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1. INTRODUCTION

Essential thrombocythaemia (ET), characterized oy é¢xcessive proliferation of
megakaryocytes in the bone-marrow and the overgtamu of circulating platelets in the
peripherial blood, which was was first recognizedaadistinct clinical syndrome by Emil
Epstein and Alfred Godelin in 1934, and in 1951 wiased as one of the classical
myeloproliferative neoplasms (MPNs) in the classifion by William Dameshek®.

As ET is characterized by proliferation of the meggocytic lineage without
significant expansion of the granulocytic and emyith lineages, the bone-marrow biopsy
result frequently reveals a hypercellularity pietuvith an increased number of enlarged
hyperlobated, mature megakaryocytes, without nptabtreased marrow fibrosi& The
peripheral blood smear in many cases demonstratkaneed numbers of platelets and
megakaryocyte fragment$s ° In the initial phase of the disease, many paieate
symptomless and the diagnosis is commonly estaalisimly fortuitously via a routine blood
count. An elevated peripheral platelet count isidative of the diagnosis of ET if the
sustained value iz 450 giga/L and other evidence of reactive thromybmsis, such as
infection, inflammation and other chronic myeloiccoplasms or lymphoproliferative
disorders, is excluded There are cases in which the presence of throassnbrrhagic
events draw attention to ET as the underlying disea

It has been reported that the most important caragdins that can exert major effects
on the morbidity and mortality of ET patients ameombohaemorrhagic events, the risk of
which approximately ranges between 11-25% The risk of microvascular (e.g. headaches,
dizziness, visual disturbances, distal paraesthesieocyanosis, and erythromelalgia) and
major thrombotic complications (e.g. arterial egenhyocardial infarction (Ml), ischaemic
stroke or a transient ischaemic attack (TIA); veneuents: deep venous thrombosis) is higher
than the risk of haemorrhagic complicatiéns

The ET-related haemostatic abnormalities and ththogeanesis of the major
thrombotic complications or microvascular disturbesseen in ET still pose many questions,
and in recent years this topic has been activelgstigated *°. It is currently suggested that
not merely the elevated platelet count in the penip itself, but this together with the
consequent qualitative abnormalities of the plédedmd other possible additional thrombotic
risk factors (e.g. cardiovascular risk factors,klseytosis and thedAK2 V617F, MPL and
CALR mutations may influence the thrombotic complicasiseen in E 1118



The current haematological management strategyTinsBbased on thrombosis risk-
oriented recommendations: patients classified asvatrisk (age <60 years, without prior
thrombotic event) receive anti-platelet therapyg.(easpirin) if necessary, while high-risk
patients (age >60 years and/or with a prior thramsbevent) receive cytoreductive drugs
(e.g.: hydroxyurea) alone or in combination withi-guatelet therapy® %’ The roles of the
JAK2 V617F mutation and other suggested thrombosis risk fagi@.g. cardiovascular risk
factors) have not yet been integrated into thisenly used risk stratification. However, for
more accurate thrombosis risk-guided managemeimer ehrombotic risk factors too should
be taken into account. In 2012, Barbui et al. @ii@d the idea of a new score system, IPSET
(International Prognostic Score of Thrombosis foF) B The IPSET score includes a
consideration of the predictive potential of &2 V617F mutation and the cardiovascular
risk factors (i.e.: high blood pressure, diabeted active tobacco use). Furthermore, instead
of merely the classical high- and low-risk grougastication, it introduces a three-subgroup
(IPSET low-risk, IPSET intermediate-risk and IPSHEigh-risk) stratification model.
Although this score system appears more promidiag the conventional two-categorical
risk assessment, and may promote a better prediofianajor thrombotic complications in

ET, it requires confirmation through investigati@tanore clinical centres.



2.  AIMS

The aim of the current Ph.D work was to create teospective study cohort of patients
diagnosed with ET at the 2nd Department of Interdi@dicine, University of Szeged,
between 1999 and 2014, and to evaluate and artalydellowing aspects:

l. the occurrence of thrombotic events previouslyiaritie follow-up period;

Il. the role of the leukocyte count at the haemaiold diagnosis as a suggested, but

still controversial additional riskdtor in the subsequent thrombotic complications;

[I. the presence aJAK2 V617F, MPL mutations \\515L, W515K, W515R, W515A,
$H05N) andCALR (type-1 andtype-2) mutations and their clinicohaematological role;

V. the contributions of the main cardiovascular fettors present at the time of the
haematological diagnosis of ET aggegted additional risk factors in the subsequent

thrombotic complications;

V.  the main neurological and cardiological thrombatmplications from detailed
clinical aspects as the most important major throtie complications of ET, and
whether there are any special characteristidsareveryday clinical practice which
could predict the development of these complicegtior whether any typical
neurological or cardiological lesion may be idgeti which might be specific or
characteristic of ET;

VI, the clinical value of the recently introduced BASmodel as regards the

thrombosis-free survival of the patients.



