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I N TRODUC TION

Bleeding in myeloproliferative neoplasms (MPNs) was first 
reported in 1934, the initial case being one of spontaneous 
bleeding in a patient with underlying thrombocythaemia.1 
Frequency of reported bleeding in MPNs varies within the 
literature, but is consistently elevated when compared with 
the general population. A meta- analysis of 13 436 patients 
with primary myelofibrosis (PMF), essential thrombocyto-
sis (ET) or polycythaemia vera (PV) reported a pooled prev-
alence of bleeding complications of 6.2%.2 Another recent 
meta- analysis by Nicol et al. included 12 papers concerning 
ET (10 370 patients) and seven concerning PV (5683 patients). 
The reported incidence of major bleeding in ET was 0.43– 
5.3/100 patient years, and was 0.3– 5.3/100 patient years for 
PV. Given the reported rate of gastrointestinal bleeding sec-
ondary to aspirin use in the general population has been cal-
culated at 0.48– 3.64/1000 patients years,3,4 risk of bleeding 
is clearly increased in the MPN cohort. Smaller studies have 
reported even higher bleeding rates.5 For example, Kander 
et al. observed at least a single bleeding episode in 15.6% of 
351 MPN patients. Of the 55 patients in this study who ex-
perienced bleeding, more than 50% required hospitalisation, 

blood transfusion or a corrective procedure.6 Use of antico-
agulants and antiplatelet agents may further increase this 
risk.7

Incidence and prevalence of bleeding varies according to 
the type of MPN, with accurate histopathological diagnosis 
of paramount importance for these patients. For example, 
one study showed that bleeding occurred twice as frequently 
in patients with PMF than ET, and the reported prevalences 
for PV, ET and PMF in Nicol et al.'s meta- analysis were 6.9%, 
7.3% and 8.9% respectively.2,8 Further scrutiny of this trend 
noted bleeding in the setting of thrombocytosis to be more 
specific to prefibrotic PMF than to ET. Prefibrotic PMF may 
mimic ET and requires bone marrow examination for the 
presence of increased reticulin fibres to distinguish between 
these conditions.9 Not only does prefibrotic MF have a higher 
risk of progression to PMF, leukaemic transformation, and 
death, but it also confers a greater risk of haemorrhagic 
complications than ET.10 Of 1104 patients, 180 had a revised 
diagnosis of prefibrotic PMF after histological review. The 
incidence of bleeding in this cohort was double that of those 
with ET.8 Barbui et al. also found the incidence of bleeding 
to be higher in patients with PMF receiving anticoagulant 
agents compared to patients with ET or PV. The cumulative 
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Summary
Myeloproliferative neoplasms can be associated with bleeding manifestations which 
can cause significant morbidities. Although haematologists are aware of the likeli-
hood of this complication in the setting of myeloproliferative neoplasms, it may often 
be overlooked especially in patients with no extreme elevation of blood counts and 
those with myelofibrosis. Acquired von Willebrand syndrome and platelet dysfunc-
tion are the two common diagnoses to be considered in this regard. In this review 
article, we discuss the mechanisms for the development of these rare bleeding disor-
ders, their diagnosis and practical management.
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incidence of bleeding in patients with PMF receiving a direct 
oral anticoagulant (DOAC) was found to be 5.6% of patients 
per year compared with 2.1% and 1.6% for patients with PV 
and ET respectively.11

The natural history of disease can also impact bleeding. 
A study by Kaifie et al. found that bleeding events in MPNs 
peak after diagnosis rather than at time of diagnosis, thereby 
suggesting that bleeding may be related to progression of the 
underlying disease or to its treatment. This study described a 
major bleeding event in 8% of patients with a relatively equal 
distribution between PV, ET and PMF.12

The aetiology of bleeding in MPNs is multifactorial,6,13,14 
with up to 39 different potential risk factors suggested.5 In 
particular, the role of Acquired von Willebrand Syndrome 
(AVWS) and acquired platelet dysfunction have been stud-
ied in some detail with the complex pathogenesis of these 
disorders remaining a matter of debate. The effect of under-
lying treatments on extrinsic platelet function, most notably 
anti- platelet drugs and cytoreductive agents, have also been 
a focus of study.15,16

