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Abstract. – OBJECTIVE: Essential thrombo-
cythaemia (ET) is a myeloproliferative neoplasm
in which there is an increased risk of thrombotic
complications. The conventional thrombosis risk
assessment of these patients is based on an age
over 60 and a history of thrombosis. The aim of
this report is to analyse the contribution of car-
diovascular risk (CV) factors as possible addi-
tional thrombotic risk factors in the thrombotic
complications seen in ET.

PATIENTS AND METHODS: One hundred and
one ET patients (72 females and 29 males with a
median age of 61 years) were enrolled between
1999 and 2011. Mann-Whitney and multivariate
binary logistic regression tests were performed.
The Kaplan-Meier method followed by the log-
rank test was used to evaluate the probability of
thrombosis-free survival.

RESULTS: The presence of one or two or more
CV risk factors significantly increased the risk of
thrombosis. Separately, the contribution of high
blood pressure and hyperlipidaemia proved to be
influential, whereas tobacco use, diabetes mellitus
and obesity were not significant. Significant differ-
ences were revealed in the probability of thrombo-
sis-free survival between patients without CV risk
factors and those with at least one CV risk factor,
and between those with at most one CV risk factor
and those with two or more CV risk factors.

CONCLUSIONS: On the basis of the results on
the current cohort, it is suggested that CV risk
factors may influence the thrombotic complica-
tions in ET.
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Introduction

Essential thrombocythaemia (ET) is a chronic
Philadelphia chromosome-negative myeloprolif-
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erative neoplasm, characterized by the excessive
proliferation of megakaryocytes in the bone-mar-
row and the overproduction of circulating
platelets in the periphery1. The most important
complications that can exert a major effect on the
morbidity of ET patients are thrombo-haemor-
rhagic events. The risk of major arterial (e.g. my-
ocardial infarction, ischaemic stroke or a tran-
sient ischaemic attack) and venous thrombotic
events (e.g. cerebral sinus and venous thrombosis
or deep venous thrombosis) ranges between 11%
and 25%2-10. The main goal of the current therapy
in ET is prevention of the thrombotic complica-
tions, tailored to the currently accepted thrombo-
sis risk management strategy of ET11. This is
based on only two risk factors (an age over 60
and a history of thrombosis). Besides the accept-
ed and well-known risk factors in the thrombo-
sis-risk assessment of ET, other possible addi-
tional thrombotic risk factors are under active in-
vestigaton, such as leukocytosis, cardiovascular
(CV) risk factors, the JAK2 V617F mutation and
the relationship between vascular events and ox-
idative status parameters6-8,12-17. Although CV risk
factors are “traditional” ones, their contributions
to the thrombotic complications in ET have been
investigated only recently13.

The main object of our study was an analysis of
the contributions of the main CV risk factors (high
blood pressure, hyperlipidaemia, tobacco use, dia-
betes mellitus and obesity) to the thrombotic com-
plications of the patients diagnosed with ET.

Patients and Methods

Patients and Data Collection
Between 1999 and 2011, 101 ET patients (72

females and 29 males with a median age of 61
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years, range 20-95 years) diagnosed at the 2nd
Department of Internal Medicine and Cardiology
Centre were enrolled. Through use of the clinical
centre data files, all the haematological results on
these patients were reviewed with the approval of
the Regional and Institutional Human Medical
Biological Research Ethics Committee. Informed
consent was not required. The study was con-
ducted according to the Declaration of Helsinki.

The haematological management strategy was
based on risk-oriented recommendations: an-
tiplatelet therapy if it was necessary for the low-
risk patients (age <60 years, without a prior
thrombotic event), and a cytoreductive drug (hy-
droxyurea) alone or in combination with an-
tiplatelet medication for the high-risk patients
(age >60 years and/or with a prior thrombotic
event)18. The main demographic and clinico-
haematological characteristics of the enrolled pa-
tients are presented in Table I.

Laboratory Methods
Routine blood analysis with automated blood

count equipment was performed as part of the di-
agnostic protocol. For screening of the JAK2
V617F mutation by an allele-specific PCR
method, DNA was isolated from EDTA-stabi-
lized peripheral blood samples19.

Statistical Analysis
Data were collected with Microsoft Office Ex-

cel, and statistical analysis was performed with
Statsoft Statistica v 9.1 (Statsoft) and SPSS 17
software (IBM).

