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SAZETAK

Uvod: Mijeloproliferativne neoplazme (MNP) se obicno dijagnostikuju kod bolesni-
ka starosti oko 60 godina, medutim, u klinickoj praksi se ¢esto srecu bolesnici mladi
<40 godina.
Cilj: Procena klinicko-laboratorijskih karakteristika, ucestalost tromboza i analiza
terapijskog pristupa kod bolesnika sa MPN <40 godina.

Metode: Retrospektivna studija obuhvatila je 84 bolesnika, dijagnostikovanih pre-
ma SZ0 kriterijumima, lecenih na Klinici za hematologiju UKCS od 2000. do 2024.
godine.

Rezultati: Medijana starosti iznosila je 33 godine, sa vecom ucestalos¢u Zena
(60,7%). Policitemija vera (PV) je nadena kod 61,9%, esencijalna trombocitemiija
(ET) kod 25%, a prefibroticna faza primarne mijelofibroze (prePMF)

kod 13.1% ispitanika. Mutacija JAK2V617F je detektovana je kod 46,5% bolesnika.
Mikrovaskularne simptome imalo je 27.4%, svrab 14,3%, konstitucionalne simptome
71%, a splenomegaliju 45,2% bolesnika. Najvisi hemoglobin i hematokrit su imali
bolesnici sa PV (170 g/L,50%). Broj trombocita bio je najveci kod bolesnika sa prePMF
(1007x10°/L), zatim kod ET (856x10%/L) i PV (737,5x10°/L). Raspodela prema stepenu
fibroze koStane srzi bile je sledeca: MFO - 28,5%, MF1 - 54,8%, MF2 - 4,8%. Ukupno,
41,7% bolesnika imalo je bar jedan kardiovaskularni faktor rizika, najceSce pusenje
(23,8%). Prethodne tromboze imalo je 16,7% bolesnika, a tromboze tokom pracenja
(8,3%) imali su samo bolesnici sa PV. Aspirin je koristilo 86,9% bolesnika, dok su fle-
botomije primenjene kod skoro svih bolesnika sa PV. Citoreduktivnom terapijom lece-
no je 43,9% bolesnika, 39,1% jednom TL, najce3ce hidroksiurea (HU). Prema European
LeukemiaNET (ELN) skoru, 82,1% bolesnika pripadalo je grupi niskog rizika. Medijana
pracenja bila je 72 meseca, a dva bolesnika su preminula (2,45%).
Zakljucak: Vecina mladih bolesnika sa MPN pripada ELN grupi niskog rizika. Medu-
tim zbog razvoja tromboze (25%), prisutnih tegoba, stepena trombocitoze i spleno-
megalije > 18 cm, skoro 1/2 prima citoreduktivnu terapiju. To ukazuje na potrebu
bolje stratifikacije, kao i upotrebu drugacijih metoda za procenu rizika bolesti, kao
$to je sekvencioniranje sledece generacije (NGS).
Kljucne reci: mijeloproliferativne neoplazme, tromboze, adolescenti, mladi uzrast
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ABSTRACT

Introduction: Myeloproliferative neoplasms (MPN) are typically diagnosed in pa-
tients around 60 years of age; however, in clinical practice, patients <40 years are
often encountered.

Aim: Assessment of clinical-laboratory characteristics, thrombosis incidence, and
therapeutic approaches in patients with MPN<40 years.

Methods: This retrospective study included 84 patients diagnosed according to WHO
criteria who were treated at the Clinic of Hematology, UCCS, from 2000 to 2024.
Results: The median age was 33 years, with a higher prevalence in females (60.7%).
Polycythemia vera (PV) was found in 61.9%, essential thrombocythemia (ET) in 25%,
and pre-primary myelofibrosis (prePMF) in 13.1% of participants. The JAK2V617F mu-
tation was detected in 46.5% of patients. Microvascular symptoms were present in
27.4%, pruritus in 14.3%, constitutional symptomsin 7.1%, and splenomegaly in 45.2%
of patients. The highest hemoglobin and hematocrit levels were found in PV patients
(170 g/L, 50%). The platelet count was highest in patients with prePMF (1007x10°%/L),
followed by ET (856x10°/L) and PV (737.5x10°/L). The distribution of bone marrow fi-
brosis was as follows: MFO - 28.5%, MF1 - 54.8%, MF2 - 4.8%. Overall, 41.7% of pa-
tients had at least one cardiovascular risk factor, most commonly smoking (23.8%). The
previous thrombosis occurred in 16.7% of patients, while thrombosis during follow-up
(8.3%) was seen only in PV patients. Aspirin was used by 86.9% of patients, and phle-
botomy was applied to almost all PV patients. Cytoreductive therapy was used in 43.9%
of patients, with 39.1% receiving one line of treatment, most commonly hydroxyurea
(HU). According to the European LeukemiaNET (ELN) score, 82.1% of patients were clas-
sified as low-risk. The median follow-up was 72 months, and two patients died (2.45%).
Conclusion: The majority of younger MPN patients belong to the low-risk ELN
group. However, nearly half of the patients receive cytoreductive therapy due to
the development of thrombosis (25%), the presence of symptoms, the degree of
thrombocytosis, and splenomegaly > 18 cm. This indicates the need for better
stratification and the use of different methods for disease risk assessment, such as
next-generation sequencing (NGS).

Keywords: myeloproliferative neoplasms, thrombosis, adolescents, young age

Corresponding author:

Isidora Arsenovic

Clinic for Hematology, University Clinical Center of Serbia
2 Dr Koste Todorovica Street, 11000 Belgrade, Serbia
E-mail: isidoraarsenovic@yahoo.com

Prihvaceno - Accepted: September 6,2024;  Online first: September 25, 2024

DOI: 10.5937/smclk5-52489

SERBIAN JOURNAL OF THE MEeDicAL CHAMBER | Volume 5/ No. 3 | September 2024

341



Arsenovi¢ I.isar.

MIJELOPROLIFERATIVNE NEOPLAZME KOD BOLESNIKA MLABIH OD 40 GODINA: RETROSPEKTIVNA ANALIZA KLINICKIH KARAKTERISTIKA

MYELOPROLIFERATIVE NEOPLASMS IN PATIENTS YOUNGER THAN 40 YEARS: A RETROSPECTIVE ANALYSIS OF CLINICAL CHARACTERISTICS

uvoD

Pacijenti mlade Zivotne dobi sa mijeloproliferativnim
neoplazmama (MPN) predstavljaju posebnu subpopu-
laciju bolesnika ciji se broj stalno postepeno povecava
[1]. Medijana starosti u trenutku postavljanja dijagnoze
za klasi¢ne BCR-ABL1 negativne MPN, koje obuhvataju
policitemiju veru (PV), esencijalnu trombocitemiju (ET)
i primarnu mijelofibrozu (PMF), krece se od 60-65 go-
dina [2]. Prema podacima iz studija, pacijenti mladi od
40 godina ¢ine svega 10% ukupnog broja bolesnika sa
MPN [3-6], dok neka druga istrazivanja ukazuju da je taj
udeo ¢aki20% [7-9]. Od svih MPN entiteta, u populaciji
mladih bolesnika, naj¢esca je ET sa 51%-72%, drugom
mestu je PV, a najrede se javlja PMF [2,10-13]. ET se ka-
rakterise megakariocitnom hiperplazijom i tromboci-
tozom, bolesnici sa PV imaju znacajnu eritrocitozu, dok
oni sa PMF imaju fibrozu kostane srzi, koja posledi¢no
kasnije dovodi do citopenija i ekstrameduarlne hema-
topoeze [14]. Kod sve tri bolesti postoji rizik od nastan-
ka vaskularnih komplikacija, ali i akutne mijeloidne le-
ukemije (AML), dok PV i ET mogu da se transformisu u
mijelofibrozu (MF) [14].

Jedinstveno za mlade obolele od MPN je duzi oce-
kivani Zivotni vek u odnosu na stariju populaciju, ali
istovremeno, dugo trajanje bolesti pruza moguénost
za nastanak komplikacija povezanih sa boles¢u i nje-
nim le¢enjem [2]. Takode, postoje i dodatna pitanja
koja se iskljucivo ticu ove starosne grupe, a odnose
sa na psihosocijalne potrebe, fertilitet i trudnocu, kao
i jedinstvenu biologiju MPN [11,15]. Vecina dostupnih
podataka, kao i aktuelni konvencionalni prognosticki
modeli, dobijeni su analizom starije populacije, te se
postavlja pitanje u kojoj meri precizno odrazavaju je-
dinstvene fenotipske obrasce ili prognosti¢cke markere
ove mlade starosne grupe.

Tako, standardni European LeukemiaNET (ELN) pro-
gnosticki skor je baziran na godinama zivota (> 60) i
prethodnim trombozama, i sluzi za odredivanje nacina
le¢enja usmerenog na smanjenje rizika od krvarenja i
tromboze [16]. Stoga je njegova primena kod mladih
ogranicena, jer se godine Zivota tu ne pojavljuju kao
faktor, pa jedino $to ove bolesnike moze da svrsta u vi-
sokorizi¢nu grupu jesu prethodne tromboze.

