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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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CLINICAL AND MOLECULAR GENETIC CHARACTERISTICS OF POLYCYTHEMIA
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

© GMN

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,
thromboembolic events.

JAK2V617F,

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<10x10°/L, and PLT<400x10°/L.

166

Statistical analysis.

Continuous hematologic variables, including HGB, hematocrit
HCT, RBC count, 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 JAK?2 allele burden in oPV and mPV patients
stratified by risk group was compared using Chi-square test of
independence (?).

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

oPV-overt polycythemia vera, PV-Polycythemia vera, PT: Phlebotomy, R: Resistant, RUX: Ruxolitinib, AB: Allele burden.

Table 1. Hemogram parameters in oPV and mPV groups.

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 (x10'¥/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 (x10°/L) 12.9 (11.6-14.3) 13.0 (11.3-14.6) 0.957
PLT (x10°/L) 546.2 (500.4-592.1) 663.6 (604.2-722.9) 0.003

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

Table 2. TE in oPV and mPV groups.

TE oPV patients n=136 (100%) mPYV 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

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

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

Risk Group Allele Burden (%) oPV n=136 (100%) mPV n=73(100%) p-value ()
LRG 1-25 6 (4.4%) 17 (23.3%) 0.001
26-50 25 (18.4%) 16 (21.9%) L
51-75 21 (15.4%) 4(5.5%) L
76-100 10 (7.4%) 1(1.4%) L
HRG 1-25 4(3%) 8 (9.9%) 0.24
26-50 38 (27.9%) 15 (20.5%) L
51-75 19 (14%) 8 (11%) L
76-100 13 (9.5%) 4(5.5%) .

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

168




Table 4. Changes in hemogram parameters in oPV and mPV patients according to the AB of the JAK2V617F gene mutation.
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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.

Table 5. HR analysis across PV subgroups and treatments.

P-value Interpretation

Comparison Odds Ratio (OR) 95% CI

oPV vs mPV overall 0.219 0.080—-0.599 0.003
LRG PT+LDA oPV vs mPV 0.134 0.029 - 0.602 0.007
HRG HU oPV vs mPV 0.127 0.025-0.638 0.011
HRG IFN oPV vs mPV 3.5 0.040 —309.0 0.200
HU vs IFN in oPV HRG o NA 0.006
HU vs IFN in mPV HRG 6 0.303-118.9 10.233

mPV patients have significantly higher HR rates overall

mPV LRG patients respond better than oPV with PT+LDA

mPV HRG patients respond better than oPV with HU

Not significant; small sample size

IFN significantly better response than HU in oPV high-risk patients
Not significant; small sample size

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 ClIs 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
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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



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
mPYV patients within the LRG (p = 0.001, ¥ 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 Ist 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 154 £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,
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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 = o,
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



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
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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
JAK?2 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



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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