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ABBREVIATIONS

AH — arterial hypertension
CG1/CG2 — control group Y2

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/Illa
polymorphism

PTE — pulmonary thromboembolism
PV — polycythemia vera

RR — relative risk

SD — standard deviation

TE — thrombotic event

TKI — tyrosine kinase inhibitor



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.



1. AIM

To investigate the role of some genetic [factor V Leiden (FVL); prothrombin G20210A
mutation (G20210A); PLA1/A2 polymorphism of glycoprotein Illa (PLA1/A2); JAK2V617F
carriership], immunological (CD11b/CD18 expression) and comorbidity factors (medical

history) in the thrombogenesis of MPN patients.

I11.  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.



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.
e 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

e MPN diagnosis according to the WHO | ¢ A diagnosis, other than CML
criteria (chronic myeloid leukemia), PV

(polycythemia vera), ET (essential

thrombocythemia), MF
(myelofibrosis) according to the
WHO criteria

e Age above 18 years e Age below 18 years

e Voluntarily signed informed consent | e A refusal to sign an informed

from for study participation (annex 1) 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:

e DNA extraction from venous blood via saline extraction with commercial kits
“AccuPrep Genomic DNA Extraction Kit” — BIONEER, using approved
laboratory protocols and manufacturer recommendations.

e FVL, G20210A and PLA1/A2 mutation genotyping via a restriction analysis,
using PicoReal 96 platform — Real-time PCR (reverse transcription polymerase
chain reaction) — Thermoscientific.

e 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 GZ, "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 c¢ 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 u N 9/ 2019 (annex 4).

V. RESULTS AND DISCUSSION

1. Characteristics of investigated patients and control groups

1.1.  Age distribution

In this study /38 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 CGl1 CG2
Average age (years) | 63.18 31.57 62.63
Standard deviation

14.03 0.951 12.90
(SD)
Statistical
significance (p) when p<0.05 p=0.96
comparing with PG

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).

Sex distribution of investigated groups

160
140
120
100
80
60
40
20

Number

PG

Figure 1. Sex distribution of individuals from PG, CG1 and CG2.

CG1 CG2

Hwomen HEmen
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Following result analyses were not associated with and dependent on the “sex

2

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

women and men (}>=2.25, df=1, N=138, p=0.13, ¢=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

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

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 (y*>=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

Diagnosis distribution

CML; N=30;
21.74%

PV; N=49;
35.51%
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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.

Thrombotic events in PG

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
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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

Factor V Leiden (FVL)

Homozygous for wild allele

Heterozygous for mutant allele

Homozygous for mutant allele

Prothrombin

gene

mutation

(G20210A)

Homozygous for wild allele

Heterozygous for mutant allele

Homozygous for mutant allele

Mutation in

the

gene

for

oglycoprotein I1b/I11a (PLA1/A2)

Homozygous for wild allele

Heterozygous for mutant allele

Homozygous for mutant allele

PG (N=138 patients)

With
N=39
(% of 138)

39 (28.26%)
0 (0.0%)
0 (0.0%)

35 (25.36%)
4 (2.90%)
0 (0.0%)

30 (21.74%)
8 (5.8%)
1 (0.72%)

TEs,

Without
N=99
(% of 138)

TEs,

95 (68.84%)
4 (2.90%)
0 (0%)

93 (67.39%)
6 (4.35%)
0 (0.0%)

71 (51.45%)
25 (18.12%)
3(2.17%)

CGl,
N=108
volunteers, (%

of 108)

101 (93.52%)
7 (6.48%)
0 (0.0%)

105 (97.22%)
3 (2.78%)
0 (0.0%)

93 (86.11%)
14 (12.96%)
1 (0.93%)
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Total carriership of genetic

thrombophilia
Carriers 12 (8.7%) 36 (26.09%) 25 (23.15%)
Non-carriers 27 (19.57%) 63 (45.65%) 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; %x2=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; ¥2=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/Illa (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 CGI 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
CGI - 93 (86.11%) (figure 4).
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Carriership of PLA1/A2 polymorphism
120

101 (73.19%)

100 (86.11%)

80

60

40

Patient number (%)

33 (23.92%)

20 (12.96%)

4(2.89%) (0.93%)
[

non-carriers heterozygous carriers  homozygous carriers

H patient group M control group 1

Figure 4. Carriership of PLA1/A2 in PG and CGl.

A statistically significant difference in PLA1/A2 frequency was found between PG and
CGI1 (OR=1.93, 95%CI [1.12-3.33], p=0.009, t=2.37; ¥x2=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; ¥2=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; x2=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; x2=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; ¥2=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; ¥2=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 PLAI/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 CGI 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 Mls, 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

Factor V Leiden (FVL)

Homozygous for wild allele

With  TEs,
N=14, (% of
49)

Without TEs,
N=35, (% of
49)

14 (28.57%)

33 (67.35%)

101 (93.52%)

Heterozygous for mutant allele 0 (0.0%) 2 (4.08%) 7 (6.48%)
Homozygous for mutant allele 0 (0.0%) 0 (0%) 0 (0.0%)
prothrombin gene mutation

(G20210A)

Homozygous for wild allele 14 (28.57%) 34 (69.39%) 105 (97.22%)
Heterozygous for mutant allele 0 (0.0%) 1 (2.04%) 3 (2.78%)
Homozygous for mutant allele 0 (0.0%) 0 (0.0%) 0 (0.0%)
Mutation in the gene for glycoprotein

IIb/Illa (PLA1/A2)

Homozygous for wild allele 9 (18.37%) 28 (57.14%) 93 (86.11%)
Heterozygous for mutant allele 4 (8.16%) 5(10.20%) 14 (12.96%)
Homozygous for mutant allele 1 (2.04%) 2 (4.08%) 1 (0.93%)
Total thrombophilia carriership

Carriers 5(10.20%) 10 (20.41%) 25 (23.15%)
Non-carriers 9 (18.37%) 25 (51.02%) 83 (76.85%)
Carriership of JAK2V617F mutation

Homozygous for wild allele 1 (2.04%) 12 (24.49%)

Heterozygous for mutant allele 4 (8.16%) 3 (6.12%)

Homozygous for mutant allele 2 (4.08%) 2 (4.08%)

Data missing 7 (14.29%) 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 [ 7-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

de With TEs, | Without TEs, :
N=6, (%0f20) | N=14, (% of ¥  of 108
20)

