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BACKGROUND
Patients with Philadelphia-negative, JAK2(V617F)-positive myeloproliferative neoplasms (MPN) are at elevated risk of both arterial and venous thrombotic complications1-4. This particular mutation is present in >95% of patients with polycythemia vera (PV), and 50-60% of patients with essential thrombocythemia (ET) and primary myelofibrosis (PMF)5-7. The presence of the JAK2 mutation in the vascular endothelium has been associated with thrombogenicity via the expression of P-selectin, which leads to a pro-adhesive phenotype8. Current guidelines and expert opinions recommend the use of thromboprophylaxis with aspirin to prevent thrombosis in patients with JAK2-positve MPN9-11. The evidence for aspirin thromboprophylaxis, however, remains limited to one randomized controlled trial in the PV population12. Additionally, since these are rare diseases, reliable rates of thrombotic and bleeding complications in JAK2-positive MPN patients receiving standard of care therapy are lacking. A recent systematic review tried to better quantify the thrombotic risk in ET patients13. This systematic review included a very heterogeneous patient population of both high risk and low risk patients, with driver mutations other than JAK2. Of note, a meta-analysis could not be done due to the low quality of the included studies and imprecision of the reported results. As such, reliable thrombotic rates in patients with JAK2-positive MPN, including JAK2ET, remain unknown.

OBJECTIVES
Primary Objectives:
Provide reliable rates of arterial and venous thrombotic complications in JAK2-positive MPN patients, receiving aspirin thromboprophylaxis.
Rates will be provided for each of the specific MPN:
	-PV
	-JAK2-positive ET (JAK2ET)
	-JAK2-positive pre-fibrotic myelofibrosis and overt primary myelofibrosis (JAK2PMF)
Secondary Objectives:
Provide reliable rates of bleeding on aspirin for each of the JAK2-positive MPN listed above.
Provide reliable rates of thrombosis-associated and all-cause mortality for each of the JAK2-positive MPN listed above.

METHODS
The systematic review protocol will be created following the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) Statement14. It will be registered and published on PROSPERO and any subsequent modifications to the protocol will be justified and transparently reported.
Eligibility Criteria:
Types of Participants:
Adult patients with a diagnosis of PV, JAK2ET or JAK2MF, on aspirin thromboprophylaxis.
Interventions:
Low-dose aspirin.
Comparators:
Placebo or no intervention. Single arm studies (without a comparator) will also be included, given that the primary objective is to calculate rates of thrombotic complications.
Outcome Measures:
The primary outcome will be the rate of thrombotic complications (both arterial and venous) in JAK2-positive MPN patients receiving low-dose aspirin therapy.
Types of Studies to be Included:
We will include randomized controlled trials, prospective cohort studies, and retrospective cohort studies reporting on one of the outcomes of interest in JAK2-positive MPN patients.
Cross-sectional, case-control, case series with fewer than 10 patients, and case reports will be excluded.
Search Strategy:
We will work with an information specialist to formulate a comprehensive search strategy. We will search EMBASE, MEDLINE, and the Cochrane Central Registry of Controlled Trials (CENTRAL), from inception to February 20, 2020. Medical subject heading (MeSH) terms will be used. This search strategy will be supplemented by hand searching the references of relevant articles. There will be no restriction on language or time period. Grey literature will not be searched.
Study Screening and Selection:
With the help of the systematic review software Covidence15, screening of titles and abstracts, followed by full-text review will be done in duplicate, by two independent reviewers. Discrepancies will be resolved by consensus. Reasons for study exclusion at the full-text review stage will be noted, and reported in the PRISMA flow diagram. 
Data Collection:
A standardized form will be created to facilitate data extraction, which will be completed by two independent reviewers. The data extraction form will be piloted by the two reviewers with the first five articles, and changes will be made, if necessary. Discrepancies in the collected data collected will be resolved by consensus. 
