bjh I

A guideline for the management of specific situations in
polycythaemia vera and secondary erythrocytosis

A British Society for Haematology Guideline

Mary F. F. McMullin,"
Anna Godfrey,8 Steven Knapper,9 Donal P. McLornan,'

Adam J. Mead,? Sahra Ali,> Catherine Cargo,4 Frederick Chen,’ Joanne Ewing,6 Mamta Garg,7
Jyoti Nangalia,11 Mallika Sekhar,'?
on behalf of the British Society for Haematology Guideline

. 1
Frances Wadelin,'® and
. .10
Claire N. Harrison

!Centre for Medical Education, Queen’s University, Belfast, 2MRC Molecular Haematology Unit, MRC Weatherall Institute of Molec-
ular Medicine, Radcliffe Department of Medicine, University of Oxford, Oxford, *Castle Hill Hospital, Hull and East Yorkshire Hospi-
tals NHS Trust, Hull, *Leeds Teaching Hospitals NHS Trust, Leeds, >The Royal London Hospital, Bart’s Health NHS Trust, London,
®Birmingham Heart of England NHS Foundation Trust, Birmingham, "University Hospital of Leicester NHS Trust, Leicester (BSH
representative), *Department of Haematology and Haematopathology and Oncology Diagnostic Service, Cambridge University Hospi-
tals NHS Foundation Trust, Cambridge, *Cardiff University School of Medicine, Cardiff, '°Guy’s and St Thomas’ NHS Foundation

Trust, London, "' Wellcome Trust Sanger Institute, Cambridge, "?Royal Free London NHS Foundation Trust, University College
London Hospital, London, and ’Nottingham University Hospital, Nottingham, UK

Keywords: polycythaemia vera, secondary erythrocyto-
sis, congenital erythrocytosis thrombosis, haemorrhage,
pregnancy.

Methodology

This guideline was compiled according to the British Society
for Haematology (BSH) process at b-s-h.org.uk. The Grading
of Recommendation Assessment, Development and Evalua-
tion (GRADE) nomenclature was used to evaluate levels of
evidence and to assess the strength of the recommendations.
The GRADE criteria can be found at https://www.gradework
inggroup.org.

Literature review details

The literature review was conducted on 2 March 2017. Data-
bases searched include MEDLINE (OVID), Embase (OVID)
and CENTRAL (The Cochrane library) using search terms
(and relevant MESH terms) polycythaemia vera, erythrocyto-
sis, familial, high oxygen affinity haemoglobin, defects of
oxygen sensing pathway, diagnosis, investigation, molecular,
mutation, JAK2, MPL, CALR, bone marrow, red cell mass,
erythropoietin, risk, management, treatment, cytoreduction,
venesection, hydroxyurea, interferon, busulfan, pipobroman,
radioactive phosphorus, aspirin, anagrelide, ruxolitinib,
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thrombosis, haemorrhage, pregnancy, pruritus surgery and
management. The search covered the period from 2005, the
date of last version of the guideline (McMullin et al, 2005),
to February week 3 2017. Exclusions included articles not in
English, studies not in humans, single case reports and small
case series. A total of 6062 articles were identified which,
with exclusions and duplications, resulted in 1215 articles
which were reviewed.

Review of manuscript

Review of the manuscript was performed by the BSH Guide-
lines committee General Haematology Task Force, the BSH
Guidelines Committee and the General Haematology sound-
ing board of BSH. It was also placed on the members section
of the BSH website for comment. A patient representative
from MPN-Voice (www.mpnvoice.org.uk) participated in the
guideline writing meeting. The guideline has been reviewed
by MPN-Voice; this organisation does not necessarily
approve or endorse the contents.

Introduction

The previous BSH guideline for the management of erythro-
cytosis was published in 2005 (McMullin ef al, 2005) and
amended in 2007 (McMullin et al, 2007). Here, we re-evalu-
ate the literature formulate guidance on the management of
specific situations encountered in polycythaemia vera (PV)
and the management of the other types of secondary erythro-
cytosis. Recommendations for the diagnostic pathway of
investigation of an erythrocytosis, risk stratification and man-
agement of PV are in the accompanying guideline (McMullin
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et al, 2018). We review evidence and outline guidance on
management of acute thrombotic events and secondary pre-
vention of thrombosis in PV. The unusual thrombotic
events, splanchnic vein and cerebral vein thromboses are dis-
cussed and haemorrhage. The specific situations of surgery
and pregnancy and guidance on management of pruritus are
included. The evidence for the management of other causes
of erythrocytosis, including idiopathic erythrocytosis, congen-
ital erythrocytosis, hypoxic pulmonary disease and post-
transplant erythrocytosis, is reviewed and recommendations
made.

Management of specific situations in
polycythaemia vera

Thrombosis

Thrombotic events are the major cause of morbidity and
mortality in PV, and their prevention is the main objective
of treatment. About one-third of patients present with a
thrombotic event (Elliott & Tefferi, 2005; Hultcrantz et al,
2015; Kaifie et al, 2016) and younger patients diagnosed with
PV have an increased risk of early death from cardiovascular
disease over the general population, accounting for 45% of
all deaths in PV (Marchioli et al, 2005; Hultcrantz et al,
2015).

Arterial thrombosis involving large arteries and peripheral
vascular disease are more common than venous thromboem-
bolism in PV. A prospective study (Marchioli et al, 2005)
found that three quarters of PV patients who experience
a thrombotic event had arterial and one quarter venous
thrombosis.

Concerning the management of thrombosis: cardiovascu-
lar risk factors should be assessed and controlled, particu-
larly hyperlipidaemia and hypertension, smoking and
diabetes mellitus. The long-term cardiovascular risk should
be formally assessed at baseline and annually using a vali-
dated score, such as that determined by the computerised
scoring tool, QRISK, although the impact of myeloprolifer-
ative neoplasms (MPN) on this score is not defined
(National Institute for Health and Care Excellence [NICE],
2014). This assessment is usually conducted in primary
health care, but the results should be used in primary and
secondary care to optimise the management of vascular
risk factors.

Risk stratification for thrombosis identifies age >65 years
and previous thrombosis as high-risk factors for further
thrombosis. The role of thrombocytosis as a risk factor in
PV is less clear than in essential thrombocythaemia (ET) (Di
Nisio et al, 2007). The mechanism behind thrombosis is
complex and factors include functional cellular changes, such
as increased leucocyte-platelet aggregation and endothelial
activation, and the overexpression of activation and adhesion
molecules by the neoplastic cells (Falanga & Marchetti,
2012). Some of these factors may explain the increased

incidence of thrombosis at unusual sites, such as splanchnic
vein thrombosis (SVT) and cerebral venous thrombosis
(CVT).

Factor V Leiden (F5 R506Q) and prothrombin gene muta-
tion (F2 G20210A) have been associated with thrombosis in
PV and ET (Trifa et al, 2014). However, routine testing for
inherited or acquired thrombophilia is not recommended as
it has is no impact on treatment and standard guidelines for
thrombophilia testing should be applied for PV patients.

Both primary and secondary prevention should include
control of cardiovascular risk factors in accordance with cur-
rent recommendations (NICE, 2014). Of interest, there is
some evidence that angiotensin-converting enzyme inhibitors
(ACEi), as anti-hypertensive agents, may have an additional
role in controlling the haematocrit (Hct) (Barbui et al,
2017). In accordance with evidence for the management of
PV, low-dose aspirin should be offered to all patients (Lan-
dolfi et al, 2004). Low-dose aspirin, which describes various
doses (e.g. 75, 81 or 100 mg) used in different countries, is
the only dose to have been assessed in recent clinical trials.
The risk of major bleeding, particularly gastro-intestinal,
increases with age, and proton pump inhibitors should be
given to patients over 75 years of age as well as to those a
with high bleeding risk. The role of the ADP-receptor antag-
onist, clopidogrel, in the long-term prevention of MPN-
related thrombosis has not been investigated although it is
widely used as an alternative in those who cannot tolerate
aspirin. The Hct should be maintained below 0-45 in accor-
dance with evidence from the Cytoreductive therapy in PV
(CYTO-PV) study (Marchioli et al, 2013).

Management of acute thrombotic events

Acute thrombotic events should be managed according to
current guidelines. Cytoreductive therapy should be insti-
tuted to ensure control of blood counts to the therapeutic
target. Venesection to reduce the Hct to <0-45 should be
undertaken if it is not controlled at the time of acute throm-
bosis. For arterial thrombosis, low dose aspirin should be
offered to all patients, and specialist advice should be sought.

For venous thromboembolism (VTE), anticoagulation
should be commenced. Low molecular weight heparin
(LMWH) remains the first choice in the acute setting, fol-
lowed by vitamin K antagonists (VKA) as per guidelines
(NICE, 2012). Direct oral anticoagulants (DOACs) are
increasingly used in the non-MPN population for prophy-
laxis and VTE therapy. However, there is limited data for
their specific use in MPN, where they appear to be safe and
efficacious (Ianotto et al, 2017).

Secondary prevention of thrombosis

Indefinite anticoagulation for VTE is recommended because
of the presence of continuing risk (NICE 2012; Watson et al,
2015; Kearon et al, 2016). In MPN, the role of continuing
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anticoagulation, particularly in VTE, has been assessed by
several studies. Around a third of patients who stop antico-
agulation after initial treatment suffer a recurrence (Barosi
et al, 2013; Kaifie et al, 2016). Two retrospective studies
(Herndndez-Boluda et al, 2015; De Stefano et al, 2016a)
showed that cessation of VKA after 3 months of treatment
for a first VTE in MPN patients increased the risk of recur-
rent thrombosis compared with continued treatment. The
later study also suggested a role for VKA in reducing the risk
of arterial thrombotic recurrence and the possible benefit of
adding aspirin to VKA to prevent recurrent arterial thrombo-
sis. We are unable to make a specific recommendation about
the addition of aspirin to VKA when a secondary thrombosis
occurs in a patient already on VKA, as there is not yet evi-
dence to support this. However, trials of this combination
are in progress in other conditions and evidence may
emerge.

For unprovoked VTE, where there is no physical precipi-
tating factor, we therefore recommend indefinite anticoagula-
tion to reduce the incidence of recurrence. In a significant
number of patients with recurrent thrombosis (De Stefano
et al, 2008), cell counts were sub-optimally controlled.
Cytoreduction should therefore be reviewed to ensure opti-
mal counts are achieved. For recurrent arterial events, spe-
cialist advice should be sought from cardiovascular, stroke or
vascular physicians.