Factor V Leiden (FVL)
Homozygous for wild allele 6 (30.00%) 14 (70.00%) 101 (93.52%)
Heterozygous for mutant allele 0 (0.0%) 0 (0.00%) 7 (6.48%)
Homozygous for mutant allele 0 (0.0%) 0 (0%) 0 (0.0%)
prothrombin gene mutation
(G20210A)
Homozygous for wild allele 5(25.00%) 14 (70.00%) 105 (97.22%)
Heterozygous for mutant allele 1 (5.0%) 0 (0.00%) 3 (2.78%)
Homozygous for mutant allele 0 (0.0%) 0 (0.0%) 0 (0.0%)
Mutation in the gene for glycoprotein
I1b/I1Ia (PLA1/A2)
Homozygous for wild allele 5 (25.00%) 8 (40.00%) 93 (86.11%)
Heterozygous for mutant allele 1 (5.00%) 6 (30.00%) 14 (12.96%)
Homozygous for mutant allele 0 (0.00%) 0 (0.00%) 1 (0.93%)
Total thrombophilia carriership
Carriers 2 (10.00%) 6 (30.00%) 25 (23.15%)
Non-carriers 4 (20.00%) 8 (40.00%) 83 (76.85%)
Carriership of JAK2V617F mutation
Homozygous for wild allele 1 (5.00%) 4 (20.00%)
Heterozygous for mutant allele 2 (10.00%) 5 (25.00%)
Homozygous for mutant allele 0 (0.00%) 0 (0.00%)
Data missing 3 (15.00%) 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 G20210A4 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 CGl, 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 Mls, 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%CI1 [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

de With TEs, | Without TEs,
N=12, (% of N=27, (% of |8 - of 108
39) 39)
Factor V Leiden (FVL)
Homozygous for wild allele 12 (30.77%) 27 (69.23%) 101 (93.52%)
Heterozygous for mutant allele 0 (0.00%) 0 (0.00%) 7 (6.48%)
Homozygous for mutant allele 0 (0.00%) 0 (0.00%) 0 (0.0%)
prothrombin gene mutation
(G20210A)
Homozygous for wild allele 11 (28.21%) 23 (58.97%) 105 (97.22%)
Heterozygous for mutant allele 1 (2.56%) 4 (10.26%) 3 (2.78%)
Homozygous for mutant allele 0 (0.0%) 0 (0.0%) 0 (0.0%)
Mutation in the gene for glycoprotein
IIb/Illa (PLA1/A2)
Homozygous for wild allele 11 (28.21%) 19 (48.72%) 93 (86.11%)
Heterozygous for mutant allele 1 (2.56%) 7 (17.95%) 14 (12.96%)
Homozygous for mutant allele 0 (0.00%) 1 (2.56%) 1 (0.93%)
Total thrombophilia carriership
Carriers 2 (5.12%) 11 (28.21%) 25 (23.15%)

Non-carriers

10 (25.64%)

16 (41.03%)

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 Mls, 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 CGI 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 CGI.
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

Factor V Leiden (FVL)

Homozygous for wild allele
Heterozygous for mutant allele

Homozygous for mutant allele

With TEs,
N=7, (% of 30)

Without TEs,
N=23, (% of
30)

7 (23.33%)
0 (0.0%)
0 (0.0%)

21 (70.00%)
2 (6.67%)
0 (0%)

% I}

101 (93.52%)
7 (6.48%)
0 (0.0%)

prothrombin oene 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/I11a (PLA1/A2)

Homozygous for wild allele

5 (16.67%)

16 (53.33%)

93 (86.11%)

Non-carriers

3 (10.00%)

15 (50.00%)

Heterozygous for mutant allele 2 (6.67%) 7 (23.33%) 14 (12.96%)
Homozygous for mutant allele 0 (0.00%) 0 (0.00%) 1 (0.93%)
Total thrombophilia carriership

Carriers 4 (13.33%) 8 (26.67%) 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
G20210A4 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%CI1 [0.43-150.09], p=0.16). No articles were found in literature to investigate carriership of
FVL, G20210A and P1A1/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 (y2=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; ¥2=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%CI1[0.27-4.41], p=0.45, t=0.12; y2=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

Number of | Number  of
Diagnosis Type of genetic defect combinations
patients TEs

e 5patients with PLA1/A2 + JAK2V617F

PV 6 4

e | patient with G20210A + JAK2V617F
ET 3 1 3 patients with PLA1/A2 + JAK2V617F

e 2 patients with PLA1/A2 + JAK2V617F
MF 3 0 e 1 patient with G20210A + PLA1/A2 +

JAK2V617F

e | patient with PLA1/A2 + FVL
CML 2 1

e | patient with PLA1/A2 + G20210A
CGl 2 0 e 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), 1.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

Total, N=138

(% of 100)

CML, N=3

PV, N=14 Total N=45
ET, N=10 (32.61%)

MF, N=18

Total N=86 (62.32%)

=T N Total  N=7
MFO, N=6 | (5.07%)

PV, N=31

BT =4 Total N=39
VE N=a (28.26%)
Total N=55 (39.86%)

CML, N=3

PV, N=2 Total N=44
ET, N=11 (31.88%)

MF, N=28

XMJI, N=2

I1B, N=9 Total N=41
ET, N=18 (29.71)

M®, N=12

Total N=84 (60.87%)

FBC Changes
Women, N=63 (% of 63)
parameters
CML, N=2
2 Total
8 PV, N=8
> N=23
S ET, N=5
= (36.51%)
9 MF, N=8
Normal Total N=37 (58.73%)
& . ET, N=1 Total
S = N=3
E s . |MRN=2
- 0 c (4.76%)
PV, N=9 Total
ET, N=4 N=16
=
T MF, N=3 (25.4%)
Normal Total N=30 (47.62%)
CML, N=2
c Total
3 PV, N=1
= N=17
s] ET, N=7
£ 2 (26.98%)
o —
T 3 MF, N=7
' CML, N=1
=3 Total
%) PV, N=7
2 N=28
S ET, N=15
S (44.44%)
E 2 MF, N=5
Normal Total N=30 (47.62%)
Total
(%] o
= = MF,N=5 | N=5
£ S &9 -
o £ o g (7.94%)

PV, N=1
ET, N=1
MF, N=11

Total N=13
(9.42%)

