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ABBREVIATIONS 

 

AH – arterial hypertension  

CG1/CG2 – control group ½ 

CI – confidence interval  

CML – chronic myeloid leukemia 

DM – diabetes mellitus  

DNA - deoxyribonucleic acid 

ET – essential thrombocythemia  

FBC – full blood count  

FVL – factor V Leiden 

G20210A – mutation G20210A in 

prothrombin gene 

HF – heart failure  

IHD – ischemic heart disease  

IQR - interquartile range 

IS – ischemic stroke  

JAK – Janus kinase  

MF – myelofibrosis  

MI – myocardial infarction  

Min/max – minimum/maximum 

MPN – myeloproliferative neoplasm 

OR – odds ratio  

p – statistical significance  

PG – patient group 

Ph – Philadelphia chromosome  

PLA1/A2 – platelet glycoprotein IIb/IIIa 

polymorphism  

PTE – pulmonary thromboembolism  

PV – polycythemia vera 

RR – relative risk  

SD – standard deviation  

TE – thrombotic event 

TKI – tyrosine kinase inhibitor  

 

 

 

 

 

 

 



7 
 

 

 

 

I. INTRODUCTION 

 

Chronic myeloproliferative neoplasms (MPNs) are clonal hematological diseases, in 

which autonomous and increased proliferation of cell precursors is present in the bone marrow. 

The grounds for their group classification are: a clonal marker and a genetic mutation presence, 

that stimulate hyperactivity of a pathological tyrosine kinase; uncontrolled production of 

malignant cell clone; possible transformation between diseases and their evolution to blast 

phase. Nowadays, these diseases have been diagnosed in patient under 60 years of age, who are 

supposed to have longer disease course, require ongoing therapy, often medication changes, 

prophylaxis of the direct and long-term complications. The reasons for increased morbidity and 

mortality in MPN patients are thrombotic complications and their frequency is approximately 

40% in some of them. Thrombogenesis may be stimulated by different factors: age, sex, 

smoking, history of thrombotic complications, comorbidities, genetic factors (genetic 

thrombophilia carriership, JAK2V617F carriership), abnormal coagulation (clotting system 

hyperactivity, suppressed fibrinolysis, inflammatory cytokines presence), blood cells 

abnormalities (erythrocytosis, leukocytosis, thrombocytosis), as well as blood cell dysfunction 

(platelet structure abnormalities and membrane receptors changes, endothelial dysfunction, 

leukocytic activation, platelet activation and thrombotic microparticles presence, leukocyte-

platelet aggregates). Given the multifactorial genesis of thrombotic complications in these 

patient population an exhaustive knowledge on them is important in order to optimize 

prophylaxis and therapy.  
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II. AIM 

 

To investigate the role of some genetic [factor V Leiden (FVL); prothrombin G20210A 

mutation (G20210A); PLA1/A2 polymorphism of glycoprotein IIIa (PLA1/A2); JAK2V617F 

carriership], immunological (CD11b/CD18 expression) and comorbidity factors (medical 

history) in the thrombogenesis of MPN patients. 

 

III. TASKS 

 

 

1. To define frequency of genetic defects carriership for thrombophilia in MPN patients and 

compare it with a control group of healthy volunteers. 

2. To compare the frequency of thrombophilia defects carriership between patients with and 

without thrombotic complications.  

3. To study the association between genetic thrombophilia carriership and thrombotic risk in 

patients with different MPN entities.  

4. To define the frequency and clinical significance of thrombotic risk in patients with 

JAK2V617F mutation and combined carriership of different genetic mutation 

5. To study the significance of full blood count parameters for the thrombotic risk in the patient 

population. 

6. To define the level of CD11b/CD18 expression on neutrophils of patients, compare it with 

control group level and study the role between expression and genetic defects carriership in 

patients with and without thrombotic events in different diseases subgroups. 

7. To study the role of comorbidity factors on the thrombotic risk in MPN patients. 
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IV. MATERIAL AND METHODS 

 

1. Material  

To accomplish the aim and tasks we performed a prospective case-control study by 

selecting the participants, according to disease, age and sex. Information about comorbidity/risk 

factors, anamnesis for thrombotic events (TEs), blood cell counts and carriership of 

JAK2V617F was gathered retrospectively, via a documentation method.   

The study covered the period from 2013 to 2019. Patients (N=138) with confirmed MPNs 

were studied, aged between 23 and 90 years, treated in Hematology Clinic, UMHAT “Georgi 

Stranski”, Pleven or observed in outpatient clinic. They were divided into 4 subgroups, 

depending on the type of disease. There were two control groups.  

• Patient group (PG) 

Patient group consisted of 138 people (63 women and 75 men), average age 63.18 ± 14.03, 

diagnosed with MPNs according to WHO (World health organization) criteria from 2008 to 

2016. Patients were selected according to inclusion and exclusion criteria, presented in table 1. 

 

Table 1. Inclusion and exclusion criteria for patient group selection 

Inclusion criteria Exclusion criteria 

• MPN diagnosis according to the WHO 

criteria  

• A diagnosis, other than CML 

(chronic myeloid leukemia), PV 

(polycythemia vera), ET (essential 

thrombocythemia), MF 

(myelofibrosis) according to the 

WHO criteria  

• Age above 18 years • Age below 18 years 

• Voluntarily signed informed consent 

from for study participation (annex 1) 

• A refusal to sign an informed 

consent form  

 

All patients were tested for genetic thrombophilia carriership. Since the study is a result of 

several scientific projects and while performing them, the scientific idea was developing in 
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perspective, first patients included were not tested for surface CD11b/CD18 granulocytic 

markers. Therefore, this parameter was tested in 113 patients.  

• First control group (CG1) – for genetic thrombophilia  

The first control group consisted of 108 healthy volunteers (53 women and 55 men), average 

age 31.57±0.95 with no MPN diagnosis and no TEs present. Healthy volunteers were selected 

according to inclusion and exclusion criteria, presented in table 2.  

 

Table 2. Inclusion and exclusion criteria for CG1 selection 

Inclusion criteria Exclusion criteria 

• Age above 18 years • Age below 18 years 

• Absence of MPN diagnosis according to 

WHO criteria  

• A MPN diagnosis according to WHO 

criteria  

• Absence of TEs anamnesis  • TEs anamnesis 

• Voluntarily signed an inform consent 

form for study participation (annex 2) 

• A refusal to sign an informed consent form  

 

• Second control group (CG2) – for the expression of CD11b/CD18 on neutrophils 

Second control group consisted of 46 healthy volunteers (13 women and 33 men), average 

age 62.63±12.90. There was no anamnesis for MPN or TEs. Inclusion and exclusion criteria for 

CG2 were the same as for CG1 (table 2).  

2. Methods  

2.1. Survey method – information was gathered through a questionnaire about passport 

data, disease history and current therapy, medical history and comorbidities [myocardial 

infarction (MI), ischemic heart disease (IHD), arterial hypertension (AH), heart failure 

(HF), diabetes mellitus (DM), obesity, hyperlipidemia, liver disease or other 

neoplasms], TEs anamnesis before and after diagnosis, family history for TEs, total  

thrombosis provoking factors – recent operation, trauma, continuous immobilization, 

malignancies, hormone replacement therapy, smoking. Additional information was 

gathered in women for miscarriages and pregnancy complications.  
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2.2.Laboratory methods – parameters in full blood count (FBC). Hemoglobin, 

erythrocytes, leukocytes and platelet values were defined automatically. The reference 

count is presented in annex 4.  

2.3.DNA (deoxyribonucleic acid) analysis in stages: 

• DNA extraction from venous blood via saline extraction with commercial kits 

“AccuPrep Genomic DNA Extraction Kit” – BIONEER, using approved 

laboratory protocols and manufacturer recommendations.  

• FVL, G20210A and PLA1/A2 mutation genotyping via a restriction analysis, 

using PicoReal 96 platform – Real-time PCR (reverse transcription polymerase 

chain reaction) – Thermoscientific. 

• Allele profile analysis, reported on agarose electrophoresis.  

2.4.Immunophenotyping of peripheral blood – leukocytes were tested from whole 

venous blood 2 hours after obtaining it through immunophenotyping. A 2-laser 

cytometer was used, FACS Calibur cytometer (Becton Dickinson, Heidelberg, 

Germany). Result analysis was performed on Cell Quest computer software. Blood cells 

were processed with a combination of two monoclonal antibodies, marked with two 

different fluorochromes. After erythrocytes lysing (Lysis buffer; Becton Dickinson) and 

two-times ablution, leukocytes bound to monoclonal antibodies were resuspended and 

fixed (CellFIX, BD Biosciences). After obtaining 10 000 cells for each test, cell size 

and cell granularity were tested through forward and side scatter (FSC/SSC) to define 

the population of interest (lymphocytic gating). The flowcytometer was calibrated 

everyday with calibration beads and the results were analysed with FACS Comp 

software©2007 Becton Dickinson. Cell subpopulations were identified through 

fluorescence of corresponding monoclonal antibodies.  

2.5.RT-PCR (reverse transcription polymerase chain reaction) – information about 

JAK2V617F carriership of patients was obtained through a documentary method. The 

tests were performed in Cytogenetic and molecular biology laboratory at the Specialized 

hospital for active treatment of hematological diseases.  

2.6.Statistical methods – the collected data were processed with software statistical 

packages: STATGRAPHICS, SPSS and EXCEL for Windows. Two calculators were 

used, available online: 

• Georgiev G.Z., "Odds Ratio Calculator", [online] Available at: 

https://www.gigacalculator.com/calculators/odds-ratio-calculator.php URL [Accessed Date: 01 Feb, 2024] 
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• MedCalc Software Ltd. Odds ratio calculator. https://www.medcalc.org/calc/ (Version 22.019; accessed 

February 1, 2024) 

Results are described in tables, graphics and numeric indicators for structure, frequency, 

average values, correlations, etc.  

Parametric tests to check hypothesis in normal and close to normal case distribution (t – 

test, ANOVA с post hoc tests Tukey, Scheffe, Bonferroni, Newman-Keuls, Duncan) and non-

parametric tests in different than normal case distribution (Pearson x² - test, Mann-Whitney, 

Kruscal-Wallis H-test) were used.  

To model and prognose correlations, regression models were used. To model and compare 

time-event data, a Kaplan-Maier test was applied.  

Significance of results and conclusions was defined at p<0.05. 

Presented data was a result of projects, financed by Medical university – Pleven: project N 

13/2013, project N 2/2015, project N 9/ 2017 и N 9/ 2019 (annex 4). 

 

V. RESULTS AND DISCUSSION 

 

1. Characteristics of investigated patients and control groups  

1.1. Age distribution  

In this study 138 patients were included, average age 63.18±14.03 years (ranging from 

23 to 90 years), selected randomly, treated in Hematology Clinic, UMHAT “Georgi Stranski” 

and in outpatient clinic, for the period of 5 years – from March, 2013 to March, 2019. Patients 

were included in the study at different periods after their diagnosis.   

Healthy individuals in control groups were also selected randomly. 

