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Abstract: Very important developments related to polycythemia vera (PV) have occurred during the last two decades. The discovery
of Janus kinase (JAK) 2 mutations has changed both the diagnosis and clinical management of PV. Currently JAK2 molecular testing
is essential in the diagnostic work-up and JAK2 mutation positivity is a major diagnostic criterion. The discovery of JAK2 mutations
suggested that abnormal JAK-STAT signaling was a pivotal feature in the pathogenesis of Philadelphia-negative myeloproliferative
neoplasms. This idea led to the development of JAK inhibitors. Currently ruxolitinib, a JAK1/JAK2 inhibitor, is also approved for PV
patients with hydroxyurea resistance or intolerance. International collaborations have made it possible to describe disease characteristics
and evolution better. Presently it is possible to quantify the symptomatic burden of the disease and to estimate prognosis. In spite of
these developments, management of PV still largely depends on estimation of thromboembolic risk and trying to decrease the risk
with or without cytoreductive medications. Different approaches have been proposed by international disease experts for the diagnosis,
thromboembolic risk estimation, and drug selection. This paper aims to review clinical aspects of PV and propose a management

algorithm. The authors also point to still unresolved questions and unmet needs in diagnosis and management.
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1. Introduction

The reported annual incidence for polycythemia vera
(PV), a chronic Philadelphia chromosome (Ph)-negative
myeloproliferative neoplasm (MPN), ranges between
0.01/100,000 and 2.61/100,000 with a pooled rate of
0.67/100,000 (1). Median ageis 61 years with 10% of patients
below age 40 years of age (2). Important developments
have occurred in understanding the pathobiology of PV
during the last two decades. Discovery of chromosome 9p,
exon 14, Janus kinase (JAK) 2 gene-product JAK2 tyrosine
kinase V617F mutation in the vast majority (~95%)
(3-5) of patients, and JAK2 exon 12 mutations (6) in the
majority (3%) (7) of the remaining few cases were the most
important developments in PV during the last decades.
New alternatives are emerging for treatment of PV. This
review aims to examine clinical aspects of PV in detail.

2. Clinical presentation and diagnostic criteria

2.1. Disease presentation
Fatigue, pruritus, epigastric discomfort, early satiety,
diaphoresis, weight loss, and vasomotor symptoms

* Correspondence: ybuyukas@hacettepe.edu.tr
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such as headache, dizziness, visual disturbances, and
erythromelalgia are frequent presenting symptoms
(2,8,9). Some patients may also apply due to
incidentally found elevated blood cell counts during
medical evaluations for other reasons. Splenomegaly,
hepatomegaly, plethora, and hypertension are the
most frequent presenting physical findings. Arterial
and/or venous thromboembolism (TE) was reported
in 19% to 34% of Ph-negative MPNs at diagnosis
(10), but recently reported figures for PV were
somewhat lower (2,11-13). Rates of 16% arterial and
7.4% venous thrombosis before or at diagnosis of PV
were reported in the International Working Group
for Myeloproliferative Neoplasms Research and
Treatment (IWG-MRT) database (2,11). Splanchnic
thromboses such as Budd-Chiari syndrome (BCS)
and portal vein thrombosis are especially frequent
between venous thrombotic events in PV (8,14). The
contemporary multicenter IWG-MRT cohort provides
valuable information on clinical and laboratory (Table
1) features on presentation (2).

This work is licensed under a Creative Commons Attribution 4.0 International License.
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2.2. Current diagnostic criteria

The British Committee for Standards in Haematol-
ogy (BCSH) 2007 (15) and World Health Organization
(WHO) 2016 (16) diagnostic criteria are shown in Table 2.
Bone marrow biopsy is a major criterion in the WHO 2016
criteria. It is suggested that bone marrow examination
could only be omitted in the case of sustained prominently
elevated hemoglobin (Hb) and/or hematocrit (Htc) levels
(>16.5 g/dL and/or 49.5% in women or >18.5 g/dL and/or
55.5% in men), JAK2 mutation positivity, and a decreased
serum erythropoietin (Epo) level (16). Dependence of the
diagnosis on bone marrow biopsy in the current WHO
criteria has been criticized (17). There are contradictory
study results regarding the reproducibility of bone mar-
row morphological features for diagnosis of PV (17). The
BCSH criteria for diagnosis of PV do not require bone
marrow investigation (15). These criteria adapt the earlier
Polycythemia Vera Study Group (PVSG) criteria for diag-
nosis of rare JAK2-negative cases.

