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ABSTRAC T
Objective: Thrombohemorrhagic events developing in the Philadelphia negative myeloproliferative neoplasms may worsen the clinical course of the disease and increase the morbidity and mortality. The aim of this study is to assess critical risk factors of the hemostatic complications in myeloprolifera-
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Materials and Methods: The patients who were diagnosed as myeloprolif-
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erative neoplasm based on world health organization 2016 criteria are included into the study. The categorical and continuous data were compared
with Chi-square and independent sample t-test. The statistical significance
threshold was considered as p <0.05.
Results: 181 patients were evaluated in this study. The number of the patients with polycythemia vera, essential thrombocytosis and primary myelofibrosis were 89, 50 and 42 respectively. At the time of diagnosis, the median
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age was 54 years. There were 50 patients who had thrombosis at the time of
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diagnosis, and 22 patients have developed thrombosis during the follow-up.
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Venous thrombosis is more frequent than arterial thrombosis. The smoking
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habit was statistically higher in the patient with myeloproliferative neoplasm
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who developed thrombosis (p=0.006). The most frequent hemorrhagic com-
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plication was gastrointestinal bleeding. Platelet levels of patients with com-
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plications during the course of myeloproliferative neoplasm were found to be
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lower than those without complications (p <0.001).
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Conclusion: The hemostatic complication rates due to myeloproliferative
neoplasm were 39% thrombosis and 13% bleeding. While the cigarette usage was significantly higher in the thrombosis group, advanced age, male sex,
types of myeloproliferative neoplasm, JAK-2 positivity were similar between
the groups. Further experimental and clinical studies should focus on the
pathobiology and proper clinical management of the myeloproliferative neoplasm patients with hemostatic complications.
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INTRODUCTION
Myeloproliferative neoplasms (MPN), namely essential thrombocytosis (ET), polycythemia vera (PV),
primary myelofibrosis (PMF), are the clonal neoplastic diseases characterized by neoplastic production
© 2019 Acta Medica. All rights reserved.

of bone marrow hematopoiesis. Thrombosis and
bleeding are the major complications that increase
the rates of mortality and morbidity [1].
Thromboses of MPNs could be observed in both
1
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arterial and venous systems [2]. Atypical thrombotic regions (splenic vascular bed, splanchnic vein
thrombosis, Budd-Chiari syndrome, cerebral sinus
venous thrombosis) rather than in classical ones
(coronary, cerebral artery thrombosis, deep vein
thrombosis and pulmonary embolism) should alert
the clinician regarding diagnosis of MPN. The possible causes of thrombosis in MPN include vascular
disturbance, platelet activation, endothelial damage, microparticle-induced coagulation, age and
previous thrombosis. Platelet activation leading to
platelet leukocyte adherence, endothelial activation and consequent initialization of the coagulation could also play a significant role in the pathogenesis of MPN thrombosis [3].
In the course of MPN, besides life-threatening
bleedings such as the variceal bleeding and systemic hemorrhage in presence of portal hypertension,
also the minor bleedings including ecchymosis,
gingival bleeding, menorrhagia and epistaxis may
be seen [3]. Various risk factors have been defined
in MPN-associated bleeding. Thrombocytopenia,
platelet dysfunction, acquired von Willebrand syndrome (aVWS), older age, duration of illness and
previous history of bleeding are the well described
risk factors [3].
The aim of this study is to assess critical risk factors
of the hemostatic complications in MPN