The difference in age between PG and CG1 was statistically significant (p<0.05). The 

obtained results were not discussed in the context of factor “age” when comparing with control 

groups. The age difference between PG and CG2 was not statistically significant (p=0.96) (table 

3). 
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Table 3. Age distribution of investigated groups  

 PG CG1 CG2 

Average age (years) 63.18 31.57 62.63 

Standard deviation 

(SD) 
14.03 0.951 12.90 

Statistical 

significance (p) when 

comparing with PG  

 p<0.05 p=0.96 

 

1.2. Sex distribution 

The ratio between women and men in PG was 1:1.19 – 63 women (45.65%) to 75 men 

(54.35%). The distribution of healthy volunteers in CG1 was 1:1.03 – 53 women (49.07%) to 

55 men (50.93%). The difference was not statistically significant (p=0.79). The distribution of 

healthy volunteers in CG2 was 1:2.54 - 13 women (28.26%) to 33 men (71.74%). The difference 

was statistically significant (p < 0.05) (figure 1).  

 

 

 

 

 

 

 

 

 

Figure 1. Sex distribution of individuals from PG, CG1 and CG2. 
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Following result analyses were not associated with and dependent on the “sex” 

parameter. To confirm this, no statistically significant difference was found in TEs between 

women and men (χ2=2.25, df=1, N=138, p=0.13, φ=0.13) (table 4). 

 

Table 4. Sex distribution in investigated groups. 

Sex PG CG1 CG2 

Women (number) 63 53 13 

Men (number) 75 55 33 

Statistical 

significance (p) 
p=0.15 p=0.79 p<0.05 

 

1.3. Diagnosis distribution  

According to MPN subtype patients were divided into 4 groups: with confirmed 

diagnosis of PV – 49 (35.51%), ET – 20 (14.49%), MF – 39 (28.26%) and CML – 30 (21.74%) 

(figure 2). The difference between these subgroups was statistically significant (χ²=13.36, 

p=0.004). To avoid misinterpretation, analyses were performed on the whole group and 

separately on every single subgroup, considering patient count.   

 

 

Figure 2. Patient distribution, depending on the diagnosis  

PV; N=49; 
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ET; N=20; 
14.49%
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2. Thrombotic events in patient group  

The term “thrombotic event” consists of venous and arterial thrombosis. Patients 

reported following types of TEs: myocardial infarction (MI), ischemic stroke (IS), deep vein 

thrombosis (DVT), pulmonary thromboembolism (PTE), splenic infarction, miscarriages in 

women.  

Frequency of TEs in PG was 28.26%. Of all patients 39 had anamnesis for TEs, 3 of 

them reported two vascular events and the total number of events was 42. In the rest of 99 

(71.74%) patients no TEs were registered (figure 3). In the healthy volunteers of CG1 and CG2 

no vascular events were registered before and during the study.  

 

 

Figure 3. Thrombotic events in patient group  

 

 The frequency of 28.26% for TEs, found in our study, was comparable to those reported 

by other authors for MPN patients – about 20%, but there are data, documenting even higher 

rate – more than 40%. Most of the available resources report data on the separate subgroups, 

but not the whole MPN group.    

3. Genetic thrombophilia  

with TEs; N=39;
28.26%

without TEs; N=99; 
71.74%

Thrombotic events in PG
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3.1. Total genetic thrombophilia frequency in patient group and control group 1 – 

results of task 1 completion  

All 138 patients were tested for genetic thrombophilia. Of them 48 (34.78%) were 

confirmed to carry some of the investigated factors (FVL, G20210A, PLA1/A2) in 

heterozygous or homozygous genotype. In CG1 25 (23.15%) volunteers were carriers. The 

difference was statistically significant (odds ratio - OR=1.77; 95% confidence interval - CI 

[1.00-3.13]; p=0.02; t=1.97). Our results are in accordance with literature data but mostly for 

PV and ET patients. No data was found available on the whole MPN group – Ph (Philadelphia)-

positive and negative.  

Frequency of genetic thrombophilia carriership is presented in table 5 – for patients and 

healthy volunteers, depending on TEs presence.  

 

Table 5. Carriership of genetic thrombophilia and TEs presence in PG and CG1. 

 

 

Genetic thrombophilia defects  

PG (N=138 patients) CG1,  

N=108 

volunteers, (% 

of 108) 

With TEs, 

N=39  

(% of 138) 

Without TEs, 

N=99  

(% of 138) 

Factor V Leiden (FVL) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

 

39 (28.26%) 

0 (0.0%) 

0 (0.0%) 

 

95 (68.84%) 

4 (2.90%) 

0 (0%) 

 

101 (93.52%) 

7 (6.48%) 

0 (0.0%) 

Prothrombin gene mutation 

(G20210A) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

35 (25.36%) 

4 (2.90%) 

0 (0.0%) 

 

 

93 (67.39%) 

6 (4.35%) 

0 (0.0%) 

 

 

105 (97.22%) 

3 (2.78%) 

0 (0.0%) 

Mutation in the gene for 

glycoprotein IIb/IIIa (PLA1/A2) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

30 (21.74%) 

8 (5.8%) 

1 (0.72%) 

 

 

71 (51.45%) 

25 (18.12%) 

3 (2.17%) 

 

 

93 (86.11%) 

14 (12.96%) 

1 (0.93%) 
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Total carriership of genetic 

thrombophilia  

Carriers  

Non-carriers  

 

 

12 (8.7%) 

27 (19.57%) 

 

 

36 (26.09%) 

63 (45.65%) 

 

 

25 (23.15%) 

83 (76.85%) 

 

3.2. FVL carriership frequency  

In PG 4 (2.90%) heterozygous carriers of FVL were found – 2 patients with PV and 2 

with CML. In CG1 carriers were almost 2 times more - 7 (6.48%). Non-carriers of FVL 

(homozygous for wild allele) in PG were 134 (97.10%) and in CG1 - 101 (93.52%). 

 No significant difference in FVL frequency was found between PG and CG1 (OR=0.45, 

95%CI [0.13-1.49], p=0.09, t=1.31; χ2=1.82, p=0.18). The genetic defect was not more 

frequently found among MPN patients than in CG1 volunteers, confirmed by other sources as 

well.   

3.3. Polymorphism G20210A in prothrombin gene carriership frequency 

In PG 10 (7.25%) heterozygous carriers of G20210A were found – 5 patients with MF, 

3 with CML, 1 with PV and 1 with ET. In CG1 the carriers were about 3 times less – 3 (2.78%). 

Non-carriers of G20210A in PG were 128 (92.75%) and in CG1 - 105 (97.22%). 

Statistically significant difference in G20210A frequency between PG and CG1 was not 

found (OR=2.61, 95%CI [0.74-9.25], p=0.07, t=1.49; χ2=1.81, p=0.18). The genetic defect is a 

risk factor but is not more frequently found among MPN patients than in CG1. 

3.4. Polymorphism PLA1/2 in glycoprotein IIb/IIIa (PLA1/A2) gene carriership 

frequency 

There were 37 (26.81%) carriers of PLA1/A2 in PG – 4 (2.89%) of them homozygous 

and 33 (23.92%) heterozygous. Homozygous carriers were 3 patients with PV and 1 with MF, 

heterozygous carriers were 9 with PV, 9 with CML, 7 with ET and 8 with MF. In CG1 the 

frequency was significantly lower – 15 (13.89%) carriers, 1 (0.93%) of them homozygous and 

14 (12.96%) – heterozygous. The non-carriers of PLA1/A2 in PG were 101 (73.19%) and in 

CG1 - 93 (86.11%) (figure 4). 
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Figure 4. Carriership of PLA1/A2 in PG and CG1.  

 

A statistically significant difference in PLA1/A2 frequency was found between PG and 

CG1 (OR=1.93, 95%CI [1.12-3.33], p=0.009, t=2.37; χ2=6.04, p=0.01). The genetic defect is 

more commonly found in PG than in CG1 and is considered to be a risk factor. Other results, 

reported by Bulgarian and international authors, are in accordance with our results. There are 

no specific literature data available on PLA1/A2 frequency of PLA1/A2 carriership for the 

whole MPN group. Most authors only comment on quantitative and qualitative changes in these 

receptors, that increase thrombotic risk.  

4. Association between genetic thrombophilia carriership and TEs presence – results 

of task 2 completion  

4.1. Association between FVL carriership and TEs presence  

No TEs were registered in patients who are carriers of FVL. No significant difference 

was found in TEs frequency between carriers and non-carriers of FVL in PG (OR=0.27, 95%CI 

[0.01-5.11], p=0.38; χ2=1.51, p=0.28), as well as between carriers in PG and CG1. There was 

no change in thrombotic risk. There are few publications in literature with data, opposite to 

ours, most authors confirm our results.  
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4.2. Association between G20210A carriership and TEs presence  

 In PG there were 10 (7.25%) patients, carriers of G20210A, and in CG1 – they were 3 

(2.78%). All of them were heterozygous for the mutant allele. In 4 (2.90%) carriers of PG there 

were TEs registered. There was no statistically significant difference in TEs frequency between 

patients and healthy volunteers from CG1, carriers of this mutation (OR=2.73, 95%CI [0.73-

10.19], p=0.07, t=1.50; χ2=3.17, p=0.08; relative risk - RR=2.61, 95%CI [0.74-9.25], p=0.07, 

t=1.49), as well as in PG between carriers and non-carriers of G20210A (OR=1.77, 95%CI 

[0.47-6.65], p=0.20, t=0.85; χ2=0.73, p=0.39; RR=1.46, 95%CI [0.65-3.29], p=0.18, t=0.92). 

Carriership of G20210A is a risk thrombotic factor but the thrombotic risk in MPN patients is 

not higher than in CG1. Most authors also do not report higher thrombotic risk in MPN carriers 

of this mutation.  

4.3. Association between polymorphism PLA1/A2 carriership and TEs presence  

There were 37 (26.81%) patients and 15 (13.89%) volunteers in CG1, who were carriers 

of polymorphism PLA1/A2. In 8 (5.80%) heterozygous carriers and in 1 (0.72%) homozygous 

carrier of PG TEs were registered, for the rest of 25 (18.12%) heterozygous and 3 (2.17%) 

homozygous there were no TEs present. Statistically significant difference in thrombotic 

frequency between patients and healthy volunteers, both carriers of the mutation, was registered 

(OR=10.33, 95%CI [0.56-189.76], p=0.04, t=3.45; χ2=4.33, p=0.04), as well as a thrombotic 

risk increase (RR=8.00, 95%CI [0.49-129.37], p=0.14). When comparing thrombotic frequency 

between patient carriers and non-carriers of the mutation, no significant difference was 

confirmed (OR=0.76, 95%CI [0.32-1.81], p=0.27, t=0.62; χ2=0.38, p=0.54) or risk increase 

(RR=0.82, 95%CI [0.43-1.56], p=0.27). According to other authors, 27.9% of MPN patients, 

who carry the polymorphism, experience a TE. In our PG we found similar percentage – 37 

carriers and 9 of them with thrombosis - 24.32%.  

