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Background 

Thrombocytosis, defined as a platelet count of ≥ 450 x 109/L, is common in clinical practice and can 
be related to primary or secondary causes. Essential thrombocythemia (ET), a primary cause, is a 
Philadelphia-negative classical myeloproliferative neoplasm (MPN) defined by clonal thrombocytosis1. 
Similar to other classical MPNs, mutually exclusive driver mutations including JAK2, CALR and MPL 
are responsible for the pathogenesis of ET with the most frequent mutation JAK2V617F found in 55% 
of ET, 15-30% having CALR and 4-8% having MPL, while 10-20% lack a driver mutation and are 
referred to as “triple negative”2. ET is complicated by thrombosis and bleeding risk with potential of 
transformation to myelofibrosis or alternative aggressive myeloid neoplasm. This guideline is to 
provide information regarding the diagnosis and management of ET based on our current standards.  

Guideline Questions 

1. What diagnostic and baseline investigations are recommended for adult patients with 
suspected or confirmed ET?  

2. What are the recommended treatment options for ET? 
3. How do you manage extreme thrombocytosis? 
4. How do you treat thrombosis in the setting of ET and other MPNs? 
5. What is the current peri-operative and peripartum management strategies for ET/MPN 

patients? 
 

Search Strategy 

This guideline was generated using systematic literature searches of PubMed and MEDLINE 
databases, ASCO, EHA abstracts and proceedings, and ASH abstracts and proceedings. The search 
included practice guidelines, systematic reviews, meta-analyses, randomized controlled trials and 
clinical trials. The guidelines were also adapted from the NCCN, AJH and BJH guidelines.  

Target Population 

Patients who are ≥18 years of age who are suspected of, or diagnosed with essential 
thrombocythemia.  

Recommendations 

1. In patients with persistent thrombocytosis with platelet count ≥ 450 x 109/L diagnostic 
evaluation for ET is suggested once secondary causes of thrombocytosis are ruled out. 

2. Diagnosis of ET requires a bone marrow biopsy and is based on recent 2016 WHO criteria.  
3. The risk of thrombosis is based on the IPSET thrombosis score (Link). 
4. Low-dose ASA therapy (81 mg PO once daily) is suggested for all patients with the exception 

of those with very low risk disease (younger than 60yrs, CALR mutated, without cardiovascular 

risk factors). ASA should be avoided in those with extreme thrombocytosis (plts ≥1500 x 109/L) 

https://www.siematologia.it/LG/IPSET%20thrombosi/IPSET%20thrombosi.htm
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who may have acquired vWD (see point #9) or have alternative bleeding diathesis.  In the 
setting of patients already on a form of anticoagulation or antiplatelet therapy for other 
comorbidities, addition of low dose ASA is not indicated. 

5. Treatment with cytoreduction is suggested for: high risk disease (ET patients ≥60 yrs and/or 
history of prior arterial/venous thrombosis). 

6. First line cytoreductive therapy is hydroxyurea or IFN/PEG-IFN/ROPEG. 
7. Second line therapy can include an alternative first line cytoreductive agent, anagrelide or 

consider combination therapy. 
8. The goal of cytoreduction is to normalize the platelet count ideally < 450 x109/L. This is to be 

achieved without development of alternative severe cytopenias and/or side effects. 
9. Extreme thrombocytosis (plts ≥ 1 million/L or >1000 x 109/L) results in higher risk of bleeding 

due to potential for acquired VWD and may require holding ASA therapy if the platelet count is 

≥1500 x 109/L, if clinical evidence of bleeding and/or VWF activity levels < 30%  
10. The treatment of thrombosis in ET is based on standard thrombosis guidelines. Current 

practice guidelines suggest primary anticoagulation use of LMWH and VKA therapy. The use 
of DOACs for treatment of venous thrombosis in MPNs is limited. Discuss cases with local 
thrombosis experts and manage on a case by case basis. Recurrence of thrombosis is higher 
among MPN patients with the majority of patients benefiting from lifelong anticoagulation in the 
setting of unprovoked thrombosis. Lifelong anticoagulation is also suggested for atypical 
thrombosis particularly in the setting of splanchnic vein and/or cerebral vein thrombosis. 
(Thrombosis Canada Link)  

11. ET patients have higher rates of pregnancy related complications. ASA therapy is suggested 
during all MPN pregnancies to improve live birth rates. Prophylactic LMWH is suggested for 6 
weeks postpartum. Cytoreduction using IFN, is suggested for high risk pregnancies with prior 
indication for cytoreduction and those with a high risk pregnancy. 

 
Pathogenesis 

ET is a clonal stem cell disorder resulting in excessive platelet production with increased platelet 
counts in the peripheral blood. Approximately 90 percent of cases have a somatically acquired driver 
mutation such as JAK2, CALR, or MPL that results in the upregulation of JAK-STAT pathway and 
pathogenesis of ET 3. JAK2V617 is the most frequent driver mutation in ET occurring in ~50-65% of 
cases followed by 15-30% CALR mutated and 4-8% MPL mutated and 10-20% lack all three 
mutations and are known at triple negative 4.  The majority of  cases of ET are sporadic, although 
families with an increased incidence of ET have been described, with affected members having the 
same or different MPN type 5 6. It is suspected that this is due to a genetic predisposition to acquire 
somatic mutations and subsequently develop an MPN, rather than a direct inheritance of germline 
mutations. 

 

 

https://thrombosiscanada.ca/clinicalguides/
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Epidemiology 

ET represents one-third of cases of BCR-ABL-negative myeloproliferative neoplasms in the 
developed world7 . The incidence rate for ET is 1 to 2.5 new cases/100,000 population per year and 
varies based on age, sex and race with female to male ratio of 2:1 7,8 The prevalence is higher and 
estimated to be 9-24 cases per 100,000 population 9-11. Median age at diagnosis is 60 years, 
although up to 20 percent are < 40 years of age3. More recent reports suggest younger median age 
(56 years compared to 60 years)12. Extreme thrombocytosis (platelet count ≥ 1 million/L) occurs in 
less than 2 % of population13. 

 

Clinical Manifestations 

Patients present with sustained and progressive thrombocytosis which often can be found incidentally 
associated with no symptoms. A variable proportion of patients have mild splenomegaly and 
leukocytosis14,15 . Up to 40% of patients report being variably symptomatic for fatigue, early satiety, 
inactivity, concentration issues, and abdominal discomfort, with a consequent decrease in quality of 
life16,17 18.  

In addition, patients, may experience arterial and/or venous thrombotic complications with a history of 
thrombosis occurring at or before diagnosis in ~20% of patients. 3 The overall median thrombotic risk 
is 1–3%/patients-year19 with reports of risk of non-fatal arterial and venous thrombosis being 1.2% 
and 0.6%/patients-year, respectively 20. 

Patient age and history of thrombosis have been considered the main risk factors for vascular 
complications in MPNs based on ELN classification whereby patients are defined as high risk (HR) if 
they are at least 60 years and/or have a history of thrombosis, versus low risk (LR) if they do not have 
either factor 21. Risk of thrombosis among LR patients is not significantly higher from that of the 
general population 22. A more integrated and accurate clinical molecular prognostic score for 
thrombosis risk in ET, named IPSET-t (International Prognostic Score of thrombosis in Essential 

Thrombocythemia) has been developed.23 (IPSET Calculator: Link). It was subsequently, re-
analyzed, and validated, with the inclusion of an additional risk group (‘very low’, VLR) in a revised 
IPSET-t (Link). Of note, CALR mutations have been associated with lower thrombotic risk compared 
with JAK2 2.24 .  

