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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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VERA AND CURRENT TREATMENT APPROACHES

F.T. Khalilova, A.A. Kerimov, G.R. Kerimova.
National Hematology and Blood Transfusion Center, Baku, Azerbaijan.

Abstract.
Background: According to the 2008 WHO diagnostic criteria, 

there should be 2 major and 1 minor criteria for the diagnosis of 
polycythemia vera (PV). However, in some patients, due to low 
hemoglobin (HGB), patients were excluded from the diagnosis 
and were not prescribed timely treatment. So, there was a need 
to divide patients into 2 clinical forms: overt and masked, and to 
analyze both of them.

Aims: To identify overt and masked forms of PV; to investigate 
thrombotic risk groups, thromboembolic events (TE), allel 
burden (AB) of the JAK2V617F gene and various therapeutic 
methods in overt PV (oPV) and masked PV (mPV) according to 
the thrombotic risk groups.

Study design: Cohort study (retrospective and prospective 
components).

Methods: 209 PV patients were selected and divided into 2 
clinical forms. The hemogram parameters, AB, risk group and 
TE in each clinical form were studied and compared. Out of 
209 patients, 101 were selected and treated due to the clinical 
forms and thrombotic risk groups. The hematologic responce 
(HR) was analysed according to the risk group and clinical form 
of the disease.

Results: Out of 209 patients oPV was detected in 136, mPV 
in 73. In comparison oPV to mPV, HGB, erithrocyte counts, 
and hematocrit (HCT) were higher, while platelets (PLT) were 
lower and no statistically significant difference was noted in 
white blood cells counts. In oPV, 68 (50.0%) patients were in 
low risk group (LRG), 68 (50.0%) in high risk group (HRG), 
and in mPV, 44 (60.3%) in LRG, and 29 (39.7%) in HRG. 
TE were more common in mPV compared to oPV (p<0.01). 
The JAK2V617F AB differed significantly between oPV and 
mPV within the LRG (p = 0.001). In contrast, no significant 
differences were observed in the HRG across AB categories (p = 
0.24). Within LRG, higher ABs (26–100%) were more frequent 
in oPV than mPV. In HRG, the distribution of AB was similar 
between groups, with no statistically significant differences. 
HGB and HCT were lower in all quartiles in mPV compared to 
oPV. Out of 101 PV patients, mPV demonstrated significantly 
higher overall HR rates compared to oPV (p = 0.003). Within 
the LRG treated with phlebotomy+low dose aspirin, mPV 
showed superior response compared to oPV (p = 0.007). In the 
HRG treated with hidroxiurea, mPV also had better response 
than oPV (p = 0.011). No statistically significant difference was 
observed in high-risk patients treated with interferon between 
oPV and mPV (p = 0.200).

Conclusion: More patients were included in the HRG during 
oPV. However, TE were more common in mPV. It seems that 
the occurrence of TE is related to the delay in diagnosis of mPV 
and the lack of timely and intensive treatment. This situation can 
also be attributed to the role of other factors in the occurrence of 

thrombosis. It is no coincidence that the PLT count was higher 
in mPV compared to oPV. Treatment of mPV is more effective 
than oPV. This once again demonstrates the importance of 
timely and active treatment of mPV.

Key words. Masked polycythemia vera, JAK2V617F, 
thromboembolic events.
Introduction.

Mieloproliferative neoplasms (MPN) are divided into 2 groups: 
Ph negative and Ph positive. Ph positive MPN includes chronic 
myeloid leukemia. In this case, a translocation occurs between 
chromosomes 9 and 22, resulting in a BCR-ABL gene mutation 
and a Ph chromosome. The group of Ph-negative diseases 
includes polycythemia vera (PV), essential thrombocythemia, 
and primary myelofibrosis [1]. In PV, the mutation of the Jak2 
gene is positive in 97-98% of cases. Hyperactivation of the JAK/
STAT signaling pathway in stem cells leads to uncontrolled 
proliferation and differentiation [2,3]. As a result, panmyelosis 
is noted in the bone marrow, and erythrocytosis, leukocytosis, 
and thrombocytosis are noted in the hemogram.