After the 2016 WHO diagnostic criteria lowered Hb
and Htc thresholds to 16.5 g/dL and 49% for diagnosis of
PV, there have been concerns that many men with high-
normal Hb (16.5-18 g/dL) and/or Htc (49%-54%) levels
might be unnecessarily considered for the differential di-
agnosis of PV and tested for serum Epo level and/or JAK2
mutation. It is obvious that such people should not be con-
sidered for testing unless they have associated suspicious

findings such as unexplained thrombocytosis, leukocytosis,
splenomegaly, splanchnic thrombosis, and iron deficiency.

3. Clinical course and prognosis in PV
Adequately managed PV has a long natural history, but
still shorter than the age-matched general population (2)
and essential thrombocythemia (ET) patients (18,19).
In a recent very large (n = 1545) international study (2),
median survival duration was 14.1 years. The cause of
death was unknown in over half (53%) of the patients.
Acute leukemia (36/347, 10.3%), secondary malignancies
(36/347, 10.3%), thrombotic complications (32/347, 9.2%),
heart failure (13/347, 3.7%), and nonleukemic progressive
disease (12/347, 3.4%) were the leading causes among
other patients. Risk factors for survival were defined as
older age, leukocytosis, venous thrombosis, and abnormal
karyotype. A prognostic model was developed using the
first three parameters (Table 3). The cumulative risk of acute
leukemia, with death as a competing risk, was calculated as
2.3% at 10 years, 5.5% at 15 years, and 7.9% at 20 years.
Progression to myelofibrosis (MF), arterial thrombosis,
venous thrombosis, and major hemorrhage were reported
as 9%, 12%, 9%, and 4.2% at a median of 6.9 years of follow-
up duration.

The clinical course of PV and associated clinical and
laboratory findings are summarized in Figure 1. The cur-
rent WHO diagnostic criteria for post-PV MF were pro-

Table 1. Main laboratory findings at presentation in PV patients diagnosed according to WHO 2008 criteria

(adapted from Tefferi et al. (2)).

Laboratory findings

Hemoglobin (g/dL), median (range)

17.7 (15.1-24.5) in females
18.9 (17.1-26.5) in males

Hematocrit* (%), median (range)

54 (36-76) in females
57 (42-78) in males

Leukocytosis** (>10.5 x 10°/L) (%) 49%
Thrombocytosis (2450 x 10°/L) (%) 53%
Extreme thrombocytosis (=1000 x 10°/L) (%) 4%

Elevated lactate dehydrogenase (%) 50%
Leukoerythroblastic smear (%) 6%
V617F/other JAK2 mutation (%) 95%/3%
Serum erythropoietin decreased/normal/elevated (%) 81%/17%/2%
Abnormal karyotype (%) 12%
Endogenous erythroid colony formation (%) 73%

*Red blood cell microcytosis preventing hematocrit elevation is possible at diagnosis due to associated iron defi-
ciency mostly seondary to increased autonomous RBC production.
**Neutrophilia is frequent; basophilia, monocytosis, and eosinophilia are rare.
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Table 2. WHO 2016 (16) and BCSH 2007 (15) diagnostic criteria for PV.

WHO 2016 criteria*

BCSH 2007 criteria**

Major criteria

JAK2-positive PV

1. Increased hemoglobin (>16.5 g/dL in men or >16.0 g/dL in
women), hematocrit (>49% in men or >48% in women), or
other evidence of increased red cell volume

High hematocrit (>52% in men, >48% in women) or raised

Al red cell mass (>25% above predicted)

2. Bone marrow biopsy showing hypercellularity for age with
trilineage growth (panmyelosis) including prominent ery-
throid, granulocytic, and megakaryocytic proliferation with
pleomorphic, mature megakaryocytes (differences in size)

A2 [JAK2 mutation

3.JAK2 V617F mutation in exon 14 or exon 12 mutations

**Diagnosis requires both criteria to be present

Minor criterion

JAK2-negative PV>***

Serum erythropoietin level below the reference range for nor-
mal

Raised red cell mass (>25% above predicted) or hematocrit

Al >0.60 in men, >0.56 in women

*Diagnosis of polycythemia vera requires meeting either all 3
major criteria or the first 2 major criteria and the minor crite-
rion.