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

presence
Total
With TEs | Without
number OR p RR p
(N) TEs (N)
(N)
CML with | 3 2 1
leukocytosis
8.80 0.05 |3.60 |0.01
CML with | 27 5 22
normal/leukopenia
PV with | 14 6 1
leukocytosis
2.53 0.08 |1.88 |0.08
PV with | 35 6 1
normal/leukopenia
ET with | 10 3 7
leukocytosis
1 0.5 1 0.5
ET with | 10 3 7
normal/leukopenia
MF with | 18 5 13
leukocytosis
0.77 035 |0.83 |0.35
MF with | 21 5 13

normal/leukopenia

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 With Without
number | thrombosis | thrombosis | OR p RR p
(N) (N) (N)
CML with | 0 0 0
increased
hemoglobin 3.13 |058 [207 |0.49
CML with | 30 7 23
normal/anemia
PV with increased | 31 7 24
hemoglobin
046 |0.11 0.58 0.11
PV with | 18 7 11
normal/anemia
ET with increased | 4 2 2
hemoglobin
3 0.17 2 0.15
ET with | 16 4 12
normal/anemia
MF with increased | 4 1 3
hemoglobin
073 |04 0.80 0.4
MF with | 35 11 24
normal/anemia

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 With TEs | Without
number | (N) TEs (N) OR |p RR |p
(N)
CML with
) 2 2 0
thrombocytosis
21.36 | 0.05 | 5.60 | <0.0001
CML with
128 5 23
normal/thrombocytopenia
PV with thrombocytosis | 9 2 7
PV with 0.67 [0.32|0.74 | 0.33
_ |40 12 28
normal/thrombocytopenia
ET with thrombocytosis | 18 5 13
ET with ) . . 0.38 [ 0.26 | 0.56 | 0.23
normal/thrombocytopenia
MF with thrombocytosis | 12 3 9
MF with 0.67 [0.30|0.75|0.31
|27 9 18
normal/thrombocytopenia

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 (>1000/1500x10° /1) 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

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

Statistical Statistical
Mean rank | significance significance
score compared to £ score U value compared to
CG2 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
CDI11b/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 N=113 (100%0)
) Without TEs, N=81 (71.68% of

With TEs, N=32 (28.32% of 113)

PG 113)
Total number N Total number N
Mean+SD Mean=SD
(% of 113) (% of 113)

Total PG

7412.81+1320.30 | 32 (100%) 6680.68+1658.74 | 81 (100%)
(N=113)
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.

10000
9000
8000

7000

6000
5000
4000

Number of neutrophils, expressing
CD11b/CD18 on their surface

3000

2000
Without TEs With TEs

Patient group

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
CDI11b/CDI18 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
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on their surface” significantly predicted probability for TEs occurrence. The regression model
was statistically significant (¥2=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/CDI18 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 I 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
CDl1b 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

CD11b/CD18 expression on neutrophils — Mean

Patient  subgroup

according to

leukocytes (N=113)

With TEs (N=32)

Without TEs (N=81)

Mean group value

Patients with | 8157.08+1240.16 7189.91+1641.36 7549.14+1559.37
leukocytosis (N=13) (N=22) (N=35)
Patients with

6903.58+1141.51 6490.80+1638.47 6591.35+1535.76
normal/low

(N=19) (N=59) (N=78)
leukocytes
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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 CDI11b/CDI18, 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 CDI11b/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 | CD11b/CD18 expression on neutrophils — Mean
according to platelets | )

With TEs (N=32) Without TEs (N=81) Mean group value
(N=113)
Patients with | 7574.40+1228.60 6937.92+£2112.94 7125.12+£1899.99
thrombocytosis (N=10) (N=24) (N=34)
Patients with | 7339.36+£1381.41 6572.37+£1434.11 6785.96+£1452.61
normal/low platelets (N=22) (N=57) (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 CDI11b/CD18 neutrophils’ expression in MPN patients and genetic
defects
Data on average number of neutrophils, expressing CD11b/CDI18, 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.

. With TEs Without TEs Statistical
Neutrophils N
significance
Genetic with Neutrophils with Neutrophils with | petween
defects/ CD11b/CD18 Num | CD11b/CD18 Num | CD11b/CD18 patients
subgroups | expression ber | expression ber | expression with  and
(Mean) (Mean) (Mean) without
TEs
FVL 7347+26.87 0 0 2 7347+26.87 -
G20210A
] 6029.33+£2109.17 | 3 6647.33+£2066.14 | 6 5720.334+2250.88 | P=0.3
carriers
G20210A
. 6962.32+1538.03 | 29 7492+1247.30 75 6757.51£1597.32 | P=0.007
non-carriers
PLAL1/A2
) 6953.87£1422.56 | 7 7368+1260.55 23 6827.83+1470.73 | P=0.17
carriers
PLAL1/A2
) 6864.20+1655.96 | 25 7425.36+£1361.48 | 58 6622.33+£1736.26 | P=0.01
non-carriers
JAK2V617F
) 7304.97+£1503.34 | 15 7684.53+1364.68 | 16 6949.13+1582 P=0.08
carriers
JAK2V617F
. 6676.36£1558.13 | 9 6886.67+1507.24 | 47 6636.09+1580.31 | P=0.33
non-carriers

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

CDI11b/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%CI1 [0.23-0.71]; p=0.0008).
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Table 21. Patient distribution according to the number of comorbidity/risk factors.

Total
) Total number
_ number Without TEs _
With TEs (N=39) _ (% of patient
(% of patient | (N=99)
subgroup)
subgroup)
e 12CML
Patients without e 2CML 5 PV
comorbidity/risk e 3PV 6 (18.75%) 26 (81.25%)
o 4ET
factors (N=32) e 1MF
o 4MF
e 2CML e 9CML
Patients with 1
- e 2PV e 14PV
comorbidity/risk 8 (16.67%) 40 (83.33%)
o 1ET o 4ET
factor (N=48)
e 3MF e 13MF
e 1CML e 2CML
Patients with 2
o e 4PV e 10PV
comorbidity/risk 14 (36.84%) 24 (63.16%)
e A4ET e G6ET
factors (N=38)
e 5MF e 6MF
e 2CML
Patients with 3
o o 4PV e 4PV
comorbidity/risk 8 (53.33%) 7 (46.66%)
o 1ET e 3MF
factors (N=15)
e 1MF
Patients with 4
S e 1PV e 1PV
comorbidity/risk 2 (50.00%) 2 (50.00%)
e 1MF e 1MF
factors (N=4)
Patients with 5
comorbidity/risk e 1MF 1 (100.00%) | - 0 (0.00%)
factors (N=1)

Presence of <I 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
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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.