ACQU IR ED VON 
W IL L EBR A N D SY N DROM E

Incidence

Acquired von Willebrand Syndrome (AVWS) is a rare, ac-
quired bleeding disorder caused by non- hereditary, struc-
tural, functional or qualitative defects in von Willebrand 
factor (VWF).13,17 The first report of AVWS in MPN de-
scribed a case of bleeding in a patient with myelofibrosis that 
had transformed from PV.18 The exact incidence of AVWS 
in MPNs is difficult to quantify and challenges to diagnosis 
mean that the true incidence is likely underreported.19,20 It is 
widely accepted that AVWS is more common in lymphopro-
liferative than myeloproliferative diseases; however MPNs 
have been shown to account for approximately 15% of all 
reported cases of the disorder.21 One study, encompassing 
116 patients with ET and 57 patients with PV, revealed an 
incidence of AVWS in 55% and 49% of ET and PV patients 
respectively.20 Of note, this study showed the incidence of 
AVWS to be highest in those with a platelet count of higher 
than 1000 ×109/l (68.3%) compared with lower platelet 
counts. Although selection bias may have contributed to the 
high frequency identified in this study, it is an indication of 
how common AVWS may be when tested for in patients with 
an underlying MPN.

Mechanisms

Several different hypotheses for the development of AVWS 
in MPN are outlined in the literature. In short, these can be 
due to:

• sequestration of high molecular weight VWF multimers 

(HMWMs) by excessive numbers of platelets, most likely 
through GP1b;17,22

• proteolysis in setting of high platelets likely mediated 
through ADAMTS13 and enhanced sheer stress  —   this 
theory may be more relevant to AVWS caused by high 
sheer stress than in MPNs, where ADAMST13 levels are 
not significantly altered;23

• the presence of antibodies which either interfere with 
VWF activity or enhance its clearance;22,24– 27

• effects of the JAK- 2 V617F mutation.20,28

High platelet counts and AVWS

High platelet counts in disorders such as ET can result in 
alterations to VWF multimer composition.29 Qualitative de-
fects in VWF through cleavage of HMWMs in the presence 
of thrombocytosis can develop, while VWF antigen levels 
are preserved, similar to the pattern seen in patients with 
Type 2A Von Willebrand Disease.29– 31 An inverse relation-
ship between platelet count and VWF activity (demonstrated 
using the VWF ristocetin cofactor assay; VWF:RCo) has 
been outlined, upon which a basis of understanding for the 
pathogenesis of AVWS began to be formulated. The abnor-
mality in VWF:RCo was attributed to increased proteolysis 
of VWF multimers by circulating platelets, demonstrated by 
increased VWF degradation products in gel electrophore-
sis.24,32 In addition, normalisation of the platelet count has 
been shown to restore VWF multimeric composition.33 In 
keeping with this hypothesis, the general consensus had 
been to advise testing for AVWS in a patient with an un-
derlying MPN such as PV or ET with a platelet count higher 
than 1000 × 109/l.34– 36

Non- elevated platelet counts and AVWS

In contrast to the findings described above, the median plate-
let count in patients with MPN and AVWS in a prospective 
study of 68 patients by Mohri et al. was only 638 × 109/l (697 
× 109/l for PV and 1249 × 109/l for ET).37 When comparing 
AVWS in patients with ET and PV, another study reported 
similar median platelet counts of 920 × 109/l for ET patients 
and 679 × 109/l for PV patients respectively.20 This suggests 
that increased VWF proteolysis due to thrombocytosis may 
not be the only mechanism underpinning development of 
AVWS, and that other factors such as platelet function defects 
may play a role in haemorrhagic risk, particularly for non-
 ET patients with lower platelet counts.20,38,39 Patients with 
platelet counts over 1000– 1500 × 109/l are usually considered 
high- risk for developing AVWS; however as demonstrated 
above, extreme thrombocytosis is not always required. 
Indeed, AVWS has been reported in PV with an essentially 
normal platelet count at the time of diagnosis.39 In this case, 
the patient had a near absence of HMWMs, which resolved 
after venesection and cytoreductive therapy was employed 
to reduce the elevated haematocrit. A high haematocrit has 
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been reported to increase AVWS risk in both ET and PV, 
whereas leucocytosis appears to be more relevant to patients 
with PV only.40,41 Increased blood viscosity related to an el-
evated haematocrit and white cell count may increase sheer 
stress and proteolysis, leading to destruction of HMWMs 
in the absence of marked thrombocytosis. Leucocytes also 
contain proteases with the ability to cleave VWF, which may 
bear relevance in patients with leucocytosis.42 Of note, in a 
small series of patients with PMF, no difference in haemato-
crit or platelet counts was identified between cases with or 
without AVWS.41

JAK- 2 mutations linked to AVWS?