Bone marrow biopsy could be omitted in some circumstances
explained in the text. However, biopsy is still recommended on
every condition as it may also provide important prognosis-
related information: detection of initial myelofibrosis (present
in up to 20% of patients), which predicts a more rapid pro-
gression to post-PV myelofibrosis, and detection of abnormal
karyotype (present in nearly 12% of patients) by marrow cyto-
genetic analysis.

A2 | Absence of JAK2 mutation

A3 | No cause of secondary erythrocytosis

A4 | Palpable splenomegaly

Presence of an acquired genetic abnormality (excluding BCR-

AS ABL) in the hematopoietic cells

Bl |Thrombocytosis (platelet count >450 x 10°/L)

Neutrophil leukocytosis (neutrophil count >10 x 10°/L in
nonsmokers; >12.5 x 10°/L in smokers)

B3 | Radiological evidence of splenomegaly

B4 |Endogenous erythroid colonies or low serum erythropoietin.

***Diagnosis requires Al + A2 + A3 + either another A or two B
criteria

Table 3. Risk factors for contemporary PV survival and transformations to MF and leukemia.

Parameter (reference number) Risk factor(s)

Survival (2) Age 267 (5 points)

Age 57-66 (2 points)

Leukocytes 215 x 10°/L (1 point)

Venous thrombosis (1 point)

risk (=3 points, median survival: 10.9 years

Low-risk (0 points, median survival: 27.8 years), intermediate-risk (1 or 2 points, median survival: 18.9 years), and high-

Leukemic transformation (2) Older age (>61)

Abnormal karyotype

Leukocytes 215 x 10°/L

Exposure to P32, chlorambucil, pipobroman

Progression to MF (21) Leukocyte count
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Symptoms-signs (details in the text)

Lab findings

Bonemarrow

INCREASE in EM
HEMATOPOIESIS-/
SPLENOMEGALY-AND
CYTOPENIA-RELATED
SYMPTOMS-SIGNS

DECREASE in
HYPERVISCOSITY-AND
MICROVASCULAR-RELATED
SYMPTOMS-SIGNS

,Erythrocytotic phase

_Inactive phase

|
[

i 1
[

\

I Spent phase

Erythrocytosis £ leukocytosis £ thrombocytosis

No ormild increase in reticulin fibers

Hb-Htc ‘N (no phlebotomy / cytoreductive)
LEB and tear-drop RBCs possible
Leukocyte and platelet counts variable

May ormay notbe compatible with
myelofibrosis

Anemia
LEB
Leukocyte and platelet counts variable

Myelofibrosis to osteomyelosclerosis

Leukemia-related symptoms-signs
Symptoms-signsrelated to the baseline polycythemia
vera phase

€ v
Acute leukemia

Leukemia-specific lab findings possible

Acute myeloblastic leukemia

(very rarely ALL)

EM: extramedullary, Hb: hemoglobin, Hct: hematocrit, LEB: leukoerythroblastosis, RBC: red blood cell, ALL: acute lymphoblastic leukemia

Figure 1. Clinical course of PV.

posed by Barosi et al. (20). Transformation to MF obvi-
ously shortens survival (21). However, post-PV MF has a
better prognosis compared to primary MF (22,23).

Risk factors for transformations to MF and leukemia are
also summarized in Table 3. Recently it has been shown
that ASXL1, SRSF2, and IDH2 mutations also have a nega-
tive impact on leukemia and MF transformation risks
and survival independent of clinically derived prognos-
tic models (24). The leukemia cases secondary to PV are
nearly always AML (25,26). Post-PV AML has a dismal
prognosis (25,27).

3.1. Risk factors for vascular events: what is high-risk
PV?

Older age (generally considered as >60 years) and prior
thrombosis are the usual risk factors for TE in PV. These
factors were first determined to contribute to overall risk
of thrombosis in the PVSGO1 study cohort (n = 431) (28).
Older age and history of thrombosis also emerged as the
most important risks for cardiovascular complications in
the ECLAP study, a large international study (n = 1638)
investigating the role of aspirin in the treatment of rela-
tively low-risk PV (29). In a recent study by Barbui et al.
(30) evaluating a large cohort of contemporary PV cases
treated according to modern concepts, age >65 and previ-
ous venous thrombosis were determined as the main risk
factors for venous TE. Arterial event history and hyper-
tension were the risk factors for arterial events. Although
not formally proved in PV and therefore controversial,
some authors consider general cardiovascular risk factors
in addition to older age and prior thrombosis as impor-
tant parameters for TE risk prediction (31). The results of
the large contemporary PV study just mentioned (30) are
in agreement with this approach. In a recent IWG-MRT
study, Barbui et al. investigated the effect of arterial hyper-
tension on TE risk in low-risk PV (n = 604, median age: 49
years, median follow-up duration: 4.9 years) convention-
ally treated with phlebotomy and aspirin (32). Thrombo-