Carriership of PLA1/A2 polymorphism is a significant risk thrombotic factor in the 

context of confirmed MPN and the risk in these patients is 8 times higher than in CG1 carriers.  

5. Genetic thrombophilia carriership and thrombotic risk in patient subgroups 

according to the disease type – results of task 3 completion  

5.1. Polycythemia vera  

 There were 49 (35.51%) patients with PV diagnosis in PG. In 14 them 15 TEs were 

registered, they represented 35.9% of patients with TEs and 28.57% of all PV patients. 
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According to the type of event they are divided into: 3 with MIs, 4 with ISs, 6 DVTs, 2 PTEs. 

Thrombotic frequency of investigated MPN patients (28.57%) corresponds to literature data - 

28.6% (30.0-41.0%). Results for PV subgroup are shown in table 6. 

 

Table 6. Frequency of genetic defects in PV subgroup and CG1 according to TEs presence  

 

 

Genetic defects 

PV subgroup 

(N=49 patients) 

CG1, 

N=108 

volunteers, 

(% of 108) 

With TEs, 

N=14, (% of 

49) 

Without TEs, 

N=35, (% of 

49) 

Factor V Leiden (FVL) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

 

14 (28.57%) 

0 (0.0%) 

0 (0.0%) 

 

33 (67.35%) 

2 (4.08%) 

0 (0%) 

 

101 (93.52%) 

7 (6.48%) 

0 (0.0%) 

prothrombin gene mutation 

(G20210A) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

14 (28.57%) 

0 (0.0%) 

0 (0.0%) 

 

 

34 (69.39%) 

1 (2.04%) 

0 (0.0%) 

 

 

105 (97.22%) 

3 (2.78%) 

0 (0.0%) 

Mutation in the gene for glycoprotein 

IIb/IIIa (PLA1/A2) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

9 (18.37%) 

4 (8.16%) 

1 (2.04%) 

 

 

28 (57.14%) 

5 (10.20%) 

2 (4.08%) 

 

 

93 (86.11%) 

14 (12.96%) 

1 (0.93%) 

Total thrombophilia carriership 

Carriers 

Non-carriers 

 

5 (10.20%) 

9 (18.37%) 

 

10 (20.41%) 

25 (51.02%) 

 

25 (23.15%) 

83 (76.85%) 

Carriership of JAK2V617F mutation  

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

Data missing 

 

1 (2.04%) 

4 (8.16%) 

2 (4.08%) 

7 (14.29%) 

 

12 (24.49%) 

3 (6.12%) 

2 (4.08%) 

18 (36.73%) 

 

 

 

 

108 (100%) 
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We found statistically significant differences when comparing thrombotic frequency 

between PV patients and healthy volunteers of CG1. Among PV patients there were 15 carriers 

of genetic thrombophilia (30.61%) – 5 of them with anamnesis for TEs, and in CG1 there were 

25 (23.15%) carriers with no TEs. This significance (OR=26.71, 95%CI [1.35-527.52], p=0.03, 

t=2.74; RR=17.88, 95%CI [1.06-302.09], p=0.05) confirms a 17-times increase in thrombotic 

risk in PV patients, who are genetic thrombophilia carriers. Bulgarian authors also reported 

similar data in 2007 for PV/ET patients.  

We found a statistically significant difference when comparing TE frequency between 

PV subgroup patients and CG1 healthy volunteers (OR=22.73, 95%CI [1.11-467.48], p=0.04, 

t=2.93), as well as a thrombotic risk increase (RR=13.54, 95%CI [0.82-222.88], p=0.07). We 

confirm a significantly (14 times) higher risk for thrombosis in PLA1/A2 polymorphism carriers 

with PV diagnosis. Similar to our data are conclusions by Bulgarian and foreign authors. The 

risk we found was higher than already reported and was close to the thrombotic risk for all PV 

patients, who were carriers of genetic thrombophilia defects.  

Statistical significance was found when comparing TEs frequency between PV patients, 

who were carriers and non-carriers of JAK2V617F mutation – 6 TEs registered in 11 carriers 

and 1 TE in 13 non-carriers (OR=14.40, 95% CI [1.36-152.53], p=0.01, t=2.22), the risk was 

also increased (RR=7.09, 95% CI [1.00-50.28], p=0.03). Carriership of JAK2V617F mutation 

associates with a significant (7 times) increase in thrombotic risk for PV patients. Our result for 

increased thrombotic risk in PV patients, who were JAK2V617F carriers, as compared to non-

carriers, was categorically confirmed in literature also. 

5.2. Essential thrombocythemia  

There were 20 patients (14.49%) with confirmed ET diagnosis in PG. In 6 of them TEs 

were registered - 15.38% of all patients with TEs and 30.00% of all ET patients. Thrombotic 

frequency in the investigated ET subgroup (30.00%) is similar to literature data – 20.7% (19.00-

32.00%), but rather higher. Registered events consisted of: 1 IS, 4 DVTs (66.67% of TEs), 1 

splenic infarction. The results for ET subgroup patients are shown in table 7. 
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Table 7. Frequency of genetic defects in ET subgroup and CG1 according to TEs presence  

 

 

Genetic defects 

ET subgroup 

(N=20 patients) 

CG1, 

N=108 

volunteers, 

(% of 108) 

With TEs, 

N=6, (% of 20) 

Without TEs, 

N=14, (% of 

20) 

Factor V Leiden (FVL) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

 

6 (30.00%) 

0 (0.0%) 

0 (0.0%) 

 

14 (70.00%) 

0 (0.00%) 

0 (0%) 

 

101 (93.52%) 

7 (6.48%) 

0 (0.0%) 

prothrombin gene mutation 

(G20210A) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

5 (25.00%) 

1 (5.0%) 

0 (0.0%) 

 

 

14 (70.00%) 

0 (0.00%) 

0 (0.0%) 

 

 

105 (97.22%) 

3 (2.78%) 

0 (0.0%) 

Mutation in the gene for glycoprotein 

IIb/IIIa (PLA1/A2) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

5 (25.00%) 

1 (5.00%) 

0 (0.00%) 

 

 

8 (40.00%) 

6 (30.00%) 

0 (0.00%) 

 

 

93 (86.11%) 

14 (12.96%) 

1 (0.93%) 

Total thrombophilia carriership 

Carriers 

Non-carriers 

 

2 (10.00%) 

4 (20.00%) 

 

6 (30.00%) 

8 (40.00%) 

 

25 (23.15%) 

83 (76.85%) 

Carriership of JAK2V617F mutation  

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

Data missing 

 

1 (5.00%) 

2 (10.00%) 

0 (0.00%) 

3 (15.00%) 

 

4 (20.00%) 

5 (25.00%) 

0 (0.00%) 

5 (25.00%) 

 

 

 

 

108 (100%) 

 

When comparing TEs frequency between ET patients, carriers and non-carriers of 

genetic thrombophilia, carriership was not confirmed as a risk factor in them. Only when 

comparing thrombotic frequency between ET patients with healthy controls from CG1, risk was 
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increasing (RR=14.44, 95%CI [0.76-273.31], p=0.08), although the difference was not 

statistically significant (OR=19.62; 95%CI [0.84-460.59]; p=0.06; t=1.63). This confirmed 

present literature data, that ET patients were one of the most risky for TEs and it is for them 

that some local guidelines recommended genetic thrombophilia to be a part of the diagnostic 

panel. But later on, these recommendations were dropped out. 

In ET subgroup no increase in thrombotic risk for G20210A carriership was found, 

probably because of the small carrier number, no FVL carriers with TEs were present. Based 

on literature, however, most authors associate these 2 thrombophilia defects carriership in ET 

with a thrombotic risk increase.   

Regardless of the 7 ET patients, who were carriers of PLA1/A2, when comparing TEs 

frequency between subgroup and healthy volunteers in CG1, no statistically significant 

difference was found (OR=7.15, 95%CI [0.26-199.69], p=0.25, t=1.08), but the risk was 

increasing (RR=6.00, 95%CI [0.27-131.35], p=0.26). This is why carriership of PLA1/A2 was 

considered a risk factor (although not statistically significant) when ET diagnosis was 

confirmed as compared to CG1. Most data available in literature are at the opposite statement.  

Based on the literature reference, confirmation of JAK2V617F mutation is found in 

more than 30% of ET patients, it is associated with higher thrombotic risk and is included in 

their risk stratification - IPSET (International Prognostic Score for ET). Despite that fact, in the 

investigated subgroup we did not find any significance when comparing TEs frequency between 

patients, who were carriers and non-carriers of JAK2V617F – 2 vascular events in 7 carriers 

and 1 event in 5 non-carriers (OR=1.6, 95%CI [0.10-24.70], p=0.37, t=0.34), and respectively, 

it was not considered a risk factor (RR=1.43, 95%CI [0.17-11.76], p=0.37). It should be pointed 

out that results were interpretated, based on a small patient subgroup number.  

5.3. Myelofibrosis  

 In the PG there were 39 patients (28.26%) with MF confirmed diagnosis. In 12 of them 

TEs were registered – they represented 30.77% of all patients with TEs and 30.77% of all MF 

patients. The thrombotic frequency of this subgroup (30.77%) is higher than reported in the 

literature (about 10%) and highest of all investigated subgroups (PV, ET and CML) (table 8). 

In this subgroup 13 patients were diagnosed with secondary MF (TEs were present in 3 of them 

– 23.08%) and 26 – with primary (TEs were registered in 9 of them – 34.62%). Thrombotic 

frequency was higher in patients with primary than in secondary MF. Registered events were 

as follows: 2 MIs, 8 ISs, 1 miscarriage, 1 DVT, 1 splenic infarction.  
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 When comparing TEs between MF patients, carriers of genetic thrombophilia (13 

patients with 2 registered TEs) and MF patients, non-carriers (26 patients with 10 registered 

TEs), the difference in frequency (OR=0.29, 95% CI [0.05-1.59], p=0.08, t=1.42) and risk 

(RR=0.40, 95%CI [0.10-1.57], p=0.09) were not significant.  