3. METHODS

3.1 PATIENTSAND DATA COLLECTION

Retrospectively, we established an MPN databasscientific research, including the
cases of ET diagnosed at the 2nd Department ofnadtdledicine, University of Szeged. In
2011, a basic databaseddtabase 99-11") was established on patients diagnosed between
1999 and 2011. In 2014, a new enlarged databasenated (Hatabase 99-147), in which
patients diagnosed between January 1999 and Julyl 2Qere enrolled. The main
demographic and clinicohaematological charactesstf the study populatiorsse presented
in Table 1.

Database 99-11 was used to evaluate the contributions of the roardiovascular risk
factors and the leukocyte count at the time of hhematological diagnosis of ET in the
subsequent thrombotic complications, and for ail@etaneurological analysis, laboratory
testing and the evaluation of clinicohaematologro# of theJAK2 V617F, MPL andCALR
mutations. Database 99-14 served as the basis of detailed cardiological yaesal and an
evaluation of the clinical utility of the IPSET mgldas concerns the thrombosis-free survival
of the patients.

This current scientific research was conductedh whe approval of the Regional and
Institutional Human Medical Biological Research iEshCommittee and adhered to the
Declaration of Helsinki. Informed consent was remuired. Patient DNA for genetic analyses
of the JAK2 V617F, MPL and CALR mutations was selected from the DNA bank at the
Institute of Medical Genetics, University of Szeg@tirough use of the clinical centre data
files (MedSol system), all the haematological ressain these patients were reviewed. The
thrombotic events before and after the clinicabdisis of ET were retrospectively compiled
for each patient, with special focus on cardiovésc(MI), cerebrovascular (stroke or a TIA)
and venous thrombotic events (deep venous thrombasipulmonary embolism). The
retrospective analysis of the thrombotic eventshi cohort indatabase 99-11 revealed 38
prior vascular events in 33 (32.67%) patients: glelorovascular events (stroke/TIA), 16
cardiovascular events (MI) and 11 venous thrombetients. During the haematological
follow-up after the diagnosis of ET, 16 events welserved in 15 (14.85%) patients: 10
cerebrovascular events (stroke/TIA), 3 cardiovamcalents (MI) and 3 venous thrombotic

events.



The enlargediatabase 99-14 finally revealed 55 prior vascular events in 47 (30.32%)
patients: 22 cerebrovascular events (stroke/TIA), chrdiovascular events (Ml) and 16
venous thrombotic events. During the haematolodaw-up after the diagnosis of ET, 25
events were observed in 23 (14.83%) patients: X8bcevascular events (stroke/TIA), 7
cardiovascular events (MI) and 5 venous thrombmtents.

Data on cardiovascular risk factors present atithe of the clinical diagnosis of ET,
i.e. hypertension (> 140/80 mmHg), tobacco usebeates mellitus, hyperlipidaemia
(hypercholesterolaemia or hypertriglyceridaemiaboth), and obesity (body mass index
(BMI) > 30 kg/nf) were collected. Information relating to an iritezt thrombophilic state
was reported in only one case when lipoprotein A di@gnosedin one patient ticlopidine-
induced thrombotic thrombocytopenic purpura hadetiged (with a 78 giga/L platelet count
at diagnosis), which drew attention to the undedytT.

In general, the haematological management strategy based on risk-oriented
recommendations: low-risk patients received aratget therapy (e.g. aspirin) if necessary,
while high-risk patients were given cytoreductiveugs (e.g. hydroxyurea) alone or in

combination with anti-platelet therapy® 2°

3.2. STATISTICAL ANALYSES

Clinical and data for genetic analyses were cordpalgh Microsoft Office Excel, and
subjected to statistical analysis with StatsoftiStiaa v 9.1 (Statsoft) and SPSS 20 software
(IBM).