sis-free survival was significantly lower (34% vs. 66%, P =
0.025) in patients with hypertension. The authors conclud-
ed that these data suggest revising the risk stratification of
patients with low-risk PV by including further stratifica-
tion according to the presence of hypertension. Additional
supporting data on the importance of cardiovascular risk
factors were obtained in ET: some cardiovascular risk fac-
tors (active smoking, hypertension, and diabetes mellitus)
were found as independent risk factors for thrombosis in
the ET IPSET-thrombosis risk model (33).

Some investigators have found that leukocyte count
(34-38) and JAK2 V617F allele burden (39) might also be
important risk factors for thromboembolic complications
in PV, but it is still unclear how to consider these param-
eters in risk prediction and management.

4. Management of PV

4.1. Aims of management and parameters to be
considered

Prevention of thromboembolic complications and
relieving symptoms are the current treatment aims in PV.
Achieving these aims unambiguously increases quality of
life and survival, but current treatments cannot prevent
disease transformation to MF or leukemia. An Htc level
of <45% is the main target for disease control. Pearson
and Wetherley-Mein (40) first showed an association
between Htc and thrombotic events. This observation
led to the recommended target Htc of <45%. Validity of
this recommendation was confirmed in a randomized
controlled study within the last decade. The CYTO-
PV study (41) showed that PV patients treated with
phlebotomy, hydroxyurea (HU), or both with an Htc
target of less than 45% had a significantly lower rate of
cardiovascular death and major thrombosis than did
those with an Htc target of 45% to 50%. In addition to
the mentioned Htc level, aiming at normal platelet and
leukocyte counts may be preferable in cytoreductive
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treatment. This aim has not been determined by means
of adequately designed prospective studies, but there
have been retrospective data indicating decreased
hematologic transformation rate and prolonged survival
with normalization of leukocyte counts and decreased
thrombohemorrhagic complications with normalization
of platelet counts in PV (42). The European LeukemiaNet
(ELN) proposed response criteria for treatment of PV first
in 2009 (43) and then these criteria were revised in an ELN
and IWG-MRT consensus project (44). In these criteria,
the definition of peripheral blood count remission includes
Hct lower than 45% without phlebotomies, platelet count
of <400 x 10°/L, and leukocyte count of <10 x 10°/L.
Contemporary management of PV depends on TE risk
category. Although risk factors for post-PV MF, secondary
AML, and survival have been defined, these factors cur-
rently do not affect treatment algorithms. Avoiding un-
necessary treatments and follow-up for treatment-related
toxicities and emerging vascular risk factors are also im-
portant management strategies. Specific guidelines agree
on the necessity of cytoreductive treatment in patients at
high risk of TE. Additionally, there is no conflict that phle-
botomy (aiming at <45% Htc) plus aspirin are enough for
PV cases with low TE risk. The management of patients
with TE risk factors other than older age and history of TE,
importance of some newly proposed thrombosis risk fac-
tors such as leukocyte count (34-38,45,46), roles of cyto-
reductive drugs other than HU (e.g., anagrelide), and leu-
kocyte and platelet count targets are contradictory issues.

4.2. Specific recommendations

Cardiovascular risk factors should be adequately managed
in every patient with PV. Htc should be kept below 45%
by means of phlebotomy and/or cytoreductive drugs (if
indicated) as demonstrated in the randomized CYTO-
PV study (41). Low-dose aspirin (100 mg/day) should
be prescribed unless there is a specific contraindication.
The randomized ECLAP study (29) showed that aspirin
as compared with a placebo reduced the risk of combined
end point of nonfatal myocardial infarction, nonfatal
stroke, or death from cardiovascular causes and the risk
of combined end point of nonfatal myocardial infarction,
nonfatal stroke, pulmonary embolism, major venous
thrombosis, or death from cardiovascular causes. The
incidence of major bleeding episodes was not significantly
increased in the aspirin group. Although no randomized
studies have been published comparing cytoreduction
with only phlebotomy in PV, there is a general consensus
on the indications of cytoreductive therapy in PV in
various international guidelines (47-49): high TE
risk (i.e. older age and/or previous thrombosis), poor
compliance to phlebotomy, progressive myeloproliferation
(symptomatic splenomegaly, leukocytosis, >1000-1500
x 10°/L thrombocytosis), and symptoms refractory to
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(or inadequate for) palliative therapies. Uncontrolled
major cardiovascular risk factors (i.e. diabetes mellitus,
hypertension, and atherosclerosis) are also considered
as indications for cytoreduction by some experts (17).
Cytoreductive drug preferences change widely, as
summarized below. The authors of this review prefer to use
the treatment algorithm summarized in Figure 2.

