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Abstract

Polycythemia vera (PV) belongs to a group of myeloproliferative neoplasms (MPN). The diagnosis of PV is based on
the evaluation of complete blood count, bone marrow trephine biopsy samples, and molecular tests (confirmation
of the JAK2 mutation).

The main objectives of PV treatment include preventing thromboembolic complications, alleviating disease symptoms,
and lowering the risk of transformation to myelofibrosis, acute myeloid leukemia and myelodysplastic syndrome. Tak-
ing into consideration the long-term course of PV, the choice of therapy should be based on an analysis of the risks
resulting from the disease as well as from the adverse effects of the medication applied. In patients without risk
factors (age <60 years; no history of thrombosis), acetylsalicylic acid (ASA) and phlebotomy are recommended. Cyto-
reductive treatment is recommended in patients with poor tolerance of phlebotomy and with leukocytosis >20 G/L,
symptomatic progressive splenomegaly, significant thrombocytosis, persistent general symptoms of PV, and also in
patients with significant cardiovascular risk.

The therapy of choice in these patients is interferon o (IFNa). In a high-risk group of patients, (age =60 years and/or
a history of thrombosis), treatment with ASA and phlebotomy should be accompanied by cytoreduction: hydroxyurea
(HU) or, in the case of HU resistance/ intolerance, ruxolitinib (RUX) or IFNa.

This paper discusses some aspects of the risk evaluation and summarizes the effectiveness of the available thera-
pies, and also presents diagnostic and therapeutic recommendations for PV.
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Introduction

According to the International Consensus Classification
(ICC) and to the 2022 classification of the World Health
Organization (WHO), polycythemia vera (PV) is included in
the group of myeloproliferative neoplasms (MPN), which are
neoplasms of the hematopoietic stem cell [1, 2]. On the
basis of population studies, the incidence rate of PV is es-
timated to be ¢. 1-1.5/100,000 people per year, with me-
dian age at onset 61 years, and with comparable incidence
in both sexes [3, 4]. In the pathogenesis of the disease, the
key role is played by the overactivity of the JAK-STAT (Janus
kinase/signal transducers and activators of transcription)
signaling pathway and the clonal hyperplasia of cells of
bone marrow origin, resulting in the overproduction of blood
morphotic elements, most expressed in the erythroid line.
The diagnosis of the disease is based on assessment of the
peripheral blood, molecular analysis, and histological
assessment of a trephine bone marrow sample. The most
significant characteristic of PV is polyglobulia. Additionally,
approximately half of the patients have thrombocytosis
and leukocytosis, and approximately one third have spleen
enlargement [5]. The bone marrow abnormalities involve
a typical picture of proliferation of all blood hematopoietic
lines (panmyelosis) [1, 2]. Amutation in exon 14 of the JAK2
gene (JAK2 Val617Phe), discovered in 2005, is responsi-
ble for the development of the disease in 97% of patients
with PV [6-8]. In other cases, mutations within exon 12
of the JAK2 gene or non-canonical mutations are found
[9-11]. Both at the moment of diagnosis and within the
course of the disease, patients may be asymptomatic or
present symptoms resulting from increased blood viscosity
and from microcirculation disorders. In the majority of PV
patients, the course of disease takes many years. It has
been proven, however, that patients’ predicted lifespan
is shorter than in the case of healthy people of the same
age, in particular among the younger patient population
[12]. The main cause of morbidity and mortality in patients
with PV comprises thromboembolic complications, both of
venous and arterial types. Moreover, as a result of chronic,
increased cell proliferation in the bone marrow and overpro-
duction of proinflammatory cytokines, some of the patients
may experience disease progression to post-polycythemia
vera myelofibrosis (PPV-MF). Where there is accumulation
of secondary cytogenetic and molecular events, inhibi-
tion of differentation may occur with the evolution of the
disease phenotype to the form resembling acute myeloid
leukemia (AML), which is associated with a significantly
worse prognosis [5].

Due to the phenotypically diverse patient population
and the long-term course of the disease, PV therapy must
be conducted based on the analysis of the risk of complica-
tions resulting from both the disease itself and the expected
prolonged exposure to the therapy used. The objective of

the treatment is, first of all, the prevention of thromboem-
bolic complications, alleviation of disease symptoms, and
the decrease of the risk of transformation to PPV-MF, AML
or myelodysplastic syndrome (MDS).

This article discusses some aspects of the risk evalu-
ation and summarizes the effectiveness of the available
therapies, and also presents diagnostic and therapeutic
recommendations for PV.

Prognostic factors

Factors affecting risk of progression and
survival time

In an international study carried out on 1,545 subjects
with PV, the independent risk factors for overall survival
(0S) were: leukocytosis >15 G/L, venous thrombosis and
defective karyotype [5]. The negative impact of persistent
leukocytosis on disease progression was also proven in
another recent study [13]. The risk of progression of PV
to MF and AML within 10 years is estimated to be 4.9-6%
for MF and 2-5% for AML. After 20 years, these risks are
estimated to be 26% and below 10% respectively [14]. The
risk factors of leukemia transformation comprise: old age,
defective karyotype, leukocytosis >15 G/L, and exposure to
such medications as pipobroman, radioactive phosphorus
(P32), chlorambucil, but not hydroxyurea (HU) or busulfan
[14]. The risk factors of MF transformation include the allele
burden of JAK2V617F exceeding 50%, the presence of bone
marrow fibrosis at the moment of diagnosing the condition,
and persistent leukocytosis [13, 15-17]. Some recent
studies have confirmed an adverse effect on OS caused
by defective karyotype, leukocytosis, and some mutations
not linked with JAK2, such as SRSF2 and IDH2 [18, 19].
The Mutation-Enhanced International Prognostic Scoring
System for Polycythemia Vera (MIPSS-PV) prognoses OS,
and the risk of MF or AML transformation, on the basis of
demographic, clinical and genetic data [19]. This model
was created on the basis of analysis of 404 PV patients,
and takes into consideration a negative role of unfavorable
spliceosome SRSF2 mutation, age above 67 years, leukocy-
tosis 215 G/L, and a history of a thromboembolic incident
[19]. This model is presented in Table I.

Next generation sequencing (NGS) suggests that more
than 50% patients with PV have other variants or muta-
tions thanthose linked withthe JAK2 gene, with the mutations
most frequently occurring in the TET2 (18%), ASXL1 (15%)
and LNK (3%) genes [19, 20]. The combined incidence
of unfavorable mutations (SRSF2, IDH2, RUNX1, U2AF1)
was estimated to be ¢.15%. These mutations were shown
to be negative risk factors for 0S, leukemia-free survival
or progression-free survival to myelofibrosis [19]. Addition-
al prognostic information obtained from NGS or karyotype
testing turns out to be very useful, but is not mandatory in
routine clinical practice. Additional studies are definitely
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Table I. Risk stratification for overall survival (OS) in polycythemia
vera on basis of MIPSS-PV model ([19]).

MIPSS-PV

A history of thrombosis 1 point
WBC 215 G/L 1 point
Age >67 years 2 points
SRSF2 mutation 3 points

Risk stratification and interpretation

Low risk 0-1 point; mOS 24 years
Medium risk 2-3 points; mOS 13.1 years
High risk >4 points; mOS 3.2 years

MIPSS-PV — Molecular International Prognostic Scoring System for PV; mOS — median overall
survival; WBC — leukocyte count

needed to confirm the reliability of the MIPSS-PV model,
and to identify specific cytogenetic aberrations with prog-
nostic significance [21, 22].