Table 8. Frequency of genetic defects in MF subgroup and CG1 according to TEs presence  

 

 

Genetic defects 

MF subgroup 

(N=39 patients) 

CG1, 

N=108 

volunteers, 

(% of 108) 

With TEs, 

N=12, (% of 

39) 

Without TEs, 

N=27, (% of 

39) 

Factor V Leiden (FVL) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

 

12 (30.77%) 

0 (0.00%) 

0 (0.00%) 

 

27 (69.23%) 

0 (0.00%) 

0 (0.00%) 

 

101 (93.52%) 

7 (6.48%) 

0 (0.0%) 

prothrombin gene mutation 

(G20210A) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

11 (28.21%) 

1 (2.56%) 

0 (0.0%) 

 

 

23 (58.97%) 

4 (10.26%) 

0 (0.0%) 

 

 

105 (97.22%) 

3 (2.78%) 

0 (0.0%) 

Mutation in the gene for glycoprotein 

IIb/IIIa (PLA1/A2) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

11 (28.21%) 

1 (2.56%) 

0 (0.00%) 

 

 

19 (48.72%) 

7 (17.95%) 

1 (2.56%) 

 

 

93 (86.11%) 

14 (12.96%) 

1 (0.93%) 

Total thrombophilia carriership 

Carriers 

Non-carriers 

 

2 (5.12%) 

10 (25.64%) 

 

11 (28.21%) 

16 (41.03%) 

 

25 (23.15%) 

83 (76.85%) 

Carriership of JAK2V617F mutation  

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

Data missing 

 

2 (5.12%) 

5 (12.82%) 

4 (10.26%) 

1 (2.56%) 

 

10 (25.64%) 

4 (10.26%) 

4 (10.26%) 

9 (23.08%) 

 

 

 

 

108 (100%) 
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 In this subgroup there were 13 carriers of genetic thrombophilia (33.33%) – 2 of them 

with TEs. In CG1 there were 25 (23.15%) carriers with no TEs. Difference was not statistically 

significant (OR=11.09, 95%CI [0.49-249.88], p=0.13, t=1.54), but nevertheless, the factor 

“carriership” increased the risk for thrombosis (RR=9.29, 95%CI [0.48-180.29], p=0.14). 

Carriership of genetic thrombophilia increases 9 times the thrombotic risk in MF patients as 

compared to healthy volunteers. Literature data on the topic is not that much and usually 

includes a small number of patients, rarely attention is paid to the disease itself. 

No statistically significant difference was found in thrombotic frequency between MF 

patients, carriers and non-carriers of G20210A polymorphism (OR=0.52, 95%CI [0.05-5.25], 

p=0.29, t=0.55), as well as between patients and volunteers from CG1, that were both carriers.  

According to our results, no statistically significant difference was found in thrombotic 

frequency between MF patients, carriers and non-carriers of PLA1/A2 polymorphism 

(OR=0.20, 95%CI [0.02-1.87], p=0.08, t=1.41), the risk was not changed either (RR=0.29, 

95%CI [0.04-1.97], p=0.10). No difference was also found in PLA1/A2 carriership frequency 

between patients and healthy volunteers of CG1 (OR=5.47, 95%CI [0.20-149.54], p=0.31, 

t=1.06), but the risk increased (RR=4.8, 95%CI [0.22-106.72], p=0.32). Specific data on 

frequency and TEs association of PLA1/A2 carriership in MPN patients, particularly MF, is 

missing. This is the reason why presented results for MF subgroup only are a significant 

scientific contribution.  

JAK2V617F mutation has been confirmed in 25.00 to 85.70% of MF patients, as 

reported in literature. According to some authors no significant relation between carriership and 

thrombotic risk is confirmed for this patient subgroup. However, according to our results there 

was a statistical significance when comparing TEs frequency between MF patients, carriers 

and non-carriers of JAK2V617F mutation – 9 events were registered in 17 carriers (thrombotic 

frequency 52.94%) and 2 events in 12 non-carriers (thrombotic frequency 16.67%) and the 

difference was significant (OR=5.63, 95%CI [0.94-33.76], p=0.03, t=1.89). Data showed a 

significant 3 times increase in thrombotic risk (RR=3.18; 95%CI [0.83-12.16]; p=0.05) for MF 

carriers. Literature sources confirm age above 60 years and JAK2V617F carriership as 

important risk factors and especially the combination of the two, that most commonly lead to a 

vascular event. Our results showed 9 of 12 MF patients with both factors and with TEs – 75% 

of patients with TEs. Comparing them to the rest of MF patients with both factors but without 

TEs (7 of 27 without TEs – 27.93%), the difference and risk increase were statistically 
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significant (OR=8.57, p=0.004, RR=2.89, p=0.0002). In conclusion, JAK2V617F mutation in 

MF patients above the age of 60 increases significantly 8 times the risk for TEs.  

5.4. Chronic myeloid leukemia 

In PG 30 patients (21.74%) with confirmed CML were included. In 7 of them there were 

8 TEs registered – these were 17.95% of all patients with TEs and 23.33% of CML patients. 

The events were as follows: 2 MIs, 3 ISs, 1 miscarriage, 2 DVTs. None of them was 

predominant in frequency. Indeed, we found a thrombotic frequency for CML subgroup 

(23.33%) higher than reported in the literature 13.00% (1.00–36.00%), but most authors 

mentioned thrombotic risk in CML mainly in the context of tyrosine kinase inhibitors (TKIs). 

Results are shown in table 9. 

Of all CML patients there were 23 (40.00%) carriers of genetic thrombophilia – 4 of 

them with a registered TE. In CG1 there were 25 carriers and no TEs. The difference was 

statistically significant (OR=27.00, 95%CI [1.31-555.02], p=0.03, t=2.45). The thrombotic risk 

also increased significantly – 18 times in CML patients, who carried genetic thrombophilia 

(RR=18.00, 95%CI [1.05-309.61], p=0.05), as compared to healthy volunteers of CG1. 

Thrombotic risk in people, treated with TKIs is well-known. In our PG there were only 3 newly 

diagnosed patients (10% of all CML patients). We could suggest that therapy for CML was the 

cause for TEs. But when analysing results, we found that vascular events in CML were 

registered before antileukemic therapy initiation and it was not possible to define disease phase 

at that moment.  

When comparing genetic thrombophilia carriers (12 patients with 4 TEs) to non-carriers 

(18 patients with 3TEs), the difference was not statistically significant (OR=2.50, 95%CI [0.45-

14.04], p=0.15, t=1.04), although an increase in thrombotic risk was present (RR=2.00, 95%CI 

[0.54-7.39], p=0.15). 
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Table 9. Frequency of genetic defects in CML subgroup and CG1 according to TEs presence  

 

 

Genetic defects  

CML subgroup 

(N=30 patients) 

CG1, 

N=108 

volunteers, 

(% of 108) 

With TEs, 

N=7, (% of 30) 

Without TEs, 

N=23, (% of 

30) 

Factor V Leiden (FVL) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele  

 

7 (23.33%) 

0 (0.0%) 

0 (0.0%) 

 

21 (70.00%) 

2 (6.67%) 

0 (0%) 

 

101 (93.52%) 

7 (6.48%) 

0 (0.0%) 

prothrombin gene mutation 

(G20210A) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

5 (16.67%) 

2 (6.67%) 

0 (0.0%) 

 

 

23 (76.66%) 

0 (0.00%) 

0 (0.0%) 

 

 

105 (97.22%) 

3 (2.78%) 

0 (0.0%) 

Mutation in the gene for glycoprotein 

IIb/IIIa (PLA1/A2) 

Homozygous for wild allele  

Heterozygous for mutant allele  

Homozygous for mutant allele 

 

 

5 (16.67%) 

2 (6.67%) 

0 (0.00%) 

 

 

16 (53.33%) 

7 (23.33%) 

0 (0.00%) 

 

 

93 (86.11%) 

14 (12.96%) 

1 (0.93%) 

Total thrombophilia carriership 

Carriers 

Non-carriers 

 

4 (13.33%) 

3 (10.00%) 

 

8 (26.67%) 

15 (50.00%) 

 

25 (23.15%) 

83 (76.85%) 

 

As a conclusion, our results confirmed a higher thrombotic risk in patients, who carry 

genetic thrombophilia in the context of CML diagnosis. A single Turkish study on this topic is 

present in literature from 2012 – in a population of children with acute lymphoblastic leukemia, 

acute myeloid leukemia and CML (6 patients). Probably because of the small CML patients’ 

number, it was not determined whether some of them were carriers and if TEs were present. 

This led to difficulties in comparing our results to others corresponding.  

We found a statistically significant difference in TEs frequency between CML patients, 

carriers and non-carriers of G20210A polymorphism (OR=21.36, 95% CI [0.89-511.26], 
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p=0.05, t=11.35) and the risk also increased significantly for carriers (RR=5.60, 95%CI [2.53-

12.39], p<0.0001). No difference was found when comparing thrombotic frequency between 

CML patients and healthy volunteers from CG1, both carriers of G20210A (OR=35, 95%CI 

[0.50-2435.88], p=0.10, t=not calculable), but the risk for carriers increased, although not 

significantly (RR=6.67, 95%CI [0.47-93.59], p=0.16). In this subgroup the carriership of 

G20210A itself was associated with a thrombotic risk increase in CML patients as compared to 

non-carriers.   

We did not find any difference between thrombotic frequency in CML patients and 

healthy volunteers of CG1, who both carried PLA1/A2 (OR=10.33, 95%CI [0.44-243.34], 

p=0.15, t=1.60), but although not significantly, thrombotic risk in PG increased (RR=8.00, 

95%CI [0.43-150.09], p=0.16). No articles were found in literature to investigate carriership of 

FVL, G20210A and PlA1/A2 in CML patients and to compare their results with ours. This could 

give a new direction in defining TEs in CML patients outside TKI therapy.  

5.5. Summarized data on genetic thrombophilia carriership in patient group  

When comparing frequency of vascular events between patients and healthy volunteers 

of CG1, who were both carriers of genetic thrombophilia, a statistically significant difference 

was found (OR=17.47, 95%CI [0.99-308.56], p=0.05, t=4.00) and a thrombotic risk increase 

(RR=13.27, 95%CI [0.82-215.21], p=0.07). Regarding the whole investigated PG there was no 

change in thrombotic risk between patients, carriers and non-carriers of genetic thrombophilia 

but in the context of MPN diagnosis the risk for patients increased 13 times as compared to 

healthy volunteers. We confirmed statistically significant correlation between at least one 

thrombophilia defect carriership and TEs presence (χ2=5.16, df=1, p=0.02, Phi=0.15) in MPN 

patients. Literature data available on the topic is contradictory but does not include CML 

patients. 

6. JAK2V617F carriership – results of task 4 completion  

6.1. Frequency 

In the whole PG 97 (70.29%) patients were tested for JAK2V617F. Of them 23 (16.67%) 

were heterozygous and 12 (8.70%) homozygous carriers. Total carriers of JAK2V617F were 35 

(25.36%) and 62 (44.92%) were homozygous for the wild allele. Information on carriership was 

not available for the rest of 41 (29.71%) patients.  
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6.2. Association between JAK2V617F carriership and TEs presence  

Among JAK2V617F carriers there were 17 (48.57%) patients with registered TEs and 

7 (11.29%) – in non-carriers. The difference in thrombotic frequency between carriers and non-

carriers of the mutation was statistically significant (OR=7.42, 95%CI [2.65-20.76], p<0.0001, 

t=3.82; χ2=16.526, p<0.0001), thrombotic risk increased significantly as well (RR=4.30, 

95%CI [1.98-9.35], p=0.0001). Carriership of JAK2V617F mutation in MPN patients 

significantly 4-times increased thrombotic risk. These results are in accordance with other 

studies’ conclusions, that positively confirm increased thrombotic risk in patients with Ph-

negative MPNs and JAK2V617F presence and also include it in the risk stratification of ET 

patients.  

Thrombotic frequency between hetero- and homozygous carriers was not significantly 

different (OR=1.09, 95%CI [0.27-4.41], p=0.45, t=0.12; χ2=0.01, p=0.90). Most literature data 

confirm the opposite.  