TEs
c bi Presence/ Total
omorb- lack of With TEs, Without
dity/risk number, OR |p RR |p
factors N=39 (% | TEs, N=99
factor N=138 (%
(vesmo) | of 39) (% of 99)
of 138)
12 6 18
Yes
(30.77%) | (6.06%) (13.04%)
IHD 6.89 | 0.0002 | 2.96 | 0.000002
N 27 93 120
0
(69.23%) | (93.94%) | (86.96%)
28 50 78
Yes
(71.79%) | (50.51%) | (56.52%)
AH 249 |0.01 1.96 | 0.002
11 49 60
No
(28.21%) | (49.49%) | (43.48%)
6 5 11
Yes
(15.38%) | (5.05%) (7.97%)
HF 3.42 | 0.03 2.10 | 0.009
No 33 94 127
(84.62%) | (94.95%) | (92.03%)

10.2. Comorbidity according to patient subgroups

e (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
>] 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. 4 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.
e 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.
e ET

When comparing TEs frequency between patients with <I 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 <I 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.
e 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
— Hdimostaseologie, 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-neqative and CML):

e Carriership of a thrombophilia defect — increased 13 times thrombotic risk as compared
to healthy volunteers;

e Carriership of PLA1/A2 — more common among patients and increased 8 times
thrombotic risk as compared to healthy volunteers;

e Carriership of G20210A and FVL — increased slightly thrombotic risk;

e Carriership of JAK2V617F mutation — increased 4.3 times thrombotic risk as compared
to non-carriers;

e 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;

e 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 PLAL1/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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e Neutrophil CD11b/CD18 expression in patients with TEs — significantly higher as
compared to PV patients without TEs (p=0.02);

e Presence of at least 3 comorbidity/risk factors — significantly increased the risk
(p=0.05).

Risk factors in ET patients:

e Carriership of genetic thrombophilia — increased the risk 14 times as compared to
healthy volunteers;

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

e Neutrophilic expression of CD11b/CD18 in patients with TEs — significantly higher
than ET patients without TEs (p=0.03);

e Age above 60 years — increased the risk 10 times.

Risk factors in MF patients:

e Carriership of genetic thrombophilia — increased the risk 9 times as compared to healthy
volunteers;

e Carriership of G20210A — increased the risk 2 times as compared to healthy volunteers;

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

e Carriership of JAK2V617F mutation — increased the risk 3 times as compared to non-
carriers;

e 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;

e 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);

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

e 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.
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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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V1. CONCLUSIONS

. 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).

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.
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.

. 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).

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).

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.

. 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).

. 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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VIl. 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 MPNss.

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.

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.

A comprehensive information is collected and the significance of different
comorbidity/risk factors is reported for the thrombogenesis in all patients.

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.

An association between change in MPN patient neutrophils, expressing CD11b/CD18,
and thrombotic risk increase is confirmedd.

When validated in large patient populations these levels would serve as “cut-off” or
predictive of thrombotic event in different MPN subgroups.

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

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

HuadopMandoHeH JTACT 32 DANHEHATA

JarnaBme Ha opoeKTa:

MMPOVUBAHE HA ATHTHBHHWA ESEKT OT HAKOH TEHETHYHH,
HMVYHOIOI'HYHH H KOMOPEHTHH ®AKTOPH BEPXY
TPOMBOI'EHE3ATA H TPOMBOI'EHHHA PHCK ITPH ITAITHEHTH C
MHEJIOITPOJIHSEPATHBHH 3ABOJIABAHMA

ObfacHEeHAA °H I[Bq}l]pllil]:[lﬁ 34 DAMHEHTA OTHOCHO CHIMHOCTTA Ha
nOpoeKTa:

VeaxaeMmu [Nocnoguue/ T ocmoxo/T ocmo&HIE,

BExMe HCKanH A3 BH moMomHM 13 Y9acTBaTe B HICIEJOBATEICKH IPOEKT C
TOPeNoCOYeHOTO 3ANNMABHE, THH KATO IpPH Bac € JHATHOCTHIHPAaHO 3a00liBaHe OT
rpynaTta Ha MuentonponHEdepaTHBHHTE HEOIUIA3HH. YIACTHETO € H3IAI0 J0OPOBOIHO
H AKO He #EeTaeTe, He TpA0Ba Ja Ce BTIOYIBATE B TO3H NPOEKT.

BaxHO € Aa mpodeTeTe BHHMATEIHO Ta3H HHOOPMAIHA, [IpeIH Ja pemHTe
IATH e ce BEMOYHTE B npoekTa. CIel KaTo ce 3amo3HaeTe ¢ HEQOPMAITHATA HMaTe
IIPaBO Ja 3ajaJeTe BROPOCH H AKO MOIYIHTE VIOBISTECPABAINH BH OTTOBODH, MOIA,
TIONBIHETE (OPMYTAPA, KATO ¢ TOBA IIé IOTBEPIHTE JOOPOBOMHOTO CH ENaHHE 3a
VHMacTHe B IPOeKTa.

AKO pemHTe A3 OTKakeTe CBOETO VYHYacTHE HIH A3 Ce OTIErIHIE OT
IpPOYIBAHETO, KOSTO HMAaTe MPaBOo Ja HANPAaBHTE IO BCAKO BpeMe. Oe3 Ja JagaTe
00ACHeHHA. JedeHHeTo BH HAMAa Ja OBIe MOBMHAHO OT ToBa Bame pemenme. To
HAMA Ja ce OTPa3H H Ha OTHOMEHHETO Ha MEJHIHHCKHA [IEPCOHAT KBM Bac, KakTo H
Ha IATOCTHHTE TPHAH 33 Bamerto 3apaBe. AKO ce OTKAXKETe OT YVYACTHE B IPOEKTA.
B MOTHM 13 YBEJOMHTE H3CIETOBATEICKHS €KHIL

[IpoexTET mWe ce ochINECTBABA OT JeKapH OT KimHHEA mo xeMaromoraa. Ilo
BCHYUKH HHTEPECYBAIUH BH BENPOCH MOMETe Ja C& OTHACHTe KBM BOZEINHA
uzcnenosaren upod. Kars Kogagera u 1-p Jopotes TogopHesa.

Buxume HcKadH g3 BH mMoMOTHM J3 yYacTEaTe B NPOEKTA, 33 Ja MOIVIHM
OTroBOP Ha BENPOCA KAKBA POMIA HMA IeHETHUHOTO NPEpPa3NONoKeHHE 33 Pa3BHTHE
Ha TPOMOO3HM, KOHTO €A TEXEHMTE VCIAOKHEHHA Ha MuemonpornudepaTHEHHTE
3abonaeaHHA. C HINBIHEHHETO HAa TO3H NPOSKT INe MOIYIHM HOBH 3HAaHHA 33
TeHe3aTa Ha TpoMO0OOpaIvVBAaHETO NIPH Te3H CHCTOAHHA. [oBa OH OIpeNeIHIO IIO-
TOYHO OT CEra CBINECTBYBAIIHTE METOOH 33 JHArHOCTHEA H HHIHEHIVATHIHPaHE Ha
TePaNeETHIHHA IOAX0T 33 BCEKH MAITHEHT.