According to the 2008 WHO diagnostic criteria, there should 
have been 2 major and 1 minor criterion for the diagnosis of PV. 
Major criteria included hemoglobin (HGB) >185 g/L in men 
and >165 g/L in women, and the presence of JAK2V617F or 
JAK2 exon 12 gene mutation; minor criteria included trilineaged 
hyperplasia in the bone marrow, low serum erythropoietin 
levels, and endogenous colony formation in vitro. However, in 
some patients, due to low HGB levels, patients were excluded 
from diagnosis and were not prescribed timely treatment [4]. 
PV with low HGB level may occur when the disease coexists 
with chronic iron deficiency anemia, occult bleeding, folate 
deficiency anemia, B12 deficiency anemia, hemoglobinopathies 
and other anemias of chronic diseases [5,6]. So, a trepanobiopsy 
and histological examination of bone marrow take a very 
important place in the differential diagnosis of these conditions. 
Considering this, it was recommended to change these criteria 
in 2014, and new diagnostic criteria were adopted in 2016. As a 
result, the major criteria were changed by decreasing the HGB 
level, adding trilineaged hyperplasia of the bone marrow, and 
the erythropoietin indicator stayed as a minor criterion [7]. In 
clinical practice it became necessary to divide patients into 2 
clinical forms – overt PV (oPV) and masked PV (mPV) [8]. The 
aim of our study is to identify overt and masked forms of PV; 
to investigate thrombotic risk groups, thromboembolic events 
(TE), allel burden (AB) of the JAK2V617F gene mutation and 
various therapeutic methods in oPV and mPV according to the 
thrombotic risk groups.
Materials and Methods.

209 PV patients were selected for examination of their 
hemogram parameters, AB, clinical form, risk group, and TE.
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During the diagnosis of the disease, a general blood test, 
trepanobiopsy and histological examination of bone marrow, 
and molecular-genetic examination of peripheral blood and 
bone marrow were performed. The hemogram indicators were 
analyzed for hemoglobin (HGB), red blood cells (RBC), white 
blood cells (WBC), platelet (PLT) counts, and hematocrit 
(HCT) levels. JAK2 gene mutation was analyzed by RT-PCR. 
The frequency and types of TE in patients were investigated.

Patients were stratified according to the risk of TE development 
into 2 risk groups, based on the latest recommendations. Patients 
with age ≥60 and/or a history of thrombosis were included in the 
high risk group (HRG), and patients with age <60 and no history 
of thrombosis were included in the low risk group (LRG). 

Out of 209 patients, 101 PV patients were selected and divided 
into mPV and oPV groups. Patients of each group were stratified 
into 2 risk groups. Treatment was prescribed according to the 
thrombotic risk groups.
Ethics approval.

The Ethics Committee considered the study ethically 
appropriate and approved (protocol number: 10 (19012606). 
The study comprises both retrospective and prospective 
components. The retrospective component involves the review 
and analysis of previously collected medical records. No 
direct patient contact or intervention were occurred within the 
retrospective phase of the study. The prospective component 
involved the enrollment of participants in accordance with 
the approved study protocol. Written informed consent was 
obtained from all participants prior to their inclusion in the 
study. Data were collected and handled in strict compliance with 
ethical principles, confidentiality requirements, and relevant 
data protection legislation. 
Search strategy.

In this study, we retrospectively analyzed 209 patients 
diagnosed with PV, registered between 2014 and 2020. The 
diagnosis was confirmed by the presence of the JAK2V617F 
gene and three-lineage hyperplasia of the bone marrow. An 
analysis of the patients general blood tests identified cases with 
hemoglobin levels below the cutoff value specified in the 2008 
WHO classification. As a result, we divided the patients into 
two clinical forms: classic and masked. Men with HGB levels 
below the diagnostic criteria, i.e. ≤185 g/L and women with 
≤165 g/L, were included in the mPV group. Men with HGB 
levels >185 g/L and women with >165 g/L were included in 
the oPV group. Out of 209 patients, 101 PV patients diagnosed 
in 2019-2020 were selected and studied prospectively. Since 
baseline characteristics of included and excluded patients were 
not determined, the possibility of selection bias cannot be 
completely excluded. They were divided into 2 clinical forms 
and stratified into 2 risk groups. Treatment was prescribed to this 
patients based on the risk group. Treatment methods applied in 
both clinical forms were investigated and the HR was assessed 
based on the ELN criteria. Disease progression was monitored 
by disease monitoring every 3-6 months. During monitoring, 
complete blood count was used to assess HR. Thus, HR was 
confirmed when HCT without phlebotomy (PT) was<45%, 
WBC<10x109/L, and PLT<400x109/L.