In contrast, risk of bleeding events in ET can occur although less frequently and varies from 5% to 
30% 25,26.  The most frequent sites are gastrointestinal and urogenital, but intracranial bleeding may 
also occur25. Extreme thrombocytosis (platelet count > 1000–1500*109/L) is the biggest predictive 
factor for bleeding as it can be associated with acquired von Willebrand disease (AVWD)27,28 . This 
arises due to adsorption of large VW factor multimers by the platelet membrane in the setting of high 
platelet counts 29. In cases of extreme thrombocytosis in particular if bleeding has occurred, measure 
the ristocetin activity and VW factor antigen level. If VWF activity levels are < 30%,  antiplatelet 
therapy should be discontinued.  Concomitant use of antiplatelet therapy and prior hemorrhagic event 

https://www.siematologia.it/LG/IPSET%20thrombosi/IPSET%20thrombosi.htm
https://thehematologist.org/ipset-thrombosis/
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increase risk of hemorrhage while other potential factors may include: leukocytosis 30 
and JAK2 mutation.31  

Diagnostic Evaluation 

Thrombocytosis defined as a platelet count ≥ 450 x 109/L has a prevalence of approximately 2% 
among ambulatory patients ≥ 65 years of age 32. There are primary and secondary causes for 
thrombocytosis33. The most common causes of secondary or reactive thrombocytosis are: infection, 
inflammation and/or trauma, and iron deficiency. Initial assessment of patients is necessary to 
carefully rule out secondary causes.  
 
All patients require a complete history and physical examination.  Review diseases and/or conditions 
associated with thrombocytosis: iron deficiency, malignancy, inflammatory bowel disease, 
rheumatological disorders, trauma, splenectomy, bleeding. A careful review of thrombotic history 
including both venous thrombosis and arterial thrombosis and a history of hemorrhagic complications 
is important. In addition, inquire about microcirculatory/vasomotor symptoms, such as headaches, 
dizziness, visual disturbances, burning dysesthesia of the palms and soles (erythromelalgia), 
paresthesia, acrocyanosis as well as constitutional symptoms (night sweats, fevers, weight loss) and 
signs/symptoms of splenomegaly.  
 
Assess for cardiovascular risk factors, including hypertension, diabetes mellitus, active tobacco use, 
and hyperlipidemia (considered within IPSET-t score). 
Review patient’s family history of myeloproliferative and thrombosis disease.  
 
  



 
 

           6  
 

Guideline Resource Unit 
 

Last revision: July, 2021  

Figure 1. Diagnostic Algorithm 
 

 
*BM biopsy is needed in addition to confirmed driver mutation diagnosis based on WHO diagnostic criteria. Driver mutation detection can be attained via 
PB testing (PCR) or alternative via BM aspirate (NGS) 

 

 

The diagnosis of ET requires a sustained thrombocytosis of ≥ 450 x 109/L with exclusion of reactive 
causes.  A diagnostic algorithm is shown in Figure 1. A bone marrow examination (aspirate and 
trephine biopsy) is required based on recent WHO 2016 Criteria1. The World Health Organization 
(WHO) diagnosis of ET (Table 1) requires a platelet count of ≥450 x 109/L, presence of a driver 
mutation and/or exclusion of an alternative cause of thrombocytosis along with bone marrow 
morphological consistent pathology1. Differential diagnosis of primary (clonal) thrombocytosis 
includes: primary myelofibrosis (prefibrotic or fibrotic), polycythemia, MPN-U, or variants of MDS. 
Most patients with MDS/MPN-RS-T carry a SF3B1 mutation34,35. 

In ET, the bone marrow is normocellular or mildly hypercellular with megakaryocytes increased in 
number with occasional small loose clusters. Large or giant megakaryocytes with hyperlobation are 
referred to as “staghorn”, nuclei may be prominent. Reticulin is not increased with grade 0/3 
expected, Recently WHO classification has defined prefibrotic MF as a separate entity from both ET 
and overt myelofibrosis (see Table 1).1 
 

 

 

 

 

 

PLT count ≥450 x 109/L

History and Physical Exam with laboratory 
investigation: CBCD, Iron studies/Ferritin, 

CRP/ESR, LDH,
If no secondary cause identified: 

JAK2 mutation  testing

Iron deficiency and/or 
inflammatory state detected

Treat underlying disorder and 

discharge 

JAK2V617F mutation detected 

Perform a  BM biopsy 

JAK2V167F mutation undetected

If no secondary/reactive causes 
for thrombocytosis identified 

proceed to additional mutational 
testing (CALR, MPL) and BM 

biopsy*



 
 

           7  
 

Guideline Resource Unit 
 

Last revision: July, 2021  

Table 1. WHO 2016 Criteria for Essential Thrombocythemia in comparison to pre-fibrotic Primary 
Myelofibosis1 

ESSENTIAL THROMBOCYTHEMIA 
 
Defined as:  
ALL Major Criteria  OR 3 Major + 1 Minor 

PRE-FIBROTIC PMF 
 
Defined as: 
ALL 3 Major +  1 Minor 

Major Criteria: 

1. Plts ≥ 450 x 109/L 
2. BM biopsy: proliferation of MK lineage with 

enlarged mature MK and hyperlobulated 
nuclei without increase or left shift in 
neutrophil granulopoesis or erythropoiesis 
and minor (grade1 ) reticulin fibers 

3. Not meeting WHO criteria for CML, PV, PMF, 
MDS or other myeloid neoplasm, 

4. Presence of JAK2, CALR or MPL 

Major Criteria: 

1. MK proliferation and atypia WITHOUT 
reticulin fibrosis >1 with increased BM 
cellularity, gran proliferation, and decreased 
erythropoiesis 

2. Not meeting WHO criteria: PV, CML, MDS 
or other myeloid neoplasm 

3.  JAK2, CALR, MPL or in absence another 
clonal marker or absence of reactive 
fibrosis 

Minor Criteria: 

1. Leukoerythroblastosis 
2. Increased LDH 
3. Anemia 
4. Palpable splenomegaly 

Minor Criteria:  

1. Anemia 
2. WBC ≥ 11 x 109/L 
3. Palpable splenomegaly  
4. Increased LDH 

 

  
Lastly, genetic driver mutations are identified in over 90% of ET cases and can be tested via 
Polymerase Chain Reaction (PCR) and/or Next Generation Sequencing (NGS). Peripheral blood 
JAK2V617F mutational analysis should be performed and reflexive testing for additional driver 
mutations (CALR, MPL) will be ordered by hematopathology via PCR or NGS testing pending 
availability at individual academic centers. BCR-ABL1 gene rearrangement testing is suggested if 
evidence of basophilia or neutrophilia with left shift which is atypical in ET and in the cases of 
rearrangement this is diagnostic of CML and excludes ET1.  One quarter of ET patients carry an 
additional non-driver somatic mutation and the significance in ET is unclear but it portends a poorer 
prognosis in MPN patients in prior studies.36  
 

On exam, assess spleen and liver for organomegaly and if any associated features of portal 
hypertension although splenomegaly is rare in ET compared to alternative MPNs. Likewise, it is 
important to look for findings’ suggestion of thrombosis and/or clinical signs of bleeding/bruising. 
 

Laboratory studies, including a complete blood count with differential and review of the peripheral 
smear, and chemistries with liver and renal function and electrolytes in addition to iron studies 
including transferrin saturation and ferritin should be performed. CRP level can be performed to 
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assess for inflammatory status.  If causes of reactive thrombocytosis are ruled out, then additional 
testing can be performed to rule in an MPN. Peripheral blood testing for JAK2V617F mutation can be 
done initially and if negative, reflexive testing for mutations of CALR exon 9, and MPL exon 10 can be 
obtained at some centers by peripheral blood PCR testing  (Edmonton) or alternatively will be tested 
from a bone marrow aspirate sampling (via NGS). The detection of a driver mutation confirms the 
diagnosis of a myeloid neoplasm but a BM aspirate/biopsy is still required and the absence of a driver 
mutation does not rule out the diagnosis given cases of triple negative disease 37,38. Ultimately if an 
MPN is suspected based on current standards, a bone marrow aspirate and biopsy is required and 
mutational testing can be obtained from the aspirate if PB sampling not possible. For patients with 
clinical evidence of bleeding or platelet counts >1000 x 109/L we suggest hemostasis testing (VWF 
antigen and activity levels) for possible acquired von Willebrand syndrome.  
 