In 2009 a thrombotic risk increase was mentioned in JAK2V617F and genetic 

thrombophilia presence but the topic on cumulative effect of their combination is still debatable. 

7. Combination carriership – genetic thrombophilia and V617F mutation in JAK2 

(Janus kinase) gene  

Combination carriership of genetic thrombophilia defects was found in 3 of our patients 

– 2 carriers of G20210A and PLA1/A2 (CML and MF diagnoses) and 1 carrier of FVL and 

PLA1/A2 (CML diagnosis). Only in the CML patient, who was a G20210A and PLA1/A2 

carrier, there was a TE presence. The number of patients was too small to draw accurate 

conclusions.   

Combination carriership of all genetic defects, investigated in this study (genetic 

thrombophilia and JAK2V617F mutation), was found in 14 of our patients – 6 of them with 

TEs (table 10).  
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Table 10. Combination carriership of genetic thrombophilia and JAK2V617F mutation in PG  

Diagnosis  
Number of 

patients  

Number of 

TEs 
Type of genetic defect combinations 

PV 6 4 
• 5 patients with PLA1/A2 + JAK2V617F 

• 1 patient with G20210A + JAK2V617F 

ET 3 1 3 patients with PLA1/A2 + JAK2V617F 

MF 3 0 

• 2 patients with PLA1/A2 + JAK2V617F 

• 1 patient with G20210A + PLA1/A2 + 

JAK2V617F 

CML 2 1 
• 1 patient with PLA1/A2 + FVL 

• 1 patient with PLA1/A2 + G20210A 

CG1 2 0 • 2 patients with PLA1/A2 + G20210A 

 

When comparing thrombotic frequency between patients with combination carriership 

of genetic defects (genetic thrombophilia and JAK2V617F) to patients, carriers of genetic 

thrombophilia only (14 carriers with 6 TEs to 23 carriers with 6 TEs accordingly), we found a 

statistically significant difference in thrombotic frequency (OR=3.50, 95%CI [0.88-13.88], 

p=0.04, t=1.78), as well as a thrombotic risk increase (RR=2.43, 95%CI [0.94-6.25], p=0.03, 

t=1.84), i.e. in the presence of genetic thrombophilia the additional carriership of JAK2V617F 

mutation significantly increased the risk for thrombosis in MPN patients. This was also 

confirmed in literature.  

We compared thrombotic frequency of patients with combined carriership of genetic 

defects to non-carriers (90 non-carriers with 27 TEs). We did not find a significant difference 

in thrombotic frequency (OR=1.75, 95%CI [0.55-5.53], p=0.17, t=0.95) or in thrombotic risk 

(RR=1.43, 95%CI [0.72-2.83], p=0.15), but it should be noted that the group of patients, non-

carriers of genetic thrombophilia, included some patients with JAK2V617F mutation. 

Therefore, we compared thrombotic frequency between combined carriers and single 

JAK2V617F mutation carriers (35 carriers with 17 TEs). Lack of statistical significance in 

thrombotic frequency (OR=0.79, 95%CI [0.23-2.77], p=0.36, t=0.36) or in risk change 

(RR=0.89, 95%CI [0.44-1.77], p=0.36) confirmed the conclusion, that the risk in these patients 

was mainly increased due to the additional JAK2V617F mutation combined with already 

present genetic thrombophilia.  
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Combination carriership of polymorphism PLA1/A2 and JAK2V617F was most 

commonly found in the present study – in 10 patients. They presented 71.43% of all patients – 

combined carriers and half of them (N=5) reported TEs. When comparing this patient 

population to other patients, carriers of single genetic thrombophilia only (38 carriers with 7 

TEs), we found statistically significant difference in TEs (OR=4.43, 95%CI [1.00-19.58], 

p=0.02, t=1.96). In MPN patients combined carriership of PLA1/A2 and JAK2V617F mutation 

significantly increased thrombotic risk (RR=2.71, 95%CI [1.09-6.76], p=0.02) as compared to 

single genetic defect carriers. Similarly to total group of carriers, in combined carriership group 

of patients the presence of JAK2V617F was an additional risk thrombotic factor for MPN 

patients with genetic thrombophilia presence.  

In PV subgroup highest frequency of patients with combined carriership was found. The 

difference in thrombotic frequency with the rest of the patients (ET, MF, CML), who were also 

combined carriers, was not statistically significant (OR=6.00, 95%CI [0.58-61.84], p=0.07, 

t=1.51), but thrombotic risk increased in PV diagnosis and combined carriership (RR=2.67, 

95%CI [0.71-10.05], p=0.07) although not significantly. Probably significance was not present 

due to the small patient number in some subgroup analyses.  

8. Impact of FBC parameters on the thrombotic risk in MPN patients – results of task 

5 completion  

8.1. Patient results according to the levels of leukocytes, hemoglobin and platelets  

Patient results according to the values of main FBC parameters were presented 

graphically. They were divided into 3 groups – patients with low, normal and increased levels 

of leukocytes, hemoglobin and platelets (table 11). The references for normal ranges of the 

parameters are shown in annex 5.  
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Table 11. Patient groups according to some FBC parameters’ changes  

FBC 

parameters 

Changes 
Women, N=63 (% of 63) 

Men, N=75 

(% of 75) 

Total, N=138 

(% of 100) 

L
eu

k
o

cy
te

s 

L
eu

k
o

cy
to

si
s 

CML, N= 2 
Total 

N=23 

(36.51%) 

CML, N= 1 
Total 

N=22 

(29.33%) 

CML, N=3 

Total N=45 

(32.61%) 

PV, N=8 PV, N=6 PV, N=14 

ET, N=5 ET, N=5 ET, N=10 

MF, N=8 MF, N=10 MF, N=18 

Normal  Total N=37 (58.73%) Total N=49 (65.33%) Total N=86 (62.32%) 

L
eu

k
o

p
e-

n
ia

 

ET, N=1 Total 

N=3 

(4.76%) 

MF, N=4 

Total 

N=4 

(5.33%) 

ET, N=1 
Total N=7 

(5.07%) MF, N=2 MF0, N=6 

H
em

o
g

lo
b

in
 

H
ig

h
 

PV, N=9 Total 

N=16 

(25.4%) 

PV, N=22 
Total 

N=23 

(30.67%) 

PV, N=31 
Total N=39 

(28.26%) 
ET, N=4 ET, N=4 

MF, N=3 MF, N=1 MF, N=4 

Normal  Total N=30 (47.62%) Total N=25 (33.33%) Total N=55 (39.86%) 

L
o

w
 

CML, N= 2 
Total 

N=17 

(26.98%) 

CML, N= 1 
Total 

N=27 

(36.00%) 

CML, N= 3 

Total N=44 

(31.88%) 

PV, N=1 PV, N=1 PV, N=2 

ET, N=7 ET, N=4 ET, N=11 

MF, N=7 MF, N=21 MF, N=28 

P
la

te
le

ts
 

T
h

ro
m

b
o

cy
to

-

si
s 

CML, N= 1 
Total 

N=28 

(44.44%) 

CML, N=1 
Total 

N=13 

(17.33%) 

ХМЛ, N=2 

Total N=41 

(29.71) 

PV, N=7 PV, N=2 ПВ, N=9 

ET, N=15 ET, N=3 ЕТ, N=18 

MF, N=5 MF, N=7 МФ, N=12 

Normal Total N=30 (47.62%) Total N=54 (72.00%) Total N=84 (60.87%) 

T
h

ro
m

b
o

cy
to

-

p
en

ia
 MF, N=5 

Total 

N=5 

(7.94%) 

PV, N=1 Total 

N=8 

(10.67%) 

PV, N=1 
Total N=13 

(9.42%) 
ET, N=1 ET, N=1 

MF, N=6 MF, N=11 

 

8.2. Impact of leukocytosis for TEs development 

Patients of each subgroup according to MPN type were divided into 2 cohorts – patients 

with increased leukocytes and low/normal leukocytes (normal/leukopenia) (table 12).  

 

 

 



33 
 

Table 12. Patient distribution of different MPNs according to the level of leukocytes and TEs 

presence  

 Total 

number 

(N) 

With TEs 

(N) 

Without 

TEs (N) 
OR p RR p 

CML with 

leukocytosis 

3 2 1 

8.80 0.05 3.60 0.01 
CML with 

normal/leukopenia 

27 5 22 

PV with 

leukocytosis 

14 6 1 

2.53 0.08 1.88 0.08 
PV with 

normal/leukopenia 

35 6 1 

ET with 

leukocytosis 

10 3 7 

1 0.5 1 0.5 
ET with 

normal/leukopenia 

10 3 7 

MF with 

leukocytosis 

18 5 13 

0.77 0.35 0.83 0.35 
MF with 

normal/leukopenia 

21 5 13 

 

 As a conclusion to our analysis, leukocytosis was a risk thrombotic factor in CML and 

PV patients but a significance was only confirmed for CML. Still leukocytosis in MPN patients 

is not a confirmed risk factor, important for therapeutic decisions and our results confirmed this. 

Other studies with higher patients’ number, however, define it as an independent prognostic 

marker for TEs development and in PV it determines higher arterial events frequency, especially 

in the context of JAK2V617F carriership.    

8.3. Impact of increased hemoglobin level for TEs development 

Patients of each subgroup depending on the type of MPN disease were divided into 2 

cohorts – patients with increased and low/normal level of hemoglobin (normal/anemia) (table 

13).  
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Table 13. Patient distribution according to different MPNs, hemoglobin level and TEs presence  

 Total 

number 

(N) 

With 

thrombosis 

(N) 

Without 

thrombosis 

(N) 

OR p RR p 

CML with 

increased 

hemoglobin 

0 0 0 

3.13 0.58 2.07 0.49 

CML with 

normal/anemia 

30 7 23 

PV with increased 

hemoglobin  

31 7 24 

0.46 0.11 0.58 0.11 
PV with 

normal/anemia 

18 7 11 

ET with increased 

hemoglobin 

4 2 2 

3 0.17 2 0.15 
ET with 

normal/anemia 

16 4 12 

MF with increased 

hemoglobin 

4 1 3 

0.73 0.4 0.80 0.4 
MF with 

normal/anemia 

35 11 24 

 

No statistically significant differences between patients with increased hemoglobin level 

and patients with normal/low hemoglobin level were found, regarding TEs in different MPNs. 

The expected and logical thrombotic risk increase in patients with high blood viscosity is not 

always confirmed in studies, as well as by our results.  