Cilj ove studije bio je evaluacija klinicko-labora-
torijskih karakteristika, ucestalosti tromboza i analiza
terapijskog pristupa kod MPN bolesnika mladih od 40
godina.

METODE

Retrospektivno istrazivanje obuhvatilo je 84 bolesni-
ka sa dijagnozom neke od bolesti iz grupe Filadelfija
negativnih MPN, dijagnostikovanih, pracenih i le¢enih
na Klinici za hematologiju UKCS, u periodu od 2000. do

INTRODUCTION

Younger patients with myeloproliferative neoplasms
(MPN) represent a special subpopulation of patients
whose number is gradually increasing [1]. The me-
dian age at diagnosis for classic BCR-ABL1-negative
MPNs, which include polycythemia vera (PV), essen-
tial thrombocythemia (ET), and primary myelofibrosis
(PMF), ranges from 60-65 years [2]. According to data
from studies, patients younger than 40 make up only
10% of the total number of patients with MPN [3-6],
while some other studies indicate that this proportion
is even 20% [7-9]. Of all MPN entities, in the population
of young patients, ET is the most common with 51%-
72%, PV is second, and PMF is the least common [2,10-
13]. ET is characterized by megakaryocyte hyperplasia
and thrombocytosis, patients with PV have significant
erythrocytosis, while those with PMF have bone mar-
row fibrosis, which subsequently leads to cytopenia
and extramedullary hematopoiesis [14]. In all three
diseases, there is a risk of vascular complications, but
also of acute myeloid leukemia (AML), while PV and ET
can transform into myelofibrosis (MF) [14].

Uniquely for young people with MPN is the longer
life expectancy compared to the older population, but at
the same time, the long duration of the disease provides
the possibility for complications related to the disease
and its treatment [2]. Also, there are additional ques-
tions that exclusively concern this age group and are
related to psychosocial needs, fertility, and pregnancy,
as well as the unique biology of MPN [11,15]. Most of the
available data, as well as the current conventional prog-
nostic models, have been obtained by analyzing the el-
derly population, and the question arises to what extent
they accurately reflect the unique phenotypic patterns
or predictive markers of this younger age group.

Thus, the standard European LeukemiaNET (ELN)
prognostic score is based on years of life (> 60) and pre-
vious thromboses and serves to determine the treat-
ment approach aimed at reducing the risk of bleeding
and thrombosis [16]. Therefore, its application in young
people is limited because age does not appear as a fac-
tor, so the only thing that can place these patients in
the high-risk group is previous thromboses.

This study aimed to evaluate the clinical and lab-
oratory characteristics, the frequency of thrombosis,
and the analysis of the therapeutic approach in MPN
patients under 40 years of age.

METHODS

The retrospective study included 84 patients diag-
nosed with one of the diseases from the Philadelphia
group of negative MPNs who were diagnosed, moni-
tored, and treated at the UKCS Hematology Clinic from
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2024. godine. Dijagnoza je postavljena prema aktuel-
nim SZO kriterijumima [17].

Iz medicinske dokumentacije prikupljeni su slededi
podaci: 1) demografske karakteristike bolesnika; 2) pri-
sustvo JAK2V617F mutacije; 3) simptomi; 4) prisustvo
palpablne splenomegalije; 5) parametri krvne slike;
6) vrednosti laktat-dehidrogenaze; 7) stepen fibroze
kostne srzi; 8) kardiovaskularni (KV) faktori rizika; 9)
prisustvo i vrsta prethodnih tromboza i tromboza u
toku pracenja; 10) modaliteti leCenja; 11) prognostic-
ki skorovi (ELN skor, International Prognostic Score of
Thrombosis in WHO - ET (IPSET Thrombsis), International
Prognostic Score for ET: Predicts Survival (IPSET survival),
International Prognostic Scoring System (IPSS)); 12) duzi-
na prezivljavanja; 13) uzrok smrtnog ishoda.

Deskriptivnim statistickim parametrima, kategorijal-
ni podaci su prikazani kao apsolutne i relativne ucestalo-
sti, a numericki podaci, s obzirom da nisu imali normalnu
raspodelu, prikazani su kao medijana i opseg (Min-Max).
Za testiranje razlika u ucestalosti kori3¢en je hi-kvadrat
test, a za testiranje razlika vrednosti numerickih poda-
taka koriS¢eni su Kruskal-Wallis-ov test i Mann-Whitney
test. Kriterijum za statisticku znacajnost je bio p < 0.05.
Podaci su obradeni koris¢enjem softverskog programa
SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA).

REZULTATI

Studija je obuhvatila 84 bolesnika uzrasta do 40 godina
sa potvrdenom dijagnozom bolesti iz grupe Filadelfija
negativnih mijeloproliferativnih neoplazmi (Ph- MPN).
Policitemiju veru imalo je 52 bolesnika (61,9%), esenci-
jalnu trombocitemiju 21 bolesnik (25%), prefibroti¢nu
fazu primarne mijelofibroze 11 (13,1%). Nijedan bo-
lesnik nije imao manifestnu fazu PMF. Grupu su Cinile
dominantno zene, 51 odnosno (60,7%), dok su 33 ispi-
tanika, (39,3%) bili muskarci (odnos Z : M=1,55:1). Me-
dijana starosti bolesnika u trenutku postavljanja dija-
gnoze bila je 33 godine (od 14 do 40 godina) (Tabela 1).
Alel specifitnom PCR metodom kod 39 bolesnika
(46,4%) nadena je JAK2V617F mutacija, dok je kod 24
bolesnika (28,6%) bila odsutna; kod 21 bolesnika (25%)
ova analiza nije bila radena (Tabela 1). U grupi sa PV, 31
bolesnik (59,6%) imao je JAK2V617F mutaciju, 5 bole-
snika (9,6%) nije imalo, dok kod 16 bolesnika (30,7%)
analiza nije bila sprovedena. Kod bolesnika sa ET, prisu-
stvo JAK2V617F mutacije utrvdeno je kod 6 bolesnika
(28,6%), dok je 10 bolesnika (47,6%) bilo negativno, a
kod 5 bolesnika (23,8%) ova mutacije nije ispitivana.
Svim bolesnicima sa prePMF je radena ova analiza, pri
¢emu je kod 2 bolesnika (18,2%) dokazano prisustvo
mutacije, dok je 9 bolesnika (81,8%) bilo negativno.
Mikrovaskularne simptome pri dijagnozi imalo je
23 bolesnika (27,4%), glavobolju 19 bolesnika (22,6%),

2000 to 2024. The diagnosis was made according to
current WHO criteria [17].

The following data were collected from the med-
ical documentation: 1) demographic characteristics
of the patient; 2) presence of JAK2V617F mutation;
3) symptoms; 4) presence of palpable splenomegaly;
5) blood count parameters; 6) values of lactate dehy-
drogenase; 7) degree of bone marrow fibrosis; 8) car-
diovascular (CVD) risk factors; 9) presence and type of
previous thrombosis and thrombosis during follow-up;
10) treatment modalities; 11) prognostic scores (ELN
score, International Prognostic Score of Thrombosis in
WHO - ET (IPSET Thrombsis), International Prognostic
Score for ET: Predicts Survival (IPSET survival), Interna-
tional Prognostic Scoring System (IPSS)); 12) length of
survival; 13) cause of death.

Descriptive statistical parameters and categorical
data are shown as absolute and relative frequencies, and
numerical data, considering that they did not have a nor-
mal distribution, are shown as median and range (Min-
Max). The chi-square test was used to test the differenc-
es in frequency, and the Kruskal-Wallis and Mann-Whit-
ney tests were used to test the differences in numerical
data values. The criterion for statistical significance was
p < 0.05. Data were processed using the SPSS Statistics
22 software program (SPSS Inc., Chicago, IL, USA).

RESULTS

The study included 84 patients aged up to 40 years
with a confirmed diagnosis of the disease from the
Philadelphia group of negative myeloproliferative
neoplasms (Ph-MPN). Polycythemia vera was present
in 52 patients (61.9%), essential thrombocythemia in
21 patients (25%), and prefibrotic phase of primary
myelofibrosis in 11 (13.1%). No patient had a manifest
phase of PMF. The group consisted predominantly of
women, 51 or so (60.7%), while 33 respondents (39.3%)
were men (ratio F : M=1.55:1). The median age of the
patients at the time of diagnosis was 33 years (from 14
to 40 years) (Table 1).