Evaluation of the contribution of the leukocyte count

To analyse the possible contribution of the leukeayount (measured at the time of
ET haematological diagnosis) in the prediction obsequent thrombotic complications, a
current patient population-related cut-off valuesdxh on bivariate binary logistic regression
was first calculated. Optimum regression was usefthtl the cut-off value othe leukocyte
count which had the most balanced predictive vallemn—\Whitney and multivariate binary
logistic regression tests were performed in thesas the presence or absence of thrombotic
complications with the following variables: (a) tbalculated leukocyte count cut-off related
to the current population, and (b) leukocytosidwatmedian leukocyte count of at least 11.1
giga/L. For a detailed prudent analysis, the presef prior thrombotic events, an age over

60, theJAK2 V617F mutation, the presence of at least one cardioVasask factor and the



applied therapy (hydroxyurea or aspirin) as suggkshportant variables were incorporated
in the multivariate binary logistic regression asals and their effects were considered in its
result. To evaluate the probability of the thrombosis-fevival of patients at different
leukocyte counts (as introduced above), the Kaplwier method was used, followed by the

log-rank test (Mantel-Cox). Statistical significance was set at 5% and 10%.

Evaluation of the clinicohaematological role of the JAK2 V617F mutation

The Mann-Whitney test was performed in the cas¢hefJAK2 V617F mutation-
positive and negative patients in order to complaeeoverall effects of series of variables: (a)
all thrombotic events after the clinical diagnosefsET, and their subtypes: cardiovascular
(MI), cerebrovascular (TIA or stroke) or venousotiibotic events (deep venous thrombosis
or pulmonary embolism); (b) age; and (c) the mdinical characteristics: median white
blood cell count; median platelet count; mediannmaglobin count; median red blood cell
count; hepatomegaly; splenomegaly and hepatosplegaipn Multivariate binary logistic
regression analyses were performed to estimateribteability of thrombotic events in the
presence of th@AK2 V617F mutation, and in this context, the conventionsk fiactors were
also involved in the statistical model. By meanstbe Kaplan—Meier method, followed by
the log-rank test (Mantel-Cox), the probabilitytbfombosis-free survival was analysed and
compared in four subgroups: (a) tAK2 V617F(+), low-risk patients, (b) the]JAK2
V617F(+) high-risk patients, (c) thdAK2 V617F(-) low-risk patients, and (d) théAK2
V617F(-) high-risk patient$’. The low-risk patients were those aged < 60 yesttsout any
prior thrombotic event, while the patients in thghhrisk category were those aged > 60 years
and/or with a prior thrombotic evetit 2° Statistical significance was set at 5% and 10%.

Evaluation of the contributions of cardiovascular risk factors

To evaluate and compare the overall and partiaicesfof cardiovascular risk factors
present at the time of the haematological diagnddan—Whitney and multivariate binary
logistic regression tests were performed in thesas the presence or absence of thrombotic
complications: cerebrovascular (ischaemic stroka @tA), cardiovascular (MI) and venous
thrombotic events (deep venous thrombosis or a @uéimy embolism). In this context,
besides the investigated cardiovascular risk factfirypertension (> 140/80 mmHg),
hyperlipidaemia (hypercholesterolaemia or hypdsdgridaemia or both), tobacco use,
diabetes mellitus and obesity (BMI > 30 kdJinthe conventional risk factors (an age over 60
and prior thrombosis), th#2AK2 V617F mutation and the therapy of the patients (hydroasgu



and aspirin) were additionally involved and complargtatistical significance was set at 5%
and, in view of the number of enrolled patientstistical significance was also considered
and set at 10%. To evaluate and compare the pidbatbithe thrombosis-free survival of (a)
ET patients without cardiovascular risk factors gadients with at least one cardiovascular
risk factor, and (b) ET patients with at most oaed@vascular risk factor and patients with
two or more cardiovascular risk factors, the KapMeier method was used followed by the
log-rank test (Mantel-Cox}. Statistical significance was set at 5% and 10%.

Evaluation of the IPSET model on the thrombosis-free survival of the patients

The patients were subgrouped and the main clicicatacteristics were compared on
the basis of a 3-tiered prognostic model, IPSETn this model, patients were stratified into
IPSET low, intermediate and high risk categoriesedaon the results of multivariable
analysis-derived hazard ratios (HRs): patients>agé years (HR = 1.5; 1 point), a history of
thrombosis (HR = 1.9; 2 points), cardiovasculak factors (HR = 1.6; 1 point), anthK2
V617F (HR = 2.0; 2 points}*. According to these results, patients with < 2npoicould be
classified in the low-risk group. In this model, emtermediate-risk group is introduced for
patients with 2 points. The IPSET high-risk riskgp comprising patients with > 2 poirifs
For the clinical utility of IPSET from the aspect the thrombosis-free survival of the
patients, the IPSET subgroups were compared biKdpéan—Meier method followed by the
log-rank test (Mantel-Cox)-

3.3. LABORATORY METHODS

Samples for genetic analyses were collected froenODNA bank at the Institute of
Medical Genetics, University of Szeged, based om itiformation on the ET patients
diagnosed at the 2nd Department of Internal Medicniversity of Szeged, between 1999
and 2014.