Statistical analysis.
Continuous hematologic variables, including HGB, hematocrit 

HCT, RBC сount, WBC count, and PLT count, were first tested 
for normality using the Shapiro–Wilk test. All variables were 
approximately normally distributed. Comparisons between 
oPV and mPV patients across four AB categories (1–25%, 
26–50%, 51–75%, 76–100%) were performed using two-way 
analysis of variance (ANOVA) with PV type and AB as factors. 
When ANOVA revealed significant main effects or interactions, 
post-hoc pairwise comparisons were conducted using Tukey’s 
adjustment for multiple testing.

Categorical variables, including thrombotic risk groups (LRG, 
HRG) and TE, were compared using Fisher’s exact test due to 
small sample sizes in some categories.

Distribution of JAK2 allele burden in oPV and mPV patients 
stratified by risk group was compared using Chi-square test of 
independence (χ²).

Categorical variables were compared using Fisher’s exact 
test. Odds ratios (OR) with 95% confidence intervals (CI) was 
calculated to assess the association between clinical form (oPV 
vs mPV), treatment modality, and hematologic response (HR). 
OR > 1 favors the first group listed (or first treatment) having 
better response; OR < 1 favors the second. Infinite OR arises 
from zero counts. Wide CIs reflect small sample sizes. A two-
sided p-value <0.05 was considered statistically significant.

Continuous data are presented as mean ± 95% CI, and 
categorical data are reported as counts (percentages). All 
statistical tests were two-sided, and a p-value < 0.05 was 
considered statistically significant. Statistical analyses were 
performed using R software (version 4.3.1).
Results.
The division of PV patients into 2 clinical forms: overt and 
masked:

209 PV patients registered in 2014-2020 were divided into 
2 clinical forms: overt and masked. oPV was detected in 136 
patients (65.1%), mPV in 73 patients (34.9%) (Figure 1).
Analysis of hemogram parameters of oPV and mPV patients:

The hemogram parameters of 136 oPV and 73 mPV patients 
were analyzed and compared (mean 95% CI). The HGB level 
in oPV compared to mPV was 189 (186.3–191.7) and 160.0 
(156.8–163.2) (p < 0.001), the RBC count was 7.1 (6.8–7.4) 
and 6.1 (5.8 – 6.4) (p < 0.001), the HCT was 66.0 (64.4–67.6) 
and 57.7 (55.4–  60.0) (p < 0.001), the WBC count was 12.9 
(11.6–14.3) and 13.0 (11.3–14.6) (p = 0.957), and the PLT count 
was 546.2 (500.4–592.1) and 663.6 (604.2–722.9) (p = 0.003) 
(Table 1). Thus, during oPV compared to mPV, HGB levels, 
RBC counts, and HCT were higher, while PLT counts were 
lower and no statistically significant difference was noted in 
WBC counts.
Stratification of oPV and mPV patients into thromboembolic 
risk groups:

Patients were stratified into 2 risk groups during stratification: 
low and high. Thus, in oPV, 68 (50.0%) patients were in LRG, 68 
(50.0%) patients were in HRG, and in mPV, 44 (60.3%) patients 
were in LRG, and 29 (39.7%) patients were in HRG (Figure 
2). As a result of this stratification, the number of patients in 
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Figure 2. Stratification of mPV (n=73) and oPV (n=136) patients according to thrombotic risk groups.
HRG- High risk group, LRG- Low risk group. mPV-masked polycythemia vera. oPV-overt polycythemia vera.

Figure 3. The AB of JAK2V617F mutation in oPV and mPV patients.
AB: Allele burden. mPV-masked polycythemia vera. oPV-overt polycythemia vera.

Figure 1. Distribution of patients with PV according to clinical form (2014-2020, n=209). 
mPV-masked polycythemia vera. oPV-overt polycythemia vera.
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Hemogram parameters oPV (n=136) mean (95%CI) mPV (n=73) mean (95%CI) p-value
HGB (g/L) 189.0 (186.3-191.7) 160.0 (156.8-163.2) < 0.001
RBC (x1012/L) 7.1 (6.8-7.4) 6.1 (5.8-6.4) < 0.001
HCT (%) 66.0 (64.4-67.6) 57.7 (55.4-60.0) < 0.001
WBC (x109/L) 12.9 (11.6-14.3) 13.0 (11.3-14.6)  0.957
PLT (x109/L) 546.2 (500.4-592.1) 663.6 (604.2-722.9)  0.003

Table 1. Hemogram parameters in oPV and mPV groups.

mPV-masked polycythemia vera. oPV-overt polycythemia vera.