JAK2V617F mutation was found by the Allele-specif-
ic PCR method in 39 patients (46.4%), while it was absent
in 24 patients (28.6%); this analysis was not performed in
21 patients (25%) (Table 1). In the group with PV, 31 pa-
tients (59.6%) had the JAK2V617F mutation, 5 patients
(9.6%) did not, while in 16 patients (30.7%), the analysis
was not performed. In patients with ET, the presence of
the JAK2V617F mutation was confirmed in 6 patients
(28.6%), while 10 patients (47.6%) were negative, and
in 5 patients (23.8%), this mutation was not examined.
This analysis was performed on all patients with prePMF,
whereby the presence of the mutation was proven in 2
patients (18.2%), while 9 patients (81.8%) were negative.
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Tabela 1. Klinicke i laboratorijske karakteristike mladih bolesnika sa MPN

Table 1. Clinical and laboratory characteristics of young MPN patients

Uzrast (godine), medijana (opseg) / Age (years), median (range) 33 (14-40)
Pol (Z/M) / Gender (F/M) 51(60.7%) / 33 (39.3%)
Tip MPN / MPN type
PV 52 (61.9%)
ET 21(25.0%)
prePMF / 11(13.1%)
JAK2V617F mutacija / JAK2V617F mutation
Pozitivna / Positive 39 (46.4%)
Negativna / Negative 24(28.6%)
Nije uradena / Not done 21(25.0%)
Simptomi / Symptoms
Svrab / ltching 12 (14.3%)
Mikrovaskularni simptomi  / Microvascular symptoms 23 (27.4%)
Glavobolja / Headache 19 (22.6%)
Konstitucionalni simptomi / Constitutional symptoms 6 (7.1%)
Palpabilna splenomegalija / Palpable splenomegaly 38 (45.2%)
Povisen LDH / High LDH, U/L 43 (51.2%)
Stepen fibroze u koStanoj srzi / Bone marrow fibrosis
MF-0 /MF-0 24 (28.5%)
ME-1 / MF-1 46 (54.8%)
MF-2 / MF-2 4 (4.8%)
Nepoznato / Unknown 10 (11.9%)
Kardiovaskularni faktori rizika / Cardiovascular risk factors
HT /HT 8(9.5%)
Pusenje / Smoking 20(23.8%)
HT+HLP / HT+HLP 2(2.4%)
Pusenje, HT / Smoking, HT 4 (4.8%)
Pusenje HT, HLP / Smoking, HT, HLP 1(1.2%)
Prethodne tromboze / History of thrombosis 14 (16.7%)
Tromboze u toku pracenja / Thrombosis during follow-up 7 (8.3%)
Pracenja (meseci) / Follow-up (months) 72 (3-288)
Smrtniishod /Death 2(2.4%)

Numericki podaci su prikazani kao medijana (opseg Min-Max) a kategorijalni podaci kao broj
pacijenata i procenat, n (%)

MPN — mijeloproliferativna neoplazma, PV — policitemija vera, ET — esencijalna trombocite-
miija, prePMF — prefibroticna faza primarne mijelofibroze, LDH — laktat dehidrogenaza, HT
— hipertenzija, HLP — hiperlipidemija

svrab 12 bolesnika (14,3%), dok su konstitucione tegobe
bile prisutne kod 6 bolesnika (7,1%). Palpabilna spleno-
megalija nadena je kod 38 bolesnika (45,2%) (Tabela 1).

U ispitivanoj grupi bolesnika vrednosti hemoglobi-
na (p < 0,001), hematokrita (p < 0,001), MCV (p = 0,016)

Numerical data are presented as median (Min-Max range) and categorical data as number
of patients and percentage, n (%)

MPN - myeloproliferative neoplasm, PV - polycythemia vera, ET - essential thrombocythe-
mia, prePMF - prefibrotic phase of primary myelofibrosis, LDH - lactate dehydrogenase, HT
- hypertension, HLP - hyperlipidemia

Microvascular symptoms at diagnosis were present
in 23 patients (27.4%), headache in 19 patients (22.6%),
itching in 12 patients (14.3%), and constitutional com-
plaints were present in 6 patients (7.1%). Palpable sple-
nomegaly was found in 38 patients (45.2%) (Table 1).
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Tabela 2. Parametri krvne slike po tipovima MPN kod mladih bolesnika

Table 2. Blood count parameters by types of MPN in young patients

p-vrednost izmedu grupa /

Parametri / Parameters Tip MNP / Type MNP ) T
medijana (opseg) / median (range)
PV ET prePMF PV-ET  PV-prePMF  ET-prePMF
. , 170.0 1375 132.0
Hemoglobin / Hemoglobin (140.0-316.0) (123.0-165.0) (98.0-161.0) <0.001 <0.001 <0.001 0.670
. . 50.0 N7 38.8
Hematokrit / Hematocrit (41.4-66.0) (34.0-48.0) (29.6-45.1) <0.001 <0.001 <0.001 0.413
84.0 91.0 88.0
MCV/ McV (68.0-100.0) 700980 (@0.020 2016 0007 0.203 0.148
Br. Leukocita / No. Leukocyte WBC count %9 8.0 8.6 0.086 0.042 0.217 0.502
’ ) 4 (5.5-22.3) (5.4-67.0) (7.2-15.1) ' ) ’ '
. 737.5 856.0 1007.0
Br. Trombocita / No. Thrombocytes PLT count (166-1122) (553-1748) (461-1876) 0.003 0.018 0.003 0.381

Vrednosti su prikazane kao medijana i opseg (Min-Maks), boldirano- statisticki znacajna
razlika (p < 0.05)

PV — policitemija vera, ET — esencijalna trombocitemiija, prePMF — prefibroticna faza pri-
marne mijelofibroze, MCV — prosecna zapremina eritrocita, WBC — leukociti, PLT — trom-
bociti

i trombocita (p = 0,003) statisticki su se znacajno ra-
zlikovale prema grupama ispitanika, dok vrednosti
leukocita nisu pokazale znacajnu razliku (p = 0,086).
Vrednosti hemoglobiona bile su znacajno vece u gru-
pi pacijenata sa PV, 170,0 g/L (opseg 140,0-316,0 g/L),
u odnosu na grupu ET, 137,5 g/L (raspon 123,0-165,0
g/L), (p < 0,001), kao i u odnosu na grupu prePMF,
132,0 g/L (raspon 98,0-161,0 g/L), (p < 0,001), dok se
vrednosti hemoglobina nisu razlikovale izmedu ET i
prePMF (p = 0,670). Vrednosti hematokrita takode su
bile znacajno vise u grupi pacijenata sa PV, 50,0% (ras-
pon 41,4-66,0%), u odnosu na grupu ET, 41,7% (ras-
pon 34,0-48,0%), (p < 0,001), kao i u odnosu na grupu
prePMF, 38,8% (raspon 29,6-45,1%) (p < 0,001), dok se
vrednosti hematokrita nisu razlikovale izmedu ET i pre-
PMF (p =0,413).

Vrednosti MCV-a bile su statisti¢ki znacajno vece
kod pacijenata sa ET, 91,0 f/L (raspon 70,0-98,0 f/L), u
odnosu na grupu sa PV, 84,0 f/L (raspon 68,0-100,0 f/L),
(p < 0,001), dok izmedu ispitanika ostalih grupa nije
postojala znacajna razlika. Vrednosti trombocita bile
su znacajno nize u grupi pacijenata sa PV, 737,5 x10°/L
(raspon 166,0-1122,0 x10%/L), u odnosu na grupu ET,
856,0 x10%L (raspon 553,0-1748,0 x10%L), (p = 0,018),
kao i u odnosu na grupu prePMF 1007,0 x10%L (raspon
461,0-1876,0 x10%L), (p=0,003), dok se vrednosti trom-
bocita nisu razlikovale izmedu ET i prePMF (p = 0,381)
(Tabela 2).

U celoj grupi bolesnika, vrednost laktat-dehidroge-
naze (LDH) bila je povisena kod 43 (51,2%). Eritropoetin
je bio snizen kod 25 bolesnika (29,8%), normalan kod

Values are shown as median and range (Min-Max), bold - statistically significant difference
(p<0.05)

PV - polycythemia vera, ET - essential thrombocythemia, prePMF - prefibrotic phase of
primary myelofibrosis, MCV — mean corpuscular volume, WBC - leukocytes, PLT - platelets
Hemoglobin (g/L), Hematocrit (%), MCV (f/L), No. Leukocyte (x10°/L), No. Thrombocytes
(x10°/L)

In the examined group of patients, the values of hemo-
globin (p < 0.001), hematocrit (p < 0.001), MCV (p = 0.016),
and platelets (p = 0.003) statistically significantly differed
according to the groups of subjects, while the values of
leukocytes did not show a significant difference (p = 0.086).
Hemoglobin values were considerably higher in the group
of PV patients, 170.0 g/L (range 140.0-316.0 g/L), com-
pared to the ET group, 137.5 g/L (range 123.0- 165.0 g/L),
(p<0.001),as well as in relation to the prePMF group, 132.0
g/L (range 98.0-161.0 g/L), (p < 0.001), while the values he-
moglobin did not differentiate between ET and prePMF
(p = 0.670). Hematocrit values were also significantly high-
er in the PV group, 50.0% (range 41.4-66.0%), compared
to the ET group, 41.7% (range 34.0-48.0%), (p < 0.001), as
well as in relation to the prePMF group, 38.8% (range 29.6-
45.1%) (p < 0.001), while hematocrit values did not differ
between ET and prePMF (p = 0.413).