From EDTA-stabilized peripheral blood samples, DiNAs isolated and screened for
the JAK2 V617F mutation as the part of diagnostic protocol with allele-specific PCR
method®. In the cases of patients whose haematologicghdiis was established before the
JAK2 V617F mutation became an officially recommended parthaf diagnostic protocol,
their samples were collected retrospectively arsb @nalysed. The samples of th&K2
V617F(-) patients were suitable falPL mutation W515L, W515K, W515R, W515A and

H05N) analyses by allele-specific PCR reactions andemioent agarose gel electrophoresis.



PCR reactions were performed and heL W515L andW515K mutations were assessed as
described byBergamaschi et af’. Allele-specific primers foMPL W515R, for MPL W515A
and forMPL 505N were designed to detect futher mutations of exoofteMPL gene and
PCR reactions and subsequent agarose gel electeghwere performed as described by the
Hungarian National Blood Transfusion Service Labmmg Budapest, Hungary. This method
was used with their agreement. As a control expamtmnsamples were sequenced by an
automated single capillary genetic analyser (ABIISNR 310, Applied Biosystems, Life
Technologies). To assess GALR mutation status, a fragment analysis with FAM-lkdae
primers were performed on the samples of patiert® Wwad JAK2 V617F(-) essential
thrombocythaemia.To characterize the types @&@ALR mutations, bidirectional Sanger
sequencing was performed with the BigDye 3.1 TeatanCycle Sequencing Kit (Applied
Biosystems).CALR mutation analyses were possible in a close cotiperavith the 1st
Department of Pathology and Experimental Cancere&eh, Semmelweis University,

Budapest, Hungary.

4, RESULTS

4.1. THE CONTRIBUTION OF THE LEUKOCYTE COUNT ON SUBSEQUENT THROMBOTIC
COMPLICATIONS

On the basis ofdatabase 99-11, the median leukocyte count measured at the
haematological diagnosis was 9.4 giga/L (range:34.9 giga/L). Separately, in the cases
when no thrombotic complications were observedmduthe follow-up period, the median
leukocyte count was 9.4 giga/L (range: 4.5-28.@&fiipy while in the cases when subsequent
thrombotic complications were observed in the foHaop period, the median leukocyte count
was 9.1 giga/L (range: 5.7-34.0 giga/L). In detailye patients who had cerebrovascular
complications in the follow-up period (stroke orAjlhad a median leukocyte count of 7.5
giga/L (range: 5.7-13.3 giga/L) at the time of Eighosis. In the cases of cardiovascular
complications (Ml), the patients had a median leyke count of 10.4 giga/L (range: 9.3-16.7
giga/L), while the median leukocyte count in thees of the patients who had subsequent
venous thrombotic events was 16.7 giga/L (ranget-3@.0 giga/l).

As concerns the possible contribution of teekocyte count at the time of ET

diagnosis in the prediction of subsequent throngbotimplications, the optimal regression
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gave 9.15 giga/L as the cut-off valuetbé leukocyte count which had statistically the most
balanced predictive value.

In the comparison of the two subgroups which d#tein the presence or absence of
major thrombotic complications in order to expldhee overall and partial effects of the
leukocyte count cut-off value 9.15 giga/L, Mann-Wky univariate tests and multivariate
binary logistic regression analyses revealed ouafyvariate: p=0.813; multivariate: relative
risk: 0.528, 95% CI 0.156-1.785; p=0.304) non-digant tendencies. The analysis of the
contribution of leukocytosis (at a median leukocgteint of at least 11.1 giga/L) also led to
non-significant results (univariate: p=0.525; muadfiate: relative risk: 0.325, 95% CI 0.071-
1.487; p=0.147).

Similarly, a significant difference was not obsahia connection with the Kaplan—
Meier curves followed by the log-rank test (Man@bx) in the comparison of the
thrombosis-free survival of the patients who swterand did not suffer thrombotic
complications in the follow-up period with a leukte count cut-off of 9.15 giga/L (p=0.728)
or with a median leukocyte count of 11.1 giga/L{pt8).