Stratification of thrombotic risk

The traditional stratification of thrombotic risk in PV dis-
tinguishes between two categories of risk: high (age >60
years or a history of thrombosis) and low (the absence of
both risk factors) [23]. The occurrence of arterial or venous
thrombosis is the most important risk factor for subsequent
vascular events [23]. However, it should be stressed that
patients classified as low-risk have a significantly higher
rate of thromboembolic complications compared to sub-
jects of the same age without PV. Therefore, it is necessary
to revise the definition of high risk in PV [24]. Patients
with @ mean hematocrit (Hct) value of >45% compared to
patients with Hct <45% have a significantly higher risk of
vascular events and death (hazard ratio [HR] 3.91, 95%
Cl 1.45-10.53, p = 0.007) [25]. Some recent studies have
also identified hyperlipidemia and diabetes mellitus as risk
factors for arterial events, and leukocytosis >11 G/L and
major bleeding at diagnosis (defined as gastrointestinal,
internal organ, intra-articular, cerebrovascular, retroperi-
toneal or any bleeding requiring medical or surgical inter-
vention, hospitalization or leading to death) as risk factors
for venous thrombosis [26]. However, a systematic review
and meta-analysis of articles involving more than 30,000
patients suggest that leukocytosis above the upper limit of
normal plays an important role here in increasing the inci-
dence of arterial but not venous thrombotic incidents [27].
The negative effect of hypertension on arterial thrombosis
was demonstrated in another study [28], which listed individ-
ual cardiovascular risk factors important in predicting throm-
botic events; and also indicated the need to optimize acetyl-
salicylic acid (ASA) dosage, but the evidence was not strong
enough to distinguish the risk of thrombosis in the PV pa-
tients from the same risk in the general population [29, 30].

polycythemia vera

For this reason, the European Society of Cardiology risk
classification has been adopted as a reference for as-
sessing baseline vascular risk in PV patients [31, 32].
A calculator for the risk assessment is available at www.
heartscore.org [33]. In patients who have already experi-
enced their first thrombotic event, risk factors for recur-
rence include age >60 years as well as leukocytosis at
the time of the first event of arterial thrombosis in patients
below 60 [34]. Additional factors that increase the risk of
thrombosis include, in addition to leukocytosis, JAK2V617F
allele burden >50% and the frequency of phlebotomy [15,
27, 30, 34-37].

Diagnostics

The basic abnormalities in peripheral blood counts in which
PV is suspected comprise increased Hct and elevated he-
moglobin (Hgb) level. According to the 2022 WHO criteria,
an Hgb concentration of more than 16.5 g/dL in men and
16.0 g/dL in women or Hct >49% in men and >48% in wom-
en is necessary for the diagnosis of PV [1]. More than 50%
of patients have an increased platelet count and ¢.40% of
patients have an increased leukocyte count (mainly neutro-
phils, but basophilia may also occur) [1]. The diagnosis of
PV is based on close correlation of clinical, molecular and
histological data. The diagnostic criteria developed by the
WHO include blood morphology parameters, bone marrow
histology, the presence of JAK2 mutations, and decreased
endogenous erythropoietin (Epo) levels [1]. The diagnosis of
PV requires the fulfillment of all three major criteria or the
first two major criteria plus a minor one [1]. These criteria
are listed in Table Il. A sample of bone marrow trephine
biopsy (included in the WHO criteria as a major criterion)
is characterized by the proliferation of all three cell lines
— erythroid, granulocytic and megakaryocytic (called pan-
myelosis), and the presence of atypical megakaryocytes of
various sizes with hyper-lobulated nuclei [1].

The diagnostic criteria proposed by the ICC are the
same, except for the omission of a bone marrow biopsy
in patients with sufficiently high red blood cell parame-
ters, i.e. Hgb >18.5 g/dL or Hct >55.5% (men) and Hgb
>16.5 g/dL or Hct > 49.5% (women), the presence of
JAK2 mutation and decreased Epo levels [2]. However, it
should be emphasized that only histopathological exam-
ination of the bone marrow is able to detect the presence
of fibrosis (present in ¢.20% of PV patients), character-
istic of those patients at higher risk of transformation to
myelofibrosis [1, 16].

A cytogenetic assessment of bone marrow does not
make up part of the diagnostic standard for PV. At the
time of diagnosis, uncharacteristic aberrations are found
in c. 15% of patients [21]. The most common include tri-
somy 8, trisomy 9, del (13q), and del (20q). The frequency
of karyotype abnormalities increases over time, reaching
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Table Il. Diagnostic criteria of polycythemia vera according to WHO 2022 [1]

Criteria
Major 1. Hgb >16.5 g/dL (men); >16.0 g/dL (women) or symptoms indicative of increased red blood cell volume or Hct
>49% in men and >48% in women or an increased red blood cell mass (>25%)
2. Hypercellular bone marrow with signs of erythroid, granulocytic, and megakaryocytic trilineage proliferation
3. V617F JAK2 mutation or JAK2 mutation in exon 12
Minor 1. Serum Epo concentration below normal

Hgb — hemoglobin; Hct — hematocrit; Epo — erythropoietin. For the diagnosis of PV, it is necessary to meet all three major criteria or major criteria 1) and 2) plus the minor one.

80% in patients with a disease existing for more than
10 years [16].

Testing for the detection of JAK2 mutations makes
up a very important element of the diagnosis. In 96% of
patients with PV, a JAK2 gene V617F mutation is found
in exon 14. In patients who do not have a V617F muta-
tion, testing for mutations in exon 12 of the JAK2 gene
kinase should be performed [7, 9]. Non-canonical mu-
tations are detected in a very small proportion of pa-
tients [10]. Testing for these mutations is not routinely
performed, and neither is the determination of the vari-
ant allele frequency (VAF) in the JAK2 gene. In the era of
drugs which modify the natural course of the disease and
achieve molecular remission (MR), the measurement of
VAF is recommended at the diagnosis or at the start of
treatment with interferon o (IFNa) or ruxolitinib (RUX)
in order to trace the kinetics of changes during therapy
[23]. To date, studies of the kinetics of VAF alterations of
the JAK2 gene have been conducted as part of ongoing
clinical trials, and there are no clear recommendations
about how often they should be performed in routine clin-
ical practice [23]. In patients with PV, NGS testing to de-
tect the presence of additional mutations is not routinely
performed. However, it is known that mutations such as
ASXL1, SRSF2, IDH1/2, RUNX1 are present in ¢.15% of
patients, something which is associated with an unfavor-
able prognosis and increases the risk of transformation
to AML and PPV-MF [20, 23]. It is advisable to store the
DNA or RNA material for future evaluation, especially in
younger patients. NGS testing may also be considered
in patients with a clinical picture indicative of PV and with
the absence of JAK2 mutations.

Patients with a history of hemorrhagic diathesis should
be diagnosed for acquired von Willebrand syndrome (avWS)
with a qualitative assessment of von Willebrand factor
(VWF) — vWF:RCo or vVWF:GPIb [23].

Evaluation of treatment response

Currently, the aim of PV treatment is not only to im-
prove altered peripheral blood parameters (Hgb, Hct, leu-
kocyte and platelet counts), but also to reduce the severity
of subjective symptoms associated with disease activity.

Depending on the type of therapy undertaken, the methods

of assessing the results are diverse, comprising:

m Reduction in Hct and Hgb concentration;

m Restoration of normal leukocyte and platelet counts;

m Reduction in severity of complaints based on MPN-SAF
TSS (MPN Symptom —Assessment Form Total Symptom
Score) scores;

m Reduction of spleen size;

m Facultative assessment of molecular response during
therapy.