The JAK- 2 V617F mutation is critically important to the 
pathogenesis of MPNs, most notably PV in which it is pre-
sent in 95% of cases.43,44 One study of bleeding in MPNs 
found the presence of the JAK- 2 V617F mutation to be an 
independent risk for development of AVWS in patients with 
ET.20 Interestingly, JAK- 2 mutated ET patients were more 
likely to develop AVWS than calreticulin (CALR) mutated 
patients, despite a lower average platelet count in this group. 
Another has attributed high JAK- 2 V617F allele burden to an 
increased incidence of bleeding in these disorders.28 Finally, 
the role of shear stress in contributing toward VWF prote-
olysis has been explored with studies suggestive of a confor-
mational change in the VWF multimer, predisposing it to 
interaction and subsequent proteolysis by ADAMTS13 in 
response to shear stress. However, no defined link between 
this mechanism and MPNs has yet been proven.45,46

Sites of bleeding with AVWS

The gastrointestinal tract (GIT) and central nervous system 
(CNS) and are frequent sites of major bleeding in MPN ac-
counting for up to half of reported cases each (GIT bleed-
ing in 48% and 54.7% of PV and ET patients respectively, 
and CNS in 44% of PV patients).5 Spontaneous bleeding in-
cluding epistaxis, other mucocutaneous bleeding, and easy 
bruising as well as drug- associated or procedure- related 
bleeding are also commonly observed.5

A recent meta- analysis of 38 studies reported the GI 
tract to be the most common bleeding site in patients with 
ET and PV (40.8% and 35.7% of cases respectively). In ET, 
the second most common site was the ear, nose and throat 
(12.2%), whereas it was mucocutaneous bleeding in PV pa-
tients (17.2%). This review found 37 lethal bleeding events 
described in the literature. The site of bleeding was stated 
in only eight cases, of which seven were secondary to in-
tracranial bleeding. Overall, the incidence of all bleeding 
events analysed within this meta- analysis was 1.39– 6.6/100 
patients years in ET and 0.3– 5.3/100 patients years in PV.5

An International society of thrombosis and haemosta-
sis (ISTH) AVWS registry of 186 cases, of whom 15% were 

secondary to MPN, reported mucocutaneous bleeding in 
68%.34 A German MPN registry study also found the GI tract 
to be the most common location of bleeding in a registry of 
patients with ET, PV, PMF and unclassified MPN (MPN- 
U).12 Procedural and post- operative bleeding is another im-
portant factor to consider. Procedural bleeding was reported 
in only six of the 38 studies considered in Nicol et al.'s meta- 
analysis, encompassing a total of 21 bleeding episodes.5 The 
most representative data of surgical interventions in ET and 
PV patients was published in 2008, with data analysed from 
255 patients with a diagnosis of either PV or ET with a total 
of 311 surgical interventions. A total of 30 cases of bleeding 
were described with 23 of these cases deemed to be a major 
bleeding event.47

Diagnosis

AVWS is suspected in individuals with no personal or family 
history of bleeding. In such patients, reduced von Willebrand 
(VW) activity/antigen ratio (VWF:Ac/Ag or VWF:CB/Ag) 
can be an indicator for structural or functional VW disor-
ders even in the presence of a normal overall activity. If the 
activity is normal, multimer analysis is the most helpful tool 
to detect structural abnormalities of von Willebrand fac-
tor (VWF). In particular, decreased high molecular weight 
(HMW) multimers in the presence of otherwise normal 
VWF parameters indicate the presence of AWVS.48

Since VW multimer analysis is difficult to perform out-
side highly specialised laboratories, an alternate diagnostic 
approach is to use half- life studies. In most patients with in-
herited von Willebrand disease (VWD) (in the absence of the 
very rare situation of inhibitors to VWF), administration of 
VWF concentrates would be expected to raise VW activity 
levels to a predetermined level, and for levels to remain ele-
vated for at least 12 h. If activity levels drop to baseline in less 
than 4– 6 h, this may suggest a diagnosis of AVWS.48 The ex-
ogenously administered VW factor is rapidly cleared by one 
of the several mechanisms described above. This practical 
test can also inform the management of AVWS, providing 
information regarding how frequently VWF concentrates 
may need to be administered.

