, JAK2-
R564Q [5] has been described in familial thrombocytosis.
Furthermore, in patients with diagnostic criteria for ET with-
out JAK-2 and MPL mutations, Klampf et al [6•] described
the presence of insertions and deletions in the calreticulin
(CALR) gene. No patient with PV had this gene mutated,
and no patient with JAK-2 mutations had also CALR
mutations.

Thrombotic complications represent a common feature in
the natural history of Philadelphia-negative MPN, being the
most common cause of death in affected patients and greatly
contributing to the disease burden. Particularly for PVand ET,
a thrombotic episode is often the first manifestation of an
underlying MPN. In patients with PV a thrombotic event is
the presenting symptom in one-fifth of cases. Since few data
are available on the association between thrombosis and
CML, we will exclude this MPN from our review, and deal
with Philadelphia-negative MPN only.

This review will focus on vascular neurologic complica-
tions associated with MPN. More specifically, we aim to
discuss the pathophysiology of MPN-associated thrombosis,
to describe the epidemiology of arterial and venous cerebro-
vascular events in MPN patients, and to give some hints on
prevention and treatment of thrombosis in this setting.

Pathophysiology of Thrombosis in Patients with MPN

Several risk factors for thrombosis are recognized in patients
with MPN; either general or disease-specific (Table 1). MPN
patients are in an age group where cerebrovascular events
become prevalent, and underlying conventional risk factors
for atherosclerosis are often present. Various prospective stud-
ies followed large cohorts of patients for several years in order
to identify conditions associated with an increased risk of
thrombosis. In the large observational European Collaboration
on Low-dose Aspirin in Polycythemia vera study (ECLAP)
[7], 1638 patients with PV were followed for 2.7±1.3 years
and thrombotic events were recorded. Median age at recruit-
ment was 60±13 years and time since PV diagnosis was 5±
5 years. Risk factors significantly associated with stroke/
transient ischemic attack (TIA) were age above 65 years

[hazard ratio, HR, 2.47 (95%CI 1.31–4.65)] and previous
arterial thrombosis [HR 2.86 (95%CI 1.57–5.23)]. In particu-
lar, a previous stroke increased the likelihood to have another
cerebrovascular event during follow-up of approximately 3-
folds [HR 2.85, (95 % CI 1.57–5.23)]. Since the results of this
study were confirmed by many others (reviewed in [8]),
patients are defined at high risk for thrombosis if they are
above 65 years and had had a previous vascular event.

Recently, a thrombotic risk score [International Prognostic
Score of thrombosis in Essential Thrombocythemia (IPSET-
thrombosis)] was developed and validated in a large group of
patients with ET, who were divided into 3 risk groups of low
(1.03 % patient-years), intermediate (2.35 % patient-years)
and high (3.56 % patient-years) thrombosis risk on the basis
of age above 60 years, thrombosis history, cardiovascular risk
factors, and the presence of JAK-2 V617F mutation [9••]. In
the ECLAP study, a leukocyte count above 15×109/L was
positively correlated with the thrombotic risk, but did not
reach the statistically significant threshold for neurologic
events. The impact of leukocyte count on the risk of throm-
bosis was assessed also by Gangat et al [10], who retrospec-
tively reviewed 407 patients with diagnosis of PV or ET
followed since 1956, finding no association between leuko-
cytosis and the risk of developing thrombosis both in patients
with PV (P=0.26) and ET (P=0.54). Advanced age and high
hematocrit, one of the diagnostic criteria of PV, were associ-
ated with an increased risk of arterial and venous vascular
events, particularly in the cerebral circulation [9••]. Proposed
mechanisms include the increased blood viscosity and the
marginalization of circulating platelets toward the endotheli-
um surface, where they can be more easily activated. Several
neurologic symptoms, such as tinnitus, paresthesia, and head-
ache, commonly reported by patients with PV, had been
attributed to increased blood viscosity. Platelet count appar-
ently does not correlate with the risk of thrombosis. Two large