Table Il sets out the response criteria proposed by Eu-
ropean LeukemiaNet and IWG-MRT in 2013 [38, 39]. It
should be emphasized that evaluation of samples of bone
marrow trephine biopsy is only justified in clinical trials. In
practice, this is only performed when there are clinical or
laboratory signs suggestive of disease progression.

The assessment of molecular response is not yet used
in clinical practice and it does not form the basis for thera-
peutic decision-making. For the purposes of clinical trials,
it has been assumed that a complete molecular response
(CMR) should be recognized in the case of complete erad-
ication of the aberration demonstrated previously, whilst
a partial molecular response (PMR) should be recognized
in the case of a >50% reduction in VAF. However, PMR can
only be diagnosed in patients with baseline VAF >20%.

When HU therapy is used, ¢.20% of patients develop
intolerance or resistance to the medication. The proposed
criteria for the diagnosis of this condition are listed in Ta-
ble IV [31].

Results of studies evaluating efficacy
of phlebotomy for treatment of PV

Phlebotomy, makes up a significant part of PV treatment on
account of the fast reduction of the Hct value, alleviating
the disease symptoms, and also because of its lack of
cytotoxic potential [23, 40]. The results of this procedure
comprise a secondary absolute iron deficiency condition,
whereas the primary goal is the reduction of Hct to <45%
in men and <42% in women [44, 42]. According to the CY-
TO-PV study, maintaining Hct below 45% with phlebotomy
or HU significantly reduces the risk of cardiovascular death
and major thromboembolic complications [25]. Current
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Table lll. Revised evaluation criteria of treatment response in patients with polycythemia vera proposed by European LeukemiaNet and
IWG-MRT in 2013 [38, 39]

Response evaluation criteria

Resolution of disease-related signs for 212 weeks, including hepatosplenomegaly in physical examination,
significant improvement of large disease-related symptoms®

B Improvement of peripheral blood parameters for >12 weeks, including Hct <45% without need for bloodlet-
ting, PLT <400 G/L WBC <10 G/L, absence of leukoerythroblastosis in blood

© Absence of signs of progressive disease or new hemorrhagic of thrombotic complications

D Bone marrow histological remission including disappearance of megakaryocyte hyperplasia and absence of

>grade 1 reticulin fibrosis

Response evaluation

Complete remission Al criteria are met

Partial remission A + B + C criteria are met

No remission Any response which does not meet criteria of partial remission
Progressive disease  Transformation to PPV-MF, MDS or AML®

AML — acute myeloid leukemia; Hct — hematocrit; IWG-MRT — International Working Group - Myeloproliferative Neoplasms Research and Treatment; MDS — myelodysplastic syndrome; MPN-SAF TSS — MPN
Symptom Assessment Form Total Symptom Score; PLT —platelets; PPV-MF — post polycythemia vera myelofibrosis; WBC — leukocyte count; WHO — World Health Organization

Remarks: ° Evaluation of disease severity should be performed with use of MPN-SAF TSS. A diagnosis of sustained remission/disease remission is possible in cases of a response persisting at least 12
weeks. Significant improvement in symptom severity is defined as a reduction in disease-related symptom severity 210 points assessed with use of MPN-SAF TSS.

® Diagnosis of progression to PPV-MF: diagnosis of a specific form of myelodysplastic syndrome or acute myeloid leukemia should be confirmed on basis of criteria proposed by IWG-MRT and WHO 2016.

Table IV. Hydroxyurea intolerance and resistance criteria [31]

Resistance Intolerance

After 3 months of treatment with a dose of >2¢g/d (or 2.5 g/d in persons  During treatment with lowest HU dose making it possible

>85 kg body mass): to achieve at least a partial clinical response*:
need for phlebotomy in order to maintain Hct <45% ANC <1,000 G/L

OR OR

PLT >400 G/L AND: WBC >10 G/L PLT <100 G/L

OR OR

Less than 50% reduction in the size of the spleen palpable under left Hgb <10 g/dL
costal margin in palpation examination (refers to initial spleen size 210

cm below lest costal margin)

OR

lack of resolution of any symptoms related to splenomegaly

OR

ELN criteria*

After 3 months of treatment with any HU dose:

PLT >1,000 G/L
OR
microcirculation symptoms
OR
increasing leukocytosis (=100% increase if baseline WBC <10 G/L
OR
>50% increase if baseline WBC >10 G/L
OR
persistent leukocytosis >15 G/L
After one year of HU treatment in a tolerated dose: During treatment with any HU dose:
symptomatic or increasing splenomegaly (by >5 cm under left costal Development of one of following symptoms:
margin (palpation assessment) lower leg ulceration
OR
need for 26 phlebotomies to maintain Het <45% nonmelanoma skin carcinoma
OR OR
increased constitutional symptoms (HU dose >1.5 g/d for 24 months): skin and mucosal symptoms
MPN-SAF TSS >20 points vascular complications: clinically significant bleeding, ve-
OR nous or arterial thrombosis
untreatable persistent skin itching for at least 6 months gastrointestinal symptoms

pneumonia or fever
each HU intolerance other than grade 3 or 4 or prolonged
grade 2 HU toxicity according to CTCAE

*Clinical response criteria in polycythemia vera according to ELN. ANC — absolute neutrophil count; CTCAE — Common Terminology Criteria for Adverse Events; ELN — European LeukemiaNet; Hct — hemato-
crit; Hgb — hemoglobin; HU — hydroxyurea; MPN-SAF TSS — Myeloproliferative Neoplasm Symptom Assessment Form Total Symptom Score; PLT — blood platelets; WBC — leukocytes
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recommendations indicate the use of phlebotomy together
with ASA especially in the treatment of low-risk PV and in
younger patients. In recent years, the role of phlebotomy
has been increasingly debated, mainly due to the increased
risk of embolic/thrombotic complications compared to oth-
er therapies, the suboptimal efficacy in maintaining a stable
Hct <45%, and the impact on quality of life.

A retrospective study of a population of 533 patients
with PV treated with HU showed that intensive phlebotomy,
defined as more than three uptakes per year, was associat-
ed with an increased risk of thrombosis [37]. MAJIC PV is an-
other study, suggesting that the average number of fleboto-
mies within the first three years of therapy correlates with
a shorter time to first thrombotic incident [43]. The results
of this study also suggest that new drugs, such as JAK inhib-
itors or ropeginterferon alpha 2b (ropeglFNa-2b), may offer
a valuable alternative to conventional treatments (including
phlebotomy), offering similar efficacy in controlling Hct and
potentially reducing the risk of thrombotic complications
[43, 44]. Inadequate control of Hct levels and hyperplasia
secondary to iron deficiency may turn out to be risk fac-
tors for embolic incidents in this patient population [45].
A further problem is the lack of data confirming that phle-
botomy can independently maintain stable Hct levels in
low-risk PV [46]. Additionally, the PVSG and ECLAP stud-
ies have shown that HU cytoreductive therapy is more ef-
fective in protecting against thrombosis than phlebotomy
alone [47]. It is noteworthy that phlebotomies do not con-
trol leukocytosis, which is associated with an increased
risk of arterial thrombosis, nor have the potential to re-
duce VAF JAK2V617F and, therefore, they cannot modify
the course of the underlying disease, including the rate of
thrombotic complications, whilst their risk increases with
VAF values >50% [46].