Recommendations: thrombosis

* Patients should be screened for hypertension, hyperlipi-
daemia, diabetes mellitus and a smoking history.
(GRADE 1B)

* Cardiovascular risk should be assessed at baseline and
annually using a validated score such as QRISK score.
(GRADE 2C)

Thrombotic event

» Treatment of acute arterial or venous thrombosis as per
specialist guidelines. (GRADE 1A)

* Institute cytoreductive therapy to optimise count con-
trol. (GRADE 1A)

Secondary prevention

* Indefinite anticoagulation should be initiated for unpro-
voked venous thromboembolism dependent on bleeding
risk. (GRADE 2C)

* Cytoreduction and venesection to keep haematocrit
(Hct) <0-45. (GRADE 1A)

Splanchnic vein thrombosis

Unusual sites of venous thrombosis are more common in
patients with MPN, especially in younger patients. The
splanchnic circulation is particularly vulnerable in patients
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with JAK2 V617F mutation. SVT comprises thrombosis of
hepatic, portal, superior mesenteric and splenic veins singly
or in combination. The incidence of SVT during the course
of PV ranges from 0-8 to 7-8% (Sekhar et al, 2013). Overall,
portal-mesenteric axis venous thrombosis is commoner than
hepatic vein thrombosis or Budd Chiari Syndrome (BCS),
however BCS is more prevalent in PV (Smalberg et al, 2012).
The mortality of MPN-SVT is high, at 20-40% at 10 years,
due to the index occurrence or recurrent thrombosis, bleed-
ing or leukaemic transformation (Hoekstra et al, 2011;
Ageno et al, 2015).

The presence of hypersplenism, SVT-related haemodilu-
tion and iron deficiency due to blood loss and/or masked
polycythaemia can artificially lower the blood counts and a
normal Hct may be found despite a high red cell mass
(Kiladjian et al, 2008). Therefore, it is important to investi-
gate all patients presenting with SVT without attributable
local pathology, such as malignancy, sepsis or pancreatitis,
for the presence of JAK2 V617F mutation, which is present
in 80-90% of patients with MPN-SVT (Kiladjian et al,
2008), and if this is negative, testing should be done for a
CALR mutation, which is present in about 2-5% (Sekhar
et al, 2016).

Although PV is commoner in males, PV-related SVT is
commoner in young females. The reason for the predilection
of splanchnic venous circulation to thrombosis in MPN is
not clear. Many series report co-existing inherited or
acquired thrombophilia in 25-30% patients, especially pro-
tein S deficiency which has been associated with unusual site
thrombosis in MPN patients (Gisslinger et al, 2005). In
patients with SVT or cerebral vein thrombosis (CVT), testing
for inherited and acquired thrombophilia should be consid-
ered if it would influence management decisions, such as
intensity and duration of anticoagulation in the face of
higher risks of bleeding (Tait et al, 2012).

Anticoagulation treatment in the acute phase should be
undertaken with LMWH unless there are compelling contra-
indications (Tait et al, 2012). In addition, the treatment of
acute phase SVT includes interventions to recanalize the
blocked veins, such as thrombolysis and insertion of stents.
Optimal management results in long-term survival of 85% at
10 years in BCS. Patients requiring liver transplantation have
a high mortality (Potthoff ef al, 2015). The management of
PV-related SVT therefore needs close coordination between
hepatologists, interventional radiologists and haematologists
to achieve an accurate diagnosis, anti-coagulate effectively,
undertake interventional procedures and optimise cytoreduc-
tion in the acute phase.

Recurrence risk is high and prevention is important
because of significant morbidity and mortality associated
with recurrence. Overall 25-30% of MPN-SVT patients suffer
a recurrence by 10 years (Hoekstra et al, 2011; Ageno et al,
2015). Although recurrence is more likely in the splanchnic
circulation (Amitrano et al, 2007), it can occur in other
venous or arterial locations.
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Anticoagulant practice in MPN-SVT is heterogeneous
(Ellis et al, 2014). Current VTE guidelines recommend con-
tinuing anticoagulation in the presence of continuing active
risk (Kearon et al, 2012; Tait et al, 2012). On this basis, PV-
related SVT is an indication for long-term anticoagulation.
Several prospective and retrospective registry studies con-
clude that long-term anticoagulation reduces recurrence risk
at splanchnic and other sites with an acceptable level of
bleeding complications (Amitrano et al, 2007; Ageno et al,
2015; De Stefano et al, 2016b). Recurrence in the arterial cir-
culation has been observed in patients not on anti-platelet
agents (Hoekstra et al, 2011; De Stefano et al, 2016b). The
strategy of using anti-platelet agents in addition to VKA is
followed in selected patients with BCS with stents in-situ but
registry data do not suggest any benefit from this combina-
tion for prevention of recurrence of thrombosis outside of
this group. Concerning anticoagulation with DOACs, 20% of
patients with non-cirrhotic SVT suffered thrombosis or
haemorrhage at 2 years (De Gottardi et al, 2017). These
agents have not been studied in MPN-related SVT where
LMWH followed by warfarin is the standard of care.

The impact of cytoreduction in MPN with SVT has not
been systematically studied. Cytoreduction was used in 40—
70% patients across registries and did not uniformly influ-
ence recurrence risk. However, abnormally high blood counts
due to inadequate cytoreduction were present in over half
the patients with recurrent thrombosis (De Stefano et al,
2016b) indicating the need for rigorous clinical monitoring
of patients on cytoreduction. Venesection alone is not appro-
priate to treat PV and cytoreduction should be undertaken
in the presence of SVT. Patients with PV-related SVT are
younger and interferon may be suitable as a first line agent,
however data on interferon in this group of patients are not
yet available. There are no data to guide therapeutic targets
of cytoreductive treatment. In particular, whether more
aggressive cytoreduction offsets the residual risk of recurrent
thrombosis is not known. One strategy is to use standard
targets for treatment of PV with an aim to achieving normal
Hct, white blood cell (WBC), neutrophil and platelet counts
(Barbui ef al, 2011). An alternative strategy is to use lower
targets, as defined by experts in the ongoing trial of pegylated
interferon 2 alpha in MPN including MPN-SVT aiming for a
Hct <0-42, WBC count between 2 and 8 x 10°/1, and platelet
count between 100 and 200 x 10%/1 (Hoffman, 2012). As this
study is not yet complete the evidence for the use of these
targets is weak. Nevertheless, the fact that these patients do
develop thrombosis with normal counts suggests functional
thrombogenicity, which may be altered by using disease-
modifying agents to achieve these lower targets. Small doses
of cytoreductive agents are often sufficient to achieve thera-
peutic targets and care must be taken to avoid significant
thrombocytopenia in the face of continuing anticoagulation.
Treatment with ruxolitinib was found to reduce the volume
of spleen in a third of MPN-SVT patients after 2 years (Pieri
et al, 2017).

Complications of treatment include bleeding, especially
gastrointestinal haemorrhage and, in particular, variceal
haemorrhage (Ageno et al, 2015; De Stefano et al, 2016b). A
quarter of major bleeds are intracranial. Other than throm-
bocytopenia, cytoreduction does not have any impact on
bleeding risk. Bleeding risk can be minimized by careful
management of oesophageal varices and concurrent use of
proton pump inhibitors.

Cerebral vein thrombosis

Cerebral vein thrombosis occurs in about 1% of MPN
patients, primarily in those with ET bearing the JAK2
V617F mutation (Martinelli ef al, 2014). In selected
patients with unexplained CVT, testing for JAK2 V617F
can identify the aetiology and assist management. Recur-
rence rates are higher in MPN-CVT, especially in sponta-
neous CVT, and a third of patients suffer recurrence
despite anticoagulation and cytoreduction (Miranda et al,
2010; Martinelli et al, 2014). Recurrence is systemic, affect-
ing venous and arterial circulation and often involves
splanchnic veins. Patients with PV-related CVT should be
treated with long-term anticoagulation and cytoreduction.
The role of aspirin and JAK inhibitors have not been
studied in this group of patients.

Recommendations: splanchnic vein thrombosis and
cerebral vein thrombosis

» Patients presenting with splanchnic vein thrombosis
(SVT) not associated with local malignancy should be
tested for the presence of JAK2 V617F mutation and if
negative, CALR mutation. (GRADE 1A)

» Patients with SVT should be treated with long-term
anticoagulation. (GRADE 1B)

» Patients with CVT should be treated with long-term
anticoagulation. (GRADE 2C)

* Cytoreduction and control of blood counts should be
undertaken in keeping with management of high-risk
polycythaemia vera. (GRADE 1A)

+ Patients should be managed in a multidisciplinary set-
ting in conjunction with interventional radiology and
hepatology. (GRADE 1B)

Haemorrhage

Haemorrhage is both a less frequent and generally less severe
clinical complication of PV than thrombosis. The reported
incidence varies greatly between studies (Elliott & Tefferi,
2005; Marchioli et al, 2005; Kander et al, 2015; Kaifie et al,
2016). The principal sites affected are skin, mucous mem-
branes and gastrointestinal tract. Patients with SVT are at a
particularly high risk of bleeding from gastro-oesophageal
varices.
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Factors contributing to bleeding in patients with PV
include  extreme  thrombocytosis  (platelet  counts
>1500 x 10°/1) (Finazzi et al, 1996) and associated acquired
von Willebrand syndrome (aVWS). This has been reported
to affect 12% of PV patients, usually those with high platelet
counts, and does not always correlate with bleeding (Kander
et al, 2015; Mital et al, 2015). Other platelet function defects
are reported in PV but they are not predictive of bleeding.
However, the risk of bleeding is likely to be higher with com-
bined use of anti-platelet therapies, such as dual anti-platelet
therapy or anti-platelet therapy and VKA (Hallas et al, 2006;
Kaifie et al, 2016). Other studies have reported splenomegaly
(Kaifie et al, 2016) and a high leucocyte count (Chou et al,
2013; Lim et al, 2015) as predictors of haemorrhage.

Blood counts should therefore be optimised. Other mea-
sures to consider include adjustment of any concomitant
anti-platelet and/or anticoagulant therapy. Clinically signifi-
cant bleeding may, paradoxicall,y require platelet transfusion
(Terasako & Sasai, 1998) and a role for tranexamic acid has
been suggested (Spivak, 2002). The utility of recombinant
activated factor VII (rFVIla) is unknown in MPN patients
with uncontrolled life-threatening bleeding and perhaps wor-
thy of further study.

Recommendations: haemorrhage

* Screen for acquired von Willebrand syndrome (aVWS) if
a bleeding history is present. If negative, then test for
platelet function defect and consult a haemostasis
expert. (GRADE 2C)

* Be cautious with the use of anti-platelet drugs/anticoag-
ulants in patients with extreme thrombocytosis but bal-
ance the thrombotic and bleeding history of the patient.
(GRADE 2C)

* Manage significant bleeding episodes with tranexamic
acid and/or platelet transfusion; cease/reduce aspirin.
(GRADE 2C)

* Optimise cytoreductive treatment. (GRADE 2B)

Peri-operative management

Polycythaemia vera patients undergoing surgery are, para-
doxically, at risk of both haemorrhage and thrombosis. Even
in treated PV patients with well controlled counts, there is
an increased risk of haemorrhage, demonstrated by their
increased transfusion requirements (Weingarten et al, 2015)
compared to non-PV patients (Ruggeri et al, 2008). VTE
incidence was increased 5-fold despite prophylaxis. It is
therefore important that PV patients are assessed pre-opera-
tively and abnormal counts optimised, balancing the acute
need for surgical procedure against the risk of bleeding and
thrombosis.