Standard arterial and venous TE approaches can be
applied for acute TE attacks in PV. There is also no problem
about antiplatelet drug use for secondary prophylaxis of
arterial TE events. However, there are unknowns about the
duration of secondary prophylaxis beyond 3-6 months of
treatment period of venous TE events as stated in a recent
consensus statement (50). Hemorrhages due to treatment
(antiplatelet and anticoagulant drugs, thrombocytopenia
secondary to HU), disease evolution or complications
(thrombocytopenia resulting from disease transformation
or splanchnic thrombosis and/or extramedullary
hematopoiesis-related portal hypertension/hypersplenism,
coagulopathy of liver failure caused by BCS, etc.), acquired
von Willebrand syndrome (AVWS), and intrinsic platelet
dysfunctions are also possible during the disease course
(51). Diagnosis and management of these specific scenarios
involve some specific details. AVWS should be suspected
in patients with very high platelet counts (>1000 x 10°/L)
and unexplained bleeding. Diagnosis of this condition
depends on showing a disproportionately decreased
von Willebrand factor activity compared to antigenic
concentration of the molecule. Antiplatelet therapy should
be withheld in patients with this problem and/or in cases
of extreme (>1000 x 10°/L) thrombocytosis. Rapid platelet
reduction (platelet apheresis and cytoreductive treatment)
in addition to von Willebrand disease-specific treatments
(factor concentrate, desmopressin acetate) is necessary
for management of hemorrhages secondary to AVWS.
Intrinsic platelet dysfunctions have also been described
in MPNs including PV. Hemorrhages induced by intrinsic
platelet dysfunction are also an indication for platelet
lowering treatment (52).

4.3. HU versus interferon-alpha for cytoreduction

HU has been used in PV for nearly 40 years. It is
certainly effective in the normalization of blood counts,
splenomegaly, and some disease-related symptoms. Fewer
thrombotic events were observed with HU compared to a
historical control group (managed only with phlebotomy)
in a single-arm study (53). Final results of a randomized
French study initiated in 1980 comparing HU and
pipobroman were published in 2011 (23). Median survival
was 20.3 and 15.4 years in the HU and pipobroman arms,
respectively (P = 0.008). Cumulative incidence of AML/
myelodysplastic syndrome at 10, 15, and 20 years was
6.6%, 16.5%, and 24% in the HU arm and 13%, 34%, and
52% in the pipobroman arm (P = 0.004). Cumulative MF
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«Evaluate thromboembolic/hemorrhagic risk

«Evaluate cardiovascular risk

«Evaluate symptom burden

«Start phlebotomy (aiming <45% Htc)*!

«Start low-dose aspirin (if platelet count <1000-1500 = 10°/L)?%-32
«Start suitable palliative therapies for symptoms

‘LIf
VIt

s

«Add suitable cytoreductive therapy?3.53.67.68

«Consider cytoreductive therapy!7.66:85.86
(Informed patient decision critical if nonconventional risk factors)

\

Periodically reevaluate for:

« comp lications
« treatment toxicity

... and change management plan if necessary

« response (Htc <45%%*!, leukocyte <10 = 10%L4, platelet 400 = 10%L*, N spleen, improved symptoms) and disease progression

Figure 2. Management of PV based on general experiences and study results (superscripts: reference numbers).