Iron deficiency, which is secondary to phlebotomy, is
connected with an excessive production of HIF2-alpha (hy-
poxia-inducible factor 2 alpha), which stimulates the self-re-
production of hematopoietic stem cells (HSC) and increases
the release of CD34+ cells from the bone marrow. These
cells, when deposited in the spleen and other tissues, in-
crease extramedullary hematopoiesis [48]. Megakaryo-
cytes taken from iron-deficient individuals show increased
expression of the HIF2-alpha protein compared to cells
taken from non-iron-deficient individuals [49]. HIF2-alpha
stimulates the expression of vascular endothelial growth
factor (VEGF), which enhances megakaryocytopoiesis [49].

Improvement of the patients’ quality of life constitutes
a vital objective of PV therapy [46, 50]. Phlebotomy, by
means of reducing the Hct values, may reduce symptoms
associated with hyperviscosity, but it cannot reduce the se-
verity of pruritus or decrease splenomegaly. Chronic iron
deficiency induced by phlebotomies can cause headaches,
insomnia, difficulty in concentrating, dizziness, and rest-
less legs syndrome [51, 52]. Additionally, in children and

pregnant women, there is a risk of growth impairment, and
there is a risk of delay of intellectual development in chil-
dren and foetuses. Phlebotomies are commonly used in
children, but the target Hct values are not clearly defined;
the most commonly recommended Hct values for children
are reductions of less than 45% and 48% [53]. In pregnan-
cy, the target for phlebotomy is an Hct value <45% [54].

In conclusion, phlebotomy remains an important tool
in the treatment of PV, but its use should be considered
and tailored to the individual patient.

Results of studies evaluating efficacy
of hydroxyurea

So far, HU has been the standard first line cytoreduc-
tive treatment used in order to decrease blood cell num-
bers in high risk PV patients [55]. HU therapy effectively
achieves rapid cytoreduction in this patient group and has
a favorable safety profile.

About 90% of patients respond to HU therapy, with 24%
achieving a complete response and 66% a partial response,
but 25% of the treated group develop resistance or intoler-
ance, so some patients still require periodic phlebotomies
to maintain the desired Hct level [47, 56]. Around 25% of
patients discontinue therapy, most commonly due to a lack
of response or a suboptimal response. Other reasons for
discontinuation of HU therapy include drug intolerance or
disease progression [57-61]. The factors associated with
HU resistance or intolerance comprise low initial Hgb lev-
els, age over 60, and splenomegaly [60]. HU resistance
and intolerance are unfavorable prognostic factors in PV,
as they increase the risk of disease progression to PPV-MF
or AML, although there is no evidence of direct association
between HU resistance or intolerance and PV progression
to AML [57, 61]. The risk of PV transformation to myelofi-
brosis 5 and 10 years after the onset of the disease is 3%
and 17%, respectively, in patients with HU resistance or
intolerance, and 1.5% and 6.7% in other patient groups.
Higher rates of transformation after five years are observed
in patients who fail to reduce massive splenomegaly (14%
vs. 1.6%) and in those who develop cytopenias (10% vs.
1.6%) [61]. Analysis of individual resistance and intoler-
ance criteria has shown that the development of cytope-
nias during HU treatment correlates with an increased risk
of progression to AML (28% vs. 0.8% over five years) [61].

The PSVG study consisted of a comparison of the effect
of HU and phlebotomy on the risk of thrombosis [62]. The
study compared 51 patients treated with HU in combination
with phlebotomy to a group of 134 patients who received
phlebotomy only. The analysis made after 378 weeks of
therapy showed that the incidence of thrombotic events in
patients treated with HU together with phlebotomy (9.8%)
was significantly lower than in the control group (32.8%,
p = 0.009), while the incidence of AML was higher in this

\ www.journals.viamedica.pl/acta_haematologica_polonica



Joanna Géra-Tybor et al., Recommendations of Polish Adult Leukemia Group concerning diagnostics and treatment of

group (5.9% vs. 1.%, p = 0.18), although the difference
was not statistically significant. The authors of this study
suggested that younger patients who require complemen-
tary cytoreductive therapy in addition to phlebotomy should
be treated with IFNa due to its lack of leukemogenic and
teratogenic effects, and the possibility of achieving cyto-
genetic remission in some of them [62]. The efficacy of
HU compared to phlebotomy was also the subject of the
large, multicentre ECLAP trial comprising 1,042 subjects,
treated with phlebotomy alone (n = 342) or HU (n = 681)
during a follow-up in order to maintain Hct below 45% [56].
The rate of patients with a target Hct below 45% after
12 months was higher in the HU group compared to the pa-
tients treated with phlebotomy (52% vs. 31%, p < 0.0001).
In high-risk patients (above 60 years or with a history of
thrombosis), the rate of fatal and non-fatal cardiovascu-
lar events was significantly lower in the HU-treated group
(4.8 vs. 8.7/100 patient-years in the HU vs. phlebotomy
group), and so was the rate of transformation to myelofibro-
sis (0.1 vs. 1.5/100 patient-years in the HU vs phlebotomy
group) and mortality (0.1 vs. 0.5/100 patient-years in the
HU vs. phlebotomy group). The percentage of mortality and
cardiovascular events was significantly higher in patients in
the phlebotomy group who did not reach the target Hct level
of <45% (p = 0.000) compared to the HU-treated patients
[56]. Another retrospective, single-centre study involving
470 patients compared the effect of IFN«, HU and phle-
botomy alone on myelofibrosis-free survival (MFS) and 0S
[63]. The mean follow-up period was 10 years (range 0 to
45). Out of 437 patients, 208 belonged to a high-risk group
(44%). HU was administered in 189 patients (40%), IFNa in
93 patients (20%), phlebotomy in 133 patients (28%), and
other cytoreductive drugs in 55 patients (12%). In low-risk
patients, 20-year MFS was 84% for IFNa, 65% for HU, and
55% for phlebotomy, respectively (p <0.001), and 20-year
0S was 100%, 85%, and 80%, respectively (p = 0.44). In
the high-risk group, 20-year MFS was 89% for IFNa, 41%
for HU, and 36% for phlebotomy (p = 0.19), while 20-year
0S was 66%, 40%, and 14%, respectively (p = 0.016). Mul-
tivariate analysis revealed that a longer duration of IFNa
use was associated with a lower risk of developing myelo-
fibrosis (relative risk [HR]: 0.91, p = 0.012) and a lower
mortality (HR: 0.94, p = 0.012) [63]. The majority of study
results confirm the absence of a leukemogenic effect of HU,
but the long-term use of HU is associated with a 20% risk
of developing skin cancers other than melanoma [64, 65].

Results of studies evaluating efficacy
of interferon alpha

Interferons (IFNs) are cytokines with anti-inflammatory,
immunomodulatory and anti-tumour effects. Several sub-
types of these molecules function in the healthy human
body, but, in this group only IFNa has a therapeutic use in
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the treatment of myeloproliferative neoplasms [66]. It is
characterized by a strong proapoptotic effect, also shown
against progenitor cells with the presence of JAK2 kinase
mutations. The forms of recombinant IFNa originally used
in MPN therapy were characterized by a short half-life and
an unfavourable safety profile, which was the cause of
numerous treatment failures [66]. The modification of re-
combinant interferon by attaching a biocompatible polymer,
polyethylene glycol (Peg), to the IFNa molecule allowed the
half-life to be extended, thus reducing the frequency of use
(to once weekly) and the toxicity [66].