Table 1 Main hematological abnormalities associated with thrombosis
in MPN patients

Target Pathophysiological mechanism

Platelets Increased number of reticulated platelets

Increased exposure of phosphatidylserine

Increased activation

White blood cells Increased inflammation

Increased blood viscosity

Red blood cells Plasma membrane phospholipids alterations

Aggregates

Increased blood viscosity

Clonal cells JAK2 V617F mutation

Coagulation pathway Reduced protein S

Resistance to activated protein C

Elevated microparticles
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trials [ECLAP and Polycythemia Vera Study Group (PVSG)]
[7, 11] failed to demonstrate any influence of the number of
circulating platelets on thrombotic risk. It is also noteworthy
that a particularly high platelet count in ET patients can be
associated with bleeding diathesis, caused by intrinsic platelet
dysfunction (acquired alpha or delta storage pool deficiency)
or acquired Von Willebrand disease because of the consump-
tion of high-molecular-weight Von Willebrand factor
multimers. Campbell et al [12] followed a multicenter cohort
of 776 patients with ET, finding a direct and significant
correlation between platelet count above 450×109/L and the
risk of bleeding [HR 3.7 (95 % CI 1.7–8.2)]. As a direct
consequence of this, a very high platelet count has been
associated with a low risk of thrombosis. Indeed, Carobbio
et al [11] showed that in patients with ET the lowest risk of
thrombosis (incidence rate 1.59% patient-years) was recorded
in the group with both platelet count above 1000×109/L and
leukocytes lower than 11×109/L. Conversely, the highest risk
category (thrombosis rate 2.95 % patient-years) was formed
by patients with both platelet count below 1000×109/L and
leukocytes higher than 11×109/L, carrying also the JAK-2
V617F mutation.

There is evidence that the thrombotic risk is not only
correlated to the increased number of clonal cells, but also to
several acquired qualitative alterations of these cells contrib-
uting to the prothrombotic phenotype usually seen in patients
withMPN. Red blood cell membrane is altered and aggregates
of red blood cells are frequently detected. One may speculate
that these aggregates contribute to the neurologic symptoms
causing occlusion of the small cerebral vessels. Fujita et al
[13] demonstrated that JAK-2 V617F positive red blood cells
express high levels of the procoagulant phosphatidylserine on
their membrane, as detected by flow cytometry. Various plate-
let abnormalities have been described in patients with MPN.
Platelets circulate in an active form (as demonstrated by
increased P-selectin expression), are more apt to sustain he-
mostasis on their surface because of a high phosphatidylserine
exposure on the outer membrane (as shown by increased
annexin V binding), and generate more procoagulant micro-
particles [14]. Even the platelet turnover appears to be partic-
ularly accelerated in these patients. Arellano-Rodrigo et al
[15] studied 53 patients with ET and found that the 26 with
a history of thrombosis had a significantly higher number of
reticulated platelets, which were younger and more
hemostatically active than the older ones. The burden of the
JAK-2 V617F positive clone appears to be directly correlated
with the percentage of reticulated platelets. Panova-Noeva
et al [16] investigated 46 patients with ET, 38 with PV, and
42 healthy subjects, finding that MPN JAK-2 V617F positive
patients had a statistically higher percentage of reticulated
platelets (2.8 % vs 2.2 %, P<0.05) than JAK-2 negative
patients. Interestingly, in this case series cytoreductive therapy
with hydroxyurea appeared to decrease reticulated platelets in

JAK-2 positive patients. Also leukocytes, besides contributing
to blood viscosity, can increase the prothrombotic tendency
through such several other mechanisms as activation of plate-
lets, worsening inflammation in the atherosclerotic plaque,
generation of tissue factor-bearing microparticles, and forma-
tion of neutrophils/platelets aggregates [17, 18].