8.4. Impact of thrombocytosis for the TEs development  

Patients of each MPN subgroup were divided into two cohorts – patients with increased 

platelet count and with low/normal platelet count (normal/thrombocytopenia) (table 14). 
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Table 14. Patient distribution according to MPN subtypes, platelet level and TEs presence  

 Total 

number 

(N) 

With TEs 

(N) 

Without 

TEs (N) OR p RR p 

CML with 

thrombocytosis 
2 2 0 

21.36 0.05 5.60 <0.0001 
CML with 

normal/thrombocytopenia 
28 5 23 

PV with thrombocytosis 9 2 7 

0.67 0.32 0.74 0.33 PV with 

normal/thrombocytopenia 
40 12 28 

ET with thrombocytosis 18 5 13 

0.38 0.26 0.56 0.23 ET with 

normal/thrombocytopenia 
2 1 1 

MF with thrombocytosis 12 3 9 

0.67 0.30 0.75 0.31 MF with 

normal/thrombocytopenia 
27 9 18 

 

In our investigated PG thrombocytosis appeared to be a risk factor in CML patients and 

it increased thrombotic risk significantly (p=0.05). This is in accordance with available 

literature data for a significant correlation between thrombocytosis (>1000/1500x109 /l) and 

hemorrhagic but not thrombotic complications.  

9. CD11b/CD18 expression on neutrophils’ surface – results of task 6 completion  

For surface CD11b/CD18 expression on neutrophils 113 patients were tested. Of them 32 

had TEs and 81 – did not. CG2 consisted of 46 healthy volunteers with no TEs. 

9.1. Expression of CD11b/CD18 on neutrophils’ surface in patient group and control 

group 2 

In table 15 average number of patient neutrophils, that expressed CD11b/CD18 on their 

surface, are shown. Results for patient subgroups are presented depending on diagnosis and for 

CG2 as well.  
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Table 15. Surface CD11b/CD18 expression on neutrophils in patients (diagnosis subgroups 

inclusive) and in healthy volunteers of CG2 – Mean, SD, minimum/maximum value (Min/max), 

Median, Interquartile range (IQR). 

Diagnosis  Number (N) Mean SD Min/max Median IQR 

CML 28 6555.50 ±1161.73 4202/8310 6847 1847 

PV 35 7180.91 ±1428.63 3310/8900 7610 1988 

ET 15 6921.93 ±2241.64 734/9000 7726 1913 

MF 35 6846.57 ±1749.71 2532/9310 7168 2796 

CG2 46 1437.46 ±2421.71 88/8286 306 912 

 

 No statistically significant difference in median number of neutrophils, that expressed 

CD11/CD18 on their surface, was found between patient subgroups (CML, PV, ET and MF) 

(H=6.06, df=3, N=113, p=0.11), but an important point was that lowest value was found in CML 

subgroup and highest – in PV subgroup.    

 To compare PG (each subgroup according to diagnosis inclusive) with CG2 

Independent-Samples Kruskal-Wallis H Test and Mann-Whitney U Test were used (table 16). 

 

Table 16. Statistical significance between PG (diagnosis subgroups as well) and CG2 according 

to tests used  

 
Mean rank 

score 

Statistical 

significance 

compared to 

CG2 

Z score U value 

Statistical 

significance 

compared to 

CG2 

CML (N=28) 68.54 P<0.001 5.86 118 P<0.0001 

PV (N=35) 107.11 P<0.001 6.75 97 P<0.0001 

ET (N=15) 106.13 P<0.001 4.92 51 P<0.0001 

MF (N=35) 99.83 P<0.001 6.7 115 P<0.0001 

PG (N=113) 99.63 P<0.001 8.42 381 P<0.0001 

CG2 (N=46) 31.78   4817  

 

The results’ significance was also confirmed with Post-hoc Dunn’s test (Bonferroni 

corrected alpha of 0.005). In PG significantly higher number of patients’ neutrophils expressed 

CD11b/CD18 on their surface than in healthy volunteers of CG2 (p<0.0001) and this was also 
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confirmed when patient subgroups, depending on diagnosis, were compared to CG2. This 

correlated with neutrophil hyperactivity of patients with 4 MPN entities. Increasing number of 

studies in literature focus on blood cell activity in MPNs but almost all of them separate CML 

because of different pathogenesis and Ph-chromosome presence. However, we did not find any 

articles, that investigate complex thrombogenesis of all MPNs in the cell activity aspect. 

Probably an important point is the right moment to perform these tests – they should be 

followed-up appropriately.  

9.2. Expression of CD11b/CD18 on neutrophils’ surface and relation to TEs presence  

 Results for PG (diagnosis subgroups inclusive) depending on TEs presence are shown 

in table 17.  

 

Table 17. Mean, SD and statistical significance of neutrophil number, expressing CD11b/CD18, 

between patients with TEs and without TEs – for the PG total and in subgroups, depending on 

diagnosis  

 

PG 

PG N=113 (100%) 

With TEs, N=32 (28.32% of 113) 
Without TEs, N=81 (71.68% of 

113) 

Mean±SD 
Total number N 

(% of 113) 
Mean±SD 

Total number N 

(% of 113) 

Total PG 

(N=113) 
7412.81±1320.30 32 (100%) 6680.68±1658.74 81 (100%) 

P=0.008, t=2.46 

CML (N=28) 6590.80±1210.01 5 (5.63%) 6547.83±1178.89 23 (28.40%) 

P=0.47, t=0.07 

PV (N=35) 7846.979 10 (31.24%) 6914.88±1507.96 25 (30.86%) 

P=0.02, t=2.15 

ET (N=15) 8110.80±825.66 5 (15.63%) 6327.50±2517.09 10 (12.34%) 

P=0.03, t=2.03 

MF (N=35) 7103.50±1595.18 12 (37.50%) 6712.52±1845.07 23 (28.40%) 

P=0.26, t=0.65 
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Significantly higher number of neutrophils expressed CD11b/CD18 on their surface in 

patients, who experienced TEs, than in patients without TEs (p=0.008) (figure 5), which is in 

accordance with literature data. Significant differences were also found in PV and ET subgroups. 

If validated in bigger patient cohorts, these average values may be used as predictive for TEs, 

especially when dynamically followed-up. Our results may contribute to define the missing 

“neutrophilic threshold”, critical for TEs appearance in MPN patients – generally increased 

neutrophils or above a concrete value.  

 

 

Figure 5. Comparison of CD11b/CD18 neutrophil expression between patients with and without 

TEs  

 

9.3. Comparison of neutrophils’ CD11b/CD18 surface expression between patient 

group and control group 2 

We found a statistically significant difference in neutrophils, that expressed 

CD11b/CD18 on their surface, between PG and CG2 (U=381.000, N=159, z= -8.425, 

p<0.0001, t=14.07). Mann-Whitney U Test as used. These data have been confirmed in other 

articles, investigating neutrophil activity in PV and ET patients but no information is available 

on the whole MPN group.  

9.4. Logistic regression 

To investigate the effect of neutrophil cells, expressing CD11b/CD18 on their surface, 

on TEs a logistic regression was performed. Binary logistic regression was constructed to 

evaluate whether the independent variable “number of neutrophils, that expressed CD11b/CD18 

Without TEs     With TEs 
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on their surface” significantly predicted probability for TEs occurrence. The regression model 

was statistically significant (χ2=22.58, df=1, p<0.001). This model explained between 13.20% 

(Cox & Snell) and 21.10% (Nagelkerke R^2) of dispersion in TEs and classified 80.50% of 

observations correctly. Wald criterion showed that the independent variable “number of 

neutrophils, that expressed CD11b/CD18 on their surface” (Wald=50.18, df=1, p<0.0001) 

influenced significantly the probability for TEs occurrence. The value of regression coefficient 

was 0.045 and of regression constant -4.316. The exponent of regression coefficient Exp(B) 

showed that every 1 percent increase in the number of neutrophils, expressing CD11b/CD18 on 

their surface, led to 1.046 increase in the chance that a person will experience a TE. It was 

CD11b itself that some authors investigated to define the level of neutrophil “stickiness” to 

platelets for leuko-thrombocytic aggregates formation.  

9.5. Surface CD11b/CD18 neutrophils’ expression in MPN patients and leukocytosis  

In 35 patients, tested for CD11b/CD18 expression, we found leukocytosis and they had 

average number of expressing neutrophils 7549.14±1559.37. Of them 13 had TEs with average 

number of 8157.08±1240.16 and 22 had no TEs with average number of 7189.91±1641.36 

(table 18). The difference was statistically significant (p=0.03), i.e. patients with leukocytosis 

and TEs had significantly higher number of expressing neutrophils than patients with 

leukocytosis but without TEs. 

In the absence of leukocytosis TEs were not found to be associated with neutrophilic 

CD11b/CD18 expression.  

 

Table 18. Number of neutrophils, expressing CD11b/CD18 on their surface, in patients with 

changes in the leukocytic count, depending on TEs presence  

Patient subgroup 

according to 

leukocytes (N=113) 

CD11b/CD18 expression on neutrophils – Mean  

With TEs (N=32) Without TEs (N=81) Mean group value 

Patients with 

leukocytosis  

8157.08±1240.16  

(N=13) 

7189.91±1641.36 

(N=22) 

7549.14±1559.37 

(N=35) 

Patients with 

normal/low 

leukocytes 

6903.58±1141.51 

(N=19) 

6490.80±1638.47 

(N=59) 

6591.35±1535.76 

(N=78) 
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When dividing patients with TEs into patients with leukocytosis (total of 13 patients 

with average expressing neutrophils 8157.08±1240.16) and the rest – with normal/low 

leukocytes (total of 19 patients with average expressing neutrophils 6903.58±1141.51), the 

difference in average number of neutrophils, expressing CD11b/CD18, was statistically 

significant (p=0.001). 

Difference in average number of neutrophils, expressing investigated markers, between 

patients with leukocytosis (N=35) and patients with normal/low leukocytes (N=78), 

7549.14±1559.37 and 6591.35±1535.76 accordingly, was significant as well (p=0.002). 

In conclusion to our data, leukocytosis is an important parameter for TE development 

and a specific value of CD11b/CD18 expressing neutrophils may be validated as predictive for 

vascular event occurrence. Most authors support our data and some of them even point out 

leukocytosis as a more significant factor than thrombocytosis. However, there is still ambiguity 

on specific values for leukocytosis, although some authors mention relatively low ones. 

Opposite statements are also present, probably because of unclear threshold.  

9.6. Surface CD11b/CD18 neutrophils’ expression in MPN patients and 

thrombocytosis  

In the CD11b/CD18 tested PG there were 34 patients with thrombocytosis and average 

cell count, expressing markers (Mean), of 7125.12±1899.99. Of them 10 reported TEs – average 

value of 7574.40±1228.60, and 24 reported no TEs – average value 6937.92±2112.94 (table 

19). The difference was not statistically significant (p=0.14). When comparing this expression 

between patients with and without TEs with normal/low platelets, the difference was 

statistically significant (p=0.01). In our study thrombocytosis was not found to be a risk factor.  

 

Table 19. Number of neutrophils, expressing CD11b/CD18 in their surface, in patients with 

platelet count changes, depending on TEs presence  

Patient subgroup 

according to platelets 

(N=113) 

CD11b/CD18 expression on neutrophils – Mean  

With TEs (N=32) Without TEs (N=81) Mean group value 

Patients with 

thrombocytosis 

7574.40±1228.60 

(N=10) 

6937.92±2112.94 

(N=24) 

7125.12±1899.99 

(N=34) 

Patients with 

normal/low platelets 

7339.36±1381.41 

(N=22) 

6572.37±1434.11 

(N=57) 

6785.96±1452.61 

(N=79) 
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As a conclusion, we did not find an association between platelet count (increased one 

inclusive), neutrophil hyperactivity and TEs presence. This is in accordance with other authors 

findings as well but our data confirmed it for the whole MPN group.   