IIpoekTHT e NPOIBTAH 1 rOgHHA.

[IpH 3anodBaHeTO MY, JEKAp-TIeH Ha H3cIeJOBATEICKHA eKHI Ine Bu 3amame
EBIIPOCH OTHOCHO 3a0OMIABAHHATA. OT KOHTO CTPajaTe Cera HIH CTe CIPAJATH B
MEHAT0TO, KAaKTO H HAKOH JIHTHH JAHHH — POAIEHA JaTa, agpec H Teredonu Ha Bac ,
33 O3 MOME Ja Ce OCBINECTBABA KOHTAKT ¢ Bac H ciej xato 6BJeTe H3mHcaH(a) oT

55



OomHEDAaTa. JJaHHHTE e ce HAHAcAT B KapTa Ha mDallHeHTa — JOKYMEHT, J0 KOHTO me
HMAT JOCTBII CAMO TICHOBETE Ha H3CIeTOBATEICKHA eKHIL

OceeH ODOHYAHHHTE H3ICIeIBAHHA, 3aJB/DEHTETHO HIHCKBAHH IpPH OOIHH C
MuenonpomHdepaTHEHE 3a0oidBaHHi, me BH OBIAT BIeTH JONBIHHTEIHO 2
ENPVBETKH 5-7 MJI. BEHOZHA KPEE, 3a HzcaeaeaHe Ha 3 JJTHK mapkepa — H3MeHEHHA B
renrTe Ha daxtop V (FVL), Ha npotpombusa H equn nomamopduzen -PLA? anenst
ma GPIIIa. MTHFR, xakTo H 3a HMYHOIOTHYHO H3chaemsame 3a CDI11b/CDI18.
BiemaHeTo Ha B€HO3HA KPBE 33 TOBAa H3CIEIBaHE HE HaIBHIIABA OOHIaHHHTE
PHCKOBE. CBBP33aHH C Ta3H MAHHITYIAHA. T03H PHCK e 6BJ¢ MEHHMH3HPAH IIOPaTH
TOBA, Ue KPBEHATA Npo0a INe ce B3eMa OT o0yHeH IePCOHAT H IPH 33T IKHTETHO
CIa3BaHe HAa VIBEPAEHHTE H3IHCKBAHHA 33 CTePHIHOCT NPH B3€MaHe HAa KPBEHH
Ipo0H.

Ille ©vaere noMoaeH Ja noceTHTe OonHHoata YMBAJL _T-p Teoprr
CTpaHCKH IO-KBCHO, 33 Ja IIOMY4IHTE PE3VITATHTE CH.

He ca npeaBHaeHH cpelcTBa B [IPOoeKTa 3a o0e3medaBaHe Ha Bammute
TPAHCIOPTHH Pa3xoJH. CBBP3aHH C OCBINECTBABAHE Ha KOHTPOIHHTE IpPErIeqH.

Axo pemmTe Oa VYacTBaTe, UATaTa HEdopMaumma 3a Bac me ocTame
nmoeepHTeaHa. OnpeleleHH yOsIHoMomeHEH mEna (a-p Jopotes Tozopmeea) me
HMAT JOCTEI Jo Bamara MeTHITHHCEA KapTa, HO IIPH CTpora HoBepHTemHoCT. He ca
OpeIBHICHH KOMIIEHCAIHH B CIydall Ha MNOpPEeTEPNEHH BpeIH OT VYIacTHE B
H3CIeABAHETO H JONBIHHTEIHHTE IPHAH. TBEH KaTo OT TOBA H3CIegBaHE He
TIPOH3THYAT JONEIHHTEIHH PHCKOBE HJIH Te ca MHHHMATHH, IPH CIIa3BaHe Ha
VCIOBHATA 33 0€30MacHOCT H IPH H3BBPIIBAHETO HM OT 00VHieH NEPCOHAT. KakKIO €
IpEIBHIEHO.

56



Popmyasp 3a AHGPOPMHAPAHO CHITIacHe

JarnaeHe Ha mpoeKTa.

MNPOYUYBAHE HA ATHTHEHHA EEKT OT HAIKOH TEHETHYHH,
HMYHOUIOTHYHH H KOMOPEHTHH AKTOPH BERFXY TPOMEOTEHE3ATA
H TPOMBOI'EHHHA PHCK IIPH [TAITHEHTH C MHE.IOITPOTHPEPATHBHH
3ABOIABAHHA

Momns, mogueprafite Ja mnn He 3a BCHYUKH NOCOYEHH NIO-JOIV TEBPIEHHA
(mogaepraea ce BEPHOTO TBBPIEHHE).

bBax moMOneH Ja C& CBITIACH CcanM Oa He
[Mpouetox HEdOpMATHOHHES THCT HA MAITHEHTA Oa He

Hagena M 0 BEIMOKHOCT A 3a0aM BCHIKH
BAXHH 33 MeH EERIPOCH H I3 00CEIA TO3H IPOEKT Oa He

[MTomyYHY VIOBIETEOPABAITH Me OTTOROPH
Ha BCHYKH MOH BEIPOCH Oa He

[Moxy4HxX ZOCTATEYHA HHQOPMALIHE OTHOCHO [IPOEKTA Oa He
[IpoekTET MH Oelle 00ACHEH. 331aJ0X BRIPOCHTE CH H MOJIVIHX OTTOBOPH Ha TAX T

O-p Hopotes Togopuesa.
(HMe HA H3CIeJ0BaTENT)

(TlognHe Ha H3CAeOOBATENH)
PazbHEpaM. 9 cBM cBoOOIEH O3 ¢ OTKAXA OT VIACTHE B IIPOEKTA IO BCAKO

BpeME, oe3 Oa mapaM o0ACHEHHNA 34 0TKA3a CH H 0e3 ToBa O3 MOBJIHAC HA IMOIaramHTe
MHCEE GLJEE[E METHITHHCEH I'DEEH.

HD,.-'IUHC Ha MamHEHTA ... .. ... .. ..........
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Annex 2. An information list and an informed consent form for healthy volunteers

HE(dopManHoHeH JHCT 3a Jo0poBo.Iena

JarnaBme Ha OpoeKTa:

I[MPOYUBAHE HA ATHTHEHHA ESEKT OT HAKOH TEHETHYHH,
HMYHOJIOIHYHHA H KOMOPEHTHH $AKTOPH BEPXY TPOMBOTEHE3ATA
H TPOMBOTEHHHA PHCK ITPH ITAITHEHTH C MHETOIIFOTHPEFATHEHH

3AROIABAHHA

ObsacEeEHEA B BEHGOPpMANHEA 3a J00pOBOIOE OTHOCHO CHIDHOCTTA Ha
OpoeKTa:

Veamaemu [ocnogune/Tocnomo/T ocmoxHIe,

Buxme HcraTH ga BH moMolHM Ja y9acTBaTe KaTo JodpoBodamH B
H3ICA€OOBATENICKH IIPOSKT ¢ TOPENOCcOYeHOTO 3arfaBHe. VYHUacTHeTO € HILATo
I0OPOBOIHO H 3KO HE EeIaeTe, He TPAOBA Ja ce BETIOYEATE B TOIH MPOEKT.