Polycythaemia vera patients who bleed may have signifi-
cant qualitative platelet abnormalities. Patients with a prior
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history of bleeding should be tested for platelet function and
for aVWS preoperatively. Anti-thrombotic prophylaxis
should be administered according to standard postoperative
guidelines. There is a little evidence that use of cytotoxic
agents impairs wound healing: their use in the 4-6 weeks
after surgery needs to be considered based on thrombotic
and haemorrhagic risk and could be avoided if venesection
alone is sufficient.

Recommendations: surgery

* Pre-operative planning should involve a haematologist
to optimise count control and individualise peri-opera-
tive plan. (GRADE 1B)

* Use standard protocols for managing antithrombotic
prophylaxis. (GRADE 1B)

« If the patient has a bleeding history, screen for coagula-
tion tests, aVWS and platelet function tests pre-opera-
tively. (GRADE 2C)

Pregnancy

Polycythaemia vera is uncommon in females of reproductive
age, occurring in less than 0-3 per 100 000 (Srour et al,
2016). There are only small case series describing the man-
agement of pregnancy in patients with PV (Harrison, 2005;
Robinson et al, 2005; Griesshammer et al, 2008). Larger case
series are published for pregnancy management in patients
with ET or cohorts of patients with all MPNs (Alimam et al,
2016; Skeith et al, 2017). The guidance detailed here refers to
these case series, practices extrapolated from the management
of pregnant patients with ET and personal practice.

Pregnancy is a prothrombotic state with increased risk of
thromboembolism in patients with PV. Consequently, there
is a significant risk of obstetric complications, such as fetal
loss throughout all trimesters, intra-uterine growth retarda-
tion, prematurity, maternal thromboembolism and haemor-
rhage. Previously significant fetal loss and maternal
morbidity was seen, but a recent prospective study of preg-
nancy outcomes in MPNs showed better outcomes. There
were no maternal deaths or thrombotic events (Alimam et al,
2016). This improvement in pregnancy outcomes is probably
partly due to a more protocol-based management and a mul-
tidisciplinary approach.

Pregnancies in patients with PV should be managed under
the joint care of an obstetrician experienced in the care of
high-risk patients and a haematologist experienced in MPNs.
Management should start with preconceptual planning for
both male and female patients. The Hct should be kept
within a gestational-appropriate range and potentially terato-
genic medications (such as hydroxycarbamide) should be
stopped a minimum of 3 months prior to planned concep-
tion in males and females. There is insufficient data regard-
ing the safety of anagrelide during pregnancy and it should
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therefore be withdrawn at least 3 months prior to conception
in females. Interferon should be considered for those patients
who require cytoreductive therapy, though patients should
be counselled regarding the potential for interferon to reduce
fertility. All patients should receive low dose aspirin (unless
there are patient-specific contraindications) throughout preg-
nancy and the postpartum period.

Patients with high risk pregnancies should be identified
(Table I). These are patients with previous arterial or venous
thrombosis or haemorrhage attributed to PV, previous preg-
nancy complications (>3 first trimester losses, >1 s or third
trimester loss, birth weight <5th centile for gestation,
intrauterine death or stillbirth, pre-eclampsia), extreme
thrombocytosis before or during pregnancy, diabetes mellitus
or hypertension requiring pharmacological treatment.

Those patients with a prior history of thrombosis and/or fetal
morbidity should commence cytoreduction therapy with inter-
feron and prophylactic LMWH in addition to aspirin. The dose
and frequency of LMWH should be adjusted according to renal
function, body weight and previous history. For those patients
of normal body weight, no renal impairment and with a history
of previous venous thrombosis or fetal morbidity, standard dose
thromboprophylaxis (e.g. enoxaparin 40 mg/day) should be
commenced as soon as pregnancy is confirmed. This should be
increased to intermediate dose thromboprophylaxis (e.g. twice
daily enoxaparin 40 mg) at 16-20 weeks. Patients with a previ-
ous history of arterial thrombosis should be commenced on
intermediate dose prophylaxis (e.g. twice daily enoxaparin
40 mg) throughout pregnancy (Harrison, 2005). Interferon
should be initiated for those patients with a history of PV-asso-
ciated haemorrhage, extreme thrombocytosis (>1500 x 10°/1)
before or during pregnancy and/or diabetes mellitus or hyper-
tension requiring pharmacological treatment. All other patients
(standard risk pregnancy) should receive low dose aspirin
throughout pregnancy with the addition of once daily prophy-
lactic dose LMWH for 6 weeks postpartum.

During pregnancy, the Hct should be maintained within
the normal range for gestation with venesection (Table II).
Interferon can be considered if venesection fails to adequately
control the Hct or is not tolerated. Patients should be
reminded to avoid iron supplementation in the absence of
proven iron depletion. Where supplementation is offered,
this should be at a low dose with regular monitoring. The
full blood count, blood pressure and urinalysis should be
checked every 4 weeks until 24 weeks and then every
2 weeks. Fetal growth should be assessed by regular ultra-
sound. Uterine Dopplers should be performed at 20 weeks’
gestation to assess placental function by measuring the mean
pulsatile index. If the index is >1-4, the frequency of growth
scans should be increased and consideration given to escalat-
ing treatment to include LMWH and interferon.

Dehydration should be avoided in all patients during
labour and the third stage of labour should be actively man-
aged. Thromboembolic deterrent (TED) stockings are advis-
able during labour and if immobile during the postpartum

period. LMWH and aspirin should be stopped prior to elec-
tive caesarean section or once spontaneous labour has begun,
as per local guidelines.

Low molecular weight heparin should be restarted at the
earliest opportunity post-partum provided there is no signifi-
cant bleeding. The dose of LMWH should be once daily and
should be continued for 6 weeks post-partum. Aspirin
should be continued throughout the post-partum period.
Breastfeeding is safe with both aspirin and LMWH, and per-
missible with interferon. The Hct should be monitored in
the post-partum period and maintained at less than 0-45.
Attention should be paid to the platelet count, as a rebound
thrombocytosis may develop, necessitating the introduction
of cytoreductive therapy.

There is no evidence regarding the management of PV
during fertility treatment. Ovarian hyperstimulation is associ-
ated with an increased risk of thrombosis and therefore
cytoreductive therapy (with interferon) and thromboprophy-
laxis with LMWH should be considered.

Recommendations: pregnancy management

e There should be close collaborative management
between obstetrician and haematologist to formulate an
individualised plan for the pregnancy, delivery and post-
partum period based on the previous history of throm-
bosis, haemorrhage and previous pregnancies. (GRADE
1C)

* Avoid cytoreductive therapy (such as hydroxycarbamide
and anagrelide) for a minimum of 3 months in male
and female patients prior to planned conception and in
the first trimester. Commence interferon if cytoreduc-
tion is required. (GRADE 1C)

* Maintain Hct within the normal range for gestation.
(Grade 1C)

* Consider low molecular weight heparin (LMWH) and/or
interferon in addition to aspirin for high risk pregnan-
cies (and for 6 weeks postpartum), based on individual
patient discussion. (GRADE 1C)

* Commence prophylactic dose LMWH for 6 weeks post-
partum for standard risk pregnancies. (GRADE 1C)

* Assess growth scans regularly and mean pulsatile index
with uterine Doppler scans at 20 weeks. Consider escala-
tion of treatment to include LMWH and interferon if
scans are abnormal. (GRADE 1C)

 The risk of continuing interferon whilst breastfeeding is
permissible and should be individually considered. There
are no contraindications to breastfeeding whilst taking
aspirin and LMWH. (GRADE 1C)

Pruritus

Pruritus is common in PV, occurring in up to 85% of
patients (Mesa ef al, 2017). Pruritus can predate or
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Table II. 95% range for haematocrit during pregnancy (taken from
Bain, 2015).

Ist trimester 2nd trimester 3rd trimester

Haematocrit 0-31-0-41 0-30-0-38 0-28-0-39

accompany the diagnosis of PV (Le Gall-Tanotto et al, 2017).
It can occur spontaneously or be precipitated by water or
changes in temperature and can have a significant negative
impact on quality of life, affecting sleep, participation in
social activities and bathing (Siegel et al, 2013). The intensity
of pruritus varies but can be severe causing emotional
depression, anxiety and even suicide ideation.

The pathogenesis of pruritus in PV is not clear. Mecha-
nisms involving basophils (Pieri et al, 2009) and mast cells
(Ishii et al, 2009) have been postulated. It can also be associ-
ated with the iron deficiency that commonly results from fre-
quent venesection therapy. Pruritus has been found to be
correlated with granulocyte JAK2 V617F homozygosity and
allele burden (Vannucchi et al, 2007; Gangat et al, 2008).
The mechanism for this association is unclear though it may
relate to cytokine levels.

The management of pruritus is challenging. Symptoms
can improve or resolve with control of blood counts, using
venesection alone or with cytoreductive therapy (Le Gall-
lanotto et al, 2017). Improvement in pruritus has been
reported with hydroxycarbamide (Sharon et al, 1986), inter-
feron (although this drug can also worsen pruritus) (Leng-
felder et al, 2000), busulfan and *?P (Jackson et al, 1987).
Trials of ruxolitinib in PV have shown this agent to be effec-
tive in controlling pruritus in patients who have failed to
respond to hydroxycarbamide (Vannucchi, 2015; Mesa et al,
2017; Passamonti et al, 2017). In those who are severely iron
deficient as a result of venesection, pruritus may improve
with iron replacement, if this is possible, but iron replace-
ment must be undertaken with extreme caution and close
supervision of blood counts.

However, pruritus can persist in patients with PV once
their blood counts have normalised (Gangat et al, 2008).
Antihistamines (both H1 and H2 receptor antagonists) are
commonly prescribed though demonstrate mixed results
(Weick et al, 1982; Steinman & Greaves, 1985) and combina-
tion therapy at high doses may be required to be effective.
Other adjunctive therapy that have been shown to be of ben-
efit include selective serotonin reuptake inhibitors (SSRIs)
(Tefferi & Fonseca, 2002) and anticonvulsants (such as gaba-
pentin and pregabalin). Tricyclic antidepressants (Weisshaar
et al, 2012), thalidomide and naltrexone have also been
found to be beneficial (Phan et al, 2010). Sometimes creams
containing menthol can also provide some relief (Patel et al,
2007). From a practical point of view, it is advisable to cut
nails to reduce skin damage. Joint management with a der-
matologist should be considered for refractory symptoms
and for those patients requiring narrow-band-ultraviolet

(UVB) or ultraviolet A (UVA) (Rivard & Lim, 2005). The
addition of oral psoralen to UV light (PUVA) is only occa-
sionally used. In patients who do not require cytoreductive
therapy, the above options should be tried prior to initiating
cytoreductive therapy just to control pruritus.