MCV values were statistically significantly higher in
ET patients, 91.0 f/L (range 70.0-98.0 f/L), compared to
the PV group, 84.0 f/L (range 68,0-100.0 f/L), (p < 0.001),
while there was no significant difference between the
subjects of the other groups. Platelet values were sig-
nificantly lower in the PV group, 737.5 x10°%/L (range
166.0-1122.0 x10%/L), compared to the ET group, 856.0
x10°/L (range 553.0- 1748.0 x10°L), (p = 0.018), as
well as in relation to the prePMF group 1007.0 x10°/L
(range 461.0-1876.0 x10%/L), (p = 0.003), while platelet
values did not differentiate between ET and prePMF
(p=0.381) (Table 2).

In the entire group of patients, the value of lac-
tate dehydrogenase (LDH) was elevated in 43 (51.2%).
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Tabela 3. Tromboze i KV faktori rizika kod mladih bolesnika sa MPN

Table 3. Thrombosis and CV risk factors in young patients with MPN

e e o e

Prethodne tromboze / History of thrombosis 11(21.2%) 1(4.8%) 2(18.2%) 0.233
Arterijske / Arterial
TIA/ 0(0) 1(4.8%) 0(0)
AIM/ 3(5.8%) 0(0) 0(0)
i/ 2(3.8%) 0(0) 0(0)
Periferna arterijska tromboza / Peripheral arterial thrombosis 1(1.9%) 0(0) 0(0)
Venske / Venous
DVT/ 1(1.9%) 0(0) 0(0)
PE/ 1(1.9%) 0(0) 0(0)
T/ 1(1.9%) 0(0) 0(0)
PVT/ 1(1.9%) 0(0) 2(18.2)
Budd-Chiari / 1(1.9%) 0(0) 0(0)
Tromboze tokom pracenja / Thrombosis during follow-up 7(13.5%) 0(0) 0(0)
Tromboza u levoj komori srca / Left ventricle thrombosis 1(1.9%) 0(0) 0(0)
AIM 2(3.8%) 0(0) 0(0)
(41]] 1(1.9%) 0(0) 0(0)
Venske /Venous Venous
DVT 3(5.8%) 0(0) 0(0)
Broj KV faktora rizika / Number of CV risk factors
0 27 (51.9%) 14.(66.7%) 8(72.8%)
1 20 (38.5%) 5(23.8%) 3(27.3%) 05LE
2 4(7.7%) 2(9.5%) 0(0)
3 1(1.9%) 0(0) 0(0)

Kategorijalni podaci su prikazani kao broj pacijenata i procenat n (%)

TIA — tranzitorni ishemijski atak, AIM — akutni infarkt miokarda, CVI — cerebrovaskular-
ni insult, DVT — duboka venska tromboza, PE — plu¢na embolija, CVT — centralna venska
tromboza, PVT — tromboza vene porte, MPN — mijeloproliferativna neoplazma, PV — po-
licitemija vera, ET — esencijalna trombocitemija, prePMF — prefibroticna faza primame
mijelofibroze

14 bolesnika (16,7%), dok kod 45 bolesnika (53,6%) nije
raden. Stepen fibroze u kostanoj srzi je bio MF 0 kod 24
bolesnika (28,5%), MF 1 kod 46 bolesnika (54,8%), MF 2
kod 4 bolesnika (4,8%), a kod 10 bolesnika (11,9%) nisu
bili dostupni podaci (Tabela 1).

Kardiovaskularne faktore rizika imalo je 35 bolesni-
ka (41,7%), od ¢ega je 8 bolesnika (9,5%) imalo hiper-
tenziju, 20 bolesnika (23,8%) su bili pusaci, udruzenu
pojavu hipertenzije i hiperlipidemije je imalo 2 bole-
snika (2,4%), pusaca koji su istovremeno imali i hiper-
tenziju bilo je 4 (4,8%), dok su sva tri faktora rizika bila
prisutna kod samo 1 bolesnika (1,2%). Raspodela pre-
ma dijagnozama u odnosu na broj kardiovaskularnih
rizika bila je sledeca: 27 bolesnika sa PV (51,9%), 14 bo-
lesnika sa ET (66,7%) i 8 bolesnika sa prePMF (72,8%)

(ategorical data are presented as the number of patients and percentage n (%)

TIA - transient ischemic attack, AMI - acute myocardial infarction, CVI - cerebrovascular
insult, DVT - deep vein thrombosis, PE - pulmonary embolism, CVT - central venous throm-
bosis, PVT - portal vein thrombosis, MPN - myeloproliferative neoplasm, PV - polycythemia
vera, ET - essential thrombocythemia, prePMF - prefibrotic phase of primary myelofibrosis

Erythropoietin was decreased in 25 patients (29.8%),
normal in 14 patients (16.7%), while in 45 patients
(53.6%), it was not done. The degree of fibrosis in the
bone marrow was MF 0 in 24 patients (28.5%), MF 1 in
46 patients (54.8%), MF 2 in 4 patients (4.8%), and in 10
patients (11.9%) no data were available (Table 1).
Cardiovascular risk factors were present in 35 pa-
tients (41.7%), of which 8 patients (9.5%) had hyper-
tension, 20 patients (23.8%) were smokers, 2 patients
had the combined occurrence of hypertension and
hyperlipidemia (2.4%), there were 4 (4.8%) smokers
who also had hypertension, while all three risk factors
were present in only 1 patient (1.2%). The distribution
according to diagnoses in relation to the number of
cardiovascular risks was as follows: 27 patients with PV

346

Septembar 2024. | Volumen 5/ Broj 3 | Srpski MEDICINSKI CASOPIS LEKARSKE KOMORE



MIJELOPROLIFERATIVNE NEOPLAZME KOD BOLESNIKA MLABIH OD 40 GODINA: RETROSPEKTIVNA ANALIZA KLINICKIH KARAKTERISTIKA

Arsenovié |. et al.

MYELOPROLIFERATIVE NEOPLASMS IN PATIENTS YOUNGER THAN 40 YEARS: A RETROSPECTIVE ANALYSIS OF CLINICAL CHARACTERISTICS

Tabela 4. Terapijski pristup i stratifikacija prema ELN skoru mladih bolesnika
saMPN

Table 4. Therapeutic approach and stratification according to the ELN score of
young MPN patients

Terapija / Therapy
ASA/ASA 43 (82.7%) 20 (95.2%) 10(90.9%)
VKA / VKA 1(1.9%) 0(0) 1(9.1%) 0325
DOAK / DOAC 1(1.9%) 0(0) 0(0)
ASA+0AK / ASA+ 0AC 3(5.8%) 0(0) 0(0)
Flebotomije / Phlebotomy 50 (96.2%) 3(14.3%) 0(0%) <0.001
Citoreduktivna terapija / (ytoreductive treatment 24 (46.1%) 9(42.9%) 4(36.4%) 0.831
Standardni ELN skor / Standard ELN score
Nizak rizik / Low risk 40 (76.9%) 20 (95.2%) 9(81.8%) 0.181
Visok rizik / High risk 12(23.1%) 1(4.8%) 2(18.2%)
Prisutni KV faktori rizika / CVrisk factors 25 (48.1%) 7 (33.0%) 3(27.3%) 0.299

Kategorijalni podaci su prikazani kao broj pacijenata i procenat n (%), Podebljano- statistic-
ki znacajna razlika ucestalosti

ASA — acetilsalicilna kiselina, VKA — antagonisti vitamina K, DOAK — direktni oralni antikoa-
gulanti, OAK — oralni antikoagulanti, ELN — European LeukemiaNet, KV — kardiovaskulari,
PV — policitemija vera, ET — esencijalna trombocitemija, prePMF — prefibroti¢na faza pri-
marne mijelofibroze

nisu imali KV faktore rizika, jedan KV faktor rizika je
imalo 20 bolesnika sa PV (28,5%), 5 sa ET (23,8%) i 3 sa
prePMF (27,3%), 2 KV faktora rizika su imali 4 bolesnika
sa PV (7,7%), 2 sa ET (9,5%) i ni jedan bolesnik sa pre-
PMF, dok je jedan bolesnik sa PV je imao 3 KV faktora
rizika (Tabela 1, Tabela 3).