IIpoekTET ce OCBIIECTBABA OT JIEKAPH OT XeMaTOToTHYHA KIHHHEA. [lo
BCHYKH HHTEPECYVBAaIlH BH BBOPOCH MOMETE Ja C€ OTHACATE KbM BOJEITHA
uacaenosaren npod. a-p Kara Kopadesa H kb I-p Jopotex TogopHeBa.

VuacTHeTo BH B OpoeKTa, e Jaje BEIMOAHOCT HA HICISIOBATEIHTE O3
TIOIVHAT OTTOBOP HA BBIOPOCA, KAKEA POMIA HMA TeHEeTHIHOTO NPEeIpa3moIoieHHE H
HAKOH HMVHOIOTHYHH (akTOpH 3a pPasBHTHE Ha TPoMOO3IH, KOHTO Ca TEKKHTE
VCIOKHEHHA Ha 3a00lgBaHHA 0T Ipynara Ha MuenonponrdepaTHBHHTe GOIeCTH.
Toea OH HMaTO 3HaUeHHe 33 H30O0pa Ha HaH-oIxonadm gedebeH MOIXOJ 33 BCEKH
TIAHEHT, cCBOOPA3eH ¢ HETOBHTE HACTEACTEEHH 0CO0SHOCTH.

VYuacTHeTo BH B IpOeKTa ceé ChCTOH BBB B3eMaHeTo oT Bac Ha 5-7 M. BeHO3HA
KEPEE, 33 H3CI€IBAHE Ha HMVHOMOTHYHHE MAapKepH EBRPXY [PAHVIOUHTHATA MeMOpaHa
— CD11b/CD18. BaeMaHeTO Ha BEHO3HA KPBB 3a TOBA H3CIeNBaHe He HaIBHIIABA
OOHYAHHHTE PHCKOBE, CBBP3aHH C Ta3H MAaHHIYIamHA. To3H pHCK me OBIe
MHHHMHIHPAH IOPATH TOEA, e KPBEHATA Npoda me ce B3emMa OT 00VHeH NepcoHAT H
OpH 3aTELAHTENHC CHOa3BaHe HA VIBRPOEHHTE HIHCKBAHHA 33 CTEPHIHOCT IpH
B3I€MAHEe Ha KPBEEHH IIPOOH.

KOMHCHA TIO EKHIIA HA HAVYHO-H3CIIEJOBATEICKATA
OEHHOCT IPH MEJHUIMHCKH YHHUBEPCHTET — IUIEBEH OJIOBPSBA
FOPHOTO  M3JIOKEHHE 3A HH®OPMAIIMOHEH JIHCT HA
TTIOBPOBOJIELIA:

58



Popmyasp 3a AHGPOPMHAPAHO CHITIacHe

JarnaeHe Ha mpoeKTa.

MNPOYUYBAHE HA ATHTHEHHA EEKT OT HAIKOH TEHETHYHH,
HMYHOUIOTHYHH H KOMOPEHTHH AKTOPH BERFXY TPOMEOTEHE3ATA
H TPOMBOI'EHHHA PHCK IIPH [TAITHEHTH C MHE.IOITPOTHPEPATHBHH
3ABOIABAHHA

Momns, mogueprafite Ja mnn He 3a BCHYUKH NOCOYEHH NIO-JOIV TEBPIEHHA
(mogaepraea ce BEPHOTO TBBPIEHHE).

bBax moMOneH Ja C& CBITIACH CcanM Oa He
[Mpouetox HadopMaHOHEES THCT Ha qoOpoBoIena Oa He

Hagena M 0 BEIMOKHOCT A 3a0aM BCHIKH
BAXHH 33 MeH EERIPOCH H I3 00CEIA TO3H IPOEKT Oa He

[MTomyYHY VIOBIETEOPABAITH Me OTTOROPH
Ha BCHYKH MOH BEIPOCH Oa He

[Moxy4HxX ZOCTATEYHA HHQOPMALIHE OTHOCHO [IPOEKTA Oa He
[TpoekTET MH Oeme oDACHEH. 3aJAN0X BBIOPOCHTE CH H IOMIYYHX OTTOBOPH Ha TAX
2 USSP

(HMe HA H3CIeJ0BaTENT)

(TlognHe Ha H3CAeOOBATENH)

PZl'SErI{paM_ HE ChM CBOﬁOHE‘H 3 C& OTEaXa OT VI4ACTHE B NPOSKTA II0 BCAKD
BpeME, oes ga JAaBan 00ACHEHHA 33 0TKA3A CH.

TMoamHe HA JEOPOBOMEIA . ... ... ..................
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Annex 3. Questionnaire

AHKETHA KAPTA Ne

30 UICASASAHE HA JEHEMUNHN dedermu 30 mpomBoguiTies npu nayusHmu ¢ Mustonponidbepamushu 3a60136anuUR

T 1T ) - SO SRS
4. Mpsanm B IpHAPYVEAEANTH 330011EAHHA H CBCTOAHRA:
+ mrbapeT Ha MEoEapaa. HBC. xEneproRRs. chpaseTHa HegocTaThaHOCT, RIE ap CC3 .
o o o O o
* IHACET, 3aTTBCTABAHE, XHIEPIHNHIEMEA, HEOIIASHA, TePHOAPOOHD CTpAJaAHAE
o O o o o
* OpeIHIIEH OPOAEH HA TPOMOOTHYHE HEIHIEHTH NPedH XeMATOIOTHIHOTO 3abolieane