4.2. THE PRESENCE OF THE JAK2V617F, MPL AND CALR MUTATIONSAND THEIR
CLINICOHAEMATOLOGICAL ROLES

The JAK2 V617F mutation

From database 99-11, JAK2 V617F(+) cases were detected in 61 (60.39%) patients.
The comparison of th@AK2 V617F(+) andJAK2 V617F(-) patients by means of univariate
analysis revealed no statistically significant asstoon with the thrombotic complications
(p=0.651) or with the separately analysed cardiavias events (p=0.849), cerebrovascular
events (p=0.558) or venous thrombotic events (p#).8An age > 60 years (p=0.060) and
the median platelet count (p=0.042), the haemogldével (p=0.000), the red blood cell
count (p=0.000) and the haematocrit (p=0.000) wagmificantly different in theJAK2
V617F(+) and JAK2 V617F(-) groups. The median white blood cell count wast n
significantly higher in thdAK2 V617F(+) group than in thdAK2 V617F(-) group (p=0.401).
At the haematological diagnosis of ET, a signifibahigher number of hepatomegaly cases
were observed in thdAK2 V617F(+) group than in the]AK2 V617F(-) group (p=0.045).
However, the numbers of splenomegaly cases (iFAKR V617F(+) group vs. in thedAK2
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V617F(-) group (p=0.973)), and hepatosplenomegaly cérehe JAK2 V617F(+) group Vvs.
in the JAK2 V617F(-) group (p=0.383)) did not show a significantfeience®”.

Multivariate binary logistic regression analysis the subsequent thrombotic events after
the diagnosis of ET revealed a significant paeféct of the prior thrombotic events (relative
risk: 2.876, 95% CIl 0.847-9.774; p=0.090), but gnsicant association was not observed
between thdAK2 V617F mutation status (relative risk: 1.297, 95% CI 6-39258; p=0.668),
an age over 60 years (relative risk: 0.981, 95%0.816-3.048; p=0.974) and the probability
of subsequent thrombotic complicatidiis

To estimate the contribution of the presence & JAK2 V617F mutation on the
probability of thrombosis-free survival during tfalow-up period, theJAK2 V617F(+), low-
risk patients, thdAK2 V617F (+) high-risk patients, th@AK2 V617F (-) low-risk patients and
the JAK2 V617F(-) high-risk patients were compared via the Kaplaeigvl curves and the
log-rank test (Mantel-Cox), which revealed only significant differences, p=0.548

The MPL and CALR mutations

The MPL W515L/K/R/A, andSB505N mutations were analysed on the basidavébase
99-11. In the cases of 4AK2 V617F(-) ET patients, DNA was not available for further
analyses, and thus samples from B2 V617F(-) ET patients could be used fPL
analyses. The allele-specific PCR and the subségseguence analyses reveal®idPL
W515L mutation positivity in 4 samples, while for thaMPL W515/K/R/A and S505N
mutations the DNA tests of the 38K2 V617F(-) patients were negativé

As regards a comparison of td&K2 V617F(-) patients with or without thé1PL
W515L mutation, the difference in the numbers MPL W515L(+) and MPL W515L(-)
patients did not allow a meaningful statistical lgsia, but theMPL W515L mutation was
predominantly observed in female patients, andderopatients (median age: 70 years). The
MPL W515L(+) patients exhibited a higher median plateletntoat the initiation of the
haematological observation (845.5 giga/L) than tifathe JAK2 V617F(-), MPL W515L(-)
patients (585 giga/L). The comparison of the numbar prior and follow-up thrombotic
events interestingly revealed a lower number obrtibotic complications in thdAK2
V617F(-), MPL W515L (+) patients than in th#AK2 V617F(-), MPL W515L(-) patients™.

CALR type-1 and type-2 mutation analyses were possible in the cases oJAR2
V617F(-) and MPL W515L(-) ET patients where sufficient DNA was availalide further
genetic investigations. The allele-specific PCR #redsubsequent sequence analyses revealed
positivity only in the case of theALR mutation type-2 (c.1154_1155insTTGTC), which was
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detected in 3 samples. These patients were rdiatyoeing (median age: 49 years), with a
higher median platelet count (951 giga/L) and wdhlower number of thrombotic
complications in the follow-up period as compardathwhe JAK2 V617F(-), MPL W515L (-)

or theJAK2 V617F(-), MPL W515L(+) patients™.

4.3. THE CONTRIBUTIONS OF THE CARDIOVASCULAR RISK FACTORSTO SUBSEQUENT
THROMBOTIC COMPLICATIONS

The univariate and multivariate statistical anasysased odatabase 99-11 revealed a
significant overall association between the throtitb@omplications and a high blood
pressure (univariate p=0.092; multivariate: relatiisk: 2.174, 95% CI 0.531-8.899; p=0.280)
and partial and overall effects in the case of Hypdaemia (univariate: p=0.011,;
multivariate: relative risk: 3.511, 95% CI 0.7974H80; p=0.097). Tobacco use (univariate:
p=0.545; multivariate: relative risk: 0.971 95% @193-4.890; p=0.971), diabetes mellitus
(univariate: p=0.965; multivariate: relative rish:735 95% CI 0.063-8.555; p=0.806) and
obesity (univariate: p=0.634; multivariate: relatiisk: 0.835, 95% CI 0.175-3.990; p=0.821)
were not associated with a risk of subsequent thosis. The presence of one cardiovascular
risk factor (univariate: p=0.096)r two or more cardiovascular risk factors (unistei
p=0.025; multivariate: relative risk: 2.862, 95% GI852-9.614; p=0.089) significantly
increased the risk of thrombotic complications.