Recommendations: pruritus

* Use antihistamines which may require high doses and
multiple agents. (GRADE 1C)

» Consider addition of H2 antagonists (such as ranitidine
or cimetidine) for dual-histamine blockade. (GRADE 2C)

* Consider additional adjunctive therapies such as tricyclic
antidepressants, selective serotonin reuptake inhibitors
and anticonvulsants (gabapentin, pregabalin) for resis-
tant pruritus. (GRADE 2C)

* Consider cytoreductive therapy if pruritus fails to
respond to control of Hct with venesection alone or
alternative therapies. (GRADE 1C)

* Ruxolitinib can be effective in controlling pruritus that
fails to respond to hydroxycarbamide or interferon.
(GRADE 1B)

* Consider referral to a dermatologist for consideration of
PUVA if pruritus is refractory to pharmacological
agents. (GRADE 2C)

Management of secondary erythrocytosis

Idiopathic erythrocytosis

Idiopathic erythrocytosis (IE) is a diagnosis of exclusion. It is
an absolute erythrocytosis of no identifiable cause that is
more frequent in males (Randi et al, 2016). Every effort
should be made to exclude identifiable primary and sec-
ondary causes of erythrocytosis (including PV and congenital
erythrocytosis) before a diagnosis of IE is made. Erythropoi-
etin (EPO) levels are unhelpful as they are below normal in a
third of patients, suggesting a primary erythrocytosis, and
elevated in two-thirds, suggesting a secondary erythrocytosis.
Recent studies using sequencing analysis have identified a
number of patients who were previously diagnosed with IE
as having mutations in either erythrocytosis-associated genes
or novel genes (Bento ef al, 2014; Camps et al, 2016), sug-
gesting that at least some of these cases have a genetic basis.
Although previous data suggested that the risk of throm-
bosis and/or haemorrhage was considerably elevated in IE,
these observations were based on old evidence that predated
the identification of the JAK2 V617F mutation and therefore
some patients with PV are likely to have been included in
the study cohorts. More contemporary data suggests that the
risk of thrombosis/bleeding is low in IE (Bertozzi et al,
2017). There are no clinical studies evaluating the use of
aspirin or venesection in IE and therefore evidence-based
recommendations cannot be made. Cytoreductive therapy is
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not indicated in patients with IE. The thrombotic risk factors
should be evaluated in each case and, in selected cases, the
Hct can be controlled by venesection. There is no evidence
on which to determine the target Hct as relevance of data
from PV patients for IE is unclear. A pragmatic approach is
required for these patients with rigorous control of vascular
risk factors, such as diabetes mellitus, hypertension and
smoking and use of aspirin in cases where this would be
otherwise clinically indicated for primary or secondary pre-
vention. It would be reasonable to venesect patients with an
arbitrary target Hct of <0-55, although a lower target Hct of
<0-45 may be appropriate for a patient with a history of
thrombosis considered to be related to the erythrocytosis.

Recommendations: idiopathic erythrocytosis

* Exclude primary and secondary causes of erythrocytosis.
(GRADE 1B)

* Confirm absolute erythrocytosis. (GRADE 1B)

» Consider more extensive genetic testing if available.
(GRADE 1B)

 Aspirin if otherwise clinically indicated for primary or
secondary prevention. (GRADE 1B)

* Cytoreductive therapy is not recommended. (GRADE
1B)

* Control Hct with venesection in selected cases. Tailor
the target Hct based on the thrombotic history and risk
factors. (GRADE 2QC)

Congenital erythrocytosis

Germ-line defects can result in a congenital erythrocytosis,
which is usually diagnosed in children or young adults, often
in those with a family history of erythrocytosis. A wide range
of defects have been described leading to primary and sec-
ondary erythrocytosis including high oxygen affinity haemo-
globins (Bento et al, 2014; Camps et al, 2016).

These conditions are rare and clinical events and out-
comes are poorly described. In Chuvash polycythaemia,
where affected individuals have a homozygous mutation in
the VHL gene increased thrombotic complications have been
reported (Sergueeva et al, 2017). Major thrombotic events
have also been reported to occur in young individuals with
other types of congenital erythrocytosis (Bento et al, 2014).
There are also reports of increased pulmonary artery pressure
in both Chuvash polycythaemia and other congenital ery-
throcytosis (Bushuev et al, 2006; Smith et al, 2006). Recently,
somatic gain-of-function mutations in EPASI (HIF2A) have
been associated with neuroendocrine tumours in the pres-
ence of erythrocytosis (Zhuang et al, 2012) and, therefore, it
may be advised to screen for these events in individuals with
known mutations.

There is little hard evidence to advise on management of
congenital erythrocytosis. Low-dose aspirin is of benefit in
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myeloproliferative neoplasms in the prevention of throm-
boembolic events (Landolfi ef al, 2004) and, by extrapola-
tion, may be of benefit in congenital erythrocytosis.
Venesection can be used to reduce the Hct but it must be
considered that the raised Hct is in keeping with the physio-
logical consequences of the mutation and in Chuvash poly-
cythaemia there are suggestions that venesection may be
detrimental. However, in those with symptoms for which the
raised Hct may be contributory or if a previous thrombotic
episode has occurred, or in individuals who are asymp-
tomatic but who have affected family members with the same
genetic lesion and a thrombotic episode, venesection to a tar-
get of 0-52 is suggested. This advice particularly pertains to
those with high oxygen affinity haemoglobins (Mangin,
2017).

In Chuvash polycythaemia the VHL protein is a SOCS1-
coperative regulator of JAK2 and JAK2-targeted therapy may
be of benefit in this disorder (Russell et al, 2011). Recently
there have been reports of clinical improvement in patients
with Chuvash polycythaemia on ruxolitinib (Zhou et al, 2016)
and ruxolitinib may therefore be considered for the manage-
ment of this specific cause of congenital erythrocytosis.

Recommendations: congenital erythrocytosis

» Consider low-dose aspirin. (GRADE 2C)

» Consider venesection, particularly if symptoms for which
raised Hct might be contributory or if previous throm-
botic episode or in an asymptomatic individual in whom
a family member with the same genetic lesion has had
thrombotic episode (particularly with high oxygen affin-
ity haemoglobins). (GRADE 2C)

* An Hct target of 0-52 is suggested (do not attempt to
reduce Hct to the normal range). (GRADE 2C)

» Consider screening for pulmonary hypertension and
neuroendoocrine tumours in those with specific muta-
tions e.g. EPASI, VHL. (GRADE 2C)

* Ruxolitinib should be considered in Chuvash poly-
cythaemia. (GRADE 2C)

Hypoxic pulmonary disease

Erythrocytosis can be associated with advanced chronic
obstructive pulmonary disease (COPD) and with obstructive
sleep apnoea syndrome (OSA). In both conditions, erythro-
cytosis is relatively rare. In COPD, the incidence of erythro-
cytosis, usually defined as Hct > 0-55, ranges from 6 to 8%
(Chambellan et al, 2005; Cote et al, 2007). Incidences of 1-7—
8% are reported in OSA (Gangaraju, 2016; Nguyen & Holty,
2017).

The prognostic significance of erythrocytosis in hypoxic
pulmonary disease (HPD) is not known but the development
of an erythrocytosis in patients with HPD is associated with
an increased risk of the development of cor pulmonale and
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poor median survival of 2-3 years (Criner, 2000). However,
in a retrospective analysis of severe COPD patients on long
term oxygen treatment, a Hct > 0-55 was associated with bet-
ter prognosis compared to COPD patients with anaemia
(Chambellan et al, 2005; Cote et al, 2007).

The risk of PE in this setting is also unclear (Nadeem
et al, 2013) as an increased Hct in the general population is
also associated with increased VTE risk (Braekkan et al,
2010). A recent study suggests that patients with COPD at
low risk of VTE had increased incidence of pulmonary
embolism if they had concurrent erythrocytosis (Guo et al,
2016).

Additional risk factors affecting circulatory compromise
and tissue oxygen delivery include carbon monoxide in
smokers, extent of hypercapnia, renal blood flow, acid-base
balance (pH), capacity of the bone marrow to respond to
erythropoietic drive, position on the oxygen dissociation
curve and changes in the peripheral vascular circulation. Fur-
thermore, for an individual patient, co-existent age-related
vascular disease may also affect thrombotic risk.

The evidence base for recommendations for the manage-
ment of erythrocytosis in HPD remains limited. However,
treatment of the underlying hypoxia reduces the Hct. Long
term oxygen therapy improves survival in patients with
COPD and severe hypoxaemia (PaO, below 7.3 kPa or
<8-0 kPa with nocturnal hypoventilation) (Crockett et al,
2001).

All patients with erythrocytosis consequent upon HPD
should therefore be evaluated by a respiratory physician for
consideration of long-term oxygen therapy or alternative
methods of improving oxygenation. If they are smokers they
should be strongly advised to stop. In addition to supple-
mental oxygen, nocturnal oxygenation may also be improved
by the use of non-invasive ventilation. Therefore, failure to
achieve adequate oxygenation in HPD should not be
accepted without review by a specialist respiratory physician.
Of benefit regarding limited venesection in patients with
HPD, reducing the Hct to 0-50-0-52 led to an improvement
in exercise tolerance but a further staged reduction of Hct to
0-45 did not give additional benefit as discussed in the previ-
ous guideline (McMullin et al, 2005). However, a Hct lower
than 0-45 is detrimental to these patients, and associated
with poorer outcome (Chambellan et al, 2005). It is of inter-
est that ACEi (Leshem-Rubinow et al, 2012) have the ability
to reduce the Hct in this setting.

In the case of obstructive sleep apnoea, erythrocytosis is asso-
ciated with nocturnal oxygen desaturation and such patients
should be referred for appropriate investigation. Long term
non-invasive continuous positive airway pressure (CPAP) has
been shown to reduce erythrocytosis (Krieger, 1992).

Recommendations: hypoxic pulmonary disease

» Patients with hypoxic pulmonary disease who develop
erythrocytosis should be evaluated by a respiratory

physician for consideration of long-term oxygen therapy
or alternative therapy. (GRADE 1A)

 Patients who are symptomatic as a result of hyperviscos-
ity or have a Hct >0-56 should be considered for vene-
section to reduce this to 0-50-0-52. (GRADE 2C)

Post-transplant erythrocytosis

The definition of post-transplant erythrocytosis (PTE) varies
across publications, which impacts on the estimate of inci-
dence. A Hct over 0-51 lasting more than a month after renal
transplantation is a commonly used definition (Vlahakos
et al, 2003); however, gender-specific cut-offs (males,
Hct > 0-52; females >0. 50), use of haemoglobin concentra-
tion in the definition (>170 g/l) and variable duration
(>1 month, 3 months, 6 months) have also been used. The
incidence of post-renal transplant erythrocytosis is between
5% and 20% and is decreasing (Kiberd, 2009). PTE also
occurs in approximately 1% of patients after haematopoetic
stem cell transplantation (HSCT) (Ahmed et al, 2011; Atilla
et al, 2016) and after combined pancreatic—renal transplant,
with a reported incidence of 16% (Guerra et al, 2010).