TE oPV patients n=136 (100%) mPV patients n=73 (100%) p-value (Fisher's exact)
Acute cerebral circulation disorders, stroke 6 (4.4%) 0 (0%) 0.06
Portal vein 3 (2.2%) 9 (12.3%) 0.01
Portal and splenic vein 0 (0%) 4 (5.5%) 0.05
Splenic vein 0 (0%) 4 (5.5%) 0.05
Deep vein thrombosis of the lower extremities 2 (1.5%) 3 (4.1%) 0.62
Thromboembolism of the left pulmonary artery 1 (0.7%) 0 (0%) 1.00
Total 12 (8.8%) 20 (27.4%) <0.01

Table 2. TE in oPV and mPV groups.

mPV-masked polycythemia vera. oPV- overt polycythemia vera. TE-thtomboembolic events.

Risk Group Allele Burden (%) oPV n=136 (100%) mPV n=73(100%) p-value (χ²)
LRG 1–25 6 (4.4%) 17 (23.3%) 0.001

26–50 25 (18.4%) 16 (21.9%) ___
51–75 21 (15.4%) 4 (5.5%) ___
76–100 10 (7.4%) 1 (1.4%) ___

HRG 1–25 4 (3%) 8 (9.9%) 0.24
26–50 38 (27.9%) 15 (20.5%) ___
51–75 19 (14%) 8 (11%) ___
76–100 13 (9.5%) 4 (5.5%) ___

Table 3. Distribution of PV patients by AB and thrombotic risk groups.

AB-allele burden. HRG-high risk group. LRG-low risk group. mPV-masked polycythemia vera. oPV-overt polycythemia vera.

Figure 4. Treatment according to thrombotic risk groups in oPV and mPV patients.
HR: Hematologic response, HRG- High risk group, LRG- Low risk group, HU: Hidroxiurea, IFN: Interferon, mPV-masked polycythemia vera, 

oPV-overt polycythemia vera, PV-Polycythemia vera, PT: Phlebotomy, R: Resistant, RUX: Ruxolitinib, AB: Allele burden.
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Table 4. Changes in hemogram parameters in oPV and mPV patients according to the AB of the JAK2V617F gene mutation.

AB-allele burden. HCT-hematocrit. HGB-hemoglobin. mPV-masked polycythemia vera. oPV-overt polycythemia vera. PLT-platelets. RBC-red 
blood cells. WBC-white blood cells.

Comparison Odds Ratio (OR) 95% CI P-value Interpretation
oPV vs mPV overall 0.219 0.080 – 0.599 0.003 mPV patients have significantly higher HR rates overall
LRG PT+LDA oPV vs mPV 0.134 0.029 – 0.602 0.007 mPV LRG patients respond better than oPV with PT+LDA
HRG HU oPV vs mPV 0.127 0.025 – 0.638 0.011 mPV HRG patients respond better than oPV with HU
HRG IFN oPV vs mPV 3.5 0.040 – 309.0 0.200 Not significant; small sample size
HU vs IFN in oPV HRG ∞ NA 0.006 IFN significantly better response than HU in oPV high-risk patients
HU vs IFN in mPV HRG 6 0.303 – 118.9 0.233 Not significant; small sample size

Table 5.  HR analysis across PV subgroups and treatments.

HR-hematologic response. HU-hydroxyurea. HRG-high-risk group. IFN-interferon. LRG-low-risk group.  mPV-masked polycythemia vera. oPV-
overt polycythemia vera.  PT+LDA-phlebotomy + low-dose aspirin. R-resistant.
•	 OR > 1 favors the first group listed (or first treatment) having better response; OR < 1 favors the second.
•	 Infinite OR arises from zero counts.
•	 Wide CIs reflect small sample sizes.

both groups was equal during the oPV, while there were more 
patients in the LRG in mPV.
Analysis of TE in oPV and mpv:

The type and frequency of TE in patients with oPV and mPV 
were investigated. Thus, TE was recorded in 12 out of 136 
patients (8.8%) in oPV; 6 of them (4.4%) had acute cerebral 
circulation disorders, stroke; 3 patients (2.2%) had portal vein 
thrombosis; 2 patients (1.5%) had deep vein thrombosis of the 
lower extremities; 1 patient (0.7%) had thromboembolism of the 
left pulmonary artery. TE was recorded in 20 out of 73 patients 
(27.4%) in mPV; 9 of them (12.3%) had portal vein thrombosis, 
4 patients (5.5%) had portal and splenic vein thrombosis, 4 
patients (5.5%) had splenic vein thrombosis, and 3 patients 
(4.1%) had deep vein thrombosis of the lower extremities (Table 
2). Thus, the most common event in oPV was acute cerebral 

circulatory disorders, stroke; in mPV, portal vein thrombosis. 
TE were more common in mPV compared to oPV (p<0.01).
Analysis of AB of JAK2V617F gene mutation during oPV and 
mPV:

The AB of the JAK2V617F mutation was compared in 136 
oPV and 73 mPV patients. The AB in oPV was (mean ± 95% 
CI) 53.4 ± 3.5, and in mPV- 34.9 ± 5.3 (p < 0.001). The AB of 
the JAK2V617F mutation found in patients in oPV and mPV 
was divided into groups by quartiles. Thus, during oPV, the 
AB of 1-25% was recorded in 10 (7.4%), 26-50%-63 (46.3%), 
51-75%-40 (29.4%), 76-100%-23 (16.9%) patients. In mPV, 
it was recorded in 25 (34.2%), 31 (42.5%), 12 (16.4%) and 5 
(6.8%) patients, respectively (Figure 3). According to the results 
obtained, more patients were recorded in the 2nd quartile during 
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both oPV and mPV. The least patients were recorded in the 1st 
quartile during oPV, and in the 4th quartile during mPV.

The AB of the JAK2V617F gene in patients with oPV and 
mPV was assessed and compared according to the TE risk 
groups. Thus, during oPV, 1-25% AB was noted in 6 (4.4%) 
patients in LRG, 4 (3%) patients in HRG; 26-50% AB in 25 
(18.4%) patients in LRG, 38 (27.9%) patients in HRG; 51-
75% AB in 21 (15.4%) patients in LRG, in 19 (14%) patients 
in HRG; 76-100% AB in LRG-10 (7.4%), HRG-13 (9.5%) 
patients. In mPV, in the 1st quartile - in LRG-17 (23.3%), HRG-
8 (9.9%); in the 2nd quartile -16 (21.9%) and 15 (20.5%) ; in the 
3rd quartile- 4 (5.5%) and 8 (11%) ; in the 4th quartile, 1 (1.4%) 
and 4 (5.5%) patients were included respectively (Table 3). The 
JAK2V617F AB differed significantly between overt oPV and 
mPV patients within the LRG (p = 0.001, χ² test). In contrast, 
no significant differences were observed in the HRG across 
AB categories (p = 0.24). Within LRG, higher ABs (26–100%) 
were more frequent in oPV than mPV, whereas lower burdens 
(1–25%) predominated in mPV. In HRG, the distribution of AB 
was similar between groups, with no statistically significant 
differences.

The hemogram parameters of oPV and mPV patients were 
divided into quartiles according to the AB of the JAK2V617F 
mutation and analyzed. Thus, the HGB level in the 1st quartile 
was (mean ±95% CI) 176.9 ±13.1 in oPV, 158.2 ±5.8 in 
mPV (p=0.005), in the 2nd quartile 188.0 ±3.5 vs 162.4±4.4 
(p <0.001), in the 3rd quartile 193.6 ±5.2 vs 162.4 ±10.5 
(p<0.001), and in the 4th quartile 188.9 ±6.0 vs 160.8 ±10.4 
(p<0.001). HCT in the 1st quartile was 63.7 ±5.9 vs 58.2 ±4.4 
(p< 0.001), in the 2nd quartile 64.6 ±2.4 vs 59.2 ±2.9 (p=0.010), 
in the 3rd quartile-68.8 ±2.6 vs 55.2 ±7.2 (p <0.001), and in the 
4th quartile-65.8 ±3.5 vs 52.1 ±4.9 (p=0.002). RBC count in 
the 1st quartile was 6.9 ±0.8 vs 5.7 ±0.5 ( p<.009), in the 2nd 
quartile-7.1 ±0.4 vs 6.0 ±0.4 (p=.001), in the 3rd quartile-7.5 
±0.6 vs 7.3 ±0.8 (p=0.731), in the 4th quartile-6.5 ±0.7 vs 6.0 
±1.1 (p=0.513). The WBC count was 13.5 ±4.3 vs 11 ±1.6 in 
the 1st quartile (p=0.192), 11.2 ±1.1 vs 11.8 ±2.1 in the 2nd 
quartile (p=0.599), 14.1 ±2.8 vs 14.4 ±1.8 in the 3rd quartile 
(p=.895), and 15.4 ±5.0 vs 26.9 ±12.9 in the 4th quartile 
(p=0.077). The PLT count was 689.5 ±188.6 vs 562.9 ±57.3 in 
the 1st quartile (p=0.103), 516.9 ±60.4 vs 580.6 ±60.6 in the 
2nd quartile (p=0.197), 536.5 ±95.3 vs 912.5 ±138.1 in the 3rd 
quartile (p<0.001), and 581.3 ±101.3 vs 1083.8 ±313.2 in the 
4th quartile (p<0.001) (Table 4).