incidence at the same periods according to main treatment
received was 15%, 24%, and 32% with HU versus 5%, 10%,
and 21% with pipobroman (P = 0.02). Superiority of HU
(except MF transformation) supports current treatment
algorithms favoring this drug for cytoreduction. Higher
than expected leukemia risk with HU as reported in this
study was not observed in the prospective ECLAP study
cohort (29), in a Sweden population study (54), or in the
IWG-MRT cohort (2). These data, extensive experience
with this drug, the advantage of oral use, and low treatment
cost make HU the preferred drug for cytoreduction in
PV (55). However, there are many contradictory small
studies related to secondary solid cancer risk in MPN
patients who received HU. Additionally, HU-related
fertility and teratogenicity issues are important for young
patients. Actually, interferon (IFN)-alpha has been more
extensively evaluated in phase 2 studies. The clinical
responses are favorable (56). It can control erythrocytosis
or thrombocytosis in a majority of patients. Reduction
in spleen size and relief from pruritus are also frequent.
Pegylated IFN-alpha-2a (peg-IFN) can provide high
hematologic (up to 82% complete response in phase 2

studies), molecular (up to 28% complete response in
phase 2 studies), and histologic responses in PV and ET.
The responses are frequently sustained even after stopping
treatment. Vascular events are rarely reported during
treatment (57-65). However, IFN-alpha is frequently
difficult to tolerate due to flu-like symptoms.

In a Chinese open-label, observational, multicenter
clinical assessment study, IFN-alpha-2b was associated
with deeper molecular responses, lower phlebotomy need,
and longer progression-free survival compared to HU
(66). Moreover, IFN provided better symptom control for
erythromelalgia, distal paresthesias, and headaches. Two
recent randomized studies compared peg-IFN and HU in
intermediate- or high-risk PV. Interim analysis results of
the Myeloproliferative Disorders Research Consortium
(MPD-RC) phase III 112 trial comparing frontline Peg-
IFN and HU in high-risk PV and ET showed similar
hematologic response rates (67). Grade 3 adverse events
(depression, pain, dyspnea, injection site reaction) were
more frequent with peg-IFN. In the randomized controlled
phase III PROUD-PV study comparing ropeginterferon
alfa-2b (Ropeg), a novel mono-pegylated IFN, with HU
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in chemotherapy-naive or HU-pretreated but not resistant
PV patients, Ropeg achieved higher hematologic and
molecular response rates (68).

Currently, the BCSH guidelines (47) recommend IFN-
alpha for first-line treatment of patients <40 years old in
need of cytoreductive treatment. HU was recommended
for those aged 40 or above. ELN recommendations (48)
propose that either HU or IFN-alpha be the first-line cy-
toreductive therapy at any age. International experts Tef-
feri and Barbui recommend HU for first-line treatment in
high-risk patients irrespective of age (49).

4.4. Symptom burden and management

Even low-risk PV patients still report significant symptoms
limiting quality of life and productivity (69). Symptoms
with some variations continue during the disease course
(9). Blood count values, myelosuppressive treatment, and
disease-specific risk groups may not significantly associate
with symptom scores (70,71). The main symptom burden
derives from increased cytokines-chronic inflammation
(e.g., fever, night sweating), hyperviscosity-microvascular
problems (e.g., headache, dizziness, transient visual
disturbances), increased cell proliferation (e.g., bone
pain, weight loss at diagnosis), and extramedullary
hematopoiesis (e.g., splenomegaly and related symptoms).
Cytokine symptoms tend to be more frequent at diagnosis
and during MF transformation. Hyperviscosity-
microvascular symptoms are expected to decrease and
extramedullary hematopoiesis and cytopenia-related
symptoms to increase toward the spent phase of the
disease (Figure 1).

Significant progress has been achieved during the
last decade in quantifying the MPN-related symptoms
(72-76). Now it is possible to assess this different aspect
of PV independently from TE risk evaluation. Adapting
the objective symptom assessment (such as the MPN-10
scoring (75)) to routine care of PV patients will probably
improve the management of this disease.

Pruritus (73) and a rare problem, erythromelalgia (also
associated with ET (77)) are well-defined symptoms that
are relatively most specific to PV among hematopoietic
neoplasms.

Erythromelalgia is a rare clinical syndrome
characterized by burning pain, redness, and objective
sensation of increased temperature in the digits (77).
Erythromelalgia secondary to PV (and ET) is typically
responsive to aspirin. This characteristic supports the idea
that erythromelalgia is caused by arterial microcirculation
occlusion from intravascular platelet activation and
aggregation (78). Cytoreductive treatment of PV may also
reduce erythromelalgia symptoms.