In this context, theJAK2 V617F mutation, and the well-known conventional risk
factors were also investigated. Univariate and maiiate statistical analyses revealed non-
significant tendencies, from the aspects of thesgmee of theJAK2 V617F mutation
(univariate: p=0.651; multivariate: relative risk083, 95% CI 0.301-3.891; p=0.903) and an
age over 60 years (univariate: p=0.877; relatig&:rD.815, 95% CI 0.217-3.067; p=0.763).
However the partial effect of the reported previgascular events in the possible occurrence
of further thrombosis was significant (univariape=0.066; multivariate: relative risk: 2.406,
95% CI 0.686-8.437; p=0.170).

The administered therapy was incorporated in thedyars in order to consider its
potential influence on the thrombotic events in tbidow-up period. Although differences
could be observed between the patients treated awtiplatelet (univariate: p=0.730) or
cytoreductive therapy (univariate: p=0.319) in tlwe subgroups, depending on the presence

or absence of major thrombotic events, but thefferdnces were not significant.
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To compare the thrombosis-free survival of thegrds in the presence or absence of
the investigated cardiovascular risk factors, KapMeier curves and log-rank tests (Mantel—
Cox) were utilized, which resulted in a significatifference between the thrombosis-free
survival of the ET patients without cardiovascuiak factors (n=47) and those with at least
one cardiovascular risk factor (n= 54) (p=0.011)significant difference was also observed
between the ET patients with at most one cardiauascisk factor (n=77) and those with two
or more cardiovascular risk factors (n=24) (p=0)062

4.4, ANALYSES OF THE NEUROLOGICAL AND CARDIOLOGICAL CHARACTERISTICS OF
THE CEREBROVASCULAR AND CARDIOVASCULAR COMPLICATIONS, AS THE MOST SEVERE
THROMBOTIC COMPLICATIONSOF ET PATIENTS

Cerebrovascular complications

In 2012, database 99-11 revealed cerebrovascular complications (stroke/TIA
vertebrobasilar insufficiency) in 4 males and 7 &8 with a median age of 67 years [range:
45-82 years]). The median platelet count at herogichl diagnosis was 65figa/L [range:
514-1157 giga/L], while at the time of the cerebrovascudaents it was 450 giga/L [range:
320-885 giga/L]. All of the 11 analysed cases weK2 V617F(+). Mostly TIAs and/or
minor strokes were noteth most cases (8/11; 73%), the brain imaging madal(skull CT
and/or MRI) revealed periventricular and/or subicaft and/or basal ganglia lacunes or
infarcts or confluent chronic white matter ischaengsions in all cerebral arterial regions.
There were hardly any infratentorial lesions. Atrgpwith diverse degrees of severity was
frequently seen (7/11; 64%). Mainly large infaratsre detected in the middle and posterior
arterial regions in 4 patients, 3 of whom exhibipeabterior watershed-type infarcts. In one,
patient with a 665 giga/L platelet count, a haemagic transformation of a large parieto-
occipital infarct was noted, without clinical deteation. In 2 cases, the stroke complication
itself drew attention to the presence of the uryilegl ET. Recurrent stroke or a
vertebrobasilar insufficiency were seen despite dhgoing antiplatelet and cytoreductive
therapy. No correlation was found between the |@dateount and the stroke type or
occurrence of stroke, although supratentorial lacumfarcts and chronic white matter lesions
predominated. It is important to note that mosteuas (7/11; 64%) displayed at least two or
more serious conventional vascular risk factorgolild be suggested that these could have
influenced both the clinical course and the morpbimal alterations seen on brain imagihg
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Cardiovascular complications