MDS/MPN with ringed sideroblasts and thrombocytosis ( MDS/MPN-RS-t) can mimic ET with patients 
presenting with mild anemia and thrombocytosis. However, these patients often have a combination 
of the SF3B1 mutation driver as well as JAK, CALR or MPL (sub clone) but it should be considered 
as 1/3 of patients will have SF3B1 wildtype36. A bone marrow aspirate and biopsy should be 
performed to differentiate this from ET. In ET, the bone marrow is normocellular for age or mildly 
hypercellular. Megakaryocytes are increased in number with occasional loose clusters of enlarged 
megakaryocytes with mature cytoplasm and multilobulated nuclei. Erythropoiesis and granulopoesis 
is normal with lack of dysplastic morphology and reticulin is not increased grade 0/3.1 
 

Recommendations 

1. Diagnosis of ET requires comprehensive review of secondary/reactive causes and 
diagnosis of ET requires a bone marrow examination to diagnose primary causes. 

2. Driver mutations are mutually exclusive with majority of ET patients possessing one of 
three driver mutations JAK2, CALR or MPL 

 

Prognosis 

The median estimate of survival among ET patients is 20 years. However, depending on age of 
presentation, this varies and as a result median survival of patients younger than 60 years of age 
approaches 33 years 39.  The most common cause of morbidity and mortality is thrombosis which 
occurs among 20% of ET patients compared to bleeding complications in 10% of this population 3,8. 
The IPSET score was developed in order to better stratify prognosis of patients at time of diagnosis. 
Patients are determined as low, intermediate or high risk with median survival of: not reached among 
low risk patients, 24 years and 14 years among intermediate and high risk patients, 
respectively40(Link). Moreover, recent observations suggest that women with ET live longer than male 
patients and that gender may supersede history of thrombosis as a risk variable for overall survival.41  
Thrombosis and hemorrhage represent two of the main causes of morbidity and mortality in patients 
with ET. In a study of 891 ET patients, after a median follow‐up of 6.2 years, 109 (12%) patients 

https://www.siematologia.it/LG/IPSET/IPSET.htm
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experienced arterial (n = 79) or venous (n = 37) thrombosis. Predictors of arterial thrombosis were: 
age > 60 years, prior thrombosis, cardiovascular (CV) risk factors (including tobacco use, 
hypertension, or diabetes mellitus), leukocytosis (> 11 × 109/L), and JAK2V617F mutation12. In 
contrast, predictors of venous thrombosis were only male gender. Elevated platelet count > 
1000 × 109/L was associated with a lower risk of arterial thrombosis. Mutant CALR (vs JAK2) was 
associated with lower incidence of thrombotic events.42 Current thrombosis risk can be calculated 
using a revised IPSET-thrombosis prognostic score based on 1019 WHO defined ET patients which 
takes into account: age, prior thrombosis, JAK mutation status and additional cardiovascular risk 
factors to further categorize patients into: “very low”, low, intermediate and high risk43,44 (Link) (Table 
2) illustrate how each risk factor can influence thrombosis risk. Likewise, pre-PMF can be accurately 
stratified using similar score as developed for ET.45 
 

Table 2. IPSET Thrombosis Score. 23,43 
IPSET-T Risk factors  Revised IPSET Risk Factors 

Age >60 yrs 1 point  Age >60   

Previous thrombosis  2 points  Previous thrombosis  

Cardiovascular risk 

factors  

1 point  JAK2V617F  

JAK2V617F  2 points    

Annual thrombosis risk:   Annual thrombosis  

Risk: (require all 

criteria) 

Rate of thrombosis per 

year 

Low risk (<2points) 1.03% /year  Very Low:   

No thrombosis 

Age ≤ 60yrs 

JAK2V671F wildtype 

With additional 

cardiovascular RFS 

0.44%/yr 

 

 

 

1.05%/yr 

Int risk (2 points) 2.35% /year  Low:  

No thrombosis  

Age ≤ 60yrs 

JAK2V671F  

Mutated 

With additional 

cardiovascular RFs 

1.59  %/yr 

 

 

 

 

2.57%/yr 

High risk (>2 points) 3.56%  

/year 

 Intermediate:  

No thrombosis  

Age > 60yrs 

JAK2V671F wildtype 

With additional 

cardiovascular RFs 

1.44 %/yr 

 

 

1.64%/yr 

   High: 

Prior thrombosis OR Age 

> 60yrs 

JAK2V671F mutated 

With additional 

cardiovascular RFs 

2.36%/y 

 

 

 

4.17%/yr 

  

https://thehematologist.org/ipset-thrombosis/
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Based on the recent distinction of WHO defined ET and pre-fibrotic MF, the incidence of arterial and 
venous thrombosis prior to diagnosis is not significantly different46 (23% vs 20 and 9 vs 8%) and 
thrombotic complications were also similar during the follow-up47,48. However, the overall prognosis 
varies between ET and prefibrotic MF whereby 10-year survival was found to be 89% vs 76%, with 
leukemic transformation of 0.7% vs 5.8% and MF transformation 0.8% vs. 12.3%, respectively, in 
large studies48.  
 
Transformation  

The range of transformation risk to post-ET MF has been found to be 0.8-4.9% at 10 years and 4-
11% at 15 years. This compares to post-ET AML occurring in 0.7-3% of ET patients at 10 years and 
2.1-5.3% at 15 years. Diagnosis of transformation to post ET Myelofibrosis (PET-MF) requires 
fulfilling the criteria developed, through consensus by the IWG-MRT49 as outlined in Table 3. Risk 
factors for progression to PET-MF include pre-PMF morphology, advanced age, and anemia, 
whereas the presence of JAK2V617F was associated with a lower risk of fibrotic progression50.  
 
Risk factors for post-ET AML include: advanced age, leukocytosis, anemia, extreme thrombocytosis, 
thrombosis, reticulin fibrosis, TP53 or RUNX1 mutations 51. In a study of over 1100 patients with ET 
or pre-fibrotic PMF, risk factors for leukemia-free survival were pre-fibrotic PMF, BM morphology, 
thrombosis, and extreme thrombocytosis (platelets > 1000 × 109 /L)48.  Mutation enhanced prognostic 
scores have been published52 whereby spliceosome mutations enhance survival prediction in ET and 
PV and identify patients at risk for fibrotic progression while TP53 mutations predict leukemic 
transformation in ET.  

Ultimately, transformation of all MPNs leads to poor outcomes and management remains challenging. 
Further understanding of the molecular events leading to disease transformation are currently being 
investigated. 

Suspicion for MF transformation may be based on development of new onset or worsening 
cytopenias, progressive splenomegaly and/or constitutional symptoms and peripheral blood findings 
of leukoerythroblastic changes. Suspicion should prompt a repeat bone marrow examination and the 
diagnosis based on WHO criteria.   

Prognosis of post ET MF is based on the Myelofibrosis Secondary to PV and ET-Prognostic Model 
(MYSEC-PM) score which differs from the current MF prognosis scores. It was developed as an 
integrated clinical-molecular prognostic model uniquely developed for secondary MF displaying 
superior accuracy over IPSS. This model was based on the analyses of 685 secondary MF patients 
(333 PET MF, 352 PPV MF) with phenotype driver mutations available. Four risk categories were 
developed with different survival (P<0.0001): low (median survival NR; 133 patients), intermediate-1 
(9.3 years, 95% CI: 8.1-NR; 245 patients), intermediate-2 (4.4 years, 95% CI: 3.2–7.9; 126 patients), 
and high risk (2 years, 95% CI: 1.7–3.9; 75 patients). 53 The survival for secondary MF differs than 
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that in primary MF and can be calculated using this MYSEC-PM score: (Link). The Treatment of post 
ET MF is managed similarly based on current AHS Myelofibrosis guidelines (Link).   