9.7. Surface CD11b/CD18 neutrophils’ expression in MPN patients and genetic 

defects  

 Data on average number of neutrophils, expressing CD11b/CD18, in the investigated 

PG and different genetic defects according to TEs presence are shown in table 20.  

 

Table 20. Values of neutrophils, expressing CD11b/CD18 on their surface according to the 

genetic defect. 

Genetic 

defects/ 

subgroups 

Neutrophils 

with 

CD11b/CD18 

expression 

(Mean) 

With TEs Without TEs Statistical 

significance 

between 

patients 

with and 

without 

TEs  

Num

ber 

Neutrophils with 

CD11b/CD18 

expression 

(Mean) 

Num

ber  

Neutrophils with 

CD11b/CD18 

expression 

(Mean) 

FVL 7347±26.87 0 0 2 7347±26.87 - 

G20210A 

carriers  
6029.33±2109.17 3 6647.33±2066.14 6 5720.33±2250.88 P=0.3 

G20210A 

non-carriers  
6962.32±1538.03 29 7492±1247.30 75 6757.51±1597.32 P=0.007 

PLA1/A2 

carriers 
6953.87±1422.56 7 7368±1260.55 23 6827.83±1470.73 P=0.17 

PLA1/A2 

non-carriers 
6864.20±1655.96 25 7425.36±1361.48 58 6622.33±1736.26 P=0.01 

JAK2V617F 

carriers 
7304.97±1503.34 15 7684.53±1364.68 16 6949.13±1582 P=0.08 

JAK2V617F 

non-carriers 
6676.36±1558.13 9 6886.67±1507.24 47 6636.09±1580.31 P=0.33 

  

Statistically significant differences were found in the number of neutrophils, expressing 

CD11b/CD18, when comparing patients with and without TEs of two subgroups – G20210A 

non-carriers (p=0.007) and PLA1/A2 non-carriers (p=0.01). No association was found for FVL, 

G20210A, PLA1/A2 and JAK2V617F mutation carriers with or without TEs.  
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Statistically significant results were found when neutrophil count with CD11b/CD18 

expression in MF patients with TEs and JAK2V617 mutation was compared to patients without 

this mutation - 7380.22±1658.03 compared to 5582±328.10 – p=0.01, t=2.98. This significance 

was only found in MF subgroup and confirmed the importance of mutation carriership in these 

patients.  

 As a conclusion of our results, we did not confirm that genetic defects carriership was 

associated with number of neutrophils, expressing CD11b/CD18, the thrombotic risk was not 

different as well. Most literature data state the opposite and associate JAK2V617F mutated cells 

with hypercoagulability state. Our data confirmed this statement for MF patients only.  

 In our literature reference we did not find any articles to investigate leukocytic activity 

through CD11b/CD18 expression in MPN patients, carriers of genetic thrombophilia.  

10. Comorbidities and thrombotic risk in MPN patients – results of task 7 completion  

10.1. PG data  

 Information about comorbidity/risk factors, that could influence thrombotic risk, was 

gathered for PG. Patients were divided into 6 groups depending on the number of factors they 

have (no comorbidity/risk factors, 1 factor, 2 factors, 3 factors, 4 factors, 5 factors) and in 2 

subgroups depending on TEs presence – with or without TEs. Data are shown in table 21.

 A significant increase was noted in the number of patients (and their percentage) with 2 

comorbidity/risk factors, who experienced TEs. Comparing thrombotic frequency between 

groups of patients without comorbidity/risk factors and 1 factor to groups of patients with 2 and 

more factors, we found a statistically significant difference (OR=0.28, 95%CI [0.13-0.61], 

p=0.0007). It was confirmed that presence of less factors decreased thrombotic risk (RR=0.41; 

95%CI [0.23-0.71]; p=0.0008). 
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Table 21. Patient distribution according to the number of comorbidity/risk factors. 

 With TEs (N=39) 

Total 

number  

(% of patient 

subgroup) 

Without TEs 

(N=99) 

Total number  

(% of patient 

subgroup) 

Patients without 

comorbidity/risk 

factors (N=32) 

• 2 CML 

• 3 PV 

• 1 MF 

6 (18.75%) 

• 12 CML 

• 6 PV 

• 4 ET 

• 4 MF 

26 (81.25%) 

Patients with 1 

comorbidity/risk 

factor (N=48) 

• 2 CML 

• 2 PV 

• 1 ET 

• 3 MF 

8 (16.67%) 

• 9 CML 

• 14 PV 

• 4 ET 

• 13 MF 

40 (83.33%) 

Patients with 2 

comorbidity/risk 

factors (N=38) 

• 1 CML 

• 4 PV 

• 4 ET 

• 5 MF 

14 (36.84%) 

• 2 CML 

• 10 PV 

• 6 ET 

• 6 MF 

24 (63.16%) 

Patients with 3 

comorbidity/risk 

factors (N=15) 

• 2 CML 

• 4 PV 

• 1 ET 

• 1 MF 

8 (53.33%) 
• 4 PV 

• 3 MF 
7 (46.66%) 

Patients with 4 

comorbidity/risk 

factors (N=4) 

• 1 PV 

• 1 MF 
2 (50.00%) 

• 1 PV 

• 1 MF 
2 (50.00%) 

Patients with 5 

comorbidity/risk 

factors (N=1) 

• 1 MF 1 (100.00%) - 0 (0.00%) 

  

 Presence of ≤1 comorbidity/risk factor in MPN patients was associated with lower 

thrombotic risk as compared to ≥2 factors. A significantly higher frequency for IHD, AH and 

HF in patients with TEs was noted (table 22). Most articles present in literature do not find a 

difference in thrombotic frequency between MPN patients and different comorbidity/risk 



44 
 

factors but rather report their higher frequency with a follow-up recommendation. Their data 

do not include the whole MPN group but mostly Ph-negative diseases. The frequency of AH, 

obesity, DM and hypercholesterolemia we found was higher than reported in literature, though 

some of them did not reach a significance in thrombotic risk increase. 

 

Table 22. Significance of IHD, AH and HF as the most common comorbidity/risk factors in 

MPN patients with TEs presence. 

Comorbi-

dity/risk 

factor 

Presence/ 

lack of 

factors 

(yes/no) 

TEs 

OR p RR p 
With TEs, 

N=39 (% 

of 39) 

Without 

TEs, N=99 

(% of 99) 

Total 

number, 

N=138 (% 

of 138) 

IHD 

Yes 
12 

(30.77%) 

6  

(6.06%) 

18 

(13.04%) 
6.89 0.0002 2.96 0.000002 

No 
27 

(69.23%) 

93 

(93.94%) 

120 

(86.96%) 

AH 

Yes 
28 

(71.79%) 

50 

(50.51%) 

78 

(56.52%) 
2.49 0.01 1.96 0.002 

No 
11 

(28.21%) 

49 

(49.49%) 

60 

(43.48%) 

HF 

Yes 
6  

(15.38%) 

5  

(5.05%) 

11 

(7.97%) 
3.42 0.03 2.10 0.009 

No 33 

(84.62%) 

94 

(94.95%) 

127 

(92.03%) 

 

10.2. Comorbidity according to patient subgroups 

• CML 

When comparing TEs frequency between patients with ≤1 comorbidity/risk factor with >1, 

the difference was statistically significant (OR=0.12, 95%CI [0.02-1.02], p=0.03), presence of 

>1 factor increased thrombotic risk in CML patients (RR=0.27; 95%CI [0.09-0.84]; p=0.01). 
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Because most TEs arose early in CML patients’ lives, a special attention to potential 

comorbidity/risk factors is recommended. Our data also confirmed that in this patient subgroup 

TEs appeared before TKIs initiation.  

 Patients with TEs were 7 of total 30. A significance was confirmed for smoking as a risk 

thrombotic factor (p=0.05; RR=6.57). The connection between smoking and TEs risk has 

already been positively confirmed which is in accordance with our data and is an important 

recommendation to everyday living of CML patients.  

• PV  

When comparing TEs frequency between patients with ≤1 comorbidity/risk factor to >1, 

the difference in this subgroup was not significant (OR=0.42, 95%CI [0.12-1.50], p=0.09), the 

risk was also not changed (RR=0.53, 95%CI [0.21-1.36], p=0.09). There was a significance 

(OR=0.30, 95%CI [0.07-1.27], p=0.05), when comparing groups of patients with ≤2 factors to 

>2 (RR=0.46, 95%CI [0.20-1.07], p=0.04). Higher number of comorbidity/risk factors was 

needed to increase thrombotic risk in PV patients. In literature more than 70% of PV patients 

have comorbidity/risk factors – in our patient population 81.63%.  

In our PV subgroup there was no significant increase in thrombotic risk for patients with a 

specific comorbidity/risk factor. Opposite to our results, most investigators report a 

significantly higher frequency and increased risk for patients with AH, DM, dislipidemia and 

smokers.  

• ET 

When comparing TEs frequency between patients with ≤1 comorbidity/risk factor to >1, 

the difference was not statistically significant (OR=0.15, 95%CI [0.01-1.64], p=0.06), presence 

of ≤1 factor was not enough to decrease thrombotic risk in ET patients (RR=0.24, 95%CI [0.04-

1.73], p=0.08). A higher number of patients is necessary to make significant conclusions. 

No significant increase in thrombotic risk for patients with a specific comorbidity/risk factor 

was noted. Opposite to our results, most authors report higher frequency and increased risk in 

patients with AH, DM, dislipidemia and smokers.  

• MF  

When comparing TEs frequency between patients with ≤1 comorbidity/risk factor to >1, 

the difference was statistically significant (OR=0.29, 95%CI [0.07-1.232], p=0.05), presence 
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of >1 factor increased the risk for vascular events in MF patients (RR=0.43, 95%CI [0.15-

1.19], p=0.05). At least 1 factor was found in 87.18% of this patient population.  

In our MF subgroup we found statistically significant increase in thrombotic risk for 

patients with AH and especially IHD. Similar to our data, there are reports about AH, 

dislipidemia, DM and smoking.  

11. Complex thromboetiopathogenesis in MPN 

Summarizing all data available on our patients, we confirmed a complex, multifactorial 

etiopathogenesis of thrombotic events in MPN patients.  

Of all 138 investigated MPN patients 39 (28.26%) reported TEs, 99 (71.74%) patients 

did not. Of patients with TEs (total of 39) 12 (30.77%) were confirmed to carry genetic 

thrombophilia, which was a potential reason for TEs presence but in the context of additional 

risk factors. Even in the presence of a confirmed risk thrombotic factor (some genetic 

thrombophilia defects, for example), patients with TEs have more than one factor and probably 

the combination was the reason for thrombotic complication occurrence.  