Detailed analyses on the cardiovascular complioatibased ordatabase 99-14
revealed 7 ET patients (3 males and 4 females avithedian age of 61 years [range: 38-76
years]) who suffered MI during the haematologiagdloiv-up period. With the exception of
one case, the ET haematological diagnosis and reepce of the MI occurred within 12
months. The median platelet count at hematologi@gnosis was 643iga/L [range: 562-732
giga/L], while at the onset of Ml it was 630 gigdfiange: 346-119Qiga/L]. Four (57.1%) of
the analysed 7 cases wadAK2 V617F(+). Most of the patients (85.7%) displayed at i ease
serious conventional vascular risk factor. The narg angiography findings reveal&ir
segment elevation M{STEMI) in 4 cases (1 subacute STEMI, 2 anterior MTEnd 1
inferior STEMI), while non-STEMI (NSTEMI) was obsed in 3 patients. Stent implantation
had been performed in most of the patients. In Segasignificant stenosis of the coronary
arteries required percutaneous coronary interventidh a stent implantation. One patient
had undergone a coronary artery bypass graft aperdRecanalization proved unsuccessful
in one case. Reccurrent Ml events were not obsarvége follow-up period. We found no

correlation between the platelet counts and théyji or the degree of stenosis.

45. THEIPSET MODEL AND THE THROMBOSIS-FREE SURVIVAL OF THE PATIENTS

Patients (based ordatabase 99-14) were subgrouped and the main clinical
characteristics were compared on the basis ofRBET scoré*. From the data on the current
cohort, the clinical characteristics of an intermaggetrisk group of patients could be clearly

differentiated from those of the low- and high-rggloups.

To compare the thrombosis-free survival of thequdti categorized in the IPSET low-risk,

IPSET intermediate-risk and IPSET high-rigloups, the Kaplan—Meier method was applied,
followed by the log-rank test (Mantel-Cox), whigsulted in significant differences between
the different IPSET groups (p=0.00%)
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SUMMARY AND CONCLUSIONS

1. The reported incidence of thrombohaemorrhagic evemtET patients lies in the
interval 11-25%°® Thrombotic events appear more commonly than hagmgic
ones and among the thrombotic complications aftéheombosis is more often
observed than venous thrombo8isin the current cohort in the period 1999-2014
retrospectively, the numbers of major thrombotierds that occurred previously were
30.32% and during the follow-up period 14.83% weegaluated. Arterial
complications (80%) predominating over venous {26%0).

2. The current goal of ET therapy is to prevent throhdemorrhagic complicatiorfé.
The haematological management strategy is baseslooriented recommendations,
according to which the patients are stratified ilotw- and high-risk subgroups by the
absence or presence of either an age > 60 yeaashitory of thrombosié ** 2°

However, recent publications suggest that this ¢ategorical classical risk

stratification may not be sufficiently sensitivehel impact of other additional risk

factors on thrombosis, such as leukocytodf2 V617F mutation and the classic

cardiovascular risk factors has recently been uadéve investigatiofy ' ??

a) Some literature studies suggest the contributionthef leukocyte count and
leukocytosis at the diagnosis of ET to subsequlerdntbotic events, but other
reports did not verify this®3> Our findings on the current study population
likewise did not confirm this suggestion. The leaiki® count cut-off value at the
time of ET diagnosis relating to the current pdtipopulation (9.15 giga/L) was
not associated with a higher risk of subsequerdntbiotic complications either;
likewise, the leukocytosis analysis did not indéecahy potential association.

The leukocyte count measured at the time of thediagnosis, is probably not a
sufficiently sensitive marker; its contribution isiologically plausible, but

clinically uncertain.

b) The presence of thi#aAK2 V617F, MPL andCALR mutations in the current patient
population was analysedhe revealed occurrence of these mutations and thei
impact on the clinicohaematological findings were line with the relevant
literature In ET, approximately 50-60% of the pateepossess th#AK2 V617F
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mutation® ** In the current study population, 60-69.7% of plagients were found
to harbour the mutation. It has been reported JAKR V617F(+) ET patients are
older, have a higher rate of thrombohaemorrhagienpdizations, higher
hemoglobin levels and a higher leukocyte counts &2 V617F(-) patients®®
0 In the current study, th#A\K2 V617F(-) cases differed significantly from the
JAK2 V617F(+) cases from the aspects of the platelet, haevboglred blood cell
and haematocrit counts and hepatomegaly. Howedwemitesence of the mutation
was not associated statistically significantly wath increased risk of thrombosis:
only non-significant tendencies were observed.ha PPSET risk stratification
model, the predictive potential of th#AK2 V617F mutation on subsequent
thrombosis was incorporated, and promising resutt® reported®. However it is
important to note that the 2015 update on the disign risk stratification and
management of ET does not provide a clear-cut pt@Ent as concerns the

predictive role of thdAK2 V617F mutation in thrombotic complicatio8

In JAK2 V617F(-) cases, other mutations have been investigated fhe aspect
of their influence in thrombotic complications, eipe MPL mutations MPL
W515L, MPL W515K, MPL W515R, MPL W515A, and MPL S505N) % #4445