Mann-Whitney and multivariate binary logistic
regression tests were performed in the cases of the
presence or absence of thrombotic events after the
diagnosis of ET, comparing the overall and partial
effects of series variables: 1) CV risk factors: hy-
pertension (>140/80 mmHg), tobacco use, diabetes
mellitus, hyperlipidaemia (hypercholesterolaemia
or hypertriglyceridaemia or both), and obesity
(BMI >30 kg/m2), 2) the JAK2 V617F mutation, 3)
leukocytosis, 4) conventional risk factors in ET:
age >60, or a history of thrombosis, and 5) therapy:
cytoreductive (hydroxyurea) and antiplatelets.

Due to the relatively low number of patients,
besides the usual 5% level of significance, we al-
so considered the 10% level.

The Kaplan-Meier method was used, followed
by the log-rank test, to evaluate the probability of
the thrombosis-free survival of the patients in
this cohort20. ET patients without CV risk factors
were compared with ET patients with at least one
CV risk factor, and ET patients with at most one
CV risk factor were compared with ET patients
with two or more CV risk factors.

Characteristics of the study population Data

Males (N, [%]) 29 (28.7)
Females (N, [%]) 72 (71.3)
Age at diagnosis, median (years) (range) 61 (20-95)
Median leukocyte count at diagnosis (giga/L) (range) 9.4 (4.5-34)
Median platelet count at diagnosis (giga/L) (range) 664 (78-2240)
Prior major* vascular events 38
Follow-up major* vascular complications 16
JAK2 V617F-positive cases (N, [%]) 61 (60.4)
Conventional risk factors in ET

Age > 60 years (N, [%]) 52 (51.5)
Prior thrombotic events 38

Distribution of cardiovascular risk factors (N, [%])
High blood pressure 47 (46.5)
Hyperlipidaemia 13 (12.9)
Diabetes mellitus 7 (6.9)
Tobacco use 15 (14.9)
Obesity (BMI > 30 kg/m2) 16 (15.8)

Treatment (N, [%])
Antiplatelets 43 (42.6)
Hydroxyurea (alone or in combination with antiplatelets) 42 (41.6)

Table I. Demographic and clinicohaematological characteristics of the study population.

*Major thrombotic events were cerebrovascular (ischaemic stroke or a transient ischaemic attack), cardiovascular (myocardial
infarction) and venous thrombotic events (deep vein thrombosis or a pulmonary embolism); microvascular events were exclud-
ed from the analyses.
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Results

The presence of one CV risk factor (univari-
ate: p = 0.096) or two or more CV risk factors
(univariate: p=0.025; multivariate: odds ratio:
2.862, 95% CI 0.852-9.614; p=0.089 at 10%) at
the time of the haematological diagnosis of ET
significantly increased the risk of thrombotic
events during the haematological follow-up peri-
od. There was a significant overall association
between an enhanced thrombotic tendency and a
high blood pressure (univariate: p=0.092; multi-
variate: odds ratio: 2.174, 95% CI 0.531-8.899;
p=0.280), and significant partial and overall ef-
fects in the case of hyperlipidaemia (univariate:
p=0.011; multivariate: odds ratio: 3.511, 95% CI
0.797-15.47; p=0.097 at 10%). Tobacco use (uni-
variate: p=0.545; multivariate: odds ratio: 0.971
95% CI 0.193-4.890; p=0.971), diabetes mellitus
(univariate: p=0.965; multivariate: odds ratio:
0.735 95% CI 0.063-8.555; p=0.806) and obesity

(univariate: p=0.634; multivariate: odds ratio:
0.835, 95% CI 0.175-3.990; p=0.821) were not
associated significantly with an increased risk of
thrombosis (Table II).

As concerns the age, the JAK2 V617F muta-
tion and leukocytosis, univariate and/or multi-
variate statistical analyses revealed non-signifi-
cant tendencies from the aspects of the presence
of the JAK2 V617F mutation (univariate:
p=0.651; multivariate: odds ratio: 1.083, 95% CI
0.301-3.891; p=0.903) and an age >60 years
(univariate: p=0.877; odds ratio: 0.815, 95% CI
0.217-3.067; p=0.763). The role of leukocytosis
at the time of the haematological diagnosis of ET
(white blood cell count at least 11.1 giga/L) in
futher thrombotic complications was likewise not
significant (univariate: p=0.525). However, the
partial effect of the reported prior vascular events
in the possible prediction of further thrombosis
was significant (univariate: p=0.066; multivari-