MATERIALS and METHODS
We retrospectively analyzed 6582 patients who had
a cytosis change in their hematological blood values. According to the world health organization
(WHO) criteria, it was reached to 241 patients who
had been diagnosed as MPN [4]. 60 patients with
very insufficient information for the study were excluded from the analyses. A total of 181 patients diagnosed with MPN in our center between January
1994 and December 2017 were included into the
study. A written consent form was signed by the patients at the time of admission. Patients’ information was reached via using Nucleus and Core databases. The conduct of this study was approved by
the Institutional Review Board (GO 17/926).
For each of the patients, the following information
was recorded: demographic data, the presence of
microvascular disturbances (erythromelalgia) or
constitutional symptoms (pruritus, fatigue), diagnosis (PV, ET, PMF), laboratory values, results of the laboratory investigation for thrombophilia, mutational
profile, concomitant diseases (cancer), the presence
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of cardiovascular risk factors (smoking, hypertension, dyslipidemia, diabetes), clinical treatment modalities, history of thrombosis and bleeding complications, causes of death.
Major thrombotic events were analyzed as arterial
(ischemic stroke, acute myocardial infarction) and
venous (deep vein thrombosis with or without pulmonary embolism, splanchnic vein thrombosis) systems. Among all of the thrombohemorrhagic events
recorded in the patient files before and/or after MPN
diagnosis, only those confirmed through clinical
evaluation, laboratory, and/or imaging modalities
were considered for this assessment. Hemorrhagic
complications were classified as the major (gastrointestinal and cerebrovascular bleedings requiring
hospitalization) and minor (skin, gingival, genitourinary system hemorrhages) bleedings.
The patients were divided into two groups according to having or not having thrombosis and bleeding at the time of diagnosis and follow-up. The differences between the two groups in terms of MPN
diagnoses, age, gender, cardiovascular risk factors, and laboratory data and whether there is
the previous history of thrombosis and bleeding
were identified.
Statistical Analyses
Categorical and continuous data were compared
with Chi-square and independent sample t-test.
For comparison of more than two group means,
the one-way analysis of variance (ANOVA) was used
in data which showed normal distribution pattern
and Kruskal-Wallis method was used in data which
did not show normal pattern. IBM SPSS Statistics
for Windows, Version 20.0. (Armonk, NY: IBM Corp.)
software were used for the statistical analysis. Data
were given as median (minimum-maximum) unless
indicated. The statistical significance threshold was
considered as p<0.05.

RESULTS
A total of 181 patients were evaluated. The number
of the patients with PV, ET, and PMF were 89, 50 and
42, respectively. At the time of diagnosis, the median age was 54 years (16-89). There were 72 patients
who had thrombosis (39.7%). Fifty of them had at
the time of diagnosis and 22 patients had developed thrombosis during follow-up. The number
of the patients with venous thrombosis was higher than that of the patients with arterial thrombosis.
Portal vein thrombosis (14 patients) and Budd-Chiari
syndrome (13 patients) were the most frequent
© 2019 Acta Medica. All rights reserved.
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cases of venous thrombosis. Other venous thrombosis events include splanchnic vein, deep vein, dural sinus, isolated mesenteric thrombosis in 5, 2, 1,
1 patient, respectively. Ischemic stroke (4 patients)
and splenic artery-mesenteric artery thrombosis
(4 patients) were the most frequent cases of arterial thrombosis. The other arterial thrombosis cases were 2 patients with acute myocardial infarction,
1 patient with digital artery thrombosis, 1 patient
with brachial artery thrombosis, 1 patient with aorta
abdominal thrombosis and 1 patient with femoral
artery thrombosis. Following findings were detected in the thrombophilia panel of 47 patients: various polymorphisms were detected in 26 patients,
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MTHFR677 gene polymorphism in 5 patients and
heterozygous Factor V Leiden mutation was detected in 5 patients.
There were 5 patients who were diagnosed with
MPN with bleeding complication and 19 patients
with bleeding complications at follow-up. The most
frequent complication was gastrointestinal bleeding. Of the bleeding events, 14 (7.7%) were gastrointestinal bleedings and 1 (0.6%) was cerebrovascular bleeding. In addition, 9 (5%) patients had minor bleeding such as skin, gingival, and genitourinary bleedings. Other demographic characteristics
of the patients are given in Table 1.

Table 1. Patients’ characteristics in the study group of MPN.
Characteristics
Age (median, range)
Female/Male

N

%

54 (16-89)
83/98

Symptoms
Erythromelalgia

25/179 (13.9%)

Pruritus

29/150 (19.3%)

Cardiovascular risk factors
Smoking

52/180 (28.7%)

Diabetes mellitus

33/181 (18.2%)

Hypertension

68/181 (37.6%)

Dyslipidaemia

34/ 181 (18.8%)

History of thrombosis

19/181 (10.5%)

History of bleeding

12/181 (6.6%)

MPN diagnosis
PV

89 (49.2%)

ET

50 (27.6%)

PMF

42 (23.2%)

Presence of thrombophilia

26/181 (14.4%)

Mutation profile
JAK2 mutation

115/144 (79.8%)

CALR mutation

2/7 (28.5%)

MPL mutation

1/7 (14.2%)

Thrombosis at the time of diagnosis
Bleeding at the time of diagnosis
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50/181 (27.6%)
5/181 (2.8%)
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No difference was detected among the groups according to age and gender when the groups were compared
according to having/not having thrombosis during being diagnosed or at follow-up (p=0.34 and p=0.76).
When the laboratory values were compared; the median hemoglobin value was 14.1 gr/dL in the thrombosis group and 13.3 gr/dL in the non-thrombosis group
(p=0.09). While no difference was observed in terms of
white blood cells, platelet values were found to be lower in the thrombosis group (p<0.001). Moreover, there
was no difference in terms of JAK2 mutation positivity
among the studied groups.