Data items to be collected:
a) Study information: year of publication, author and journal information.
b) Study characteristics: study design, country, study period, funding, definition of bleeding (ISTH major and CRNMB versus other).
c) Participant characteristics: number of eligible patients (with the JAK2 mutation); number of female patients; mean age; subtype of MPN; type and dose of antiplatelet, anticoagulant use, cytoreductive therapy, JAK2 inhibitor; proportion of patients with hematocrit > 45%; median person-years of follow-up; number of patients lost to follow-up; number of deaths during follow up.
d) Intervention characteristics: low-dose aspirin.
e) Outcomes: The main outcome will be the rate of thrombotic events (both venous and arterial) on low-dose aspirin therapy. Secondary outcomes will include the rate of CRNMB, major bleeding, and superficial thrombosis; all-cause mortality; thrombosis-specific mortality; bleeding-specific mortality; leukemic transformation; and post-polycythemia vera or post-essential thrombocythemia myelofibrosis. The number of events (arterial or venous thrombosis, CRNMB, major bleeding, superficial thrombosis, all-cause mortality, thrombosis-specific mortality, bleeding-specific mortality, leukemic transformation, and post-polycythemia vera or post-essential thrombocythemia myelofibrosis) at pre-specified time points (study period, 6 months, 1 year, 2 years, 5 years, 10 years, and 20 years) will also be extracted.
Outcomes:
Primary Outcomes:
1. Venous thromboembolic events (pulmonary embolism, proximal deep vein thrombosis and abdominal thrombosis)
2. Arterial thromboembolic events (myocardial infarction, stroke, transient ischemic attack, peripheral arterial embolism) in JAK2-positve MPN patients receiving low-dose aspirin therapy.
Secondary Outcomes:
1. Bleeding: major bleeding and clinically relevant non-major bleeding (CRNMB), both per ISTH definition16,17
2. Superficial vein thrombosis
3. All-cause mortality
4. Thrombosis-specific mortality
5. Bleeding-specific mortality
6. Leukemic transformation
7. Post-polycythemia vera or post-essential thrombocythemia myelofibrosis
Risk of Bias Assessment:
The quality of the non-randomized studies will be assessed using the Risk Of Bias In Non-randomised Studies - of Interventions (ROBINS-I) tool18. The randomized controlled trials will be evaluated using the revised Cochrane risk-of-bias tool for randomized trials (RoB2) tool19.   
Strategy for Data Synthesis:
The primary and secondary outcomes will be expressed as rates (number of events per 100 person-years) with their associated 95% confidence intervals. If the number of person-years is not provided by the study, it will be estimated by multiplying the median follow-up duration with the number of participants. Where a total follow-up period is provided instead of a median follow-up duration, losses to follow up and deaths will be assumed to occur consistently throughout the follow-up period. Therefore, participants who are lost to follow up or die will contribute half of the total time period in person-years. The proportion of events (as defined by our primary and secondary outcomes) at different time points (study period, 6 months, 1 year, 2 years, 5 year, 10 years, and 20 years) with their associated 95% confidence intervals will also be calculated, if feasible. In the event that certain data items are missing from the included studies, the study authors will be contacted.
The Cochrane’s Q (statistically significant at p<0.10) and the I2 statistic (>75% considered to represent high heterogeneity) will be used to assess for statistical heterogeneity. In case of high statistical heterogeneity, pooling of the results will not be considered. If pooling is deemed feasible, a random effect model will be used to better account for the expected inter-study heterogeneity. The StatsDirect20 software will be used.
Planned Sensitivity Analyses:
We will complete sensitivity analyses by excluding studies deemed to be at high risk of bias and assess whether the pooled rate estimates significantly differ when these studies are excluded. 
Planned Subgroup Analyses:
If the data is available, we will plan to do subgroup analyses based on the concomitant use of cytoreductive therapies or JAK2 inhibitors, the proportion of PV patient with good hematocrit control (defined as < 45%)2, and the time since MPN diagnosis (< 1 year and > 1 year) given that incident cases of MPN have been shown to be at higher risk of thrombotic complications21. 
Planned Qualitative Analysis:
If there is too much heterogeneity in the included study to justify data synthesis, we will calculate the rate for thrombotic events and major bleeding in each individual study and provide a qualitative analysis of the thrombotic and bleeding risk in JAK2-positive MPN patients receiving aspirin.