In ET, themost commonly detected (1-5%JPL mutations are th&\V515L/K
mutations®® *®*® |n current study population, genetic analysis of &2
V617F(-) cohort revealed a 3.96% incidence of MEL W515L mutation. It has
been reported thaflPL mutations may be associated with higher plateleht
older age and a female predominari¢e® In current study the patients who
displayed theMPL W515L mutation were also older, were predominantly femal
and had higher platelet counts as compared with J&€2 V617F(-), MPL
W515L(-) patients. In the cases #K2 V617F(-) andMPL W515L(+) patients, we
could observed lower numbers of thrombotic compilices as compared with the

JAK2 V617F(-) andMPL W515L (-) patients.

In JAK2 V617F-unmutatedET, the presence dfALR type-1 or type-2 somatic
mutations has recently been identified with annested frequency of 15-32%4
0. 51 Genetic analysis of oudAK2 V617F(-) cohort revealedCALR type-2
mutation positivity in 3 cases. It has been rembtteat a more indolent clinical

course, with a younger age and a lower leukocytmicdout a higher platelet count
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and a decreased risk of thrombosis, may be obsemehg patients witiCALR
mutations'” °* *! In the current study the patients who harboured#eR type-2
mutation were relatively young and had a lower medeukocyte count and a
higher median platelet count at diagnosis, ancheseé cases a lower number of

thrombotic complications were observed.

c) During this single-centre analysis, we evaluatesl ribles of cardiovascular risk
factors in the major thrombotic complications of. EJur results demonstrated that
the most important cardiovascular risk factors gbaoting to an enhanced
thrombotic tendency were high blood pressure anktipidaemia. The presence
of one or two or more cardiovascular risk factogniicantly increased the risk of
thrombosis during the follow-up period of the ETtipats. The thrombosis-free
survival was also significantly different betweeatipnts without cardiovascular
risk factors and those with at least one cardiovasaisk factor, and between
patients with at most one cardiovascular risk faetod those with two or more
cardiovascular risk factors. Based on these restiis contribution of
cardiovascular risk factors as newly suggested tiaddi risk factors to the
subsequent thrombotic complications of ET was cordd in indicating the
importance of thédentification and consideration of cardiovasculak factors in

a more accurate thrombosis risk-guided management.

3. As concerns the clinical characteristics of the rakgical and cardiological
compliations of ET, from the aspect of the cerebsmular complications in the
current cohort, mostly TIAs and/or minor strokegevebserved within a wide range
of time during the course of ET. Recurrent strokeaorertebrobasilar insufficiency
were seen despite the ongoing antiplatelet andregtwtive therapyWe did not
detect a correlation between the platelet countthedtroke type or the occurrence of
stroke. Most patients displayed at least two orars@rious conventional vascular risk
factors, which could be suggested to have influérmeh the clinical course and the

morphological alterations seen on brain imaging.

As regards cardiovascular complications, both STE¥Md NSTEMI were present.
Interestingly, most of the MI complications occutrevithin 12 months after the

haematological diagnosis of ET. No recurrent Ml wabsequently observed during
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the follow-up period.No correlation with the platelet count was idesmtfi Most
patients displayed at least one conventional vascigk factor.

Our findings lead us to suppose that the earlyrdiaig and percutaneous coronary
intervention and the personalized management ofptiteent’'s cardiovascular risk
factors may greatly facilitate the prevention oédé further vascular events. The
importance of the close cooperation of the haerogisti and other specialists in the

field of vascular medicine is emphasized.

. The new IPSET score system published by Barbuil.eina2012 incorporates the
predictive potential of the cardiovascular factansl theJAK2 V617F mutation®. In
addition to the classical two-categorical risk asseent, it includes an intermediate-
risk group of patients who were previously not digaentified *%. The clinical value
of the IPSET model, especially as concerns thentbosis-free survival of the
patients, was examined for the first time in a ¢olwd ET patients diagnosed in a
single Hungarian haematological centgggnificant differences were observed in the
thrombosis-free survival of patients stratifiedoiriow, intermediate and high-risk
IPSET subgroups, suggesting that this score syptewides more information than
the conventional thrombosis risk assessment. Hownyveverther prospective
investigations are required to establish the pakatlvantages of the IPSET score
system in everyday practice, and to determine vénetlytoreductive treatment is
necessary in the IPSET intermedier-risk subgronpthe relevant literature up to
September 2014, only one external validation reisulivailable on IPSET% That
analysis too demonstrated the significant diffeesnia the cumulative thrombosis-free

survival of ET patients classified by IPSET
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