During the analysis of HGB, HCT, a statistically significant 
difference was recorded in all 4 quartiles when comparing oPV 
and mPV patients. A statistically significant difference in RBC 
count was recorded in the 1st and 2nd quartiles, and in PLT count 
in the 3rd and 4th quartiles. No statistically significant difference 
was recorded in WBC count in any quartile. According to the 
results obtained, HGB and HCT indicators were lower in all 
quartiles during mPV compared to oPV.
Investigation of various therapeutic methods in oPV and 
mPV:

Of the 101 PV patients registered in 2019-2020, 65 had oPV 
and 36 had mPV. Patients were divided into 2 risk groups 
according to the risk of developing TE. Of the oPV patients, 

24 (37%) were in LRG, 41 (63%) in HRG, and of the mPV 
patients, 19 (52.8%) were in LRG and 17 (47.2%) in HRG.

During oPV, 24 patients from the LRG were initially prescribed 
PT +low dose aspirin (LDA). After 12 weeks of follow-up, 10 
(41.7%) of them had a HR, while 14 (58.3%) had not. Non-
responders were subsequently prescribed hidroxiurea (HU) and 
achieved HR during 12 weeks of follow-up. In oPV, 30 (73.2%) 
of 41 patients from the HRG were initially prescribed HU. Of 
these, 13 (43.3%) achieved HR during 12 weeks of follow-up, 
and 17 (56.7%) were resistant to treatment. 17 patients resistant 
to HU were prescribed interferon (IFN) treatment and achieved 
HR. Another 11 (26.8%) oPV patients from the HRG were 
prescribed IFN treatment and achieved HR during 12 weeks 
of follow-up. In mPV, 19 patients from the LRG were initially 
prescribed PT+LDA. After 12 weeks of observation, 16 of them 
(84.2%) achieved HR, and 3 (15.8%) did not. Resistant patients 
were prescribed HU and achieved HR after another 12 weeks of 
observation. Of the 17 mPV patients from the HRG, 14 (82.4%) 
were initially prescribed HU. Of these, 12 (85.7%) achieved HR 
after 12 weeks of observation, and 2 (14.3%) were prescribed 
IFN treatment due to resistance. During IFN treatment, 1 patient 
achieved remission after 12 weeks of observation, and another 
1 patient was prescribed ruxolitinib (RUX) due to resistance. 
The other 3 MPV patients from the HRG were prescribed 
IFN treatment and achieved remission during 3 months of 
observation. No new TE was recorded in any patient during 
treatment (Figure 4).

In our cohort of 101 PV patients, mPV patients demonstrated 
significantly higher overall HR rates compared to oPV patients 
(OR = 0.219, 95% CI 0.080–0.599, p = 0.003). Within the 
LRG treated with PT+LDA), mPV patients showed superior 
response compared to oPV (OR = 0.134, 95% CI 0.029–0.602, 
p = 0.007). In the HRG treated with HU, mPV patients also had 
significantly better response than oPV (OR = 0.127, 95% CI 
0.025–0.638, p = 0.011). No statistically significant difference 
was observed in high-risk patients treated with IFN between 
oPV and mPV, likely due to small sample size (OR = 3.5, 95% 
CI 0.040–309.0, p = 0.200). Within oPV high-risk patients, IFN 
treatment yielded a significantly higher HR than HU (OR = ∞, 
p = 0.006). In mPV high-risk patients, the difference between 
HU and IFN was not significant (OR = 6, 95% CI 0.303–118.9, 
p = 0.233) (table 5). These findings suggest that mPV status 
and IFN treatment are associated with improved HR, whereas 
sample size limits conclusions for certain subgroups.
Discussion.