The endothelium itself can be impaired in patients with
MPN. Indeed, recent studies suggested that angiogenesis is
impaired, as demonstrated by high circulating levels of vas-
cular endothelial growth factor (VEGF) [19]. Moreover, path-
ologic myeloid cells express and secrete several mediators
able to interfere with the homeostasis of the endothelial layer.
Activated endothelial cells are strong contributors to the
thrombotic process, through the release of the highly adhesive
high-molecular-weight Von Willebrand factor, the expression
of E-selectin and the alteration of the metabolism of free
radical mediators [20].

Other than the cellular part of hemostasis, also blood
clotting is impaired in patients with MPN and this could
partially explain the findings that even the prevalence of
venous thrombotic events is increased. Particularly, in patients
with ET a reduction of circulating levels of the naturally
occurring anticoagulant protein S has been described, mim-
icking the resistance to activated protein C. This pattern was
first described by Conlan et al [21] in 2 patients with ET and
subsequently confirmed by other authors [22–24]. Protein S
appears to be cleaved and inactivated on the membrane of
clonal platelets by a specific protease. A cytoreductive therapy
is able to restore normal levels of protein S by reducing
platelet count [25]. In ET patients described in the study of
Arellano-Rodrigo et al [15], resistance to activated protein C
was associated with an increased risk of thrombosis, being
present in 8 of 26 with, and 1 of 27 without thrombosis (P=
0.001). Inherited thrombophilia might increase the thrombotic
risk in patients with MPN. In a cohort of 191 patients with PV
or ET the presence of the gain-of-function mutation factor V
Leiden was associated with a 4-fold increased risk of throm-
bosis [HR=4.3 (95 % CI 1.2–15.9)] [26]. In this study no
association was found with the presence of the other common
prothrombin G20210A gain-of-function mutation. All the
aforementioned hemostatic changes contribute to the imbal-
ance of hemostasis toward a procoagulant status, as demon-
strated by an increase in thrombin generation, a global coag-
ulation test that measures the amount of thrombin produced by
the activated plasma. In 59 patients with ET and 30 with PV,
Marchetti et al [24] showed that, despite thrombin generation
was lower in patients than in healthy controls, adding activat-
ed protein C to the test caused a reduction in thrombin gener-
ation in both groups, but patients were less sensitive than
controls to the anticoagulant effect of activated protein C.
Duchemin et al [27] directly correlated resistance to activated
protein C to circulating microparticles. Forty-four patients
with PV or ET were investigated, showing that removing
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microparticles by ultrafiltration resulted in a normalization of
the resistance to activated protein C. These data were con-
firmed by Tripodi et al [28], who performed thrombin gener-
ation on platelet-rich and platelet-poor plasma and
thromboelastometry on whole blood in 111 patients with PV,
ET, or PMF and 89 healthy controls. They found evidence of a
procoagulant imbalance in MPN patients: the endogenous
thrombin potential ratio was higher, and time to clot formation
shorter in MPN patients than in controls.

Different studies showed that the JAK-2 V617Fmutation is
an independent risk factor for thrombosis. Recently published
systematic reviews and meta-analyses on patients with PV,
ET, or PMF showed that carriers of this mutation have a 2–3-
fold increased risk of thrombosis compared with noncarriers
[29–31]. Whether the underlying mechanism is due to the
effect of the mutation per se on cellular proliferation or to
the effect of other factors present in JAK2 V617F carriers
remains to be clarified.