Transformation of essential thrombocythemia (ET) to myelodysplastic syndromes or acute myeloid 
leukemia is rare again comprising 1–5% of cases but confers dismal clinical outcome 54. Post ET AML 
is defined as ≥ 20% blasts in peripheral blood and/or bone marrow and is prognostically worse and 
those fit for allogeneic SCT should receive induction chemotherapy and be referred for allogeneic 
SCT.  

EXELS, was the largest prospective study of high-risk essential thrombocythemia (ET) patients, 3460 
patients exposed to hydroxyurea (HU), anagrelide (ANA), or both, with an observation time of 5 
years. EXELS found higher event rates of acute leukemia transformation in patients treated with HU 
although this was statistically inconclusive, with more than 90% of the patients having been treated 
with either ANA or HC. Sixty-seven cases of AML and 19 cases of MDS were recorded. Overall, 39 of 
67 AML cases were found in the HU group (8970 person-years of treatment) and another 20 AML 
patients were found in the group that switched from HC to ANA (2934 person-years of treatment) 
while three cases were found in the group switching from ANA to HC during the study. Acute 
leukemia being a known complication of ET occurs in the absence of treatment and based on all 
available studies one cannot conclude whether or not hydroxyurea or anagrelide are truly 
leukemogenic 55.  
 
Table 3. IWG-MRT Diagnostic Criteria for Post-Essential Thrombocythemia Myelofibrosis (PET-
MF):49,56 

IWG-MRT Criteria for Post Essential Thromboythemia myelofibrosis. 
Required criteria 

• Documentation of a previous diagnosis of essential thrombocythemia as defined by the 
WHO criteria. 

• Bone marrow fibrosis grade 2-3 (on 0-3 scale). 
 
Additional criteria (two are required) 

• Anemia and a >20g/L decrease from baseline hemoglobin level. 
• A leukoerythroblastic peripheral blood picture. 
• Increasing splenomegaly defined as either an increase in palpable splenomegaly of > 5cm 

or the appearance of a newly palpable splenomegaly. 
• Increased LDH (above reference level) 
• Development of >1 of three constitutional symptoms: >10% weight loss in 6 months, night 

sweats, unexplained fever (>37.5°C) 
 

Abnormal karyotype is infrequent in ET and its prognostic relevance uncertain 57.  A study of 906 
molecularly-annotated patients (416 Mayo Clinic; 490 University of Florence, Italy), including 502 ET 
and 404 PV, were recruited with multivariable analysis that identified spliceosome mutations to 
adversely affect overall (SF3B1, SRSF2 in ET and SRSF2 in PV) and myelofibrosis-free (U2AF1, 

http://www.mysec-pm.eu/
http://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-lyhe011-mf.pdf
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SF3B1 in ET) survival; TP53 mutations predicted leukemic transformation in ET. Overall “adverse” 
mutations occurred in 51 (10%) of ET patients. Hazard-ratio-based risk point allocation led to the 
development of the three-tiered mutation-enhanced international prognostic systems (MIPSS) which 
was validated in both cohorts and performance was shown to be superior to conventional scoring 
systems.  Adverse mutations leading to inferior overall, leukemia-free or fibrosis-free survival, 
included: SH2B3, SF3B1, U2AF1, TP53, IDH 2, and EZH 2; the effect was independent of 
conventional prognostic models52.  Patients with ET and type 1/type1-like CALR mutations may have 
a higher risk of post ET MF but these patients have lower risk of thrombosis.58 

Current medical therapy has not been shown to modify the natural history of ET, thus will not prevent 
leukemic or fibrotic progression or prolong survival.  Current available therapy is indicated to prevent 
thrombotic complications. ET is classified as “high risk” based on conventional IWG risk factors of age 
equal to or older than 60 yrs and/or history of thrombosis21. 

Recommendations 

1. Risk stratification is based on thrombosis risk with traditional categorization of “low” and “high” 
risk based on age and previous thrombosis 

2. More detailed distinction of risk of thrombosis is based on the IPSET-t score.  
3. Transformation to post ET myelofibrosis (PET MF) is diagnosed with a bone marrow aspirate 
and biopsy.  
4. The MYSEC-PM score is used for prognostication of PET-MF with management on the basis 
of standard MF guidelines. 
5. Leukemic transformation is poor prognosis and managed via standard leukemia 

guidelines. 

 

 

Treatment 

The main goal of therapy is to prevent thrombotic complications, particularly in high risk patients. 
Treatment is suggested based on risk adapted prognostic models with “high” risk patients being those 
older than 60yrs and/or with previous thrombosis (arterial and/or venous) The current IPSET 
scores43,59 (Table 2) provides prognostic information and was not directly developed for treatment 
decisions but provides insight on risk stratification.  
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Figure 2. Risk adapted treatment for ET patients 

 

 

 

Low dose ASA therapy showed benefit for secondary thrombotic prevention as shown in PV based on 
the ECLAP study and has been extrapolated to use for ET patients60. Low dose ASA (81-100 mg PO 
daily) has been suggested in all ET patients with exception of “very low” risk (Table 4) and/or those 
with extreme thrombocytosis (≥1500 x 109/L/1.5 million/L))  and/or bleeding complications21 61. 
Clopidogrel can be used as alternative agent if ASA allergy. Antiplatelet therapy reduces risks of 
venous thrombosis in JAK+ ET and lowers arterial thrombosis in ET patients with cardiovascular risk 
factors however may be ineffective for remaining low risk ET patients. In contrast, CALR-mutated 
patients have not had thrombosis risk reduction with antiplatelet therapy but rather an increased 
incidence of bleeding. CALR, MPL and triple negative patients have lower thromboembolic risk in 
comparison to JAK2 mutated patients62. Therefore, we suggest ASA therapy for all high-risk ET 
patients based on Figure 2. Use low dose ASA in low risk patients if JAK mutated, presence of 
additional cardiovascular risk factors, and microvascular symptoms with low bleeding risk profile. 
Testing for aVWD can be considered if platelets counts are equal to or greater than 1 million/L or in 
setting of clinical bleeding.  ASA therapy is not suggested in the event of VWF levels of less than 30% 
or if patient is deemed to be at high risk of bleeding based on past or current clinical status. The 
benefits of ASA antiplatelet therapy have been inferred from polycythemia60 studies and retrospective 
studies in ET62-66.  In addition, use of twice daily ASA has been suggested among patients with 
additional cardiovascular risk factors however this has not been formally evaluated.  
 
Patients may be on anticoagulation for alternative comorbidities such as atrial fibrillation and/or prior 
thrombosis and in this setting it is not suggested that this be replaced by low dose ASA nor do 
patients require low dose ASA in addition to their baseline anticoagulant or alternative antiplatelet 
agent (ie. clopidogrel).   
 