- egozHa TponMbosa (BT) B BB3pacT O He
- EeHOzeH TpoMboemGommzem (BTE) B BER3pacT O He
®  UHGOPMALUA KACASWA CAMO FCEHN, OMHOCHO NIXOON HA GPEMEHNOCTIN.
C  CIOHTAHEH A00PTH GpPoH (.......); CPOK HA DPEMEHHOCTTA (. ov oo cecece e e seeenn )
©  YCIOKHEHHA HA OpPEMEHHOCTTA
-  OpecEIAMIICHA oaa O He
- abruption placentae O aa O HE
- HETPAYTEPHHEOC H3OCTABAHE B PASBHTHETO o Aa O =e
-  MEBpTEOpAENaHe Opol (..-e...); cpox HA GpexeRHOCTA (.. )
- NepopanHH KOHTPANENTHER oaa O He
5. IpoEokApamH GakTOpH 33 TPOMOOTHIHH CHOHTHA o aa O He
® ago“ ga” — EOH OT CIEZHHTE |
-  ONEepaTHEEA HHTEPEEEIHE O Aa j=§: 1
- TpaEMa o Aa O He
- NpOIBTEATETHA HMOOHTHIAITEL O Aa O me
- IMOEAYECTESHH 3a00MABAHEA oaa O He
- XOPMOHO3AMECTHTETHA TEPaIHT o aa o He
6. JomBHHTENTHE NPOECKEPAITE (GaETOPH — TEOTHHOMYIIEH: O aa O HE

7. YenoxHeHHe HA OCHOBHOTO 3a00IdEaHe’ B X0Ja Ha 3afodBageTo NPOAEH HA TpoMOOSH HIR
XEMOPATHH - TOKATH3AIHA:

o TpoMOcsH (EHCYAT, HEdapeT, HAIIL JBT. BETE. nopranga/aanausa TpomGo3a) OJa O He
- BEHH HA JOIeH EpafHHE — THICOKH / MOBEPXHOCTHH

*  OpOBEEJAHO B MOMEHTA JedeHHE HA XEMATONOTHIHOTO 3ACOMABARE. . ... ooooceimeeeccceemeecae
®  mprem Ha XHIpes o ga O He
*  OpoBEEJAHO B MOMEHTA JedeHHE HA NPHEIPVEABANIETE 3a00IIEAHAA. .
*  OAHHH 33 ONePaTHBHO JedeHHE
9. PaMATHA HCTOPHA 33 TPOMOO3H
Axo “ ga * — EAEBH pOICTECHEDH
10. Jokasano HOCHTENCTEO HA TpOMOOGHIHTHA MYTAIHE B PONCTEEHHE 0T [ cTenen ... O Ja O He

12. Jlexyeam aexap.
13. Jara Ha B3eMaHe Ha MaTepHAIA ...

Mamepuan 3a uscnadsane — 5-9 M1 S8HO3HA KPBE €8 §38MA 6 J CHAYNATHI NIACMMACOSU ENPVESIKIL
cwd. EDTA mapxupana c 1uiasa xanawxka U ¢ ceXpaHasa s xaadwtaus va 4 °C ve noseve om 24 naca
(da He ce 3aMpasAca)

Tenegonu 3a vonmaxm: 064/ 886 — 392

Turge 3a xowmaan d-p J Todopuesa 0892 21 25 20
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Annex 4. Permissions by the ethics committee of scientific and research activity in Medical

university - Pleven

MEIMITUHCKH YHUBEPCHTET |

rp. [UVIEBEH 3

KOMUWCHA 110 F.TM% HA HAYYHO-HICIEAOBATEICKATA JIEAHOCT
H MEJ HCKH VHUBEPCHTET - TUVIEBEH

KEH u M. “Kaument Oxpaacxn” N |

Hox. M"‘/Q'I(E””A /,?kpg'wb— lencon: 884 196/ 884 197

PEIIEHUE HA KOMHMCHSITA J10 ETHKA HA HAYYHO-H3CJIEIOBATEJICKATA
JAEWHOCT [PH ME/IMITMHCKHA VHUBEPCUTET — ILIEBEH

Crnoncop Mesmunucin Yausepeurer-Tneren, yiu. . Kiuvent Oxpuackn™
I'1asen u3cnegonare Jlon. JI-p Hukozaii I{serxos, mv

Hicaenosarencku v’ Cexrop .lenernka®, kareapa .. MEKpOGHOIOMHA, BUPYCOIOIHA B
HEeHThp(0BE) MCIMITMHCKA TeHeTHRR," MY — Ilaesen
v Kmmmnka no Xemaronorus, VMBAJL, J[-p I". Crpancxu® ITnesen
v Knnnuka no Msynonorns, YMBAJI J1-p I'. Crpanckn® Tnepen

3arnaBne Ha npockTa wlIpoyusane svpxy cenemuniu w unmynonozwmny haxmopu, onpedersuqu
mposbocenezama  npu ¢ porudepamuenu
saboaseanus™

Mporokon Ne 37

Hoaygenn, pasraeaun v Dopuva-3agsienne 3 pasiiesxiane 1 Jasane M2 pelicHAe 3a
u opobpenn o1 KEHH,/T H3BBPIIBAHC HA HAYYHH H3C/IC/ABAHUA BEPXY YORCHUIKH ChIECTRA
JAOKYyMEHTH v" Il1an-npoexT Ha HAY4YHOTO HACIAC/ABAHE
v Hudopvannones muet 1 GopMysp sa niopyMupaio chriacke
Ha nauuenta
V' Mudopmarsonen mier o Gopmyp 3a HuGoPMEPAHO ChIacke
Ha J00poBosena
V' AHKCTH& KapTa 33 W3CACABAHE HA IeHeTHYHHK NedeKTn 3a
TpoMOoHIHA 1py nauuenTi ¢ Muenonpo mdepantaan
safonananins
¥ Tropuccku asrobuorpadmu Ha uscicaosaTens

Komucusra 10 €THKa Ha HAYYHO-H3C/IENOBATENCKATA ACHHOCT 1pin MesmimMHuCKy Y HUBCPCHTET -
TTnesen Pemin Aa paspentn IPOBERIANETO HA HAYHHO W3CaeABane na Tema: , [poyueane evpxy
2CHEMUMNN U UMYNOTOZUNHYU  hakmopu, onpedeasigy  mposbozenezama npu  nayuenmu ¢

ponughep u 3a6oxr "¢ rhasel m3caenoBalen joi. A-p Huxonail 1lsetkon, oM. H
OHPEJieia CPOK 3a MEePHOAMYEN HAM3O0P Cchinacho Hincknamnsta wa KEHWL (npuroncenue 2) ua
12-THA MeCeL 0T HAYWIOTO HA POYYBAHETO,

/
24.06.2015r. Ipexcenaren na KEHWT: / s ﬁ / ‘1/’

rp. ITnceen (nou. -p C. Anexcanjpona-STRIY 10BCKa, LMH)
s

7
=
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MEMIIMHCKH VHUBEPCUTET

KOMMCHA 11O ETUKA HA HAYYHO-H3CIIEJIOBATHJICKATA Hﬁﬁﬂaﬁx VIEBEH

MEJULMHCKH YHUBEPCHUTET - IUIEBEH ==
Y. “Kanment Oxpuackn”™ N | KEHUAQ

Tenedon: 884 196 / 884 197 - qué- V—Z’F//Z/fﬁj/fJM’ .