A further structural modification (ropegylation) resulted
in an Increase in the half-life of the drug and an increase in
the intervals between IFNo administrations to two weeks and
a further reduction in toxicity. Peginterferons, while retain-
ing their proapoptotic efficacy, activate the immune system
to a lesser extent, leading to a significantly more favourable
profile of side effects. The efficacy of modified forms of IFNa
in PV therapy has been confirmed in numerous studies. Early
phase Il and Il studies evaluating the safety and efficacy of
PeglFNa 2a and 2b included groups with different MPNs, and
different criteria were used to assess response. The stud-
ies analysing PegIFNa 2a included both patients with newly
diagnosed high-risk PV (MPD-RC-112 study) and patients with
HU resistance or intolerance (MPD-RC-111 study) [67, 68].
In the population of previously treated patients, the re-
sponse rate (complete and partial remissions) achieved after
12 months of PeglFNa treatment was 60%. The medication
used in the first-line treatment made it possible to achieve
a 78% response rate, and this percentage was comparable
to that obtained in the hydroxyurea arm. Complete hema-
tological remission (CR) was achieved in 22% and 30% of
those treated with HU and those not receiving any treat-
ment prior to PegIFNa, respectively. In subsequent years
of follow-up, the percentage of complete remissions in the
IFNo-treated patients increased as opposed to the HU-treat-
ed group [67, 68].

In recent years, the results of studies conducted ex-
clusively with ropeglFNa-2b have been published. In the
PEGINVERA trial, a reduction in toxicity and an improvement
in treatment efficacy were reported [69]. Most side effects
were mild and transient, while severe symptoms were report-
ed in 19.6% of patients (two depressive episodes, thyroid
dysfunction, atrial fibrillation, arthritis, flu-like syndrome, fe-
brile states, and increased transaminase activity). The per-
centage of CR achieved in the study was 64.3% at 2-year
follow-up, while partial hematological remission (PR) was
33%. The time to CR was relatively long at 34 weeks; and the
time interval to hematological response was 10 weeks. Once
aresponse was achieved, the drug was administered at a re-
duced frequency i.e. every four weeks, with no loss of thera-
peutic effect. Therapy with ropeglFNa-2b resulted in a slow
reduction in the mutant allele burden, and a CMR of 28.6%
was achieved. The median time to CR was 82 weeks [69].
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Subsequent studies (PROUD-PV and CONTINUATION-PV)
comparing ropeglFNa-2b to HU confirmed the efficacy and
good tolerability of this form of the drug [44, 69]. The study
included 257 patients. RopegIFNa-2b was administered
subcutaneously every two weeks at an initial dose of
100 pg. After 12 months, the primary endpoint, i.e. CR
and normalization of spleen size, was achieved in 21%
of patients in the ropegIFNa-2b group and in 28% of the
HU-treated patients (p = 0.23). CR without normalization
of spleen size was observed in 43% vs. 48%, respectively
(p = 0.63). The response rate to ropeglFNa-2b increased
over time. The assessment made at 36 months revealed CR
in 71% of patients treated with ropeglFNa-2b and in 51%
of those receiving HU (p = 0.012). Moreover, CR, reduction
in splenomegaly and decrease of the symptoms related to
microcirculatory disorders, pruritus and headaches were
observed in 53% of patients treated with ropeglFNa-2b
and 38% of patients in the HU group (p = 0.044). A progres-
sive reduction in VAF JAK2VE17F was also observed in the
ropeglFNa-2b-treated group. After 36 months of ropeglFNa-
2b therapy, VAF decreased from 42.8% to 19.7%, whereas
in HU-treated patients the reduction was only transitory and,
at 36 months, VAF was not significantly different from the
baseline values. Tolerability of ropeglFNa-2b was good.
The most common grade 3 and 4 adverse events in the
ropeglFNa-2b-treated group were the elevations of GGTP
(gammaglutamyltranspeptidase) (6%) and ALT (alanine
transaminase) (3%), and in the HU group were leukopenia
(5%) and thrombocytopenia (4%). Grade 3 and 4 depres-
sion was observed in 2% of patients in each group [44].
The efficacy of ropeglFNa-2b was also evaluated in
low-risk PV patients, in whom the drug was compared to
flebotomy [70]. The primary objective of the study was
to assess the proportion of patients with Hct <45% and
without adverse events (thrombotic complications, bleed-
ing, progressive leukocytosis, symptomatic or very high
thrombocytosis, symptomatic splenomegaly). The primary
objective was achieved in 84% of patients in the ropegIFNa-
2b group compared to 60% in the standard arm (p = 0.008).
What's more, the patients in the ropeglFNa-2b group
required fewer phlebotomies: 43% vs. 57%, had fewer gen-
eral symptoms assessed according to the MPN Symptom
Assessment Form Total Symptom Score (MPN-SAF TSS)
(p=0.033), and had significant reductions in splenomega-
ly, leukocytosis and platelet count. No differences were ob-
served in the frequency of >3 grade adverse events in the
two groups: 6% (ropeglFNa-2b) vs. 8% (phlebotomy) [70].

Results of studies evaluating efficacy
of ruxolitinib

The drug registered for the treatment of PV patients mani-
festing resistance or intolerance to HU is ruxolitinib (RUX).
In 2014, Vannucchi et al. [71] published the results of

arandomized phase Ill trial (RESPONSE trial) comparing the
efficacy of RUX and best available therapy (BAT) in a group
of 222 PV patients with splenomegaly, resistant or intoler-
ant to HU. The study showed significantly better efficacy of
RUX compared to BAT with respect to both Hct control and
reduction of overall symptoms. The primary study objective
of Hct control and spleen size reduction of at least 35% was
achieved in 21% of patients in the RUX group, but in only
1% in the BAT group (p <0.001). Hct control was observed
in 60% of patients receiving RUX and 20% in the BAT group.
CR was achieved by 24% of patients treated with RUX com-
pared to 9% in the BAT group (p = 0.003). Better control of
general symptoms was also observed among RUX-treated
patients. At week 32 of the study, at least a 50% reduction
in MPN-SAF TSS symptom severity was achieved by 49%
vs. 5% of patients, respectively. A gradual reduction in
VAF JAK2 was also observed in the RUX group (maximum
mean reduction: -34.7% at week 112). The assessment of
treatment complications concerned the first 32 weeks
of the study, as after this time most patients were switched
to the RUX arm. Treatment tolerability was good, yet herpes
zoster infections were more frequently observed in patients
treated with RUX (6% vs. 0%). On the basis of the results of
the RESPONSE trial, RUX was registered for the treatment
of PV patients resistant or intolerant to HU [71]. Similar
results were observed in the RESPONSE 2 trial, which in-
cluded patients with PV refractory or intolerant to HU, but
without splenomegaly [72]. Hct control was achieved in
62% of patients in the RUX group and 19% in the BAT group
(p <0-0.001) [72]. However, it should be noted that in
both RESPONSE studies, about one half of the patients
in the BAT group received HU [71,72].

The RELIEF study assessed the efficacy of RUX com-
pared to HU in patients who had good Hct control yet with
general symptoms [73]. The primary objective of the study
was to assess the proportion of patients who experienced
at least a 50% reduction in MPN-SAF TSS-assessed symp-
toms after 16 weeks of treatment. This percentage was
higher in the RUX-treated group compared to HU-treated
patients (43.4% vs. 29.6%, respectively), yet the difference
was not statistically significant, although RUX was signifi-
cantly more effective in reducing pruritus [73].