The smoking rate was statistically higher in the patients
diagnosed with or without thrombosis (p=0.006). No
association with other cardiovascular risk factors was
found as well (Table 2).
No difference was detected among the groups according to the age and gender when the groups were compared according to having/not having bleeding during
being diagnosed or at follow-up period (p=0.49 and
p=0.99). No statistically significant difference between
the groups was detected when the groups were compared according to the laboratory values and cardiovascular risk factors (Table 2).

Table 2. The differences between the patients with/without thrombosis and bleeding in MPN.
Characteristics

Thrombosis No Thrombosis
(n = 72)
(n = 109)

Age

p

Bleeding
(n = 24)

No bleeding
(n = 157)

p

52

54

0.34

55

53

0.49

34/38

49/60

0.76

11/13

72/85

0.99

PV

43

46

11

78

ET

18

32

7

43

PMF

11

31

6

36

14.1

13.3

0.09

13.0

13.8

0.31

13.3

12.9

0.81

13.2

13.0

0.96

242

529

0.00

298

433

0.12

52

63

16

99

0.51

2

27

Female/Male
Diagnosis

Hemoglobine (median) (gr/dL)
Leukocyte
(×103)

count

(median)

Platelet count (median) (×103)

0.041

0.93

JAK-2
Positive
Negative
HT*
DM†
Smoking

0.11
10

19

24

44

0.33

10

58

0.65

9

24

0.1

4

29

0.83

29

23

0.006

9

43

0.31

*HT: hypertension, † DM: diabetes mellitus.
We analyzed MPN patients based on the following groups;
a) patients who had only bleeding b) patients who had only
thrombosis c) patients who had both hemorrhagic complications and thrombosis at the follow-up or during being diagnosed; no difference was observed between the groups
in terms of age, gender, and MPN diagnoses. Platelet levels of the patients with hemostatic complications during
4

the clinical course of MPN were lower than those without
complications [183×103 (131×103-490×103) vs. 563×103
(11×103-2282×103)] (p<0.001). Moreover, a statistically
significant difference was observed between the groups
in terms of cigarette usage, which was higher in the
thrombosis groups (p=0.02) (Table 3
© 2019 Acta Medica. All rights reserved.
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Table 3. Comparison of risk factors of patients according to complication groups.
Patients who
had only
bleeding (n=17

Patients who had
only thrombosis
(n=65)

Bleeding
plus Thrombosis
(n=7)

Patients
without complication
(n=92)

p

Age

57

52

49

53

0.57

Female/Male

8/9

31/34

3/4

41/51

0.98

PV

7

39

4

39

ET

5

16

2

27

PMF

5

10

1

26

13

14.3

13

13.4

0.27

12.3

13.1

15.2

13

0.96

345

248

183

563

0.00

11

47

5

52

0.36

2

10

0

17

8

22

2

36

0.71

4

9

0

20

0.32

5

25

4

18

0.02

Diagnosis

Hb (gr/dL)

Leukocyte
(x103)

0.39

Platelets
(x103)
JAK-2
Positive
Negative
HT*
DM†
Smoking

*HT: hypertension, † DM: diabetes mellitus.

Forty-eight patients were accepted as documented dropouts during the follow-up period because of death. The
documented causes of deaths; 1 patient was dead due to pneumonia-induced sepsis, 4 patients due to the massive
gastrointestinal bleeding, 2 patients were died following chemotherapy of leukemic transformation, 1 patient due to
the liver malignant tumor and liver failure during follow-up, 1 patient due to liver failure considered as being secondary to massive thrombosis and 1 patient was died due to viral encephalitis. The remaining causes of mortality were
failed to be identified.