PEHIEHHE HA KOMHCHSATA 1O ETHKA HA HAYY
JEAHOCT 1P MEJULIMHCKH VHMBEPCHT ET - IVIEBEH

Crioncop

I'naren w3caenosaren

HscaenoBareickn
uenTsp(one)

3arnaBsue Ha NPOCKTA

IIporokon Ne 43

Iosysenn, pasrienann
u onobpenn or KEHU/JT
AOKYMEHTH

Memmmnckn Yuupepeurer-Ilnesen, yu.  Kanment Oxpricku™]

Jlow. J1-p Huxonaii I{serkos, mM

> Knunnka no xemaronorus, YMBAJIL JI-p I'. Crpancku™
EAJL;

» Knnuuka no umysonorns, YMBAJL  J-p I'. Crpancku EAJT

» Hayuno-u3crefonatelicky LeHTHp — MY - [Liesen

w lIpoyusane avpxy 2enemuunu u umyHono2uuHu
mpomboguiausnu hakmopu, onpedeisnuqu mpombozeneama npu
nayuenmu ¢ mueronponudepamuenu 3aborneanun"

v dopma-3asBicHue 33 Pa3IeK/Iale U JaBaHe Ha PEIICHAe 3a
H3BLPIIBANE Ha HAYYHH HIC/IEBAHHUS BRPXY YOBCUIKM ChINECTBA

v [Ina-poeKT Ha HAYYHOTO HICTe/BaHE
v MngopMaiHoHcH IHCT 3a NalpeHTa
v' AHKeTHA KapTa 3a H3C/EABAHE HA reneTHUHN qedexTH 3a

TpomGodrans npy naxenty ¢ Muenonponudeparisai
sabonsBanus

v 3aspienye 3a paspeiicHue 3a MPOREKIAHE Ha IPOYUBAHE OT
Manmeanurenes aupextop na YMBAJI - [Tiesen

v ABrobHOrpadMH Ha HICIENOBATCICKHS EKHUTT

Komucnsta no emika Ha HaydHo-u3cienosatenckara gelinoct npn Memmimuckn Yuusepcuter -
Ilnesen pemy na paspews HPOBERAHETO HA HAayuHO HIC/EBAlE HA Tema: .., Ipoyusane EvpXy
CCHEMUNHI U UMYHONOUNHI mpomboduauuni (hakmopu, onpedensuu mpombozenesama npu
nayuenmu ¢ Muenronporudepamuenu 3a601r6anuA" ¢ rnaren Wicneosaren jom. a-p Hukonai

LlsetkoB, an ¢ neprozuiten Ha3op 12 Mecena 0T HAYANOTO Ha npoyusaneto (IIpuro

21.06.2017r..
rp. Ilnenen

Hpencenamn na KEHWJI: /

Cexperap va KEHUIT /o ‘\5' \
( nor Maﬁpéra Z(parauona) 3
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rp. IDIEBE}

KOMMCHA 1O ETHKA HA HAYYHO-M3CJIEJIOBATE[ICKATA JlEﬁHOL r

MEJIMLIMHCKH YHUBEPCHTET - [UIEBEH KEHHU,

Yo “Kanment Oxpuncka™ N 1 ; /s
Teacqon: 884 196/ 884 197 | . jy/k/{f; (.05 075,

PEIIEHHE HA KOMHCHSITA IO ETHKA HA HAYYHO-H3CJIEJTOBATEJICKATA
JEMHOCT NMPH MEJIHIIHHCKH YHUBEPCHTET - ILVIEBEH

Cnoncop

I'aasen m3csenosaren

Hiscaeposaresckn
nenThp(ose)

3araaBne Ha npoexTa

Tporokon Ne 46

Hoayuenu, pasrjiesans n
onobpenn or KEHHJL
AOKYMEHTH

Meauumnckn Yausepenner-Tnesen, va, , JKanvenr Oxpuacku™]
Mpod. a-p Kars Kosauesa, am
» Kaunuxa no xemaronorus, YMBAJL JI-p I'. Crpanckn™, Ilnesen

» Hay4ro-uiche10BaTesickH LenTsp - MY - [aesen
> Kaunuka no umyronorns, ¥YMBAJL JI-p I'. Crpancknu®™, Iaesen

wlpoyweane na 0 p om Y uni,
UMYHOROZUNHE W KOMOPOUOHU r[mxmopu swpxy mpombozenesama u
mpomMBoZeRNUR  puUCK  npu ¢ sueronpogurep
saboaneanun’

V' Mopma-3asBieHHe 34 paIriekIane 1 IasaHe Ha pelenue 3a

HIBLPLIBAHE HA HAYYHH HICHEABAHHA BBLPXY YOBCIIKH ChILECTBA
ITnan-npoekT na naywHoTo HicaenBaHe;

Mudopmausonen AMcT 3a 106poBosela;

Hudopmausonen THCT 3a NaUHeHTa;

Aukerna kapra Ne...3a nacieasane 11a renerHunn aedextd sa
TpombodrIHg NpH nauxenT ¢ Muenonponudeparnsiu wGonssanus
Paspewenne ot Msmbanntenen aupextop va YMBAJT JI-p T
Crpancku™, Inesen

v AsToOMOrpaMi Ha WICIEA0BATENCKHS eKHN

NNS S

AN

KOMHCHATA MO eTHKA HA HAYHMHO-HICAEAOBATENCKATA AeiinocT npH Meauuunckn Yuusepeurer - [laenen
peLI 4 paspeli NPOBEXAAHETO HA HAYYHO Hicaeasane Ha Tema: Jlpoyueane na adumuenus efexm om
HAKOU 2eHemuun, uuymuo:uuuu u Komopbuonu axmopu np\'y mpombozenesama u mpombozennus

PUCK npu i ¢ Mue.

3aio. " ¢ rnaseH u3cacaosaren npof, a-p Kam

r1 ¥

Kosauesa, iv ¢ neproanyes Haazop 12 Meceua 0T HauanoTo Ha npoyusanero (Hpuroxcernuel).

Maii, 2019 r,
rp. [nceen

Mpencenaren va KEHWJT:
(npodh. a-p C. A.lcm.au'lposa- s

( nou. Magp

MEJIMITHHCKH VH”“'? b X

Annex 5. References of FBC parameters

Leukocytes Hemoglobin Platelets
Reference 3.5-10.5x10° /1 120-150 g/l for women, | 130-420x10° /I
130-170 g/l for men
Low Leukopenia Low Thrombocytopenia
High Leukocytosis High Thrombocytosis
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