Itching has been reported in nearly 60% of PV patients
(2,22). 1t is frequently triggered by water (aquagenic
pruritus) and changes in skin temperature (79,80). It
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occurs most frequently in warmer areas of the skin,
such as on the trunk and proximal extensor parts of
the extremities. Itching frequency correlates with JAK2
V617F homozygosity (81,82). Mixed results have been
reported with antihistamines for treatment of itching
in PV (83). Selective serotonin reuptake inhibitors were
found as reasonably effective (84). Cytoreductive therapy
with HU may provide improvements in some patients.
In the RELIEF study (recruiting patients who were well
controlled with a stable dose of HU but still reported PV-
related symptoms), proportions of patients with >50%
improvement in itching at week 16 were 32% vs. 54.2%
in the HU and ruxolitinib arms, respectively (P = 0.027)
(85). Ruxolitinib was reported to improve itching in 95%
of phlebotomy-dependent PV patients with splenomegaly
in the RESPONSE study (73). Quite effective (nearly 80%)
control of pruritus has also been described with IFN-alpha
(79,86).

4.5. Definition of resistance/intolerance to HU treatment
The ELN definitions (87) (Table 4) consider three
main factors to define resistance/intolerance to HU:
uncontrolled myeloproliferation (cytoses, need for
phlebotomy, splenomegaly) after 3 months of at least 2 g/
day of HU, cytopenia(s) at the lowest dose of HU necessary
to achieve a response, or unacceptable nonhematological
toxicities. In a PV chart review study undertaken in 5
Spanish centers (261 patients, median follow-up duration:
7.2 years), frequencies of HU resistance and intolerance
defined according to these criteria were found as 11% and
13%, respectively (44). In a larger Spanish multicenter
study (n = 890) (88), the frequency of HU resistance
and/or intolerance was lower (15%), probably due to a
shorter (4.6 years) median follow-up duration. Treatment
with at least 2 g/day of HU for 3 months as a mandatory
requirement for HU resistance is not a common practice
among hematologists. This may also be a reason for the
different HU resistance prevalence rates reported (88). The
associations of inadequately controlled (=45%) Htc and
elevated leukocyte counts with vascular events, leukemic
transformation (only for leukocytosis), and decreased
survival have been summarized above. More specifically,
HU resistance according to the ELN definition has been
reported to be related to a higher transformation rate into
acute leukemia or MF and a higher mortality risk (42,89).
Cytopenia(s) at the lowest dose of HU required to achieve
a complete or partial clinicohematological response was
especially linked to dismal prognosis (88).

4.6. Second-line treatment

HU or IFN-alpha (whichever was not used in first-line
treatment; see Section 4.3), ruxolitinib, and busulfan may
be considered as second-line treatment alternatives. In-
creased leukemia and secondary cancer risk in patients
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Table 4. Definition of resistance/intolerance to hydroxyurea in patients with PV (87).

1. Need for phlebotomy to keep hematocrit <45% after 3 months of at least 2 g/day of HU, OR

2 g/day of HU, OR

2. Uncontrolled myeloproliferation, i.e. platelet count >400 x 10°/L AND leukocyte count >10 x 10°/L after 3 months of at least

3. Failure to reduce massive* splenomegaly by more than 50% as measured by palpation, OR failure to completely relieve
symptoms related to splenomegaly, after 3 months of at least 2 g/day of HU, OR

4. Absolute neutrophil count <1.0 x 10°/L OR platelet count <100 x 10°/L OR hemoglobin <10 g/dL at the lowest dose of HU
required to achieve a complete or partial clinicohematological response**, OR

5. Presence of leg ulcers or other unacceptable HU-related nonhematological toxicities, such as mucocutaneous manifestations,
gastrointestinal symptoms, pneumonitis, or fever at any dose of HU.

* Extending by more than 10 cm from the costal margin.

**Complete response was defined as follows: hematocrit <45% without phlebotomy, platelet count <400 x 10°/L, leukocyte count
<10 x 10°/L, and no disease-related symptoms. Partial response was defined as follows: hematocrit <45% without phlebotomy, or

response in three or more of the other criteria.

who used sequential busulfan and HU has been described
(53,90,91). Therefore, busulfan is not a logical second-line
alternative probably except for very old patients.

In the MPD-RC 111 study, an international, multicenter,
phase 2 trial evaluating ELN response rates to Peg-IFN in
patients with high-risk PV and ET who were refractory or
intolerant to HU, Peg-IFN achieved 60% overall response
rate (22% complete and 38% partial) in PV patients. How-
ever, treatment was associated with significant numbers of
adverse events limiting tolerability (92).