Post-transplant erythrocytosis following renal transplanta-
tion is a benign, often self-limiting condition which typically
develops within the first year following transplantation,
although it can occur at 2—4 years (Charfeddine ef al, 2008;
Kiberd, 2009). Spontaneous resolution can occur over a per-
iod of 1-4 years (Einollahi et al, 2005) and treatment with
ACEi or angiotensin receptor blockers (ARB) successfully
reduces the Hct in the majority (Charfeddine et al, 2008).
Indeed, the increasing use of these drugs for hypertension at
earlier stages after transplantation has been deemed responsi-
ble for the falling incidence of PTE (Kiberd, 2009). Risk fac-
tors for developing erythrocytosis include male gender,
retained native kidney, hypertension, renal artery stenosis, a
short period of pre-transplant dialysis, reduced need for pre-
transplant use of EPO or being transfused. Studies also list
good allograft function, diabetes, rejection-free course and
use of ciclosporin adversely affecting the incidence and use
of mycophenolate mofetil favourably affecting the incidence
(Kiberd, 2009). Symptoms due to high viscosity, comprising
dizziness, malaise, headache, lethargy and plethora, are
reported. No thrombosis or mortality has been reported in
recent studies (Kiberd, 2009).

Venesection has been used by some in patients with per-
sistently high Hct (>0-57-0-60) and helps reduce the Hct but
does not reduce the incidence of thrombosis (Charfeddine
et al, 2008). Aspirin use has been variable and its effect is
not clear.

Mechanisms of post-renal transplant erythrocytosis have
been reviewed (Vlahakos et al, 2003). Recipient-related,
rather than donor-related, features underlie the development
of PTE. The erythrocytosis is EPO-responsive, with high
EPO levels at onset reducing to lower levels after suppression
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of the renin-angiotensin- system (RAS) using ACEi, ARBs or
native kidney nephrectomy; recurrence after discontinuation
of these drugs is accompanied by increased EPO levels (Vla-
hakos et al, 2003). Retention of native kidneys is thought to
lead to a ‘hyper-erythropoietinaemia’. Unlike suppression of
the RAS, venesection increases EPO levels. The renin-angio-
tensin, androgen and adrenergic systems increase erythro-
poiesis and sensitivity of erythroid progenitors to EPO. The
likely common pathway is via insulin-like growth factor-1
(IGF1) which increases erythropoiesis. ACEi reduce IGFl
levels thus reducing erythropoiesis. Pancreatic plus renal
transplant increases IGF1 levels, and use of systemic venous
drainage (as opposed to portal venous drainage) was associ-
ated with a higher incidence and earlier onset of PTE
(Guerra et al, 2010). These patients also required more fre-
quent venesection to maintain a stable Hct. Treatment with
ACEi or ARB reduces Hct to a nadir level at 3 months with
stable results for several years. Discontinuation usually leads
to recurrence of post-transplant erythrocytosis, but 20-30%
of patients maintain a normal Hct after cessation. The use of
aggressive venesection leads to iron deficiency.

Haematopoetic stem cell transplantation-related erythrocy-
tosis has been observed in about 1% of patients transplanted
for aplastic anaemia but also in other conditions, including
myelodysplastic syndromes and acute leukaemia (Ahmed
et al, 2011; Atilla et al, 2016). Patients who developed PTE
did not have total body irradiation and were mostly men.
Erythrocytosis was asymptomatic, with no thrombosis or
mortality reported. All were treated with venesection on an
ongoing basis. PTE after HSCT starts, on average, about
11 months after the transplant and can be self-limiting, last-
ing approximately 6 months.

Persistent post-transplant erythrocytosis unresponsive to
ACEi, ARB or venesection requires further investigation to
define underlying causes, including JAK2 V617F mutation
analysis.

Recommendations: post-transplant erythrocytosis

» Treat hypertension and rising Hct promptly if persistent
(>1 month) and otherwise unexplained. (GRADE 2B)

» Use angiotensin-converting enzyme inhibitors (e.g. cap-
topril, enalapril) or angiotensin receptor blockers (e.g.
losartan). (GRADE 2B)

Guideline

* No benefit of aspirin. (GRADE 2C)

* No evidence of benefit of venesection in renal transplant
but consider for persistent symptoms, target Hct 0-50.
(GRADE 2C)

» Consider venesection in post- haematopoetic stem cell
transplantation, aim for a Hct <0-50. (GRADE 2C)

Cyanotic congenital heart disease

Patients with congenital cyanotic heart disease are best man-
aged by specialist cardiology clinics. Decisions about venesec-
tion for these patients should not be made in a haematology
clinic.

Conclusion

Using the available evidence and best practice we have sug-
gested practical guidance for the management of specific sit-
uations and complications of polycythaemia vera.
Management of the various types secondary erythrocytosis

from the available evidence is outlined.

Acknowledgements

The authors would like to the BSH task forces and the BSH
sounding boards for their support in preparing this guide-
line. They also wish to thank Jacky Wilson for help in under-
taking the initial literature review, Dr Jennifer Jones,
Consultant Dermatologist, Royal Free London NHS Trust,
Pond Street, London, for advice on the management of pru-
ritus, Dr Susan Robinson, Consultant Haematologist, Guys
and St Thomas’ Hospital NHS Trust for advice on manage-
ment of pregnancy. All authors reviewed the literature search,
formulated and agreed guidance and contributed to drafting
writing and editing of the manuscript. The research was sup-
ported by the National Institute for Health Research (NIHR)
Oxford Biomedical Research Centre (BRC).

Declaration of Interests

The BSH paid the expenses incurred during the writing of
this guidance. All authors have made a declaration of inter-
ests to the BSH and Task Force Chairs which may be
reviewed on request.

References

Ageno, W., Riva, N., Schulman, S., Beyer-Westen-
dorf, J., Bang, S.M., Senzolo, M., Grandone, E.,
Pasca, S., Di Minno, M.N.,, Duce, R., Malato, A.,
Santoro, R., Poli, D., Verhamme, P., Martinelli,
1., Kamphuisen, P., Oh, D., D’Amico, E., Becat-
tini, C., De Stefano, V., Vidili, G., Vaccarino, A.,
Nardo, B., Di Nisio, M. & Dentali, F. (2015)

Long-term clinical outcomes of splanchnic vein

thrombosis: results of an international registry.
JAMA Internal Medicine, 175, 1474-1480.

Ahmed, P., Chaudhry, Q.U., Satti, T.M., Raza, S.
& Mahmood, S.K. (2011) Erythrocytosis follow-
ing allogeneic hemopoietic SCT in three cases of
aplastic anemia. Bone Marrow Transplantation,
46, 1163-1165.

Alimam, S., Bewley, S., Chappell, L.C., Knight, M.,
Seed, P., Gray, G., Harrison, C. & Robinson, S.
(2016) Pregnancy outcomes in myeloproliferative

neoplasms: UK prospective cohort study. British
Journal of Haematology, 175, 31-36.

Amitrano, L., Guardascione, M.A., Scaglione, M.,
Pezzullo, L., Sangiuliano, N., Armellino, M.F,,
Manguso, F., Margaglione, M., Ames, P.R,
Tannaccone, L., Grandone, E., Romano, L. & Bal-
zano, A. (2007) Prognostic factors in noncirrhotic
patients with splanchnic vein thromboses.
American Journal of Gastroenterology, 102, 2464—
2470.

© 2018 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd.British Journal of Haematology, 2019, 184, 161-175

171



Guideline

Atilla, E., Topcuoglu, P., Ataca, P., Pekcan, G,
Bozdag, S.C., Yuksel, M.K., Ozcan, M., Gurman,
G. & Toprak, S.K. (2016) A rare complication
after allogeneic stem cell transplantation: post-
transplant erythrocytosis. Clinical Transplanta-
tion, 30, 669—672.

Bain, B.J. (2015) Blood Cells. A Practical Guide,
5th edn. Wiley Blackwell, Oxford.

Barbui, T., Barosi, G., Birgegard, G., Cervantes, F.,
Finazzi, G., Griesshammer, M., Harrison, C.,
Hasselbalch, H.C., Hehlmann, R., Hoffman, R,
Kiladjian, J.J., Kroger, N., Mesa, R., McMullin,
M.F., Pardanani, A., Passamonti, F., Vannucchi,
A.M., Reiter, A., Silver, R.T., Verstovsek, S. &
Tefferi, A. (2011) Philadelphia-negative classical
myeloproliferative neoplasms: critical concepts
and management recommendations from Euro-
pean LeukemiaNet. Journal of Clinical Oncology,
29, 761-770.

Barbui, T., Vannucchi, A.M., Carobbio, A., Rumi,
E., Finazzi, G., Gisslinger, H., Ruggeri, M.,
Randi, M.L., Cazzola, M., Rambaldi, A., Gisslin-
ger, B., Pieri, L., Thiele, J., Pardanani, A. & Tef-
feri, A. (2017) The effect of arterial hypertension
on thrombosis in low-risk polycythemia vera.
American Journal of Hematology, 92, E5-E6.

Barosi, G., Mesa, R., Finazzi, G., Harrison, C.,
Kiladjian, J.J., Lengfelder, E., McMullin, M.F,,
Passamonti, F., Vannucchi, A.M., Besses, C.,
Gisslinger, H., Samuelsson, J., Verstovsek, S.,
Hoffman, R., Pardanani, A., Cervantes, F., Tef-
feri, A. & Barbui, T. (2013) Revised response
criteria for polycythemia vera and essential
thrombocythemia: an ELN and IWG-MRT con-
sensus project. Blood, 121, 4778-4781.

Bento, C., Percy, M.J., Gardie, B., Maia, T.M., van
Wijk, R., Perrotta, S., Della Ragione, F.,
Almeida, H., Rossi, C., Girodon, F., Astrom, M.,
Neumann, D., Schnittger, S., Landin, B., Min-
kov, M., Randi, M.L., Richard, S., Casadevall,
N., Vainchenker, W., Rives, S., Hermouet, S.,
Ribeiro, M.L., McMullin, M.F., Cario, H.,
Chauveau, A., Gimenez-Roqueplo, A.P., Bressac-
de-Paillerets, B., Altindirek, D., Lorenzo, F.,
Lambert, F., Dan, H., Gad-Lapiteau, S., Catarina
Oliveira, A., Fraga, C., Taradin, G., Martin-
Nunez, G., Vitéria, H., Diaz Aguado, H., Palm-
blad, J., Vidén, J., Relvas, L., Luigi Larocca, M.,
Luigia Randi, M., Pedro Silveira, M., Percy, M.,
Gross, M., Marques da Costa, R., Beshara, S.,
Ben-Ami, T. & Ugo, V. (2014) Genetic basis of
congenital erythrocytosis: mutation update and
online databases. Human Mutation, 35, 15-26.

Bertozzi, I, Ruggeri, M., Nichele, L, Biagetti, G.,
Cosi, E. & Randi, M.L. (2017) Thrombotic and
hemorrhagic complications in idiopathic ery-
throcytosis. American Journal of Hematology, 92,
E639-E641.

Braekkan, S.K., Mathiesen, E.B., Njolstad, I., Wilsgaard,
T. & Hansen, J.B. (2010) Hematocrit and risk of
venous thromboembolism in a general population.
The Tromso study. Haematologica, 95, 270-275.

Bushuev, V.I, Miasnikova, G.Y., Sergueeva, A.L,
Polyakova, L.A., Okhotin, D., Gaskin, P.R,,
Debebe, Z., Nekhai, S., Castro, O.L., Prchal,

J.T. & Gordeuk, V.R. (2006) Endothelin-1,
vascular endothelial growth factor and systolic
pulmonary artery pressure in patients with
Chuvash  polycythemia.
744-749.