•JAK2V617F mutated: low dose ASA 
•CALR mutated: Observation alone 
•Concominant cardiovascular RFs 

and/or microvascular symptoms: 
low dose ASA

Low risk 
age <60 yrs and NO history of 

thrombosis
PlT <1500 x 109/L

•Low dose ASA 
•AND 
•Cytoreduction

High risk 
(age 60yrs or older) AND/OR 

history of thrombosis 
AND/OR 

major bleeding secondary to 
aVWD or plts >1500 x 109/L.        
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Cytoreduction 

Patients found to have conventional high risk disease (age >60yrs or history of thrombosis) or 
“intermediate” or “high risk” based on IPSET-thrombosis model should receive cytoreduction. In 
addition, in the setting of extreme thrombocytosis it is suggested to minimize risks of bleeding. Often 
a threshold of plts ≥1500 x 109/L is selected as time for starting cytoreduction. The target platelet 
count is variable among various studies and generally one attempts to achieve normalization of 
platelet count. Experts often suggest a platelet count between 450 x 109/L to 600 x 109/L as 
acceptable with attempts to achieve control while minimizes additional cytopenias and side effects of 
treatment. Many studies indicate risk of thrombosis is associated with high leukocyte count rather 
than actual platelet count12,67-70. 
 
First line cytoreduction is hydroxyurea and/or interferon-alfa 2a (IFN). In those with high risk disease, 
use of hydroxyurea (HU) has been shown to reduce thrombotic events compared to no cytoreduction 
3.6% vs 24% (p=0.003)71. Starting dose is often 1000mg PO daily or 10-15mg/kg/day and can be 
titrated upwards with maximal dose being 2.5g/day. The ELN recommends hydroxyurea as first-line 
cytoreduction for any age although caution should be considered in patients younger than 40 years 
whereby hydroxyurea is teratogenic and should be avoided in those of child-bearing age21.  Overall 
hydroxyurea is more widely used based on findings of the PT-1 trial assessing 809 high risk ET 
patients with findings of hydroxyurea being superior to anagrelide in terms of reducing atrial 
thrombosis, serious hemorrhage and myelofibrotic progression 72. An open-label RCT (n=382) 
showed no benefit to Hydroxyurea plus ASA therapy in ET patients 40-59 yrs lacking high risk 
features (thrombosis, hemorrhage, ischemia, plts >1500 x 109/L) therefore cytoreduction is being 
restricted to higher risk disease 73.  
 
Hydroxyurea is an antimetabolite that inhibits ribonucleoside diphosphate-reductase slowing down 
DNA synthesis and repair. Side effects of hydroxyurea are often self-limited and/or reversible and 
include bone marrow suppression, anorexia/nausea/diarrhea and skin alterations such as alopecia, 
rash, leg ulcers and increased risk of nonmelanomatous skin cancer. Rarer complications are fever, 
pneumonitis, liver injury, azoospermia and it is considered teratogenic72. Its risk for leukemogenic is 
controversial and not well supported in long term studies74-76. 
 
Currently we follow ELN criteria for clinicohematological response 77 (See appendix A). 
 

Patients require optimal follow up and may require monthly lab work in the setting of cytoreductive 
therapies with clinical assessments on a 6-12 month basis. In the event of suspected myelofibrotic or 
leukemic transformation a repeat bone marrow aspirate/biopsy and/or abdominal ultrasound can be 
additionally performed. Baseline ultrasound and abdominal diagnostic imaging are not routinely 
performed.  
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Hydroxyurea resistance/intolerance 

Hydroxyurea resistance and/or intolerance has been defined by ELN 78-80 (Table 4). 

Inadequate control of platelet count can occur for which options may include: relaxing platelet target 
(i.e. to less than 600 x 109/L) or switch to second line therapy or consider combination therapy (i.e. 
HU and anagrelide )81.  Relaxed plt targets were studied by Cortelazzo et al 71 whereby there was no 
significant increased incidence of thrombosis compared to more stringent plt control of 400 x 109/L 
among the PT-1 study72.  Patents with a history of thrombosis should receive the most optimal 
cytoreduction that can be attained. In a retrospective series of 166 patients treated with hydroxyurea 
for a median of 4.5 years, 70% were able to achieve CR at 1 year. The best discriminating factor for 
resistance was detection of anemia. Twenty percent of this population met ELN criteria for 
resistance/intolerance and this resulted in poorer survival with 6 fold higher risks of death and median 
subsequent survival from onset of anemia was only 2.4 years. There was a lack of correlation 
between CR status and lower thrombosis incidence suggesting a particular platelet threshold is not 
the only factor resulting in thrombosis to consider82. 

Table 4. Criteria for Hydroxyurea (HU) Intolerance and Resistance76-78. 

Definition of resistance/intolerance to HU in patients with ET 
• Platelet count > 600 x 109/ L after 3 months of at least 2 g/day of HU (2.5 g/day in patients with 

a body weight >80kg) 
• Platelet count > 400 x 109/Land WBC l<  2.5 x 109/L at any dose of HU 
• Platelet count > 400 x 109/L and Hb less than 100g/L  at any dose of HU 
• Presence of leg ulcers or other unacceptable mucocutaneous manifestations at any dose of 

HU 
• HU-related fever 

 

Anagrelide is a second-line option for cytoreduction if hydroxyurea resistance/intolerance occurs as 
discovered in the ANAHYDRET trial (n=259) to be non-inferior to hydroxyurea in preventing vascular 
events83. Alternative studies have illustrated superiority of hydroxyurea in combination with low dose 
ASA compared to anagrelide and low dose ASA for high risk ET patients in the ability of reducing 
vascular events. Thus, anagrelide remains a second line option and also poses concerning side 
effects particularly its potential cardiotoxicity72. Common side effects include: palpitations, headaches, 
GI upset but serious tachyarrhythmias can occur and a baseline ECG is suggested and consider 
further cardiac evaluation prior to use. Anagrelide has been associated with renal insufficiency, 
cardiac complications, arrhythmias and cardiomyopathy84-87. Anagrelide has been associated with 
higher risk for myelofibrosis transformation so consider this risk especially among younger patients. 
The starting dose of anagrelide is 0.5mg PO OD BID and it can be titrated to maximum 10 mg per 
day. Alternative agents to anagrelide such as busulfan are leukemogenic and in practice have not 
been used at our local site recently.  
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Interferon (IFN) 

Interferon (IFN) is a second-line option for those with hydroxyurea resistance/intolerance and a front-
line option in patients who are younger (particularly <40yrs). There is preference to utilize interferon 
given teratogenic effects of hydroxyurea and long term mutagenic potential has been of concern 
although observational studies have not shown an increased leukemic transformation rate75. 
Interferon is an immunomodulatory agent that suppresses pluripotent and lineage committed 
hematopoietic progenitors and directly inhibitors thrombopoietin induced megakaryocytic growth88. 
IFN side effects include depression, fatigue, hepatitis and pneumonitis with approximately one third of 
patients discontinuing therapy secondary to intolerance89. Prior to initiation of treatment assess 
thyroid and liver function and rule out presence of autoimmune disorder and/or psychiatric history. 
Generally, it is initiated at 3 x 10 6 /million units three times a week with titration. Given the anticipated 
flu-like symptoms, consider prophylactic treatment with acetaminophen.  

The benefits of interferon consist of high hematologic and molecular remissions, with the latter 
suggesting potential for disease modification90,91.  Newer formulations that are PEGylated (PEG) 
allow for weekly administration with the aim of reducing the side effect profile and ameliorating use 
and compliance including both PEG-IFNa-2B and PEG-IFN-2a. PEGylated interferon-2a has been 
shown to induce hematologic and complete molecular response in a subset of JAK mutated ET 
patients that may be sustained after drug discontinuation 91,92,93. Therapy can be initiated at 45ug and 
titrated up to 180ug SC weekly as tolerated. In a recent systemic review and meta-analysis of IFN 
therapy in ET (730 ET patients) treated with various formulations of IFN over a period of more than 
three decades, the ORR was reported by all 30 ET studies and was 80.6% (95% CI 76.6–84.1%) 
Here, the complete hematologic remission/complete remission (CHR/CR) rate was 59.0% (95% CI 
51.5–66.1%) with significant heterogeneity among the studies. The CHR/CR rate was not statistically 
significantly different (p = 0.23) between peg-IFN compared to non-peg-IFN and adverse events and 
discontinuation rates were reported as very similar 94.  