Epidemiology of Cerebral Arterial Thrombosis in Patients
with MPN

Arterial thrombosis accounts for approximately two-thirds of
all thrombotic events inMPN patients and is the main cause of
death. A few studies estimating the incidence of cerebrovas-
cular events in patients with MPN are available so far. In the
multicenter ECLAP study [7], 143 episodes of arterial throm-
bosis were recorded during a mean follow-up of 2.7 years in
the 1638 patients with PV, for an incidence rate of 32 events
per 1000 patient-years. Among these arterial events 35 TIA
and 36 strokes were observed, all objectively confirmed by
neuroimaging or autopsy (overall incidence rate 16 per 1000
patient-years). The remaining 72 events were myocardial
infarctions and peripheral arterial thromboses. A similar figure
was observed in patients with ET. Two studies of 306 [32] and
532 [33] patients followed for a median period of 96 months
and 7.6 years, reported an incidence of cerebrovascular events
of 8.3 per 1000 patient-years [13 TIA (4 %) and 7 strokes
(2 %)] and of 7.7 per 1000 patient-years [31 TIA or strokes
(6 %)], respectively. The latter study confirmed that age above
60 years, leukocytosis and anemia were major risk factors for
stroke.

Epidemiology of Cerebral Vein Thrombosis in Patients
with MPN

Cerebral vein thrombosis (CVT) is a rare and life-threatening
condition with an annual incidence of 3–4 cases per 1,000,000
in the general adult population. At diagnosis, such neurologic
symptoms as headache, papilledema, and diplopia are com-
mon, whereas focal signs and symptoms are less frequent if

compared with what is observed in arterial stroke. In adults,
common risk factors include thrombophilia abnormalities,
oral contraceptive intake, pregnancy, and puerperium. The
gender imbalance among risk factors explains the observed
female:male ratio of 2:1 [34]. The association between JAK-2
mutation and CVT has been confirmed in several studies.
Passamonti et al [35] tested the JAK-2 V617F mutation in
152 consecutive patients with CVT referred to a single throm-
bosis center for thrombophilia screening within 1 year from
the episode and without a diagnosis of MPN. Ten patients
(6.6 %) carried the JAK-2 V617F mutation, 5 of whom had
other thrombophilia abnormalities, and 3 other had such
prothrombotic circumstantial conditions at the time of CVT
as oral contraceptive use or inflammatory bowel diseases. Of
the 10 JAK-2 V617F positive patients, 6 had a concomitant
still undiagnosed MPN at the time of CVT and 3 developed
MPN in the subsequent 3 years of follow-up. Also De Stefano
et al [36] reported a prevalence of JAK-2 V617F mutation of
4.8 % (95 % CI 1.3–16.1) in 45 patients with CVT and no
overt MPN. Recently, the clinical characteristics of a group of
48 patients with MPN and CVTwere compared with those of
87MPN patients with other venous thromboses and 178MPN
patients without thrombosis [37]. A significantly higher prev-
alence of thrombophilia abnormalities was found in patients
withMPN and CVTcompared with patients with MPN but no
thrombosis (40 % vs 21 %, P=0.015), as well as a higher
prevalence of JAK-2 V617F mutation (78 % vs 55 %, P=
0.059). Moreover, patients with MPN and CVT showed a
higher tendency to develop recurrent thrombosis, compared
with patients with MPN and other venous thromboses.