Barbui et al. studied 140 patients with PV. Among mPV 
patients, there was a higher prevalence of men, smokers, low 
HGB and HCT levels, high thrombocytosis, low AB, and arterial 
thrombosis [9]. No differences were found in age, WBC count, 
serum EPO, or spleen size [10].

F. Lusanna et al. performed a retrospective analysis of 538 
patients and found mPV in 12% of patients. The incidence of 
thrombosis was higher in mPV patients [11].

As a result of our study, 136 (65.1%) of 209 PV patients had 
oPV and 73 (34.9%) had mPV. In oPV, HGB levels, RBC count, 
and HCT were higher, while PLT count was lower, and there 
was no statistically significant difference in WBC count. The 
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results obtained can be concluded that the higher incidence of 
TE during mPV may be due to the higher number of PLT.

Thrombosis is one of the most common complications during 
PV. For this reason, stratification of patients according to risk 
groups during initial diagnosis is of great importance. During 
the study, patients were stratified into 2 (low, high) risk groups 
according to the latest recommendations. The number of patients 
in both groups was equal in oPV, and more patients were in the 
LRG in mPV.

According to the information in the literature, the clinical 
course of PV is more benign compared to other MPN. However, 
the risk of serious complications during the disease is high. One 
of the main reasons for the shortening of the life expectancy of 
patients and their disability is the tendency to thrombosis and 
thromboembolism.

According to our results, the most common acute circulatory 
disorders of the brain, stroke, were observed during oPV; 
portal vein thrombosis during mPV. TE were more common in 
mPV than in oPV. As a result of the stratification of patients 
according to the thrombohemorrhagic risk group, more patients 
were included in the HRG during oPV. Nevertheless, TE were 
more common during mPV. It seems that the occurrence of 
TE is related to the delay in the diagnosis of mPV patients, 
the lack of timely and intensive treatment. This situation can 
also be attributed to the role of other factors in the occurrence 
of thrombosis. Opinions on this issue in the literature are 
contradictory. One group of scientists evaluates the increase 
in WBC and PLT, while others evaluate the AB of the 
JAK2V617F gene mutation as a risk factor. It is no coincidence 
that, according to the results of our study, the number of PLTs 
was higher in mPV than in oPV, and TE were more common. 
However, a multivariate analysis to determine whether PLT 
count or time to diagnosis are independent risk factors for TE 
has not been conducted. Further studies involving larger cohorts 
and multivariate modeling are needed to clarify whether these 
variables independently contribute to the increased risk of TE.

In some sources, the JAK2V617F mutation is considered as 
an independent risk factor for thrombosis during MPN [12,13]. 
However, the effect of the AB of JAK2V617F on the occurrence 
of thrombosis and the course and outcome of the disease remains 
open [14]. In our study, the AB of the JAK2V617F gene was 
higher in oPV than in mPV. The distribution of JAK2V617F 
AB differs significantly between oPV and mPV in the LRG, 
whereas no significant differences were observed in the 
HRG. In patients from the LRG, a higher AB (26–100%) was 
significantly more common in oPV, while a lower burden (1–
25%) prevailed in mPV. This finding supports the concept that 
oPV may represent an earlier phase of the disease, characterised 
by less clonal expansion of the JAK2-mutated haematopoietic 
clone. The absence of significant differences in HRG suggests 
that in high-risk patients, factors other than AB, such as age or 
previous thrombotic events, may play a more important role in 
determining the risk of thromboembolism.

Previous studies have shown that higher JAK2V617F AB is 
associated with increased erythrocytosis, leukocytosis, and 
thromboembolic risk. Our results are consistent with these 
observations, particularly within the LRG, where AB appears to 
distinguish between overt and masked forms. The results show 

that HGB and HCT levels were consistently and significantly 
lower in patients with mPV compared to patients with oPV across 
all quartiles of AB. Importantly, these differences persisted 
regardless of the degree of clonal expansion, suggesting that 
AB alone does not fully explain the phenotypic difference 
between oPV and mPV. Interestingly, differences in RBC 
counts were significant only in the lower quartiles of AB, while 
no significant differences were observed in the upper quartiles. 
This may indicate that at lower levels of clonal dominance, RBC 
production is more clearly differentiated between phenotypes, 
whereas at higher AB, compensatory mechanisms or disease 
progression may attenuate these differences. In contrast, PLT 
showed statistically significant differences only in the 3rd and 
4th quartiles, with significantly higher values at mPV. This shift 
in significance towards a higher AB may reflect the progressive 
involvement of megakaryocytes in mPV, indicating a possible 
divergence in line dominance with increasing clonal expansion. 
No statistically significant differences in WBC count were 
observed in any of the quartiles, indicating that leukocytosis 
does not appear to distinguish between oPV and mPV at 
comparable levels of JAK2V617F AB.