Similarly, the Phase III DALIAH trial randomized 205 previously untreated MPN patients to interferon 
alfa-2a, interferon alfa-2b, or hydroxyurea (HU). Patients ≤ 60 years were assigned to INF-α-2a vs 2b 
only (1:1 randomization), whereas patients > 60 years were randomized (1:1:1) to all three agents to 
include the standard of HU. The interim analysis observed a 49% ORR in ET, PV, and pre-MF 
patients treated with interferon alfa which was lower than the 75% response rate seen with HU. Drug-
related discontinuation was higher in the r-IFNα group (34–45% vs 13% for HU), with grade ≥ 3 
adverse events (AEs) was similar in all groups. 95  The Myeloproliferative Disorders Research 
Consortium (MPD-RC)-111 study was an investigator-initiated, international, multicenter, phase 2 trial 
evaluating the ability of PEG therapy in high-risk ET or PV who were either refractory or intolerant to 
HU. The study included 65 patients with ET and 50 patients with PV. The overall response rates 
(ORRs; CR/PR) at 12 months were 69.2% (43.1% and 26.2%) in ET patients and 60% (22% and 
38%). CR rates were higher in CALR-mutated ET patients (56.5% vs 28.0%; P = .01), compared with 
those in subjects lacking a CALR mutation. PEG discontinuation related to AEs occurred in only 
13.9% of subjects. 96  The MPN-RC-112 was a randomized, open label, phase 3 clinical trial 
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comparing HU and PEG in pts with high risk ET/PV. After a median follow-up of 89.9 weeks (in 
patients treated > 24 months), PEG-IFN provided non-significantly higher rate of ORR (60% vs 41% 
for HU, p = 0.22). Interestingly, treatment with HU was associated with a higher rate of bone marrow 
best response (33% vs 17% PEG-IFN, p = 0.05). Six pts randomized to HU never received treatment 
due to study withdrawal prior to initiation of treatment. A higher incidence of grade ≥ 3 AE occurred for 
those on PEG-IFN (46.3% vs 27.5% for HU). 97 

Newer formulations such as Ropegintereferon alfa 2b (Ropeg, Besremi®) are available. These show 
promise with the ease of weekly or q2weekly subcutaneous injections being preferred and infers less 
injection related toxicity with newer IFN formulations being favored among patients and physicians. 
Ropeg was compared against HU in the phase 3, randomized, multicenter PROUD-PV study 
(continuing after 12 months as CONTINUATION-PV) in PV patients, who were either treatment naïve 
or who had already been treated with HU for <3 years and were neither intolerant nor complete 
responders. In 2019, Ropeg (Besremi®) received approval via European Medicines agency as a 
monotherapy in PV patients without symptomatic splenomegaly, independent of previous HU 
exposure.  Future studies are pending in ET.  

JAK inhibitors 

JAK1/2 Inhibitor, Ruxolitinib, is approved in Canada as second line treatment for PV patients resistant 
or intolerant to hydroxyurea based on its superiority shown in RESPONSE  and RESPONSE-2 
studies 99,100. However, Ruxolitinib is not currently approved for ET. The MAJIC-ET study did not find 
any advantage to the use of Ruxolitinib compared to best available treatment  (BAT) among ET 
patients with hydroxyurea resistance/intolerance (n=110). At 1 year CHR rates were 46.6% for 
ruxolitinib treated compared to 44.2% for BAT treated patients (p=0.40) with no difference in 
thrombosis, hemorrhage or transformation rates at 2 years.  Improvement in disease related 
symptoms was noted among ruxolitinib treated arm101. It should be acknowledged that symptom 
burden is often high among MPN patients and consideration should be made into alternative 
therapies in order to address ongoing symptom management and improving QOL among ET patients 
102. The comparison of anagrelide to ruxolitinib is currently under evaluation (NCT031235888). 

Recommendations  

1. Low-dose ASA therapy (81 mg PO once daily) is suggested for all patients with the 
exception of those with very low risk disease (younger than 60yrs, CALR mutated, without 
cardiovascular risk factors). ASA should be avoided in those with extreme thrombocytosis 
(plts >1500 x 109/L) who may have acquired vWD (see point #9) or have alternative 
bleeding diathesis.  In the setting of patients already on a form of anticoagulation or 
antiplatelet therapy for other comorbidities, addition of low dose ASA is not indicated. 

2. Treatment with cytoreduction is suggested for: high risk disease (ET patients ≥60 yrs 
and/or history of prior arterial/venous thrombosis) 

3. First line cytoreductive therapy is hydroxyurea or IFN/PEG-IFN/ROPEG 
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4. Second line therapy can include an alternative first line cytoreductive agent, anagrelide or 
consider combination therapy. 

5. The goal of cytoreduction is to normalize the platelet count ideally <450 x109/L. This is to 
be achieved without development of alternative severe cytopenias and/or side effects. 

 

Special Considerations in ET 

Extreme Thrombocytosis: 

Extreme thrombocytosis is defined as platelet count >1000 x 109/L. Although thrombosis is the most 
commonly feared complication related to ET, bleeding is in fact the complication of extreme 
thrombocytosis.  This risk arises as a result of functional von Willebrand factor deficiency due to more 
platelet binding to large VWF multimers resulting in their increased clearance from the plasma28,103. 
Consideration for testing for acquired VWD via ristocetin cofactor activity level is suggested if using 
aspirin in setting of extreme thrombocytosis.  Likewise, the use of antiplatelet agents in patients with 
low-risk ET and extreme thrombocytosis is associated with increased risk of bleeding62. 

Cytoreduction should be initiated to reduce platelet counts in the setting of bleeding while also 
discontinuing antiplatelet and/or anticoagulants in the setting of bleeding relating to aVWD. MPN-
associated acquired von Willebrand’s disease will resolves once platelet counts normalize. 
Desmopressin and tranexamic acid may also be used in cases of severe acute bleeding, while 
platelet transfusions, von Willebrand factor-containing concentrates, or other factor concentrates are 
restricted to more severe or life-threatening bleeding104. 

Not every patient with extreme thrombocytosis requires cytoreduction and the threshold to initiate 
cytoreduction is variable. Particularly, in asymptomatic patients with low risk disease medical 
monitoring may be considered. In a cohort of 445 ET patients with 99 being young  (age <60years) 
with extreme thrombocytosis plt >1000 x 109/L, 75 received cytoreduction therapy with either 
hydroxyurea or anagrelide compared to 24 patients who had treatment deferred until occurrence of a 
vascular event. The incidence of post diagnosis major thrombosis was 33% vs 18% (p=0.17) 
revealing no difference in the prevalence of thrombotic nor hemorrhagic complications and this 
included when using a cut-off age of 40 years or when excluding those with microvascular symptoms 
from the overall analysis105. Further data is needed in this area including the best platelet threshold to 
initiate cytoreduction and the goal platelet target among these asymptomatic low risk patients.  
 

Thrombosis:  

Thrombosis and bleeding are major causes of death in ET, with case-fatality rates of 33% to 51% and 
1% to 10% 20,59. Based on a Canadian systematic review, 21 ET studies (15 comparative and 6 
single-group) examined thrombosis. They found a median thrombosis risk of 19.9 events per 1000 
patient-years without antiplatelet therapy and a modest relative risk reduction (26%) with use of 
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antiplatelet therapy. Median estimates of the risk for bleeding among ET patients without 
antithrombotic medications were 7.8 and 8.5 events per 1000 patient-years for any bleeding and 5.9 
and 6.4 events per 1000 patient-years for major bleeding. Antiplatelet agents were associated with a 
median increased risk for bleeding (median increase in major bleeding 30%). Evidence on the 
potential effects of antiplatelet agents on mortality and disease transformation was insufficient to draw 
a formal conclusion.  