Camps, C., Petousi, N., Bento, C., Cario, H., Cop-
ley, R.R.,, McMullin, M.F., van Wijk, R., Rat-
cliffe, P.J., Robbins, P.A. & Taylor, J.C. (2016)

Gene panel sequencing improves the diagnostic

Haematologica, 91,

work-up of patients with idiopathic erythrocyto-
sis and identifies new mutations. Haematologica,
101, 1306-1318.

Chambellan, A., Chailleux, E. & Similowski, T.;
ANTADIR Observatory Group. (2005) Prognos-
tic value of the hematocrit in patients with sev-
ere COPD receiving long-term oxygen therapy.
Chest, 128, 1201-1208.

Charfeddine, K., Zaghdane, S., Yaich, S., Hakim,
A. & Hachicha, J. (2008) Factors predisposing to
post-renal transplant erythrocytosis: a retrospec-
tive study. Saudi Journal of Kidney Diseases and
Transplantation, 19, 371-377.

Chou, Y.S., Gau, J.P., Yu, Y.B., Pai, J.T., Hsiao,
LT, Liu, J.H, Hong, Y.C, Liu, C.Y., Yang,
C.F., Chen, P.M., Chiou, T.J. & Tzeng, C.H.
(2013) Leukocytosis in polycythemia vera and
splenomegaly in essential thrombocythemia are
independent risk factors for hemorrhage. Euro-
pean Journal of Haematology, 90, 228-236.

Cote, C., Zilberberg, M.D., Mody, S.H., Dordelly,
L.J. & Celli, B. (2007) Haemoglobin level and its
clinical impact in a cohort of patients with COPD.
European Respiratory Journal, 29, 923-929.

Criner, G.J. (2000) Effects of long-term oxygen
therapy on mortality and morbidity. Respir Care,
45, 105-118.

Crockett, A.J., Cranston, J.M., Moss, J.R. & Alpers,
J.H. (2001) Survival on long-term oxygen ther-
apy in chronic airflow limitation: from evidence
to outcomes in the routine clinical setting. Inter-
nal Medicine Journal, 31, 448—454.

De Gottardi, A., Trebicka, J., Klinger, C., Plessier,
A., Seijo, S., Terziroli, B., Magenta, L., Semela,
D., Buscarini, E., Langlet, P., Gortzen, J., Puente,
A., Miillhaupt, B., Navascues, C., Nery, F., Del-
tenre, P., Turon, F., Engelmann, C., Arya, R,
Caca, K., Peck-Radosavljevic, M., Leebeek,
FW.G,, Valla, D., Garcia-Pagan, J.C. & Investi-
gators, V. (2017) Antithrombotic treatment with
direct-acting oral anticoagulants in patients with
splanchnic vein thrombosis and cirrhosis. Liver
International, 37, 694-699.

De Stefano, V., Za, T., Rossi, E., Vannucchi, AM.,
Ruggeri, M., Elli, E., Mico, C., Tieghi, A., Cacci-
ola, R.R., Santoro, C., Gerli, G., Vianelli, N.,
Guglielmelli, P., Pieri, L., Scognamiglio, F.,
Rodeghiero, F., Pogliani, E.M., Finazzi, G,
Gugliotta, L., Marchioli, R., Leone, G., Barbui,
T. & Party, G.C.-W. (2008) Recurrent thrombo-
sis in patients with polycythemia vera and essen-
tial thrombocythemia: incidence, risk factors,
and effect of treatments. Haematologica, 93,
372-380.

De Stefano, V., Ruggeri, M., Cervantes, F.,
Alvarez-Larran, A., Iurlo, A., Randi, M.L., Elli,

E., Finazzi, M.C., Finazzi, G., Zetterberg, E., Via-
nelli, N., Gaidano, G., Rossi, E., Betti, S,
Nichele, I., Cattaneo, D., Palova, M., Ellis, M.H.,
Cacciola, R., Tieghi, A., Hernandez-Boluda, J.C.,
Pungolino, E., Specchia, G., Rapezzi, D., For-
cina, A., Musolino, C., Carobbio, A., Griessham-
mer, M., Sant’Antonio, E., Vannucchi, AM. &
Barbui, T. (2016a) High rate of recurrent venous
thromboembolism in patients with myeloprolif-
erative neoplasms and effect of prophylaxis with
vitamin K antagonists. Leukemia, 30, 2032-2038.

De Stefano, V., Vannucchi, AM., Ruggeri, M.,
Cervantes, F., Alvarez-Larrdn, A., Iurlo, A.,
Randi, M.L., Pieri, L., Rossi, E., Guglielmelli, P.,
Betti, S., Elli, E., Finazzi, M.C., Finazzi, G., Zet-
terberg, E., Vianelli, N., Gaidano, G., Nichele, I.,
Cattaneo, D., Palova, M., Ellis, M.H., Cacciola,
E., Tieghi, A.,, Hernandez-Boluda, J.C., Pun-
golino, E., Specchia, G., Rapezzi, D., Forcina, A,
Musolino, C., Carobbio, A., Griesshammer, M.
& Barbui, T. (2016b) Splanchnic vein thrombo-
sis in myeloproliferative neoplasms: risk factors
for recurrences in a cohort of 181 patients.
Blood Cancer Journal, 6, e493.

Di Nisio, M., Barbui, T., Di Gennaro, L., Borrelli,
G., Finazzi, G., Landolfi, R., Leone, G., Marfisi,
R., Porreca, E., Ruggeri, M., Rutjes, A.W., Tog-
noni, G., Vannucchi, A.M. & Marchioli, R.
(2007) The haematocrit and platelet target in
polycythemia vera. British Journal of Haematol-
ogy, 136, 249-259.

Einollahi, B., Lessan-Pezeshki, M., Nafar, M.,
Pour-Reza-Gholi, F., Firouzan, A., Farhangi, F.
& Pourfarziani, V. (2005) Erythrocytosis after
renal transplantation: review of 101 cases. Trans-
plant Proceedings, 37, 3101-3102.

Elliott, M.A. & Tefferi, A. (2005) Thrombosis and
haemorrhage in polycythaemia vera and essen-
tial thrombocythaemia. British Journal of Hae-
matology, 128, 275-290.

Ellis, M.H., Lavi, N., Vannucchi, A. & Harrison, C.
(2014) Treatment of thromboembolic events
coincident with the diagnosis of myeloprolifera-
tive neoplasms: a physician survey. Thrombosis
Research, 134, 251-254.

Falanga, A. & Marchetti, M. (2012) Thrombotic
disease in the myeloproliferative neoplasms.
Hematology / the Education Program of the
American Society of Hematology, 2012, 571-581.

Finazzi, G., Brancaccio, V., Moia, M., Ciaverella,
N., Mazzucconi, M.G., Schinco, P.C., Ruggeri,
M., Pogliani, EM., Gamba, G., Rossi, E., Baudo,
F., Manotti, C., D’Angelo, A., Palareti, G., De
Stefano, V., Berrettini, M. & Barbui, T. (1996)
Natural history and risk factors for thrombosis
in 360 patients with antiphospholipid antibod-
ies: a four-year prospective study from the Ital-
ian Registry. American Journal of Medicine, 100,
530-536.

Gangaraju, R. (2016) Polycythemia is rarely caused
by obstructive sleep apnea. K. S. Sundar, J.
Prchal, JT. Blood, 128, 2444.

Gangat, N., Strand, ].J.,, Lasho, T.L.,, Li, C.Y., Par-
danani, A. & Tefferi, A. (2008) Pruritus in poly-

cythemia vera is associated with a lower risk of

172 © 2018 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd. British Journal of Haematology, 2019, 184, 161-175



arterial thrombosis. American Journal of Hema-
tology, 83, 451-453.

Gisslinger, H., Miillner, M., Pabinger, 1., Heis-
Vahidi-Fard, N., Gisslinger, B., Brichta, A.,
Bachleitner-Hofmann, T. & Mannhalter, C.
(2005) Mutation of the prothrombin gene and
thrombotic events in patients with polycythemia
vera or essential thrombocythemia: a cohort
study. Haematologica, 90, 408—410.

Griesshammer, M., Struve, S. & Barbui, T. (2008)
Management of Philadelphia negative chronic
myeloproliferative disorders in pregnancy. Blood
Reviews, 22, 235-245.

Guerra, G., Indahyung, R., Bucci, C.M., Schold,
].D., Magliocca, J.F. & Meier-Kriesche, H.U.
(2010) Elevated incidence of posttransplant ery-
throcytosis after simultaneous pancreas kidney
transplantation. American Journal of Transplan-
tation, 10, 938-942.

Guo, L., Chughtai, A.R,, Jiang, H., Gao, L., Yang,
Y., Liu, Y., Xie, Z. & Li, W. (2016) Relationship
between polycythemia and in-hospital mortality
in chronic obstructive pulmonary disease
patients with low-risk pulmonary embolism.
Journal of Thoracic Disease, 8, 3119-3131.

Hallas, J., Dall, M., Andries, A., Andersen, B.S.,
Aalykke, C., Hansen, J.M., Andersen, M. & Las-
sen, A.T. (2006) Use of single and combined
antithrombotic therapy and risk of serious
upper gastrointestinal bleeding: population
based case-control study. BMJ, 333, 726.

Harrison, C. (2005) Pregnancy and its manage-
ment in the Philadelphia negative myeloprolifer-
ative diseases. British Journal of Haematology,
129, 293-306.

Herndndez-Boluda, J.C., Arellano-Rodrigo, E., Cer-
vantes, F., Alvarez-Larrdn, A., Gémez, M., Barba,
P., Mata, M., Gonzilez-Porras, ].R., Ferrer-Marin,
F., Garcia-Gutiérrez, V., Magro, E., Moreno, M.,
Kerguelen, A., Pérez-Encinas, M., Estrada, N.,
Ayala, R., Besses, C. & Pereira, A. (2015) Oral anti-
coagulation to prevent thrombosis recurrence in
polycythemia vera and essential thrombocythemia.
Annals of Hematology, 94, 911-918.

Hoekstra, J., Bresser, E.L., Smalberg, J.H., Spaan-
der, M.C., Leebeek, F.W. & Janssen, H.L. (2011)
Long-term follow-up of patients with portal vein
thrombosis and myeloproliferative neoplasms.
Journal of Thrombosis and Haemostasis, 9, 2208—
2214.

Hoffman, R. (2012) Pegylated Interferon Alfa-2a
salvage therapy in high risk Polycythemia Vera
(PV) or Essential Thromobocytopenia (ET),
Myeloproliferative Disorders-Research Consor-
tium (MPD-RC), MPD-RC 111, ClinicalTrials.-
gov identifier:NCT01259817.