The phase Il MAJIC-PV study evaluated the efficacy of
RUX versus BAT in 180 HU-resistant/intolerant patients
[43]. The BAT group was treated with HU (32%), IFNa
(15%), and HU together with IFNa (12%). Patients treat-
ed with RUX were significantly more likely to achieve CR
(43% vs. 26%; p = 0.02), and their response lasted longer
(p < 0.001). Event-free survival (EFS), defined as time free
from major thrombotic/hemorrhagic episodes and trans-
formation or death, was significantly longer in the patients
who achieved CR (p = 0.01) and those treated with RUX
(p = 0.03). Patients treated with RUX were more likely to
have a >50% reduction in VAF JAK2 (56% of patients after
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48 months of follow-up in the RUX group versus 26% of
patients after a median follow-up of 36 months in the BAT
group, p <0.001). Infections, mostly respiratory and gen-
itourinary infections and herpes zoster, were significantly
more frequent in the RUX-treated patients (27 vs. 12 grade
3/4 infections, respectively). Skin squamous cell carcino-
ma was also more common in the RUX group (11 vs. O,
respectively) [43].

Recommendations concerning treatment
of patients with PV

Irrespective of the risk group, the treatment goals for pa-
tients with PV are unchanged and include [31]:

1) Reduction of risk of thromboembolic complications.
2) Reduction of symptoms resulting from disease.

3) Reduction of risk of disease progression to MF and AML.

In each risk group and at each stage of treatment, ef-
forts should be made to eliminate or minimize cardiovas-
cular risk factors (CVRFs) independent of PV, such as the
normalization of body weight, adequate control of blood
pressure values, control of lipid metabolism, normaliza-
tion of serum glucose levels and stopping smoking [74].
The use of hormonal contraceptives is contraindicated,
whilst hormone replacement therapy should only be used
when the benefits of such treatment outweigh the risk of
embolic complications.

In patients with newly diagnosed PV, irrespective of risk
group, phlebotomy should be performed to reduce quickly
the Hct values. The frequency of phlebotomies should be
adjusted to the resolution of subjective symptoms associ-
ated with polycythemia or the rate of Hct decline and the
planned time period to achieve the desired Hct value, as
well as the tolerability of the procedures. After each pro-
cedure, the lost blood volume should be replenished with
the administration of 0.9% NaCl solution. The frequency
of the procedure (every two days or twice a week) as well
as the volume of successive phlebotomies (250-400 ml)
should be determined individually for each patient depend-
ing on comorbidities (especially cardiovascular conditions)
and the dynamics of Hct decrease after subsequent pro-
cedures [70].

Recommendations concerning treatment
of low-risk PV patients

Low-risk patients are a group that requires special care
when choosing a therapeutic strategy. According to classi-
cal prognostic criteria, they are young patients (<60 years
old) who have never had a thromboembolic incident. In
this group of patients, in addition to the reduction of the
risk of thromboembolic complications and the reduction
of symptoms resulting from the disease, the expect-
ed long-term course of the disease and, consequently,
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the significant probability of developing both PPV-MF and
AML in the future, should be taken into account.

The CYTO-PV study showed a clear benefit of the strat-
egy of maintaining hematocrit <45%, reducing the rate of
thromboembolic complications [25]. In order to reduce red
blood cell parameters in patients with low-risk PV, it is ad-
visable to perform phlebotomy first. However, it should be
keptin mind that not all patients tolerate phlebotomies well,
and a repetition of this procedure may lead to the develop-
ment of tissue iron deficiency and secondary thrombocytho-
sis resulting in increased microvascular symptoms [75].
The most recent ELN recommendations have identified
groups of patients with low-risk PV who may benefit from
the inclusion of cytoreductive treatment (see Table V) [31].
The choice of treatment in this group of patients should
take into account the expected long-term exposure to the
selected drug. Due to the time-dependent skin complica-
tions, as well as the lack of effect of HU on the eradica-
tion of the JAK2 mutant clone, the use of this drug is not
recommended in patients with low-risk PV. Considering the
results of the Low-PV study, which confirmed the safety of
ropeglFNa-2b and proved its superiority in hematocrit con-
trol over phlebotomy treatment, ropeglFNa-2b is the drug
of choice in this patient group [46].

Recommendations concerning treatment
of high-risk PV patients

High-risk PV patients require cytoreductive treatment in
addition to phlebotomies [31]. The drugs of first choice com-
prise HU or IFNa. The initial dose of HU is usually 0.5 g twice
daily, and then it should be modified to keep Hct below 45%.
Approximately 25% of patients experience drug ineffective-
ness or intolerance. Adverse effects that HU can cause
include cytopenias, mucosal and skin ulcerations, gas-
trointestinal intolerance, fever, and skin lesions including
non-melanoma skin tumors. It is important to emphasize
the need to carefully collect medical history and assess the
skin condition during and assessthe skin condition during
follow-up visitis of patients treated with HU.

Currently, the drug recommended for first-line PV ther-
apy, especially in younger patients, is IFNa [23]. It is be-
lieved that its use may lead to bone marrow histology re-
sponse, a reduction in VAF JAK2, and a decrease in the
incidence of PV transformation to MF [23]. In 2020,
the European Medicine Agency (EMA) approved ropeglFNa-
2b for the treatment of patients with PV without significant
splenomegaly.

In Poland, ropeglFNa-2b therapy is reimbursed for
the following indications: 1) young high-risk patients with
indications for cytoreductive therapy; 2) patients intoler-
ant of or refractory to HU therapy; and 3) pregnant women.

It should be noted that the ELN experts claim that
patients who are classified as low risk according to the
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Table V. Recommendations concerning cytoreductive pharmacotherapy in low-risk PV patients proposed by ELN experts [31]

Cytoreductive treatment in low-risk PV patients

Recommended 1. Poor tolerance to phlebotomy, defined as recurrent syncope episodes following phlebotomy in spite of pre-
ventive measures, or hematophobia, leading to avoidance behaviours or significant difficulties in obtaining

venous access (consensus: 100%)

2. Progressive symptomatic splenomegaly (spleen increase by >5 cm within last year) provided that transfor-
mation to myelofibrosis has been ruled out (consensus: 85%)

3. Persistent leukocytosis (leukocyte count >20 G/L confirmed at 3 months without therapy (consensus:

85%)

To be considered 1. Progressive leukocytosis (increase by at least 100%, with baseline count <10 G/L, or increase by at least
50%, with baseline count >10 G/L) and persistent leukocytosis >15 G/L, confirmed within 3 months (con-

sensus: 80%)

2. Significant thrombocytosis (>1,500 G/L), bleeding manifestations regardless of platelet count, or both

(consensus: 85%)

3. Suboptimal hematocrit control following phlebotomy, i.e. need to perform at least 6 phlebotomies per year
for at least 2 years in maintenance therapy after obtaining hematocrit below 45% in induction therapy

(consensus: 80%)

May be considered 1. Severe general symptoms (total symptoms score in MPN-SAF TSS form >20 points) or persistent and seve-
re itching (itching score >5 points), which do not resolve after phlebotomy, antiplatelet therapy or antihista-

mine medications (consensus: 93%)

2. Individualized in cases of patients with significant cardiovascular risk provided that primary prophylaxis

was applied (consensus: 85%)