This confirms that ET patients are at high thrombotic risk. Particularly a risk for cardiovascular events 
of 10 to 20 events per 1000 patient-years (10% to 20% 10-year risk). The use of antiplatelet therapy 
results in 26% risk reduction which is consistent with that in the general population (12% to 18%) but 
thrombotic risk in ET remains high despite the use of antiplatelet therapy106. 

In the event of a thrombotic event, acute thrombosis management is based on standard arterial and 
venous thrombosis guidelines. (Add thrombosis Canada link: 
https://thrombosiscanada.ca/clinicalguides/)  Individual arterial and venous thrombosis risk factors 
need to be aggressively managed and controlled.  Optimization of platelet count is important to avoid 
recurrent thrombosis. MPNs typically present with unusual or atypical thrombosis including splanchnic 
vein thrombosis. Thrombosis can occur in context of normal peripheral blood findings and many be a 
presenting feature of MPN.  

The rate of recurrent VTE in the general population is 5–7% pt-years. Post-discontinuation of 
anticoagulation in the general population leads to a recurrence rate of 30% at 5 years after an 
unprovoked VTE, respectively, and 15% after provoked VTE 111-113.  The rate of recurrent thrombosis 
in Ph-neg MPN patients is 7.6% pt-years 20 3.4 % on VKAs and 9.4% off VKAs, respectively 
(p = 0.016)114 After stopping VKAs, the recurrence rate was 42.3% at 5 years; this being higher than 
the 29.1% rate observed at 5 years in the non-MPN patients66. 

Atypical thrombosis is more prone to recurrences and are generally seen more commonly among 
MPN patients. The efficacy of hydroxyurea in preventing thrombosis is significant for arterial 
thrombosis but limited for venous thrombosis115.  Likewise, one must consider bleeding risk of Ph-neg 
MPN patients, with the incidence of major bleeding being 0.9–2.4% pt-years on VKAs and 0.7–1.5 off 
VKAs and up to 2.8% pt-years when combining VKAs and aspirin66,114,116.   

Overall there is heterogeneity in treatment practices for thrombosis in MPN patients with the recent 
consensus statements suggesting a prolongation of anticoagulation after unprovoked VTE,  a life-
threatening VTE or a VTE recurrence but there are no controlled studies that provide evidence 
directing our management 107,117-119. 
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Recommendations: 

1. The treatment of thrombosis in ET is based on standard thrombosis guidelines. 
2. Current practice guidelines suggest primary anticoagulation use of LMWH and VKA 

therapy.  
3. The use of DOACs for treatment of venous thrombosis in MPNs is limited. Discuss cases 

with local thrombosis experts and manage on a case by case basis.  
4. Recurrence of thrombosis is higher among MPN patients with the majority of patients 

benefiting from lifelong anticoagulation in the setting of unprovoked thrombosis. Lifelong 
anticoagulation is also suggested for atypical thrombosis particularly in the setting of 
splanchnic vein and/or cerebral vein thrombosis.  

 

 

Pregnancy and hormone therapy: 

Approximately 20% of patients with essential thrombocythemia are younger than 40 years at 
diagnosis120  and of child bearing age. Pregnant MPN patients should ideally be under joint care of a 
consultant obstetrician experienced in the care of patients with high-risk pregnancies and a 
hematologist. Historically, platelet counts decline during pregnancy but do increase postpartum 121 
and careful monitoring of MPN patients is required.  Many expert opinions and guidelines have been 
published regarding best management practices. 122-124 

Essential thrombocythemia is associated with complications of eclampsia, placental abruption, 
intrauterine growth retardation and still birth125. Spontaneous abortion rates are reported in 25-50% of 
cases of ET pregnancy mainly in first trimester126 Of note the overall risk rate of spontaneous abortion 
(≤20th week) in normal pregnancies is 11% and is accounting for 80% of all fetal losses 127. The 
overall risk of stillbirth (intrauterine death >20th week and infant born showing no signs of life) in 
normal pregnancies is observed in 0.43%127. The rate of premature delivery is about 9% 128 and rates 
of miscarriage rate range between 10–15%129. 

In report by Griesshammer et al of 793 pregnancies in 492 women with ET a successful birth rate 
was achieved in 68.5% (543 live births in 793 pregnancies) with a miscarriage rate of 31.5% (250 
miscarriages in 793 pregnancies). First trimester abortion (≤20th week) was the most frequent 
complication in 26.5% (210 spontaneous abortions in 793 pregnancies). Stillbirth, defined as fetal loss 
>20th week, occurred in 4.8%, which is more than 10 times higher than the overall risk of stillbirth in 
non-MPN pregnancies. Preterm delivery (birth <37th week) was found in 8.6% (43 of 502 evaluable 
pregnancies) and appears comparable to the rate in normal pregnancy with 9%. 122  

Aspirin has been used for prevention of uteroplacental insufficiency in high-risk groups because 
aspirin inhibits platelet aggregation and results in a reduction of oxidative stress and inflammation130. 
In a meta-analysis, aspirin reduced the risk of preterm birth in high-risk pregnancies by 14% (relative 
risk, 0.86; CI, 0.76-0.98), intrauterine growth restriction by 20% (RR, 0.80; CI, 0.65-0.99), and 
preeclampsia by 24% (relative risk, 0.76; 95% CI, 0.62-0.95)131. The Aspirin versus Placebo in 



 
 

           21  
 

Guideline Resource Unit 
 

Last revision: July, 2021  

Pregnancies at High Risk for Preterm Preeclampsia study (ASPRE) 132 illustrates the benefits of 
aspirin once daily for MPN pregnancy. Generally, aspirin (81 mg PO OD) use should be considered 
early in all MPN pregnancy and continued throughout pregnancy.  If prior pregnancy was associated 

with preterm pre‐eclampsia women can be offered 160 mg aspirin once daily.124 
 
Aspirin use in ET pregnant patients was not associated with increases in bleeding events when used 
alone or with heparin. Skeith et al report a systematic review and metanalysis of 191 ET based 
pregnancies, whereby bleeding occurred in 4.3% of women using aspirin compared with 4.9% among 
129 pregnancies without aspirin use (95% CI, 2.0%-9.0%).There were no antepartum bleeding events 
in 71 pregnancies using a combination of LMWH and aspirin (95% CI, 0.0%-6.2%). 133 
 
A more recent systematic review and meta-analysis by Maze et al 134 evaluated whether treatment 
with aspirin, heparin, interferon, or combinations thereof affected live birth rate and adverse maternal 
outcomes in pregnant MPN patients. They report 22 studies on 767 women with a total of 1210 
pregnancies, 15 studies including ET patients. The pooled rate of any adverse events was 9.6%. The 
most common adverse maternal event was preeclampsia, with an incidence of 3.1% (95% CI, 1.7%- 
4.5%). The overall live birth rate was 71.3% (95% CI, 65.1%-77.6%), which is lower than the 
expected live birth rate of approximately 80% (excluding elective terminations) in the general 
population. Successful pregnancies occurred more frequently in patients with essential 
thrombocythemia (71.1%) compared to polycythemia vera (66.7%). Use of aspirin (11 studies, 227 
patients; unadjusted odds ratio, 8.6; 95% CI, 4.0-18.1) and interferon (6 studies, 90 patients; 
unadjusted odds ratio, 9.7; 95% CI, 2.3-41.0) were associated with 9 to 10-fold higher odds of live 
births. However, the addition of low doses of LMWH or unfractionated heparin to aspirin was not 
associated with significantly different odds of live birth (6 studies, 96 pregnancies; unadjusted OR, 2.1 
for aspirin with heparin vs aspirin alone; 95% CI, 0.5-9.0; I 2 = 0%). The administration of LMWH 
alone was not associated with significantly different odds of live birth (unadjusted OR, 6.0; 95% CI, 
0.40- 90.1; I 2 = 0%). 134 

Low molecular weight heparin is safe and effective for treating and preventing thrombosis in 
pregnancy135. Whether or not LMWH is beneficial in maternal VTE risk reduction for ET patients was 
studied in 756 ET pregnancies in which antepartum and postpartum VTE risk was identified as 2.5% 
vs 4.4% respectively, with a defined threshold of 3% at which LMWH prophylaxis is recommended.133 
The analysis led to recommendations that LMWH prophylaxis should be considered based on the 
presence of additional risk factors and a preference and values‐based discussion, given a modest 

absolute risk of VTE. For women with ET during the post‐partum period, use of LMWH prophylaxis to 
prevent thrombosis is suggested. 
 