Prethodne tromboze su bile prisutne kod 14 bole-
snika (16,7%), dok su tromboze u toku pracenja nastale
kod 7 bolesnika (8,3%). NajviSe tromboza pre dijagnoze
MPN imali su bolesnici sa PV, 11 bolesnika (21,2%), dok
susamo 1 bolesnik sa ET (4,8%) i 2 bolesnika sa prePMF
(18,2%) imali prethodnu trombozu. Ucestalost trombo-
za pre dijagnose MPN se nije statisti¢ki znacajno razli-
kovala prema grupama ispitanika (p = 0,233). 0d 11 bo-
lesnika sa PV, 3 (5,8%) su imala akutni infarkt miokarda,
2 (3,8%) mozdani udar, dok je po jedan (1,9%) bolesnik
imao perifernu arterijsku trombozu, DVT, PE, CVT, PVT,
Budd Chiari. Bolesnik sa dijagnozom ET je imao tranzi-
torni ishemijski atak, dok su oba bolesnika sa prePMF
imala PVT. U toku pracenja tromboze su isklju¢ivo na-
dene kod bolesnika sa PV, od ¢ega su 3 (5,8%) bolesni-
ka imala DVT, 2 (3,8%) bolesnika AIM, dok je po jedan
(1,9%) bolesnik imao CVI ili tromb u levoj komori srca.
Broj KV faktora rizika se nije znacajno razlikovao izmedu
dijagnosti¢kih grupa pacijenata, (p = 0,293) (Tabela 3).

U celoj grupi bolesnika, 73 (86,9%) su bili na terapiji
ASA, 2 (2,4%) na terapiji VKA, jedan (1,2%) na DOAK, a 3
bolesnika (3,6%) na kombinaciji ASA i OAK. U okviru PV,

(ategorical data are presented as number of patients and percentage n (%), Bold - statisti-
cally significant difference in frequency

ASA - acetylsalicylic acid, VKA - vitamin K antagonists, DOAC — direct oral anticoagulants,
OAC - oral anticoagulants, ELN - European LeukemiaNet, CV - cardiovascular, PV - polycy-
themia vera, ET - essential thrombocythemia, prePMF - prefibrotic phase of primary my-
elofibrosis

(51.9%), 14 patients with ET (66.7%) and 8 patients with
prePMF (72.8%) had no CV risk factors, one CV risk fac-
tor was present in 20 patients with PV (28.5%), 5 with
ET (23.8%) and 3 with prePMF (27.3%), 2 CV risk factors
were present in 4 patients with PV (7 .7%), 2 with ET
(9.5%) and no patient with prePMF, while one patient
with PV had 3 CV risk factors (Table 1, Table 3).

Previous thromboses were present in 14 patients
(16.7%), while thrombosis occurred during follow-up
in 7 patients (8.3%). Patients with PV had the most
thrombosis before the diagnosis of MPN, 11 patients
(21.2%), while only 1 patient with ET (4.8%) and 2 pa-
tients with prePMF (18.2%) had previous thrombosis.
The frequency of thrombosis before the diagnosis of
MPN was not statistically significantly different accord-
ing to the groups of subjects (p = 0.233). Out of 11
patients with PV, 3 (5.8%) had an acute myocardial in-
farction, 2 (3.8%) had a stroke, while one (1.9%) patient
each had peripheral arterial thrombosis, DVT, PE, CVT,
PVT, Budd Chiari. The patient diagnosed with ET had
a transient ischemic attack, while both patients with
prePMF had PVT. During follow-up, thromboses were
exclusively found in patients with PV, of which 3 (5.8%)
patients had DVT, 2 (3.8%) patients had AMI, while one
(1.9%) patient had CVI or thrombus in the left ventricle
of the heart. The number of CV risk factors did not dif-
fer significantly between diagnostic groups of patients
(p=0.293) (Table 3).
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43 (82,7%) bolesnika je le¢eno ASA, po jedan (1,9%) bo-
lesnik sa VKA i DOAK, dok su tri bolesnika le¢ena pret-
hodno pomenutom kombinacijom ASA i OAK. Medu
bolesnicima se ET, 20 (95,2%) je le¢eno ASA i nije bilo
bolesnika lecenih drugim tipom antitrombozne terapi-
je. U grupi bolesnika sa prePMF, 10 (90,9%) je bilo na
terapiji ASA, dok je jedan bio na terapiji VKA. Primena
ASA u terapiji nije se znacajno razlikovala izmedu po-
smatranih grupa pacijenata (p = 0,325). Ukupno, 53 bo-
lesnika (63,1%) je leceno flebotomijama, od ¢ega su 50
bili bolesnici sa PV, dok je 3 bolesnika imalo ET. Lecenje
flebotomijom je znacajno ucestalije u grupi pacijenta
sa PV (p < 0,001). Citoreduktivnom terapijom je leCeno
37 bolesnika (43,9%), dok je raspodela prema dijagno-
zama bila: 24 bolesnika (46,1%) u grupi sa PV, 9 (42,9%)
u grupi sa ET i 4 (36,4%) u grupi sa prePMF, bez zna-
¢ajne razlike u primeni citoreduktivne terapije izmedu
grupa pacijenata (p = 0,831). U celoj grupi bolesnika,
33 bolesnika (39,1%) je leCeno jednom terapijskom li-
nijom, dok su 4 bolesnika (4,8%) primala dve terapijske
linije. Hidroksurea (HU) je bila prva linija terapije kod 31
bolesnika (36,1%), dok je 6 bolesnika (7,2%) incijalno
leceno interferonom. U drugoj terapijskoj liniji, 3 bo-
lesnika su dobijala HU (3,6%), dok su po dva bolesnika
dobijala INF (2,4%) ili ruksolitinib (2,4%) (Tabela 4).

Od ukupnog broja bolesnika, prema standardnom
ELN skoru, visokom riziku je pripadalo 15 (17,9%). Ras-
podela u okviru dijagnoza, u odnosu na ELN skor, bila je
sledeca: 12 bolesnika (23,1%) sa PV, 1 bolesnik (4,8%) sa
ETi 2 bolesnika (18,2%) sa prePMF pripadali su grupi vi-
sokog rizika. Ucestalost visokorizi¢nih pacijenata prema
standardnom ELN skoru nije se znacajno razlikovala iz-
medu dijagnoza (p = 0,181). Od ukupnog broja bolesni-
ka koji su primali citoreduktivnu terapiju, njih 10 (26,7%)
je bilo klasifikovano kao visokorizi¢no. U grupi bolesni-
ka sa ET, prema IPSET survival skoru, 16 bolesnika je pri-
padalo grupi niskog rizika, 4 bolesnika intermedijernoj
grupi, a prema IPSET thrombosis skoru, 11 bolesnika je
pripalo grupi niskog, a 7 bolesnika intermedijernoj gru-
pi rizika. U grupi bolesnika sa prePMF, prema IPSS skoru,
8 bolesnika je pripadalo grupi niskog, a 3 bolesnika gru-
pi intermedijernog-1 rizika. Prethodno navedeni skorovi
koristeni za bolesnike sa ET i prePMF nisu identifikovali
visokorizi¢ne bolesnike u nasoj kohorti (Tabela 4).

Kod dve bolesnice (2,45%) postojala je pozitivna
porodi¢na anamneza u smislu porodi¢nog prisustva
prethodne MPN. Kod jedne bolesnice sa PV, majka je
tekode imala PV, a kod druge bolesnice sa prePMF, stric
jeimao ET.

Transformacija u MF dogodila se kod dve bolesnice
koje su imale PV (post-PV MF), $to ¢ini 2,45% od uku-
pnog broja bolesnika. Vreme do fibroti¢ne progresije
jeiznosilo6i 11,5 godina.

In the entire group of patients, 73 (86.9%) were on
ASA therapy, 2 (2.4%) on VKA therapy, one (1.2%) on
DOAK, and 3 patients (3.6%) on a combination of ASA
and OAK. Within PV, 43 (82.7%) patients were treated
with ASA, one (1.9%) patient each with VKA and DOAC,
and three patients were treated with the combination
mentioned above of ASA and OAK. Among the patients
with ET, 20 (95.2%) were treated with ASA, and no pa-
tients were treated with another type of antithrom-
botic therapy. In the group of patients with prePMF, 10
(90.9%) were on ASA therapy, while one was on VKA
therapy. The use of ASA in treatment did not differ sig-
nificantly between the observed groups of patients
(p = 0.325). In total, 53 patients (63.1%) were treated
with phlebotomies, of which 50 were patients with PV,
while 3 patients had ET. Phlebotomy treatment was sig-
nificantly more frequent in the group of patients with
PV (p < 0.001). 37 patients (43.9%) were treated with
cytoreductive therapy, while the distribution according
to diagnosis was: 24 patients (46.1%) in the group with
PV, 9 (42.9%) in the group with ET, and 4 (36.4%) in the
group with prePMF, with no significant difference in
the application of cytoreductive therapy between pa-
tient groups (p = 0.831). In the entire group of patients,
33 patients (39.1%) were treated with one therapeutic
line, while 4 patients (4.8%) received two therapeutic
lines. Hydroxyurea (HU) was the first line of therapy in
31 patients (36.1%), while 6 patients (7.2%) were ini-
tially treated with interferon. In the second therapeutic
line, 3 patients received HU (3.6%), while two patients
each received INF (2.4%) or ruxolitinib (2.4%) (Table 4).