Of 39 patients with TEs 27 (69.23%) did not carry genetic thrombophilia but 12 

(30.77%) of them were JAK2V617F carriers, which was also a risk thrombotic factor. In this 

patient subgroup carriership of mutation was a leading, probably even only cause for TEs. 

Nevertheless, there were patients with risk factor combination.  

For 15 of 39 patients with TEs (33.33%) a different number of comorbidity/risk factors 

was present. In this subgroup there were patients with no obvious reason for TEs presence. But 

our investigations did not include other data such as procoagulant proteins and factors levels, 

inflammatory cytokines, coagulation status, natural fibrinolytics, endothelial dysfunction, 

microparticles, platelet receptors, etc. This once again confirmed the multifactorial 

thrombogenesis of MPN patients, necessity for complex approach to evaluate thrombotic risk, 

comprehensive risk scores development, including different criteria and their burden. To 

validate them, investigations of many patients are needed. 

As a confirmation to our conclusion a pathogenesis of thrombosis in MPN patients is 

shown in figure 6, recently published by Falanga et al.  
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Figure 6. Pathogenesis of thrombosis in MPN patients  

(License Number 5724270659565, License date – Feb 08, 2024, Publisher – Georg Thieme Verlag KG, Publication 

– Hämostaseologie, Title - Prevention and Management of Thrombosis in BCR/ABL-Negative Myeloproliferative 

Neoplasms, Author - Anna Falanga, Marina Marchetti, Francesca Schieppati, Date – Feb 15, 2021, vol. 41, Issue 

01) 

12. Risk factors in patients and recommended follow-up in routine practice  

According to our data, we could summarize different factors, that were important to 

thrombotic risk in patients of PG and of different subgroups depending on the disease.  

Risk factors for the whole MPN group of patients (Ph-negative and CML): 

• Carriership of a thrombophilia defect – increased 13 times thrombotic risk as compared 

to healthy volunteers; 

• Carriership of PLA1/A2 – more common among patients and increased 8 times 

thrombotic risk as compared to healthy volunteers; 

• Carriership of G20210A and FVL – increased slightly thrombotic risk; 

• Carriership of JAK2V617F mutation – increased 4.3 times thrombotic risk as compared 

to non-carriers; 

• Combined carriership of investigated genetic defects – increased 2 times thrombotic risk 

as compared to carriership of thrombophilia defects only and 2 times as compared to 

healthy volunteers; 

• Neutrophilic CD11b/CD18 expression – significantly higher in PG than in CG2 

(p<0.0001); 
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• Neutrophilic CD11b/CD18 expression in patients with TEs – significantly higher as 

compared to patients without TEs (p=0.008), patients with leukocytosis and normal/low 

platelets inclusive; 

• An increase in neutrophilic CD11b/CD18 expression of patients with 1% increased the 

chance for TEs with 1.046; 

• Presence of at least 2 comorbidity/risk factors significantly increase thrombotic risk as 

compared to patients with ≤1 factor (p=0.02); 

• Comorbidities, such as AH, IHD and HF increased thrombotic risk 2, 3 and 2 times 

accordingly. 

Risk factors for CML patients:  

• Leukocytosis and thrombocytosis – increased thrombotic risk 4 and 11 times 

accordingly; 

• Carriership of genetic thrombophilia – increased 18 times risk as compared to healthy 

volunteers and 2 times as compared to CML patients, who were non-carriers; 

• Carriership of G20210A – increased 7 times risk as compared to healthy volunteers and 

5.6 times as compared to non-carriers; 

• Carriership of PLA1/A2 – increased 8 times the risk as compared to healthy volunteers; 

• Smoking – increased 6.57 times the risk; 

• Presence of 2 and more comorbidity/risk factors – increased significantly thrombotic 

risk (p=0.01). 

Risk factors for PV patients:  

• Leukocytosis – increased 2 times the risk; 

• Carriership of genetic thrombophilia – increased 18 times thrombotic risk as compared 

to healthy volunteers; 

• Carriership of PLA1/A2 – increased 14 times the risk as compared to healthy volunteers 

and 2 times as compared to non-carriers; 

•  Carriership of JAK2V617F mutation – increased the risk 7 times as compared to PV 

patients, who were not carriers; 

• Combined carriership – increased the risk 2.67 times as compared to other subgroups 

combined carriership; 
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• Neutrophil CD11b/CD18 expression in patients with TEs – significantly higher as 

compared to PV patients without TEs (p=0.02); 

• Presence of at least 3 comorbidity/risk factors – significantly increased the risk 

(p=0.05). 

Risk factors in ET patients: 

• Carriership of genetic thrombophilia – increased the risk 14 times as compared to 

healthy volunteers; 

• Carriership of PLA1/A2 – increased the risk 6 times as compared to healthy volunteers; 

• Neutrophilic expression of CD11b/CD18 in patients with TEs – significantly higher 

than ET patients without TEs (p=0.03); 

• Age above 60 years – increased the risk 10 times. 

 

Risk factors in MF patients:  

• Carriership of genetic thrombophilia – increased the risk 9 times as compared to healthy 

volunteers; 

• Carriership of G20210A – increased the risk 2 times as compared to healthy volunteers; 

• Carriership of PLA1/A2 - increased the risk 5 times as compared to healthy volunteers; 

• Carriership of JAK2V617F mutation – increased the risk 3 times as compared to non-

carriers; 

• Carriership of JAK2V617F mutation and age above 60 years were both found in 75% 

of MF patients with TEs and in only 26% of ET patients without TEs; 

• Neutrophil expression of CD11b/CD18 in patients with JAK2V617F mutation and TEs 

– significantly higher as compared to MF patients with TEs without JAK2V617F 

mutation (p=0.01); 

• Presence of at least 2 comorbidity/risk factors – significantly increased risk (p=0.05); 

• Presence of AH and IHD – increased the risk 3 times. 

As a conclusion to our results, we suggest a practical algorithm to evaluate thrombotic risk 

in MPN patients step by step (figure 7).  
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The algorithm allows risk factors evaluation in MPN patients with TEs, using a 

multicomponent score. It may be used as an element in a complex approach to precise and 

individualize thrombotic risk in this patient population. That would serve as a base for new 

therapies, directed to a specific patient according to their genetic and environmental 

characteristics and would improve therapy to be more effective in the context of personalized 

medicine. 

 

Figure 7. Practical algorithm to evaluate thrombotic risk in MPN patients  

 

 Therapy in MPN patients follow the principles of cytoreduction with different 

medications, target molecules, antiplatelet prophylaxis, anticoagulation and symptomatic 

agents, appropriate TKI choice, risk factor correction and allogeneic stem cell transplantation 

sometimes.  
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VI. CONCLUSIONS  

 

1. Carriership of genetic defects for thrombophilia was significantly more common in the 

investigated patient group than in healthy volunteers (OR=1.77). The most significant 

difference in defect frequency between the two groups was found for PLA1/A2 (OR=1.93), 

especially for PV patients (OR=22.73). 

2. Regardless of the fact that in the total MPN patient group thrombophilia defects generally 

did not show an association with thrombotic risk, carriers of thrombophilia defects had a 

significant 13 times increase in thrombotic risk as compared to healthy volunteers. 

3.  Carriership of PLA1/A2 was significantly more frequent in PV patients (OR=22.73), but it 

was also associated with thrombotic risk in less studied groups, like MF and CML (OR=5.47 

and OR=10.33 accordingly). The CML subgroup carriership of genetic thrombophilia 

increased thrombotic risk 2 times and G20210A in particular – 5.6 times.  

4. JAK2V617F carriership was associated with increased thrombotic risk in PV and MF 

patients (7 and 3 times accordingly). Combined carriership of genetic mutations 

(thrombophilia and JAK2V617F) was found 6 times more frequent in PV patients as 

compared to other subgroups. Double carriers for genetic thrombophilia and JAK2V617F 

mutation had significantly 2 times higher risk for TEs than carriers of genetic thrombophilia 

only (RR=2.43, p=0.03). 

5. Leukocytosis was a confirmed significant risk thrombotic factor in CML and PV patients 

(RR=3.60 and RR=1.88 accordingly) and thrombocytosis – only in CML patients 

(RR=5.60). 

6. Neutrophilic CD11b/CD18 expression was significantly higher in all MPN patients as well 

as in separate subgroups as compared to healthy volunteers (p<0.001). This was also 

confirmed for patients with TEs in comparison with patients without thrombosis (p=0.008), 

especially in PV and ET (p<0.05). In the total MPN group carriership of genetic mutations 

(thrombophilia and JAK2V617F) was not associated with significantly different number of 

expressing neutrophils when comparing patients with TEs and without TEs.   

7. Presence of ≥2 comorbidity/risk factors significantly increased thrombotic risk in MPN 

patients (p=0.0007). Factors such as AH, IHD and HF were significantly more frequent in 

patients with TEs than in patients without thrombosis (p<0.005). 

8. The algorithm for risk thrombotic factors evaluation in MPN patients may serve as an 

element in a complex approach to precise and individualize risk in this patient population.  
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VII. CONTRIBUTIONS 

 

Contributions with scientific and original character: 

1. This study is the first complex investigation of some risk factors for thrombogenesis in 

patients with CML and Philadelphia-negative MPNs. 

2. Scientific data is added to the frequency and risk change when some genetic factors for 

thrombophilia are present in CML and MF patients, they have not been studied in this 

context yet, especially for the PLA1/A2 carriership. 

3. Neutrophilic expression of CD11b/CD18 has been studied as a marker for leukocytic 

activity in classical MPNs (and in separate diagnostic subgroups) and its significance is 

determined for TEs as well as in the context of blood counts. 

4. A comprehensive information is collected and the significance of different 

comorbidity/risk factors is reported for the thrombogenesis in all patients. 

5. An attempt is made to present the complex view of complicate and multifactorial 

etiopathogenesis of TEs and define the role of each factor when assessing the risk for 

thrombotic complications in all MPN patients. 

Contributions of practical character  

1. Thrombotic risk in different MPN entities is precisely reported on the basis of genetic 

thrombophilia mutations. 

2. An association between change in MPN patient neutrophils, expressing CD11b/CD18, 

and thrombotic risk increase is confirmedd. 

3. When validated in large patient populations these levels would serve as “cut-off” or 

predictive of thrombotic event in different MPN subgroups. 

4. Precise comorbidity/risk factors are established, associated with thrombogenesis in 

patients. 

5. An algorithm is developed to evaluate the risk factors for thrombotic events in MPN, 

based on the complex approach to precise and individualize thrombotic risk in these 

patient population. 
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ANNEXES 

 

Annex 1. An information list and an informed consent form for patients  
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Annex 2. An information list and an informed consent form for healthy volunteers 
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Annex 3. Questionnaire  
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Annex 4. Permissions by the ethics committee of scientific and research activity in Medical 

university - Pleven 
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Annex 5. References of FBC parameters  

 Leukocytes  Hemoglobin  Platelets  

Reference  3.5-10.5х109 /l 120-150 g/l for women, 

130-170 g/l for men 

130-420x109 /l 

Low  Leukopenia  Low Thrombocytopenia  

High  Leukocytosis   High   Thrombocytosis  
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