Management

Studies of AVWS with thrombocytosis have shown a role for 
cytoreduction in improving VWF:RCo and associated nor-
malisation of bleeding symptoms.20,24 One such study has 
shown cytoreductive treatment to result in remission of 12 
of 14 patients with MPN- associated AWVS.37

Management of acute bleeding in these patients can 
be challenging. Desmopressin (DDAVP) is a common 
treatment for inherited VWD, stimulating the release 
of HMWMs from endothelial Weibel– Palade bodies. 
However, it has been shown to have poor efficacy in the 
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treatment of bleeding in AVWS, producing haemostasis in 
only around a fifth of MPN patients in an ISTH registry 
study.34 It is thought that this may be due to prior exhaus-
tion of endothelial VWF stores, or adsorption or proteolytic 
cleavage of the released VWF.26,49 There is also a theoreti-
cal concern regarding the use of DDAVP in patients who 
may have underlying atherosclerotic heart disease, which 
may involve a significant proportion of elderly MPN pa-
tients. There are little data on the use of VWF concentrates 
in this setting, but some studies have suggested better 
outcomes than achieved using DDAVP.19 High doses (50– 
100 iu/kg) and more frequent dosing based on VWF levels 
may be required to achieve adequate responses.26,34,50 Anti- 
fibrinolytic agents such as tranexamic acid may be used as 
adjuncts with DDAVP or VWF concentrates, or as single 
agents for minor bleeding episodes.49 High- dose intrave-
nous immunoglobulin (IVIg) may be an option in patients 
failing to respond to other measures. This treatment is ef-
fective in cases of AVWS caused by pathogenic antibodies, 
particularly IgG monoclonal gammopathy of uncertain 
significance (MGUS).51 Such antibodies have been reported 
in MPN patients who may therefore benefit from a trial of 
IVIg.52 Finally, recombinant factor VIIa may be considered 
in patients with severe refractory bleeding.26,53,54

Based on the available evidence, in Figure 1 we provide 
a proposed management algorithm for patients with AVWS 
presenting with or without bleeding symptoms.

Antiplatelets and anticoagulants in those 
with AVWS

Incidence of thrombosis is high in MPN, with one meta- 
analysis of 13 436 patients estimating an incidence of 20% 
at presentation.12 Thus, use of anticoagulants is common in 
this patient cohort for treatment of thrombotic complications 
and prevention of thrombosis recurrence. A role also exists 
for antiplatelet agents, particularly aspirin, in thrombosis 
prevention and prophylaxis. The ECLAP study in 2004 illus-
trated the anti- thrombotic value of prophylactic aspirin use in 
PV patients, with a reduction in the incidence of thrombotic 
events by 50%– 60%.55 However, use of these agents can in-
crease risk of bleeding and precipitate bleeding episodes, es-
pecially in the setting of AVWS. Such episodes of bleeding can 
lead to the premature discontinuation of anticoagulant agents 
which in turn is associated with a significantly increased risk 
of recurrent thrombosis.56– 58 In the general population, rates 
of gastrointestinal bleeding attributed to long- term aspirin 
use have been reported as 0.48– 3.64/1000 patients years,3,4 
which is approximately 10 times less frequent than bleeding 
episodes in MPN overall.5 Considering DOACs, an analysis of 
data from Danish registries of over 30 000 non- MPN patients 
reported one- year bleeding rates of 2.8%, 1.8% and 2.2% for 
rivaroxaban, dabigatran and apixaban, respectively.59

In a study of bleeding complications in BCR- ABL- 
negative MPN, Wille et al. reported a bleeding event in 143 