Of the total number of patients, according to the
standard ELN score, 15 (17.9%) were at high risk. The
distribution within the diagnoses, in relation to the
ELN score, was as follows: 12 patients (23.1%) with PV,
1 patient (4.8%) with ET, and 2 patients (18.2%) with
prePMF belonged to the group high risk. The frequen-
cy of high-risk patients according to the standard ELN
score did not differ significantly between diagnoses
(p = 0.181). Of the total number of patients who re-
ceived cytoreductive therapy, 10 of them (26.7%)
were classified as high-risk. In the group of patients
with ET, according to the IPSET survival score, 16
patients belonged to the low-risk group, 4 patients
to the intermediate group, and according to the IP-
SET thrombosis score, 11 patients belonged to the
low-risk group, and 7 patients to the intermediate
risk group. In the group of patients with prePMF, ac-
cording to the IPSS score, 8 patients belonged to the
group of low, and 3 patients to the group of interme-
diate-1 risk. The aforementioned scores used for pa-
tients with ET and prePMF did not identify high-risk
patients in our cohort (Table 4).
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Medijana pracenja bolesnika je iznosila 72 meseca
(3-288 meseci). Dva bolesnika (2,45%) su tokom prace-
nja preminula, a uzrok smrtnog ishoda kod jednog su
bile posttransplatacione komplikacije nakon alogene
tranplatacje mati¢nih celija hematopoeze, odnosno
sekundarni malignitet, karcinom jetre kod drugog (Ta-
bela 1).

DISKUSLJA

Najcesce dijagnostikovana Filadelfija negativna (Ph-)
MPN kod mladih bolesnika je esencijalna tromboci-
temija (ET). Ovaj tip MPN najsesce se otkriva kod ispi-
tanika zenskog pola, 5to objasnjava nalaz da su medu
mladim bolesnicima sa MPN pretezno zene (65-71%),
dok je kod starijih zastupljenost Zenskog pola manja i
iznosi 46-58% [10,11]. U nasoj kohorti, iako je ceSce na-
dena policitemija vera (PV), i dalje je dominantan Zen-
ski pol, jer Zene Cine skoro dve tre¢ine ukupnog broja
bolesnika.

Medijana starosti na dijagnozi u studijama sa mla-
dim bolesnicima sa MPN krece se izmedu 20 i 36 godi-
na, $to je u skladu sa nasim podacima gde je medijana
bila 33 godine, sa rasponom od 14 do 40 godina. Ove
studije su ukljucile bolesnike malde od 45 godina sta-
rosti [10,18,19].

Pacijenti mlade Zivotne dobi sa MPN na dijagnozi
su uglavnom bez tegoba (asimptomatski), slicno kao i
stariji [18]. Medutim, prema podacima Sobas i saradni-
ka, vise od jedne trecine bolesnika je imalo simptome
zbog hiperviskoznosti [13]. U nasoj studiji, skoro tre-
¢ina bolesnika imala je mikrovaskularne tegobe, koje
su bile najzastupljenije. Na drugom mestu je bio svrab,
a manje od 10% bolesnika je imalo konstitucione te-
gobe. Prema podacima iz literature, koji su nisu brojni,
bolesnici sa PV ¢eSc¢e imaju na dijagnozi konstitucione
simptome, 9,2% u odnosu na 3,9% kod bolesnika sa
ET [13]. Splenomegalija je nadena kod skoro polovine
nasih ispitanika. Prema Szuber i saradnicima, povecan
promer slezine bio je prisutan kod ve¢eg procenta mla-
dih od 40 godina u odnosu na bolesnike starije od 60
godina [14]. Ovo je narocito znacajno, uzimajudi u ob-
zir da je splenomegalija identifikovana kao faktor rizika
za nastanak komplikacija i progresije bolesti, ukljucu-
judi transformaciju, krvarenje i trombozu kod ove gru-
pe bolesnika [12,13].

Kao 5to je i o¢ekivano, bolesnici sa PV su na dija-
gnozi imali znacajno vise vrednosti hemoglobina i he-
matokrita u poredenju sa bolesnicima sa ET i prePMF
(p <0,001). Medijana hemoglobina kod PV bolesnika je
bila 170 g/L, dok je kod bolesnika sa ET i prePMF ona
iznosila 137,5 g/L i 132 g/L. Hematokrit je takode bio
najvisi kod PV bolesnika, sa medijanom od 50,0%, u po-
redenju sa41,7% kod ET i 38,8% kod prePMF. Tromboci-

In two patients (2.45%), there was a positive family
history in terms of family presence of previous MPN.
In one patient with PV, the mother also had PV, and in
another patient with prePMF, the uncle had ET.

Two patients with PV (post-PV MF) were trans-
formed to MF, accounting for 2.45% of the total num-
ber of patients. The time to fibrotic progression was 6
and 11.5 years.

Median patient follow-up was 72 months (3-288
months). Two patients (2.45%) died during follow-up,
and the cause of death in one was post-transplantation
complications after allogeneic hematopoietic stem cell
transplantation, i.e., secondary malignancy and liver
cancer in the other (Table 1).

DISCUSSION

The most frequently diagnosed Philadelphia-nega-
tive (Ph-) MPN in young patients is essential thrombo-
cythemia (ET). This type of MPN is most often detected
in female respondents, which explains the finding that
among young patients with MPN, women are predom-
inantly female (65-71%), while in the elderly, the repre-
sentation of the female gender is lower and amounts
to 46-58% [10,11]. In our cohort, although polycythe-
mia vera (PV) was found more often, the female gender
is still dominant, as women make up almost two-thirds
of the total number of patients.

The median age at diagnosis in studies with young
patients with MPN ranges between 20 and 36 years,
which is consistent with our data, where the medi-
an was 33 years, with a range of 14 to 40 years. These
studies included patients younger than 45 years of age
[10,18,19].

Younger patients diagnosed with MPN are gen-
erally asymptomatic, similar to the elderly [18]. How-
ever, according to the data of Sobas et al., more than
one-third of patients had symptoms due to hyper-
viscosity [13]. In our study, almost a third of patients
had microvascular problems, which were the most
prevalent. In second place was itching; less than 10%
of patients had constitutional complaints. According
to data from the literature, which are not numerous,
patients with PV more often have constitutional symp-
toms at diagnosis, 9.2% compared to 3.9% in patients
with ET [13]. Splenomegaly was found in almost half of
our subjects. According to Szuber et al., an increased
spleen diameter was present in a higher percentage of
patients younger than 40 years compared to patients
older than 60 years [14]. This is particularly significant,
considering that splenomegaly has been identified as
arisk factor for complications and disease progression,
including transformation, bleeding, and thrombosis in
this group of patients [12,13].
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toza je uocena kod svih ispitivanih MPN entiteta, ali su
postojale znacajne razlike u broju trombocita izmedu
pacijenata sa PV i ET (p = 0,018), kao i izmedu PV i pre-
PMF (p = 0,003). Najvedi broj trombocita su imali bole-
snici sa prePMF (medijana 1007x10%/L), zatim bolesnici
sa ET (medijana 856x10°/L), dok su PV bolesnici imali
najmaniji stepen trombocitoze (medijana 737,5x10%/L).
Prema podacima iz literature, u grupi mladih bolesnika
bila je zapazena trombocitoza veceg stepena u odnosu
na starije Sto bi se moglo objasniti pove¢anom inciden-
com CALR mutacije u ovoj grupi, uzimajudi u obzir da je
ova mutacija povezana sa trombocitozom [2,11,18]. U
nasoj kohorti je iskljucivo ispitivana JAK2V617F muta-
cija, koja je bila pozitivna kod oko polovine bolesnika.
LDH je bio povisen kod oko polovine bolesnika. Kod
najveceg broja bolesnika fibroza je odgovarala MF-1 sa
vise od 50%, dok su tek dva bolesnika su imali MF-2.

Prema podacima iz literature, priblizno 10% bole-
snika sa MPN pokazuje familijarnu povezanost (klaste-
rizaciju), $to ukazuje na znacaj naslednih komponenti
u razvoju bolesti [14]. Ucestalost familijarnih MPN je
veca kod mladih bolesnika u donosu na starije bolesni-
ke (19% vs 9%) [10]. Ovo je takode ocekivano, s obzi-
rom i na raniju pojavu bolesti u mladoj grupi bolesnika.
U na$oj kohorti, kod dva bolesnika je uo¢ena porodi¢-
na pojava MPN (2,45%), Sto se moze objasniti relativho
malom grupom ispitanika.