Prevention and Treatment of Cerebral Thrombosis

MPN represent an acquired thrombophilic state, so it is very
important to educate and encourage patients to control all
the modifiable common cardiovascular risk factors, as
smoking, hypertension, diabetes, dyslipidemia, or obesity.
In PV patients, in order to avoid thrombotic complications,
it is mandatory to maintain the hematocrit level below 45%,
with phlebotomy as first line therapy (Fig. 1) [38, 39••].
Primary prevention of thromboembolic events with 100 mg
of aspirin once a day is indicated in all patients, unless in the
presence of major contraindications such as a high risk of
bleeding [40]. In high risk patients (age >65 years and/or
previous cerebrovascular events), cytoreductive therapy
(hydroxyurea or interferon alpha as first line) must be
started. Also in patients with ET, prophylaxis with 100 mg
of aspirin once a day is generally recommended, whereas
cytoreduction with hydroxyurea is indicated in high risk
patients (same criteria as PV). The effect of antiplatelet
therapy was assessed in a study by Alvarez-Larran et al
[41], that included 300 low-risk patients with ET treated
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with antiplatelet agents (n=198) or just followed without
treatment. Antiplatelet therapy did not influence the occur-
rence of arterial thrombotic events in the whole ET popula-
tion (incidence rate: 9.4 per 1000 patient-years in nontreated
vs 16.2 per 1000 patient-years in treated subjects; P=0.60),
but in patients with associated cardiovascular risk factors
(smoking, hypertension, serum cholesterol level above
200 mg/dL, and diabetes). In these patients the incidence
of arterial thrombosis was higher than in those without
cardiovascular risk factors (incidence rate ratio 2.50, 95 %
CI 1.02–6.10), but if they were treated with antiplatelet
therapy the incidence rate ratio was reduced (1.20, 95 %
CI 0.40–3.20). Special attention should be paid for ET
patients with a very high platelet count (>1500×109/L), as
antiplatelet therapy may enhance their bleeding tendency,
particularly if a platelet dysfunction or acquired Von
Willebrand disease are present. Cytoreductive therapy in
patients with ET is required only in the high-risk group
(>60 years, previous thrombosis, cardiovascular risk fac-
tors, JAK2 V617F mutation) based on the newly validated
IPSET-thrombosis score (9). Following such risk stratifica-
tion, only in high-risk patients the reduction of thrombotic
complications counterbalance the potential damages of a
cytoreductive therapy [reviewed in 42].

In order to prevent venous thromboembolic complications
in high-risk situations, such as general or orthopedic surgery,
prolonged immobilization, pregnancy, and puerperium, pro-
phylaxis with appropriate doses of unfractionated or low-
molecular-weight heparin is advised. A single retrospective
study investigated the risk of thrombosis associated with
estrogen-based hormone therapies in women with ET, show-
ing a higher prevalence of venous thromboembolism in oral
contraceptive users than in nonusers (23 % vs 7 %, P=0.03)
but a similar prevalence in hormone replacement therapy users
than in nonusers (2 % vs 7 %, P=0.86) [43]. No association
was found between hormone therapies and the risk of stroke.

Thrombotic events are treated with standard therapy, ie,
antiplatelet agents for arterial thrombosis and anticoagulant

therapy with low-molecular-weight heparin followed by a
vitamin K-antagonist for venous thrombosis. After an arterial
event, long-term antiplatelet therapy and control of cardiovas-
cular risk factors (if present) are advised in patients withMPN.
In patients with a first episode of CVT the optimal duration of
anticoagulant therapy is still not established. A short term (3–
12 months) anticoagulant therapy is generally accepted in
patients with a transient risk factor at the time of the event
that is no longer present, but since MPN remains active, life-
long oral anticoagulant therapy should be considered, espe-
cially in patients with no removable risk factors at the time of
thrombosis [44]. Multicenter, international studies on the op-
timal duration of anticoagulant therapy in patients without
MPN are ongoing (www.excoa-cvt.com). A careful
evaluation of the individual risk of bleeding and a periodic
follow-up of patients is advisable, always keeping inmind that
MPN are progressive disorders and the general status of
affected patients may change over time.

Conclusions

MPN cause significant alterations of both cellular and plas-
matic compartments of hemostasis, which, in the final result,
is an acquired prothrombotic state. Indeed, thrombosis is the
leading cause of morbidity and mortality in patients affected
by MPN. Following MPN diagnosis, patients require careful
monitoring, education and surveillance in order to avoid
thrombotic complications, and many of them are candidate
to receive primary antiplatelet prophylaxis. Although abdom-
inal vein thrombosis often complicates MPN, the absolute
incidence of thrombosis remains low, and cerebrovascular
accidents are the most prevalent thrombotic events. Whereas
MPN should be looked for in patients with abdominal vein
thrombosis, whether or not the same should be done in pa-
tients with cerebral venous thrombosis is still uncertain, and
may be considered if thrombosis was idiopathic.

Fig. 1 Therapeutic approach in
patients with PV and ET
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