Effects of ruxolitinib in PV patients have been tested in
three randomized studies to date. The RESPONSE trial (74)
is an international, randomized, open-label, multicenter
phase 3 study. Eligible PV patients had phlebotomy
requirements for Htc control and/or a spleen volume of
450 cm® or more. They satisfied the criteria of resistance or
intolerance to HU according to the modified ELN criteria.
Ruxolitinib (10 mg BID) was compared with standard
therapy. Patients in the standard therapy arm could cross
over to ruxolitinib at week 32 if the primary end point
was not met or later in the case of disease progression.
The primary end point was both Htc and spleen volume
controls through week 32. RESPONSE showed that
ruxolitinib was effective in achieving Htc control (60% vs.
19.6%), >35% reduction in spleen volume (38.2% vs. 0.9%),
and the composite primary end point (20.9% vs. 0.9%, P <
0.001) comprising these two components. Ruxolitinib was
also more effective in reducing symptoms (49% vs. 5% at
least 50% MPN-SAF-TSS reduction at week 32).

The RESPONSE-2 study (76) is also an international
randomized, open-label, phase 3 study assessing ruxolitinib
(10 mg BID) versus investigator-selected best available
therapy (BAT) in phlebotomy-dependent patients with
PV. These patients also had to meet the definition of HU

resistance or intolerance according to the modified ELN
criteria. In contrast to the RESPONSE trial, this study
included patients without splenomegaly. The primary end
point was Htc control at week 28. Again, BAT patients
could cross over to ruxolitinib from week 28 if therapy
was ineffective or for safety-related reasons. Ruxolitinib
was superior to BAT at controlling Htc (62% vs. 19%, P <
0.0001) and 81% vs. 40% of patients were phlebotomy-free
between baseline and week 28. Ruxolitinib also achieved
improvements in all PV-associated symptoms while
patients in the BAT arm experienced a worsening of most
symptoms (50% vs. 8% complete and 45% vs. 23% >50%
MPN-SAF-TSS improvement at week 28).

Follow-up durations in the RESPONSE studies
were short. It is impossible to make firm conclusions
about vascular complications, but patients treated with
ruxolitinib in both the RESPONSE and RESPONSE-2
studies had fewer (2 vs. 6 and 2 vs. 9) thromboembolic
events compared with the control arm.

RELIEF was a randomized, double-blind, double-
dummy, phase 3 trial evaluating cytokine-related symptoms
in patients who were hematologically well controlled with
a stable dose of HU but still reported symptoms (85).
Patients were randomized to ruxolitinib (10 mg BID) or
HU (prerandomization dose/schedule). Ruxolitinib was
associated with a statistically nonsignificant trend towards
improved PV-related symptoms versus HU: the primary
endpoint, >50% improvement from baseline in MPN-
SAF-TSS cytokine symptom cluster (MPN-SAF-TSS-C,
the sum of tiredness, itching, muscle aches, night sweats,
and sweats while awake) at week 16, was achieved by
43.4% vs. 29.6% of ruxolitinib- and HU-treated patients,
respectively (P = 0.139). Proportions of patients with 250%
improvement in individual symptoms were as follows:
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40% vs. 26.4% for fatigue, 54.2% vs. 32% for itching, 38.3
vs. 30.6% for muscle aches, 47.6 vs. 41.7% for night sweats,
and 54.8% vs. 34.8% for sweating while awake. Only the
difference for itching was statistically significant (54.2% vs.
32%, P = 0.027).

Both ruxolitinib and BAT/HU were associated with
few grade 3-4 adverse events in the two RESPONSE trials
(74,76) and RELIEF (85).

4.7. Special circumstances

High rates of bleeding or thrombosis have been observed
during and after surgeries in PV patients (93,94). It may
be safer to perform elective surgeries months after optimal
disease control. Significant maternal, fetal, and newborn
morbidities have been reported in PV pregnancies (95).
Aspirin = low-molecular-weight heparin + IFN-alpha
has been recommended according to risk estimation (see
Griesshammer et al. (95) for details).

5. Unresolved questions and unmet needs

In spite of significant recent developments there are still
many questions and unmet needs related to the clinical
approach to PV:

1. Discordance even among experienced
hematopathologists makes the value of bone marrow
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