Vaskularne komplikacije su znacajan rizik, narocito
za bolesnike sa PV, a javljaju se kako pre postavljanja
dijagnoze, tako i tokom daljeg prirodnog toka bolesti
[11,20,21]. Dokazano je da su povezane sa dijagnozom
MPN i da nekada mogu biti i prva manifestacija bolesti
zbog koje se bolesnici javljaju hematologu [22,23]. U
literaturni se nalazi da su prethodne tromboze bile pri-
sutne kod 14-27% bolesnika sa PV, 6-13% bolesnika sa
ETi7-16% sa PMF [2,11,13,18,19]. Ovi podaci u velikoj
meri odgovaraju zastupljenosti prethodnih tromboza
u oviru razli¢itih MPN dijagnoza i u nasem istrazivanju.
Od svih prethodnih tromboza u na3oj kohorti, najcesce
su bile zastupljene tromboze splanhic¢ne cirkulacije sa
28,5% od ukupnog broja, dok je zastupljenost arterij-
skih i venskih tromboza bila jednaka. Drugi najsedi tip
tromboze, odnosno tromboznih dogadaja, bio je akut-
ni infarkt miokarda, koji se javio kod 21,4% bolesnika.
Poznato je da MPN dovodi do tromboza na neuobica-
jenim lokalizacijama, kao 3to su tromboze splanhni¢ne
cirkulacije, uklju¢uju¢i Budd-Chiarijev sindrom (BCS),
tromboza vene porte (PVT) i tromboza cerebralnih
vena [11,22,24]. Tromboze u toku pracena iskljucivo su
bile prisutne kod bolesnika sa PV sa predominacijom
arterijskih tromboza koje su Cinile skoro 2/3. Prema li-
teraturnim podacima kod bolesnika ove uzrasne grupe
ceSce su bile prisutne venske tromboze u toku prace-

As expected, patients with PV had significantly
higher hemoglobin and hematocrit values at diagno-
sis than patients with ET and prePMF (p < 0.001). Me-
dian hemoglobin in PV patients was 170 g/L, while in
patients with ET and prePMF, it was 137.5 g/L and 132
g/L. Hematocrit was also highest in PV patients, with a
median of 50.0%, compared to 41.7% in ET and 38.8%
in prePMF. Thrombocytosis was observed in all MPN
entities examined, but there were significant differenc-
es in platelet counts between PV and ET patients (p =
0.018) and between PV and prePMF (p = 0.003). Patients
with prePMF had the highest number of platelets (me-
dian 1007x10°L), followed by patients with ET (median
856x10%/L), while PV patients had the lowest degree
of thrombocytosis (median 737.5x10°/L). According to
data from the literature, a higher degree of thrombo-
cytosis was observed in the group of young patients
compared to the elderly, which could be explained by
the increased incidence of the CALR mutation in this
group, taking into account that this mutation is asso-
ciated with thrombocytosis [2,11,18]. In our cohort, the
JAK2V617F mutation was exclusively examined, and it
was positive in about half of the patients. LDH was ele-
vated in about half of the patients. In the most signifi-
cant number of patients, fibrosis corresponded to MF-1
with more than 50%, while only two patients had MF-2.

According to data from the literature, approxi-
mately 10% of patients with MPN show a familial con-
nection (clustering), which indicates the importance
of hereditary components in the development of the
disease [14]. The frequency of familial MPN is higher
in younger patients than in older patients (19% vs 9%)
[10]. This is also expected, considering the earlier onset
of the disease in the younger group of patients. In our
cohort, a familial occurrence of MPN was observed in
two patients (2.45%), which the relatively small group
of subjects can explain.

Vascular complications are a significant risk, espe-
cially for patients with PV, and occur both before di-
agnosis and during the further natural course of the
disease [11,20,21]. It has been proven that they are
related to the diagnosis of MPN and that sometimes,
they can be the first manifestation of the disease for
which the patients consult a hematologist [22,23]. In
the literature, previous thrombosis was present in 14-
27% of patients with PV, 6-13% of patients with ET, and
7-16% with PMF [2,11,13,18,19]. These data correspond
to previous thromboses’ prevalence among different
MPN diagnoses and in our research. Of all the previ-
ous thromboses in our cohort, the most common was
thrombosis of the splanchnic circulation, with 28.5% of
the total number, while the prevalence of arterial and
venous thrombosis was equal. The second most com-
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nja, pa ¢ak ¢eSce i u odnosu na starije bolesnike [10].
Autori ovu pojavu objasnjavaju vec¢im brojem trom-
boza splanhi¢ne cirkulacije u toku pracenja, sa 77% od
ukupnog broja venskih tromboza [12]. S druge strane,
arterijske tromboze su u toku praéenja uglavnom rede
zastupljene kod mladih bolesnika. Smatra se da je ovo
u vezi sa nizom incidencom kardiovaskularnih komor-
biditeta i aterosklerotskih promena u krvnim sudovi-
ma [14]. Medutim, u nasoj kohorti 41,7% bolesnika je
imalo KV faktore rizika, pri ¢emu je pusenje bilo najce-
$¢e zastupljeno, a ¢ak 8,3% bolesnika imalo je vise od
jednog faktora rizika. Taj nalaz moze objasniti pojavu
ces¢ih arterijskih tromboza u nasoj studiji.

Prema ELN preporukama, leCenje bolesnika sa PV
je bazirano na riziku od tromboze. Grupi visokog rizika
pripadaju bolesnici koji su imali prethodne tromboze
ili su stariji od 60 godina, dok nizak rizik podrazume-
va odsustvo oba navedena faktora. Primenom ovog
skoring sistema, svi bolesnici u grupi mladih pripada-
ju grupi niskog rizika, osim ako nisu imali prethodne
tromboze [16]. Leenje niskorizi¢nih bolesnika sa PV
podrazumeva primenu flebotomija sa ciljem da Hct
bude < 45%, kao i primenu malih doza ASA [16,25]. Pre
primene antitrombocitne terapije, bitno je testirati bo-
lesnika na steceni von Wilebrandov sindrom kako bi se
identifikovali bolesnici sklon krvarenju, imajudi u vidu
da se on moze da javi ¢ak i u odsustvu izrazene trom-
bocitoze [26]. U nasoj grupi bolesnika sa PV, vecina je
leCena niskim dozama ASA, sa svega par bolesnika je
bilo na na oralnoj antikoagulantnoj terapiji (OAK). Ra-
zlog za uvodenje OAK kod skoro svih bolesnika bile su
prethodne tromboze, osim kod jednog bolesnika kod
koga je ova terapija uvedena zbog atrijalne fibrilacije.
Bolesnici sa visokim rizikom, prema ELN preporukama,
zahtevaju pored ove dve terapije i primenu citoredu-
ktivne terapije [16]. Dok se HU standardno koristi kod
starijih bolesnika, prema ELN i NCCN (National Com-
perhensive Cancer Network) preporukama, kod mladih
prvi izbor citoreduktivne terapije je rekombinovani ili
pegilovani INF-alfa [16,27]. U nasoj grupi bolesnika,
skoro polovina bolesnika sa PV le¢ena je primenom ci-
toreduktivne terapije, uglavnom HU, dok je manji broj
dobijao INF-alfa. Procenat lecenih je izuzetno visok,
uzimajudi u obzir da je manje od Cetvrtine bolesnika
bilo svrstano u grupu sa visokim rizikom, a drugi ra-
zlozi za uvodenje terapije su bili visoka trombocitoza,
splenomegalija, trudnoda ili znacajne tegobe. Sli¢no je
i sa bolesnicima sa ET, gde su svi osim jednog pripadali
grupi niskog rizika, pa a ipak je 42,9% bolesnika le¢eno
citoreduktivnom terapijom. ELN preporuke u smislu
primene citoreduktivne terapije kod bolesnika sa ET ne
razlikuju se mnogo u odnosu na PV, 5to se ne moze redi
i za primenu ASA [16]. Niske doze ASA su preporucene

mon type of thrombosis, or thrombotic events, was
acute myocardial infarction, which occurred in 21.4%
of patients. MPN is known to lead to thromboses in
unusual locations, such as thromboses of the splanch-
nic circulation, including Budd-Chiari syndrome (BCS),
portal vein thrombosis (PVT), and cerebral vein throm-
bosis [11,22,24]. Thrombosis during follow-up was ex-
clusively present in patients with PV, with a predom-
inance of arterial thrombosis, which accounted for
almost 2/3. According to literature data in patients of
this age group, venous thromboses were more likely
to be present during follow-up and even more often
compared to older patients [10]. The authors explain
this phenomenon by the higher number of throm-
boses of the splanchnic circulation during follow-up,
with 77% of the total number of venous thromboses
[12]. On the other hand, arterial thrombosis during fol-
low-up is generally less common in younger patients.
This is thought to be related to lower cardiovascular
comorbidities and atherosclerotic changes in blood
vessels [14]. However, in our cohort, 41.7% of patients
had CV risk factors, where smoking was the most com-
mon, and even 8.3% of patients had more than one risk
factor. This finding may explain the occurrence of more
frequent arterial thrombosis in our study.