MPN-SAF TSS — Myeloproliferative Neoplasm Symptom Assessment Form Total Symptom Score; PV — polycythemia vera

conventional index, but who are burdened with the fac-
tors listed in Table V, should be considered as high-risk
patients (requiring the implementation of cytoreductive
treatment) [23]. The preferred drug in this group of patients
is ropeglFNa-2b. When considering whether to administer
ropeglFNa-2b, it is necessary to be aware of potential con-
traindications to this drug such as end-stage renal failure
(glomerular filtration rate [GFR] <15 ml/min/1.73m?), se-
vere cardiovascular disease (uncontrolled hypertension,
congestive heart failure in NYHA [New York Heart Associa-
tion] class >2, severe cardiac arrhythmias, significant coro-
nary stenosis, unstable angina pectoris), the presence of
autoimmune disease, and serious psychiatric disorders,
especially severe depression with a history of suicidal ide-
ation or attempted suicide. Compensated cirrhosis (Child-
Pugh stage A) is not a contraindication for ropeglFNa-2b
[76]. During the treatment, regular mood assessment and
control of biochemical parameters are required: the levels
of aspartate aminotransferase (AST), ALT, GGTP, thyrotropic
hormone (TSH), and creatinine. The dose is adjusted indi-
vidually for each patient starting at the recommended dose
of 100 ug (or 50 pg in patients receiving other cytoreduc-
tive treatment). The dose should be gradually increased by
50 g every fortnight (with a concomitant, gradual reduction
of other cytoreductive treatment, if applicable) until stabili-
zation of hematological parameters is achieved. The maxi-
mum recommended single dose is 500 ug injected every
fortnight [76]. In a clinical trial conducted on polycythemia

vera, the mean adjustment period for an individual dose of
ropeglFNa-2b was 3.7 months of drug administration and
for HU was ¢.2.6 months [76].

In patients with resistance or intolerance to HU (the cri-
teria are listed in Table V), treatment with a previously un-
used drug is recommended: RUX or IFNa [23]. When RUX
is administered at an initial dose of 10 mg bid, a higher
propensity for infectious complications (mainly herpes zos-
ter) and skin lesions (non-melanoma skin cancers) must
be taken into consideration [43].

In older persons, i.e. >65 years, or patients refractory/
/intolerant to other therapies, busulfan can be used [23].
However, the use of this drug requires special caution due
to its potential irreversible myelotoxic effect. Treatment is
initiated at a dose of 2-4 mg/day and should be reduced
if the platelet count falls below 150 G/L or the leukocyte
count below 5 G/L, while a reduction in platelet count below
100 G/L or leukocyte count below 3 G/L requires discon-
tinuation of the drug. The effects of busulfan may persist
for a long period after discontinuation of therapy.

Therapy recommendations for patients with PV are list-
ed in Figure 1.

Antithrombotic prophylaxis and treatment

The most important preventive measure is to maintain Hct
values <45% in men and <42% in women. Recent expert
recommendations recommend even lower target Hct values
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Polycythemia vera

!

Age, thrombotic episodes

<60 years, without thrombosis

Low risk
Additional
risk factors*
ASA + Preferred
phlebotomies IFNox

>60 years or history of thrombosis
High risk

N

HU IFNa

Resistance/intolerance

RUX or IFN« HU

Resistance/intolerance

RUX or IFNa RUX

Figure 1. Recommendations for the treatment of polycythemia vera. “As shown in Table V. ASA — acetylsalicylic acid; IFNa — interferon alpha;

HU — hydroxyurea; RUX — ruxolitinib

(40-42%) for patients with persistent symptoms of blood
hyperviscosity, such as erythromelalgia, transient ocular
ischemic episodes, headache, dizziness or amaurosis fu-
gax, despite lowering Hct <45%, if there is a demonstrable
benefit of such an option [77].

In low-risk PV patients, the administration of low-dose
ASA (40-100 mg) once per day has a documented anti-
coagulant efficacy [78, 79]. Antiplatelet treatment reduc-
es the incidence of venous thrombosis in patients with
a JAK2 gene mutation present, as well as the incidence
of arterial thrombotic episodes in patients with coexist-
ing cardiovascular risk factors [78]. The administration of
ASA twice per day should be considered in patients with
co-occurring cardiovascular risk factors, leukocytosis or the
presence of microvascular symptoms, despite low doses
of the drug. ASA should be administered twice per day in
high-risk patients after an episode of arterial thrombosis
[80]. Cardiovascular risk should be assessed at baseline
and once per year with a validated risk assessment scale,
e.g. QRISK score or SCORE risk [74, 81]. The details of
thromboprophylaxis are presented in Table V.

Treatment of acute thrombotic episodes

The therapy of acute thrombotic complications should fol-
low current guidelines on thrombosis treatment. In cases

where the thrombotic complication is the first manifestation
of the disease, cytoreductive treatment should be imple-
mented immediately. The management should also include
phlebotomy to reduce Hct to <45% [80]. In patients with
newly diagnosed PV, as well as in those who develop throm-
botic complications during cytoreductive treatment, the
therapeutic management should be optimized so that the
blood morphotic values remain within the desired range.
Thus, in cases of arterial thrombosis, treatment with low
doses of ASA should be implemented immediately, together
with specialist consultations (e.g. a cardiologist in a case of
coronary thrombosis, a neurologist/neurosurgeon in a case
of cerebral arterial thrombosis) — it is necessary to follow
the current specialist recommendations [81, 82]. In cases
of venous thrombosis, it is advisable to start anticoagula-
tion treatment with low-molecular-weight heparins, with
a switch to vitamin K antagonist (VKA) treatment according
to current guidelines [81, 82].

In patients with an unprovoked episode of venous
thrombosis, it is recommended to use long-term antico-
agulation with VKA or DOACs (direct oral anticoagulants)
for secondary prevention, taking into account the current
hemorrhagic risk, including avWs [80]. A similar approach
should be applied in cases where visceral venous throm-
bosis is confirmed and cerebral venous thrombosis is di-
agnosed [80].
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Table VI. Antithrombotic prophylaxis in patients with PV

All patients

1. Phlebotomies until values adequate to maintain Hct <45% in men and <42% in women are achieved

2. ASA once per day

Low-risk patients

(<60 years, no history of thrombosis)

ASA twice per day should be considered in following cases:

(a) microvascular symptoms despite administration of this drug
once per day

b) co-existence of cardiovascular risk factors

¢) leukocytosis

ASA — acetylsalicylic acid; Hct — hematocrit;

In recent years, DOACs have been increasingly used for
thromboprophylaxis. Studies of the efficacy of DOACs car-
ried out in a cancer population indicate that these drugs
have significant efficacy and a good safety profile [83]. Un-
fortunately, there are no randomized trials comparing the
activity of DOACs to that of VKAs in MPN patients. Howev-
er, increasing data indicates similar efficacy in this patient
group as well [84-86]. Weronska et al. [84] used DOACs
in 48 patients with PV (70.8%) and ET who experienced
venous thromboembolism (VTE). Patients were given apix-
aban (39.6%), rivaroxaban (33.3%) and dabigatran (27.1%).
During 30 months of follow-up (range 20.5-41.5), there
were four thrombotic episodes (3.3 per 100 patient-years)
and one major bleeding episode [84]. Serrao et al. [85]
used DOACs in 71 patients with MPN (including 15 with
PV) for atrial fibrillation (FA) or VTE. At 12-month follow-up,
no patient had thrombotic complications or a major hem-
orrhagic episode [85]. A multicentre observational study
carried out by Barbui et al.[86] included 442 patients with
MPN (including 178 with PV). Patients received DOACs
(dabigatran, apixaban, rivaroxaban, edoxaban) for AF (n =
203) or a history of VTE (n = 239). After a median follow-up
of 1.7 years, there were 10 major thrombotic episodes
(2.1 per 100 patient-years) in the AF group and 22 throm-
botic complications (4.5 per 100 patient-years), including
17 venous and five arterial ones, among patients with VTE.
In the entire group, 26 major bleeding complications were
observed (14 in AF patients and 12 in VTE patients), repre-
senting 3% and 2.3% per year, respectively. Bleedings most
often occurred in the gastrointestinal tract and were main-
ly observed in patients with MF, more frequently in those
treated with dabigatran [86]. The incidence of thrombotic
and hemorrhagic complications observed in these studies
is similar to that of prophylaxis with VKA, but the retrospec-
tive nature of the studies should be emphasized. The de-
cision on the type of thromboprophylaxis should be taken
considering thrombotic and hemorrhagic risk factors, re-
nal and hepatic function status, medications taken, and
patient preference.