Hultcrantz, M., Wilkes, S.R., Kristinsson, S.Y.,
Andersson, T.M., Derolf, A., Eloranta, S.,
Samuelsson, J., Landgren, O., Dickman, P.W.,
Lambert, P.C. & Bjorkholm, M. (2015) Risk
and cause of death in patients diagnosed with
myeloproliferative Sweden

between 1973 and 2005: a population-based

study. Journal of Clinical ~Oncology, 33,

2288-2295.

neoplasms  in

Ianotto, J.C., Couturier, M.A., Galinat, H., Mot-
tier, D., Berthou, C., Guillerm, G., Lippert, E. &
Delluc, A. (2017) Administration of direct oral
anticoagulants in patients with myeloprolifera-
tive neoplasms. International Journal of Hematol-
ogy, 106, 517-521.

Ishii, T., Wang, J., Zhang, W., Mascarenhas, J.,
Hoffman, R., Dai, Y., Wisch, N. & Xu, M.
(2009) Pivotal role of mast cells in pruritogene-
sis in patients with myeloproliferative disorders.
Blood, 113, 5942-5950.

Jackson, N., Burt, D., Crocker, J. & Boughton, B.
(1987) Skin mast cells in polycythaemia vera:
relationship to the pathogenesis and treatment
of pruritus. British Journal of Dermatology, 116,
21-29.

Kaifie, A., Kirschner, M., Wolf, D., Maintz, C.,
Hainel, M., Gattermann, N., Gokkurt, E., Platz-
becker, U., Hollburg, W., Géthert, J.R., Parmen-
tier, S., Lang, F., Hansen, R., Isfort, S., Schmitt,
K., Jost, E., Serve, H., Ehninger, G., Berdel,
W.E., Brimmendorf, T.H. & Koschmieder, S.
(2016) Bleeding, thrombosis, and anticoagula-
tion in myeloproliferative neoplasms (MPN):
analysis from the German SAL-MPN-registry.
Journal of Hematology & Oncology, 9, 18.

Kander, EMM., Raza, S., Zhou, Z., Gao, J., Zakarija,
A., McMahon, B.J. & Stein, B.L. (2015) Bleeding
complications in BCR-ABL negative myelopro-
liferative neoplasms: prevalence, type, and risk
factors in a single-center cohort. International
Journal of Hematology, 102, 587-593.

Kearon, C., Akl, E.A., Comerota, A.J]., Prandoni,
P., Bounameaux, H., Goldhaber, S.Z., Nelson,
M.E., Wells, P.S.,, Gould, M.K., Dentali, F.,
Crowther, M. & Kahn, S.R. (2012) Antithrom-
botic therapy for VTE disease: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines. Chest, 141,
€4195—e496S.

Kearon, C., Akl, E.A., Ornelas, J., Blaivas, A., Jime-
nez, D., Bounameaux, H., Huisman, M., King,
C.S., Morris, T.A., Sood, N., Stevens, S.M.,
Vintch, J.R.E., Wells, P., Woller, S.C. & Moores,
L. (2016) Antithrombotic therapy for VTE dis-
ease: CHEST guideline and expert panel report.
Chest, 149, 315-352.

Kiberd, B.A. (2009) Post-transplant erythrocytosis:
a disappearing phenomenon? Clinical Transplan-
tation, 23, 800-806.

Kiladjian, J.J., Cervantes, F., Leebeek, F.W., Mar-
zac, C., Cassinat, B., Chevret, S., Cazals-Hatem,
D., Plessier, A., Garcia-Pagan, J.C., Darwish
Murad, S., Raffa, S., Janssen, H.L., Gardin, C.,
Cereja, S., Tonetti, C., Giraudier, S., Condat, B.,
Casadevall, N., Fenaux, P. & Valla, D.C. (2008)
The impact of JAK2 and MPL mutations on
diagnosis and prognosis of splanchnic vein
thrombosis: a report on 241 cases. Blood, 111,
4922-4929.

Krieger, J. (1992) Long-term compliance with
nasal continuous positive airway pressure
(CPAP) in obstructive sleep apnea patients and
nonapneic snorers. Sleep, 15, S42-S46.

Guideline

Landolfi, R., Marchioli, R., Kutti, J., Gisslinger, H.,
Tognoni, G., Patrono, C. & Barbui, T. (2004)
Efficacy and safety of low-dose aspirin in poly-
cythemia vera. New England Journal of Medicine,
350, 114-124.

Le Gall-Ianotto, C., Brenaut, E., Gouillou, M.,
Lacut, K., Nowak, E., Tempescul, A., Berthou,
C., Ugo, V., Carré, J.L., Misery, L. & Ianotto,
J.C. (2017) Clinical characteristics of aquagenic
pruritus in patients with myeloproliferative neo-
plasms. British Journal of Dermatology, 176, 255—
258.

Lengfelder, E., Berger, U. & Hehlmann, R. (2000)
Interferon alpha in the treatment of poly-
cythemia vera. Annals of Hematology, 79, 103—
109.

Leshem-Rubinow, E., Steinvil, A., Zeltser, D., Ber-
liner, S., Rogowski, O., Raz, R., Chodick, G. &
Shalev, V. (2012) Association of angiotensin-
converting enzyme inhibitor therapy initiation
with a reduction in hemoglobin levels in
patients without renal failure. Mayo Clinic Pro-
ceedings, 87, 1189-1195.

Lim, Y., Lee, J.O., Kim, S.H., Kim, J.W., Kim, Y.J.,
Lee, KW., Lee, J.S. & Bang, S.M. (2015) Predic-
tion of thrombotic and hemorrhagic events dur-
ing  polycythemia  vera or  essential
thrombocythemia based on leukocyte burden.
Thrombosis Research, 135, 846-851.

Mangin, O. (2017) High oxygen affinity hemoglo-
bins. Revue de Medecine Interne, 38, 106—112.
Marchioli, R., Finazzi, G., Landolfi, R., Kutti, J.,
Gisslinger, H., Patrono, C., Marilus, R., Villegas,
A., Tognoni, G. & Barbui, T. (2005) Vascular
and neoplastic risk in a large cohort of patients
with polycythemia vera. Journal of Clinical

Oncology, 23, 2224-2232.

Marchioli, R., Finazzi, G., Specchia, G., Cacciola,
R., Cavazzina, R., Cilloni, D., De Stefano, V.,
Elli, E., Iurlo, A., Latagliata, R., Lunghi, F., Lun-
ghi, M., Marfisi, R.M., Musto, P., Masciulli, A.,
Musolino, C., Cascavilla, N., Quarta, G., Randi,
M.L., Rapezzi, D., Ruggeri, M., Rumi, E., Scorte-
chini, A.R., Santini, S., Scarano, M., Siragusa, S.,
Spadea, A., Tieghi, A., Angelucci, E., Visani, G.,
Vannucchi, A.M. & Barbui, T. (2013) Cardio-
vascular events and intensity of treatment in
polycythemia vera. New England Journal of Med-
icine, 368, 22-33.

Martinelli, 1., De Stefano, V., Carobbio, A., Randi,
M.L., Santarossa, C., Rambaldi, A., Finazzi,
M.C., Cervantes, F., Arellano-Rodrigo, E.,
Rupoli, S., Canafoglia, L., Tieghi, A., Facchini,
L., Betti, S., Vannucchi, A.M., Pieri, L., Cacciola,
R., Cacciola, E., Cortelezzi, A., Iurlo, A.,
Pogliani, E.M., Elli, E.M., Spadea, A. & Barbui,
T. (2014) Cerebral vein thrombosis in patients
with  Philadelphia-negative myeloproliferative
neoplasms. An European Leukemia Net study.
American Journal of Hematology, 89, E200-E205.

McMullin, M.F., Bareford, D., Campbell, P.,
Green, A.R., Harrison, C., Hunt, B., Oscier, D.,
Polkey, M.L, Reilly, J.T., Rosenthal, E., Ryan, K.,
Pearson, T.C. & Wilkins, B. (2005) Guidelines

for the diagnosis, investigation and management

© 2018 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd.British Journal of Haematology, 2019, 184, 161-175

173



Guideline

of polycythaemia/erythrocytosis. British Journal
of Haematology, 130, 174-195.

McMullin, M.F,, Reilly, J.T., Campbell, P., Bare-
ford, D., Green, A.R., Harrison, C.N., Conneally,
E. & Ryan, K. (2007) Amendment to the guide-
line for diagnosis and investigation of poly-
cythaemia/erythrocytosis. ~ British ~ Journal — of
Haematology, 138, 821-822.

McMullin, M.F,, Mead, AJ., Ali, S., Cargo, C,
Chen, F., Ewing, J., Garg, M., Godfrey, A,
Knapper, S., McLornan, D., Nangalia, J., Sekhar,
M., Wadelin, F. & Harrison, C.N. (2018) A
guideline for the diagnosis and management of
polycythaemia vera. A British Society for Hae-
matology Guideline. British Journal of Haematol-
0gy, (in press)

Mesa, R., Vannucchi, A.M., Yacoub, A., Zachee,
P, Garg, M., Lyons, R., Koschmieder, S,
Rinaldi, C., Byrne, J., Hasan, Y., Passamonti, F.,
Verstovsek, S., Hunter, D., Jones, M.M., Zhen,
H., Habr, D. & Martino, B. (2017) The efficacy
and safety of continued hydroxycarbamide ther-
apy versus switching to ruxolitinib in patients
with polycythaemia vera: a randomized, double-
blind,  double-dummy,  symptom  study
(RELIEF). British Journal of Haematology, 176,
76-85.

Miranda, B., Ferro, J.M., Canhao, P., Stam, J.,
Bousser, M.G., Barinagarrementeria, F. & Sco-
ditti, U. (2010) Venous thromboembolic events
after cerebral vein thrombosis. Stroke, 41, 1901—
1906.

Mital, A., Prejzner, W., Swiatkowska-Stodulska, R.
& Hellmann, A. (2015) Factors predisposing to
acquired von Willebrand syndrome during the
course of polycythemia vera — retrospective
analysis of 142 consecutive cases. Thrombosis
Research, 136, 754-757.

Nadeem, O., Gui, J. & Ornstein, D.L. (2013)
Prevalence of venous thromboembolism in
patients with secondary polycythemia. Clinical
and Applied Thrombosis/Hemostasis, 19, 363—
366.

Nguyen, C.D. & Holty, J.C. (2017) Does untreated
obstructive sleep apnea cause secondary erythro-
cytosis? Respiratory Medicine, 130, 27-34.

NICE. (2012) Venous Thromboembolic Diseases:
Diagnosis, Management and Thrombophilia.
Clinical guideline CG144. National Institute for
Health and Care Excellence, London. https://
www.nice.org.uk/guidance/cgl44.

NICE. (2014) Cardiovascular Disease: Risk Assess-
ment and Reduction, Including Lipid Modifica-

CG181.

Institute for Health and Care Excellence, Lon-

tion.  Clinical ~ guideline National
don. https://www.nice.org.uk/guidance/cg181.

Passamonti, F., Griesshammer, M., Palandri, F.,
Egyed, M., Benevolo, G., Devos, T., Callum, J.,
Vannucchi, A.M., Sivgin, S., Bensasson, C.,
Khan, M., Mounedji, N. & Saydam, G. (2017)
Ruxolitinib for the treatment of inadequately
controlled polycythaemia vera without spleno-
megaly (RESPONSE-2): a randomised, open-
label, phase 3b study. The Lancet Oncology, 18,
88-99.