One of the factors that increases the incidence of thrombosis 
in mPV patients is the use of low-intensity therapy, and the rare 
use PT and cytoreductive therapy. In this regard, it is important 
to determine mPV in order to optimize treatment.

According to the latest recommendations of the ELN , the 
choice of PV treatment should be based on the patient's risk 
group. Thus, PT + LDA is recommended for patients in LRG, 
and cytoreductive therapy is mainly recommended for patients 
from the HRG [15,16]. Despite all these recommendations, 
a group of patients is resistant to or intolerant of treatment. 
Thus, dependence on PT (≥3 per year), persistent increase in 
HCT, increased leukocytosis and thrombocytosis, etc. can be 
considered as treatment resistance [17,18-22]. According to 
studies, such cases often accelerate the transition of treatment 
from HU to RUX [23]. RUX, a selective inhibitor of JAK1 and 
JAK2 tyrosine kinases, is used mainly in primary myelofibrosis. 
However, RUX has recently been widely used in the treatment 
of PV and post-PV myelofibrosis. In the RESPONSE 1 study, 
RUX (10 mg x2 times/s) was administered to patients with 
splenomegaly and in the RESPONSE 2 study, patients with 
splenomegaly and resistant to HU were intolerant and the 
results were analyzed [24,25]. According to the results of 
RESPONSE-1, the need for PT was reduced in patients in the 
RUX group. According to RESPONSE-2, the number of PTs was 
reduced by 2 times with early RUX administration compared to 
late administration [26,27]. According to the results obtained 
in both studies, the incidence of TE was lower with early RUX 
administration. According to the PV-AIM study, the incidence 
of TE increases after a certain period in patients treated with HU 
alone, while the increase in TE is not noted during this period 
when switching to RUX [28].

In this study, we evaluated treatment response and 
thromboembolic risk–adapted management in patients with 
oPV and mPV. Our findings demonstrate that treatment selection 
based on TE risk stratification resulted in excellent overall 
hematologic control in both clinical forms. Importantly, mPV 
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patients exhibited significantly higher initial response rates to 
first-line therapies compared with oPV patients.

Risk stratification distribution differed numerically between 
groups, with a higher proportion of high-risk patients in the oPV 
cohort. However, treatment allocation was guided strictly by 
thromboembolic risk rather than clinical form, ensuring uniform 
therapeutic strategy across groups.

In the low-risk group, initial treatment with PT and LDA 
resulted in significantly higher HR rates in mPV (84.2%) 
compared to oPV (41.7%). This suggests that patients with mPV 
may remain more sensitive to treatment strategies that do not 
rely on cytoreductive therapy. However, all resistant patients 
achieved a HR after switching to HU, indicating effective 
disease control with step-down therapy.

Among high-risk patients initially treated with HU, the 
response rate was significantly higher in mPV (85.7%) than in 
oPV (43.3%). This statistically significant difference may reflect 
differences between overt and masked forms of the disease.

IFN demonstrated very high efficacy in both the oPV and 
mPV cohorts, achieving complete remission in almost all 
treated patients. A 100% response rate was observed in oPV, 
while in mPV, the response exceeded 95%. Although statistical 
comparison was limited by a small number of subgroups, these 
results support the established role of IFN as a highly effective 
therapeutic option in PV, particularly in HU-resistant patients.

Sequential treatment adjustments resulted in complete 
hematological control in all patients included in the study. 
Importantly, no new TE were recorded during the observation 
period, confirming the effectiveness of risk-based treatment in 
preventing vascular complications.

Only one patient required RUX, indicating that traditional 
first- and second-line treatments were sufficient to achieve 
disease control in the vast majority of cases. This observation 
may reflect early intervention and close monitoring within the 
study cohort.
Conclusion.

Taken together, our results show that although treatment 
decisions were based on thromboembolic risk rather than clinical 
presentation, patients with mPV demonstrated excellent initial 
responses to both PT-based therapy and HU. IFN demonstrated 
consistently high efficacy in both clinical presentations. These 
data highlight potential differences between oPV and mPV that 
may influence therapeutic responsiveness.
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