F I G U R E  1  This proposal for bleed management in myeloproliferative neoplasms (MPN) is not derived from evidence- based trials which are yet to 
be performed. Since abnormal Von Willebrand levels can be seen in those patients with non- extremely elevated platelet counts, non- urgent testing may 
be undertaken in all patients. This can assist in the clinical management if found to be abnormal including consideration of haemostatic treatment for 
surgery and interventional procedures. It will also help in early intervention if bleeding were to develop in the future. In addition, in those with abnormal 
Von Willebrand (VW) levels but who are ‘asymptomatic’ from a bleeding perspective, discussion about bleeding risks when starting aspirin becomes 
highly relevant. Management approaches in minor bleeding are with antifibrinolytics while in major bleeding situations, different options in addition to 
antifibrinolytics should be considered.
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of 829 (17.2%) patients with an underlying diagnosis of BCR- 
ABL- negative MPN.7 Of those who experienced a bleeding 
episode, 60.1% were prescribed an antiplatelet agent and 
20.3% were prescribed an anticoagulant. Of the 829 patients 
studied, 6.2% were found to have a diagnosis of AVWS, 
which was not significantly increased, at 7.7%, in those who 
experienced a bleeding event. Therefore, although this study 
showed increased rates of bleeding associated with antico-
agulant and antiplatelet use, it did not directly implicate 
AVWS as an independent risk factor for bleeding in MPN 
patients receiving these classes of drugs. There is also inter-
est in whether more frequent aspirin administration might 
provide superior anti- thrombotic activity compared with 
once- daily use in ET. A randomised study comparing 100 mg 
of aspirin once, twice or thrice daily, showed improved bio-
chemical evidence of platelet inhibition, without increased 
bleeding or objective evidence of clinical benefit.60 Longer 
follow- up is required to ascertain whether this is an effective 
or safe option in these patients.

Another study focused on bleeding rates in MPN patients 
receiving DOACs, with a reported one- year cumulative inci-
dence of bleeding of 12.3% (6.4%– 18.2%).61 Presence of AVWS 
was not assessed in this study; however leucocytosis was found 
to be associated with a higher risk of bleeding on a DOAC. In 
another study of MPN patients treated with antiplatelets or an-
ticoagulation after a transient ischaemic attack (TIA) or isch-
aemic stroke, only 4% of the 597 patients analysed experienced 
a major bleeding event. Given the relatively low rate of severe 
bleeding in this study, a favourable risk profile for the use of 
antiplatelet/anticoagulant therapy in the setting of ischaemic 
stroke and TIA was outlined, with benefit proven by a reduc-
tion in recurrence of cardiovascular events.62

ACQU IR ED PL ATE L ET DYSFU NC TION

Incidence

The understanding of platelet dysfunction in MPN is less 
clear. There is significant evidence of platelet hyperreactiv-
ity and increased risk of thrombosis.63,64 Conversely, ex-
treme thrombocytosis, meaning a platelet count of greater 
than 1500 × 109/l, confers a higher risk of bleeding, which 
may be independent of AVWS.65 A study of 776 ET patients 
with platelet count higher than 450 × 109/l confirmed the 
risk of bleeding to increase with higher platelet counts.66 Use 
of non- steroidal anti- inflammatory drugs to treat constitu-
tional symptoms, alongside routine administration of anti- 
platelet agents may further exacerbate the bleeding risk.13,67

Mechanisms

Reduced platelet responsiveness to platelet agonists has been 
described in some studies, but poorly correlates with bleeding 
risk.68 Platelets from patients with ET were observed to have 
impaired binding to fibrinogen, and reduced activation 

of phosphoinositol- 3 (PI3) kinase- mediated pathways in 
response to several platelet agonists, resulting in impaired 
thrombin generation.69 Intrinsic platelet dysfunction in 
MPN patients has also been described as a consequence of 
the JAK- 2 V617F mutation itself. JAK- 2 V617F transgenic 
mice demonstrate defective primary haemostasis including 
hyporeactive platelets with reduced activation in response to 
collagen, and reduced thrombus formation and size.70,71 Mice 
lacking JAK2 develop megakaryocyte hyperplasia, extreme 
thrombocytosis and bleeding,72 suggesting that normal 
JAK2 functionality rather than absence of overactivity is 
required for megakaryocyte homeostasis.