High-risk patients
(history of thrombosis or age >60)

1. Cytoreductive therapy

2. In patients with a history of arterial thrombosis, ASA should
be administered twice per day and anticoagulation treatment
should be initiated

Pregnancy in a patient with PV

Thrombotic complications make up a major cause of morbidity
and mortality in patients with MPNs [87]. Since pregnancy
is a state of increased thrombotic readiness, the risk of
thrombotic complications in pregnant MPNs is higher than

in the general population [54, 87, 88]. An analysis of 129

pregnancies in 60 patients with MPNs revealed that 68.2%

of pregnancies ended in obstetric success, and the main

complications concern the fetus: miscarriages (31.8%) and
preterm births (17.8%) [89]. Pregnant women with MPNs are
at risk of thrombotic and hemorrhagic complications; however,

an analysis conducted by Landtblom et al. [90] between 1973

and 2018 found no statistically significant difference in these

complications between patients with and without MPNs.

The treatment of a pregnant woman with MPNs should
be carried outin close collaboration between hematologist
and obstetrician-gynecologist. The care of a pregnant wom-
an with MPN should begin before conception: the patient
(and her partner) should be informed of the risks of preg-
nancy, and her cardiovascular risk factors and blood count
parameters should be assessed. Based of them, the cytore-
ductive therapy should be modified or planned accordingly
(maintenance or introduction of IFNa) [91].

The cytoreductive drug of choice, due to its safety for
the proper development of the fetus and the course of
pregnancy, is IFNa [92, 93].

However, this therapy is not recommended for all preg-
nant women with MPN but only for those at high risk, i.e.
in whose cases there were:

1) 21 miscarriage of unclear etiology <10 weeks’ ges-
tation (hbd).

2) 21 death of unclear etiology of a morphologically nor-
mal fetus 210 hbd.

3) =1 preterm delivery of a morphologically normal fetus
<34 hbd, due to severe pre-eclampsia, eclampsia or
placental insufficiency.

4) a history of peripartum hemorrhage requiring trans-
fusion [94].
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In addition, the classification of a patient into the high-
risk group is determined by the result of a Doppler ultra-
sound examination of the uterine arteries at 20 hbd. An
abnormal test result indicates placental insufficiency (pul-
sation index >1.4) due to vascular flow disturbances [80,
94-96].

HU and VKA, due to their potential teratogenic effects,
should be discontinued at least three months before con-
ception (both in the affected woman and in the partner
with MPN). There is no conclusive data on the safety of
anagrelide (ANA) in pregnancy, but due to the risk of throm-
bocytopenia in the fetus, this drug should be discontinued
in the affected woman three months before attempting to
conceive [80, 94, 95]. However, it should be noted that
there have been reports of normal pregnancy outcomes
in patients with MPNs who received HU or ANA during the
first trimester of pregnancy [97].

Some generally recognized risk factors for complica-
tions in pregnant patients with MPN include a history of
arterial or venous thrombosis, and also hemorrhage. A high
platelet count of more than 1,000 G/L or 1,500 G/L is also
considered a risk factor, primarily due to the risk of avWs.
The risk of complications is also increased with high leu-
kocytosis, Hct >45% despite phlebotomies, concomitant
diseases such as diabetes, hypertension, and older ma-
ternal age (>35 years) [80, 94, 95]. At present, the status
of directional mutations does not determine the therapy
of pregnant women with MPN.

In all pregnant women with MPN, it is recommended to
make a blood count check every four weeks until 24 hbd
and then every two weeks. Testing for avWS(ristocetin ac-
tivity) is advisable, especially in patients with PLT count
>1,000 G/L. It should be borne in mind that both PLT and
Hct counts tend to spontaneously decrease during preg-
nancy, and iron supplementation is associated with a risk
of increased red cell parameters and is therefore not rec-
ommended as standard [80, 94-96].

In patients with PV, phlebootmy is additionally rec-
ommended in order to maintain Hct <45% or its normal
range applicable for the trimester of pregnancy (31-41%
in the first trimester, 30-38% in the second trimester,
and 28-39% in the third trimester) [80]. Strict monitor-
ing of blood pressure and regular urinanalysis are neces-
sary. If the patient is given low-molecular-weight heparin
(LMWH) in a therapeutic dose, it is advisable to determine
the anti-X activity every two months [94]. Fetal ultrasound
is another important examination in pregnancy to assess
normal growth. This assessment should be performed at
32 and 36 hbd [91].

According to the published data, proper management
of a pregnant patient with PV based on low doses of ASA
and LMWH or INFa alone or in combination with ASA or
LMWH, significantly increases the live birth rate from 47.6%
to 78.2%. Thus, a low-dose ASA is recommended in every
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pregnant woman with MPNs provided that there are no
contraindications [89,98]. ASA should be administered
throughout pregnancy with the exception of the last two
weeks before the planned delivery, when a the switch to
prophylactic dose of LMWH should be made. The last dose
of heparin should be given 12 hours before delivery, an-
other dose ¢.12 hours after delivery, followed by prophy-
lactic use of LMWH and ASA for six weeks postpartum, in
view of the particularly high risk of thrombotic complica-
tions characteristic of this period. Prophylaxis with LMWH
at the standard prophylactic dose (e.g. enoxaparin 40 mg
once a day) should be initiated as soon as possible after
pregnancy is confirmed in all women with MPN and a his-
tory of venous thrombosis or obstetric failure [80]. In these
patients, doubling the dose of LMWH after 16-20 hbd is
recommended. In patients with a history of an episode
of arterial thrombosis, UK recommendations suggest an
intermediate dose of LMWH (e.g. enoxaparin 40 mg bid)
[80, 99]. Therapeutic doses of LMWH are administered for
thrombotic complications during pregnancy [80, 94-96].

In vitro fertilization (IVF) methods are acceptable, al-
though there are no established standards of therapeutic
management in this group of patients. Currently, LMWH is
recommended from the start of hormonal therapy up to
12 hbd, with a short interval for oocyte retrieval. IFV is an
identified risk factor during pregnancy [91].

In conclusion, all women of childbearing age with MPNs
should be informed about possible complications in preg-
nancy and the need to plan for it. HU and ANA should be dis-
continued at least three months before pregnancy. A close
collaboration between the hematologist and the obstetri-
cian-gynecologist is essential for the correct management
of a pregnancy in a patient with MPNs. During pregnancy,
it is necessary to check peripheral blood count parameters,
fetal ultrasound, and assessment of uterine artery flow at
20 and 24 hbd. In every patient, low-dose ASA should be
introduced as soon as possible (preferably before preg-
nancy) as routine thromboprophylaxis and continued until
the end of the postpartum period. The addition of LMWH is
recommended if there are additional risk factors for throm-
botic complications (thrombotic incident, a history of ob-
stetric failures) and for six weeks postpartum in all women
with MPN. Close monitoring of Hct levels <45% (or even
<42%) is recommended for PV. Cytoreductive therapy is
reserved for women with MPN with a high risk of throm-
botic complications, and the drug of choice is IFNa. There
are no clear recommendations for IFNa therapy during
breastfeeding.
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