Meta-Bias Assessment:
The presence of meta-bias will be assessed by repeating the analyses for the primary and secondary outcomes using a fixed effect model (to assess for small sample bias) and by producing a funnel plot, if more than 10 studies are included. 
Confidence in Cumulative Evidence:
The quality of evidence for the primary and secondary outcomes will be assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) working group methodology by focusing on inconsistency, indirectness, risk of bias across studies, publication bias, and random error22. 

DISCUSSION
Patients with MPN are at elevated risk of arterial and venous thrombosis, but this risk has been poorly characterized in the past, primarily due to the rarity of the disease and heterogeneity of the patient population. With a greater molecular understanding of these diseases, it is now possible to define a group of MPN patients at higher risk for thrombotic complications through a common pathophysiological pathway determined by the presence of the JAK2 driver mutation. Reliable rates of thrombotic complications in this particular cohort of patients are needed to assess their baseline risk with the current standard of care. Additionally, since anti-thrombotic therapies come at a cost of increased bleeding, it is necessary to quantify the presently accepted bleeding risk with low-dose aspirin therapy. Once these baseline thrombotic and bleeding risks have been calculated, it will be possible to determine the Minimal Clinically Important Difference, based on which the efficacy of new therapies will be evaluated.

SEARCH STRATEGY
Database: Embase Classic+Embase <1947 to 2020 February 19>, Ovid MEDLINE(R) ALL <1946 to February 20, 2020>, EBM Reviews - Cochrane Central Register of Controlled Trials <January 2020>
Search Strategy:
--------------------------------------------------------------------------------
1     exp Myeloproliferative Disorders/ (494830)
2     myeloproliferative.tw,kw. (30693)
3     Thrombocyth?em*.tw,kw. (12123)
4     Myelofibros*.tw,kw. (18436)
5     Bone Marrow Fibros*.tw,kw. (1845)
6     Myeloid metaplasia*.tw,kw. (2839)
7     Myeloscleros*.tw,kw. (523)
8     Primary Polycyth?em*.tw,kw. (353)
9     (Polycyth?em* adj2 Vera).tw. (15642)
10     Polycyth?em* Vera.kw. (2677)
11     Osler-Vaquez Disease.tw,kw. (5)
12     or/1-11 (504949)
13     exp Aspirin/ or aspirin*.tw,kw. (303220)
14     (acetylsalicylic acid* or acetyl salicylic acid).tw,kw. (28310)
15     or/13-14 (308724)
16     12 and 15 (5191)
17     exp animals/ not humans/ (17785787)
18     16 not 17 (3219)
19     18 use medall (726)  Medline
20     18 use cctr (65)  Cochrane
21     myeloproliferative disorder/ (16554)
22     myeloproliferative neoplasm/ (6037)
23     myeloproliferative.tw. (29982)
24     thrombocytosis/ (13126)
25     thrombocythemia/ (10722)
26     Thrombocyth?em*.tw. (11891)
27     myeloid metaplasia/ (12155)
28     Myelofibros*.tw. (18053)
29     Bone Marrow Fibros*.tw. (1818)
30     myelofibrosis/ (17064)
31     Myeloid metaplasia*.tw. (2638)
32     Myeloscleros*.tw. (517)
33     polycythemia vera/ (18338)
34     Primary Polycyth?em*.tw. (350)
35     (Polycyth?em* adj2 Vera).tw. (15642)
36     Osler-Vaquez Disease*.tw. (5)
37     or/21-36 (77651)
38     *acetylsalicylic acid/ (84473)
39     (Aspirin or acetylsalicylic acid or acetyl salicylic acid).tw. (196640)
40     38 or 39 (215464)
41     37 and 40 (2444)
42     (conference review or conference abstract).pt. (3741089)
43     exp animals/ not exp humans/ (10046681)
44     41 not (42 or 43) (1888)
45     44 use emczd (1268)  Embase
46     19 or 20 or 45 (2059)
47     remove duplicates from 46 (1500)
48     47 use medall (718)
49     47 use emczd (743)
50     47 use cctr (39)
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