Furthermore, it has been proposed that the reduced re-
sponse to platelet agonists seen in platelet aggregation studies 
reflects a secondary storage pool defect that occurs follow-
ing spontaneous platelet aggregation.73 Patients with ET and 
PV with microvascular ischaemic or thrombotic features 
have evidence of reduced platelet survival with increased 
levels of platelet activation markers detectable. These find-
ings are reversed by aspirin treatment.74 Similarly, another 
study showed increased in vivo platelet activation in ET and 
PV patients, demonstrated by elevated P selectin expression. 
Platelet activation was associated with an increase in plasma 
vascular cell adhesion molecule- 1, indicating the presence 
of endothelial activation and VWF- mediated spontaneous 
platelet aggregation.75 It has therefore been proposed that 
hyperreactive platelets spontaneously activate, particularly 
in areas of high sheer stress, leading to symptoms of eryth-
romelalgia, then de- aggregate and recirculate as exhausted 
platelets with a secondary storage pool defect.73,76,77

The role of CALR mutations in platelet function in pa-
tients with ET is less certain. Approximately 60% of ET pa-
tients have a pathogenic JAK2 mutation and around 30% 
have a CALR mutation.78 The phenotype of CALR- mutated 
ET differs to its JAK2- associated counterpart, with higher 
platelet counts, lower haematocrits and white cell counts, 
and less frequent thrombosis seen.79 CALR mutations have 
been shown to affect both platelet number and function. 
One group reported reduced response to ADP stimulation 
in CALR- mutated platelets compared with normal or JAK2- 
mutated platelets, with reduced ability to attach to fibrino-
gen.80 The aetiology of bleeding in CALR- mutated MPNs 
may therefore differ from those with an underlying JAK2 
mutation. Even less is known about patients with throm-
bopoietin receptor gene (MPL)- driven MPNs.81 Similar 
to CALR- associated ET, baseline platelet counts are often 
higher and haemoglobin may be lower, however whether 
there is an increased haemorrhagic or thrombotic risk is 
unknown.81

Management

As with AVWS, one of the main strategies for the treatment of 
non- therapy- associated platelet dysfunction is that of cytore-
duction, as normalisation of thrombocytosis may correct the 
haemostatic defects predisposing to bleeding.8 Therapeutic 
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plateletpheresis is another potential strategy for treatment of 
acquired platelet dysfunction in cases of extreme thrombo-
cytosis.82 Plateletpheresis can selectively remove larger, dys-
functional platelets from circulation, and has also been shown 
to normalise morphological and functional platelet proper-
ties.83,84 Although use of apheresis in this setting has become 
more limited with the advent of effective pharmacological 
cytoreduction, plateletpheresis can still play a role in effec-
tive reduction of platelet numbers in an emergency setting.82 
Importantly, although plateletpheresis can offer a rapid reduc-
tion in platelet numbers, this will not target the aetiology of 
the thrombocytosis, and can even induce a transient increase 
in haematopoietic stem cell factors, leading to a compensatory 
rise in platelet count. Thus, it is recommenced that cytoreduc-
tive therapy is commenced concomitantly.85,86

Drug- associated platelet dysfunction is another relevant 
factor to consider. As has been mentioned previously, plate-
let dysfunction due to underlying use of antiplatelet agents 
and non- steroidal anti- inflammatories in MPNs can lead 
to significant bleeding.48 Antiplatelet agents play a role in 
thrombosis prevention in MPNs and are recommended es-
pecially in high- risk disease.3 However, given the bleeding 
risk associated with extreme thrombocytosis, it has been 
suggested that omission of aspirin when the platelet count 
is higher than 1000 × 109/l should be considered, regardless 
of thrombotic risk, to offset the additional effect of therapy- 
associated platelet dysfunction.87,88 There are little robust 
data to specify a safe threshold for anti- platelet use. One 
group analysed bleeding rates in patients with ET and early 
PMF. While they showed an increased risk of bleeding in ET 
patients with a platelet count higher than 1000 × 109/l, this 
was not statistically significant.8 A study of low- dose aspi-
rin in 433 patients with low- risk ET, 162 of whom had an 
underlying JAK2 mutation and 271 a CALR mutation, re-
ported increased rates of bleeding in CALR- mutated patients 
receiving aspirin compared with observation alone (12.9 vs 
1.8 episodes/1000 patient years), but no reduction in throm-
bosis. Conversely, those with JAK2- mutated disease treated 
with aspirin suffered fewer thrombotic events without any 
increase in bleeding observed.89 Of note, 35% of the CALR 
group had a platelet count of over 1000 × 109/l compared 
with 14% of the JAK2 group. Differences in platelet biology 
between JAK2-  and CALR- mutated ET, might account for 
some of the increased bleeding risk noted in patients with 
extreme thrombocytosis.