According to ELN recommendations, treating pa-
tients with PV is based on the risk of thrombosis. Pa-
tients who have had previous thrombosis or are older
than 60 years belong to the high-risk group, while low-
risk implies the absence of both mentioned factors. By
applying this scoring system, all patients in the youth
group belong to the low-risk group unless they have
had previous thrombosis [16]. The treatment of low-
risk patients with PV involves the use of phlebotomy
with the aim of Hct being < 45%, as well as the use of
small doses of ASA [16,25]. Before applying antiplate-
let therapy, it is crucial to test the patient for acquired
von Willebrand syndrome to identify patients prone to
bleeding, bearing in mind that it can occur even in the
absence of pronounced thrombocytosis [26]. In our
group of patients with PV, most were treated with low
doses of ASA, with only a few patients on oral antico-
agulant therapy (OAC). The reason for the introduction
of OAC in almost all patients was previous thrombosis,
except for one patient in whom this therapy was intro-
duced due to atrial fibrillation. Patients with high risk,
according to ELN recommendations, require cytore-
ductive therapy in addition to these two therapies [16].
While HU is standardly used in elderly patients, accord-
ing to ELN and NCCN (National Comprehensive Cancer
Network) recommendations, in young people, the first
choice of cytoreductive therapy is recombined or pe-
gylated INF-alpha [16,27]. In our group of patients, al-
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kod bolesnika sa JAK2 mutacijom, dok kod CALR mu-
tacije, s obzirom na vecu sklonost ka krvarenju, treba
biti oprezan [14]. Ipak, u nasoj studiji svi, osim jednog
bolesnika su dobijali ASA, a sama CALR mutacija nije
bila radena.

Kod bolesnika sa PMF, leCenje se znacajno razliku-
je, i ukoliko nemaju citopeniju, prisutne visokorizi¢ne
molekularne mutacije i imaju normalan kariotip, pre-
porucuje se posmatranje, klini¢ke studije ili upotreba
JAK inhibitora (JAKi) [14]. U suprotnom, za bolesnike
visokog rizika, preporucuje se alogena transplatacija
mati¢nih ¢elija hematopoeze (TMCH) [14]. U na3oj gru-
pi bolesnika iskljucivo je bila dijagnostikovana prePMF,
pa je terapijski pristup bio slican onom kod ET, s ob-
zirom da ove dve bolesti karakteriSe uporediv rizik od
trombotickih komplikacija [28]. Stoga je leCenje podra-
zumevalo primenu aspirina, a nesto vise od trecine bo-
lesnika je bilo le¢eno i citoreduktivnom terapijom $to
je vise u odnosu na procenat bolesnika sa trombozom
(18.2%). Jedna bolesnica, sa progresijom u post-PV MF
nakon 11,5 g od dijagnoze, transplantirana je, ali je pre-
minula zbog nastanka posttransplatacionih komplika-
cija. Vec¢ina bolesnika u nasoj grupi le¢ena je jednom
linijom citoreduktivne terapije, a svega 4,8% bolesnika
je zahtevalo drugu terapijsku liniju, i to HU, INF ili ruk-
solitinib.

Trenutno, ne postoje prognosticki skorovi koji su
specificno dizajnirani ili validirani za procenu mladih
MPN bolesnika. U nasoj kohorti za stratifikaciju rizika,
kako je ranije pomenuto koris¢en je standardni ELN
skor, ali i IPSET srurvival i IPSET thrombosis za bolesni-
ke sa ET i IPSS skor kod bolesnika sa prePMF [15,29,30].
Prema IPSET survival i IPSET thrombosis skorovima naj-
vedi broj bolesnika je pridao grupi niskog rizika, a ni je-
dan bolesnik nije pripadao grupi visokog rizika. Slicno
je i kod prePMF, gdje je IPSS identifikovao bolesnike
uglavnom kao niskorizi¢ne.

Najcesc¢i uzrok smrtnog ishoda u ovoj grupi bole-
snika se pripisuje osnovnoj bolesti, transformaciji ili
komplikacijama koje nastaju nakon TMCH [10]. Litera-
turni podaci ukazuju na to da, iako ne postoji razlika u
ucestalosti transformacije u MF ili AML izmedu mladih i
starijih bolesnika sa MPN, medijana duzine perioda do
transformacije je znacajno duza kod mladih (< 45 g) u
odnosu na starije (> 65 g) bolesnike (19-20 odnosno
7-8 godina) zbog vecée duzne pracenja [11]. Samo kod
dve bolesnice u nasoj kohorti doslo je do progresije u
post-PV MF, $to se moze objasniti kratkom medijanom
pracenja koja je iznosila oko 3 godine. Podaci iz litera-
ture ukazuju da je > 45% transformacija zabelezeno
nakon > 10 godina od postavljanja dijagnoze, pa stoga
duzina pracenja predstavlja bitan faktor [13]. Smrtni is-
hod je nastupio kod dva bolesnika, i to, kako je ranije

most half of the patients with PV were treated with cy-
toreductive therapy, mainly HU, while a smaller num-
ber received INF-alpha. The percentage of those treat-
ed is exceptionally high, taking into account that less
than a quarter of patients were classified as high-risk,
and other reasons for the introduction of therapy were
high thrombocytosis, splenomegaly, pregnancy, or
significant complaints. It is similar to patients with ET,
where all but one belonged to the low-risk group, and
yet 42.9% of patients were treated with cytoreductive
therapy. ELN recommendations regarding the appli-
cation of cytoreductive therapy in patients with ET do
not differ much compared to PV, which cannot be said
for the application of ASA [16]. Low doses of ASA are
recommended in patients with JAK2 mutation, while
caution should be exercised in patients with CALR mu-
tation, given the greater tendency to bleeding [14].
However, in our study, only one patient received ASA,
and the CALR mutation was not performed.

In patients with PMF, treatment varies significantly,
and if they do not have cytopenia, high-risk molecular
mutations are present and have a normal karyotype;
observation, clinical studies, or the use of JAK inhibi-
tors (JAKi) are recommended [14]. Otherwise, for high-
risk patients, allogeneic hematopoietic stem cell trans-
plantation (HSCT) is recommended [14]. In our group
of patients, only prePMF was diagnosed, so the thera-
peutic approach was similar to that of ET, considering
that these two diseases are characterized by a compa-
rable risk of thrombotic complications [28]. Therefore,
the treatment involved the use of aspirin, and slightly
more than a third of patients were treated with cytore-
ductive therapy, which is higher than the percentage
of patients with thrombosis (18.2%). One patient, with
progression to post-PV MF after 11.5 years from diag-
nosis, was transplanted but died due to post-trans-
plantation complications. Most patients in our group
were treated with one line of cytoreductive therapy,
and only 4.8% of patients required a second line of
treatment, namely HU, INF, or ruxolitinib.

Currently, no prognostic scores are specifically
designed or validated for evaluating young MPN pa-
tients. In our risk stratification cohort, as previously
mentioned, the standard ELN score was used for IPSET
survival and IPSET thrombosis for patients with ET and
IPSS score for patients with prePMF [15,29,30]. Accord-
ing to the IPSET survival and IPSET thrombosis scores,
most patients belonged to the low-risk group, and not
a single patient belonged to the high-risk group. It is
similar to prePMF, where the IPSS identified patients
primarily as low-risk.

The most common cause of death in this group of
patients is attributed to the underlying disease, trans-
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navedeno, kod bolesnice sa post PV PMF, usled kom-
plikacija TMCH, a kod drugog bolesnika razlog zbog
sekundarnog maligneta.

ZAKLJUCAK

Adolescenti i mlade odrasle osobe ¢ine posebnu
subpopulaciju unutar MPN, pokazujuéi jedinstvene
karakteristike po kojima se razlikuju od starijih bolesni-
ka. Kao rezultat dugog trajanja bolesti u ovoj starosnoj
grupi, postoji veci rizik od trombotickih dogadaja, po-
sebno tromboza splanhi¢ne cirkulacije, ali i veci rizik od
transformacije u agresivniju formu bolesti zbog duzine
pracenja. Nasa studija pokazuje da vec¢ina mladih bole-
snika sa MPN, prema standardnom ELN skoru, pripada
grupi niskog rizika. Medutim, znacajan broj njih razvija
ozbiljne komplikacije, poput tromboza (25%), simp-
toma, trombocitoze i splenomegalije (> 18 cm), a kao
rezultat, skoro polovina bolesnika se leci citoreduktiv-
nom terapijom.

Ovi podaci ukazuju na potrebu za daljim istraziva-
njima kako bi se razvili prognosti¢ki modeli specifi¢ni
za mlade MPN bolesnike, ¢ime bi se omogucila preci-
znija stratifikacija rizika i optimalan terapijski pristup.
Prisutnost familijarne pojave bolesti ukazuje na potre-
bu za sveobuhvatnim geneti¢kim testiranjem. Upo-
treba NGS (next-generation sequencing) u ispitivanju
epigenetskih mutacija kod mladih bolesnika moze
znacajno doprineti razumevanju genetskih promena
koje uticu na tok bolesti i odgovor na terapiju.

Sukob interesa: Nije prijavljen.
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