In particular “high risk” MPN pregnancies may benefit from adding prophylactic low dose molecular 
weight heparin (dalteparin 5000 IU or enoxaparin 40 mg once daily) to low-dose aspirin throughout 
pregnancy and for 6 weeks postpartum. 21 
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A “high-risk” MPN pregnancy is considered, if any of the following factors is present: 21,122 

1. Prior thrombosis or severe hemorrhage in MPN patient.  
2. Previous pregnancy complication like spontaneous abortion, intrauterine death or stillbirth, 

preeclampsia necessitating preterm delivery 45–50%.  
3. Marked sustained increase in platelet count to greater than 1,500 × 109/L. 

 

The local approach is to offer antenatal LMWH thromboprophylaxis in the presence of prior 
thrombosis or in the presence of one additional “high risk” factor. All women are offered six weeks 
post‐partum thromboprophylaxis with LMWH. These recommendations are independent of aspirin, 
which should be continued concurrently. 

If cytoreduction is needed which also applies to “high risk” MPN pregnancies, interferon alpha (IFN) 
based therapy is the drug of choice. Pegylated interferon alpha should be preferred due to better 
tolerability and efficacy. Griesshammer et al.  summarized the literature regarding IFN over 90 MPN 
pregnancies. 122 

Importantly, in the event of planning pregnancy, preconception recommendations are to discontinue 
the use of possible teratogenic drugs such as hydroxyurea with a 3–6 months washout period being 
advised. Both men and women who are considering family growth should attempt this 3-6 month 
wash out period under the consultation of their physician. Alternative cytoreduction should be 
considered  such as IFN based therapy if indicated based on ET risk status or begin administration if 
high-risk pregnancy with complications (as above).  Platelet counts should not exceed 1500 × 109/lL 
due to an acquired von Willebrand’s syndrome and risk of peripartum bleeding.122 

Uterine artery Doppler is a predictive test for the development of pregnancy complications such as 
pre‐eclampsia, intra‐uterine growth restriction, abruption and fetal death and should be performed 

between 18 and 24 weeks in all MPN pregnancies. A systematic review and meta‐analysis have 
shown that an increased pulsatility index (PI) was the best predictor of pre‐eclampsia (positive 

likelihood ratio 21·0 among high‐risk patients and 7·5 among low‐risk patients). It was also the best 

predictor of overall (positive likelihood ratio 9·1) and severe (positive likelihood ratio 14·6) intra‐
uterine growth restriction among low‐risk patients 136. In women with a positive test (i.e. mean uterine 
artery PI > 1·4) consider escalating anticoagulant therapy and enhancing screening with serial growth 
scans. 124 
 
With respect to breastfeeding, heparins are not excreted in breast milk and may be used safely when 
breast feeding. Aspirin and LMWH are not contraindicated in a breast‐feeding woman.124 
Hydroxyurea, and possibly anagrelide are excreted in breast milk. Interferon α is variably excreted in 
breast milk and may be active orally; however, there is an absence of safety data rather than 
evidence of harm to the neonate. The recent HELPS trial137 Hydroxyurea Exposure in Lactation: a 
Pharmacokinetics (PK) Study, illustrated that breastfeeding mothers will transfer only a small amount 
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of hydroxyurea to their infants, so lactation during hydroxyurea treatment should not be 
contraindicated.  
 

Figure 3. Suggestions for MPN peripartum management125. 

 

A “high-risk” MPN pregnancy is considered, if any of the following factors is present: 21,122 

(1) Prior thrombosis or severe hemorrhage in MPN patient.  

(2) Previous pregnancy complication like spontaneous abortion, intrauterine death or stillbirth, preeclampsia necessitating preterm delivery 45–50%.  

(3) Marked sustained increase in platelet count to greater than 1,500 × 109/L. 

Recommendations  

1. Use low dose Aspirin throughout MPN pregnancy 
2. Treat all MPN pregnant patients with standard LMWH thromboprophylaxis postpartum x 6 
weeks (e.g. dalteparin 5000 units sc o.d., enoxaparin 40 mg sc o.d) 
3. Consider treatment with standard LMWH thromboprophylaxis antenatally in setting of “high 
risk” MPN pregnancy 
3. Cytoreduction with IFN based therapy is suggested as first line if patient has prior indication for 
cytoreduction or any “high risk”  MPN pregnancy risks. Note hydroxyurea is a teratogenic.  

 

Hormones: 

There is currently insufficient data available to evaluate the effects of combined OCP, hormonal 
replacement or ovarian stimulation in ET. In a series of 305 female patients with ET, the use of 
estrogen-containing hormone therapy was not associated with an increase in venous or arterial 
thrombotic events. However, the use of oral contraceptives was associated with a threefold increased 
risk of venous thrombosis (23 versus 7 percent) and a fivefold increased risk of splanchnic 
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thrombosis (15 versus 3 percent).138 Overall it is suggested hormonal therapy be avoided in MPN 
patients.  

Surgery: 

Generally, MPNs are associated with higher odds of any surgery-related complications (OR, 
1.37; P = .0099). 139 ET patients have a 5-6-fold higher risk of thrombosis perioperative140. Controlling 
of platelet count preoperatively with ideal normalization of count is suggested preoperatively. Of note, 
complications of blood loss and postoperative infection may result in reactive thrombocytosis and 
should be considered if reinitiating of cytoreduction postoperatively, Likewise, hydroxyurea can impair 
would healing so this needs to be reviewed and considered if delays in post-operative recovery are 
noted. Postoperative thromboprophylaxis is suggested although not necessary to extend beyond 
normal postoperative recommendations and/or hospitalization on the basis of MPN existence.  

  

https://www-sciencedirect-com.ezproxy.lib.ucalgary.ca/topics/medicine-and-dentistry/myeloproliferative-neoplasm
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Appendix A: ELN criteria for response21,75 

Type of 
response 

Criteria 

Complete 
remission 

-Durable (at least 12 weeks) resolution of disease-related signs including palpable 
hepatosplenomegaly, large symptoms improvement AND 
-Durable peripheral blood count remission (platelet count ≤400 x 109/L, leukocyte count 
<10x109/L, absence of leukoerythroblastosis) AND 
-No signs of progressive disease, absence of any hemorrhagic or thrombotic events 
AND 
-Bone marrow histological remission defined as disappearance of megakaryocyte 
hyperplasia and absence of > grade 1 reticulin fibrosis  

Partial 
remission 

-Durable resolution of disease-related signs including palpable hepatosplenomegaly, 
large symptoms improvement AND 
-Durable peripheral blood count remission (platelet count ≤400 x 109/L, leukocyte count 
<10x109/L, absence of leukoerythroblastosis) AND 
- No signs of progressive disease, absence of any hemorrhagic or thrombotic events 
AND 
-No marrow histological remission defined as the persistence of megakaryocyte 
hyperplasia 

No response Any response that does not satisfy partial remission  

Progressive 
disease 

Transformation into PV, PET MF, MDS or s-AML 
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