Targeting JAK2

JAK pathway inhibitors are playing a growing role in the treat-
ment of MPNs. This has stemmed in part from knowledge 
of the importance of the JAK- 2 V617F mutation in terms of 
thrombosis risk.90 However, as this pathway may also impact 
the haemorrhagic phenotype seen, these therapies could po-
tentially offer additional haemostatic benefits. Studies of these 
drugs have not been designed with this end- point in mind, 
and few have specifically reported bleeding events.

Ruxolitinib is a JAK1/2 inhibitor used in patients with 
PMF and PV. The pivotal COMFORT- 1 study was a ran-
domised placebo- controlled trial of ruxolitinib in PMF. 
Ecchymoses were reported in 17.4% of the investigator arm 
versus 9.3% of the control arm, all of which were grade 
1– 2. This may have reflected increased rates of thrombo-
cytopenia associated with ruxolitinib treatment (69.7% vs 
30.5%). No other bleeding outcomes were reported.91 The 
COMFORT- 2 study compared ruxolitinib with best avail-
able therapy (BAT). Rates of epistaxis and haematomas were 
not significantly different between the treatment arms.92 
The RESPONSE study investigated ruxolitinib in PV; how-
ever, no bleeding events were reported.93

Fedratinib is a specific JAK2 inhibitor. In the placebo- 
controlled randomised JAKARTA study in intermediate-  to 
high- risk PMF patients, thrombocytopenia was more com-
mon in patients treated with fedratinib (47% vs. 26%); however, 
bleeding was not reported.94 Results of the FREEDOM 2 study 
of fedratinib compared with BAT are awaited (NCT03952039).

Momelotinib is a JAK1/2 inhibitor. The phase 3 SIMPLIFY 
1 and 2 studies have compared momelotinib with ruxolitinib 
in treatment- naïve PMF, and momelotinib with BAT in PMF 
patients previously treated with ruxolitinib respectively. 
Momelotinib may cause less thrombocytopenia than ruxoli-
tinib, with epistaxis reported in 8% of the momelotinib arm 
of SIMPLIFY- 2 and 12% of the BAT arm.95,96

Pacritinib is an inhibitor of JAK2/IRAK1 (interleukin- 1 
receptor associated kinase 1). The PERSIST- 1 study compared 
pacritinib with BAT excluding JAK2 inhibitors in higher- risk 
MF,97 whereas the PERSIST- 2 study allowed ruxolitinib use in 
the BAT arm.98 PERSIST- 1 reported similar rates of throm-
bocytopenia (pacritinib 17%, BAT 14%). PERSIST- 2 reported 
grade 3– 4 bleeding in 7%, 14% and 7% of patients receiving 
once- daily pacritinib, twice daily pacritinib and BAT, respec-
tively. Thrombocytopenia is a common side effect of all these 
therapies, and is seen more frequently in PMF than the other 
MPNs, leading to treatment discontinuation in nearly 4% of 
patients in COMFORT- 1, and dose reduction in 48%.99 At 
the current time, it is not possible to say whether JAK inhibi-
tion significantly impacts risk of haemorrhage, which may be 
partly confounded by concomitant thrombocytopenia.

In addition to JAK2, as understanding of the role of the 
PI3 kinase pathway in defective haemostasis progresses, this 
may provide a further therapeutic target for management of 
acquired platelet dysfunction in MPNs.69

CONCLUSION

Risk of bleeding in patients with MPNs is poorly 
understood. AVWS may be present in up to 50% of patients 
when sought for, although does not always correlate with 
bleeding phenotype. Additional platelet function defects 
and intrinsic changes in platelet physiology caused by the 
underlying driver mutation, alongside the impact of aspirin, 
may worsen bleeding tendency. To compound the situation, 
these patients have an increased thrombotic potential, 
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with up to 20% presenting with a thrombotic event, caused 
by a combination of endothelial activation and platelet 
hyperreactivity.2,63,64 Such patients require anticoagulation, 
although predicting which patients will bleed and which 
will clot is currently not possible, nor is it possible to predict 
which patients will tolerate anticoagulation and which 
will become unacceptably haemorrhagic. In this review, 
we have discussed the available evidence regarding the 
aetiology of AVWS and platelet defects, alongside bleeding 
phenotype and potential management strategies. We have 
provided a practical algorithmic approach to peri- operative 
management in patients with AVWS; however, further study 
is required to determine the best approach to these complex 
patients.
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