Patel, T., Ishiuji, Y. & Yosipovitch, G. (2007) Men-
thol: a refreshing look at this ancient com-
pound. Journal of the American Academy of
Dermatology, 57, 873-878.

Phan, N.Q., Bernhard, J.D., Luger, T.A. & Stédnder,
S. (2010) Antipruritic treatment with systemic
p-opioid receptor antagonists: a review. Journal
of the American Academy of Dermatology, 63,
680-688.

Pieri, L., Bogani, C., Guglielmelli, P., Zingariello,
M., Rana, R.A., Bartalucci, N., Bosi, A. & Van-
nucchi, A.M. (2009) The JAK2V617 mutation
induces constitutive activation and agonist hyper-
sensitivity in basophils from patients with poly-
cythemia vera. Haematologica, 94, 1537-1545.

Pieri, L., Paoli, C., Arena, U., Marra, F., Mori, F.,
Zucchini, M., Colagrande, S., Castellani, A.,
Masciulli, A., Rosti, V., De Stefano, V., Betti, S.,
Finazzi, G., Ferrari, M.L., Rumi, E., Ruggeri, M.,
Nichele, 1., Guglielmelli, P., Fjerza, R., Mannar-
elli, C., Fanelli, T., Merli, L., Corbizi Fattori, G.,
Massa, M., Cimino, G., Rambaldi, A., Barosi,
G., Cazzola, M., Barbui, T. & Vannucchi, A.M.
(2017) Safety and efficacy of ruxolitinib in
splanchnic vein thrombosis associated with
myeloproliferative neoplasms. American Journal
of Hematology, 92, 187-195.

Potthoff, A., Attia, D., Pischke, S., Mederacke, 1.,
Beutel, G., Rifai, K., Deterding, K., Heiringhoff,
K., Klempnauer, J., Strassburg, C.P., Manns,
M.P. & Bahr, M.J. (2015) Long-term outcome
of liver transplant patients with Budd-Chiari
syndrome secondary to myeloproliferative neo-
plasms. Liver International, 35, 2042-2049.

Randi, M.L., Bertozzi, 1., Cosi, E., Santarossa, C.,
Peroni, E. & Fabris, F. (2016) Idiopathic ery-
throcytosis: a study of a large cohort with a long
follow-up. Annals of Hematology, 95, 233-237.

Rivard, J. & Lim, H.W. (2005) Ultraviolet pho-
totherapy for pruritus. Dermatologic Therapy,
18, 344-354.

Robinson, S., Bewley, S., Hunt, B.J., Radia, D.H. &
Harrison, CN. (2005) The management and
outcome of 18 pregnancies in women with poly-
cythemia vera. Haematologica, 90, 1477-1483.

Ruggeri, M., Rodeghiero, F., Tosetto, A., Casta-
man, G., Scognamiglio, F., Finazzi, G., Delaini,
F., Mico, C., Vannucchi, A.M., Antonioli, E., De
Stefano, V., Za, T., Gugliotta, L., Tieghi, A.,
Mazzucconi, M.G., Santoro, C. & Barbui, T.
(2008) Postsurgery outcomes in patients with
polycythemia vera and essential thrombo-
cythemia: a retrospective survey. Blood, 111,
666—671.

Russell, R.C., Sufan, R.I., Zhou, B., Heir, P.,
Bunda, S., Sybingco, S.S., Greer, S.N., Roche,
O., Heathcote, S.A., Chow, V.W., Boba, L.M.,
Richmond, T.D., Hickey, M.M., Barber, D.L.,
Cheresh, D.A., Simon, M.C., Irwin, M.S., Kim,
W.Y. & Ohh, M. (2011) Loss of JAK2 regulation
via a heterodimeric VHL-SOCS1 E3 ubiquitin
ligase underlies Chuvash polycythemia. Nature
Medicine, 17, 845-853.

Sekhar, M., McVinnie, K. & Burroughs, A.K.

(2013)  Splanchnic ~ vein  thrombosis  in

myeloproliferative neoplasms. British Journal of
Haematology, 162, 730-747.

Sekhar, M., Patch, D., Austen, B., Howard, J. &
Hart, S. (2016) Calreticulin mutations and their
importance in splanchnic vein thrombosis. Bri-
tish Journal of Haematology, 174, 158—-160.

Sergueeva, A., Miasnikova, G., Shah, B.N., Song, J.,
Lisina, E., Okhotin, D.J., Nouraie, M., Nekhai,
S., Ammosova, T., Niu, X.M., Prchal, J.T,,
Zhang, X. & Gordeuk, V.R. (2017) Prospective
study of thrombosis and thrombospondin-1
expression in Chuvash polycythemia. Haemato-
logica, 102, e166-€169.

Sharon, R., Tatarsky, I. & Ben-Arieh, Y. (1986)
Treatment of polycythemia vera with hydrox-
yurea. Cancer, 57, 718-720.

Siegel, F.P., Tauscher, J. & Petrides, P.E. (2013)
Aquagenic pruritus in polycythemia vera: char-
acteristics and influence on quality of life in 441
patients. American Journal of Hematology, 88,
665-669.

Skeith, L., Carrier, M., Robinson, S.E., Alimam, S.
& Rodger, M.A. (2017) Risk of venous throm-
boembolism in pregnant women with essential
thrombocythemia: a systematic review and
meta-analysis. Blood, 129, 934-939.

Smalberg, J.H., Arends, L.R., Valla, D.C., Kiladjian,
J.J., Janssen, H.L. & Leebeek, F.W. (2012)
Myeloproliferative neoplasms in Budd-Chiari
syndrome and portal vein thrombosis: a meta-
analysis. Blood, 120, 4921-4928.

Smith, T.G., Brooks, J.T., Balanos, G.M., Lappin,
T.R., Layton, D.M., Leedham, D.L., Liu, C,
Maxwell, P.H.,, McMullin, M.F., McNamara,
C.J., Percy, M.J., Pugh, C.W.,, Ratcliffe, P.J., Tal-
bot, N.P., Treacy, M. & Robbins, P.A. (2006)
Mutation of von Hippel-Lindau tumour sup-
pressor and human cardiopulmonary physiol-
ogy. PLoS Medicine, 3, €290.

Spivak, J.L. (2002) The optimal management of
polycythaemia vera. British Journal of Haematol-
ogy, 116, 243-254.

Srour, S.A., Devesa, S.S., Morton, L.M., Check,
D.P., Curtis, R.E., Linet, M.S. & Dores, G.M.
(2016) Incidence and patient survival of myelo-
proliferative neoplasms and myelodysplastic/
myeloproliferative neoplasms in the United
States, 2001-12. British Journal of Haematology,
174, 382-396.

Steinman, H.K. & Greaves, M.W. (1985) Aqua-
genic pruritus. Journal of the American Academy
of Dermatology, 13, 91-96.

Tait, C., Baglin, T., Watson, H., Laffan, M., Mak-
ris, M., Perry, D. & Keeling, D. (2012) Guideli-
nes on the investigation and management of
venous thrombosis at unusual sites. British Jour-
nal of Haematology, 159, 28-38.

Tefferi, A. & Fonseca, R. (2002) Selective serotonin
reuptake inhibitors are effective in the treatment
of polycythemia vera-associated pruritus. Blood,
99, 2627.

Terasako, K. & Sasai, S. (1998) Platelet transfusion
for surgery in the presence of polycythemia vera.
Acta Anaesthesiologica Scandinavica, 42, 270—
271.

174 © 2018 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd. British Journal of Haematology, 2019, 184, 161-175


https://www.nice.org.uk/guidance/cg144
https://www.nice.org.uk/guidance/cg144
https://www.nice.org.uk/guidance/cg181

Trifa, A.P., Cucuianu, A., Popp, R.A., Coada, C.A.,
Costache, R.M., Militaru, M.S., Vesa, S. & Pop,
LV. (2014) The relationship between factor V
Leiden, prothrombin G20210A, and MTHFR
mutations and the first major thrombotic epi-
sode in polycythemia vera and essential throm-
bocythemia. Annals of Hematology, 93, 203-209.

Vannucchi, A.M. (2015) Ruxolitinib versus stan-
dard therapy for the treatment of polycythemia
vera. New England Journal of Medicine, 372,
1670-1671.

Vannucchi, A.M., Antonioli, E., Guglielmelli, P.,
Rambaldi, A., Barosi, G., Marchioli, R., Marfisi,
R.M., Finazzi, G., Guerini, V., Fabris, F., Randi,
M.L., De Stefano, V., Caberlon, S., Tafuri, A.,
Ruggeri, M., Specchia, G., Liso, V., Rossi, E.,
Pogliani, E., Gugliotta, L., Bosi, A. & Barbui, T.
(2007) Clinical profile of homozygous JAK2
617V>F mutation in patients with polycythemia

vera or essential thrombocythemia. Blood, 110,
840-846.

Vlahakos, D.V., Marathias, K.P., Agroyannis, B. &
Madias, N.E. (2003) Posttransplant erythrocyto-
sis. Kidney International, 63, 1187-1194.

Watson, H.G., Keeling, D.M., Laffan, M., Tait,
R.C. & Makris, M. (2015) Guideline on aspects
of cancer-related venous thrombosis. British
Journal of Haematology, 170, 640—648.

Weick, J.K., Donovan, P.B., Najean, Y., Dresch, C.,
Pisciotta, A.V., Cooperberg, A.A. & Goldberg,
J.D. (1982) The use of cimetidine for the treat-
ment of pruritus in polycythemia vera. Archives
of Internal Medicine, 142, 241-242.

Weingarten, T.N., Hofer, R.E., Ahle, B.J., Kemp,
K.M., Nkwonta, J.A., Narr, B.J., Pardanani, A.,
Schroeder, D.R. & Sprung, J. (2015) Periopera-
tive blood product administration and throm-
boembolic events in patients with treated

Guideline

polycythemia vera: a case-control study. Trans-
fusion, 55, 1090-1097.

Weisshaar, E., Szepietowski, J.C., Darsow, U., Misery,
L., Wallengren, J., Mettang, T., Gieler, U., Lotti, T,
Lambert, J., Maisel, P., Streit, M., Greaves, M.W.,
Carmichael, A.J., Tschachler, E., Ring, J. & Stinder,
S. (2012) European guideline on chronic pruritus.
Acta Dermato Venereologica, 92, 563-581.

Zhou, A.W., Knoche, EMM., Engle, E.K., Ban-Hoe-
fen, M., Kaiwar, C. & Oh, S.T. (2016) Clinical
improvement with JAK2 inhibition in Chuvash
polycythemia. New England Journal of Medicine,
375, 494-496.

Zhuang, Z., Yang, C., Lorenzo, F., Merino, M.,
Fojo, T., Kebebew, E., Popovic, V., Stratakis,
C.A., Prchal, J.T. & Pacak, K. (2012) Somatic
HIF2A gain-of-function mutations in paragan-
glioma with polycythemia. New England Journal
of Medicine, 367, 922-930.

© 2018 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd.British Journal of Haematology, 2019, 184, 161-175

175