Comparison of ET patients who had or who had not suffered thrombotic events in the follow-up period

Mann-Whitney Multivariate binary logistic
univariate analysis regression analysis

Variables p p odds ratio 95% CI

Newly suggested but not conventional risk factors in ET

Cardiovascular risk factors

High blood pressure *0.092 0.280 2.174 0.531-8.899
Hyperlipidaemia **0.011 *0.097 3.511 0.797-15.470
Tobacco use 0.545 0.971 0.971 0.193-4.890
Diabetes mellitus 0.965 0.806 0.735 0.063-8.555
Obesity 0.634 0.821 0.835 0.175-3.990
The presence of two or more CV risk factors **0.025 *0.089 2.862 0.852-9.614
The presence of only one CV risk factor *0.096 ND
JAK2 V617F mutation 0.651 0.903 1.083 0.301-3.891
Leukocytosis
White blood cell count at least 11.1 giga/L 0.525 ND

Conventional risk factors

Prior thrombotic events *0.066 0.170 2.406 0.686-8.437
Age > 60 years 0.877 0.763 0.815 0.217-3.067

Therapy

Hydroxyurea 0.319 ND
Antiplatelets 0.730 ND

Table II. Mann-Whitney test and multivariate binary logistic regression results relating to the overall and partial effects on the
probability of thrombotic events of the newly suggested risk factors, conventional risk factors and administered therapy in the
comparison of ET patient subgroups who had or who had not suffered thrombotic events in the follow-up period.

Significant differences at 10% are marked by *; at 5% by **; CV: cardiovascular risk factors; ND: not determined.
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risk factor (n=77) and those with two or more
CV risk factors (n=24) (p=0.002) (Figure 2).

Discussion

There is an increased risk of arterial (e.g. my-
ocardial infarction, ischaemic stroke or a tran-
sient ischaemic attack) and venous thrombotic
events (e.g. deep venous thrombosis) in ET6,11.
The currently accepted thrombosis risk manage-
ment strategy of ET is based on only two risk
factors (an age over 60 years and a prior throm-
botic event)13,18,21. For a more accurate thrombo-
sis risk-guided management, the predictive po-
tential of the JAK2 V617F mutation and CV risk
factors is considered to be significant, while the
role of leukocytosis at the time of ET diagnosis
are still controversial6-8,12-15,22-25. In a large multi-
centric study, the contribution of at least one CV
risk factor, i.e hypertension and/or diabetes
and/or active tobacco use, was suggested8. Fur-
thermore, the new score system, IPSET (Interna-
tional Prognostic Score of Thrombosis for ET),
has already incorporated the CV risk factors13. In
contrast, the 2015 annual clinical updates in

ate: odds ratio: 2.406, 95% CI 0.686-8.437;
p=0.170) (Table II).

The administered therapy was included in the
analysis in order to consider its potential influ-
ence on the thrombotic events in the follow-up
period. Differences were observed between the
patients treated with cytoreductive (univariate:
p=0.319) or antiplatelet therapy (univariate:
p=0.730) in the two subgroups, depending on the
presence or absence of major thrombotic events,
but these differences were not significant (Table
II). A limitation of our study is its retrospective
design. The question arises as to whether the an-
tithrombotic treatment and cytoreductive therapy
affect the prognosis, with the differences ob-
served possibly being underestimated.

To compare the thrombosis-free survival of the
patients in the presence or absence of the investi-
gated CV risk factors, Kaplan-Meier curves and
log rank tests (Mantel-Cox) were utilized. A sig-
nificant difference was observed between the
thrombosis-free survival of the observed ET pa-
tients without CV risk factors (n=47) and those
with at least one CV risk factor (n=54) (p=0.011)
(Figure 1). A significant difference was also seen
between the ET patients with at most one CV

Figure 1. Probability of thrombosis-free survival in the haematological follow-up period in the subgroups of ET patients
without CV risk factor and ET patients with at least one CV risk factor.



Figure 2. Probability of thrombosis-free survival in the haematological follow-up period in the subgroups of ET patients with
at most one CV risk factor and ET patients with two or more CV risk factors.
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Conclusions

We suggest that identification and consideration
of the CV risk factors are important for a more ac-
curate thrombosis risk-guided management.
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