© 2019 Acta Medica. All rights reserved.
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DISCUSSION
Most MPN patients experience hemostatic complications such as bleeding or thrombosis one or more
times. Thrombotic complications are observed in
more than 30% of patients with MPN [3]. The incidence rate of bleeding in PV, PMF, and ET patients is
3-8.1%, 12%, and 3-18% respectively [5, 6]. Bleeding
and thrombosis are the major causes of morbidity and mortality in MPN. Since the mechanism of
bleeding or thrombosis could not be fully elucidated, various hemostatic risk factors have been defined. In this study, we determined the frequency
and the risk factors of hemorrhagic and thrombosis
events in PV, ET, PMF patients who were admitted to
our clinic and followed up.
In our MPN cohort, thrombosis and bleeding as the
major complications were comparable to the previous published literature (39% thrombosis, 13%
bleeding). It has been suggested that being older
than 60 years of age and having previous thrombosis history are the main factors predicting the risk
of thrombosis [7]. In our study, no significant difference in terms of age was detected among the patients with and without thrombosis. However, in patients who had thrombosis, the previous history of
thrombosis was higher compatible with the literature (p=0.028). When we divided the MPN groups
according to the bleeding or thrombosis occurred /
not occurred at the time of diagnosis or follow-up, it
was observed that having previous thrombosis history also increased the risk of thrombosis (p=0.055)
(data not shown). There was a speculation that male
gender can predict VTE for ET [3]. However, in our
MPN cohort, no significant difference in terms of
gender was detected among the studied groups.
The conducted studies have shown that cardiovascular risk factors (smoking, hypertension (HT), diabetes mellitus (DM)) and classical venous thromboembolism (VTE) risk factors (major surgery, oral contraceptive use, pregnancy) increase the risk of thrombosis also in patients with MPN [8-11]. According to
the well-established risk factors, only cigarette usage is significant in the thrombosis arm and the other risk factors (DM, HT) are not significant. In addition, previous studies have suggested that having
MPN with thrombophilia (such as MTHFR C677T
polymorphism) could increase the risk of thrombosis [12]. In our study, although the mutation panel
could not be evaluated in all patients due to technical reasons, no difference between the groups was
detected.
6

Leukocytosis may increase the risk of myocardial infarction in PV and ET patients [13]. In this study, no
relation was found between the leukocyte count
and thrombosis at the follow-up or at the moment
of diagnosis in 89 patients with PV and 50 patients
with ET (p=0.74 and p=0.82, respectively). In the literature, JAK-2 V617F mutation has been found to be
a risk factor for thrombotic complications [3]. In the
present study, there was no difference in terms of
JAK-2 positivity among the groups. Unlike JAK-2 mutation, MPL and CAL-R mutations have been shown
to be not correlated with thrombosis in the literature [1]. In our study, it was not possible to comment
on this critical issue since the total number of MPN
patients examined was only seven.
In a previous study, it has been indicated that splenomegaly was a risk factor for thrombosis [3]. There
are published studies suggesting that the spleen
size increases the risk of thrombosis. In the present
study, the spleen size has been found to be 158 mm
in patients with thrombotic complications that has
developed somehow, and there was no significant
difference in comparison to the group that has never had thrombosis (p=0.97).
Thrombocytopenia, older age, previous history
of bleeding are the risk factors that may be effective on bleeding complications [3]. The presence of
thrombocytosis has also been indicated to be a risk
factor for bleeding [10]. There are also studies indicating that high platelet count and patient age are
not risk factors for bleeding in MPN patients. Also,
there was no correlation between thrombocytosis
and increased risk of thrombosis in ET patients [7].
In another study, it has been shown that a platelet
counts of >450×109/L was a risk factor for thrombosis in MF patients [1]. Whereas, in our study, there
was no correlation between thrombocyte count
and thrombotic event in ET patients. In our study,
there was no difference in terms of platelet counts
in all as the MPN groups when the groups with and
without bleeding were compared. However, when
all complications were compared, there was a difference between the groups in terms of platelet
count. The striking finding in our present study
is that MPN patients with relatively low platelet
numbers are more prone to hemostatic complication development in comparison to MPN with extreme thrombocytosis (p<0.001) (Table 3). This contrary finding which seems as a paradox may be
© 2019 Acta Medica. All rights reserved.
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explained by consumption of thrombocytes due
to thrombosis, when we consider that the time of
performing thrombocyte count was just after the
event. Particularly in MPN patients with both bleeding and thrombotic complications at the same time
had lower platelet counts when compared to other sub-study groups. Likewise; the MPN patients
with thrombosis only had lower median thrombocyte levels in comparison to other hemostatic complication groups. As expected from those data; MPN
patients who had only bleeding had lower platelets than those without hemostatic complications
(Table 3).
In a previous study, the presence of bleeding history
and leukocytosis have been found to be the risk factors for bleeding in patients with PMF [6]. Whereas,
in patients only diagnosed as PMF, the platelet
count has been found to be lower in the group with
bleeding complication (p=0.01). However, no difference has been found in terms of leukocytosis and
bleeding history in our MPN cohort.
To recognize the risk factors for bleeding and/or
thrombosis in patients with MPH serve us to eliminate or at least to account them in the management

of the patients. This would be beneficial in order to
improve the clinical course of those patients and
manage them properly. For that reason, further
experimental and clinical studies should focus on
the pathobiology, risk factors and management of
the MPN patients with hemostatic complications,
namely thrombosis and bleeding.
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